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Cachexia may well represent the devastating flip side
of the tremendous achievements of modern medi-
cine, as the incidence of cachexia is also a function of
survival of chronic illness.

Many diseases – which rapidly led to death only
a few years ago – are now better controlled by new
therapies. Even if we cannot cure and eradicate these
diseases, their natural history has significantly
increased by months and years. Although these new
therapeutic strategies represent a remarkable advan-
tage over the previous standards of care, it is impos-
sible to ignore the fact that many more patients are
now facing the nutritional and metabolic conse-
quences of prolonged immunological and hormonal
challenges due to both the illness process itself and
the aggressive therapies.

This book aims to conceptualise the fact that
cachexia is a clinical syndrome that accompanies the
course of several medical conditions such as cancer,
heart failure, diabetes, chronic renal failure and
chronic obstructive lung disease, as well as gastroin-
testinal and infection-related diseases (e.g. HIV
infection and sepsis) and ageing. Cachexia is a com-
plex syndrome with many possible scenarios, not
just one disease. This is one reason why there is not
yet a unified definition of cachexia.

From a pathophysiological standpoint, cachexia
can be considered the result of a complex cascade of
many different events, such as chronic inflammation
and free radical generation, chronic hyperactivation
of immune and many different endocrine systems
causing dysregulation of appetite, hormone resist-
ance syndromes, catabolism and impaired
anabolism. In the past, inflammatory cytokines have
received the most attention; today, for instance, the
ubiquitin-proteasome system is at the centre of

research attention. New treatments based on this
research have not yet been proven to be effective, but
we are optimistic that the near future will bring
many positive developments.

It appears that the high prevalence of cachexia
has not yet been matched by a similar rise in aware-
ness of its clinical consequences among healthcare
professionals around the world. Weight loss, muscle
wasting, inflammation, asthenia and loss of appetite
are important signs and symptoms of cachexia. They
often go under-recognised in clinical practice.
Interestingly, it seems that patients are more con-
cerned than doctors about their nutritional status
and related debilitating symptoms, such as fatigue
and shortness of breath. Therefore, one of the aims
of our book is to increase awareness. Only if cachex-
ia is recognised can research efforts start and avail-
able treatments be used to improve the health status
of our patients.

The past decade has seen rapid advances in
knowledge of every aspect of cachexia, mainly in the
pathophysiological mechanisms leading to the syn-
drome. The next decade – we believe – will bring an
even better understanding of the processes leading
to muscle and fat tissue wasting. But, particularly, it
will bring the first successful therapies. An impor-
tant aspect in these treatment development efforts
will be the cooperation of physicians and scientists
across specialties. A successful cachexia treatment in
one disease area is also likely to work in another
area. This is also a form of translational medicine.

Due to the enormous efforts of scientific societies,
individual researchers and patient associations, and
with the support of the pharmaceutical industry, a
series of congresses, workshops, public conferences
and seminars have been organised in the past 6 years,
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and the clinical consequences of cachexia are now re-
ceiving more attention from health-related profes-
sionals, the media, and even political institutions. It is
now acknowledged that the cachexia syndrome is an
extremely interesting biological phenomenon.Cachex-
ia – in itself – is a relevant clinical event, particularly
when considering its implications in terms of in-
creased morbidity and mortality,and it is therefore al-
so an important socio-economic issue.

In summary, cachexia is a complex syndrome/dis-
ease, which can be analysed from different perspec-
tives, including, but not limited to, those of morphol-
ogists, epidemiologists, biochemists, biologists, phys-
iologists, clinicians (oncologists, surgeons, cardiolo-
gists,nephrologists,pulmonologists,nutritionists, im-

munologists, etc.).
The primary purpose of this reference work is to

share the knowledge on cachexia with researchers
and scientists in this field. The text is mostly based
on observations and studies performed by scientists
over the past 15 years. We express our sincere appre-
ciation and thanks to our many colleagues who pro-
vided us with unusually fine unpublished manu-
scripts to be included in this book.

We hope that this book will help facilitate under-
standing of the complex yet unequivocal clinical role
of the cachexia syndrome.Cachexia is a worldwide in-
ter-disciplinary problem. This makes it an exciting
and very worthwhile area of research and clinical
work.
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SECTION 1
ANATOMY, HISTORICAL PERSPECTIVE AND EPIDEMIOLOGY



Introduction

White and brown adipose tissues have long been
considered as two distinct and independent enti-
ties, underestimated by researchers.

White adipose tissue (WAT) has largely been
ignored by researchers for many years. One major
reason for this is its diffuse distribution and its
apparently uninteresting localisation in the mam-
malian body, as if filling the interstitial spaces
among the various organs like a connective tissue.
WAT is distributed at the cutaneous (dermis), sub-
cutaneous, perivisceral (mediastinal, retroperi-
toneal, intraperitoneal: omental, mesenteric, etc.)
and intravisceral (parotid, bone marrow, parathy-
roid, pancreas) levels. When the cellular nature of
this connective tissue was first unveiled, the func-
tional interpretation came quickly and intuitively:
given its high fat content (triglycerides), WAT had
to be an energy depot for short or prolonged fast-
ing periods; however, not being used in the physio-

logical daily routine, it could not be very impor-
tant.

Its histological aspect (Fig. 1) was similarly
uninspiring, consisting of spherical cells 70–90 µm
in diameter with a thin rim of cytoplasm sur-
rounding a single lipid droplet (triglycerides);
scarce cytological tissue elements (macrophages,
mast cells and fibroblasts); and unimpressive vas-
cularity and innervation.

The description of mammalian brown adipose
tissue (BAT) had a separate history. The term adi-
pose is due to its high triglyceride content, whereas
brown is due to its darker hue compared with
white fat, a colour that is visible to the naked eye
and stems from its different cellular and tissue
anatomy: smaller (30–50 µm in diameter) and not
properly spherical (polyhedral) cells with a round-
ed nucleus occasionally located in a central posi-
tion.

The distinctive feature of BAT is the multilocu-
lar organisation of cytoplasmic triglycerides into

Chapter 1.1

Functional Anatomy of the ‘Adipose Organ’
Saverio Cinti

Fig. 1. Human subcutaneous white adipose tis-
sue made up of unilocular adipocytes. Light
microscopy 550x



multiple separate droplets that are easily seen at
the light microscope (Fig. 2). The electron micro-
scope shows large and cristae-rich mitochondria
filling the cytoplasm (Fig. 3), another distinguish-
ing characteristic from white fat. The histological
features of BAT are also different: vessels are much
more diffuse and the nerves appear to infiltrate the
parenchyma, forming numerous neuro-adipocytic
synaptic contacts. It is the high capillary density of
this tissue and the large amount of mitochondria
found in brown adipocytes that confer on BAT its
brown colour. Despite a similar interstitial distri-
bution, the mammalian BAT is easier to localise
precisely compared with WAT, especially in smaller

animals.
The function of BAT – heat production – and

its large proportion in hibernating animals were
described in the 1960s. This led to circumscription
of the importance of this tissue, also because it was
increasingly clear that its amount was negligible in
large mammals, man included.

In the late 1970s, Stock’s group in London re-
vived the biomedical interest in BAT. In addressing
the issues connected with human eating habits, es-
pecially in relation to the growing proportion of
obese individuals in Western countries, these re-
searchers – wondering why laboratory rats did not
become obese – tried feeding them a diet similar to

4 Saverio Cinti

Fig. 2. Mouse brown adipose tissue composed
of multilocular adipocytes. Note the dark
dots in the cytoplasm corresponding to large
mitochondria. Resin-embedded tissue. Light
microscopy 1200x

Fig. 3. Electron micrograph of the cytoplasm
of a brown adipocyte. Note the large mito-
chondria rich in cristae. Transmission elec-
tron microscopy 10 000x



the one widely diffused in the West: the fat-rich, so-
called cafeteria diet. Unexpectedly, although the rats
did gain weight, they did not do so by the amount that
had been forecast based on the calculation of the
calories administered [1]. There therefore had to be
a protective mechanism, whose enhancement could
maybe help address human obesity and its compli-
cations (diabetes, hypertension, cardiovascular dis-
ease).

The significantly increased tissue function of BAT
observed in rats fed the cafeteria diet prompted the hy-
pothesis that the factor protecting against obesity
could be the energy consumed by the tissue in re-
sponse to food administration (diet-induced thermo-
genesis). Indeed, a very large amount of energy is the-
oretically dissipated through thermogenesis. It has
been calculated that a gram of BAT can develop 300
Watts, i.e. 300 times the amount developed by all oth-
er mammalian cell types [2]; thus, 1 kg of BAT is ca-
pable of dispersing about 6200 kcal/day,corresponding
to the energy requirements of an individual doing a
heavy manual job (while most of us expend about
one third of this energy). Therefore, a few hundred
grams of fat tissue in our body can use the amount of
energy required for the functioning of the whole body,
and 50 g of BAT can use 10–15% of the whole energy
turnover [2, 3].

In 1993, the hypothesis that BAT could be an
anti-obesity factor received further support from
experiments by the Boston group of Lowell and
Flyer, who obtained genetically manipulated mice
lacking BAT and reported that they became obese
[4]. However, subsequent research on mice lacking
the mitochondrial protein UCP1 – which is
responsible for BAT’s thermogenic activity and
thus for its ability to disperse energy – showing
that they were sensitive to cold (did not produce
heat) but did not become obese [5], reopened the
question of the role of BAT. In contrast, mice made
to produce UCP1 ectopically in WAT were lean and
resistant to obesity [6, 7].

Functional Anatomy of White Adipose Tissue

Important discoveries in the 1990s rekindled the
interest in white adipose tissue. In December 1994,
the team of Friedman at New York Rockefeller

University discovered the gene of obesity [8]; their
subjects were mice, which in the 1950s had devel-
oped a spontaneous mutation resulting in hyper-
phagia, infertility and reduced activity of the sym-
pathetic nervous system, and consequently in
early, massive obesity (ob/ob mice) [9].

The alteration – detected on chromosome 6 –
consisted of a C to T point mutation at codon 105,
turning it into a stop codon and interrupting the
synthesis of a 167 amino acid secretion protein,
which was named leptin from the Greek leptos
(thin) [8]. The mouse gene appears to be expressed
solely in WAT and is 84% homologous to the
human gene.

Within a few months, three groups demonstrat-
ed independently that leptin administration to
obese mice corrected in a few weeks all the defects
related to its absence, and that treated mice were
then no longer distinguishable from lean controls
[10–12]. The leptin receptor was discovered in
1995 [13]. Demonstration of at least five alterna-
tively spliced forms [14], and reports that the func-
tional form (i.e. the one activating intracellular
signalling) appears to be prevalently expressed at
the hypothalamic level and is mutated in mice
phenotypically very similar to ob/ob mice (except
for a proneness to develop diabetes, hence called
db/db) [14, 15], came the following year.

These findings lent support to the hypothesis –
advanced by Coleman in the 1970s based on para-
biosis experiments [16] – that a circulating lipo-
static factor must be implicated in maintaining
body fat constant. By making the blood of lean and
ob/ob mice circulate in parabiosis, Coleman noted
that obese mice lost weight, benefiting from the
lipostatic factor present in the bloodstream of lean
mice. The same did not apply to db/db mice, since
whereas ob/ob mice do not produce leptin, db/db
ones do not produce its functional receptor.

The researchers’ enthusiasm was dampened by a
paper in which Maffei [17] reported in a large sam-
ple of patients an unexpected, close correlation
between BMI (the body mass index obtained by cal-
culating the ratio of weight in kg to the square of
height in metres) and leptinaemia; as this entails
that obese subjects have high values of leptinaemia
and are thus prone to leptin resistance, they would
be unaffected by the leptin treatment beneficial to
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ob/ob mice. Until now, rare cases of human genetic
leptin deficiency have been discovered and success-
fully treated with leptin [18].

Flyer, noting that its administration restored
plasma levels of thyroid, adrenal and gonadal hor-
mones in fasting mice, hypothesised a prominent
role for leptin in controlling the endocrine secre-
tion in relation to food intake [19]. Accordingly,
leptin functional receptors were identified in sev-
eral peripheral organs [20], considerably broaden-
ing its role.

Further sites of leptin production were identi-
fied in placenta, mammary gland, stomach and
salivary glands, further supporting the notion of a
wider functional action of this protein (in vasculo-
genesis, immune defence, food absorption) (see
[21] for a review).

These reports revolutionised the concept of
WAT, which finally came to be recognised as a real
endocrine tissue capable of affecting the feeding
behaviour of mammals.

Over time, other molecules were reported to be
WAT secretion products (adipokines), and the
relationship between their excessive secretion and
the severe complications of obesity became
increasingly apparent. Especially interesting was
the correlation between secretion of tumour
necrosis factor (TNF)-α, resistin and adiponectin
and diabetes; between angiotensinogen and min-
eralocorticoid-releasing factors and arterial hyper-
tension [21]; and between plasminogen activator
inhibitor (PAI 1) and coagulation problems [22].
These data contributed to clarify the molecular
mechanism underpinning the early clinical obser-
vation that androgenic obesity (i.e. central adipos-
ity with a greater accumulation of visceral fat) car-
ries more dangerous complications than gynoid
obesity (peripheral adiposity with a greater accu-
mulation of subcutaneous fat), because of the
inhomogeneous secretion of adipokines across
depots. An especially close relationship was
described for adiponectin and diabetes.

Functional Anatomy of Brown Adipose Tissue

In the 1990s, advances were also made in the study
of brown adipose tissue. Especially following the
studies by Stock et al. reported above, a rising num-

ber of laboratories began to focus on BAT, soon lead-
ing to the description of the main mechanisms of ac-
tion of brown adipocytes.

An uncoupling protein (UCP1) expressed solely
in brown adipocyte mitochondria was identified
[23–25], as an atypical β-adrenergic receptor (β3-
AR), which appeared to be prevalently expressed
by adipose t issue [26, 27]. Therefore, brown
adipocytes are activated by adrenergic stimulation
of these receptors, leading to triglyceride lipolysis
and new synthesis of UCP1. The fatty acids thus
released are burnt by β oxidation, which gives rise
to a hydrogenionic gradient between the two mito-
chondrial membranes. This gradient, commonly
used by adenosinetriphosphatase to produce ATP,
is abrogated by the abundance of UCP1 in the
inner mitochondrial membrane, UCP1 being a
protonophore [28].

All this allows for a fast and highly regulated
transformation of the potential energy contained
in triglycerides into heat, also accounting for
brown adipocyte anatomy: given the enormous
demand for oxidisable substrate (the lipid vac-
uoles), and that lipolysis can take place only on the
surface of the vacuoles, a multilocular organisa-
tion is essential to increase the contact surface
between lipids and hyaloplasm. Such ready sub-
strate availability would be useless without a large
number of mitochondria – which large size and
abundance of cristae make very efficient – ready to
carry out the oxidation process.

The presence of the protonophore UCP1 is thus
the final step in a series of events beginning with
the adrenergic stimulus and proceeding through
lipolysis and fatty acid oxidation to the formation
of an electrochemical gradient that is dissipated.
These cells therefore represent a unique phenome-
non in the mammalian organism because, unlike
all the other cell types, which pursue optimal effi-
ciency, they work via a loss of efficiency.

The enormous amount of heat produced
requires a vascular bed capable of ensuring a large
oxygen supply and the rapid transport of the heat
from the tissue to the rest of the organism, not
least to prevent the high temperature from damag-
ing the tissue itself. This accounts for the impres-
sive vascularity of BAT.

The obvious physiological stimulus capable of
activating BAT is cold, and virtually all facultative
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non-shivering thermogenesis is to be ascribed to
this tissue. As mentioned above, food intake is also
capable of activating it [1], and several synthetic
molecules, called specific β3-AR agonists, have
been manufactured industrially. Pharmacological
utilisation demonstrated their effectiveness in
treating obesity and the consequent diabetes in
both genetically and diet-induced rodent obesity
[29, 30], whereas the drugs developed in the hope
of treating human obesity gave disappointing
results [31] commonly attributed to the scarce
presence of BAT in adult humans.

For this reason, the work published in 1997 by
Fleury et al. [32] has had the merit of rekindling
the hope for a pharmacological intervention aimed
at dissipating the excess energy accumulated by
obese subjects. These researchers identified a new
protein, homologous to UCP1 and also expressed
in man, which they denominated UCP2, and
demonstrated that UCP2 is not only expressed in
BAT, but that it is widely distributed in all tissues
and is thus well represented in adult human tissues
[32].

Shortly after the publication of this paper, two
different teams [33, 34] independently described a
protein highly homologous to UCP1 and UCP2,
hence designated UCP3. UCP3 is expressed in mice
and human BAT and skeletal muscle. The enthusi-
asm generated by these findings was chilled by
subsequent research showing the absence of any

specific phenotype in transgenic mice lacking this
protein [35, 36] and the absence of alternative
non-shivering thermogenesis in cold-acclimatised
transgenic mice lacking UCP1 [37]. Nonetheless,
these studies opened new avenues of research in
cell physiology, and the group of Lowell went on to
discover the important role of UCP2 in pancreatic
insulin secretion [38].

The Adipose Organ

The new concept of an adipose organ was first
proposed in the late 1990s.

Anatomy

Using anatomical microdissection, our group
demonstrated that not only is it possible to excise
and isolate nearly the entire adipose content of
mammalian organisms, but also that BAT is wholly
found in fat depots that are often prevalently
white. In other words, in adult rodents kept in
standard feeding and environmental conditions
there are no totally brown depots distinct from
WAT depots, but a single organ articulated into
several subcutaneous and visceral depots contain-
ing both tissues [39].

Rodents have two subcutaneous fat depots, one
anterior and one posterior, ly ing in discrete
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Fig. 4. Adipose organ of an adult C57/BL
mouse maintained in standard conditions.
The organ is made up of two subcutaneous
and several visceral depots. The most repre-
sentative visceral depots are shown. Kidneys
and testes were dissected together with the
depots. White areas made up of white adipose
tissue and brown areas composed of brown
adipose tissue are indicated by the scheme



anatomical locations (Fig. 4). The anterior depot is
the more complex; it lies at the base of the fore-
limbs and mainly occupies the dorsal body region
between and under the scapulae, the axillary and
proximal regions of the forelimbs, and the cervical
area. The interscapular is the most conspicuous
central portion of the depot (body) and extends
laterally (lateral wings) and anteriorly (anterior
wings). The body is made up of WAT in its superfi-
cial portion, and of BAT in its depth. The latter
extends to the lateral wings and to the subscapular
and axillary regions (all brown), which in turn are
continuous with the region occupying the proxi-
mal portion of the forelimb and the lateral tho-
racic wall (both white). The anterior wings extend
anteriorly between the superficial dorsal muscles
and reach the base of the neck. In this area, the
anterior wings are often white, whereas the more
anterior region following the course of the neck
nerve-vascular bundle is generally brown.

The posterior depot is located at the base of the
hind legs. It is simpler, consisting of a single tissue
band beginning from the dorsum at the lumbar
level (dorso-lumbar portion), extending anteriorly
in the inguino–crural region (inguinal portion)
and further at the pubic level into the gluteal
region (gluteal portion). At the pubic level this
depot is continuous with the contralateral depot.
The posterior depot is usually white.

The visceral depots are located in the thorax
and abdomen. The former lie prevalently against
the intercostal nerve-vascular bundles, the heart
and the aorta. They are usually mixed, but in con-
stant environmental and feeding conditions much
depends on age and species.

The abdominal depots can be subdivided into
retro- and intraperitoneal. The retroperitoneal
depot par excellence has an elongated conical
shape and lies in the paravertebral position, i.e. on
the border between the spine and the posterior
abdominal wall, and is generally white. The best
known perirenal deposit is divided from the
retroperitoneal by a peritoneal fold and can be dis-
sected separately. It is generally mixed, with the
brown component prevalently located at the level
of the renal hilus.

The omental deposit is small in rodents and is
made up of WAT, as is the mesenteric depot out-

lined by the two peritoneal leaflets holding the
intestine against the posterior abdominal wall.

The perigonadal depot is consistently white
and is simpler in males, where it is well circum-
scribed, enveloped and bound to the epididymis
by the peritoneal leaflets. In females it surrounds
the ovaries, uterus and bladder.

Thus, in adult mice and rats maintained in
standard conditions, the BAT component is macro-
scopically visible in the sole anterior subcutaneous
depot and in part of the thoracic and perirenal
depots. However, light microscopic examination of
WAT deposits shows the consistent presence of
brown adipocytes, especially in the inguinal region
of the anterior subcutaneous depot, in the perio-
varian region of the gonadal depot, and in the
retroperitoneal region. It is important to stress
that the amount of brown adipocytes found in the
different depots is genetically determined, since in
similar environmental and feeding conditions it is
substantially species-related [40].

Subject age is also important in this respect. In
a systematic study of the anterior subcutaneous
depot in animals of different ages, we demonstrat-
ed that in ageing rats the BAT component under-
goes a progressive substitution by WAT, albeit
retaining a considerable size in older (2 years) ani-
mals [41, 42]. In general, the number of brown
adipocy tes tends to decrease with age in all
depots.

Minor WAT depots are found in bone marrow,
parotid, parathyroid and pancreas. Different
amounts of mixed adipose tissue are found along
the vasculo-nervous bundles of the limbs, and
close to the superficial lymph nodes the adipose
tissue is often brown.

Vessels and Nerves

Each deposit is endowed with a well-organised
vascular and nerve network. Whereas the former
aspect is well explored and exhaustively described,
studies addressing the specific innervation of each
depot are few and scarcely informative.

The most widely investigated deposit is the
anterior subcutaneous, which exhibits a dense vas-
cularity and innervation [43]. Two anterior vessels
reach the wings of the depot bilaterally from the
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axillary artery, accompanied by veins and nerves
of different calibres. The thinner nerves are less
myelinated and contain a larger number of nora-
drenergic fibres. The thicker and more myelinated
nerves also contain fibres immunoreactive for
neuropeptides that co-localise with noradrenaline
in noradrenergic fibres (neuropeptide Y [NPY]) or
that localise in sensitive fibres (or at least fibres
immunoreactive for the neuropeptides that are
commonly localised in sensitive fibres: substance P
[SP] and calcitonin gene-related peptide [CGRP]).
A peripheral cy totrophic and vasculotrophic
action of the sensitive fibres containing these neu-
ropeptides has been described [44]. Five nerves,
prevalently made up of noradrenergic fibres, run
bilaterally and symmetrically from the intercostal
spaces into the body of the deposit. A large solitary
vein (Sulzer’s vein) ensures a conspicuous outflow
from the depth of the BAT body and reaches the
azygos vein via the intercostal space.

Immunohistochemical and ultrastructural
studies from our and other laboratories have
shown that the fibres innervate the vessels down to
the more peripheral capillary ramifications and
also branch directly into the parenchyma, giving
rise to real, consistently noradrenergic, neuro-
adipocytic junctions [39]. The WAT component of
the depot is similarly, but not quite as densely, vas-
cularised and innervated.

Much less is known about the other depots. As
a rule, all receive vessels from the main arterial
and venous branches of the organs to which they
are closest, and their innervation is very similar to
the one described in the anterior subcutaneous
depot; vessel and nerve density depend on the
amount of BAT in the depot, greater vessel and
ner ve density being associated with greater
amounts of BAT.

A recent immunohistochemical investigation
by our group has demonstrated that the periaortic
thoracic depot is also endowed with independent
cholinergic parenchymal fibres of likely parasym-
pathetic origin [45].

This pattern of vessel and nerve distribution is
easily accounted for by the considerations made
above on the physiology of brown and white
adipocytes.

Whereas the high density of noradrenergic

parenchymal fibres in the brown areas (BAT) obvi-
ously depends on the fact that the adrenergic stim-
ulus is the trigger activating the molecular process
of heat production, it is rather more difficult to
explain the role of adrenergic fibres in WAT. White
adipocytes express both β-ARs (including β3-AR)
and α-receptors. The former are responsible for
the lipolysis induced by the adrenergic stimulus
[46], whereas α-receptors have the opposite effect.
Their physiological role is thus still unclear.

Recent work prevalently conducted by the
group of Lafontain and Valet points to a prominent
role for α-ARs in the control of adipocyte precur-
sor proliferation [47]. Indeed, stimulation of these
receptors would induce adipocytic secretion of a
protein, autotaxin, capable of promoting the pro-
liferation and differentiation of new adipocytes by
acting on lisophosphatidic acid (LPA) [48]. This is
in line with previous work carried out by this
group in collaboration with the team of Lowell,
where transgenic mice expressing only α-AR in
adipose tissue and fed a high-fat diet consistently
developed small cell hyperplastic obesity [49].

According to a hypothesis recently advanced by
Hodgson [50] based on anatomical studies of the
distribution of adrenergic fibres, there would be
two separate adipocyte populations, one preva-
lently expressing α-ARs and the other prevalently
expressing β-ARs. Only the latter would be directly
in contact with adrenergic parenchymal fibres.
These two populations would respond differential-
ly to the adrenergic stimulus: those expressing β-
receptors would undergo prompt delipidisation,
whereas those expressing α-receptor would
remain intact to distribute paracrinely the fatty
acids to delipidised cells.

If this hypothesis is correct, there would be two
white adipocyte populations sharing functional
tasks during hormone-driven lipolysis. This
hypothesis is in line with the observation that dur-
ing lipolysis due to acute adrenergic stimulation,
only a fraction of adipocytes are delipidised, while
the others are ostensibly unaffected. However,
things seem to be rather more complicated,
because a homogeneous delipidisation response by
adipocytes has been described during chronic
lipolytic stimulation [51]. Although a role for
parasympathetic fibres in WAT lipolysis has also
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been hypothesised recently [52], unpublished
immunohistochemical data from our laboratory
do not lend support to this hypothesis.

Development of the Adipose Organ

Developmental studies have mainly been conducted
on small mammals on two depots considered repre-
sentative: epididymal for WAT and the interscapular
portion of the anterior subcutaneous depot for BAT.

White Preadipocytes 

The epididymal tissue is recognisable in the fetus
in the last days of gestation. At this time, only the
capillaries are morphologically visible, immersed
in the extracellular matrix together with collagen
fibres and undifferentiated cells. Postnatally, a pro-
found rearrangement takes place (in rats and mice
on days 4–6) marked microanatomically by areas
well circumscribed by fibroblast-like cells and by
numerous dilated capillaries. Among these vessels
a rich cell population is observed, the vast majori-
ty of which is made up of preadipocytes at various
stages of differentiation from cells barely showing
the first signs of differentiation (glycogen and
small triglyceride vacuoles) to unilocular cells
similar to mature adipocytes in all but size (5–10
µm in diameter compared with the 70–80 µm of
mature adipocytes) (Fig. 5).

It is important to note that the less differentiat-
ed cells are often found in the pericytic position
(completely enveloped in a doubling of the basal
capillary membrane). The extracellular matrix
inside the area circumscribed by the fibroblast-like
cells is very rich in collagen fibrils and is clearly
different from the one surrounding it, where an
amorphous matrix predominates. We designated
these areas as vasculo-adipocytic islands and
believe them to be the primary sites of adipocyte
development in the epididy mal depot. The
preadipocytes developing in these areas are easily
dist inguished from the other cell  elements
(endothelial cells, fibroblasts, mast cells,
macrophages) by their characteristic cytoplasm,
which contains varying amounts of glycogen and

lipids. Rough endoplasmic reticulum and Golgi
apparatus are well represented when lipids are still
scarce. Smooth endoplasmic reticulum is variable
and is frequently associated with lipid vacuoles.
Mitochondria are typically elongated with small,
variously oriented cristae.

Vasculo-adipocytic islands are found in the
first week of postnatal development, but
preadipocytes are recognisable until postnatal
weeks 3–6 in the epididymal depots of mice and
rats (our unpublished data).

The study of subcutaneous adipose tissue in
human fetuses has evidenced morphological
developmental features very similar to those of
mice and rats reported above. At present, it is
impossible to say whether they are stem cells or
cells genetically predisposed to differentiate into
adipocytes, or to understand whether they origi-
nate from the vessels of the tissue itself or at dis-
tant sites like bone marrow.
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Fig. 5. White adipocyte precursor. This cell has a distinct
morphology mainly due to early unilocular lipid accumu-
lation, glycogen particles, pinocytotic vesicles, ‘white’
mitochondria and external lamina. Resin-embedded tis-
sue. Light microscopy 1200x



Brown Preadipocytes

In perinatal rat fetuses, the anterior subcutaneous
depot contains exclusively brown adipocytes and
is recognisable from day 15 of gestation. At the site
where the anlage arises, few dilated capillaries are
immersed in an extracellular matrix poor in cells
and collagen fibrils and rich in amorphous sub-
stance. At this stage pericytes – which cannot be
defined as ‘pure’ undifferentiated cells because of
their characteristic mitochondria – are already
recognisable. They are often numerous, large and
rich in cristae (pretypical mitochondria), antici-
pating their differentiation into typical brown
mitochondria. Another distinctive feature is the
variable amount of glycogen (Fig. 6). Anlage cellu-
larity, but not cell differentiation, increases on the
following days.

Around day 18 of gestation, cell number and
degree of differentiation augment greatly through
the arising of further differentiation features of
mitochondria, which become typical; the first lipid
vacuoles also appear. Of note, lipid accumulation
seems to be multilocular from the very first steps
of differentiation.

Around day 20, mitochondria express the func-
tional protein, and all the morphological features

of mature brown adipocytes are detected at this
time in most cells in the depot. In the first few
postnatal weeks, elements at various stages of dif-
ferentiation continue to be seen.

All such features of brown adipocytes are
recognisable in subcutaneous BAT of human fetus-
es (our unpublished data).

Therefore, also in the case of BAT, stem cells
cannot be identified based solely on morphologi-
cal features; in fact, the most undifferentiated cells
found in the pericytic position already exhibit
minimal features of differentiation that allow them
to be distinguished from ‘pure’ stem cells.

There thus seem to be two different types of pre-
cursor. Both appear to be programmed to form the
organ’s parenchyma independently of the animal’s
functional requirements; indeed, the complete
absence of β1, 2 and 3 adrenergic receptors (which
mediate thermogenic activity) does not prevent the
arising of brown preadipocytes with a normal
ultrastructure (our unpublished data), and the
nearly complete absence of insulin receptor (which
mediates liposynthesis) does not prevent the forma-
tion of either type of precursor in the adipose
organ, even though they do not attain complete dif-
ferentiation into mature adipocytes [53].
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Fig. 6. Brown adipocyte precursor. This cell
shows a distinct morphology mainly due to
multilocular lipid accumulation, glycogen
particles, pinocytotic vesicles, ‘brown’ mito-
chondria and external lamina. Transmission
electron microscopy 7000x 



Adipose Organ Plasticity and Medical Implications

Different types of stimulation produce dramatic
anatomical changes in the adipose organ, which is
endowed with striking plastic properties. Given
the considerations made above with regard to
functional anatomy, it is easy to understand how
nutritional stimuli or modifications in environ-
mental temperature can bring about anatomo-
functional modifications.

Fasting 

Fasting and food restriction produce organ modi-
fications that vary based on their duration [39]. In
the case of fasting, changes regard the sole white
component via a focal tissue response. Indeed,
areas can be observed where some adipocytes
have shrunk and are surrounded by still apparent-
ly unaffected adipocytes. At extreme degrees of
delipidisation, white adipocytes are elongated or
star-shaped and are still easily distinguished from
all other parenchymal cells, essentially due to the
distinctive presence, on the surface of these slim-
ming cells, of invaginations (described by some
researchers as surface evaginations or villus-like
structures) characterised by abundant pinocytotic
vesicles. These invaginations arise early in the cell
slimming process, because nearly unaffected cells
(exhibiting prevalently unilocular lipid accumula-
tions) show ‘tails’ of slimmed-down cytoplasm
rich in invaginations. The tannic acid technique
devised by Blanchette-Mackie and Scow [54] has
made it possible to follow at the electron micro-
scope the process of fatty acid migration during
the slimming process by allowing electron-dense
myelinic figures (corresponding to migrating free
fatty acids) to be detected in the adipose tissue.
These figures are found on the surface of lipid
vacuoles; in the hyaloplasm; in direct contact with
mitochondria and in close relation to the cyto-
plasmic invaginations rich in pinocytotic vesicles
that are characteristic of this slimmed-down state;
they are seen free in the interstitial space, in the
cytoplasm of endothelial cells, and in vessel lumi-
na. In practice, they are found at all the sites of
fatty acid migration during lipolysis. Although
they are not exclusively seen during the lipolytic
process, they are significantly more numerous

during adipocyte delipidisation.
In conditions of protracted fasting, brown

adipocytes with a complete lipid endowment can
be observed side by side with slimmed-down
adipocytes, easily recognised for the features
described above [39]. We feel that this is the most
convincing evidence that despite the organ’s plas-
ticity, a small component of either type of cells is
consistently found in the organ. Indeed, in extreme
fasting conditions a part of the energy contained
in the organ’s triglycerides is stored for the critical
thermogenic requirements, obviously in brown
adipocytes.

The fate of totally slimmed-down cells is
unclear. According to some researchers they may
undergo apoptosis. Still unpublished data from
our laboratory seem to indicate that this is not the
case: after protracted fasting, the retroperitoneal
depot of three adult mice was completely deli-
pidised, but careful electron microscopic examina-
tion (highly sensitive to signs of apoptosis) of
about 500 delipidised cells/mouse showed no sign
of apoptosis in any slimmed-down cell (Fig. 7).

Warm Exposure

Warm exposure entails a reduction of the
orthosympathetic stimulus, resulting in BAT inac-
tivation. Morphologically, this corresponds to a
transformation of brown fat cells into cells similar
to white adipocytes. During this transformation,
we have observed a reduced genic expression of
UCP1 and increased genic expression of leptin
[55]. This suggests that such morphological trans-
formation is accompanied by a new functional sit-
uation, with adipocytes losing their thermogenic
ability and acquiring the properties of white fat
cells, including production of such an important
hormone as leptin. This is in line with the observa-
tion that classic multilocular brown adipocytes
subjected to adrenergic stimulation express UCP1
but not leptin [56, 55], whereas cold exposure and
sympathetico-mimetic drugs reduce leptinaemia
[57] and induce the transformation of white into
brown adipocy tes [58] (see below
‘Transdifferentiation’).

It is interest ing to note that the energ y
required for basic metabolic activities is consider-
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ably reduced in animals maintained in ther-
moneutral conditions. Indeed, in an adult mouse
subjected to prolonged fasting (48 h), the whole

WAT shrinks almost to disappearance at around
10°C, whereas it is nearly unchanged if the animal
is kept at 28°C [39].

Cold Exposure

This condition involves the immediate activation
of the orthosympathetic system, with the conse-
quent, immediate functional activation of brown
adipocytes via the innervation and the neuro-
adipocytic junctions described above. In a matter
of hours, activated adipocytes exercise their ther-
mogenic function by synthesising new mitochon-
dria and UCP1; in the course of a few days new
cells develop, giving rise to a new tissue organisa-
tion characterised by an increased number of ves-
sels and nerves [59, 60]. In the framework of the
new concept of adipose organ, it is easy to under-
stand that the arising of new brown cells involves
not only some areas long considered as pure BAT,
but the whole organ. It follows that its macroscopic
appearance veers towards a brown aspect and that
the microscopic features of the different depots
progressively turn them into BAT (Fig. 8).

It is important to note that this process does
not necessarily entail  the arising of brown
adipocytes in white depots – since, as mentioned
above, brown cells may be present in the various
depots (depending on age, strain, etc.; see above) –
but rather an increase in their number [61, 62].
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Fig. 7. Delipidised (slimmed-down) white adipocyte.
Slimmed adipocytes (asterisks) show distinctive morpho-
logical features: external lamina, pinocytotic vesicles,
cytoplasmic invaginations, cytoplasm rich in organelles
including mitochondria, endoplasmic reticulum, Golgi
complex and lipid droplets of variable size. Lipid droplet
size depends on the stage of delipidisation. Cap, capillary.
Transmission electron microscopy 5500x

Fig. 8. Adipose organ of adult Sv129 mice
maintained at 29°C or 6°C for 10 days. Note
the evident reduction in organ size and the
increase of brown areas corresponding to an
increase in the brown component of the
organ



Transmission electron microscopic (TEM)
studies, which are very sensitive in detecting the
different stages of cell  development (see
‘Development’), have shown that the adipose organ
of adult mice and rats kept in thermoneutral con-
ditions and fed a normal diet contains neither
totally undifferentiated nor scarcely differentiated
cells.

By contrast, in cold-exposed animals undiffer-
entiated pericytes and brown preadipocytes (i.e.
cells with minimal differentiation features that
allow their morphological identification as cells
committed to differentiate into brown adipocytes)
arise both in BAT and in WAT. Preadipocytes may
be found in the pericytic and/or perivascular posi-
tion, suggesting that cold exposure induces the tis-
sue conditions that lead to the arising of brown
preadipocytes in all WAT and BAT areas of the
organ. Therefore, irrespective of the existence of
distinct white and brown cell precursors, their
arising in different depots of adult animals clearly
depends on microenvironmental tissue conditions.
Cold exposure induces an increased activity of
noradrenergic parenchymal fibres and simultane-
ous branching of nerve fibres both in WAT [63]
and in BAT [43] areas. In turn, this induces an
overall increase in noradrenaline tissue concentra-
tion followed by the development of brown cells in
the various depots of the organ.

In contrast, development of white pre-
adipocytes in the various areas appears to be trig-
gered by different stimuli (see ‘Positive Energy
Balance: Overweight and Obsesity’) directed at
increasing the energy storage capacity.

Transdifferentiation

Transdifferentiation is a biological phenomenon
by which a differentiated cell turns phenotypically
and functionally into a differentiated cell of anoth-
er type without undergoing dedifferentiation [64].
We believe that brown and white adipocytes can
transdifferentiate into one another in the adipose
organ. We report some data providing evidence for
physiological transdifferentiation of white into
brown fat cells.

Since Ashwell’s pioneering work (1984), it has
been known that, after cold exposure, brown
adipocytes expressing UCP1 arise in WAT areas of
the adipose organ [61]. Our group has demonstrat-
ed that the precursors developing in the periovari-
an depot have ultrastructural and genic expression
features typical of brown precursors [62]. A recent
study of WAT tissue in different mice strains
exposed to cold for varying periods of time has
suggested that a significant number of multilocu-
lar adipocytes arise in a matter of days in visceral
as well as subcutaneous WAT depots [65]. Analysis
of the genic expression of these tissues after acute
cold exposure (2 days) showed a significant
increase in UCP1mRNA from baseline, suggesting
that the new multilocular cells express
UCP1mRNA.1

Interestingly, these cells do not express UCP1
protein (as demonstrated by immunohistochemi-
cal and Western blotting techniques), indicating
that after 2 days of cold exposure a significant
number of well-differentiated mult ilocular
adipocytes express the UCP1 gene but not the pro-
tein. Considering that, in the course of fetal organ
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1Whereas in the opinion of several researchers the presence of UCP1 is a brown adipocyte hallmark, in our view it is
merely a cellular feature that subserves the main function of BAT; however, brown adipocytes do not consistently express
it, and in some conditions in which they do not do so, they assume the appearance of white fat cells. For instance, in an
animal maintained above its thermoneutral temperature (see ‘Warm Exposure’), the BAT-activating adrenergic stimulus
is off; brown adipocytes thus undergo a morphological transformation: they become unilocular and lose the typical
mitochondrial features, thereby becoming similar to white adipocytes. This morphological transformation is accompa-
nied by inhibition of UCP1 gene and by ob gene (leptin) activation [55]. The same process takes place in mice lacking all
β-AR subtypes, demonstrating that this phenomenon is mediated by the β-adrenergic stimulus [66]. Although these data
seem to be consistent with the concept that a brown adipocyte lacking UCP1 is a more or less typical white fat cell, this is
denied by the fact that multilocular brown adipocytes quite different from white fat cells are found in the adipose organ
of UCP1 knock-out mice (our unpublished data).



development, brown adipocyte precursors express
UCP1 quite early with respect to the overall stage
of cell differentiation, it seems reasonable also to
hypothesise that the arising of the multilocular
adipocytes in WAT depots after cold exposure is a
phenomenon quite dist inct from mere
preadipocyte differentiation.

In the course of the same experiments, we also
noted that the number of multilocular adipocytes
increased further after a longer exposure to cold
(10 days), and that, unlike those arising after acute
exposure, these cells also expressed UCP1 protein.
It thus appears that the continuous adrenergic
stimulus prompted the multilocular cells already
expressing UCP1mRNA to express also the protein
and thus to acquire the functional thermogenic
properties of brown adipocytes.

In transgenic animals not expressing β3-AR,
the same experiments evidenced a nearly complete
inhibition of this phenomenon, suggesting an
important role for this receptor in its mediation. In
addition, given that brown adipocyte precursors
do not appear to express β3-AR, the hypothesis
may be advanced that brown preadipocytes do not
play a critical role in determining the presence of
the new population of multilocular or brown
adipocytes.

Immunohistochemical studies demonstrate
that UCP1 protein is expressed by varying propor-
tions of multilocular cells in the different depots.
In this context, the most interesting observation,
made in our laboratory in collaboration with the
group of J.P. Giacobino (Geneva), was that in the
subcutaneous depot of cold-exposed (6°C for 10
days) SV129 mice, about 35% of adipocytes were
multilocular cells, 85% of which expressed UCP1.
Also in this condition, then, the absence of β3-AR
receptor significantly reduced the number of mul-
tilocular adipocytes (our unpublished data).

These findings seem to substantiate the
hypothesis, advanced in a previous work by our
group, that chronic (7 days) stimulation with the
β3-AR agonist CL 316,243 could induce direct
transformation of white into multilocular
adipocytes, around 8% of which would express
UCP1 [58]. Prolonged stimulation (7 more days)
with the same drug induced a considerable
increase in the proportion of UCP1-expressing

cells (33%) without a concurrent increase in the
number of multilocular cells (our unpublished
data). This suggests that only a subpopulation of
white adipocytes would be committed to this
transformation, confirming that white-to-brown
transdifferentiation passes through successive
steps, beginning with the transformation of the
lipid vacuole from unilocular into multilocular,
followed by the expression of UCP1.

β3-AR receptor agonists administered to rats
with genetic or diet-induced obesity are known to
activate BAT, to induce the transdifferentiation of
white into brown adipocytes [58], and to cure both
their obesity and the consequent diabetes.
Unfortunately, although some recent data indicate
the presence of the receptor also in the human adi-
pose organ [67], a drug inducing the same effects
in man is still not available.

In a recent paper, Toseland [68] demonstrates
that other drugs could be involved in the plastic
modulation of the adipose organ, particularly the
agonists of PPARγ – a nuclear receptor acting as a
transcription factor and implicated in the process
of development of fat cells [69, 70] – which induce
the transformation of the adipose organ of treated
dogs and rats into BAT.

Molecular Mechanisms of Transdifferentiation

Energy expenditure v ia act ivation of the
orthosympathetic system is essential for the ener-
gy balance; indeed, mice lacking all β receptors (1,
2 and 3), though not exhibiting changes in the
amount of food intake or in motor act iv ity,
become precociously and massively obese [66].
These mice exhibit a complete and early transfor-
mation of BAT into WAT, in line with the observa-
tions that absence of BAT results in obesity and
that ectopic UCP1 expression in WAT makes mice
resistant to obesity. These data also agree with the
finding that BAT activation and the white-to-
brown transdifferentiation induced by administra-
tion of β3-AR agonists cure obesity. On the other
hand, the mechanism by which mice lacking UCP1
fail to become obese is still obscure.

Since the white-to-brown transdifferentiation
induced by the adrenergic stimulus appears to be
difficult to harness for human therapeutic goals,
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recent works indicating possible alternatives to
achieve transdifferentiation appear all the more
interesting.

Transgenic mice lacking the RIIβ subunit (one
of the subunits regulating AMPc-dependent pro-
teinphosphokinase A, abundant in adipose tissues)
overexpress RIα subunit, which involves increased
sensitivity of proteinphosphokinase A to AMPc in
WAT, and consequent UCP1 gene activation [71].
This entails a brown phenotype of abdominal fat
and resistance to obesity.

Foxo2 is a gene for a transcription factor
expressed exclusively in adipose tissue. Its overex-
pression in the adipose tissue of transgenic mice
gives rise to an obesity-resistant and more insulin-
sensitive lean phenotype. These mice show a trans-
formation of white into brown adipocytes [72].
Interestingly, individuals with greater insulin
resistance exhibit a reduction of FOXO2 (human
foxo2) in subcutaneous abdominal fat accompa-
nied by down-regulation of other genes of the
brown adipocytic phenotype.

Expression of protein 4E-BP1, which is essen-
tial to regulate post-transcriptional protein syn-
thesis, is high in WAT. In transgenic mice lacking
4E-BP1, brown adipocytes arise in WAT and the
adipose organ shrinks in size [73]. This entails that
4E-BP1 protein regulates the post-transcriptional
synthesis of some factor involved in the mainte-
nance of the white phenotype in a portion of the
adipose organ. The authors suggest that this factor
may be PGC1 (peroxisome proliferator-activated
receptor-gamma coactivator) – a recently
described protein [70] acting as a co-factor of
PPARγ (see above) in the transcriptional modula-
tion of the adipocyte genome – and that it might
be essential to induce transdifferentiation to a
brown phenotype [74].

The recent demonstration that white
adipocytes from human subcutaneous fat can turn
into brown cells via PGC1 transfection [75] lends
support to this hypothesis.

A final observation stemming from our collab-
oration with Krist iansen’s group [76] is the
demonstration of the important role of protein RB,
both during development and in the transdifferen-
tiation induced by the β3-AR agonist CL316,243, in
inducing the two phenotypes. In particular, its

expression would be responsible for the white phe-
notype and its inhibition would trigger white-to-
brown transdifferentiation.

Promising metabolic routes to induce transdif-
ferentiation have thus been opened downstream
from β-ARs; we hope that they will provide fresh
therapeutic options for human obesity and related
diseases.

Positive Energy Balance: Overweight and
Obesity

When the energy balance is positive, the adipose
organ prevalently undergoes an increment in its
white component. White adipocy tes become
hypertrophic and subsequently hyperplastic (likely
due to a close causal relationship). In fact, it has
been suggested that adipocytes are unable to
expand beyond a given maximum volume, or ‘criti-
cal size’, which is genetically determined and spe-
cific for each depot [77]. Adipocytes that have
reached the critical size trigger an increase in cell
number [78–80]. In a recent review, Hausman et al.
[81], after considering the evidence for this theory,
conclude that not only paracrine factors, but also
circulating factors as well as neural influences may
play a large role in regulating adipose tissue devel-
opment and growth. They suggest that in the
development of obesity, enlarged fat cells produce
and release proliferative paracrine factors as inter-
nal controllers of preadipocyte proliferation, and
that their proliferative response is modulated by
neural inputs to fat tissue and/or serum factors. In
any case, paracrine factors appear to play a pivotal
role. Adipose tissue expresses numerous factors
that could be implicated in the modulation of adi-
pogenesis: IGF-1, TGF-α, TNF-α, macrophage
colony-stimulating factor (MCSF), angiotensin II,
autotaxin-lysophosphatidic acid (ATX-LPA), lep-
tin, resistin, etc. [20].

Of note, in genetically obese ob/ob mice (lack-
ing leptin) and in other types of genetic and diet-
induced obesity, the fat mass is hypertrophic and
hyperplastic, while in genetically obese db/db mice
(lacking leptin receptor) the fat mass is increased
only by a hypertrophic mechanism ([82] and our
unpublished observations). Therefore, the pres-
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ence of leptin receptor seems to be essential to
induce hyperplasia. In the subcutaneous adipose
tissue of a massively obese patient lacking leptin
receptor [83], we recently observed that mean
adipocyte volume was about half that usually seen
in the same depot of patients with similar BMI due
to ‘primitive obesity’.

A recent study showed that obesity induced by a
high-fat diet in mice is hypertrophic, while that
induced by hypothalamic lesion due to administra-
tion of monosodium glutamate is hyperplastic [84].

A positive energy balance also affects the
organ’s brown component. The brown adipocytes
of obese animals are generally similar to white
cells. Prevalently unilocular cells are observed at
the sites where brown adipocytes are normally
found, but these cells often exhibit typical mito-
chondria distinct from the ‘normal’ organelles of
white fat cells. They usually – though modestly –
express UCP1 as well as the typical protein of
white adipocytes: leptin [56]. Interestingly, the
large amount of TNF-α found in obese mice
induces an increased rate of apoptosis of brown fat
cells [85].

Transgenic animals lacking β1, 2 and 3 recep-
tors become massively obese eating the same
amount of food as lean ones [66]. In such animals,
brown adipocytes are identical to those found in
the genetically obese (ob/ob) and db/db mice
described above: they are unilocular and show
leptin expression and modest UCP1 activity in
mitochondria with the typical morphology. This is
in line with the fact that obesity due to lack of lep-
tin (ob/ob) or its receptor (db/db) is accompanied
by reduced BAT adrenergic stimulation owing to
the absence of the stimulus normally exerted by
the hormone on hypothalamic orthosympathetic
centres.

The Human Adipose Organ

As in small mammals, the adult human adipose
organ is made up of subcutaneous as well as viscer-
al depots. In normal adult individuals it accounts
for about 9–18% of body weight in men and
14–28% in women. Most of the organ is located
subcutaneously; its distribution is sex-dependent,

the mammary and gluteo-femoral subcutaneous
depots being more developed in women.

The visceral depots are very similar to those
described in small mammals. In overweight or
obese individuals, the abdominal visceral depots
tend to grow in men and in post-menopausal
women. This type of fat accumulation is dangerous
for its association with the diseases secondary to
overweight and obesity (diabetes, hypertension,
myocardial infarct).

There are no histological differences between
human and murine adipocytes, except for the larg-
er size of the former. The maximum diameter
measured in obese mice is ca. 140 µm (about 1.30
µg/cell in the epididymal depot), whereas in the
subcutaneous depot of massively obese individuals
the maximum diameter we measured is ca. 160 µm
(about 1.95 µg/cell), a difference of 30–40%.

All the major molecules produced by murine
fat cells (e.g. leptin, adiponectin, TNF-α ,
angiotensinogen, PAI 1, resistin, adipsin) are also
produced by human adipocytes.

Human adipose tissue development entails a
long phase of preadipocyte proliferation, which is
complete at around 20 years of age. This is similar
to rats and mice, where this phase is achieved by
the second month of postnatal life [86].

Also in our species, regulation of the amount of
fat tissue depends on the energy balance. If there is
a positive balance, adult individuals exhibit an
increase in adipocyte size, which, upon attainment
of a critical size, will induce the development of
new fat cells (see also ‘Vessels and Nerves’).

Indeed, the number of adipocytes, total fat
mass and proportion of body fat correlate with age
in both sexes, whereas adipocyte size does not
appear to correlate with age, but with the amount
of fat mass and its proportion of body weight in
both sexes [87].

In massively obese individuals, the fat mass
may quadruple to 60–70% of body weight [88, 89].
Recent works reporting a massive presence of
macrophages in the adipose tissue of obese sub-
jects hypothesise that many cytokines produced
by adipose tissue and responsible for most of the
adverse symptoms of obesity are in fact histiocyt-
ic in origin. The cause of this macrophage infiltra-
t ion is unclear, but seems to be related to
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adipocyte size [90].
A negative energy balance induces a reduction

in both fat mass and adipocyte size. The latter fact
is important, because it results in improved cellu-
lar insulin sensitivity. Completely delipidised cells
may be seen in the adipose tissue of individuals
with a negative energy balance. Their morphology
is very similar to that of the slimmed-down rat
and mouse cells described above. In a TEM study
of subcutaneous fat tissue from obese individuals
administered a very low-calorie diet for 5 days, we
detected severely slimmed-down adipocytes very
similar to those observed in acutely fasted rats and
mice. Interestingly, slimmed-down cells were side
by side with unilocular adipocytes ostensibly not
affected by the slimming process. The fate of com-
pletely slimmed-down cells is still unclear, and the
hypothesis that they may undergo apoptosis is so
far unsubstantiated.

Not all fat depots respond identically to a nega-
tive energy balance. Indeed, the gluteo-femoral
subcutaneous tissue of adult pre-menopausal
women is known to be much more resistant to the
slimming process than abdominal subcutaneous
fat, whereas both depots behave similarly in post-
menopausal subjects. This seems to be due to a
combination of increased lipoproteinlipase activity
and reduced lipolytic activity in the former area.

The reduced lipolytic activity appears to stem
from a relative preponderance of the antilipolytic
activity of α2-ARs over that of lipolytic β-ARs [91].
In general, α2-ARs are more represented in human
than murine adipose tissue. Transgenic mice with
adipose tissue similar to human fat tissue have
been obtained to mimic this situation in a murine
model. These animals lack β3-ARs and express
abundantly human α2-AR (β3-AR-deficient,
human α2-expressing transgenic mice) [92]. In
these animals obesity induced by a high-fat diet
was exclusively of the hyperplastic type and the
mice were not insulin-resistant. These data are in
line with the important role of α2-AR in relation to
the proliferative stimulus, and with the relationship
between insulin sensitivity and adipocyte size.

Like the murine organ, the human adipose
organ also contains BAT. Given its thermogenic
function, animals with a small body volume and a
larger relative body surface clearly have greater

thermogenic requirements; the greater heat dissi-
pation occurring in these compared with larger
animals (which have a smaller volume/surface
ratio) results in greater heat dispersion; hence, also
the smaller proportion of human vs murine BAT.
For the same reason, human newborns exhibit a
greater amount of BAT than adults. In the human
newborn’s adipose organ, BAT occupies the same
sites as in the murine organ. In the adipose organ
of adult humans, several studies have detected
small amounts of BAT with the same morphologi-
cal and functional characteristics as murine BAT
[93]. An increase in BAT in cold-exposed human
subjects has also been reported [94]. Considerable
amounts of BAT, especially perirenal, have often
been described in patients with pheochromocy-
toma (a tumour made up of endocrine cells secret-
ing large amounts of adrenaline and noradrena-
line) [95, 96].

It has recently been demonstrated that human
preadipocytes from different depots stimulated in
vitro with thiazolidinediones (drugs that act by
stimulating the PPARγ transcription factor, which
seems to have a large role in adipocyte differentia-
tion) express UCP1 [97]. This suggests that human
brown adipocyte development may be induced by
drug treatment.

UCP1mRNA has been detected in the abdomi-
nal visceral depots of both lean and obese patients,
though in significantly smaller amounts in the lat-
ter [98]. It is interesting to note that after dieting
and consequent weight loss, UCP1mRNA levels
remained lower than in lean subjects, suggesting a
lesser genetic predisposition to energy dispersion
in obese individuals [99]. This is in line with the
observation that combined mutations of UCP1 and
β3-AR induce additive effects on weight gain in
human obesity [100].

Two recent papers stress the importance of the
concept of the adipose organ in humans. In the
first, in agreement with the experimental finding
that transgenic mice lacking insulin receptor at the
sole level of BAT are hyperglycaemic, a reduced
‘brown’ phenotype in human subcutaneous adi-
pose tissue has been shown to predispose to dia-
betes [101]. In the second, in vitro transfection of
PPARγ co-factor 1 (PGC1, see above) induced the
transformation of human white adipocytes into fat
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cells capable of expressing UCP1, the molecular
marker of brown adipocytes [75].

Protein ZAG and Cachexia of the Adipose
Organ

Protein ZAG: A New Adipokine 

A dramatic weight loss, entailing a reduction of
the adipose organ by up to 85%, is a characteristic
feature of tumour cachexia. Several factors are
implicated in this process; one of them is possibly
ZAG (zinc-α2-glycoprotein), a 43-kDa protein
originally isolated in human plasma [102] and
later described in several organs: breast, prostate,
liver, lung and skin [103]. Overexpression of pro-
tein ZAG occurs in several malignant tumours and
is thus used as a tumour marker.

The biological function of this protein is still
largely unknown; its molecular identity with a
lipid-mobilising factor isolated from MAC16 (a
murine tumour inducing deep cachexia) and the
urine of cachectic cancer patients has recently
been reported [104].

Murine and human ZAG protein exhibit 59%
homology of the amino acid sequence and 100%
homology at the sites functionally involved in the
action on lipid metabolism [105, 106]. Its adminis-
tration to lean and obese animals induces a
marked reduction in body fat, and a dose-depend-
ent lipolytic activity has been demonstrated in
vitro [107].

The specific β3-adrenoreceptor antagonist
SR59230 reduces its lipolytic activity, suggesting that
in rodents its action is mediated by β3-AR [108].

A recent study of its normal expression in adi-
pose tissues in vivo and in vitro showed that pro-
tein ZAG is expressed in WAT and BAT in different
murine depots as well as in human subcutaneous
and visceral WAT. In particular, it has been detect-
ed in white adipocyte cytoplasm using immuno-
histochemical techniques. It is also found in the
stroma-vascular fraction of adipose tissue [109].

Adipocytic overexpression of the protein in
cachectic mice is consistent with a role for it in the
local control of lipolysis. A recent paper reporting
that protein ZAG stimulates adiponectin expres-
sion in adipocytes in vitro suggests that it may be
a gene for body weight regulation.
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Introduction

Body silhouette is defined by skeleton framework,
muscle masses and fat distribution. All these
anatomical components are genetically fixed, relat-
ed to growth hormones and sex hormones, and
modified by extrinsic factors such as age, physical
exercise, diet, constrictive garments, way of living
and general health conditions.

As far as fat distribution is concerned, we
recognise the subcutaneous and the central (vis-
ceral) fat.

Central Fat

Fat is present, in a higher or lesser degree, in
almost every anatomical compartment, inside
parenchymatous organs, muscles and breasts and
it is stored mainly in the omentum (intra-abdomi-
nal fat): this is the so-called ‘central’ fat and it is
the most involved in metabolic variations, increas-
ing in obesity and reducing in the case of weight
loss. Intra-abdominal fat contributes to a signifi-
cant degree, but not exclusively, to the increase of
waist circumference and sagittal diameter [1],
altering the normal ideal silhouette (Fig. 1a, b);
even in normal non-obese subjects, it tends to
increase in the elderly, owing to the redistribution
of the adipose mass [2].

Besides the central fat, which is sensitive to
weight variations, we recognise some anatomical
districts where adipose fat pads are present, where
volumes are constant irrespective of the degree of
corpulence or even in the event of major weight
loss. These are structures devoted to produce more
protection in the regions of attrition and have
been thoroughly described: around the kidneys,
inside the joints, underneath the breasts

(Chassaignac retrommamary bursa), deep in the
face (corpus adiposum buccae or bulla of Bichat,
adipose body of the orbit, parapharyngeal adipose
corpus), inside the hand (corpus adiposum pal-
mare profundum [3]), and over the os pubis (mons
Veneris). This fat has almost no influence on body
silhouette and a few on face traits.

Chapter 1.2
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Fig. 1. Middle-aged man: typical silhouette from increased
intra-abdominal fat. a Front view. b Side view
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Subcutaneous Fat

There are two distinctly different types of subcuta-
neous fat, separated by the fascia superficialis [4]:
the superficial fat layer, which is distributed over
almost the entire body, and the deep layer, located
between the superficial and the deep fascia, which
is found only in certain areas of the body [5, 6].

Superficial Fat

The superficial fat (areolar fat) consistently lines
the skin and follows the skin displacements. It can
be considered a part of the skin, as it is responsible
for the terminal vascularisation of the skin itself.
Histologically it has a lobular pattern and a verti-
cal orientation, being located within connective
arches (retinacula cutis). Its mean dimensions are
0.5–1.0 cm per unit. It is firmly anchored both to
the undersurface of the skin and to the fascia
superficialis; these septa are able to adapt the
adipocytes they contain only laterally : as fat
hypertrophy increases, the tension within these fat
pockets (their volume may increase a thousand
fold) also increases, giving the skin the typical
‘Chesterfield sofa’ look (Fig. 2a, b). Adipocytes of
the areolar layer are large, round, turgid, and piled

together where small vessels pass directed towards
the dermis [7]. Normally, it is approximately 1 cm
thick and has a rather uniform distribution,
although it tends to increase significantly with age
on the upper abdomen, on the rear side of the
body and on the buttocks [8], particularly in
women. It is thinner in certain areas of the body
(ankles and pretibial crest) and can reach several
centimetres in cases of marked hypertrophy.

This fat is metabolically active and responds to
weight loss, as its adipocytes are rich in beta 1
receptors, which are lipolytic and secrete lipase:
thus, the superficial fat is responsible for the over-
all silhouette changes in size (but not in shape)
according to changes in weight.

Deep Layer Fat

The deep layer (lamellar fat) constitutes blocked
reserve fat, easy to gain and difficult to lose,
metabolised only when there is starvation. It has a
laminar pattern and a horizontal orientation, and
is arranged as fat pads (localised fat pads, LFP),
surrounded by a fascia that is sometimes well
identified as a specific capsule and sometimes
indistinct from the fascias of the muscles, differ-
ently located according to sex, race and genetic
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Fig. 2. Typical ‘Chesterfield sofa’ look of the skin of the
buttocks (hypertrophy of the superficial fat). a Moderate
grade. b Severe grade
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characteristics. Fat pads appear at puberty or
shortly thereafter and are the most responsible for
the body silhouette. Larger vessels pass along con-
nective trabeculas, destined to the superficial skin
vascular net. Adipocytes in deep fat are smaller
than in the areolar layer, and horizontally elongat-
ed [7]. Pad adipocytes are two to four times more
receptive to glucose than other fat cells; they are
also very rich in alpha 2 receptors, which block
lipolysis and are stimulated by catecholamines.

Only surgery can modify the shape of the sil-
houette, through a direct approach to LFPs, both
by dermolipectomy operations and, mainly, by dif-
ferent techniques of liposuction.

Different locations of fat pads have been
described.

Face - Fat distribution in the face contributes to
the face traits. A fat pad is observed around the
buccal area (Fig. 3). It can be divided into three
lobes: anterior, intermediate and posterior. Four
extensions derive from the posterior lobe: buccal,
pterygoid, pterygopalatine and temporal [9]. In
the nose, an interdomal fat pad is present, varying
in size from 1.2 × 2.4 mm to 3.6 × 5.2 mm [10]. Fat
pads are also identified in the periorbital,
nasolabial (Fig. 3), submental (Fig. 4) and tempo-
ral regions.

Upper torso - Three major fat pads are described:
two even in the scapular regions, one odd in the
interscapular area [7].

Chest - Fusion of the superficial layer with the
deep fascia on the ribs creates separate pockets
responsible for the ripple effect (Fig. 5).

Arms - A posterior fat pad (subacromial) [11] and
a deltoid fat pad have been described.

Abdomen - In the medial regions (supraumbilical,
umbilical, infraumbilical), the fascia superficialis
presents several layers separated by adipose tissue,
while in the lateral regions localised adiposity is
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Fig. 3. Face of a young woman, with fat pads around the
mouth and in the nasolabial regions 

Fig. 5. Ripple effect on the chest of a middle-aged woman

Fig. 4. Fat pad in the submental region of a young woman



very rare. A true LFP can be identified just in the
lower half of the abdomen, limited between an
ideal line that joins both iliac crests above the
umbilicus and the superior border of the pubis
(Fig. 6). The thicker zone of the abdomen corre-
sponds to the projection of the rectus abdominalis
muscle, where the large perforating vessels are sit-
uated.

Hips - An LFP may be found in the hips, limited by
the 12th rib above, the muscles of the lumbar
region posteriorly, the abdominal muscles anteri-
orly, and the iliac crest below.

Gluteal region and flank - The lumbo-gluteal adi-
pose body (LGAB) has been identified in this area
[12–14]. It is a symmetrical structure, shaped as a
triangular pyramid, with a subcutaneous posterior
base and an intermuscular anterior apex, which

partially borders three regions: the inferior part of
the lumbar region, the superior part of the gluteal
region and the posterior part of the flank. It
extends from the second lumbar to the second
sacral vertebral body and between the anterior
superior iliac spines, so corresponding to the lum-
bar trigone (Fig. 7). Inside the LGAB, two/three
layers can be identified, separated by parallel
fibrous septa: the more superficial layers are com-
posed of smaller lobules, and the deeper layers of
larger lobules.

Buttocks - Important LFPs in this region exist only
in blacks, Brazilian mulatas, Asiatics and certain
Slavic types. Owing to the adherence of the deep
fascial layer to the underlying muscles, these fat
pads do not tend to drop while standing (Fig. 8),
sometimes giving the buttocks a particularly
pleasant shape. Enormous buttock fat pads have
been described in some African tribes.
Pretrochanteric area - This can be subdivided into
four regions: the iliofemoral bulge, the middle
femoral region, the anterior femoral region and
the posterior extension, directed towards the
infragluteal fold (Fig. 9). A large accumulation of
fat in the iliofemoral area is typical among gynoid
Caucasians.

Thigh - An LFP is present in both the upper and the
lower third of the internal surface; the upper one
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Fig. 6. Well-identified fat pad in the lower half of the
abdomen in a thin young woman

Fig. 7. Lumbo-gluteal adipose body in a female teenager



extends from the inguinal crease to the middle third
of the thigh and can reach dimensions large enough
to impair a good deambulation. In the middle third
the lamellar layer is almost absent (Fig. 10).

Knees - Between the inferior portion of the thigh
and the superior portion of the leg there is a fat
pad with an anteromedial extension, which curves
inferiorly around the medial and inferior segment
of the patella like a hook (infrapatellar fat pad)
(Fig. 11).

Legs - An oval unilocular fat pad has been identi-
fied, vertically oriented from the lateral aspect of
the ankle towards the head of the fibula: the lateral
inframalleolar fat pad. The sural nerve and the
short saphenous vein run over its external surface
[15, 16] (Fig. 12).

1.2 Body Silhouette and Body Fat Distribution 27

Fig. 8. Fat pads of the buttocks, with typical tendency to
stay up

Fig. 9. Posterior extension of the pretrochanteric fat pad

Fig. 10. Typical profile of the inner thighs: localised fat
pads are present just in the upper and lower third



According to the sex (hormonal factors), we ob-
serve that the majority of LFPs in women and gynoid
types are located around the pelvis and in the lower
half of the body (rhizomelic silhouette), while in men
and android morphotypes, LFPs are observed most-
ly in the trunk and the upper half of the body.

According to the ethnic origin, four types are
described, depending on the prevalent distribution
and thickness of the LFPs:
1. Latin, with a typical ‘violin’ shape (rolls on the

hips and trochanteric fat) (Fig. 13a, b)
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Fig. 11. Infrapatellar fat pads in a teenage girl

Fig. 12. Lateral inframalleolar fat pads, giving a clumsy
aspect to the legs of a young woman Fig. 13. Typical ‘violin’ shape. a Front view. b Back view
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2. AngloSaxon and Nordic, with a typical ‘life pre-
server’ shape (hips and abdominal rolls), which
resembles the ‘Michelin man’ shape in the fatter
individuals.

3. Asiatic, with a typical ‘kimono’ shape (rolls
mainly on the waist, chest, arms) (Fig. 14)

4. Black, where steatopygia is the most distinctive

character (fat on the buttocks) (Fig. 15).
All the fat deposits described are composed of

white adipocytes. Brown adipocytes are scattered
among the white ones and constitute well-identi-
fied masses (as in the well-known buffalo hump on
the back of the neck) only under pathological con-
ditions (lipodystrophies).
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Fig. 14. Typical ‘kimono’ shape in a young man 
Fig. 15. Steatopygia in a middle-aged woman
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Introduction

Extreme loss of body tissue in association with
severe illness has been observed by physicians
since ancient Greek times. The term ‘cachexia’ was
the label for a ‘signum mali ominis’ in various,
mostly fatal, diseases. Observing the chronicity of
the course of a disease, cachexia was recognised as
a severe complication indicating end-stage disease
and poor quality of life. As modern treatment
helps to prevent early death for an increasing
number of chronic diseases, growing interest is
focussed on chronic complications such as cachex-
ia. Nevertheless, observation and clinical docu-
mentation of this condition go back as long as
medical science itself. Pioneering studies on the
reasons and mechanisms of cachexia were per-
formed several decades ago. These studies provide
fundamental insights and guidance towards a bet-
ter understanding of cachexia.

In this review we present an historic overview
of cachexia from the first anecdotal documenta-
tion to the beginning of its systematic investiga-
tion. The material reviewed is taken entirely from
Western sources. We have concentrated on materi-
al that was published prior to the start of the
online library Medline and is mainly based on the
Index Medicus, which dates back as far as the nine-
teenth century (Fig. 1). Early thoughts and mile-
stone studies on metabolic abnormalities leading
to cachexia are presented.

Cardiac cachexia may serve as an example for
cachexia secondary to chronic disease and has
been focussed on for three reasons. First, especial-
ly in the field of cardiology, modern treatment
options often prevent early death from acute
events without completely erasing the source of
the disease, such as surgical treatment in cases of
some cancers. Second and following the former,
chronic heart failure leading to cachexia may be

Chapter 1.3

Historic Views on Cachexia in Humans with Special
Reference to Cardiac Cachexia
Wolfram Doehner

Fig. 1. The historic overview of
cachexia is mainly based on
material published in Index
Medicus, which dates back as
far as 1879



viewed as a rather isolated solitary origin for gen-
eralised deleterious and mal-adapting processes
affecting global body functions. And third, the
improved treatment of chronic heart failure and
the gradual shift in the (patient) population
towards elderly patients result in increasing num-
bers of patients with late-stage complications such
as cachexia and hence a growing focus on this syn-
drome.

Early Annotations

The earliest report on significant weight loss in
relation to what can be diagnosed as chronic dis-
ease dates back 2400 years to classical Greece and
the school of medicine of Hippocrates (about
460–377 BC) on the island of Cos. Observing an
associat ion between dropsy and cachexia,
Hippocrates wrote that ‘the flesh is consumed and
becomes water, … the abdomen fills with water,
the feet and legs swell, the shoulders, clavicles,
chest and thighs melt away … This illness is fatal’
[1]. Hippocrates also recognised the severity of
this syndrome. The origin of the term ‘cachexia’ is
also Greek: derived from the words kakós (i.e. bad)
and hexis (i.e. condition or appearance). It was,
however, established as a fixed term for a deleteri-
ous condition only many centuries later, as knowl-
edge of the physiology of the severe weight loss
and the association with underlying diseases did
not exist in ancient Greece. Regardless of the lack
of understanding of the underlying reasons, these
passages in the Corpus Hippocraticum provide
almost the only high-quality clinical records on
cachexia for the next 1700 years.

It remains uncertain when the term ‘cardiac
cachexia’ was first introduced into medical litera-
ture. Knowledge of the physiological function of
the heart and the circulatory system was of course
a prerequisite. In Greek times, this was completely
unknown: in fact, the heart was debated as being
the location for the intellect. In 1628 Harvey dis-
covered the circulatory physiology and recognised
the heart as the driving pump for the circular
movement of the blood [2]. This finding replaced
the then prevailing Galenic view of the heart gen-
erating and distributing pneuma and heat

throughout the body [3]. An anecdotal case of
what most likely may have been cardiac cachexia
was observed by Withering (1741–1799) in 1785. In
his work ‘An Account of the Foxglove and some of
its Medical Uses with Practical Remarks on Dropsy
and other Diseases’ (an outstanding scientific con-
tribution, which introduced digitalis into modern
medicine), he observed ‘… his countenance was
pale, his pulse quick and feeble, his body greatly
emaciated, except his belly, which was very large’
[4]. The earliest written documentation of the
term ‘cardiac cachexia’ comes from the French
physician Charles Mauriac. In his medical thesis,
in 1860, he wrote of a ‘commonly observed second-
ary phenomenon in patients affected with diseases
of the heart … a peculiar state of cachexia which
is… conventionally designated cardiac cachexia’
[5]. Anorexia was known to accompany cardiac
decompensation and the grave prognosis in those
cases was well recognised. ‘… But other cases
occur which are neither so frequent nor so well
known; in these the exertion does not give rise to
sudden death, but starts a slowly ingravescent
asthenia from which there is no recovery’ [6].
Similar observations were reported by others:
‘Disease of the heart occasionally results in a cer-
tain picture of cachexia “Cachéxie cardiaque”’ [7].

The Missing Continuation 

Apart from these few early reports, cachexia as a
particular syndrome was not studied in much
detail by clinical scientists for many years to come.
If recorded, authors mostly did not extend their
reports beyond the state of mere observation.
However, potential mechanisms for this have not
been explored in detail. Weakness and a reduced
urge to eat were easily accepted as underlying
mechanisms of weight loss. The lack of interest in
this syndrome has to be viewed in the context and
the background of the clinical setting in the nine-
teenth and the beginning of the twentieth cen-
turies. Cachexia was of course known to physi-
cians as a severe clinical condition indicating both
grossly reduced quality of life and early death. It
was, however, seen more in the broader context of
diseases as an inevitable but unspecific conse-
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quence and serious complication in diseases such
as tuberculosis, malignancies or uncontrolled
metabolic disorders, for example, diabetes mellitus
or thyrotoxicosis.

In comparison to those diseases, cardiac
cachexia was a rather rare condition, simply
because the vast majority of patients with heart
failure would not reach the state of chronicity for
cachexia to develop. No sufficient and practicable
treatment to control fluid overload was available
and heart failure patients – mostly with valve dis-
eases following rheumatic fever or ischaemic heart
disease – died early in the course of the disease in
a state of acute decompensation. With the intro-
duction of modern therapy it was possible to keep
patients in a stable, compensated condition for
longer time periods. Thus life with heart failure
has been prolonged considerably, and consequent-
ly new aspects of the disease emerged with its
extended duration, including a growing number of
patients with cardiac cachexia. A shift in the per-
ception of the disease occurred, which is also
expressed by the gradual change from the term
‘congestive heart failure’ to the more commonly
used term ‘chronic heart failure’ or ‘chronic con-
gestive heart failure’ in today’s literature.

Pioneering Studies

The observation of major alterations in body com-
position that accompany chronic diseases has been
attributed commonly to anorexia, i.e. reduced eat-
ing. Voluntary reduction of food intake was seen as
a compensatory mechanism, to prevent the addi-
tional strain that a large meal with the resulting
increase in splanchnic blood flow may impose [8].
‘The histories leave no doubt that anorexia is the
chief cause of the malnutrition, with nausea and
vomiting frequently acting as contributory factors’
[9]. Although this view was widely accepted, quan-
titative data derived from controlled studies are
rare. In a small study on decompensated heart fail-
ure patients with anorexia, a negative nitrogen and
caloric balance was found, which became positive
with recompensation and a voluntary increase in
food intake [10]. The situation for patients might
have been worsened by the fact that often the

caloric intake was further reduced by dietary
restrictions imposed on patients with chronic dis-
ease by the physicians of that time. A restricted
diet was widely accepted as beneficial for the
‘senile’ heart [11] and a variety of diets existed for
that purpose. For example, the Karell diet [12] was
very popular for several decades; however, the 800
ml milk and nothing else included in Karell’s pre-
scription was less than satisfactory.

Prospective studies on mechanisms of cachexia
were very few in the first half of the twentieth cen-
tury for the reasons given above. There was, how-
ever, pioneering work that provided the founda-
tion for today’s knowledge of the pathophysiology
of the syndrome. Some of the current theories
have their roots in the work that was done decades
ago, such as, for instance, studies on hypoxia [13],
subacute inflammation in heart failure [14] and
upregulated sympathetic activation [15].

Food Intake and Absorption

Several studies have shown a connection between
cardiac congestion and impaired intestinal capaci-
ty for absorption of nutrients. As early as 1888,
impairment of intestinal absorption was recorded
in patients with congestive heart failure due to
valvular defects. In this study, fat absorption was
reduced by 18%, whereas nitrogen and carbohy-
drate absorption were only marginally impaired
[16]. This is very similar to what was described by
King et al. in two studies 108 years later [17, 18]. In
1938, an Italian group found increased steator-
rhoea in 12 of 20 oedematous patients with heart
failure [19].

In the early 1960s, several studies using 131I-
labelled fat administration gave further evidence
of reduced fat absorption in congestive heart fail-
ure [20, 21]. The authors noted a correlation
between severity of the congestion and the degree
of steatorrhoea, as well as a reversion to normal fat
absorption when compensation could be achieved.
Those studies were based on the hypothesis that
elevated venous pressure may cause congestive
oedema of the intestinal wall, which was reported
in 1943 [22]. Also abnormal protein absorption
was reported for heart failure patients with the
finding of protein-losing gastroenteropathy [23]
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contributing to reduced oncotic pressure and the
production of cardiac oedema and impaired intes-
tinal absorption of amino acids in oedematous
patients [24].

Tissue Metabolism

As early as the beginning of the nineteenth centu-
ry, physicians noted an important factor in the
wasting process that could not be explained by
simple reduction of caloric intake. The meticulous
observational skills of these physicians, were the
basis for many discoveries at a time when today’s
technologies were not available.

In contrast to uncomplicated starvation, where
the energy expenditure is decreased as compensa-
tion, an elevated metabolic rate was recognised.
Several symptoms such as tachycardia, hyperp-
noea, sweating and a rise in body temperature
indicated an increase of the metabolic rate that
was in sharp contrast to the reduced energy supply
in these patients [25]. In 1916, the increase in the
basal metabolic rate was directly documented [26,
27]. Increased metabolic demands of several spe-
cific tissues were discussed as one underlying rea-
son for this finding. Decreased efficiency of the
respiratory system due to reduced compliance [28]
and capacity of the lungs, together with hyperven-
tilation, result in higher energy demands of the
respiratory muscles [29]. In the case of patients
with congestive heart failure it was also suggested
that the hypertrophic myocardium may contribute
to the hypermetabolism in chronic heart failure
[30, 31]. The combination of an increase in total
energy consumption of the heart and reduced car-
diac output [32] was viewed as diminished
myocardial efficiency [33]. Enhanced tissue activi-
ties such as erythropoietic activity and hyperpla-
sia of red bone marrow have also been demon-
strated repeatedly [34, 35] and were also suggested
to contribute to increased caloric turnover.

Chronic Inflammation 

In contrast to the increased metabolic demands of
specific tissues, other abnormalities may produce a
more generalised caloric effect. In this context,
detailed studies revealed that high body tempera-

ture is a common finding in patients with chronic
heart failure. In two large studies in the 1930s,
most patients with heart failure were found to
have at least mildly elevated body temperature.

In 1934, Cohn and Steel studied body tempera-
ture in 300 patients with cardiac disease by rectal
measurement two or more times [14]: heart failure
was diagnosed in 172 of these patients. In this
study only 11% of the patients with heart failure
had normal temperature, while 89% had some
degree of pyrexia. This was often due to pneumo-
nia or other infections. Other pathological situa-
tions, such as thrombosis, pulmonary or myocar-
dial infarctions, rheumatic diseases and bacterial
endocarditis were also diagnosed. Cohn and Steel
also described a number of cases where the origin
of the fever could not be established, mainly in
those cases where temperature was only slightly
elevated. In another study by Kinsey and White,
only four out of 200 patients were free of fever
[36]. Inflammatory immune activation may have
been the cause of the fever.

Today, it may be hypothesised that bowel wall
oedema causes bacterial translocation [37], which
may explain the increased levels of endotoxin that
are found in patients with congestive heart failure
[38].

As early as 1934, Cohn and Steel discussed the
possibility of a yet-unidentified pyrogen causing
the higher temperature [14]. The accuracy and
thoughtful interpretation of these old studies is
stunning in the light of the more recent finding of
mild but measurable immune activation in
patients with chronic heart failure characterised
by high levels of tumour necrosis factor-alpha and
other pro-inflammatory cytokines [39, 40].

Tissue Hypoxia

The observation of constant ‘air hunger’ brought
attention to the role of reduced oxygen supply to
the tissues. Cellular hypoxia became the focus of
metabolic research at the beginning of the twenti-
eth century. First blood gas analyses were reported
as early as 1919 [13] and in 1923 it was observed
that at high altitudes the study subjects involuntar-
ily lost weight [41]. Evidence for reduced tissue
oxygen supply came mostly from indirect observa-
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tions such as increased erythropoietic activity and
high lactate production. Increased lactate levels as
a measure of an imbalance between aerobic and
anaerobic metabolism were reported in the 1930s
and repeatedly thereafter [42].

In 1958, Huckabee introduced the concept of
‘excess lactate’ production as a measure of tissue
hypoxia [43]. It was estimated that in a chronic
disease such as heart failure, 25–50% of the body’s
energy needs would be derived from anaerobic
glycolysis [44]. In normal subjects, this study
found that the anaerobic pathway would account
for only 5% of the energy production during exer-
cise. Those observations suggested that lack of
oxygen at tissue level reduces energetic efficiency
and also negatively affects protein biosynthesis,
leading to the down-regulation of anabolic path-
ways and the increase of catabolic pathways.

Based on early observations of sweating, tachy-
cardia, venoconstriction and systemic increased
vascular resistance with reduced cutaneous and
renal blood flow, an overactivity of the sympathet-
ic nervous system was recognised. The finding of
high norepinephrine levels in chronic heart failure
patients by Chidsey, Harrison and Braunwald in
1962 supported this hypothesis [15]. The authors
recognised this as a compensatory mechanism to
improve cardiac performance.

A Complex Picture Emerges

Many studies were carried out in the 1950s and 1960s
aiming at investigating special aspects of metabolic
malfunction and changes in body composition sec-
ondary to chronic diseases. The evidence emerging
from these studies made it apparent that multiple
mechanisms act in combination, forming a complex
web of metabolic imbalance with catabolism domi-
nating the anabolic drive, resulting in weight loss. A
first attempt at a comprehensive overview of the
complex pathophysiology of cachexia with special
emphasis on cardiac cachexia was made by Pittman
and Cohen in 1965 [45, 46] (Fig. 2). Their review of
related studies addressed three main pathophysiolog-
ical mechanisms of cardiac cachexia:
1. Dietary factors 
2. Loss of potential nutrients 
3. Abnormal metabolism of ingested food.

The findings of Pittman and Cohen may be
summarised as follows: dietary factors, i.e. reduced
supply of nutrients to the body, as discussed
before, are generally accepted as a factor of pri-
mary importance in the genesis of cachexia. Many
reasons for a reduced food intake in the setting of
chronic disease have been discussed. Patients fre-
quently complain of gastrointestinal problems and
many reasons were identified: reduced gastric
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motility, delayed gastric emptying, a reduced
capacity due to hepatomegaly, ascitis, meteorism
and pain due to distension or splanchnic angina.
Psychological factors may also account for reduced
eating, such as depression and fear of increased
discomfort after a meal. In this context, a change
in the pattern of eating was also shown. Instead of
eating a full meal three times per day, patients
start to eat small portions of food irregularly
throughout the day. This ‘nibbling’ instead of ‘gorg-
ing’ has been suggested to affect the intermediate
metabolism and make the calorie uptake less effi-
cient [47, 48]. An excessive loss of potential nutri-
ents due to impaired absorption or excessive
excretion has been shown for fat as well as for pro-
tein and vitamins [49].

At the same time, an increased metabolic rate
due to increased energetic demands of specific tis-
sues and general calorie-consuming factors such as
increased body temperature may further contribute
to an unfavourable balance of the body energy
metabolism. As a result, the catabolic drive may
chronically dominate the anabolic pathways. The
constant drain of the body’s energy reserves may
eventually lead to a pathological tissue degradation.

More than a century of studying the specific
phenomenon of cachexia in patients with chronic
heart failure has passed. The nineteenth century
brought the medical term and the clinical recogni-

tion of cardiac cachexia; the twentieth century
focussed on more sophisticated pathophysiologi-
cal studies of this subject. With regard to thera-
peutic options, however, cachexia in chronic heart
failure, as in many other diseases, is still a mostly
unknown and unconquered territory. In 1964,
Pittman and Cohen concluded: ‘Besides the avoid-
ance of … potentially harmful forms of therapy,
the only known treatment of cardiac cachexia
requires improvement in cardiac function’ [45].
This may be extended reespectively to cachexia in
general that occurs secondary to chronic diseases.
We believe that the twenty-first century will see
major improvements towards the development of
therapy strategies aiming at reducing or even
reversing cachexia in chronic diseases.
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Introduction

The interrelationships between clinical diseases
and malnutrition have long been recognised.
Malnutrition due to starvation, disease or injury is
a very common phenomenon, even in current
times. Our predecessors in medicine were more
familiar with clinical malnutrition than we are,
since observation and physical examination played
a much greater role in diagnosis in the past.
Century-old textbooks provide detailed descrip-
tions of physical changes that occur with malnu-
trition. Classic studies document the complex
adaptations that occur in response to starvation as
well as the metabolic alterations associated with
stress and trauma.

The rationale that effective treatment of mal-
nutrition may have clinical benefit has led to
renewed interest in applying the tools of clinical
nutrition. As such, caregivers may need to reac-

quaint themselves with the topic of clinical nutri-
tion while investigators continue to make advances
in those fields that are relevant in the current
health care environment [1].

Malnutrition means ‘badly nourished’ but it is
more than a measure of what we eat, or fail to eat.
Clinically, malnutrition is characterised by inade-
quate intake of protein, energy and micronutri-
ents, and by frequent infections or disease.
Although often an invisible phenomenon, malnu-
trition casts long shadows, affecting close to 800
million people – 20% of all people in the develop-
ing world (Fig. 1) [2].

Although the greatest number of people world-
wide are affected by iron deficiency and anaemia,
protein-energy malnutrition (PEM) has by far the
most lethal consequences, accounting for almost
half of all premature deaths from nutrition-related
diseases. Also, although trends differ (for example,
iodine-deficiency disorder is rapidly declining
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while obesity is rapidly increasing), the overall
dimension of malnutrition gives serious cause for
concern [2].

The Spectrum of Malnutrition

Hunger and malnutrition remain among the most
devastating problems facing the majority of the
world’s poor and needy, and continue to dominate
the health of the world’s poorest nations.

Nearly 30% of humanity – infants, children,
adolescents, adults and older persons in the devel-
oping world – are currently suffering from one or
more of the multiple forms of malnutrition. This
remains a continuing travesty of the recognised
fundamental human right to adequate food and
nutrition, and freedom from hunger and malnutri-
tion, particularly in a world that has both the
resources and knowledge to end this catastrophe.
The tragic consequences of malnutrition include
death, disability, stunted mental and physical
growth and as a result, retarded national socioeco-
nomic development. Some 49% of the 10.7 million
deaths each year among children aged under 5 in
the developing world are associated with malnutri-
tion. Iron-deficiency anaemia affects 2 billion peo-
ple, especially women and children. Iodine defi-
ciency is the greatest single preventable cause of
brain damage and mental retardation worldwide:
740 million are affected. PEM affects 150 million
children aged under 5. Intrauterine growth retar-
dation affects 30 million per year (23.8% of all
births).Vitamin A deficiency remains the single
greatest preventable cause of needless childhood
blindness, with 2.8 million children aged under 5
affected. At the same time, especially in rapidly
industrialising and industrialised countries, a
massive global epidemic of obesity is emerging in
children, adolescents and adults, so that more than
half the adult population is affected in some coun-
tries, with consequent increasing death rates from
heart disease, hypertension, stroke and diabetes.
Diet is also a major causative factor in the prob-
lems of post-menopausal women and in many
types of cancer [2].

Other important nutrition issues affecting
large population groups include:

– Only 35% of infants are exclusively breast-fed
between 0 and 4 months of age

– Poor complementary feeding practices are very
widespread – a major cause of childhood mal-
nutrition

– Scurvy, beriberi and rickets occur in badly
deprived and refugee populations

– Folate deficiency in women of child-bearing
age and adolescent girls, causing three quarters
of the cases of anaemia and neural tube defects

– Zinc deficiency in deprived populations, con-
tributing to growth retardation, diarrhoea,
immune deficiency, skin lesions

– Selenium deficiency, widespread in China and
the Russian Federation, causing Keshan disease
and Kashin-Beck disease.

Protein-Energy Malnutrition

Protein-energy malnutrition is by far the most
lethal form of malnutrition. Children are its most
visible victims. Malnutrition, ‘the silent emer-
gency’, is an accomplice in at least half of the 10.4
million child deaths each year. These young lives
are prematurely, and needlessly, lost.

First recognised in the twentieth century, the
full impact of PEM has been revealed only in
recent decades. Infants and young children are
most susceptible to PEM’s characteristic growth
impairment because of their high energy and pro-
tein needs and their vulnerability to infection.
Globally, children who are poorly nourished suffer
up to 160 days of illness each year. Malnutrition
magnifies the effect of every disease. PEM affects
every fourth child worldwide: 150 million (26.7%)
are underweight while 182 million (32.5%) are
stunted. Geographically, more than 70% of PEM
children live in Asia, 26% in Africa and 4% in Latin
America and the Caribbean. Their plight may well
have begun even before birth with a malnourished
mother [2].

Clinical Relevance of Cachexia

Cachexia is one of the most visible and devastating
consequences of human disease, seen in several
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chronic diseases, including cancer, acquired
immunodeficiency syndrome (AIDS), thyrotoxico-
sis, chronic heart failure and rheumatoid arthritis.
In malignant cancer and AIDS, cachexia is known
to be a sign of very poor prognosis [3].

Cancer Cachexia 

Owing to the difficulties in clearly defining and
diagnosing cancer anorexia, its prevalence is yet to
be precisely assessed [4]. Based on different diag-
nostic tools, anorexia has been detected at the
point of cancer diagnosis in 13–55% of patients
[5]. Nevertheless, consistent evidence suggests that
approximately 50% of cancer patients report
abnormalities of eating behaviour at the time of
first diagnosis [6] and prevalence in terminally ill
cancer patients is even higher, at approximately
65% [7]. The incidence of weight loss upon diag-
nosis varies greatly according to the tumour site
(Table 1) [8]. In less aggressive forms of Hodgkin’s
lymphoma, acute non-lymphocytic leukaemia, and
in breast cancer, the frequency of weight loss is
30–40%. More aggressive forms of non-Hodgkin’s
lymphoma, colon cancer and other cancers are
associated with a frequency of weight loss between
50 and 60% [9–11]. Patients with pancreatic or
gastric cancer have the highest frequency of
weight loss at over 80%. The onset of
anorexia–cachexia significantly influences the
clinical course of the disease, and most antitumour

therapies actually exacerbate anorexia and worsen
body weight loss. As a consequence, the higher
prevalence and greater severity of
anorexia–cachexia syndrome in advanced cancer
patients is mostly due to iatrogenic causes. The
presence of early satiety at any stage of the disease
can significantly increase the risk of death by 30%.
Similarly, the extent of body weight loss negatively
influences survival not only per se, but also by
delaying initiation and/or completion of aggres-
sive antitumour therapy [12].

Cachexia in Chronic Heart Failure

There is considerable disagreement as to the per-
centage of heart failure patients who develop
cachexia and how this should be defined and
measured. Carr et al. reported that up to 50% of
patients with chronic heart failure suffered from
some form of malnutrition [13]. Anker and Coats
reported that up to 15% of patients attending their
chronic heart failure clinic developed cachexia
during the clinical course of the disease [14].
Roubenoff et al. observed that loss of more than
40% of lean body tissue would cause death [15].
Cardiac cachexia also occurs in childhood, related
to malnutrition and/or malabsorption diseases
such as kwashiorkor or marasmus [3].

Cachexia and Infectious Diseases

Malnutrition, particularly that related to micronu-
trients (vitamins, trace minerals, essential amino
acids, polyunsaturated fatty acids), is certainly one
of the most easily preventable causes of death and
disability. The 1995 World Health Organization
(WHO) bulletin shows population-attributable
risk for child deaths in 52 developing countries
due to interaction between malnutrition and infec-
tious disorders [16].

Malnutrition is a common complication of HIV
infection and plays a significant and independent
role in its morbidity and mortality. Malnutrition was
one of the earliest complications of AIDS to be recog-
nised and has been one of the most common initial
AIDS-defining diagnoses to be reported to public
health authorities [1]. The earliest studies of nutri-
tional status in AIDS patients, performed between
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Table 1. Incidence of weight loss in cancers of different
sites. (Adapted from [8])

Tumour site Incidence of weight loss (%)

Pancreas 83

Gastric 83

Oesophagus 79

Head and neck 72

Colorectal 55–60

Lung 50–66

Prostate 56

Breast 10–35

General cancer population 63



1981 and 1983, were determined in hospitalised pa-
tients [17]. Weight loss to an average of 80% of ide-
al weight was found in this population. Evidence of
protein deficiency was documented by demonstrat-
ing deficiencies in serum proteins (transferrin, albu-
min), haemoglobin, and by muscle wasting (midarm
circumference). Several other studies also reported
a high prevalence of severe weight loss in AIDS pa-
tients at the time of hospital admission.

The results of formal nutritional assessments
in HIV infection, using high-precision techniques,
were first reported in 1985 [18]. In a cross-section-
al study, body cell mass as total body potassium
content, fat content, and body water volumes (total
body water, intracellular water and extracellular
water), were measured in hospitalised, clinically ill
AIDS patients and compared to results in normal
controls. The AIDS patients averaged 82% of ideal
body weight. However, the body cell mass was
depleted disproportionately and was only 68% as
compared to control. The magnitude of depletion
of body cell mass was striking, since the body fat
content was not severely depressed, at least in male
subjects. The women studied had equivalent deple-
tion of body cell mass as men, but were much
more depleted of fat. This finding was confirmed
in later studies performed in the USA and Africa
[19, 20]. Other studies have concentrated on the
body’s protein status and have demonstrated that
malnutrition is accompanied by depletion of
nitrogen, which is directly related to protein con-
tent. Approximately one half of the weight differ-
ence between HIV-infected and control men could
be ascribed to differences in skeletal muscle mass.

The cross-sectional studies described above
have provided the field with a point of reference
for over a decade. However, it is important to note
that these studies were performed in the pre-
zidovudine era, at which time the treatment of
many complications of HIV disease was rudimen-
tary. These reports document the natural history
of untreated HIV infection and AIDS. While the
findings may still reflect the nutritional conse-
quences of HIV infection in much of the world,
they may be less accurate in the USA, Europe and
Australia. More recent studies have shown a rela-
tively greater loss of fat than early studies, and
lesser depletion of body cell mass [1].

Other studies have demonstrated that depletion
of body cell mass may precede the progression to
AIDS, suggesting that cause of the depletion may be
related to the underlying HIV infection, rather than
to an opportunistic infection [21]. Clinical stability
is associated with nutritional stability [22].

Weight loss can be episodic and related to an acute
event, often a specific disease complication [23].

Malnutrition in children is manifested as
growth failure; a decrease in the rate of increase in
linear height [24].

Most opportunistic infections and many lym-
phomas in AIDS patients are accompanied by cachex-
ia. In such patients, weight loss is rapid (3–5 pounds
per week or 5% per month). While the metabolic
rate is extremely elevated, food intake is diminished.
There is often extreme weakness and lethargy.

Cachexia in Chronic Kidney Disease

Many reports indicate that in patients with advanced
chronic kidney disease (CKD) and those on dialysis
there is a high prevalence of PEM, up to 40% or more,
and a strong association between malnutrition and
greater morbidity and mortality [25]. CKD patients
not only have a high prevalence of malnutrition, but
also a higher occurrence rate of inflammatory process-
es.Many conditions leading to malnutrition and wast-
ing may also cause inflammation. Oxidative stress
may be a major underlying cause for both conditions
[26]. Since both malnutrition and inflammation are
strongly associated with each other and can change
many nutritional measures and clinical outcomes in
the same direction, and because the relative contribu-
tions of measures of these two conditions to each oth-
er and to poor outcomes in CKD patients are not yet
well defined, the term ‘malnutrition–inflammation
complex syndrome’ (MICS) has been suggested to de-
note the important contribution of both of these con-
ditions to end-stage renal disease outcome [25]. The
MICS may also be defined as the ‘malnutrition–inflam-
mation–cachexia syndrome’ to indicate better the
presence of the wasting syndrome pointed out re-
cently. However, unlike cancer cachexia, the wasting
syndrome in CKD usually does not lead to immedi-
ate death from the direct consequences of malnutri-
tion, but acts over time to promote atherosclerotic
cardiovascular disease [27].
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SECTION 2
BIOCHEMISTRY, PHYSIOLOGY AND ‘CLINICS’

OF ADIPOSE TISSUE



Energy Values of Foods

The human organism, like other higher animal
organisms, derives the energy needed for its
essential vital functions from the oxidation of
organic substrates. In effect, the only form of
energy that humans are able to utilise is the chem-
ical energy contained in C-C or C-H bonds, while
plants and vegetables can utilise solar energy in
order to synthesise the complex molecules needed
for their growth and survival [1].

Foods contain various amounts of organic oxi-
disable substrates that can be utilised to yield
energy. The best substrates are the same as those
present in the cells of the human organism, i.e.
protein, carbohydrates and fats, since the cellular
apparatus is equipped with enzymes and other
necessary components for the metabolism of
these compounds. However, even compounds that
are not naturally present in cells, such as alcohol,
may be utilised for energy production since they
can be metabolised by existing, or inducible
enzymes.

The energ y value of foods is currently
expressed in Kcalories* (Kcal) and in Kjoules**
(Kj), the conversion factor being 4.184 to obtain
Kjoules from Kcalories. This dual system emerged
from a recommendation of the International
Union of Nutritional Sciences to express the ener-
gy content of foods also in joules, since they rep-
resent a more scient ifical ly correct unit to
describe biological work, even though the use of
calories is still predominant [2].

Physical Values

The energy values of a single food or nutrient can
be directly measured by determining the amount of
heat released upon its ignition and total combus-
tion in a bomb calorimeter (Fig. 1). The values
obtained with this direct measurement for different
foods and nutrients are reported in Table 1 [3].

These values do not correspond to the amount
of energy utilisable by the body, since they do not
take into consideration the amount lost by diges-
tive and metabolic processes, i.e. excretion in the
faeces, sweat, and urine.

Chapter 2.1

Energy Values of Foods
Gianni Tomassi, Nicolò Merendino

Fig. 1. 1 Schematic representation of a bomb calorimeter. A
weighted portion of dried food, placed on a platinum plat
(A), is ignited and burned by electrical wires (electrodes E)
under oxygen pressure. From the increase of water tem-
perature, it is possible to calculate how much heat has been
released

* 1 Kcalorie = amount of heat needed to raise the tempe-
rature of 1 l of water from 14.5 to 15.5° C (1 Kcal = 4.184
Kj).
** 1 Kjoule (1000 j), where j is the amount of energy
expended when 1 kg is moved 1 m by a force of 1 Newton
(1 Kj = 0.239 Kcal; 1 Mj = 1000 Kj)



Physiological Values

To obtain physiological energy values from physi-
cal values, we have to know the digestibility coeffi-
cients 

energy intake–energy in faeces 
× 100

energy intake

for carbohydrates, fats, and proteins and the ener-
gy  values of the final metabolic products.

For carbohydrates and fats, the final metabolic
oxidation products are the same as those found in
physical oxidation (CO2 + H2O), while for proteins
the metabolic products that are eliminated in the
urine (urea, creatinine, uric acid, and other
nitrogenous compounds) still contain energy.

The energy content of the urine has been
determined to be 1.25 Kcal/g ingested protein,
which should to be subtracted from the physical
value; the physiological energetic value for pro-
teins is thus 4.40 Kcal/g (5.65 – 1.25 Kcal/g).
Furthermore, if we consider the average values of
the digestibility coefficients (97, 95, and 91%,
respectively, for carbohydrates, fat, and proteins),

we obtain the corrected physiological energy val-
ues for the three energetic nutrients:

Carbohydrates 4.1 x 0.97 = 4
Fats 9.3 x 0.95 = 9
Proteins 4.4 x 0.91 = 4

These values represent the averaged energy
values used for calculating the energy value of a
food, when its chemical composition is known
from food composition tables [4].

History of the Energy Value of Foods

Most of the fundamental work on the energy value
of foods was carried out by the pioneer scientists
Rubner (in Germany) and his pupil Atwater (in
USA) at the end of the nineteenth century.

Rubner measured the heats of combustion of a
number of different proteins, fats, and carbohy-
drates in a bomb calorimeter and also studied the
heat of combustion of urine passed by a dog, a
man, a boy, and a baby. He realised that the heat of
combustion of protein in a bomb calorimeter was
greater than its caloric value in the body because
the body oxidises proteins only to urea, creatinine,
uric acid, and other nitrogenous end-products, all
of which can be further oxidised [5].

Atwater, in a study of 46 persons, analysed
urines and measured their heat of combustion. He
found that for every gram of nitrogen in the urine
there was unoxidised material sufficient to yield
an average of 7.9 Kcalories, equivalent to 1.25
Kcalories per gram of protein in food, if the per-
son is in nitrogen equilibrium [6].

Atwater also extensively studied the ‘availabili-
ty’ of nutrients and distinguished between ‘avail-
able’ and ‘digestible’ nutrients. He regarded the
faeces as having two parts: undigested and there-
fore unabsorbed food residues, and metabolic
products of digestion, consisting of desquamated
cells, bacteria, and substances in the digestive
juices [7]. In other experiments, Atwater analysed
the foods eaten in mixed diets and the faeces of
human subjects. He then compared the data with
reports in the literature on the availability of pro-
tein, fat, and carbohydrate in separate classes of
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Food or nutrient

Starch
Glycogen
Dextrins
Disaccharides
Monosaccharides
Glycerol
Butyric acid
Oleic acid
Stearic acid
Butter
Olive oil
Rapeseed oil
Peanuts oil
Beef tallow
Lard
Caseine
Gelatine
Ovoalbumine
Wheat Gluten
Ethanol

Kcal/g

4.18
4.19
4.11
3.95
3.74
4.31
5.95
9.41
9.53
9.20
9.33
9.49
9.47
9.50
9.59
5.86
5.25
5.69
5.95
7.11

KJ/g

17.49
17.53
17.20
16.53
15.65
18.03
24.89
39.37
39.87
38.49
39.04
39.71
39.62
39.75
40.12
24.52
21.97
23.81
24.89
29.75

Table 1. Physical energy values of common foods and
nutrients (Data from [3])



food. The comparison gave very good agreement
between the data and indicated average factors of
4.0, 8.9 (later rounded off to 9.0), and 4.0 for pro-
tein, fat, and carbohydrate, respectively. These fac-
tors, which Atwater intended only for use in calcu-
lating calories deriving from proteins, fats, and
carbohydrates in mixed diets, came to be widely
used for calculating the available energy value of
individual foods. These factors also form the basis
for the energy value of foods reported in the Food
Composition Tables.

Energy Values from the Food Composition
Tables

These values represent the average calculations
derived from the chemical composition of food,
which can vary according to the sample and the
method used, resulting in possible differences
among the various tables applied by different
countries. However, the differences are generally
small and acceptable for evaluating the actual
intake of food energy in a mixed diet.

For carbohydrates, a value of 3.75 Kcal/g, when
expressed as monosaccharides (corresponding to
the physical value), is used. In the case of disac-
charides, because the molecular weight of a
monosaccharide is higher than that of a disaccha-
ride molecule, a factor of 1.05 is applied and the
energy value is 3.75 x 1.05 = 3.94 Kcal/g. In the
case of starch, the factor is 1.10 and the energy
value is 4.125 Kcal/g [8].

Together, the monosaccharides + disaccharides
+ starch represent the available carbohydrates.
Cellulose, hemicellulose, pectin, gums, and resist-
ant starch* (collectively referred to as dietary

fibre or unavailable carbohydrates) are not con-
sidered to have energetic value. However, unavail-
able, unaltered carbohydrates reach the colon,
where they can be fermented by the local microflo-
ra, which consist of several genera of anaerobic
microorganisms. These utilise dietary fibre to pro-
duce pyruvic acid, an important metabolic interme-
diate from which short-chain fatty acids (SCFA), i.e.
acetic, propionic, and butyric acids, and other gases
are produced (Fig. 2) [9].

Since the SCFA, produced at an estimated aver-
age amount of 380 mmol/day, can be absorbed in
the intestinal mucosa and metabolised to yield
energy, an energetic value for dietary fibre of 1.5
Kcal/g can be calculated [10].

In practice, however, since dietary fibre reduces
the absorption of other energetic nutrients and
increases faecal mass, its contribution to the total
energetic value of foods in a mixed diet is not con-
sidered. The same is true for organic acids, because
of their presence in minimal amounts in foods and
their low specific energy value (2 Kcal/g).

On the basis of the values reported in the Food
Composition Tables, foods can be grouped into
four main classes: (1) energy-dense foods, (2)
high-energy foods, (3) moderate-energy foods, (4)
low-energy foods. The first category comprises
foods with energy values between 900 and 500
Kcal/100 g of edible part; the second category
consists of foods with energy values between 500
and 300 Kcal/100 g; in the third category are foods
with energy values between 300 and 100 Kcal/100
g; and in the fourth category are foods with ener-
gy values from 80 to 10 Kcal/100 g.

The most common foods in the four classes
are listed in Table 2 [8].

Energy Distribution Among Nutrients

The choice of foods according to their energy val-
ue represents the basis for building-up the energy-
controlled dietary regimens that are required under
different conditions, such as reduction of body
weight (in overweight or obese patients), increased
energy demand during recovery from illness or sur-
gery, or high-level physical activity [11, 12].
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* Resistant starch is the portion of starch that cannot be
digested by human enzymatic activities or absorbed in
the digestive tract. Generally it represents a small percen-
tage of total starch (1–3%). The resistance to digestion
can be due to physical inaccessibility (as in cereals and
grain kernels that are whole or only partially minced) or
to the absence of gelatinisation (green bananas, or uncoo-
ked potatoes) or to starch ‘retrogradation’ (as in bread,
food cooked at elevated temperatures, corn flakes, or
biscuits).



However, in addition to the importance of con-
trolling the total amount of dietary energy, food
choices should be directed towards a balanced
distribution of energy among nutrient sources.
Epidemiological and experimental studies have
led to the establishment of correct energy distri-
bution among carbohydrates, fats, and protein, in
order to prevent the onset of chronic diseases and
to assure the maintenance of a good nutritional
and health status. In this view, in the USA, more
than 20 years ago, a Senate Select Committee stat-
ed that the energy distribution compatible with
good health and that should be reached by the
American population (dietary goals) should con-
sist of 58% of energy from carbohydrates, 30%
from fats, and 12% from proteins. Among carbo-
hydrates, 15% of calories should derive from sug-
ars and 40–50% from complex carbohydrates,
while, among fats, 10% of calories should come
from saturated fats and 20% from unsaturated fats
[13].

Since then, many other studies have indicated
more detailed distribution among dietary energy
sources, with particular regard to the quality of
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Dietary fiber

Hexoses

PEP Succinate

Pyruvic Acid

Lactate
Actinomycetes
Bifidobacteria
Clostridia
Lactobacilli
Streptococci

Ethanol
Bacteroides
Clostridia

Acetate
Actynomices
Bifidobacteria
Clostridia
Eubacteria
Fusobacteria

Butyrate
Clostridia
Eubacteria
Fusobacteria
Peptococci

Propionate
Bacteroides
Clostridia

Fig. 2. Metabolic products of carbohydrate fermentation by colon microflora

Table 2. Distribution of foods according to the four energy
categoriesa

Foods Kcal/100 g edible part

Energy-dense foods
Oils and lard 900
Butter and margarines 750
Nuts 650–700
Chocolate 550

High-energy foods
Biscuits, cakes, crackers 400–450
Salami 350–450
Cheeses 300–450
Sucrose 400
Milk creams 350

Moderate-energy foods
Bread, pizza 250–300
Pasta, rice 300–350
Legumes (dried) 300
Meats 120–200
Fish 100–150

Low-energy foods
Fresh fruits 20–60
Vegetables and fresh legumes 10–40

aValues are referred to raw, uncooked weights (Data from
[8])
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carbohydrates and fats. For carbohydrates, there is
now the tendency to ignore the previous distinc-
tion between simple and complex compounds
(based on molecular weight) because physiologi-
cal processes in the organism are not strictly
dependent on the molecular complexity of the
carbohydrate itself. In fact, the glycaemic index of
foods (the response of glycaemia after carbohy-
drate ingestion) is influenced by factors other
than the chemical nature of monosaccharides
(glucose has a value of 138, while fructose has a
value of 32, referred to the white bread = 100) and
of starch (amylose, amylopectin, and resistant
starch). These include cooking, other types of
food processing, and the presence of other food
components, such as fats and proteins, antinutri-
ents, organic acids, dietary fibre. For example,
among cereal products, cakes have a value of 87,
cornflakes 119, spaghetti 59, and linguini 71;
among potatoes, baked 121, boiled 80, and French
fries 107 [14].

Therefore, the actual recommendation is con-
suming foods with a low glycaemic index value
rather than excluding simple sugars from the diet.
Nonetheless, control of the amount of energy

from simple sugars is still recommended, with the
value not to exceed 10–15% of total dietary energy
[15].

For fats, taking into consideration their chemi-
cal nature and the relationship between fatty-acid
composition and the risk of the onset of chronic
diseases, such as cardiovascular diseases, diabetes,
and cancer, the most recent scientific reports [16,
17] indicate the following distribution:
– Total fat energy: 25–35% of total calories
– Saturated fatty acids: up to 7% of calories
– Monounsaturated fatty acids: up to 20% of

calories
– Polyunsaturated fatty acids: up to 7% of calo-

ries, of which not more than 5% from omega-6
fatty acids. For omega-3: up to 1g/day for
linolenic acid and up to 1 g/day for eicosapen-
taenoic acid (EPA) + docosahexaenoic acid
(DHA).
These indications refer to the optimal distribu-

tion of total diet and cannot be applied to a single
food. It is only from a good selection of foods
consumed in the total diet that a balanced energy
profile can be reached at the end of the daily diet
or also after a mixed meal.
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Origin and Nutrient Determinants

Since the time of Lavoisier, it has been known that
the ingestion of foods by animals and humans
produces an increase in oxygen consumption.
This increase in metabolic rate, originally called
‘specific dynamic action’ (SDA) is now widely
referred to as the ‘thermic effect’ (TE) of food or
‘diet-induced thermogenesis’ (DIT) [1]. This effect
starts generally 1 h after ingestion, reaches a
maximum after 3 h later, and continues at this
level for several hours [2]. The DIT is a compo-
nent of the total energy expenditure, which
includes energy expenditure required for per-
formance of cellular and organ functions (basal
metabolism [BM]), physical activity, and ther-
moregulat ion of body temperature.
Supplementary energy is required for metabolic
processes taking place during growth, pregnancy,
and lactation [3]. In quantitative terms DIT repre-
sents about 10% of total energy expenditure (15%

together with cold-induced thermogenesis). BM
accounts for about 60–75% of total energy expen-
diture, with the remaining due to physical activity
(10–20% of total energy expenditure) (Fig. 1) [4].

There are two energetic aspects of the food
intake effect: the first, and major one, is the oblig-
atory expenditure in order to digest, absorb, dis-
tribute, and store the nutrients ingested; the sec-
ond is the facultative expenditure inducing addi-
tional heat production by activation of brown adi-
pose tissue (BAT) [5]. The amount of energy
required for handling incoming food is related to
the type and the quantity of carbohydrates, fats,
and proteins ingested. Fat is the least ‘expensive’ in
terms of DIT, since it requires relatively little
hydrolysis and has a fairly direct pathway to stor-
age tissue (3–4% of ingested calories). Protein is
the most ‘expensive’ for DIT, requiring expendi-
tures up to 30% of the inherent energy for pro-
cessing, which includes removal of nitrogen, syn-
thesis of urea, and gluconeogenesis (on average,
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15–20% of ingested calories). Carbohydrate is
intermediate with respect to DIT; it requires con-
siderable metabolism when converted and stored
as triglyceride and less when converted to glyco-
gen (10–15% of ingested calories). Carbohydrate
(and also fat) can also elicit increased heat pro-
duction not related to the use of energy for nutri-
ent digestion, transport, and storage.

Physiological Regulation

Of the total energy expenditure for DIT, about
one-third is ascribable to stimulation of BAT or to
futile cycles to produce extra heat. Thus, DIT con-
sists of adaptive thermogenesis together with
thermogenesis induced by cold exposure. This
adaptive thermogenesis, which responds to tem-
perature and diet, is highly variable and is influ-
enced by genetic makeup. It is regulated by brain
activity throughout the sympathetic nervous sys-
tem (SNS), an important efferent pathway.

β-Adrenergic receptors (βARS) transmit the
thermogenetic signal to peripheral target tissue
(brown fat, and possibly muscle and other tissues)
and play an important role in diet-induced ther-
mogenesis and therefore also in prevention of
diet-induced obesity. Various components of the
energy balance system in the brain have been
identified and include the lept in receptor,
melanocyte stimulating hormone (MSH), the
melanocortin-4 receptor (MC4 receptor), neu-
ropeptide Y (NPY), and agouti-related protein
(AgRP) (Fig. 2) [6]. Alterations in DIT may be of
great importance in controlling body weight and
in promoting obesity, as indicated by the fact that
most animal models of obesity (ob/ob, db/db and
MC-4 receptor gene knock-out mice) have defects
in adaptive thermogenesis.

The amount of DIT depends on the nutrient
composition of the foods ingested and on the total
amount of energy introduced. Higher energy
requirements for subjects with higher physical
activity or greater body dimensions correspond to
higher energy expenditures in absolute values for
digestion, absorption, and storage of ingested
nutrients. Measurement of the energetic cost of
DIT is not simple, since it is difficult to separate

the amount of energy expenditure above BM after
a meal from the energetic cost due to physical
activity related to sitting, eating, and digesting. In
practical terms, DIT is determined by measuring
the metabolism of subjects after a meal, without
limiting small movements. The value so obtained
represents the resting metabolic rate (RMR),
which is higher than the BM since it includes the
energy expenditure for digestion and metabolism
and for the increase in muscle tone and small
movements. From measurements made in the
morning, afternoon, and evening, it is possible to
obtain an average value of the RMR [7].
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Fig. 2. Pathway for diet-induced thermogenesis. The brain
receives signals from diet and adipose tissue. Neuronal
circuits controlling energy expenditure are activated,
which, in turn, increase sympathetic nerve activity. Brown
adipose tissue is one effector of sympathetically driven
thermogenesis. Other tissues, such as skeletal muscle, are
also likely to be important effectors. AgRP, agouti-related
protein; MC4 receptor, melanocortin 4 receptor; MCH,
melanin-concentrating hormone; MSH, a-melanocyte-
stimulating hormone; NPY, neuropeptide Y



Biochemical Mechanisms

Although the causes of DIT are not very clear, the
mechanisms perhaps responsible for adaptive ther-
mogenesis may be related to adenosine triphos-
phate (ATP) production and utilisation. In animal
tissues, six different pathways for ATP production
have been identified: two through anaerobic glycol-
ysis of carbohydrates, one involving oxidative decar-
boxylation of carboxylic chetoacids, and three asso-
ciated with electron transport to molecular oxygen.
The energy required for ATP synthesis varies with
the substrate considered, according to their differ-
ent caloric value per 100 g, and to the yield in ATP
per 100 g. The energy needed to produce 1 mol of
ATP is therefore less for carbohydrates than for fats
and proteins (Table 1).

Energ y expenditure can be increased by
increasing utilisation of ATP or by ‘uncoupling’
the tight relationship between fuel oxidation and
biological work, allowing fuels to be oxidised in
the absence of ATP consumption. ATP utilisation
can be increased by physical activity and growth,
or by processes referred to as ‘futile cycles’, in
which ATP is consumed but net work is not per-

formed. Examples of futile cycles include the syn-
thesis and degradation of proteins, the pumping
and leakage of ions across membranes, and esteri-
fication and lipolysis of fatty acids/triglycerides.
Since the activity of these futile cycles is difficult
to assess in intact organisms, it has been difficult
to determinate their importance in adaptive ther-
mogenesis. A clear example of uncoupling as a
means of increasing energy expenditure is that
brought about by uncoupling protein-1 (UCP1), a
mitochondrial inner-membrane protein that leaks
protons across the mitochondrial inner mem-
brane. The energy that is stored in the mitochon-
drial proton electrochemical gradient is released
[8] in form of heat and is not used to synthesise
ATP. UCP-1 is expressed at very high levels in BAT,
the primary function of which is to produce heat
in response to cold exposure. Other homologues
of UCP-1 (UCP-2, UCP-3, UCP-4, and UCP-5) have
been found in other tissues, but they do not
appear to play an important role in regulating
whole-body energy expenditure. The reason for
the lack of effect of UCP homologues is presently
unclear [9]. UCP-2 is distributed in skeletal mus-
cle, white and brown adipose tissue, the gastroin-
testinal tract, lung, and the spleen; and UCP-3 in
skeletal muscle. Other actions of uncoupling pro-
teins seem to be the regulation of insulin secre-
tion and the protection of free-radical oxygen
species [10]. Insulin plays a role in mediating DIT
and insulin resistance, and may therefore be
implicated in the defect ive thermogenesis
observed in diabetes.

Non-nutrient Dietary Components

Non-nutrient substances, i.e. those other than car-
bohydrates, fats and proteins, are present as minor
components of foods and may have an effect on
DIT: examples of non-nutrient substances include
caffeine, spices, and nicotine. A thermogenic stim-
ulating effect has been found in green tea, attributed
to its caffeine and catechin polyphenols content.
Since the latter is capable of inhibiting the enzyme
that degrades noradrenaline (catechol-o-methyl
transferase) and caffeine inhibits transcellular phos-
phodiesterases (enzymes that break down nora-
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Table 1. Factors related to the energy available from
ingested fats, carbohydrates and proteins. (Adapted
from [4])

Fats Carbohydrates Protein Mixed
diet

Digestibility (%) 95 97 91 95

Conversion to 50.4 21.1 22.6 34.4
mol/100 g 
nutrient

Costs 18.6 17.6 22.7 19
(Kcal/mol ATP)

Maximum 40 40 32–34 40
percent Kcal 
converted 
to ATP

Diet-induced 3–4 10–15 15–30 10 
thermogenesis 
(% of ingested 
Kcal)

ATP, adenosine triphosphate



drenaline-induced cAMP), it has been proposed that
the green-tea-stimulated thermogenesis is due to
the relief of inhibition along the noradrenaline-
cAMP axis [11]. Furthermore, an increase in ener-
gy expenditure has been observed in young and old
women after caffeine ingestion, with the effect be-
ing greater in the former (15.4% vs 7.8%) [12]. Al-
so, after caffeinated coffee consumption the thermo-
genic response was higher in lean subjects than in
obese ones (7.6% vs 4.9%)  [13].

Spices seem to show a stimulating effect on
thermogenesis, as has been observed with red
pepper and mustard [14]. In experiments in rats,

nicotine significantly reduced body weight gain,
but not food intake [15].

In general, the DIT produced by a mixed diet is
lower than that resulting from consumption of single
dietary components. It has been calculated that a
mixed diet contributes to 10% of the total energy ex-
penditure. The size of the effect also depends on the
nutritional condition of the subject. For example, in
malnourished children a test meal had a maximum
DIT effect of 6%, while when the children were grow-
ing rapidly during nutritional rehabilitation the effect
of the same meal was 23%; when recovery was com-
plete, the value returned to 6% [16].
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SECTION 3
ASSESSMENT OF NUTRITIONAL STATUS



Introduction

Nutrition is an important factor in the aetiology
and management of several major causes of death
and disability. The nutritional status of a person is
the result of a balance between the intake and the
requirement of nutrients. Optimal nutritional sta-
tus is achieved when sufficient nutrients are con-
sumed to support day-to-day body needs. This sta-
tus promotes growth and development, maintains
general health, support activities of daily living,
and assists in protection from diseases. Several
variables can influence the intake of food: eco-
nomical, emotional, developmental and cultural
factors, dietary patterns, unbalanced self-imposed
diets, anorexia, bulimia, etc. The intake of food
also varies in relation to many physiological situa-
tions, such as growth, pregnancy, breast-feeding
and physical activity. Dysphagia, dyspepsia, malab-
sorption, loss of nutrients (vomit, diarrhoea,
wounds, fistulas, drainage, etc.), alterations in
metabolic and nutritional requirements, and drug
interactions can be present in different pathologi-
cal situations.

Malnutrition can be the result of nutrition in
excess or in defect. Hyper-nutrition or hypo-nutri-
tion could be more appropriate terms. There are
many definitions of the term malnutrition, which
vary significantly; this is one of the reasons for the
heterogeneity in the epidemiological and clinical
data [1]. Hypo-nutrition or under-nutrition occurs
when nutritional reserves are depleted and/or
when nutrient intake is inadequate to meet day-to-
day needs. It has been defined as a nutritional dis-
order status resulting from reduced nutrient intake
or impaired metabolism [2]. It is used to describe a
broad spectrum of clinical conditions ranging
from mild to very severe. The state of impending
under-nutrition, or increased nutritional risk, has

also been included under the umbrella of ‘under-
nutrition’ [3, 4]. The vulnerable groups for under-
nutrition are infants, children, pregnant women,
low-income families, hospitalised patients, cancer
patients and ageing adults.

Aetiologically, malnutrition should be regarded
as a geriatric syndrome, because of the multiple
factors, disease- and age-related risk factors, that
disturb the balance between nutritional need and
intake [5]. Malnutrition or nutritional deficiency is
defined as a continuum starting with inadequate
food intake, followed by decreased anthropometri-
cal and biochemical values. The diagnosis of mal-
nutrition is generally based on objective measure-
ments of nutritional status, including assessments
of oral energy intake, weight loss, anthropometric
data, cell-mediated immunity, biochemical param-
eters and body composition analysis [6]. Although
these indicators are epidemiologically useful, there
is no gold standard; thus, nutritional evaluation
tends to be overlooked [7–9]. Body weight, for
example, can be inaccurate if oedema, ascites or
fluid balance derangements are present, resulting
in falsely high body mass index [10]. Hence, atten-
tion should be turned to combinations of different
measurements to increase sensitivity and specifici-
ty [11]. Well-known clinical problems such as
dehydration and dysphagia are highly prevalent in
patients suffering from malnutrition, and initial
screening should address these problems as well
[12, 13].

Nutritional Assessment in the Elderly

The percentage of elderly persons is rising in most
countries around the world [14]. Ideally, people
should survive to an advanced age, keeping their
vigour and functional independence, and morbidi-
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ty and disability should be confined to a relatively
short period before death [15, 16]. Hence, a major
challenge today is how we can improve overall
health and quality of life at older ages; if the aver-
age age of onset of ill health remains unchanged,
an increased life span would mean for an individ-
ual more years of ill health before death [17]. In
fact, in an ageing population there are increased
chronic disabilities and diseases [18], which are
linked with loss of autonomy and health risks [14].
So, it is important to study the factors that modu-
late ageing; among these factors nutrition seems to
have a very important role in health status and
quality of life of elderly people [19]. Although the
available surveys show that healthy elderly people
generally have a good nutritional status, there is
no doubt that the older population is at risk of
malnutrition [20], and that the nutritional needs
and problems of this group differ from those of
their younger cohorts.

Physical activity decreases with age and results
in an overall  lower caloric intake [21].
Furthermore, elderly persons may change their
eating habits because of health, social, or financial
reasons [22]. Almost half of the elderly population
is likely to experience olfactory dysfunction [23]. It
is widely assumed that taste and smell dysfunction
adversely influence food intake, nutrition status,
and the occurrence of certain chronic diseases,
confirmed by Schiffman [24]. The loss of sight and
hearing, or the presence of osteoarthritis affecting
mobility, may decrease the elderly person’s ability
to purchase and prepare food [25].

Nutritional assessment allows us to specify the
nutritional needs and body reserves, as well as the
metabolic and immunological functions; it is
aimed at defining if the patient is well nourished,
slightly or severely malnourished and if the aeti-
ologies of the existing malnutrition will disappear,
increase or decrease [26]. It consists of many dif-
ferent tests: clinical, biochemical and anthropo-
metric [9]. However, objective markers of nutri-
tional assessment often do not reflect physiologi-
cal, physical, cognitive and emotional function [9].
Moreover, nutritional assessment using objective
markers is less reliable in the older subject because
metabolic changes, among others, affect some of
the routine biochemical tests results, and the refer-

ence values of the anthropometric measures are
not always age-adjusted [9]. Anyway, when malnu-
trition has been estimated using a combination of
at least one anthropometrical and one biochemical
variable, the sensitivity increases [27, 28].

The essential part of nutritional assessment in
the elderly is an accurate medical history and a clin-
ical evaluation. The medical history has to evaluate
particularly the dietary intake (the techniques are
given below). It is important to look for the pres-
ence of acute or chronic diseases, infections, trauma
or stress in order to evaluate an increase of dietary
requirements of the patient. Obtaining an accurate
medical history from an older person can be chal-
lenging. Memory loss, cognitive decline and their
consequences can limit its accuracy. Obtaining per-
tinent data from the caregiver and from medical
records is often necessary. The aim of the clinical
evaluation is also to identify the signs of malnutri-
tion, which are given in Table 1.

Another essential part of the nutrit ional
assessment is the measurement of anthropometri-
cal parameters. These parameters are simple and
not invasive: a meter and a plicometer allow the
necessary information to be obtained for an ade-
quate nutritional evaluation.

The biochemical parameters available for the
nutritional situation have increased recently.
Unfortunately, most of these indexes are expensive
and not available in all laboratories. Besides, the
results can often be influenced by factors that are
independent from the nutritional condition of the
patient. Hence, the basal parameters are still now
essential for the nutritional status of a person.

Therefore, nutritional assessment becomes cru-
cial in the elderly population as progressive under-
nutrition occurs, often without being diagnosed.

Dietary Intake

There are several difficulties in selecting a sample
of elderly people for a nutritional study. Some
authors [29] suggest the selection of ‘healthy’ eld-
erly. Even if it is possible to obtain an almost
homogeneous group, this is not a ‘real’ sample of
an elderly population, which is, on the contrary,
characterised by a high heterogeneity of subjects:
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self-sufficient, not self-sufficient and institution-
alised [30]. Besides, nutritional examination in a
selected healthy elderly population would not
show variations in dietary patterns; in fact, they
try to maintain the food habits because of a reduc-
tion of the adaptation capacity with age [31].
Elderly people’s associations with food are more
emotional than those of younger adults; for some,
food intake is the main event in the course of the
day, often providing the only possibility of social
contact [31]. The elderly have repeatedly been told
that good food means good health [31]. So, the eld-
erly may eat simply because they know they have
to, even if they do not feel like eating, or they may
eat because the food is delivered and throwing it
away would be wasteful [32].

Another question is the continuing debate about
the use of reference parameters in nutritional stud-
ies in the elderly. In fact, the value of dietary intake
data as an indicator of health status in an elderly
population is debatable [32]. In a population with
an increased number of physical and mental dis-
abilities like the elderly, dietary assessment meth-
ods might be adapted or different methodologies
might be developed [19]. An independent measure
of the reliability of reported energy can be obtained
by calculating the ratio of energy intake to the rest-
ing metabolic rate (RMR) [33].

In spite of their limitations, dietary surveys are
the main tool for assessing nutritional habits,
establishing food policies, and creating awareness
of nutritional needs [31]. Although biochemical
tests have been widely accepted as an objective
assessment of nutritional status, especially of mar-
ginal states, malnutrition and suboptimal nutri-
tion can be adequately understood only in the
light of dietary data on food consumption, meal
patterns and methods of preparation [31]. Any
method used for dietary surveys in the adult popu-
lation can, theoretically, be used for surveys in the
elderly [31].

Survey Techniques for Assessment of Food
Intake

Dietary Records and Diaries

The most widely used technique for the assessment
of food intake is keeping a record of food con-
sumption [31]. Ideally, food should be weighed
before and after preparation, records kept during
the meal, and leftovers weighed again [31]. This
technique produces data that can be expressed in
quantitative terms, be converted into nutrients, and
serve as the basis of clinical and biochemical
research [31]. Investigators working with the elder-
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Table 1. Clinical signs in malnutrition

Hair Thinness, sparseness, easy pluckability

Face Diffuse depigmentation, nasolabial seborrhea

Eyes Conjunctival xerosis, corneal
xerosis, keratomalacia, blepharitis

Lips Angular stomatitis, angular, scars, cheilosis

Tongue Magenta tongue, glossitis

Gums Spongy, bleeding

Glands Thyroid enlarged, parotid enlarged

Skin Xerosis, follicular hyperkeratosis, petechiae, ecchymoses, dermatosis

Nails Koilonychia

Subcutaneous tissue Oedema

Muscular and skeletral systems Muscle wasting, osteomalacia

Internal systems Hepatomegaly, listless, apathetic, mental confusion, irritability, sensory loss,
motor weakness, loss of balance

Cardiovascular Cardiac enlargement, tachicardia



ly prefer the record system even if the food intake
can be influenced by this process to such a degree
that the subject’s original food pattern can be
changed. It is better to record dietary intake over a
period of three non-consecutive days with a ratio
of 5/2 between working days and holidays [34].

Diet Histories

Several models of diet histories have been devel-
oped, but the most common are the 24-h diet recall
and the modified dietary history.

The 24-h diet recall is characterised by the
evaluation of the quantity and quality of the food
consumed in 24 hours before the interview. It is a
simple method and is particularly indicated for
wide samples [34] but requires a highly skilled
interviewer.

The modified dietary history is a classic
method for evaluating the ‘usual diet’, that is the
diet for at least 6–12 months before the interview.
This method was validated in the elderly with the
record for 3 days, in which the participant is asked
to note all the foods and beverages consumed
daily; illiterate or handicapped subjects are helped
by a relative or a friend [35]. A sufficient concor-
dance between the two methods emerged from the
studies in the Italian population, even if the modi-
fied dietary history overestimated the intakes [36].

Food-Frequency Lists

As in the diet history, the food-frequency method
uses an interview, but the questions refer only to
items previously listed and do not require active
recall. The food-frequency checklists are simple to
administer; they identify usual food intake rather
than food consumption for specific periods, elimi-
nating the variance associated with an individual’s
day-to-day changes in eating [37]. Food-frequency
lists indicate only food patterns and can distin-
guish adequate from inadequate diets.

Mini Nutritional Assessment (MNA)

The Mini Nutritional Assessment (MNA) is a rap-
idly administered, simple tool for evaluating the
nutritional status of older persons. It consists of 18

items [38] and can be administered by a healthcare
professional in less than 15 minutes. It involves a
general assessment of health, a dietary assessment,
anthropometric measurements, and a subjective
self-assessment by the patient (Table 2). The
results of the MNA test classify the patient as well
nourished, at risk for malnutrition, or malnour-
ished. The MNA test was shown to be 92–98%
accurate. It is a simple, non-invasive, well-validated
screening tool for malnutrition in elderly persons.

Dietary Requirements for the Elderly

Nutrition may act in different ways: first, lifestyle
and nutritional habits of adulthood may con-
tribute to the age-related loss of tissue function;
second, chronic degenerative diseases, such as ath-
erosclerosis and cancer, appear to be influenced by
nutrition; finally, since elderly people eat less, the
intake of some nutrients may fall below the recom-
mended dietary allowances (RDA) [39]. But, until
now, most of the nutritional recommendations for
the elderly have been derived by extrapolation
from data of younger adults [32, 39]. The contro-
versial point is the choice of two-thirds of the RDA
as a cut-off value for determining insufficient
intake [32]. This could be incorrect because the
chronic disease widespread in geriatrics might
interfere with the dietary intake for groups of eld-
erly subjects [40].

The US RDA for the elderly are set for people
aged over 51 years (with a reference body weight
of 65 and 77 kg and a reference height of 160 and
173 cm for women and men, respectively) [39].
Other countries have established their RDA for
subjects over 60 years of age: the French RDA are
set for people aged over 65 years (with a reference
body weight of 60 and 70 kg for women and men,
respectively) [39]. In Bulgaria, the RDA are set for
subjects over 90 years of age [41].

In Italy, the recommended nutrient levels
(LARN) [42] are valid for a population up to 60
years old, while all the elderly are placed in a unique
‘geriatric’ group of age over 60. In a recent study of
the Italian population aged 70–75 years, the authors
[35] showed that in both genders energy and
macro-nutrient mean values were similar to LARN
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Table 2.The Mini Nutritional Assessment (MNA) questionnaire. (Modified from [38])

Anthropometric assessment
1. BMI (weight/height2)

0 = BMI > 10
1 = 21 ≤ BMI ≤ 23

2 = BMI > 23
2. Mid Arm Circumference (MAC, cm)

0.0 = MAC < 21
0.5 = 21 ≤ MAC ≤ 22
1.0 = MAC > 22

3. Calf Circumference (CC, cm)
0 = CC < 31
1 = CC ≥ 31

4. Weight loss during last 3 months
0 = weight loss > 3 kg
1 = does not know
2 = weight loss between 1 and 3 kg
3 = no weight loss

Global evaluation
5. Does the patient live independently 

in contrast to a nursing home?
0 = no
1 = yes

6. Does the patient take more than 
3 prescription drugs per day?
0 = yes
1 = no

7. In the past 3 months, has the patient suffered 
from psychological stress or acute disease?
0 = yes
1 = no

8. Mobility
0 = bed or chair bound
1 = able to get out of bed/chair but does not go out
2 = goes out

9. Neuropsychological problems
0 = severe dementia or depression
1 = mild dementia
2 = no psychological problems

10. Pressure sores or skin ulcers
0 = yes
1 = no

Dietetic assessment
11. How many full meals does the patient eat daily?

0 = 1 meal

1 = 2 meals
2 = 3 meals

12. Does he consume
At least one serving of dairy products per day
(yes/no)
Two or more servings of beans or eggs per week
(yes/no)
Meat, fish or poultry every day (yes/no)
0 = if 0 or 1 yes
1 = if 2 yes
2 = if 3 yes

13. Does he consume two or more servings 
of fruits or vegetables per day?
0 = no
1 = yes

14. Has the patient food intake declined over the past 
3 months due to a loss of appetite, digestive 
problems, chewing or swallowing difficulties?
0 = severe loss of appetite
1 = moderate loss of appetite
2 = severe loss of appetite

15. How many cups/glasses of beverages does 
the patient consume per day?
0.0 = less than 3 glasses
0.5 = 3 to 5 glasses
1.0 = more than 5 glasses

16. Mode of feeding
0 = fed requires assistance
1 = self-fed with some difficulties
2 = self-fed without any problem

Subjective assessment
17. Does the patient consider to have any 

nutritional problems?
0 = major malnutrition
1 = does not know or moderata malnutrition
2 = no nutritional problem

18. In comparison with other people of the same age, how
would the patient consider his/her health status?
0.0 = not as good
0.5 = does not know
1.0 = as good
2.0 = better

Score: well-nourished, ≥ 24 points; at risk of malnutrition,
17 to 23.5 points; undernutrition, < 17 points



[42]; these authors [35] suggested that LARN [42]
could be used for people up to 75 years of age.
According to LARN [42], 40% of men and 54% of
women had an insufficient caloric intake. According
to the authors [35], however, this fact did not indi-
cate that they presented intakes below the recom-
mended values; in fact, the recommended values of
LARN [42] are reported to the average behaviour of
the whole elderly population. So, it is necessary to
know exactly the nutritional levels recommended
for the elderly, in each decade of advanced age [43]
and for different elderly populations [35].

Energy

Energy requirements are defined by energy expen-
diture composed of RMR, physical activity and
diet-induced thermogenesis [39]. With ageing
there is a reduction in energy requirements related
to a reduction in metabolic rate (due to the loss of
lean body mass and the reduction of protein
turnover) and to a diminution of physical activity
[44]. However, some authors have stressed that the
energy requirements to remain active are the same
for the elderly as for younger adults; walking, how-
ever, seems to require more energy in the elderly
due to the loss of balance (diminution of neuro-
muscular coordination) [45, 46].

The RDA for energy for the elderly (2300 kcal
[9600 MJ] per day in males and 1900 kcal [8000
MJ] in females or 30 kcal/kg [125 MJ] for both
males and females) are lower than those for
younger adults [39]. These RDA assume light-to-
moderate activity (1.5 times the RMR) in the eld-
erly [39]. According to the updated LARN [47] for
energy for the elderly, the requirements are
defined taking into account the energy expendi-
ture and not the dietary energetic intake, as in
1987 [42]. Physical activity, however, in healthy
elderly people is very variable [48] and energy
intakes are under-reported [48, 49]. When energy
intake is below 1500 kcal/day, it becomes difficult
to cover the micronutrient requirements [39]. As
the age-related reduction of energy has to be re-
examined, it is, therefore, difficult to make general
recommendations for energy requirements for the
elderly [39]. In Italy, it has been suggested that,
without physical act ivity, the recommended

caloric intake is about 1900–2250 for males and
1600–1900 for females in the age group between 60
and 74 years; 1700–1950 for males and 1500–1750
for females in the age group over 75 years [20].

Recommended Dietary Intake for Proteins

The current RDA for proteins for adults of all ages
is 0.8 g/kg body weight [50]. Because older adults
are likely to have less lean body tissue per kilo-
gram of body weight than younger people, this
protein allowance actually is higher per unit of
lean body mass and should allow for any age
changes in protein utilisation or metabolism [51].
It is recommended that proteins provide 12–14%
of the total energy intake [50].

Recommended Dietary Intake for Carbohydrates

The current guidelines of the Food and Nutrition
Board (1989) [50] suggest that at least half of all
kilocalories be supplied by carbohydrates. Normal
metabolic function is maintained on a daily intake
of 50–100 g of carbohydrate.

Recommended Dietary Intake for Lipids

A diet that conforms to the recommendations of
the Food and Nutrition Board’s Committee on
Diet and Health (1989) [52] (fat 30% or less of
total kilocalories) is appropriate for people of all
ages.

Dietary Fibre Intake

The Food and Nutrition Board’s Committee on
Diet and Health (1989) [52] suggests that people of
all ages eat five or more servings of fruit and veg-
etables and six or more servings of a combination
of legumes, breads and cereals.

Biochemical Parameters of Nutrition 
in the Elderly

The epidemiological findings suggest that intakes
of particular vitamins are related to the incidence
of chronic diseases [53]; so vitamin requirements
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and metabolism should be studied more closely.
Vitamins that act as antioxidants appear to have a
role in preventing coronary artery disease and can-
cer [53]. Current work is focusing on the actions of
vitamins as related to immune function, the forma-
tion of cataracts, and the development of osteo-
porosis, all associated with ageing [53]. The Food
and Nutrition Board, the Institute of Medicine, and
the National Academy of Science and Health of
Canada have recently developed a standard set of
nutrient recommendations, known as dietary refer-
ence intakes (DRIs), which has added, with regard
to vitamin intakes, the groups for ages 51–70 years
and for 70 years and older [54]. These recommen-
dations are listed in Table 3 [54].

Fat-soluble vitamins are D, E, A and K. Fat-solu-
ble vitamins are harder to deplete than water-solu-
ble vitamins, because humans can store variable
amounts in the body.Water-soluble vitamins include
vitamin C, the B-complex vitamins and folate.

Vitamin D

Vitamin D (calciferol) is essential for mineral
homeostasis and for normal mineralisation of the
skeleton. Vitamin D is a generic name for all
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Table 3. Dietary reference intakes

A D E K Niacin Thiamin Riboflavin B6 B12 C Folate
RDA or AI µg µg mg µg mg mg mg mg µg mg µg

Women
51-70 years 700 10 15 90 14 1.1 1.1 1.5 2.4 75 400
70 + years 700 15 15 90 14 1.1 1.1 1.5 2.4 75 400

Men
51-70 years 900 10 15 120 16 1.2 1.3 1.7 2.4 90 400
70 + years 900 15 15 120 16 1.2 1.3 1.7 2.4 90 400
UL

Men/Women
51-70 + years 3000 50 1000 ND* 35 ND ND 100 ND 2000 1000

Source: National Academy of Science at www.nap.edu
Please note: Vitamin D conversion factor 5 µg = 200 IU Vitamin E conversion factor 15 mg = 22IU of
Natural vitamin E 15 mg = 33 IU of synthetic (supplemental) vitamin E
* Not determinable because of lack of data of adverse effects in the age group and concern about
inability to handle excess amounts. Source of intake should be food only to prevent high levels
of intake
RDA, recommended dietary allowance; AI, adeguate intake; UL, tolerable upper intake level; ND, not determinable

steroids that show the biological activity of vita-
min D3 (cholecalciferol). It increases the absorp-
tion of calcium and phosphates, and influences
kidney re-absorption of amino acids [55, 56].

Vitamin D deficiency is particularly important
in the elderly population because it is common
and has a direct relationship with increased mor-
bidity [54]. The deficiency of vitamin D is linked
to osteomalacia, osteoporosis, and increased verte-
bral and non-vertebral fractures [57].

Vitamin D is obtained from two sources, diet
and skin formation: the elderly receive less expo-
sure to sunlight and synthesis in the skin is
reduced by about 50% [58]. In fact, an inverse rela-
tion exists between the concentrations of provita-
min D3 in the epidermis with age [59]. The RDA of
vitamin D for older persons is 10 µg (400 IU) per
day in males and females (Table 3) [54]. Over two
thirds of the elderly have vitamin D intakes that
are below two thirds of the RDA [60].
Supplementation has been shown to increase bone
mineral density and decrease fracture risk [61].
Excessive intakes cause increased calcium absorp-
tion and increased calcium mobilisation from
bone, resulting in hypercalcaemia and soft tissue
calcification [56].



Vitamin E

Alpha-tocopherol is the biologically active form of
vitamin E and is probably the major lipid-soluble
antioxidant. Vitamin E absorption is not altered
with ageing; deficiency of vitamin E has not been
reported for healthy elderly people [39]. The RDA
of vitamin E is 15 mg (22 IU) (Table 3) [54] and is
the same for the elderly and for adults. Low levels
of alpha-tocopherol may be associated with an
increased risk of cancer mortality [62]. Because of
these effects of vitamin E deficiency, the use of
supplemental vitamin E has been investigated to
prevent cancer. Clear benefit has only been associ-
ated with reducing the risk of prostate cancer [63].

Vitamin A

Vitamin A is the generic name for compounds
with the qualitative biological activity of retinol,
i.e. retinoids, beta-carotene and provitamin A
carotenoids. The RDA of vitamin A is 700 µg for
women over age 50 and 900 µg for men over 50
(Table 3) [54]. Low serum retinol levels indicate
vitamin A deficiency. The effects of vitamin A defi-
ciency are night blindness (hemeralopy), dry-eye
syndrome, keratomalacia, Bitot’s spots on the con-
junctiva, dry skin and follicular hyperkeratosis.
Toxicity has been associated with abuse of vitamin
A supplements and with diets extremely high in
vitamin A content [39].

Vitamin K

The forms of vitamin K include phylloquinone,
which is found in plants, and the menaquinones,
which are synthesised by gut bacteria. Vitamin K is
necessary for the synthesis of clotting factors 2, 7,
9 and 10 and for the synthesis of protein C and
protein S [64]. Causes of vitamin K deficiency
include any source of fat malabsorption and drugs
that interfere with vitamin K metabolism, such as
anticonvulsants, warfarin and certain antibiotics
[64]. The major clinical feature of vitamin K defi-
ciency is bleeding. The RDA of vitamin K is 90 µg
per day for women over 50 years and 120 µg per
day for men over 50 years (Table 3) [54].

Vitamin C

Also known as ascorbic acid, vitamin C is obtain-
able only through dietary sources. It is claimed
that five servings of fruit and vegetables per day
can supply the RDA [54]. Like vitamin A and E,
vitamin C is an antioxidant and reduces harmful
free radicals [54]. The conversion of iron from fer-
ric to ferrous form requires vitamin C; without
this conversion, methaemoglobin could not be
converted to haemoglobin, and iron could not be
absorbed in the duodenum [54]. Scurvy is the clin-
ical syndrome of vitamin C deficiency. The RDA of
vitamin C is 75 mg per day for women over 50
years and 90 mg per day for men over 50 years
(Table 3) [54].

Vitamin B1 (or Thiamine)

The active form of thiamine, thiamine pyrophos-
phate, is a coenzyme involved in energy metabo-
lism reactions; the requirement for thiamine is
therefore related to energy expenditure [56].
Patients at risk for vitamin B1 deficiency include
alcoholics, those on chronic peritoneal dialysis,
those re-fed after starvation, and thiamine-deplet-
ed persons who are given glucose [64]. The RDA of
vitamin B1 is 1.1 mg per day for women over 50
years and 1.2 mg per day for men over 50 years
(Table 3) [54]. Patients at high risk, such as alco-
holics, may benefit from supplementation [54].
Excessive amounts of ingested thiamine are rapid-
ly cleared by the kidneys. No evidence exists of thi-
amine toxicity by oral administration [50].

Vitamin B2

Vitamin B2 is also known as riboflavin. It is an
essential component of flavin mononucleotide and
flavin adenine dinucleotide, both of which are
involved in ATP synthesis [54]. Deficiency may
result from insufficient dietary intake or from
medical conditions such as chronic diarrhoea,
alcoholism, or liver disease [54]. The RDA of vita-
min B2 is 1.1 mg per day for women older than 50
years and 1.3 mg per day for men over 50 years
(Table 3) [54].
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Vitamin B3

Vitamin B3 is niacin, also known as nicotinic acid.
The metabolically active forms of niacin are the
pyridine nucleotides, nicotinamide adenine dinu-
cleotide (NAD) and nicotinamide adenine dinu-
cleotide phosphate (NADP) [65]. Free forms of the
vitamin are white stable crystalline solids [65].
Only small amounts of the free forms of niacin
occur in nature [65]. Most of the niacin in food is
present as a component of NAD or NADP [65].
Pellagra is the clinical manifestation of niacin defi-
ciency.

Vitamin B6

Vitamin B6 occurs in three forms, pyridoxine,
pyridoxal and pyridoxamine; all of them are phos-
phorylated and pyroxal-5’-phospate is the active
coenzyme form of many enzymes involved in pro-
tein and amino acid metabolism [56]. Deficiency is
associated with seborrhoeic dermatitis, epilepti-
form convulsions and anaemia [56]. The elderly
tend to be at greater risk of vitamin B6 deficiency
[39], even if it is widely available in most foods.
The RDA of vitamin B6 is 1.5 mg per day for
women older than 50 years and 1.7 mg per day for
men older than 50 years (Table 3) [54].

Vitamin B12

Vitamin B12 includes the cobalamins, which can
be converted to methyl- or 5’-deoxyadenosyl
cobalamin, which qualitatively exhibit the biologi-
cal activity of cyanocobalamin [39]. Deficiencies
due to inadequate intake are rare. However, nega-
tive vitamin B12 balance is often found in the eld-
erly [66], especially in those with atrophic gastri-
tis, Helicobacter pylori infection [67] and use of
proton pump inhibitors or other agents that inter-
fere with gastric acidity [54]. A significant increase
in malabsorption of vitamin B12 seems to occur
with age [54]. The main symptoms of deficiency
are anaemia and/or neuropsychological disorders.
The RDA of vitamin B12 for the elderly is the same
as for adults: 2.0 µg per day in males and females
[50].

Folate

Folate is the generic name for folic acid-related
compounds. They are mainly involved in thymi-
dine synthesis. There seem to be no age-related
changes in folate metabolism. Folate is ubiquitous
in nature and is present in nearly all natural foods.
Deficiencies are characterised by anaemia (mega-
loblastic), depression and dermatological lesions
[56]. Alcohol and drug intake increase the risk of
deficiency.

Folate deficiency can occur within a few days of
insufficient intake [54]. This deficiency is a partic-
ular risk in the elderly who have recently been
institutionalised [54]. Deficiency in these persons
is presumably caused by decreased food choices
and possibly by depression [68]. The RDA of folate
for adults is 400 µg daily [54].

In conclusion, vitamin supply is essential for all
people but especially for the elderly, because they
are at higher risk for deficiency than younger
adults. Vitamin deficiency is difficult to detect in
older people because it can be easily obscured by
other morbidities, such as skin, neurological and
gait abnormalities.

Micro(oligo)elements

Micro(oligo)elements play an important role in the
maintenance of multiple enzyme reactions and are
essential for the maintenance of tissue structure
[69]. Table 4 summarises the major functions of
some trace elements and the effects of ageing on
them.

Zinc

Zinc is required by enzymes involved in DNA and
protein synthesis and is essential for cell growth
and repair. Zinc may also have antioxidant and
antiatherogenic properties [70, 71]. Zinc plays a
key role in several important functions of particu-
lar concern in ageing.

The following functional consequences of zinc
deficiency are relevant to the elderly: skin lesions,
diarrhoea, impaired wound healing and impaired
protein metabolism, altered visual function,
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anorexia, impaired taste, altered mental function,
altered immune function with increased suscepti-
bility to infections, hypogonadism [72]. The mech-
anisms by which zinc deficiency produces anorex-
ia are currently unclear [73]. The RDA is 11
mg/day for elderly males and 6 mg/day for elderly
females (Table 4) [72]. Excess zinc intake (exceed-
ing 10 times the RDA) decreases immunological
functions and can induce copper deficiency [39].
However, the elderly per se might still be consid-
ered at risk for inadequate zinc intake, due to the
decreased food intake and the increased suscepti-
bility to infections related to ageing [39].

Copper

Copper is a component of several important pro-
teins and enzymes and is essential for erythro-
poiesis. Most of the copper in blood plasma is
bound to ceruloplasmin.

Elevated serum copper levels have been
observed in patients with cardiovascular disease
and are inversely related to serum high-density
lipoprotein cholesterol levels [53].

The elderly have been documented to be at
high risk for inadequate copper intake [74].

Moreover, patients on chronic tube feeding such as
the institutionalised elderly are at risk for clinical
copper deficiency, including haematological com-
plications such as anaemia [75]. The RDA is 900
µg/day for both genders (Table 4) [72]. Excessive
copper provokes epigastric pain, nausea, vomiting
and diarrhoea, which usually prevents the more
serious manifestations of copper toxicity (coma,
oliguria, hepatic necrosis, vascular collapse and
death) [76].

Selenium

Selenium is a cofactor for glutathione peroxidase,
an enzyme that, in concert with vitamin E, plays
an important role in antioxidant function [53].
Selenium deficiency in humans results in a degen-
erative disease of the myocardium (Keshan dis-
ease) identified in young people in areas of China
where the soil is lacking in selenium [53, 72]. This
cardiomyopathy can be improved or reversed with
selenium supplementation [72]. Unfortunately, the
role of selenium in cardiovascular diseases and
cardiomyopathy in the elderly has received little
investigative attention [77], although serum seleni-
um levels decrease with age [78]. The RDA is 55
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Table 4. The dietary reference intakes of the four trace mineral discussal

Zinc
Males 51-70 years and > 70 years: RDA is 11 mg/day
Females 51-70 years and > 70 years: RDA is 8 mg/day
Adults >19 years of age Tolerable intake level (UL) is 40 mg/day

Copper
Males 51-70 years and > 70 years: RDA is 900 µg/day  
Females 51-70 years and > 70 years: RDA is 900 µg/day  
Adults > 19 years of age

Selenium 
Males 51-70 years and > 70 years: RDA is 55 µg/day  
Females 51-70 years and > 70 years: RDA is 55 µg/day  
Adults > 19 years of age UL is 400 µg/day 

Chromium 
Males 51-70 years and > 70 years: adequate intake (AI)   

Is 30 µg/day  
Females 51-70 years and > 70 years: adequate intake (AI)   

Is 20 µg/day  

A tolerable upper intake level was not determinated for Cr. AI, adequate intake; RDA, Reccommended dietary allowance;
UL, upper intake level



µg/day for both genders (Table 4) [72]. Selenium is
commonly used as a therapeutic agent in certain
types of cancer (prostate) [79]. Epidemiological
data suggest that men with high selenium and
vitamin E intakes have lower risk for prostate can-
cer [72].

Chromium

Chromium is essential for maintaining normal
glucose metabolism as it influences the interaction
of insulin with the receptor site on the cell mem-
brane [53]. The main signs and symptoms of defi-
ciency in mammals include glucose intolerance
with peripheral insulin resistance, altered lipid
metabolism, neuropathy and encephalopathy [72].
The adequate intake is 30 µg for elderly males and
20 µg for elderly females (Table 4) [72]. Dietary
intake of chromium in the USA is frequently inad-
equate (including in the elderly) [53, 72]. There is
considerable controversy in the literature concern-
ing the role of chromium in improving glucose tol-
erance [72]. In different patient populations
including the elderly, some studies have reported
an increase in glucose tolerance, while others have
reported a decrease in glucose tolerance [72].

Iron

Iron is one of the most abundant metals in the
earth [80]. It is also one of the most useful, both in
technology and in biology, for iron compounds are
involved in numerous oxidation–reduction reac-
tions [80]. The requirement for iron is sharply

reduced in post-menopausal women [81]. Because
adult men generally have no problem in meeting
their iron requirements, it can be stated that as a
general rule, iron status improves as people get
older [82]. Despite long and effective intervention
activities, iron deficiency is the primary mineral
deficiency in the USA and the whole world [83].
Anaemia in older individuals is rarely caused by
iron deficiency; when it occurs, chronic blood loss
or deficiency of folate or vitamin B12 should be
looked for [82]. Whether iron plays a substantial
role in the ageing process is not known [82]. After
age 50, the RDA for iron is 10 mg for both genders
[50]. Recently, it has been suggested that high
intakes of iron may be a health concern [83].

With regard to the other trace elements
(arsenic, iodine, lithium, molybdenum, silicon,
vanadium), no studies on their effect with ageing
have been carried out [69].

Conclusions

The older population differs from younger adults
not only in age but also in health status. The elder-
ly group is not a homogeneous population, and
their many different health and social problems
impact on their nutritional status [84]. Optimal
nutrient intake not only meets their needs but pre-
vents some chronic diseases and ameliorates oth-
ers [84]. Besides the biochemical parameters,
attention must be paid to environmental and psy-
chological factors in evaluating nutritional status
and interventions.
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Introduction

Nitrogen is a main body component and is
required for both tissue protein synthesis and the
production of several nitrogenous compounds
involved in a variety of functions (hormones,
immune mediators, neurotransmitters, antioxi-
dant defences, etc.). Thus, the body nitrogen con-
tent should be both quantitatively and qualitative-
ly normal, as well as normally maintained, to
ensure normal body functions.

Nitrogen homeostasis is a highly regulated
function. Nitrogen balance is commonly referred
to as the net difference between the intake (and/or
the effective absorption) of nitrogen contained in
the diet and its excretion. Since nitrogen is con-
tained predominantly in proteins, this term per-
tains mainly to the balance of proteins and of
amino acids [1].

Nitrogen excretion and/or loss can occur
through different routes. The principal component
is in the urine as urea, ammonia and creatinine
(Table 1). Faecal and miscellaneous losses repre-
sent an additional route, which may be fairly con-
stant and lower as an absolute amount [1].

Measurements of nitrogen balance usually
require an adaptive period of the subject of at

least 4–5 days [2], to ensure that equilibration has
been achieved and that acute changes do not
occur within the time span of measurement.

Apart from intake, the rate of nitrogen excre-
tion is also affected by renal function, the hydra-
tion state and the anabolic/catabolic state of the
subject [3].

With prolonged fasting, total urinary nitrogen
and urea nitrogen excretion diminish, whereas
ammonia excretion increases relatively [4]. Such a
shift is related to the excretion of acid equivalents,
which are produced in excess by ketogenesis dur-
ing fasting.

Nitrogen excretion cannot be reduced below a
certain amount despite reduction to zero intake.
This amount is called the ‘obligatory nitrogen
losses’ (ONL), which represent the nitrogen loss
that is measurable in subjects fed a protein-free
diet for a relatively short period of time (Table 2).
These losses have been est imated to be 36
mg/kg/day in the urine, 12 mg/kg/day in faeces and
8 mg/kg/day as miscellaneous nitrogen losses
(sweat, sebum, desquamations, nails, hairs and
saliva) [5]. Given the equivalence of 6.25 grams of
protein per gram of N, ONL thus correspond on
the whole to a protein amount of 0.35 g/kg/day [6].

Rand and Young recently pointed out a series
of limitations in the estimation of nitrogen bal-
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Nitrogen Balance and Protein Requirements: Definition
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Table 1. Urinary nitrogen excretion (‘azoturia’)

As urea N: urea excretion (in grams) × 0.46
since: Urea MW = 60; N2 MW = 28; then: urea N = Urea 
× [28/60] i.e. × [0.46]

Urea usually accounts for 70–90% of urinary nitrogen 
excretion

As non-urea N: 2 g/day (ammonia, uric acid, creatinine,
nitrates, amino acids, etc.)

Table 2. Obligatory nitrogen losses

Urine: 36 mg/kg/day N 

Faeces: 12 mg/kg/day N 

Miscellaneous N losses (sweat, sebum, desquamations,
nails, hairs and saliva): 8 mg/kg/day

Total (as protein equivalents): 0.35 g/kg/day



ance [7]. They state that: ‘Nitrogen balance esti-
mates are highly dependent on the assumed
amount of N miscellaneous losses... further stud-
ies on these losses and on the factors that influ-
ence them are essential.’ They raised the following
points: (a) there is a slight difference between
large values for N intake and N losses; (b) it is well
recognised that the nitrogen balance technique
overestimates N intake and underestimates N loss-
es. This is mainly due to the difficulty in the
assessment of the N gas losses after denitrifica-
tion by the colonic microflora, of the N losses
through the skin (urea) and in the expired air
(ammonia) and of the nitrate content in food and
urine, which is not measured using the Kjeldahl
method.

The irreversible loss of amino acid nitrogen
corresponds to net protein (i.e. amino acid) catab-
olism. This occurs because nitrogen is firstly and
reversibly lost through deamination/transamina-
tion of the amino acids. If this step is followed by
another step irreversibly catabolising the amino
acid carbon skeleton (i.e. oxidation, hydroxyla-
tion, etc.), the nitrogen cannot be re-utilised for
amino acid re-synthesis (despite the reversibility
of transamination reactions), thus it enters the
urea cycle and is either excreted as such, or
included into ammonia. Therefore, the net nitro-
gen loss should theoretically correspond to the
irreversible catabolism of the amino acids. This
assumption has indeed been proven in 24-hour
studies using leucine tracer and nitrogen balance
measurements [8, 9]. Therefore, nitrogen loss is an
integrated measurement of oxidation/catabolism
of all amino acids and thus of net protein loss.

Protein Requirements

Dietary requirements for protein, amino acid and
nitrogen depend on the metabolic demand that
must be satisfied. They are conditioned by both
the amount of proteins needed and their quality.
Protein quality in turn depends on the amount of
essential amino acids (EAA), but also of the non-
essential (NEAA) ones [10, 11]. The link between
protein quality and EAA is obvious: since the EAA

cannot, by definition, be synthesised by the body,
they must be introduced with the diet in a propor-
tion that will fit with the organism’s metabolic
needs. On the other hand, in the absence of
dietary NEAA, despite the theoretical capability of
the body to synthesise them, nitrogen will be
needed for their de novo synthesis. This nitrogen
in turn must be derived either from EAA catabo-
lism (thus increasing their requirement above the-
oretical values) or from the diet. In this respect,
although NEAA can theoretically be replaced, they
are required in nutrition as well.

An evaluation of dietary protein quality must
therefore consider not only the quality of the pro-
tein itself, but also the various processes involved
in amino acid and nitrogen homeostasis, which
may vary as regards the individual amino acids
and the individual metabolic conditions of a sub-
ject.

Nitrogen balance can be used to derive esti-
mates of human nitrogen (i.e. protein) require-
ments [1, 12]. The usual approach is based upon
the regression of nitrogen balance (i.e. the equilib-
rium between intake and loss) on intake. The sub-
ject is adapted for a few days to a diet of a given
protein (and energy) content, and nitrogen bal-
ance is measured at the end of adaptation. Diets
with varying amounts of proteins (and energy)
are tested. Requirement is then defined as the
intake level that would produce a zero (or a slight-
ly positive) nitrogen balance.

An intake of 0.6 g/kg/day of well-balanced pro-
teins is considered sufficient to achieve a zero (i.e.
at equilibrium) nitrogen balance [6] (Table 3). A
safety amount is considered to be 0.75 g/kg/day.
These values represent the minimum recommend-
ed protein intake, derived also from studies inves-
tigating the metabolic response to a range of pro-
tein intakes between 0.75 and 2 g/kg/day.

Amino acid requirement may increase in many
physiological conditions (Table 3). In children
[13], the requirement for growth must be integrat-
ed in addition to the requirement for mainte-
nance. In the first 6 months of life, a suggested
intake is of ≈1.7 g/kg/day, with a further allowance
of +25% (+2 SD), leading therefore to a total of ≈2
g/kg/day. Beyond the sixth month of life, suggest-

74 Paolo Tessari



ed intake is 1.6 g/kg/day, resulting from a +50%
increase, beyond a suggested intake of 0.8
g/kg/day of the adult, due to individual variability
in growth, plus a +30% increase due to variability
in utilisation efficiency, +25% (= 2 SD). Between 7
and 14 years, the recommended intake is 1
g/kg/day, and beyond 14 years it is the same as for
an adult.

In pregnancy [14], the total nitrogen deposi-
tion over the entire period up to delivery is esti-
mated to be ≈925 g. Average rates of nitrogen
retention are 0.11 g/kg/day in the first trimester,
0.52 g/kg/day in the second, and 0.92 g/kg/day in
the third. In practice, due to a 70% efficiency in
nitrogen ut ilisat ion, and the st il l  par t ial ly
unknown effective nitrogen retention in the first
trimester, it is suggested to increase the dietary
protein intake by 10–12 g/day in each trimester.

During lactation, an extra protein intake of
15–20 g/day in the first 6 months, and of 12 g/day
in the subsequent months, is advisable [15].

In the elderly, the maintenance of nitrogen
equilibrium by a diet containing 0.8 g/kg/day and
a normal energy intake may be difficult, because
of a lower efficiency in nitrogen utilisation for
anabolic purposes [16].

A surplus of dietary proteins is also recom-
mended for individuals who exercise regularly
[17]. Amino acids are oxidised as substrates dur-
ing prolonged submaximal exercise. In addition,
both endurance and resistance training exercise
increase skeletal muscle protein synthesis and
breakdown in the post-exercise recovery period.
In studies using nitrogen balance, it has been con-
firmed that protein requirements for individuals
engaged in regular exercise are increased. Current

recommended intakes of proteins for strength and
endurance exercising athletes are 1.6–1.7 g/kg/day
and 1.2–1.4 g/kg/day, respectively. It is presently
estimated that most athletes consume adequate (if
not excessive!) amounts of proteins. Recent
research has also pointed out that the timing and
nutritional amount of a meal ingested after exer-
cise have synergistic effects on net protein accu-
mulation in body tissues after exercise. It has been
suggested that athletes who engage in strenuous
activity should consume a meal rich in amino
acids and carbohydrates soon after the exercise
bout or the training session.

Protein Requirement and Energy Intake

It has been proposed that protein requirement is,
within a certain limit, inversely dependent on
energy intake, i.e. the more energy is ingested, the
less protein is needed (Table 4). This is because
proteins can be used also as energy sources
(beyond their structural, regulatory and function-
al role). Therefore, if their use to produce energy
varies, their requirement also varies. Furthermore,
alternative energy substrates, such as the carbohy-
drates, can stimulate insulin secretion, which in
turn spares endogenous proteins [18].

A relationship between protein requirement
and energy intake is reported in Table 4. The
reported amount should be increased by 2 SD for
safe allowances.
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Table 3. Daily protein requirements by age

Adult, weight stable, moderate activity: 0.75 g/kg

Children: first 6 months: 2 g/kg 
beyond sixth month: 1.6 g/kg

Between 7 and 14 years: 1 g/kg

Beyond 14 years: 0.75 g/kg

Table 4. Relationship between dietary protein requirement
(in grams of protein per kg of body weight), titrated to
the achievement of zero nitrogen balance, and energy
intake (in kJ per kg of body weight) in a weight-stable
healthy adult man [19, 20]

Protein Safe allowance Energy
requirement (+2 SD) intake 
(g/kg) (g/kg) (kJ/kg)

0.78 1.02 9.57

0.56 0.74 10.77

0.51 0.62 11.48

0.42 0.50 13.64



The Fate of Dietary Protein Nitrogen During
the Postprandial Phase

The diurnal cycle of feeding and fasting is accom-
panied by concurrent changes in protein turnover.
Protein feeding is necessary to replenish the body
protein stores that would be wasted during fasting
[21–24]. Because of this, nitrogen retention calcu-
lated on a daily basis is lower than that derived
just from the postprandial phase [21], and, con-
versely, dietary protein utilisation calculated as
the daily gain is lower than the postprandial gain.

Dietary proteins, once ingested, are digested in
the gut and thereafter absorbed as either free
amino acids or dipeptides [25]. The absorbed
amino acids are subjected to a variable first-pass
extraction by splanchnic organs (mainly the liver)
[26–28] and then they travel as such through the
extracellular spaces before being used by the cells,
either for catabolism or for protein synthesis. A
minor fract ion of amino acids are excreted
unmodified into the urine [29].

The acute nitrogen deposition during the post-
prandial phase is likely to be the most critical in
terms of the net deposition of proteins in the tis-
sues, more than the rate of protein synthesis
occurring in the postabsorptive periods.
Therefore, the assessment of the postprandial util-
isation of dietary proteins is a key step to under-
stand net body protein deposition. It also repre-
sents an important conditioning factor of the rate
of whole-body protein turnover [30].

The key steps of the fate of dietary nitrogen
are: (1) the amount of nitrogen that is actually
absorbed; (2) the amount that is deaminated and
then recovered mainly in the form of urea; and (3)
the amount that is retained in the body.

As regards point (1), nitrogen digestibility
within the ileum and the short-term retention of
dietary protein nitrogen can be measured by the
use of 15N-labelled proteins. By this technique,
therefore, it is possible to assess the metabolic
utilisation of dietary nitrogen in humans, i.e. the
amount that is effectively absorbed [31–35].

As concerns point (2), assuming that whole-
body protein turnover is ≈300 g, and that daily
protein intake is ≈100–110 g/day, it has been cal-
culated that ≈80 g of the total proteins turned over

(i.e. ≈27% of total) are lost through the oxida-
tive/urea-producing pathways, and ≈14 g within
the ileum [21, 22]. The amounts of dietary nitro-
gen entering the anabolic (i.e. protein synthesis)
and oxidative pathways are 70–80 and 13–20
g/day, respectively, i.e. contributing by 30–40% to
total anabolism and by 15–25% to total oxidation
(Fig. 1).

This indicates that dietary nitrogen (and pro-
teins) is preferentially directed toward anabolic
pathways. Such a preferential orientation of
dietary nitrogen toward body protein synthesis is
strictly linked to the adequacy (i.e. quality) of the
dietary protein amino acid composition with
respect to that of body protein.

The maintenance of nitrogen homeostasis
involves a complex series of changes in whole-
body protein turnover, amino acid oxidation, urea
production and nitrogen excretion, during the
fasting, fed, postprandial and postabsorptive peri-
ods of the day. Whole-body processes also repre-
sent the additive result of the metabolism of indi-
vidual organs and tissues, which may be different-
ly affected during physiological and pathological
conditions. Therefore, whole-body measurements
are crude, although comprehensive, estimates of
body protein metabolism, but rarely can they pro-
vide information on regional protein turnover.

The usual daily protein consumption is nor-
mally greater than the theoretical requirement
based on nitrogen balance estimates [36]. Since
body proteins cannot be stored in the body, mech-
anisms exist to dispose of the protein ingested in
excess. Thus, the effects of increased protein loads
on whole-body nitrogen balance and protein
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turnover must be determined. These investiga-
tions should involve the study of nitrogen pools
likely to be modified by the level of nitrogen
intake, the effects linked to the type of protein
ingested, as well as the effects of the nitrogen
loads on the different nitrogen pathways [37].

An increase in protein intake is followed by
adaptive processes: (1) an increase in amino acid
oxidation and in the associated nitrogen excre-
tion, mainly as urea, which is especially pro-
nounced in the fed state; (2) a trend toward a dis-
proportionate increase in nitrogen balance when
nitrogen intake is increased [38], possibly linked
to an enhanced inhibition of protein breakdown
by feeding and to an increase in protein synthesis
[39]. This likely occurs because whole-body as
well as tissue protein synthesis are sensitive to
amino acid availability, whereas degradation may
be sensitive to an interactive effect by both the
amino acid level and insulin [40]. Thus, high pro-
tein intakes are associated with a continuous, pos-
itive N balance approaching 1–3 g N/day [38, 39,
41, 42]. However, it is not clear whether this
apparent retention is a real one or linked to intrin-
sic errors in calculating N balance.

Interestingly, the amplitude of diurnal body
protein cycling increases with an increase in
dietary protein intake, with no clear change in the
mean daily protein turnover rate [43].

Nitrogen Metabolism and Dietary Protein
Characteristics 

Nitrogen balance data measured after adaptation
to different protein levels over periods of several
days is the usual approach to measure nitrogen
retention [2, 44]. Diets containing poor quality
proteins are associated with an increase in nitro-
gen losses, due to the inefficient utilisation of
indispensable amino acids in turn linked to unbal-
anced amino acid composition. The (relative) lack

of essential amino acids generates the ineffective
utilisation of dietary nitrogen. Furthermore,
besides such an insufficient utilisation, it is
important to assess the amount of dietary and
intestinal nitrogen that is absorbed as free amino
acids or dipeptides, or excreted in the faeces, urine
or other routes. Finally, the assessment of the ana-
bolic utilisation for protein synthesis is a key step
to measure amino acid retention in the body.

As stated above, classic nitrogen balance stud-
ies reflect the integrated net result of the diurnal
cycling between the fasted and fed states (i.e.
phases of nitrogen accretion postprandially and
of nitrogen losses postabsorptively).

Other factors may affect nitrogen retention.
Differences in the gastric emptying rate of dietary
proteins may result in highly variable rates of
amino acid absorption in the small intestine [45].
Also, differences in the rate of protein digestion
and/or absorption result in relevant differences in
amino acid oxidation and postprandial nitrogen
accretion [46]. In this regard, the concept of net
postprandial protein utilisation (NPPU) has been
proposed, which is calculated using true ileal
digestibility and true 15N-labelled protein deami-
nation parameters, adding the dietary nitrogen
collected in the urine [22, 47] and that retained in
the body in the form of urea.

Using this approach, the NPPU values for milk
protein and soy protein, measured over 8 h after
the ingestion of a standard meal by healthy human
subjects, were reported between 80 and 72%,
respectively [47]. These data strongly suggest the
existence of differences between the nutritional
value of proteins and their utilisation for anabolic
purposes. These differences are valuable and
should be taken into account when calculating
amino acid scores. Finally, differences in interor-
gan amino acid metabolism may be due to the
protein source-dependent difference, as shown in
pigs after the administration of either soy or
casein [48].
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Introduction

In the adult organism, maintenance of body pro-
tein stores is the result of changes linked to a
diurnal rhythm of catabolic and anabolic phases
[1]. In physiological states a net loss of body pro-
teins occurs in the periods between meals, partic-
ularly at night-time, and during exercise [2].
Conversely, a net protein gain occurs during meal
absorption, both in the entire body and at muscle
level [3]. Recently, the recovery phase after exer-
cise has also been recognised as anabolic [4].

Both protein accretion and loss are the net
result of a variety of combinations of changes in
protein degradation and synthesis. Thus each
process plays a key role in the maintenance of
protein homeostasis and balance. As with those
occurring at whole-body or muscle level, coordi-
nate changes in protein synthesis and degradation
are likely to occur also within the splanchnic bed
during the day.

Many protein catabolic conditions are charac-
terised by profound alterations of both visceral
and muscular proteins, mostly at advanced stages
of the disease, and by alterations of plasma and
intracellular amino acid patterns. A list of poten-
tial catabolic conditions is reported in Table 1.

In many of these conditions, loss of lean body
mass, part icularly of skeletal  muscle, and
decreased concentrations of some plasma proteins
that are liver-synthesised, i.e. visceral proteins,
such as albumin, are often observed. All these
changes reflect both a poor nutritional status and
an abnormal regulation of protein turnover.

Proper nutrition is required to maintain a bal-
anced body weight and composition in the adult.
It is also necessary to ensure proper physiological
grow th in the young, developing organism.
Nutrit ion, particularly with proteins and/or

amino acids, is necessary to stimulate body tissue
protein synthesis. Normal growth requires  water,
vitamins, oligoelements, electrolytes, carbohy-
drates, fat and proteins/amino acids. Both the
essential and the non-essential amino acids are
necessary, although to different degrees. Even
though non-essential amino acids can be synthe-
sised de novo, their synthesis requires nitrogen
from other sources: therefore, to a certain degree,
they are also necessary in nutrition and to main-
tain an adequate protein accretion. Net protein
deposition is the result of two opposite processes:
protein sy nthesis and protein degradat ion.
Whenever protein synthesis exceeds degradation,
net protein deposition occurs.

Mechanism of Net Protein Gain

Protein synthesis is the result of the incorporation
of the amino acids into the newly formed protein,
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Table 1. Catabolic states in human pathology

Liver diseases

Cancer

Kidney insufficiency

Metabolic acidosis

Insulin-deficiency or resistance

Gastrointestinal diseases

Immunodeficiency syndromes

Chronic cardiac failure

Chronic respiratory insufficiency

Inflammation

Drug-induced protein catabolism

Head trauma



through a series of tightly regulated steps [5–7].
The newly formed protein is then either used
inside the cell (such as structural or regulatory
protein) or exported as secreted protein.
Intracellular amino acids derive from either
endogenous protein degradation or external
sources. Proteolysis is activated intracellularly by
a number of pathways [8–10]. It is usually coupled
to a certain degree to intracellular oxidation
(and/or catabolism), biotransformation, or reutili-
sation of the amino acids. Alternatively, the amino
acids can be released into the bloodstream.

Theoretically, protein degradation could be set
to zero, thus restraining also to zero the need for
an external supply of amino acids to maintain
body protein turnover and composition. This,
however, never occurs for a variety of reasons: (1)
there are bioenergetic/entropy reasons to make
this possibility not feasible; (2) there is an obliga-
tory loss of amino acids; and/or (3) protein degra-
dation is used to remove aged and perhaps modi-
fied proteins that are no longer viable for cell
metabolism. Protein synthesis and degradation
are regulated differently in different tissues and
organs under physiological and pathological con-
ditions. There is an extensive trafficking of amino
acids and proteins among and across organs in
the living organisms.

Visceral Proteins as Indexes of Malnutrition 

In clinical practice, levels of serum hepatic pro-
teins (albumin, transferrin, prealbumin, etc.) have
historically been associated with nutritional sta-
tus. There are two conventional types of malnutri-
tion: kwashiorkor and marasmus. These condi-
tions were categorised before the role of inflam-
matory processes of acute and chronic illness on
protein turnover was known. Subsequent  litera-
ture on inflammation and its effects on hepatic
protein metabolism has replaced previous knowl-
edge/views suggesting that the nutritional status
and protein intake were the relevant factors con-
ditioning serum hepatic protein levels. Recent and
compelling evidence suggests that serum hepatic
protein levels are excellent correlates of morbidity
and mortality. In other words, serum hepatic pro-

tein levels are useful indicators of severity of dis-
ease. The concentrations of these proteins help to
identify those subjects who are likely to develop
malnutrition, even if they were properly nour-
ished prior to trauma or the onset of illness.
Furthermore, hepatic protein levels do not accu-
rately measure nutritional repletion. Low serum
levels indicate that a patient is very ill and proba-
bly requires aggressive and closely monitored
medical nutrition therapy.
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Table 2. Negative and positive acute-phase proteins 

Negative acute-phase proteins
Albumin
Prealbumin (transthyretin)
Transferrin
Insulin-like growth factor I
Thyroxine-binding globulin
α2-HS glycoprotein
Alpha-fetoprotein
Coagulation factor XII

Positive acute-phase proteins
Proteins of the coagulation cascade and of the fibri-
nolytic system

Fibrinogen, plasminogen
Tissue plasminogen activator, plasminogen-
activator inhibitor
Urokinase
Protein S

Antiproteases
α1-Protease inhibitor
Inter-α-trypsin inhibitors
α1-Antichymotrypsin
Pancreatic secretory trypsin inhibitor

Proteins of the complement system
C1 inhibitor, C3, C4, C4b-binding protein
Factor B
Mannose-binding lectin

Proteins involved in transport
Ceruloplasmin
Haptoglobulin
Hemopexin

Proteins involved in the inflammatory responses
Secreted phospholipase A2

Lipopolysaccharide-binding protein
Interleukin-1-receptor antagonist
Granulocyte colony-stimulating factor

Miscellaneous
C-reactive protein, serum amyloid A
α1-Acid glycoprotein
Fibronectin
Ferritin



Plasma proteins are usually categorised as neg-
ative and positive acute-phase proteins. The for-
mer diminish as the result of a stressed condition,
the latter behave in the opposite way. A list of
these proteins is reported in Table 2.

Negative Acute-Phase Proteins

Albumin

Albumin is the most abundant circulating protein,
produced only by the liver (see [11] for review).
The albumin gene is on chromosome 4. Albumin
has a large variety of functions (metabolism, tis-
sue fluid distribution, nutrition, transport of sub-
strates, etc.). Therefore, a decrease of albumin
concentrations has a widespread impact.

Structure of Albumin

The albumin molecule is a single polypeptide
chain of 69 KDa arranged predominantly in an α-
helix, bound by 17 disulphide bridges. Three α-
helices are arranged in parallel and they consti-
tute a sub-domain, and two sub-domains facing
each other in an antiparallel fashion constitute a
domain. The outer part of this structure resem-
bling a cylinder is mainly polar, the central part is
predominantly apolar. Each sub-domain is
allowed to move relative to the other by means of
proline molecules. This allows a change in the
spatial orientation of the molecule in relation to
the substrates bound.

Functions of Albumin

One of the main functions of albumin is linked to
its colloidal properties, regulating fluid distribu-
tion through the body [11]. Albumin is responsible
for more than three quarters of the normal oncot-
ic pressure. The colloidal property of albumin re-
quires that it is in unbound form. In the skin, which
contains a lot of albumin molecules, albumin is
largely bound to tissues, therefore it is not effective
as regards oncotic pressure. Albumin is responsible
for about half of the normal ion gap, and has a key
role in substrate binding and transport [11].

Albumin Pool Size, Secretion, Metabolism, Nutritional and
Hormonal Regulation

The concentration of serum albumin is the com-
pounded result of synthesis, catabolism, changes
in intra/extravascular distribution, and hydration
state. Normal plasma albumin concentration
reflects the intravascular portion of the pool,
which is about 40% of the total [11]. The total
albumin pool (intra- plus extravascular) in a
healthy adult human subject is about 200 grams.
The extravascular pool is composed of one pool
with a faster half life (≈6 h), likely located in
organs with discontinuous capillaries (liver,
spleen, gut) and another with a slower half life
(≈28 h), likely located in organs with continuous
capillaries (skeletal muscle, skin). Therefore, three
pharmacokinetic compartments of albumin can
be identified, one intravascular and two extravas-
cular. Of the total albumin pool, 11–18% (30–40%
of the total extravascular pool) is located in the
skin, 15% in muscle and 1% in the liver [12, 13].

Little or no albumin is stored within the hepa-
tocytes. Albumin equilibrates rapidly (in 2 min)
within the plasma pool. However, complete equili-
bration between the intra- and the extravascular
pools requires 7–10 days. In normal conditions,
about 80% of the albumin that has moved into the
interstitium comes back into the systemic circula-
tion through the thoracic duct within 48 h.

Between 12 and 25 grams of albumin can be
produced daily [11], accounting for a maximum of
50% of total liver protein synthesis at its peak
value, but less than 10% of the average daily total
protein synthesis by the liver. Approximately 6% of
the daily nitrogen intake is required for albumin
synthesis. The main regulator of albumin synthesis
seems to be the oncotic pressure at the hepatocyte,
which in turn is a function of extracellular albumin
concentration [11]. The main nutritional factors
regulating albumin synthesis are total caloric and
protein intake, the route of nutrient administra-
tion, and specific amino acids such as tryptophan.
Calorie/nutrient deficiencies and, conversely, reple-
tion, have greater effects on the synthesis of albu-
min than on other proteins. Many hormones (corti-
sone, thyroid hormones, insulin, growth hormone,
sex hormones) have in vitro effects on albumin
synthesis, which are additive [13].
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The plasma half life of infused albumin is nor-
mally 24 h [14]. The total half life of albumin is
17–19 days, and ≈4% of the exchangeable albumin
pool is degraded per day. The fractional catabolic
rate of albumin is low: however, in absolute terms
(grams per day) it is high, because of its large
mass [3]. A precise site of albumin catabolism has
not been characterised. All organs are likely to be
involved in albumin removal, which is a receptor-
independent process [11].

Albumin Kinetics in Vivo in Normal Man

Using tracer methodologies to measure primarily
albumin synthesis, the albumin fractional synthesis
rate in normal post-absorptive humans has been
calculated to be between 6 and 10% per day [11, 15,
16], corresponding to an absolute synthesis rate of
8–10 grams per day (based on the intravascular
pool) or 20–25 grams per day (based on the total
pool). A balanced, mixed meal of adequate caloric
content stimulates albumin synthesis by ≈30–40%
above basal [15–18]. Both dietary amino acids and
post-prandial insulin are important stimulatory fac-
tors [19]. Short-term growth hormone or pred-
nisone administrations did not apparently alter the
post-prandial stimulation of albumin synthesis in
vivo, contrary to the in vitro findings, in healthy
humans [11, 15, 20]. Such an increase in albumin
fractional secretion rate post-prandially does not
induce appreciable changes in albumin concentra-
tions, because of the low fractional basal albumin
synthesis rate, as well as the large total intravascular
albumin pool, which would lead to a maximum
increase of ≈0.15% of the total pool in 1 h, clearly
below common detection limits. It has been pro-
posed that albumin is a carrier of nitrogen from
visceral (i.e. the liver) to peripheral (i.e. muscle)
organs [15] after a mixed meal ingestion.

Other factors have been shown to regulate
albumin synthesis (Table 3).

Inflammation in the rat down-regulated albu-
min synthesis, consistent with the hypoalbu-
minaemia found in inflammation [21]. The
response of albumin synthesis to this condition is
opposite to the observed increase in total liver
protein synthesis, likely secondary to the increase
of acute-phase proteins [21].

Transthyretin or Prealbumin 

The transthyretin (TTR)/prealbumin molecule is
a stable tetramer, composed of four identical sub-
units, with a total molecular weight (MW) of 55
KDa. Each prealbumin subunit contains 127
amino acid residues [22]. The TTR monomer con-
tains eight ant iparal lel  beta-pleated sheet
domains. The molecular structure has been deter-
mined by X-ray analysis [23]. TTR was formerly
called prealbumin because it migrates anodally to
albumin on serum protein electrophoresis, but
this name is misleading because TTR is not a pre-
cursor of albumin. Its gene has been mapped to
chromosome 18q11.2–q12.1 [24], spans 6.9 kb
with four exons and three introns.

TTR is mainly synthesised by the liver, the
choroid plexuses of the brain, and the retinal pig-
ment epithelia of the eye. It is one of the main
proteins synthesised in the choroid plexus, being
abundant in cerebrospinal fluid (CSF) [25].
Prealbumin concentrat ion normally ranges
between  150 and 400 mg/l.

It has been shown that TTR is a plasma transport
protein for the thyroid hormone (TH) thyroxine
(T4)  and retinol, through the association with
retinol-binding protein, and that helps in maintain-
ing their normal levels in the circulating plasma

84 Paolo Tessari, Renato Millioni 

Table 3. Factors affecting serum albumin, prealbumin and
transferrin

Factors leading Factors leading 
to a decrease to an increase

Loss of albumin Exogenous albumin 
infusion

Excess of intravascular Decrease of
volume intravascular volume

Liver diseases, Renal failure
alcohol abuse

Nephrotic syndrome, (Transferrin) iron 
uraemia deficiency

Pregnancy

Hypothyroidism

Tumours

Trauma, inflammation



[26]. It is the main T4 transport protein in CSF, and
might contribute to the transport of serum T4 across
the blood–brain and blood–choroid plexus–CSF
barriers [27]. TTR binds other ligands such as
pterins [28] and apolipoprotein ApoA1 [29], but the
role of the protein in the metabolism of these ligands
has not yet been assessed.

Part of the interest in TTR stems from the
occurrence of mutations in the molecule leading
to the extracellular deposition in tissues as amy-
loid. The main sites of deposition are the periph-
eral nerves and/or the heart, associated with neu-
ropathies and/or cardiomyopathies, respectively
[30]. Over 80 different disease-causing mutations
in TTR have been reported. The vast majority are
inherited in an autosomal-dominant manner and
are related to amyloid deposition, affecting pre-
dominantly peripheral nerves and/or the heart. A
small portion of TTR mutations are apparently
non-amyloidogenic. Among these are mutations
responsible for hy perthy roxinaemia [31].
Identification and characterisation of TTR muta-
tions in healthy and diseased subjects will help to
unravel the unknown pathogenetic mechanisms
underlying TTR amyloidosis.

Thyroxine-Binding Globulin 

Thyroxine-binding globulin (TBG), the principal
TH transport protein in human serum, is synthe-
sised by the liver and secreted into the bloodstream
as a 54 KDa acidic glycoprotein made up of a single
polypeptide chain of 395 amino acids and four het-
erosaccharide units. The carbohydrate chains are
important for the correct post-translational fold-
ing, secretion and degradation of the molecule, but
are not required for hormone binding. TBG, encod-
ed by a single gene copy located on Xq22, consists
of five exons spanning 5.5 kb [32, 33].

By virtue of sequence homology, TBG belongs
to the superfamily of serine proteinase inhibitors
(serpins) [34], which consists of a variety of het-
erogeneous proteins including 1-antitrypsin (also
known as proteinase inhibitor, PI), 1-antichy-
motrypsin, antithrombin III and cortisol-binding
globulin (CBG) [35]. TBG and CBG are the only
serpins that transport small lipophylic molecules
having lost the serpin-characteristic function of

proteinase inhibition [36].
Cleavage of TBG by a serine protease causes a

conformational change that reduces the affinity of
TBG for T4. This would allow large concentrations
of TH at specific sites. Cleavage also may increase
the clearance of TBG.

The normal serum concentration of TBG
ranges from 1.1 to 2.1 mg/dl in adults. Although
TBG concentrations are far lower than those of
the other two TH-binding proteins (i.e., TTR and
albumin), it carries approximately 75% of serum
T4 and tri-iodothyronine (T3). TBG has a tenfold
greater affinity for T4 than T3; its molecule has a
single TH-binding site. In normal serum, TBG
usually is only 25% saturated with T4 [37].

Several states of deficiency of this protein have
been described that are either inherited or
acquired [38]. Thyroid function tests (TFTs) in
patients with TBG deficiency show normal TSH
and free T4, but low total T4, and, occasionally,
low total T3 serum concentrations.

Acquired TBG deficiency, which can be caused
by protein malnutrition, is encountered frequently
in chronic diseases and debilitative states, in liver
failure, and in calorie malnutrition. In patients
with the nephrotic syndrome, TBG is lost through
the glomerular filtrate. The cause of the decrease
in TBG concentration associated with glucocorti-
coid or androgen administration is not clear, but
it is believed that the effect is transcriptionally
mediated, although cleavage of the protein may
also play a role in increasing its clearance.

Transferrin

Plasma transferrin is a 80 KDa glycoprotein with
homologous N-terminal and C-terminal iron-
binding domains (called the N- and C-lobes) [39].
The transferrin gene is on chromosome 3.
Transferrin is the product of an ancient intragenic
duplication that led to homologous carboxyl and
amino domains, each of which has one binding site
for trivalent iron and two for bicarbonate [40].

The liver synthesises transferrin and secretes it
into the plasma. Transferrin is also produced
locally in the testes and in the central nervous sys-
tem [41]. These two sites are relatively inaccessi-
ble to proteins in the general circulat ion
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(blood:testis barrier, blood:brain barrier). The
locally synthesised transferrin could play a role in
iron metabolism in these tissues.

Essentially all circulating plasma iron normal-
ly is bound to transferrin. In addition, two-thirds
of serum transferrin exists as apotransferrin and
will quickly capture the free iron which is released
from the cell [42]. This chelation serves three pur-
poses: it renders iron soluble under physiologic
conditions, it prevents iron-mediated free radical
toxicity, and it facilitates transport into cells.

The normal concentration of transferrin in
plasma is about 2.2 to 3.5 g/L.

Transferrin carries iron from the intestine, the
reticuloendothelial system, and the liver parenchy-
mal cells to all proliferating cells in the body,
mostly to erythrocyte precursors in the bone mar-
row for haemoglobin synthesis [43]. It carries iron
into cells through a receptor-mediated endocyto-
sis. After dissociation of iron, transferrin and its
receptor return undergraded to the extracellular
environment and the cell membrane, respectively.

The blood transferrin level is tested for several
reasons: to determine the cause of anaemia, to
examine iron metabolism (for example, in iron-
deficiency anaemia) and to determine the iron-
carrying capacity of blood. Low transferrin can
impair haemoglobin production and so lead to
anaemia. Low transferrin can be due to poor pro-
duction of transferrin by the liver (where it is
made) or excessive loss of transferrin through the
kidneys into the urine. Many conditions including
infections and malignancies can depress transfer-
rin levels. The transferrin is abnormally high in
iron deficiency anaemia.

Positive Acute-Phase Proteins

Fibrinogen

Fibrinogen (factor 1) is a circulating glycoprotein
synthesised by the liver. Its MW is 350 kDa. It is
present not only in plasma and liver but also in
the platelet cytosol. Its plasma half life is 2–4 days
[44]. The molecule is constituted by three pairs of
polypeptide chains linked by disulphur bridges to
form a large molecule with a symmetric structure,
with three types of chains defined as Aa, Bb and

gamma. The Aa and Bb chains are subject to
thrombin action, which removes the fibrinopep-
tides A and B, whereas the gamma chains are not
cleaved. Removal of fibrinopeptides is associated
with clot formation, since the cleaved fibrinogen
molecules (the so-called fibrin monomers) spon-
taneously form a gel phase and aggregate to form
insoluble fibrin filaments.

The activation of fibrinogen to fibrin, mediat-
ed by thrombin, represents the last step in clot
formation. Levels of fibrinogen are increased as
an acute-phase response [45] in many pathologi-
cal states as well as in all acute and chronic
inflammation conditions [46]. Horizontal and
prospective studies since the 1950s have shown
that hypercoagulability and elevated plasma fib-
rinogen concentrations are associated with the
presence of clinical vascular disease [47, 48] and
increased vascular events [49–53]. Although most
epidemiological studies have strongly document-
ed the independent and powerful role of fibrino-
gen in cardiovascular risk, in many of them fib-
rinogen was significantly correlated with other
important arteriosclerotic risk factors, such as
age, body weight, plasma lipids, hypertension and
smoking [54–56]. Thus, hyperfibrinogenaemia
and the altered coagulation may mediate the
effects of these factors on atherogenesis [56].
Normal fibrinogen concentrations may vary
among different laboratories and populations, but
usually range between 150 and 500 mg/dl.

Hyperfibrinogenaemia has also been found in
diabetes [54–56], and it was correlated with plas-
ma glucose values [57]. In the general population
an association with insulin levels has been found
[58], thus confirming a relationship between fib-
rinogen and insulin resistance, a common charac-
teristic in type 2 insulin diabetes [59].

The fibrinogen fractional synthesis rate (FSR)
was found to be increased in acute and marked
insulin deficiency in type 1 diabetes [59], and it
was reduced by insulin infusion in both normal
and diabetic individuals [20, 59]. A mixed meal
increased fibrinogen FSR, although with a vari-
able statistical significance [17, 19, 60]. We have
shown that insulin infusion in type 2 diabetes
paradoxically increased fibrinogen FSR, whereas
it did not change it in controls [61], thus suggest-
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ing a possible link between insulin resistance and
hyperfibrinogenaemia at the production level.
Glucagon infusion acutely increased fibrinogen
production in healthy humans [62]. Since
glucagon is a stress hormone [63, 64], these data
suggest a link between acute-phase proteins and
stress hormones, possibly mediated by proinflam-
matory interleukins at the liver level.

C-reactive protein

C-reactive protein (CRP) is an acute-phase pro-
tein that is a very sensitive index of inflammation.
Its serum level increases as much as 1000-fold
during the acute phase of inflammation [65–68].
Structurally, it is a planar pentamer of identical
subunits, expressed and synthesised almost exclu-
sively in the liver by the hepatocytes. Its normal
concentrations, using a sensitive assay, normally
range between 0 and 2.5 mg/l.

Besides being an index of inflammation, CRP
concentrations have been associated with morbid-
ity and mortality under a number of conditions.
Largely based on the pioneering work of Ridker et
al. [65–67], a large bulk of evidence derived from
epidemiological studies, from primary and sec-
ondary prevention studies and from trials con-
ducted in patients with acute coronary syn-
dromes, has revealed that the plasma concentra-
tion of such a relatively simple marker of inflam-
mation, CRP, could predict the risk of a first or of
a recurrent coronary event, beyond the contribu-
tion of classical risk factors [67].

Evidence has also accumulated that CRP may
further play a pivotal role in promoting atheroge-
nesis. It has been shown that CRP increases the
release of inflammatory cytokines [69], enhances
the binding of monocytes to endothelial cells [70]
and favours the formation of macrophage foam
cells [71]. In addition, CRP decreases endothelial
nitric oxide synthase activation and increases the
expression of endothelial cell adhesion molecules,
chemokines, endothelin-1, and plasminogen acti-
vator inhibitor-1 [72, 73].

Due to these multifaceted actions, the study of
factors responsible for the elevated CRP concentra-
tions is important both from public health and clin-
ical perspectives. Therefore, therapeutic options are

pursued that can optimally reduce inflammation
(along with its most popular marker, CRP).

Many clinical conditions are associated with
an inflammatory state and/or profiles. Obesity
[74], especially that of the abdominal type [75], is
commonly associated with elevated CRP concen-
trations. The expanded abdominal fat deposits of
overweight/obese patients represent a source of
inflammatory cytokines (interleukin [IL]-6 and
tumour necrosis factor [TNF]-α) [76]. The pro-
duction of CRP by the hepatocytes is stimulated
by IL-6 [77], and adipose tissue is a key  source of
circulating IL-6 in patients with abdominal obesi-
ty [78, 79]. Intervention studies have shown that
weight loss  is associated with a reduction in cir-
culating CRP concentrations, and this reduction is
proportional to the extent of weight loss [80, 81].

The degree of physical activity/fitness can also
affect CRP concentrations [82]. Individuals with a
low cardiorespiratory fitness (who are also often
sedentary) exhibit increased CRP levels compared
with fit individuals. Such a difference remained
significant even after adjustment for the degree of
adiposity, assessed by the body mass index (BMI)
[83]. Since endurance exercise training affects risk
factors for coronary heart disease (glucose toler-
ance and insulin effectiveness, body composition,
plasma lipoprotein levels, fibrinolysis and throm-
bosis, endothelial function, etc.) [84], it is of inter-
est to evaluate the extent to which exercise training
might affect inflammation and, if so, what are the
parameters affected by exercise training possibly
associated with its beneficial effect on CRP levels.

It has been shown repeatedly that endurance
training can reduce CRP concentrations [85, 86].
Part of this effect seems to be mediated by the ex-
ercise-associated weight loss. The specific impact of
selective loss of visceral adipose tissue [87] associ-
ated with endurance exercise training needs to be ex-
amined. Interestingly, pharmacotherapy of athero-
genic dyslipidaemias with statins and fibrates can al-
so reduce CRP levels [87, 88]. As with abdominal
obesity, type 2 diabetes and the metabolic syndrome
(which are major correlates of elevated CRP concen-
trations) have achieved an epidemic status. The im-
portance of targeting the sedentary lifestyle, unfor-
tunately adopted by an increasing number of our
population, needs to be further emphasised.
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Fibronectin

Fibronectins (FNs) are high molecular weight gly-
coproteins found in plasma, on cell surfaces, and
in extracellular matrices [89]. Cell FN (cFN) and
plasma FN (pFN) are two different products of a
single gene [90]. cFN is synthesised by fibroblasts
and other cell types, which secrete it into the
extracellular matrix, where it assembles in a fibril-
lar form. In contrast, pFN is synthesised by hepa-
tocytes and circulates as a soluble molecule in
plasma [91]. Both forms are disulphide-linked
dimers of 250-Da subunits, taken from a pool of
similar but not identical polypeptides. Sequencing
studies have revealed that each polypeptide has
three different types of internal repeats (homolo-
gy types I, II and III, which are, on average, 40, 60
and 90 amino acid residues long, respectively) [92,
93]. The primary structural differences between
the subunits are the result of a complex pattern of
alternative splicing of the precursor mRNA.

By binding macromolecules such as collagen,
fibrin, heparin, gelatin [94], as well as cells and
bacteria, FNs play an important role in various
contact processes such as cell attachment and
spreading [95], cell migration, embryonic devel-
opment, wound healing [96], haemostasis, opsoni-
sation [97] and oncogenic transformation.

Fibronectin is commonly known as cold-insol-
uble globulin because it precipitates from plasma
in the cold w ith fibrinogen and the factor
VIII–von Willebrand factor complex.

Ferritin

Iron is an essential element for mammalian cell
growth. It is a required constituent of numerous

enzymes, including iron–sulphur and heme pro-
teins of the respiratory chain, as well as ribonu-
cleotide reductase, which catalyses the rate-limiting
step in DNA synthesis. However, ‘free’ iron has the
capacity to participate in oxygen free radical for-
mation via Fenton chemistry [98]. Balancing both
the deleterious and beneficial effects of iron thus
emerges as an essential aspect of cell survival.
Ferritin plays a central role in the maintenance of
this delicate intracellular iron balance [99–101].
This protein has the capacity to sequester up to
4500 atoms of iron in a ferrihydrite mineral core,
and it functions to store iron not required for
immediate metabolic needs.

Its ability to sequester the element gives fer-
ritin the dual functions of iron detoxification and
iron reserve.

Ferritin is a 24-subunit protein composed of
two subunit types, termed H and L, which per-
form complementary functions in the protein. The
H subunit is thought to play a role in the rapid
detoxification of iron (it contains the majority of
the ferroxidase activity that oxidises iron to the
Fe(III) form for deposition within the core),
whereas the L subunit facilitates iron nucleation,
mineralisation and long-term iron storage. The
ratio of H to L subunits varies depending on tis-
sue type and physiological status, and changes in
response to inflammation or infection [102]. Its
plasma concentrations usually range between 20
and 300 µg/l.

Several results support a role of ferritin as a
protectant against oxygen free radical-mediated
damage. Exposure of endothelial cells to haemin
was observed to induce ferritin synthesis and con-
cordantly reduce the cytotoxic response of these
cells to toxic doses of H2O2 [103].
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Nutritional Indexes

Malnutrition is not invariably diagnosed by physi-
cal findings of nutritional deficits. Malnutrition is
a deviation (in excess or defect) from a complex of
ideal scores. Paradoxically, a plump, flourishing
patient may be affected by malnutrition if he or
she exceeds this ideal score.

The nutritional status assessment of the patient
enables a physician to correctly manage the patient’s
energy balance, and it is correlated with the evolu-
tion and prognosis of the underlying disease. The as-
sessment includes historical and physical findings,
anthropometric measurements, and biochemical and
immunological assays, as summarised in Tables 1
and 2 and extensively treated in references [1–3].

Biochemical Parameters

Many biochemical parameters, easy to obtain in
clinical practice, are useful for the evaluation of
nutritional status (Tables 2, 3).

Nitrogenous Balance

The difference between the introduced nitrogen
(IN) and urinary (UN), faecal (FN) and sweat (SN)
nitrogen represents the nitrogenous balance (NB),
as expressed by the equation: NB = IN – (UN + FN
+ SN). The balance may be positive, negative or
null. The urinary daily loss of N is about 70% of
IN, while faecal loss ranges between 10 and 20%. A
negative balance induces a loss of body free fat
mass and reduction of the pool of muscle and vis-
ceral proteins. Because 6.25 g of alimentary pro-
teins contain 1 g of N, the nitrogenous balance can
be calculated with the equation: NB = introduced
proteins (g/6.25) – UN + 4 g*, where * = N loss
with urine, sweat and faeces.

Muscle Proteins

Muscle proteins are expressed by two biochemical
indexes: 3-methyl-histidine and so-called CHI
(24-h urinary creatinine/ideal urinary creatinine
with respect to height x 100) (Table 4).

Chapter 3.4

Nutritional Status Assessment
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Table 1. Clinical and anthropometric parameters in nutritional assessment

Clinical history Physical examination Anthropometric parameters

Involuntary diet restriction General appearance Height–weight ratio
(poverty) Skin, hair, nails Body surface

Anorexia Tongue, mucous membranes, Wrist circumference 
dentition (bone structure)

Inadequate diet Muscle masses Skin folds (fat mass)
(alcoholism, vegetarianism) (temporal, proximal extremity)

Gastrointestinal symptoms Eyes, loss of vision Mid-arm muscle 
(dysphagia, vomiting, diarrhoea) Neurological system circumference (lean mass)

Chronic illnesses



The amino acid 3-methyl-histidine is produced
by degradation of muscle proteins and excreted
only in urine. The dosage of this amino acid in
urine over 24 h represents the proteic turnover.
CHI is the best index of endogenous protein
catabolism linked to the muscle mass.

Plasma Proteins

The plasma values of albumin, prealbumin, trans-
ferrin, retinol-binding protein and fibronectin are
the usual indexes of visceral (mainly hepatic) syn-
thesis. Examples of different degrees of depletion
of albumin, prealbumin and transferrin are
reported in Table 5.

Vitamins and Trace Elements

Physical signs of deficits of vitamins and trace
elements are reported in Table 6. The daily
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Table 2. Biochemical and immunological parameters in nutritional assessment

Biochemical assays Immunological assays

Commonly available lab tests Lymphocyte count

Nitrogenous balance Skin tests to common recall antigens

Muscle proteins C3 fraction

Plasma proteins (albumin, prealbumin,
transferrin, retinol-binding protein, fibronectin)

Vitamins and minerals 

Table 3. Biochemical parameters of nutrition

Nitrogenous balance

Muscle proteins

Plasma proteins:

- Albumin

- Prealbumin

- Transferrin

- Retinol-binding-protein

Vitamins and oligoelements

Basic chemical–clinical tests

Table 4. Ideal urinary creatinine in relation to height in
children and adults

Height Creatinine
(cm) (mg/24 h)

Children Adult Adult 
males females

50.8 38
53.3 44
55.9 52
58.4 60
61.0 68
63.5 76
66.0 84
68.6 92
71.1 102
73.7 113
76.2 124
78.7 134
81.3 145
83,8 160
86.4 176
88.9 193
91.4 209
94.0 230
96.5 253
99.1 272

101.6 288
104.1 300
106.7 314
109.2 342
111.8 373
114.3 391
116.8 405
119.4 446
121.9 483
124.5 528
127.0 577
147.3 - 830
149.9 - 851
152.4 - 875
154.9 - 900

continue ➝



157.5 1288 925
160.0 1325 949
162.6 1359 977
165.1 1386 1006
167.6 1426 1044
170.2 1467 1076
172.7 1513 1109
175.3 1555 1141
177.8 1596 1174
180.3 1642 1206
182.9 1691 1240
185.4 1739 -
188.0 1785 -
190.5 1831 -
193.0 1891 -

Table 4 continue

Table 5. Concentrations of albumin, prealbumin and transferrin according to level of protein catabolism

Albumin (g/dl) Normal Slight depletion Medium depletion Severe depletion
>3.5 2.8–3.5 2.1–2.7 < 2.1

Prealbumin (mg/dl) Normal Slight depletion Medium depletion Severe depletion
15–29 10–15 5–10 < 5

Transferrin (mg/dl) Normal Slight depletion Medium depletion Severe depletion
250–300 150–250 100–150 < 100

Table 6. Signs and symptoms of vitamin and/or trace element deficits

Organs involved Signs and symptoms Vitamin and/or trace element deficit

Hair, nails Alopecia Multiple deficits
Discolouring Zinc
Dryness A, E
Fragility

Skin Pigmentation Niacin
Erythema Niacin
Acne A
Dryness A
Petechiae, ecchymoses K, C
Scrotal dermatitis Niacin

Eye Blepharitis B2
Dry conjunctiva A
Night blindness A

Mouth Cheilosis B2
Stomatitis B12, C
Glossitis Niacin, folates, B12
Taste bud atrophy Niacin
Magenta tongue B2

Bones, joints Valgus or varus knee D
Rib ‘rosary’ D
Reduction of tendon reflexes B1, B12

requirements of vitamins and trace elements are
reported in Tables 7 and 8 respectively.

Basic Nutritional Tests

The main biochemical parameters related to the
nutritional status and expression of metabolic
functions are reported in Table 9.

Additional functional parameters have been in-
troduced, and several specialised techniques, both
invasive and non-invasive (3H-labelled H2O, total
potassium measurement, CT scan, PET, MNR, DEXA,
sonography, hydrostatic weight, bioelectric imped-
ance analysis), have been developed.
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Children Adult Adult 
males females



Anthropometric Indexes

The extent of body grow th is determined by
genetic, environmental and nutritional factors.
The anthropometric evaluation of subcutaneous
fat, bone structure and muscle mass is the most

relevant method in assessing the nutritional sta-
tus.

Height and Body Weight

Unclothed measurements must be taken using an
anthropometer and weight scales. Body weight is
the most obvious index of nutritional status, but,
taken alone, it is not an accurate measurement.
Actual body weight must be compared with ideal
body weight (IBW) and other anthropometric
parameters. For example, patients with ascites
and/or oedema may have a normal body weight
but severe malnutrition. Several approaches are
used for estimating the IBW. One simple method
consists of measuring body height and wrist cir-
cumference as an index of bone structure. The
subject is allocated to one of three groups (short-
limbed, normal-limbed or long-limbed), and the
ideal body weight (Y) is estimated as reported in
Table 10a.

Other approaches suggest different methods
for the calculation of IBW, for example:
1. IBW = height (cm) – 100 ± 10% for males; IBW

= height (cm) – 100/104 ± 10% for females 
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Table 7. Daily requirements for vitamins

Vitamin Requirement Level in connection with nutritional status
Unit of measure Severe defect Marginal Acceptable

A 2,000 IU µg%ml < 10 10–19 > 20

Carotenea 4,000 IU mg%ml < 20 20–39 > 40

Db 200 IU ng%ml < 7 10–27 > 27

E 10 IU mg%ml < 0.2 0.2–0.6 > 0.6

B1 3 mg c < 27 7–65 > 65

B2 3.6 mg c < 27 27–79 > 80

B3 15 mg c < 200 - > 200

B5 40 mg mg/g creatinine < 0.5 0.5–1.6 > 1.6

B6 4 mg c < 20 - > 20

B7 60 µg mg/ml < 0.8 0.8–1.4 > 2.5

B9 400 µg mg/ml < 2 2.1–5.9 > 6

B12 5 µg pg/ml < 100 - > 100

C 100 mg mg%ml < 0.1 0.1–0.2 > 0.2

K 5–10 mg ng/ml < 1 1–3 > 3

a1 IU (vit. A = 0.3 µg; beta carotene = 0.6 µg); bdosed as 25-OH-vitamin D; curinary levels expressed in µg/g creatinine

Table 8. Daily requirements for trace elements

Trace element Requirement

Sodium (Na) 50–250 mEq

Potassium (K) 30–200 mEq

Chlorine (Cl) 50–250 mEq

Magnesium (Mg) 10–30 mEq

Calcium (Ca) 10–20 mEq

Phosphorus (P) 10–40 mmol

Zinc (Zn) 2.5–4 mg

Copper (Cu) 0.5–1.5 mg

Chromium (Cr) 10–15 µg

Manganese (Mn) 0.15–0.8 mg

Fluorine (F) 1.5–4 µg

Iodine (I) 150 µg

Selenium (Se) 50 µg

Iron (Fe) 10–18 mg



2. IBW = (height – 150) x 0.75 + 50 for males; IBW
= (height – 150) x 0.60 + 50 for females

3. IBW = height – 100 – (height – 150)/4 for males;
IBW = height – 100 – (height – 150)/2 for fe-
males.
An adaptation of the above methods takes into

account the subject’s age, without gender difference:
1. IBW = 50 + [3 (height – 150)/4] + [(age – 20)/4]
2. IBW = 0.8 x (height – 100) + age/2
3. IBW = 1.012 x height – 107.5.

Table 10b shows IBW values according to
height and bone structure.
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Table 9. Reference values of main biochemical tests used in the study of nutritional status

Test Unit of measure Normal range

Haemoglobin g/dl 14–18

Haematocrit % 40–54

Red blood cells millions/mm3 4.5–6

White blood cells thousands/mm3 4.5–8

Lymphocytes % 25–35

Iron µg/dl 75–175

Sodium mEq/l 135–145

Magnesium mEq/l 1.5–2.3

Potassium mEq/l 3.5–5.0

Phosphates mg/dl 2.5–4.5

Chlorine mEq/l 98–110

Calcium mg/dl 8.5–10

Glucose mg/dl 65–110

Total cholesterol mg/dl 150–250

Esterified cholesterol % 60–80

Free cholesterol % 20–40

HDL cholesterol (M) mg/dl 45

HDL cholesterol (F) mg/dl 55

Total proteins g/dl 6–8

Total bilirubin mg/dl 0.1–1.1

Aspartate aminotransferase U/l 7–40

Alanine aminotransferase U/l 10–45

Alkaline phosphatase U/l 30–115

Blood urea nitrogen mg/dl 7–23

Uric acid mg/dl 2.3–7

Total lipids mg/dl 400–900

Triglycerides mg/dl 36–165

Betalipoproteins mg/dl 360–740

Phosphatides mg/dl 150–250

Non-esterified fatty acids mEq%ml 0.09–0.06

Lipoproteins % 6–12

Pre-alpha-lipoproteins (VHDL) % 22–32

Alpha-lipoproteins (HDL) % 16–24

Pre-beta-lipoproteins (VLDL) % 37–51

Chylomicrons % 0–2

Alpha/beta ratio % 12–25



Body Mass Index 

A more recent approach to the evaluation of
nutritional status refers to body mass index
(BMI). It affords a more accurate measurement, as
follows: body weight (kg)/height2 (m2).

The reference table (Table 11) includes only
five classes: 0 = < 20 kg/m2, weight deficit; N =
20–24.9 kg/m2, normal; 1 = 25–29.9 kg/m2, mild
weight excess; 2 = 30–39.9 kg/m2, obesity; 3 = > 40
kg/m2, severe obesity.
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Table 10a. Estimating ideal body weight by anthropometry

Short-limbed Normal-limbed Long-limbed

Male Y = 75 X – 58.5 Y = 75 X – 63.5 Y = 75 X – 69

Female Y = 68 X – 51.5 Y = 68 X – 58 Y = 68 X – 61

Short limbed Male with wrist circumference > 20 cm
Female with wrist circumference > 18 cm

Normal limbed Male with wrist circumference 16–20 cm
Female with wrist circumference 14–18 cm

Long limbed Male with wrist circumference < 16 cm
Female with wrist circumference < 14 cm

Y, ideal weight; X, height (metres)

Male
Height Skeletal structure
(cm)

Light Middle Heavy

164 54.3–57.9 57.0–62.5 60.2–68.2

166 55.4–59.2 58.1–63.7 61.7–69,6

168 56.5–60.6 59.2–65.1 62.9–71.1

170 57.9–62.0 60.7–66.6 64.3–72.9

172 59.4–63.4 62.1–68.3 66.0–74.7

174 60.8–64.9 63.5–69.9 67.6–76.2

176 62.2–66.4 64.9–71.3 69.0–77.6

178 63.6–68.2 66.4–72.8 70.4–79.1

180 65.1–69.6 67.8–74.5 71.9–80.9

182 66.5–71.0 69.2–76.3 73.6–82.7

184 67.9–72.5 70.7–78.1 75.2–84.3

186 69.4–74.0 72.1–79.9 76.7–86.2

188 70.8–75.8 73.5–81.7 78.5–88.0

190 72.2–77.2 75.3–83.5 80.3–89.8

192 73.6–78.6 77.1–85.3 81.8–91.6

194 75.1–80.1 78.9–87.0 83.2–93.4

Female
Height Skeletal structure
(cm)

Light Middle Heavy

152  43.4–47.0 45.6–51.0 49.2–56.5

154  44.4–48.0 46.7–52.1 50.3–57.6

156  45.4–49.1 47.7–53.2 513–58.6

158  46.5–50.2 48.8–54.3 52.4–59.7

160  47.6–51.2 49.9–55.3 53.5–60.8

162  48.7–52.3 51.0–56.8 54.6–612

164 49.8–53.4 52.0–58.2 55.9–63.7

166 50.8–54.6 53.3–59.8 57.3–65.1

168 52.0–56.0 54.7–61.5 58.8–66.5

170 53.4–57.5 56.1–62.9 60.2–67.9

172 54.8–58.9 57.5–64.3 61.6–69.3

174 56.3–60.3 59.0–65.8 63.1–70.8

176 57.7–61.9 60.4–67.2 64.5–72.3

178 59.1–63.6 61.8–68.6 65.9–74.1

180 60.5–65.1 63.3–70.1 67.3–75.9

182 62.0–66.5 64.7–71.5 68.8–77.7

184 63.4–67.9 61.1–72.9 70.2–79.5

Table 10b. Ideal weight (kg) and bone size with respect to skeletal structure



Recently it has been proposed that the obesity
threshold should be lowered to 25 kg/m2, based on
epidemiological studies showing an increase in
all-cause, metabolic, cancer and cardiovascular
morbidity when BMI is greater than or equal to
25. In normal adults in western countries, the
mean is 24, in less developed countries it is 20–21,
with a mean of 18 in some cases.

BMI has been used in social and economic
studies and a good correlation was observed with

lean muscle mass, serum albumin levels, oxygen
expenditure, hydrostatic weight measurement,
potassium and water content. A statistically signif-
icant correlation of BMI and morbidity-mortality
from all causes, diabetes, cardiovascular and
infectious diseases, and cancer has been shown by
unequivocal studies.

Body Circumferences 

Measurement of circumferences of different areas
of the body enables the estimation of lean mass
and total fatty mass. Mid-arm muscle circumfer-
ence (MAC) is a good index of lean mass and is
estimated by the equation:

MAC (mm) = AC (arm circumference) – (π tri-
ceps skin fold) (mm).

The same equation is used for other body sites.
Table 12a,b reports percentiles of MAC respective-
ly for males and females.
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Table 11. Body mass index: values of the body classes

0 = < 20.0 kg/m2 Body mass deficit

N = 20.0–24.9 kg/m2 Normal

1 = 25.0–29.9 kg/m2 Moderate excess of weight 

2 = 30.0–39.9 kg/m2 Significant excess of weight 

3 = > 40.0 kg/m2 Very significant excess of weight

Table 12a. Percentiles of mid-arm circumference (mm) in males aged 1–74 years 

Age (years) Percentile
5° 10° 25° 50° 75° 90° 95°

1–1.9 110 113 119 127 135 144 147
2–2.9 111 114 122 130 140 146 150
3–3.9 117 123 131 137 143 148 153
4–4.9 123 126 133 141 148 156 159
5–5.9 128 133 140 147 154 162 168
6–6.9 131 135 142 151 161 170 177
7–7.9 137 139 151 160 168 177 190
8–8.9 140 145 154 162 170 182 187
9–9.9 151 154 161 170 183 196 202
10–10.9 156 160 166 180 191 209 221
11–11.9 159 165 173 183 195 205 230
12–12.9 167 171 182 195 210 223 241
13–13.9 172 179 196 211 226 238 245
14–14.9 189 199 212 223 240 260 264
15–15.9 199 204 218 237 254 266 272
16–16.9 213 225 234 249 269 287 296
17–17.9 224 231 245 258 273 294 312
18–24 235 244 258 272 289 308 323
25–34 242 253 265 280 300 317 329
35–44 250 256 271 287 303 321 330
45–54 240 249 265 281 298 315 326
55–64 228 244 262 279 296 310 318
65–74 225 237 253 269 285 299 307



Skin Folds

Skin fold measurements in different body si-
tes, where subcutaneous fat is more abundant,
estimate fat mass in a non-invasive way, and 
are obtained by using special calipers. Standard
sites and methods of measurement are shown 
in Table 13.

Percentiles of the most common skin fold
thicknesses in healthy people are reported in
Tables 14–19.

From multiple measurements of skin folds, the
percentage of body fat can be easily calculated by
means of the following equation:
% fatty mass = [(4971/body density) – 4519)] 
x 100 
Body density is calculated as follows:
density = c – m x log skin fold thickness (mm);
c and m are constants correlated to the age and
the sex, as reported in Tables 20 and 21.

The sum of multiple skin fold measurements
affords an accurate estimation of body fat, related
to age and sex (Table 22).

Body Surface 

Body surface is an important anthropometric
parameter included in the estimation of resting
energy expenditure (REE) or basal metabolism
(BM) and for drug dosage. Body surface is esti-
mated using body weight and height in the equa-
tions:

S = W 0.425 × H 0.725 × 71.84
or:

S = log W × 0.425 + log H × 0.725 + 1.8564

In this expression, S is surface, W is body
weight and H is height. Special nomograms can be
derived in this way.
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Age (years) Percentile
5° 10° 25° 50° 75° 90° 95°

1–1.9 105 111 117 124 132 139 143
2–2.9 111 114 119 126 133 142 147
3–3.9 113 119 124 132 140 146 152
4–4.9 115 121 128 136 144 152 157
5–5.9 125 128 134 142 151 159 165
6–6.9 130 133 138 145 154 166 171
7–7.9 129 135 142 151 160 171 176
8–8.9 138 140 151 160 171 183 194
9–9.9 147 150 158 167 180 194 198
10–10.9 148 150 159 170 180 190 197
11–11.9 150 158 171 181 196 217 223
12–12.9 162 166 180 191 201 214 220
13–13.9 169 175 183 198 211 226 240
14–14.9 174 179 190 201 216 232 247
15–15.9 175 178 189 202 215 228 264
16–16.9 170 180 190 202 216 234 249
17–24 177 185 194 206 221 236 249
25–34 183 189 200 214 229 249 266
35–44 185 192 206 220 240 261 274
45–54 188 195 207 222 243 266 278
55–64 186 195 208 226 244 263 281
65–74 186 195 208 225 244 265 281

Table 12b. Percentiles of mid-arm circumference (mm) in females aged 1–74 years 
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Table 13. Skin folds and methods of measurement

Triceps skin fold On dorsal side of left arm relaxed, to medium point of humerus between olecranus and 
acromion, in vertical direction

Biceps skin fold On median and front line of arm, at the point of measurement of arm circumference, in 
vertical direction

Subscapular skin fold In left angle subscapular (1–2 cm under), in diagonal direction

Iliac skin fold At the point of contact between axillary median line and iliac crest, in diagonal direction

Cheek fold In the middle of line joining labial commissure to external auditory meatus

Meatus fold Between auditory meatus and hyoid bone

Pectoral fold On big pectoral muscle in correspondence of axillary front pillar, with arm extended 
laterally

Thoracic fold Corresponding to tenth rib, on medium axillary line

Abdominal fold Corresponding to third medial of line joining umbilicus to iliac spine front upper

Thigh skin fold At the medium point of line joining iliac spine front upper to rotula

Knee fold Onto the rotula

Calf fold Under popliteal cavity with leg semiflexed and fingers on the ground, on median back 
line, in vertical direction

Table 14. Percentiles of triceps skin fold (mm) in males aged 1–74 years 

Age (years) Percentile
5° 10° 25° 50° 75° 90° 95°

1–1.9 6 7 8 10 12 14 16

2–2.9 6 7 8 10 12 14 15

3–3.9 6 7 8 10 11 14 15

4–4.9 6 6 8 9 11 12 14

5–5.9 6 6 8 9 11 14 15

6–6.9 5 6 7 8 10 13 16

7–7.9 5 6 7 9 12 15 17

8–8.9 5 6 7 8 10 13 16

9–9.9 6 6 7 10 13 17 18

10–10.9 6 6 8 10 14 18 21

11–11.9 6 6 8 11 16 20 24

12–12.9 6 6 8 11 14 22 28

13–13.9 5 5 7 10 14 22 26

14–14.9 4 5 7 9 14 21 24

15–15.9 4 5 6 8 11 18 24

16–16.9 4 5 6 8 12 16 22

continue ➝
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Age (years) Percentile
5° 10° 25° 50° 75° 90° 95°

17–17.9 5 5 6 8 12 16 19

18–24 4 5 5 9.5 14 20 21

25–34 4.5 5.5 55 12 16 21.5 24

35–44 5 6 6 12 15.5 20 23

45–54 5 6 6 il 15 20 25.5

55–64 5 6 6 il 14 18 21.5

65–74 4.5 5.5 5.5 il 15 19 22

Table 14 continue

Table 15. Percentiles of triceps skin fold (mm) in females aged 1–74 years

Age (years) Percentile
5° 10° 25° 50° 75° 90° 95°

1–1.9 6 7 8 10 12 14 16

2–2.9 6 8 9 10 12 15 16

3–3.9 7 8 9 10 12 14 15

4–4.9 7 8 8 10 12 14 16

5–5.9 6 7 8 10 12 15 18

6–6.9 6 6 8 10 12 14 16

7–7.9 6 7 9 il 13 16 18

8–8.9 6 8 9 12 15 18 24

9–9.9 8 8 10 13 16 20 22

10–10.9 7 8 10 12 17 23 27

11–11.9 7 8 10 13 19 24 28

12–12.9 8 9 11 14 19 23 27

13–13.9 8 8 12 15 21 26 30

14–14.9 9 10 13 16 21 26 28

15–15.9 8 10 12 17 21 25 32

16–16.9 10 12 15 18 22 26 31

17–17.9 10 12 13 19 24 30 37

18–24 9.4 11 14 18 24 30 34

25–34 10.5 12 16 21 26.5 31.5 37

35–44 12.0 14 18 23 29.5 39.5 39

45–54 13.0 15 20 25 30 36 40

55–64 11.0 14 19 25 30.5 35 39

65–74 11.5 14 18 23 28 33 36
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Table 16. Percentiles of subscapular skin fold (mm) in males aged 18–74 years 

Age (years) Percentile
5° 10° 25° 50° 75° 90° 95°

18–24 6.0 6.5 8.0 11.0 16.0 24.0 29.0

25–34 6.5 7.0 10.0 14.0 20.0 26.0 30.5

35–44 7.0 8.0 11.5 16.0 21.0 26.0 30.5

45–54 7.0 8.0 12.0 16.5 22.0 29.0 32.0

55–64 6.0 7.0 11.0 15.5 21.0 27.0 30.0

65–74 6.0 7.5 10.5 15.0 20.0 25.0 30.0

Table 17. Percentiles of subscapular skin fold (mm) in females aged 18–74 years

Age (years) Percentile
5° 10° 25° 50° 75° 90° 95°

18–24 6.0 7.0 9.0 13.0 19.0 27.0 31.5

25–34 6.0 7.0 10.0 14.5 22.5 32.0 38.0

35–44 6.5 8.0 11.0 17.0 26.5 34.0 39.0

45–54 7.0 8.5 12.0 20.0 28.0 35.0 40.0

55–64 7.0 8.0 12.5 20.0 28.0 34.5 38.0

65–74 7.0 8.0 12.0 18.0 25.0 32.5 37.0

Table 18. Percentiles of the sum of triceps skin fold and subscapular skin fold (mm) in males aged 18–74 years

Age (years) Percentile
5° 10° 25° 50° 75° 90° 95°

18–24 10.0 12.0 15.0 21.0 30.0 41.0 51.0

25–34 11.5 13.5 19.0 26.0 36.5 45.0 54.0

35–44 12.0 15.0 21.0 28.0 36.0 44.0 48.5

45–54 13.0 15.0 21.0 28.0 37.0 46.0 53.0

55–64 12.0 14.0 20.0 26.0 34.0 44.0 48.0

65–74 11.5 14.0 19.5 26.0 34.0 42.5 49.0

Table 19. Percentiles of the sum of triceps skin fold and subscapular skin fold (mm) in females aged 18–74 years

Age (years) Percentile
5° 10° 25° 50° 75° 90° 95°

18–24 17.0 19.0 24.0 31.0 41.5 54.5 64.0

25–34 18.5 20.5 26.5 35.0 48.0 64.0 73.0

35–44 20.0 23.0 30.0 40.5 55.0 68.0 75.0

45–54 22.0 25.0 33.5 45.0 58.0 69.5 78.5

55–64 19.0 25.0 33.0 46.0 58.0 68.0 73.0

65–74 30.0 25.0 32.0 41.0 52.5 63.0 70.0
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Table 20. Values of c and m of several skin folds in males

Skin fold Age (years)

17–19 20–29 30–39 40–49 > 50 17–72

Biceps (BSF) c 1.1066 1.1015 1.0781 1.0829 1.0833 1.0997

m 0.0686 0.0616 0.0396 0.0508 0.0617 0.0659

Triceps (TSF) c 1.1252 1.1131 1.0834 1.1041 1.1027 1.1143

m 0.0625 0.0530 0.0361 0.0609 0.0662 0.0618

Subscapular (SSF) c 1.1312 1.1360 1.0978 1.1246 1.1334 1.1369

m 0.0670 0.0700 0.0416 0.0686 0.0760 0.0741

Iliac (ISF) c 1.1092 1.1117 1.1047 1.1029 1.1193 1.1171

m 0.0420 0.0431 0.0432 0.0483 0.0652 0.0530

BSF + TSF c 1.1423 1.1307 1.0995 1.1174 1.1185 1.1356

m 0.0687 0.0603 0.0431 0.0614 0.0683 0.0700

BSF + SSF c 1.1457 1.1469 1.0753 1.1341 1.1427 1.1498

m 0.0707 0.0709 0.0445 0.0680 0.0762 0.0759

BSF + ISF c 1.1247 1.1259 1.1174 1.1171 1.1307 1.1331

m 0.0501 0.0502 0.0486 0.0539 0.0678 0.0601

TSF + SSF c 1.1561 1.1525 1.1165 1.1519 1.1527 1.1625

m 0.0711 0.0687 0.0484 0.0771 0.0793 0.0797

TSF + ISF c 1.1370 1.1362 1.1273 1.1383 1.1415 1.1463

m 0.0545 0.0538 0.0531 0.0660 0.0718 0.0656

SSF + ISF c 1.1374 1.1429 1.1260 1.1392 1.1592 1.1522

m 0.0544 0.0573 0.0497 0.0633 0.0771 OD671

BSF + TSF + SSF c 1.1643 1.1593 1.1213 1.1530 1.1569 1.1689

m 0.0727 0.0694 0.0487 0.0730 0.0780 0.0793

BSF + TSF + ISF c 1.1466 1.1451 1.1332 1.1422 1.1473 1.1556

m 0.0584 0.0572 0.0542 0.0647 0.0718 0.0683

BSF + SSF + ISF c 1.1469 1.1508 1.1315 1.1452 1.1626 1.1605

m 0.0583 0.0599 0.0510 0.0640 0.0768 0.0694

TSF + SSF + ISF c 1.1555 1.1575 1.1393 1.1604 1.1689 1.1704

m 0.0607 0.0617 0.0544 0.0716 0.0787 0.0731

BSF + TSF + c 1.1620 1.1631 1.1422 1.1620 1.1715 1.1765

SSF + ISF m 0.0630 0.0632 0.0544 0.0700 0.0779 0.0744
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Table 21. Values of c and m of several skin folds in females

Skin fold Age (years)

16–19 20–29 30–39 40–49 > 50 16–68

Biceps (BSF) c 1.0889 1.0903 1.0794 1.0736 1.0682 1.0871

m 0.0553 0.0601 0.0511 0.0492 0.0510 0.0593

Triceps (TSF) c 1.1159 1.1319 1.1176 1.1121 1.1160 1.1278

m 1.0648 1.0776 1.0686 1.0691 1.0762 1.0775

Subscapular (SSF) c 1.1081 1.1184 1.0979 1.1860 1.0899 1.1100

m 0.0621 0.0716 0.0567 0.0505 0.0590 0.0669

Iliac (ISF) c 1.0931 1.0923 1.0860 1.0691 1.0656 1.0884

m 0.0470 0.0509 0.0497 0.0407 0.0419 0.0514

BSF + TSF c 1.1290 1.1398 1.1243 1.1230 1.1226 1.1362

m 0.0657 0.0738 0.0646 0.0672 0.071.0 0.0740

BSF + SSF c 1.1241 1.1314 1.1120 1.1031 1.1029 1.1245

m 0.0643 0.0706 0.0581 0.0549 0.0592 0.0674

BSF + ISF c 1.1113 1.1112 1.1020 1.0921 1.0857 1.1090

m 0.0537 0.0568 0.0528 0.0494 0.0490 0.0577

TSF + SSF c 1.1468 1.1582 1.1356 1.1230 1.1347 1.1507

m 0.0740 0.0813 0.0680 0.0635 0.0742 0.0785

TSF + ISF c 1.1311 1.1377 1.1281 1.1198 1.1158 1.1367

m 0.0624 0.0684 0.0644 0.0630 0.0635 0.0704

SSF + ISF c 1.1278 1.1280 1.1132 1.0997 1.0963 1.1234

m 0.0616 0.0640 0.0564 0.0509 0.0523 0.0632

BSF + TSF + SSF c 1.1509 1.1605 1.1385 1.1303 1.1372 1.1543

m 0.0715 0.0777 0.0654 0.0635 0.0710 0.0756

BSF + TSF + ISF c 1.1382 1.1441 1.1319 1.1267 1.1227 1.1432

m 0.0628 0.0680 0.0624 0.0626 0.0633 0.0696

BSF + SSF + ISF c 1.1355 1.1366 1.1212 1.1108 1.1063 1.1530

m 0.0622 0.0648 0.0570 0.0536 0.0544 0.0727

TSF + SSF + ISF c 1.1517 1.1566 1.1397 1.1278 1.1298 1.1327

m 0.0689 0.0728 0.0646 0.0609 0.0650 0.0643

BSF+TSF+SSF+ISF c 1.1549 1.1599 1.1423 1.1333 1.1339 1.1567

m 0.0678 0.0717 0.0632 0.0612 0.0645 0.0717
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Table 22. Percentage body fat estimated by four skin fold measurements (triceps, biceps, subscapular, iliac) in males and
females

Skin folds (mm) Males Females
Age (years)

17–29 30–39 40–49 > 50 16–29 30–39 40–49 > 50

15 4.8 - - - 10.5 - - -

20 8.1 12.2 12.2 12.6 14.1 17.0 19.8 21.4

25 10.5 14.2 15.0 15.6 16.8 19.4 22.2 24.0

30 12.9 16.2 17.7 18.6 19.5 21.8 24.5 26.6

35 14.7 17.7 19.6 20.8 21.5 23.7 26.4 28.5

40 16.4 19.2 21.4 22.9 23.4 25.5 28.2 30.3

45 17.7 20.4 23.0 24.7 25.0 26.9 29.6 31.9

50 19.0 21.5 24.6 26.5 26.5 28.2 31.0 33.4

55 20.1 22.5 25.9 27.9 27.8 29.4 32.1 34.6

60 21.2 23.5 27.1 29.2 29.1 30.6 33.2 35.7

65 22.2 24.3 28.2 30.4 30.2 31.6 34.1 36.7

70 23.1 25.1 29.3 31.6 31.2 32.5 35.0 37.7

75 24.0 25.9 30.3 32.7 32.2 33.4 35.9 38.7

80 24.8 26.6 31.2 33.8 33.1 34.3 36.7 38.6

85 25.5 27.2 32.1 34.8 34.0 35.1 37.5 40.4

90 26.2 27.8 33.0 35.8 34.8 35.8 38.3 41.2

95 26.9 28.4 33.7 36.6 35.6 36.5 39.0 41.9

100 27.6 29.0 34.4 37.4 36.4 37.2 39.7 42.6

105 28.2 29.6 35.1 38.2 37.1 37.9 40.4 43.3

110 28.8 30.1 35.8 39.0 37.8 38.6 41.0 43.9

115 29.4 30.6 36.4 39.7 38.4 39.1 41.5 44.5

120 30.0 31.1 37.0 40.4 39.0 39.6 42.0 45.1

125 30.5 31.5 37.6 41.1 39.6 40.1 42.5 45.7

130 31.0 31.9 38.2 41.8 40.2 40.6 43.0 46.2

135 31.5 32.3 38.7 42.4 40.8 41.1 43.5 46.7

140 32.0 32.7 39.2 43.0 41.3 41.6 44.0 47.2

145 32.5 33.1 39.7 43.6 41.8 42.1 44.5 47.7

150 32.9 33.5 40.2 44.1 42.3 42.6 45.0 48.2

155 33.3 33.9 40.7 44.6 42.8 43.1 45.4 48.7

160 33.7 34.3 41.2 45.1 43.3 43.6 45.8 49.2

165 34.1 34.6 41.6 45.6 43.7 44.0 46.2 49.6

170 34.5 34.8 42.0 46.1 44.1 44.4 46.6 50.0

175 34.9 - - - - 44.8 47.0 50.4

180 35.3 - - - - 45.2 47.4 50.8

185 35.6 - - - - 45.6 47.8 51.2

190 35.9 - - - - 45.9 18.2 51.6

195 - - - - - 46.2 48.5 52.0

200 - - - - - 46.5 48.8 52.4

205 - - - - - - 49.1 52.7

210 - - - - - - 49.4 53.0



Functional Parameters

Recently, functional parameters have been intro-
duced to evaluate nutritional status. The most
important are listed in Table 23.

Among them, voluntary muscle function (con-
tractile function, tone, stretch reflexes) is easily
evaluated by nerve stimulation. For example, in
subjects with malnutrition, the thumb adduction
after ulnar stimulation is decreased. A non-invasive
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Table 23. Classification for systems of functional indexes of nutritional assessment

Systems and evaluable functions Factors involved

Structural integrity of cells

Fragility of erythrocytes Vitamin E, Se

Fragility of capillary Vitamin C

Strength of skin tension Cu

Experimental recovery of wounds Zn

Collagen accumulation in installed sponge Zn

Lipoprotein peroxidation Vitamin E, Se

Defence mechanisms

Leucocyte chemotaxis P/E, Zn

Leukocyte phagocyte activity P/E, Fe

Leukocyte bactericide capacity P/E, Fe, Se

Leucocyte metabolism P/E

Opsonic activity of serum P/E

Leucocyte production of interferon P/E

Blastogenesis of T lymphocytes P/E

Delayed skin hypersensitivity P/E

Rebuck’s skin window technique P/E

Transport

Intestinal absorption:

Iron absorption Fe

Cobalt absorption Co

Transport plasma-tissue:

Erythrocyte capture of Zn Zn

Erythrocyte capture of Se Se

Dosage answer to retinol Vitamin A

Plasmatic answer of chromium to glucose load Cr

Urinary answer of chromium to glucose load Cr

Thyroid capture of radioiodine I

Haemostasis

Prothrombin time Vitamin K

continue ➝



approach to muscle funct ion evaluat ion is
dynamometry. The mean hand-grabbing strength
is 48 ± 7 kg in males and 34 ± 5 kg in females; it is
greatly decreased in malnourished subjects and in
obese subjects on ipocaloric diets. In muscle biop-
sies, a loss of type II muscle fibres, increased
intracellular Ca2+ and decreased levels of phos-
phofructokinase can be demonstrated.

The above-mentioned nutritional parameters
have been linked with clinical prognosis by sever-
al paradigms. Each paradigm links specific fea-
tures of malnutrition with some immune func-
tions, since abnormal immune function correlates
with increased risk in malnourished subjects. A
surgical risk prognostic nutritional index (PNI)

predicts postsurgical morbidity on the basis of
preoperative levels of serum albumin, transferrin,
triceps skin fold thickness, delayed hypersensitiv-
ity to skin antigens, as follows:

PNI%  = 158 – 16.6 (serum albumin, g/dl) –
0.78 (triceps skin fold, mm) – 0.2 (serum transfer-
rin, mg/dl) (delayed hypersensitivity assay with 0
= anergy, 1 = 5 mm, 2 = > 5 mm).

Other paradigms take into account quality of
life, self-evaluated capability of working, perform-
ing physical activity, mood, well-being.

In the near future more sophisticated tech-
niques such as total K+ measurement or neutronic
activation measurement are expected to be more
widely available.
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Systems and evaluable functions Factors involved

Platelet aggregation Vitamin E, Zn

Reproduction

Count and mobility of spermatozoa Energy (carnitine), Zn, Vitamin E

Neurological functions

Adaptation to obscurity Vitamin A, Zn

Colour recognition Vitamin A

Central scotoma Vitamin A

Olfactory acuity Vitamin A, B, Zn

Taste acuity Vitamin A, Zn

Nervous conductivity P/E, vitamin B and B12

Skin conductivity P/E

Function of sixth cranial nerve Vitamin B

EEG P/E

Sleeping P/E

Work capacity 

Work intensity and duration P/E, vitamins B12, B2, B6, Fe

VO2 max P/E, Fe

Heart rate P/E, Fe

Vasopressory answer Vitamin C

Muscle contraction P/E

Not classified

Suppression test of d-uridine Folic acid, vitamin B12

P/E, protein-energy food

Table 23 continue



Special Techniques for Nutritional Assessment

These techniques are used to evaluate energy and
protein stores in malnourished patients at base-
line assessment or to check the efficacy of nutri-
tional support.

Bioelectric Impedance Analysis

Bioelectric impedance analysis (BIA) [4] is a
method for measurement of body compartments:
fat mass, fat free mass (FFM) and total body water
(TBW). This method affords a very fast evaluation
of body composition, while anthropometric meth-
ods (skin fold measurements) are quite time con-
suming. It also allows the measurement of the
TBW content and the intracellular and extracellu-
lar water, which are otherwise not evaluable. BIA
is reliable enough only to allow total body analy-
sis, while for body district analysis complementa-
ry data obtained from skin fold measurements are
still needed. BIA is performed by measuring the
electric conductivity of a weak current between
electrodes placed at both ends of the body. The
measurement reflects differences in the imped-
ance to electric current. Bioelectric impedance (Z)
is composed of resistance (R) and reactance (Xc).
The trigonometric ratio between R and Xc is the
phase angle (F). The greatest F is measured by an
artificial bioconductor. The human body possess-
es an individual resistance to the passage of an
electric current through it. The current passing
through a body is directly proportional to the
potential applied and inversely proportional to its
resistance. Impedance, resistance and reactance
are measured in Ohms. An electric circuit where a
tension of 1 Volt sustains a current of 1 Ampere
possesses a resistance of 1 Ohm. The intensity of
an electric current in a conductor when an elec-
tromotive force (potential) is applied to it is meas-
ured in Amperes. Reactance is the force that
opposes the passage of an alternate current. The
phase angle is calculated in relation to the reac-
tance (Xc) and resistance (R). The phase angle
may span 0 to 90 degrees, according to whether
the body circuit is completely resistive or com-
pletely reactive.

The phase angle of a healthy male adult varies
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between 4 and 15 degrees. The phase angle is a
highly prognostic index of cell membrane integrity.

The electric bioimpedance analyser generates
a stimulation current of 800 mA, with a frequency
of 50 KHz. When current and frequency are main-
tained constant, and the conductor (namely the
body of the subject undergoing the procedure) is
unchanged, electric impedance is determined by
the volume of the conductor, as follows:

V = pL/Z, where Z is impedance (Z = √ R2 +
Xc2), p is volume resistivity and L is the length of
the conductor. As Xc is much smaller than Z, we
can assume V = pL/R, where L is the height of the
subject undergoing the procedure. Nevertheless,
application of such a procedure to living beings
with their differences can hardly be so straight-
forward. When an alternate current is applied to a
living body, the fluid portion (including intra- and
extracellular fluids) behaves like a resistive con-
ductor, while cell membranes behave like a reac-
tive conductor. In the human body, lean tissues
behave like good conductors, because of their
high water and electrolyte content, with subse-
quent low resistance to alternate current.

The cell membrane consists of a double layer
of lipids, which is not conductive, between two
layers of highly conductive proteins. Cells are
highly reactive bodies, behaving as condensers
when an alternate current is applied. Bioelectric
impedance is measured at the right side of the
body, while the subject is lying on his or her back,
arms slightly aside, and legs apart enough to
avoid thigh contact. The subject may keep his
clothes on, but must be requested to remove his
shoes and socks, and every metal object.

Widely used models of analyser electrodes are
applied, according to the manufacturer’s instruc-
tions, after thorough cleansing of the skin with
ethanol, as follows: right hand, the sensor elec-
trode at the midline of the wrist, the stimulating
electrode at the third finger, 5 cm from the sensor;
right foot, the sensor electrode at the midline of
the ankle joint, the stimulating electrode at the
third finger, 6 cm from the sensor.

A thorough calibration of the analyser is
required before each measurement. Software is
supplied, which affords 12 successive analyses per
patient.



zed patients and its association with disease compli-
cations. Am J Clin Nutr 66:1232–1239

4. Anonymous (1996) Bioelectrical impedance analysis
in body composition measurement: National
Institutes of Health technology assessment confe-
rence statement. Am J Clin Nutr 64:524S–532S

The software requires the following data:
1. Height
2. Actual weight
3. Abdominal circumference
4. Buttock circumferences
5. Proximal thigh circumference
6. The impedance measured.
The elaborated data, on paper and video, afford
the following information:
1. Regional determination of fat tissue
2. Lean mass determination (FFM)
3. Fat mass determination (FAT) 
4. TBW determination
5. Basal metabolism
6. Ideal body weight
7. Balance weight.

Regional Determination of Fat Tissue

This is determined by calculating the waist/hip
ratio (W/H) and the waist/thigh ratio (W/T), in
cm. These measures overlap with the correspon-
ding anthropometric measures.

Fat-Free Mass Determination

This is measured in kg and as a percentage of the
actual weight.

Fat Mass Determination

Fat mass is measured in kg and as a percentage of
the actual weight. The bioimpedance analysis allows
measurement of visceral and intra-abdominal fat,
which is overlooked by using the skin fold measure-
ment. This is of great importance in assessing the
nutritional status and nutritional requirements of
individuals.Where available, other methods can be
used, such as DEXA, MNR, CT scan or sonography.
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Total Water Determination

Water content is greater in lean tissues, and it
changes among individuals according to age,
health condition and exercise. Total water is meas-
ured in litres, and as a percentage of lean mass.
Mean percentage measures are reported between
67.4 and 77.5% of body mass. BIA is a sufficient
method to measure TBW.

Basal Metabolism (Resting Energy Expenditure)

Basal metabolism or REE is inferred by the lean
mass of a subject, and is measured as kilocalories
(kcal) or Joules. Indirect calorimetry together
with anthropometry is a valid method to measure
REE.

Ideal Weight

This is determined by an estimation of equilibri-
um percentage of fat mass, according to age and
sex. The ideal weight for a determined group is
the weight associated with the maximal longevity.

Delta Weight 

The balance between ideal weight and the actual
weight is the delta weight. This value, along with
clinical data and laboratory tests, such as arterial
pressure, total and high-density lipoprotein cho-
lesterol, glycaemia, family history, behavioural
factors (smoking, lifestyle), allows estimation of
the coronary risk rate for the individual patient.
This procedure is complemented with a simple
cardiac step test such as a treadmill or step-up,
and with the spinal flexion test, which allows a
good evaluation of the global joint and muscle
flexibility.
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Introduction

The interdependency between nutrit ion and
immune function was recognised formally in the
1970s when immunological measures were intro-
duced as part of the assessment of nutritional sta-
tus [1]. Both the nutritional status and specific
nutrients may affect the immune system directly
(e.g., by triggering immune cell activation or
altering immune cell interactions) or indirectly
(e.g., by changing substrates for DNA synthesis,
altering energy metabolism, changing the physio-
logical integrity of cells, or altering signals or hor-
mones) [2]. Protein-energ y malnutrit ion is
accepted as a major cause of immune deficiency
worldwide, and the immune response is consid-
ered integral to the pathophysiology of many
chronic diseases [3]. Protein-energy malnutrition
is associated with a significant impairment of cell-
mediated immunity, phagocyte function, comple-
ment system, secretory immunoglobulin A anti-
body concentrations and cytokine production.

Deficiency of single nutrients also results in
altered immune response: this is observed even
when the deficiency state is relat ively mild.
Among the micronutrients, zinc, selenium, copper,
iron, vitamins A, C, E and B6, and folic acid have
important influences on immune responses [4].

Moreover, several immunological mediators
(particularly cytokines, such as interleukin [IL]-1,
tumour necrosis factor [TNF]-α and IL-6) can
drive metabolism and thus body composition in
various illnesses, and moreover they also play a
homeostatic role in the age-related changes in
body composition [5].

Knowledge of the impact of nutritional status
on the functioning of the immune system has led
to several practical applications, including the use
of immunological tests as prognostic indexes in

pat ients undergoing surgery and the use of
immunological methods to assess nutritional sta-
tus and to determine the efficacy and adequacy of
nutritional therapy [6].

Pathophysiology of Immune Response

The immune system (the cells and the molecules
responsible for immunity) is defined as part of
the host’s defence against destructive forces either
from outside the body (e.g., bacteria, viruses and
parasites) or from within (e.g., malignant and
autoreactive cells). Innate (natural) immune
defences are those components of the immune
system (macrophages, monocy tes and neu-
trophils) that function without relying on prior
exposure to a particular antigen. They are the
early phases of the host defence that protect the
organism during the 4–5 days it takes for lympho-
cytes to become activated. Adaptive or acquired
immune responses develop over the lifetime of a
human being in response to environmental chal-
lenges (pathogens or antigens). Lymphocytes are
the primary cells of the aquired immune system.
The T lymphocytes can both modulate the func-
tion of other immune cells and directly destroy
cells infected with intracellular pathogens. During
development, each T cell generates a unique
receptor by rearranging its receptor genes,
enabling the cell to produce receptors with an
almost infinite range of specificities. Once they
are mature, T cells migrate from the thymus and
perhaps the gut to the periphery, where they
encounter antigens presented to them by spe-
cialised antigen-presenting cells in the context of
a class I or II major histocompatibility complex
molecule. An additional signal derived from B
cells, macrophages, or dendritic cells is needed to
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induce lymphocyte proliferation and differentia-
tion [7]. Today, the response by T cells is consid-
ered to be not only a factor in acute infections but
also an integral component of biological processes
such as development and ageing, as well as the
pathophysiology of many chronic diseases (e.g.,
rheumatoid arthritis, type 1 diabetes, coeliac dis-
ease, cancer and cardiovascular diseases) [8].

Metabolic Effects of Immune Response
Mediators

When the organism is stressed by an injury, infec-
tion or illness, the daily swing of insulin- and
glucagon-mediated metabolic shifts between fed
and fasted states is disturbed. The organ system
charged with recognising and responding to an
injury is the immune system, which has the capac-
ity to radically change body protein and energy
metabolism and thus body composition [5]. The
antigen-presenting cell (APC) of the immune sys-
tem is typically a macrophage, tissue monocyte or
skin dendritic cell. The APC contacts an antigen,
phagocytoses it, processes an antigenic determi-
nant, and brings it to its surface in an HLA-
restricted manner in order to trigger an immune
response. This immune response requires both the
presence of a specific epitope from the antigen
and the elaboration of one or more non-specific
signals, chiefly via secretion of the cytokine IL-1.
IL-1 secretion triggers activation of T cells and
other portions of the immune response. The sub-
sequent APC-initiated signals include the elabora-
tion of TNF-α and, later, production of IL-6. These
three cytokines (IL-1, TNF-α and IL-6) are cur-
rently thought to play the most important role in
the development of the acute-phase metabolic
response, which parallels the acute-phase immune
response. Because there are receptors for these
cytokines on every cell in the body except red
blood cells, these cytokines have profound effects
on the hormones that govern metabolism as well
as acting directly on the metabolic target organs
such as muscle, liver, gut and brain [9]. The result
is an increase in resting energy expenditure, a net
export of amino acids from muscle to liver, an
increase in gluconeogenesis, and a marked shift in

liver protein synthesis away from albumin and
towards production of acute-phase proteins such
as fibrinogen and C-reactive protein [10].

Proinflammatory Cytokines

Immune response results in a variety of metabolic
adjustments that are mediated by cytokines of
leukocytic origin. Among cytokines released dur-
ing an immune response, IL-1, TNF-α and IL-6 are
the major mediators of intermediary metabolism.
These cytokines act in concert to decrease food
intake, increase resting energy expenditure, gluco-
neogenesis, glucose oxidation, and hepatic synthe-
sis of fatty acids and acute-phase proteins,
decrease fatty acid uptake by adipocytes and alter
the distribution of zinc, iron and copper. Most of
these activities result from direct interactions
between the cytokine and the responding cells.
IL-1, TNF-α and IL-6 also affect changes in
metabolism by changing levels of circulating
insulin, glucagon and corticosterone [11].

Proinflammatory cytokine peptides were orig-
inally studied for their effect on immunological
homeostasis in several areas, but they also exert
potent activity towards regulation of metabolic
responses [12]. During early post-injury or infec-
tious conditions, the initial cytokine response to
such insults likely mediates beneficial protective
signalling of the immune system. Nevertheless,
prolonged production of cytokines sustains some
metabolic effects of the hypercatabolic state.
Proinflammatory cy tokines may function by
autocrine (acting on the same cell), paracrine
(acting on cells in the immediate area), or sys-
temic mechanisms of action. They produce local
tissue responses by cell-to-cell interaction at very
low concentrations but also exert systemic effects
at higher concentrations. Among cytokines, the
proinflammatory ones (IL-1, IL-6, TNF-α, interfer-
on [IFN]-α and IFN-γ) have been more widely
studied from a metabolic perspective [13].

TNF-α is a protein primarily secreted from
monocytes and macrophages. However, many
other cell types, including adipocytes, synthesise
and secrete TNF-α [14]. Although originally iso-
lated as a soluble factor that produced cachexia
during infection and in vivo necrosis of some
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solid tumours [15], this cytokine has been impli-
cated as the initiating signal for a variety of cellu-
lar and metabolic events seen in critically ill
patients. TNF-α may circulate predominantly as a
complex with its soluble receptors, making detec-
t ion of the bioact ive ligand more difficult.
Increased levels of these soluble TNF-α receptors
are seen in response to diverse inflammatory
stimuli including sepsis, cancer and AIDS [16].
Nevertheless, elevated TNF-α levels are detected
in many disease states including bacterial infec-
tions, cancer, sepsis and AIDS [17]. TNF-α is a
metabolic hormone acting both in a paracrine
fashion, and, in some istances, as an endocrine
hormone [18]. Systemically, TNF-α has been sug-
gested to act in the brain to cause anorexia and
subsequent body weight loss [19]. The metabolic
effects of TNF-α seem to promote redistribution
of body protein and lipid stores. The result is a net
loss of peripheral tissue protein with a concomi-
tant increase in hepatic uptake [20]. TNF-α might
also act in a paracrine fashion to limit adiposity
by causing insulin resistance [14], inhibiting glu-
cose transporter gene expression [21], and
decreasing adipose tissue lipoprotein lipase activ-
ity [22]. TNF-α alters lipid metabolism in other
ways as well, stimulating lipolysis [23], hepatic
triglyceride synthesis, and subsequent hyper-
triglyceridaemia [24]. Because this can lead to
futile cycling, these effects are energetically ineffi-
cient and direct the organism towards a negative
energy balance. The chronic over-production of
TNF-α has been suggested to be a factor in
cachexia [25]. Several studies have shown that 
tissue-specific expression of TNF-α is increased in
diseases such as AIDS [26] and multiple sclerosis
[27]. Furthermore, chronic exposure to TNF-α, by
way of a TNF-α-secreting tumour, induced pro-
gressive weight loss in mice [19]. The chronic
effects of cytokines like TNF-α could cause many
of the metabolic symptoms of wasting.

IL-1 is produced by macrophages/monocytes,
neutrophils, lymphocytes and keratinocytes [12].
Its production is stimulated by TNF-α and endo-
toxin, and, like TNF-α, it may represent an early
cytokine response to injury. Once released, it
exerts multiple immunological and metabolic
effects including stimulation of ACTH [28], induc-

tion of fever, hepatic acute-phase protein synthe-
sis, and alteration of energy metabolism [12].

IL-6 is the most frequently detected cytokine
in patients with acute infection, injury, cancer and
after surgical procedures [13]. The biological
actions of this protein include regulation of acute-
phase protein synthesis [29, 30] and differentia-
tion of lymphocytes [31]. It also induces fever via
prostaglandin production [13]. Administration of
IL-6 to humans increases energy expenditure,
fatty acid and ketone production, fat oxidation,
glucose production, lactate production and glu-
cose oxidation [32]. Such effects account for many
of the manifestations of inflammatory stress,
implicating IL-6 as the direct cause of them, per-
haps the mediator of some of the effects of TNF-
α, which secondarily stimulates IL-6 production.
IL-6 in turn st imulates production of cate-
cholamines, glucagon and cortisol, which may
mediate some or al l  of the effects of IL-6.
Interestingly, IL-6 levels also increase during exer-
cise, another circumstance besides injury in which
nutrient mobilisation is essential, and are inhibit-
ed by glucocorticoids, underscoring feedback on
the cytokine cascade by the adrenal axis, which is
potently stimulated by IL-6 [33].

IFN-γ is  secreted from ly mphocy tes and
macrophages and exerts antiviral effects as well as
protection against bacteria, fungi and parasites. It
enhances TNF-α production in response to endo-
toxin [34] and increases the cytotoxicity of mono-
cytes, possibly by increasing their respiratory
burst activity [35]. A direct role for IFN-γ in
directing altered metabolic processes has not been
defined in humans, although its administration
does induce cachexia and loss of protein and lipid
stores in animals [36].

Proinflammatory cytokines have been widely
studied for their role in the pathogenesis of the
cachectic state, particularly cancer-related anorex-
ia cachexia syndrome (CACS) [37]. CACS results
from circulating factors produced by the tumour, or
by the host immune system in response to the tu-
mour, such as cytokines released by lymphocytes
and/or monocytes/macrophages. IL-1, IL-6, TNF-α,
IFN-α and IFN-γ have been implicated in the patho-
genesis of cachexia associated with human cancer.
Direct evidence of a cytokine involvement in CACS

3.5 Immunological Parameters of Nutrition 113



is provided by the observation that cachexia can
rarely be attributed to any one cytokine, but rather
is associated with a set of cytokines that work in con-
cert. These same cytokines seem to play central roles
also in cachexia related to inflammation and the
acute-phase response [37], congestive heart failure
[38], and sarcopenia [39].

The Acute-Phase Proteins 

Nutritional status can be assessed by measuring
blood levels of transport proteins, such as albu-
min, prealbumin, and transferrin. These proteins
are known as negative acute-phase proteins and
are the main facilitators of protein synthesis
under normal circumstances [40]. When a cata-
bolic process occurs, protein synthesis shifts from
negative acute-phase reactants to the acute-phase
acute reactants such as C-reactive protein and/or
fibrinogen [41].

The acute-phase response is a rapid systemic
reaction to tissue damage, typically observed dur-
ing inflammation, infection or trauma, that inte-
grates the elimination of microbes, the control of
further tissue damage and the initiation of repair
processes [42]. It is characterised by the release of
a series of hepatocyte-derived plasma proteins
know n as acute-phase reactants, including 
C-reactive protein (CRP), fibrinogen, complement
components B, C3 and C4, and by reduced synthe-
sis of albumin and transferrin [37]. IL-1, IL-6 and
TNF-α are regarded as the major mediators of
acute-phase protein induction in the liver.

In patients with advanced cancer, baseline
weight loss and Mini Nutritional Assessment
score were strongly correlated to serum CRP. So,
testing for the serum concentration of CRP at
baseline may identify a subset of patients for
whom decline in nutritional status is linked to the
presence of an active inflammatory response, a
recognised precursor of cachexia [43].

Leptin and Immune Function

Initially described as an antiobesity hormone, lep-
tin has subsequently been shown also to influence
haematopoiesis, thermogenesis, reproduction,
angiogenesis and immune response. Circulating

levels of this adipocyte-derived hormone are pro-
portional to fat mass, but may be lowered rapidly
by fasting. Impaired cell-mediated immunity and
reduced levels of leptin are both features of low
body weight in humans. There is enough reported
evidence to suggest a role for leptin in linking
nutritional status to cognate cellular immune
function, and to provide a molecular mechanism
to account for the immune dysfunction observed
in starvation [44]. The decrease in leptin plasma
concentrations during food deprivation leads to
impaired immune function, whereas the restora-
tion of leptin to normal levels by feeding after
starvation is sufficient to ameliorate the immune
response and is followed by a significant increase
in Th1 activity, supporting further the role of lep-
tin as a nutritional sensor for the immune func-
tions [45]. Therefore, leptin is the signal that con-
nects the energy stores with the immune system,
and may play a role in the immunosuppression of
starvation. Leptin seems to be a signal for the
adaptation of starvation, saving energy for muscle
and brain activity [46]. Thus, leptin could be con-
sidered a link between nutritional status and the
immune system [47].

Immunological Tests for the Assessment of
Nutritional Status

Although a large number of tests are routinely
available to assess the immunological status of
any individual’s immune system, at present there
is no one overall measure of immune function,
making it difficult to design and assess studies
aimed at determining the effect of a nutrient or
food component on immunity. Moreover, nutri-
tional changes are not likely to influence only one
aspect of the immune system, and even if they do,
they may also alter the other components [48].

In Vivo Measures of Immune Function

The delayed T-cel l  hy persensit iv ity (DTH)
response is a widely used in vivo assay for assess-
ing an individual’s bacterial host defence capabili-
ty. Suppression of the response signals a failure of
one or more components of the host defence sys-

114 Clelia Madeddu, Giovanni Mantovani 



tem. In this procedure, a series of antigens (ubiq-
uitous antigens derived from bacterial and fungal
products as well as 2,4-dinitrochlorobenzene) are
injected intradermally in the forearm and the area
of induration is measured at 24 and 48 h. The
rationale is that Langerhans cells will present the
cutaneously encountered antigens to activated or
memory T cells. Anergy (loss of cutaneous hyper-
sensitivity) to skin testing is associated with
adverse outcome from infections, burns, or surgi-
cal trauma and has been used to predict postoper-
ative complications as well as the severity of vari-
ous types of malnutrition (protein energy, iron,
zinc, and vitamins A, C and B6) [49, 50]. Because
of large interindividual variation in the response,
sequential testing in subjects might be a more
valuable use of this technique. The assumption is
that improvement in the DTH response represents
an increased resistance to infection; a decrease in
the response was reported to be strongly associat-
ed with sepsis and related mortality in intensive
care or trauma patients [51]. Neither the sensitivi-
ty nor the value of the DTH response for measur-
ing moderate changes in nutrient intake in healthy
persons is clear. However, DTH response appears
to have been used successfully in a study that
evaluated the efficacy of a nutritional supplement
in the elderly [6].

In Vitro Measures of Immune Function

In humans, studies of nutrit ional effects on
immunity most often concentrate on peripheral
blood lymphocytes. Automated peripheral white
blood cell counts and differential cell counts are
routine clinical measures that have been used as
indexes of protein-energy malnutrition [48].

Identification of Cell Types 

Flow cytometry is the most reliable technique to
determine the frequencies of different leucocyte
types in a sample. Information, in the form of
light scatter and fluorescence, is collected to
measure a variety of cell characteristics that serve
to identify leukocy tes as ly mphocy tes,
macrophages, etc. The flexibility of the flow
cytometry technique is greatly enhanced by the

use of monoclonal antibodies that recognise spe-
cific cellular markers. These antibodies, which
bind to specific cell-surface epitopes, are conju-
gated to fluoresceinated materials that, when
excited by the laser, serve to identify cell types.
Flow cytometry is also used to measure other cel-
lular parameters such as membrane fluidity, DNA
content and intracellular Ca2+.

Leukocyte Function

A frequently used in vitro method for assessing
the cell-mediated response to nutritional inter-
vention is lymphocyte cellular proliferation (blas-
togenesis). Isolated immune cells are incubated
with and without stimuli (e.g., mitogen, mono-
clonal antibody, cytokine, hormone, etc.). Briefly,
a predetermined number of purified lymphocytes
in a cell culture medium are stimulated by mito-
gens or agents that activate cells in an antigen-
non-specific fashion. After a short period of cul-
ture (approximately 3 days), the cells are pulsed
with 3H-thymidine, which is incorporated in the
newly synthesised DNA of the proliferating cells
and detected by scint i l lat ion counting.
Alternatively, the expression of activation markers
and other proteins on the cell surface in response
to stimulation can be used as markers of stimula-
tion. Other possible in vitro measurements of cell-
mediated immune function are directed against
allogenic histocompatibility antigens such as
mixed leukocyte cultures [48].

Cytokine Assays

During the past 20 years, an astonishing number
of soluble factors that influence cells involved in
the immune and inflammatory responses have
been described. These non-antibody glycopro-
teins, generated by activated lymphocytes, act as
intracellular mediators of the immunological
response and are grouped under the term
cytokines. Both nutritional status and specific
nutrients have been reported to affect the concen-
tration and production of cytokines [52, 53].
Cytokines released by cells in vitro or present in
serum/plasma may be measurable by ELISA.
However, because cytokines such as the inter-
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leukins tend to operate at very short intercellular
distances, have very short half-lives, and/or are
produced in minute quantities, ELISA detection
may be impractical. Alternatively, Northern blot
analysis or the polymerase chain reaction may be
used to measure the levels of cytokine mRNA in
cells, or intracellular cytokines may be detected by
fluorescent anticytokine antibodies and quanti-
fied by flow cytometry technique.

Apoptosis and Cell Death

Apoptosis (programmed cell death) is charac-
terised morphologically by increased cytoplasmic
granularity, cell shrinkage and nuclear condensa-
tion. The most prominent feature of apoptosis is
the activation of an endogenous endonuclease
that degrades nuclear DNA at linker sections to
fragments. It has been suggested that a decrease in
the rate of apoptosis plays a role in the pathogene-
sis and age-related events such as tumorigenesis.
Energy restriction increases apoptosis, which may
be the mechanism for its effect in suppressing
tumours, ameliorating autoimmune diseases, and
prolonging life span. Programmed cell death is an
endpoint for many cellular events, but it has not
been examined in nutrition studies [48].

Gene Expression

Specific nutrients can affect gene expression and
these changes significantly affect cellular function
[54]. In immune cells, nutrients can have an
impact on the early signals for gene expression
and on the message and proteins of genes such as
activation markers and cytokine-activation mark-
ers [55].

Cellular Metabolism

The use of energy substrates by immune cells is a
new and exciting field of research. Glucose and
glutamine are the major energy sources of the
immune system. When immune cells are activat-
ed, use of these nutrient substrates increases sub-
stantially and immune cells are extremely sensi-
tive to changes in substrate availability [56, 57].

Thus, lymphocyte metabolism is a possible bio-
marker for many nutritional interventions.

Membrane Composition

In lymphocytes, events associated with the plasma
membrane play an important role in signal trans-
duction, the expression of surface-associated mol-
ecules, enzymatic activities and cellular activation
[58]. In other cell types, modifying the lipid com-
position of the plasma membrane alters its func-
tion [59]. Changing the fatty acid composition of
lymphocyte phospholipids may be the mechanism
by which fatty acids modulate lymphocyte func-
tions [60]. Changing the n-6 and n-3 content of
immune cell lipids affects lymphocyte prolifera-
tion, cell-to-cell adhesion, plasma membrane flu-
idity, the activity of membrane-bound enzymes,
cytokine production, and the expression of some
activation epitopes [58, 61].

Influence of Nutritional Status on Immune
Response

A survey of the literature shows that most nutri-
t ional deficits lead to suppressed immune
responses. This is not surprising, since anabolic
and catabolic pathways in the immune system
require the same sort of building blocks and ener-
gy sources as other physiological activit ies.
Caloric restriction is another area of emerging
interest, with important implications for human
health. In general, moderate caloric restriction
appears to have beneficial effects on longevity and
disease resistance. However, these trends and gen-
eralisations must be approached with some cau-
tion [62].

Protein-Calorie Malnutrition

Protein-calorie malnutrition (PCM) is a major
cause of immunodeficiency. Kwashiorkor (protein
deficiency) and marasmus (generalised undernu-
trition or starvation) are the two clinical manifes-
tations of PCM. The immunological manifesta-
tions of PCM are broad and include lymphoid tis-
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sue atrophy, decreases in lymphocyte count, and
abnormally low cellular and humoral immune
responses. As a result, PCM is associated with a
high incidence of morbidity and mortality from
infections [62].

Proteins and Amino Acids

Inadequacies in general protein intake lead to
suboptimal tissue repair and decreased resistance
to infections and tumours. Studies on T lympho-
cytes indicate that protein malnutrition can have
select ive effects on immune functions [63].
Chronic protein deprivation in mice resulted in
diminished IgG and DTH responses after 3 weeks,
followed by reinstatement of normal responses by
11 weeks. Additionally, protein deprivation affects
oral tolerance to ovoalbumin. Increases in DHT
inflammatory responses suggested impaired T-cell
suppression of the cell-mediated response [64].

Arginine

Arginine is a semi-essential amino acid important
to the urea cycle, and supports the synthesis of
other amino acids and of polyamines, urea and
NO [62]. Arginine is important for cell-mediated
immunity, and exogenous sources are often
required during sepsis. The growth and function
of T lymphocytes in culture requires L-arginine.
In vivo, arginine has the effect of retarding thymic
involution by encouraging production of thymic
hormones and thymocyte proliferation. Arginine
also promotes leukocyte-mediated cytotoxicity in
a number of ways. Growth hormone receptors are
widespread in the immune system, and arginine
may increase the cy totoxic act iv it ies of
macrophages, NK cells, cytotoxic T cells, and neu-
trophils by releasing growth hormone. A product
of arginine metabolism, NO, has tumoricidal and
microbicidal activities, induces blood vessel
dilatation, and influences leukocyte–endothelial
cell adhesion.

Glutamine

Glutamine is the most abundant amino acid in the
blood and in the body’s free amino acid pool [62].

Lymphocytes and macrophages use glutamine as a
source of energy and molecular intermediates for
purine and pyrimidine synthesis. As with argi-
nine, glutamine is an essential component of
leukocyte cell culture media. Following cellular
uptake, a glutaminase in the inner mitochondrial
membrane converts glutamine to glutamate and
ammonia. Further processing results in produc-
tion of aspartate and oxidation of about 25% of
the glutamine to carbon dioxide. This ‘glutaminol-
ysis’ pathway works in conjuction with the gly-
colytic pathway to allow the combined use of glu-
cose and glutamine as energy sources in lympho-
cytes and macrophages.

The integrity of the intestinal immune system
also relies heavily on sufficient glutamine intake.
In animals, addition of glutamine to total par-
enteral nutrition inhibited the mucosal atrophy
and leucocyte depletion normally associated with
intravenous feeding, reduced bacterial transloca-
tion across the gut epithelium, and increased
secretory IgA production.

Nucleic Acids

Preformed purines and pyrimidines in the diet
appear necessary to maintain a number of cell-
mediated immunological mechanisms [62]. A
variety of T-cell-associated processes declined
when mice were fed nucleotide-free diets, includ-
ing DTH responses, graft rejection, IL-2 and IFN-γ
production, T-cell proliferation, splenic NK cell
cytotoxicity, and impairments of polymorphonu-
clear leukocyte (PMN) functions. Dietary restric-
tion of nucleotides also slowed the maturation of
T lymphocytes. On the other hand, nucleotide
supplementat ion improved human immune
responses by increasing NK cell activity in human
infants [65]. Among septic or critically ill patients,
feeding commercial diets containing nucleotides
resulted in shorter hospitalisation than feeding
nucleotide-free diets [66].

Oligoelements

Copper

In animal and human studies, copper (Cu) defi-
ciency is associated with increased susceptibility
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to infections. Cu deficiency may impair phagocyte
functions, decrease T lymphocyte numbers and
activities, lower IL-2 production, and increase B
cell numbers [67–69]. A report on human respons-
es to experimental Cu deficiency described a
decrease in T-cell proliferation [70]. Explanations
of these effects include copper’s involvement in
complement function, cell membrane integrity,
immunoglobulin structure, Cu–Zn superoxide dis-
mutase, and interactions with iron (Fe).

Iron

A reduction in the plasma iron is considered an
important host response to microbial infection.
However, a number of T-cell  and phagocy te
abnormalit ies fol low Fe deficiency [71].
Characteristic changes include reduced inflamma-
tory responses such as the DTH reaction, impair-
ments in neutrophil and macrophage cytotoxic
activity, reductions in lymphocyte proliferation,
T-cell numbers, cytokine release, antibody pro-
duction, and lymphoid tissue atrophy. Whitley et
al. [72] noted decreased allograft rejection and
changes in the migration patterns of T lympho-
cytes.

The effects of Fe on immune function may be
related to its involvement in folate metabolism,
mitochondrial energy production, the respiratory
burst, and/or its function as a component of many
metalloenzymes including NO synthase, cyclo-
oxygenase, lipoxygenase and catalase [73]. In addi-
tion, a complex network of interactions link iron
metabolism with cellular immune function in the
pathogenesis of ‘anaemia of chronic disease’ [74].

Magnesium

Animal studies have associated magnesium (Mg)
deficiency with increases in thymic cellularity and
inflammatory cells (especially eosinophils).
Magnesium deficits also elevate plasma concen-
trations of inflammatory cytokines such as IL-1,
IL-6 and TNF-α . Conversely, Mg deficiency
decreased concentrations of acute-phase mole-
cules [71]. Complement activity depends on an
optimum Mg concentration range. In vitro T-cell-
mediated lysis of target cells is directly propor-

tional to Mg concentration, an effect possibly
mediated via interactions with adhesion mole-
cules [75]. Since T cells may also induce target cell
death by release of ATP, low Mg levels enhanced
ATP-mediated killing of target cells.

Manganese

Information on manganese (Mn) and immunity is
relatively limited [67, 71]. Manganese is a compo-
nent of several metalloenzymes that may participate
in immune functions, including arginase, peroxi-
dase, catalase and Mn superoxide dismutase [73].

Selenium

Selenium (Se) deficiency is associated with sup-
pression of a large number of immunological end-
points including resistance to infection, antibody
synthesis, cytotoxicity, cytokine secretion and
lymphocyte proliferation, and is also associated
with a high incidence of cancer. Conversely, exper-
imental Se supplementation increases the most
important immune parameters, suggesting that
this element has adjuvant properties.

In a recent paper, we demonstrated that SeO2

was effective in inducing a progression of periph-
eral blood mononuclear cel ls isolated from
advanced cancer patients into the cell cycle, which
is an essential prerequisite for the physiological
functioning of the immune system and thus posi-
tively influence the immune status of advanced
cancer patients [76].

Selenium is also an essential component of
glutathione peroxidase (GPx), an antioxidant
enzyme that, in conjunction with vitamin E, pre-
vents peroxidation of cellular and membrane
lipids [71, 77]. As an example of their interaction,
lowered antibody production caused by Se defi-
ciency is reversible by vitamin E supplementation.
Since phagocytes produce reactive oxygen species,
limiting the potential for lipid peroxidation dur-
ing immune and inflammatory processes is
important to prevent autoxidation as well as dam-
age to surrounding tissues. Indeed, excess H2O2 is
neutralised by phagocyte-produced GPx.

In addition, Taylor [78] reported that Se could
mediate post-translat ional modifications of
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important immune system proteins. A study of
human mRNA sequences coding for CD4, CD8
and HLA-DR suggested alternate reading frames
that could code for selenoproteins. Taylor hypoth-
esised that redox reactions and selenium avail-
ability at these selenocysteine sites may alter the
conformation of these proteins.

Zinc

Insufficient zinc (Zn) intake may be the most
common form of mineral deficiency, particularly
among people consuming diets high in cereal and
low in animal products. The best-documented
immunological consequences of Zn deficiency are
low thymic weights and T-cell defects [67, 71, 79].
Several T-cell abnormalities are related to Zn defi-
ciency, including reduction in T-cell numbers and
responsiveness to mitogenic stimuli; T cells help
toward antibody production, DTH reactions,
thymic hormone production, T-cell activity and
T-cell maturation. Interestingly, Zn deprivation
does not affect T-cell response to Con A, while the
responses to phytohaemagglutinin and pokeweed
mitogen are reduced, suggesting differences in Zn
dependency among T-cell subpopulations.

The presence of Zn in many proteins [80] com-
plicates the understanding of Zn-related immune
effects. Zn is a widely used structural component:
Zn-finger structures are found in transcription
factors and nuclear-hormone receptors. Zn is
known to influence endocrine function: recently,
prolactin was shown to bind Zn [81]. The activity
of thymulin is Zn dependent [82], as is the respi-
ratory burst of macrophages [83]. Obviously, a
deficiency of Zn may cause numerous irregulari-
ties in the immune system.

Vitamins

Vitamins are important factors in a wide variety
of metabolic processes such as gene transcription,
enzymatic reactions and redox reactions. Reviews
of the literature present a correspondingly broad
range of immunological effects related to vitamin
deficiencies and excesses [67, 71, 77, 84].

Vitamin A

A deficiency of vitamin A is associated with in-
creased morbidity and mortality, most likely be-
cause of increased severity of infections [85]. Vita-
min A and related retinoids maintain the integrity
of epithelial boundaries and the production of mu-
cosal secretions. Some of the immunological abnor-
malities following vitamin A inadequacies include
a reduced number of leukocytes, reduced lymphoid
organ weights, reduced circulating levels of comple-
ment, impaired T-cell functions, and decreased re-
sistance to immunogenic tumours.

Vitamin A supplementation studies showed
decreases in respiratory infections and neutrophil
counts and increases in reticuloendothelial system
function, lymphocyte proliferation, tumour resist-
ance, graft rejection and cytotoxic T-cell activi-
ties. Supplementation above that required to
maintain normal vitamin A stores results in adju-
vant effects. Excess vitamin A increases antibody
and cell-mediated immune responses, stimulates
Kupffer cells and potentiates some types of liver
toxicity and gouty arthritis [86]. The inhibition of
T-cell apoptosis by retinoic acid may contribute to
its adjuvant effect [87].

The vitamin A precursor β-carotene is general-
ly considered an antioxidant with activities that
are independent of its provitamin A function.
Some of its reported benefits include protecting
host cells and tissues from oxidation by the respi-
ratory burst and promoting lymphocyte prolifera-
tion, T-cell functions, cytokine production and
cell-mediated cytotoxicity. However, Bates [88]
cautioned that carotenoids can exhibit both pro-
oxidant and antioxidant activity.

B Complex Vitamins

Pyridoxine or vitamin B6 deficiency induces lym-
phocytopenia with decrease in lymphoid tissue
weight and reduced proliferative responses to
mitogens. There are general deficiencies in cell-
mediated immunity, including allograft rejection,
IL-2 production, and the DTH response [84].
Humoral immunity is also affected, as seen by
lowered antibody responses and depression in
antigen-specific secondary responses. The pyri-
doxine requirement for nucleic acid and protein
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synthesis during lymphocyte proliferation is
probably responsible for the greater effect on lym-
phocy te than on macrophages or NK cel ls.
Appropriate vitamin B6 supplementation readily
restores the immunological deficiencies.

Cianocobalamin (vitamin B12) deficiency and
folate deficiency are clinically indistinguishable
since both are required for synthesis of thymidy-
late. Their deficiency depresses a number of
immunological parameters including the respira-
tory burst, phagocytosis by PMNs, DTH reponses
and T-cell proliferation by phytohemagglutinin.
Biotin deficiency is associated with humoral and
cell-mediated immune deficiencies. Depression in
thymic weight, antigen-specific antibody respons-
es, and reduced lymphocyte-mediated suppressor
activity have been noted. Deficiency in pan-
thotenic acid commonly leads to decreased anti-
body responses. The biochemical consequence
may be an inability to secrete newly synthesised
proteins into the extracel lular space.
Immunological abnormalities associated with
vitamin B1 (thiamine) deficiency include
increased susceptibility to infectious disease
agents, premature thymic atrophy, decreased anti-
body responses, and reduced PMN mobility [62].

Vitamin C

Vitamin C functions as a biological reducing
agent in regeneration of oxidised vitamin E [89].
Immunological problems associated with vitamin
C deficits include impairment in many immuno-
logical functions, such as decreased resistance to
infections and cancer, reduced phagocyte mobility
and phagocytosis, diminished DTH response,
reduced skin allograft rejection and wound repair.
Studies on people of different age groups demon-
strated the ability of vitamin C supplementation
to enhance many of the above immunological
parameters, including the DTH and antibody
responses [90].

Vitamin D

Vitamin D has both stimulatory and suppressive
effects on immune responses because of its influ-
ence on mineral metabolism and its hormonal

nature. For example, vitamin D stimulates matu-
ration of normal and neoplastic myelomonocytic
cel ls to more differentiated monocy tes and
macrophages. Receptors of vitamin D present on
the surface of activated lymphocytes probably
mediate vitamin D’s influence on lymphocyte pro-
liferation and function [62].

Vitamin E

Vitamin E deficiency is relatively rare in human
populations and controversy exists about recom-
mended intakes. However, its essential nature
derives from its function as a radical scavenger to
limit cell membrane peroxidation and its interac-
tions with other antioxidants [91]. Experimentally
induced deficiency leads to depressed leukocyte
proliferation, lower chemotaxis and phagocytosis
by PMNs and macrophages, and decreased
tumour resistance. Vitamin E supplementation
increased a number of immune parameters
including lymphocyte proliferation, antibody lev-
els, the DTH reaction, IL-2 production and phago-
cytosis. Supplementation also reduced PGE2 syn-
thesis, level of plasma lipid hydroperoxides, and
oxidative damage induced by burns in lung tissue.
Vitamin E supplementation also restored Th1
activity, and IL-2 and IFN-γ production in murine
AIDS [92]. Finally, in human populations high
vitamin E intake increases resistance to infections
among the elderly.

Lipids

Fatty acids (FA) function as energy sources, as cell
membrane components, and as mediators of cell
signalling. Since cell membrane composition is
partially dependent on the FA species taken
through the diet [93], dietary lipids have an
important influence on cell function. Among the
polyunsaturated fatty acids (PUFAs), the most
important dietary sources are the n-3 PUFAs.

The n-3 PUFA eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA), which are
found in fish oils, suppress the production of
arachidonic-acid-derived eicosanoids and EPA is
a substrate for the synthesis of an alternative fam-
ily of eicosanoids. Thus, dietary fats that are rich
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in n-3 PUFAs have the potential to alter cytokine
production. Several human studies have shown
that supplementation of the diet of healthy volun-
teers results in reduced ex vivo production of
IL-1, IL-6, TNF-α and IL-2 by peripheral blood
mononuclear cells. Similar results have been
found in patients with rheumatoid arthritis and
multiple sclerosis. Animal studies indicate that
dietary fish oil reduces the response to endotoxin
and to proinflammatory cytokines, resulting in
increased survival: such diets have been beneficial
in some models of bacterial challenge, chronic
inflammation and auto-immunity. These benefi-
cial effects of dietary n-3 PUFAs may be useful as
a therapy for acute and chronic inflammation and
for disorders that involve an inappropriately acti-
vated immune response [94].

In a randomised controlled study, Gogos et al.
[95] investigated the effect of dietary omega-3
PUFA plus vitamin E on the immune status and
survival of well-nourished and malnourished
patients w ith generalised malignancy. Sixty
patients with generalised solid tumours were ran-
domised to receive dietary supplementation with
either fish oil (18 g of omega-3 PUFA) or placebo
daily until death. Each group included 15 well-
nourished and 15 malnourished patients. They
found that omega-3 PUFA had a considerable
immunomodulating effect by increasing the ratio
of T-helper cells to T-suppressor cells in the sub-
group of malnourished patients. There were no
significant differences in cytokine production
among the groups, except for a decrease in TNF-α
production in malnourished cancer patients,

which was restored by omega-3 fatty acids. The
mean survival was significantly higher for the
subgroup of well-nourished patients in both
groups, whereas omega-3 fatty acids prolonged
the survival of all the patients [95].

Conclusions

Nutritional status and specific nutrients may
impact on the immune system. In addition, altered
immune status can impact on nutritional status.
For example, immune response to injury (infec-
tion, cancer, etc.) can change the efficiency of the
body to adsorb and utilise nutrients, alter meta-
bolic rate, modify hormone secretion, alter hepat-
ic synthesis of proteins or lipids, change intracel-
lular enzymes (gluconeogenesis, lipogenesis, etc.).
Mediators of immune response such as proinflam-
matory cytokines and CRP are involved in the
pathogenesis of several metabolic disorders (dia-
betes mellitus, insulin resistance, obesity, cachexia
associated with different chronic diseases) and
have a well-recognised role as prognostic factors
of disease outcome and survival. So, the assess-
ment of immunological parameters has to be
included in an exhaustive global assessment of
nutritional status, especially with the aim to
develop and to monitor the effect of nutritional
approaches. Another exciting field of research is
the attempt to modulate immunocompetence in
health and disease by designing nutritional sup-
plements and diets aimed at modulation of specif-
ic immune functions [96].
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Introduction

Functional assessment is at the heart of under-
standing how a chronic disease and its therapy
impact on patients. It puts into tangible terms
what the patient is capable of and brings an
understandable ‘human context’ to the patient
burden. Functional status can be a prognostic
indicator. It may also have a role in treatment
selection for individual patients and be used to
enter and stratify patients in clinical trials. It
remains to be seen whether it will be possible and
practical to use end-points such as function (and
other related end-points such as ‘quality of life’) to
direct individual patient management. Using can-
cer cachexia as a paradigm, this chapter sets out
to discuss some of the broader issues in function-
al patient assessment. New approaches to assess-
ing function and preliminary experience with an
emerging technology are also presented.

Traditional end-points such as survival are
used because there is certainty over the event and
its meaning. However, the translation of other
apparently clear-cut outcomes such as tumour
response or weight gain in a cachectic patient into
tangible patient benefit cannot be taken for grant-
ed [1]. There is a requirement for patient-centred
end-points in medicine especially when confront-
ed by a chronic disease, when cure may not be a
realistic proposition and maximising function
and well-being for as long as possible becomes the
priority. These end-points should be robust
enough to assess objectively individual patients
and the therapeutic benefit they are deriving from
an intervention and ‘user-friendly’ enough for
both patient and medical staff to complete in a
busy environment. For some (physicians and
patients alike), acknowledging the shift from ‘cure’
to ‘preservation’ represents a significant lowering

of expectation and may be difficult. This may also
demand more of ‘physician–patient’ communica-
tion and of their relationship. However such a
shift has the potential to assist the patient in mak-
ing the most of their capabilities. Assessing a dis-
ease and its therapy with these end-points may
also facilitate an understanding of treatment aims
and agreement between the patient and physician
on the likelihood of achieving these aims – does
greater survival come at the expense of marked
morbidity and increased functional dependence?
Patients may have different priorities and expec-
tations when assessing treatment options and
greater insight into the likely effects of an inter-
vention may assist in their decision-making. An
increased understanding of the possible function-
al effects of a therapy may also raise awareness of
the patient, their family and the medical team and
allow them to identify problems at an early stage.

In addition to more rigorous and comprehen-
sive individual patient care, a functional approach
to assessing illness and intervention offers the
possibility of enhancing the profession’s under-
standing of both disease and treatment. There are
also wider societal, financial and service costs
from the burgeoning number of therapeutic
options in medicine. To make health service and
policy decisions about the affordability and cost-
effectiveness of an intervention requires as clear
an understanding as possible of the likely benefits
and toxicities to be derived. Functional assess-
ment may hold promise in providing information
to assist in making these decisions.

What is Functional Assessment?

Functional assessment in medicine has been for-
malised. It involves obtaining information about
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‘activities of daily living’ (ADL) on three levels
using tools specific for each of these levels:
1. Basic activities of daily living (BADL), which

include bathing, dressing and feeding (e.g.
Barthel index [2]) 

2. Intermediate or instrumental activities of daily
living (IADL), which comprise activities such
as shopping, housework and finances (e.g.
Lawton IADL scale [3]) 

3. Advanced activities of daily living (AADL),
which include more complex personal, family
and social roles (e.g. Reuben AADL scale [4]).
In the present chapter, a less restrictive con-

cept of patient function is used. Some of the tools
already in widespread clinical use in oncology are
less rigorous in their assessment of these different
levels of functioning or health domains. However,
even abbreviated tools can collect important
information with prognostic value.

Although functional assessment is well estab-
lished in oncology, geriatric medicine exemplifies
‘complete’ functional assessment. Applying the
‘comprehensive geriatric assessment’ (CGA)
method has been demonstrated to improve
patient function [5]. This tool assesses patient
function, co-morbidity, nutrition and mental sta-
tus. There is a growing voice within ‘geriatric
oncology’ to use the CGA or a similar tool to opti-
mise pat ient management. Some cachect ic
patients may be biologically older than their
chronological age and tools like the CGA therefore
deserve further study in cachectic patients.

Performance Status as a Functional End-Point
in Oncology

Assigning a ‘performance status’ (PS) score to a
patient is the most common form of functional
assessment in oncology. There are several PS tools
in widespread use, providing a formal framework
for gathering functional information and influ-
encing treatment decisions. Common examples
are the Karnofsky PS score (KPS) [6], an 11-point
scale from normal (score = 100) to deceased (0)
and the World Health Organisation (WHO) PS
score [7], a more succinct five-point scale from
normal (0) to completely disabled and confined to

bed/chair (4). These scores assess several variables
including patient independence and ability to
work and be active. These performance status
tools are simple and broadly comparable. They are
quick, convenient and readily administered in the
clinic and are of prognostic value. They are, how-
ever, scored by a third party (e.g. physician) usu-
ally from information gleaned in dialogue with
the patient (cognitive status permitting) and this
has been a point of criticism. In fact the literature
on patient–physician agreement is inconclusive.
Whilst some find little consistency [8], others [9]
find that there is general agreement between
oncologist and patient-generated PS scores (in
this case using another common tool – the
Eastern Co-operative Oncology Group [ECOG] or
‘Zubrod’ tool [10] – analogous to the WHO tool).

There are other concerns – it has been suggest-
ed that PS suffers from being too narrow a tool
[11], that inter-observer reliability is only moderate
[12] and that conventional PS tools may be less
informative in older patients [13]. In addition, it is
unclear just how objective and accurate is the
information obtained in PS assessment.
Undoubtedly there is scope for the further refine-
ment of routine functional assessment – to
increase objectivity and information content, to
optimise the application and clinical utility of the
information that is collected and to develop tools
that provide free-living information. However,
despite these concerns, it remains the case that by
applying these tools widely in oncology, function
has rightly assumed an important role in patient
assessment and has become established as a means
of assessing suitability for therapy and as an entry
and stratification criterion for clinical trials.

Contrasting Performance Status and Quality of
Life – Two Patient-Centred, ‘Non-survival’ End-
Points in Common Use in Oncology

In common with PS assessment, quality of life
(QoL) tools gather patient-centred information,
which may also be of prognostic value. Quality of
life questionnaires elicit information on physical
functioning and much more. This breadth leads
some to consider them more effective and mean-
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ingful than simple functional assessment alone,
but how do these two non-survival end-points
contrast? 

Protagonists of QoL methodology point out
that it may herald a paradigm shift in medicine
away from a disease-oriented and towards a
patient-centred perspective [14]. But what is ‘qual-
ity of life’? This has been a difficult concept to
define and although QoL assessment has entered
widespread use in oncology, there remains consid-
erable debate about this central issue. What is
clear is that it is a multidimensional concept with
a broader scope than performance status. The
WHO has defined health as a ‘state of complete
physical, mental and social well-being’ [15] and
most comprehensive QoL tools will include an
assessment of these ‘domains’. Health-related QoL
(HRQoL) focuses on QoL in the presence of illness
and concentrates on gathering information on
those parameters most affected by the illness and
its treatment. An example of a ‘generic’ QoL tool is
the Medical Outcomes Study Short-Form Health
Survey, SF-36 [16] and there are several commonly
used oncology-specific tools (e.g. European
Organisation for Research and Treatment of
Cancer, EORTC [17] and Functional Assessment of
Cancer Therapy, FACT [18]).

A recent study by Cohen [19] is informative in
discussing what ‘quality of life’ means to patients.
Patients’ definitions of QoL were grouped into five
domains – the patient’s own state, the quality of
their palliative care, their physical environment,
relationships and outlook – and the authors com-
mented that no single instrument at that time
addressed all of these. Relevant to the study of
cachexia, Greisinger [20] and Steinhauser [21]
have also addressed this issue in patients with a
prognosis of 6 months or less. Although attempt-
ing to record accurately the patient’s experience,
most QoL tools use researcher-defined domains
(such as physical, functional, social and emotional
well-being [22]) and there is a concern that in so
doing they may reflect the views of health profes-
sionals rather than patients. Waldron [23] studied
determinants of QoL and suggested that the
emphasis placed on health by many QoL tools
might be questionable in patients with advanced
cancer.

Whilst the variables assessed by functional or
PS tools contribute in some way to QoL, these are
not interchangeable or directly comparable
methodologies. Performance status correlates
with other ‘medical variables’ in the disease
process. However, a greater understanding of what
functional information is most appropriate to col-
lect, the relationship of functional assessment to
individual QoL domains, whether function alone
is a surrogate for overall ‘quality of life’, how to
collect optimally and interpret functional infor-
mation and whether or not questionnaire-based
functional assessment is accurate are all questions
that need further study.

Quality of life tools tend to gather subjective
data. In contrast, some functional assessment
tools (such as the ‘Simmonds Funct ional
Assessment’, see below) can provide objective
information. One of the challenges with tools such
as this is how to know that what is measured in a
controlled environment reflects the patient’s ‘free-
living’ experience in their own environment.

Although there has been increasing interest in
and utilisation of QoL tools, both in research and
in some aspects of clinical practice, these tools
tend to be complex and represent a significant
burden for clinician and patient. Shorter tools that
give a ‘global’ QoL score have been shown to give
meaningful information [24] but they have not
generally been favoured as it has been felt that
they provide little understanding of what deter-
mines the score. They have also been felt to be less
responsive to change over time and they are seen
as less helpful in identifying unexpected out-
comes. The tendency to favour more comprehen-
sive instruments means that they become more
time consuming and are not well suited to routine
use in the clinic. They require sophisticated analy-
sis, training in their use and expertise in their
applicat ion and interpretat ion. Measuring
responses and analysing and interpreting QoL
data are also challenging [25]. Although a large
amount of information is gathered by QoL tools, it
is unclear how this information should best be
synthesised – for example, should individual
responses or domains be weighted, and if so, how?
Selection bias due to drop-out resulting from the
complexity of the tools has already been a hurdle
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in some QoL studies [26]. Common QoL tools are
not interchangeable and are unlikely to be directly
comparable [27]. It is important to choose the
most appropriate QoL tool for the study popula-
tion as different tools may lead to different results
or conclusions. Consideration should also be
given as to the timing of data collection [28]. Such
complexities have given rise to recent calls for an
international consensus on how to assess quality
of life in oncology [29]. Finally, it remains unclear
how useful QoL tools are in routine practice. In
busy clinic settings, logistics may impede the rou-
tine collection of QoL data [30] and strategies are
needed to overcome this.

Many of these challenges will also be relevant
to developing functional assessment as an effec-
tive means of gathering sufficient information
about cachectic patients to optimise holistic man-
agement. Although one method is sometimes pre-
sented as superior to the other, PS and QoL tools
are different. Given the likely interdependence of
function and other aspects of patient well-being,
these two methodologies may turn out to be com-
plementary and composite tools may be needed
for optimum patient assessment in cachexia.

Cancer Cachexia: The Importance of Functional
Assessment

What is Cancer Cachexia and how Might It Affect
Function?

The workshop ‘Clinical Trials for the Treatment of
Secondary Wasting and Cachexia: Selection of
Appropriate Endpoints’ (1997) indicated a lack of
consensus as to the definition of cachexia and its
evaluation and treatment [31]. Consensus is
required to facilitate the rigorous evaluation of
patients with cachexia and the assessment of
interventions. Non-volitional weight loss has often
been used as a surrogate for ‘cachexia’. However,
this fails to capture the subtleties of the syn-
drome. Patients may demonstrate metabolic
changes in the absence of weight loss [32] and it is
unclear how weight change relates to variables
like function and quality of life. There remains a
need for consensus on a clinical and research defi-

nition of cachexia and recognition of categories of
cachexia by prognostic severity. This would facili-
tate the comparison of studies and assist in the
development of targeted therapies. Pragmatic
clinical definitions of the syndrome do exist [33]
but greater detail and objectivity are needed for
research purposes.

The cancer cachexia syndrome is usually diag-
nosed clinically in patients with advanced cancer
who display features of non-volitional weight loss
and muscle wasting. Patients may undergo a pro-
found change in body image and often have severe
anorexia and chronic nausea. Inanition, depres-
sion and fatigue may be compounded by reduced
social interaction and loss of independence
incurred as the result of muscle wasting (primary
and secondary) and loss of physical reserve. Such
wasting is not unique to cancer but may also be
observed in other chronic illnesses including
rheumatoid arthritis, end-stage renal failure, heart
failure, HIV/AIDS, chronic obstructive pulmonary
disease and chronic liver disease.

Selective loss of skeletal muscle protein mass
due to a combination of reduced synthesis and
increased degradation is characteristic of cachex-
ia [34]. There is often an increase in whole-body
protein turnover [35] and this may reflect
increased visceral protein synthesis, particularly
in the liver. Proteolysis-inducing factor (PIF) [36]
is frequently present in weight-losing cancer
patients and may be one mediator of muscle loss,
possibly via activation of the ubiquitin–protea-
some pathway [34]. Activation of the systemic
inflammatory response due to enhanced proin-
flammatory cytokine release is also common in
weight-losing cancer patients and can be inferred
from an elevated serum C-reactive protein (CRP).
Systemic inflammation is often associated with
anorexia, reduced food intake and reduced volun-
tary activity, which may lead to secondary muscle
wasting.

The sequelae of cachexia all tend to impede
physical function, making the latter not only an
obvious and relevant variable for assessing
cachectic patients but also potentially a meaning-
ful study end-point.
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The Functional Impact of Cancer Cachexia

Many of the consequences of cachexia are likely to
impact on patient function but as yet this has not
been studied in detail. There is, however, a consid-
erable body of knowledge about the importance of
weight loss in relation to clinical end-points and
treatment variables. Scott [37] studied patients
with inoperable non-small-cell lung cancer –
about 40% had at least 5% weight loss and almost
80% an elevated CRP. Weight-losing patients had a
significantly lower KPS and overall QoL and
greater fatigue and pain. An elevated CRP was
independently associated with increased fatigue.
In patients with advanced gastrointestinal (GI)
cancer receiving palliative chemotherapy, Persson
[38] showed that those who were losing weight
had a reduced global QoL. In addition, on multi-
variate analysis, poor performance status and
weight loss were independently related to
decreased survival and a lower probability of
responding to treatment.

O’Gorman has published a series of studies in
advanced GI cancer [39–41]. Patients with more
than 5% weight loss had a higher serum CRP,
lower serum albumin, lower anthropometry meas-
ures, poorer appetite and lower QoL scores. Both
low performance status and elevated CRP were
associated with adverse survival independent of
weight loss. Over a 6-week period, patients losing
more than 3% of their body weight had a higher
CRP and lower KPS and anthropometry measures.
Patients who gained more than 3% body weight
had a higher KPS. The authors suggested that a
loss or gain of more than 2.5 kg over 6–8 weeks
was required to produce a significant change in
performance status in weight-losing patients with
GI cancer.

In a one-month study of 24 patients with lung
cancer, Sarna [42] used the KPS and two patient
self-reported tools to show that in those not
receiving chemotherapy physical function wors-
ened. In the sample of 24 patients, one third had
difficulty walking one block or more, 79% had
serious fatigue and 44% difficulty with household
chores. Only 21% were completely satisfied with
their level of activity.

A recent study by Yadav [43] has looked at 100

ambulant patients with advanced lung cancer.
Funct ional ability was assessed object ively
(Simmonds Functional Assessment and 6-minute
walk), KPS recorded and standardised question-
naire data collected (using a fatigue scale and a
disease-specific tool). The authors concluded that
measurable differences in daily tasks were identi-
fiable when patient data were compared with nor-
mative data for middle-aged (30–59 years) and
older (over 59 years) controls and that objective
functional ability was an independent end-point
in this patient population. Simmonds Functional
Assessment [44] combines a self-reported ques-
tionnaire that collects information on symptoms
and function and a panel of nine physical tasks
(including tying a belt, putting on a sock and
walking tests). In the original analysis, a control
group out-performed cancer patients and the
questionnaire and physical tasks were comple-
mentary. It was suggested that the tool could be
useful for patient and outcome assessment.

These and other studies support a relationship
between weight loss, decreased performance sta-
tus, increased symptomatology, reduced tolerance
and efficacy of palliative chemotherapy and
decreased survival. They illustrate the profound
impact that cachexia has on the function, well-
being and prognosis of patients with advanced
cancer.

The Importance of Functional Assessment in Advanced
Cancer and Cachexia

It goes without saying that the best way to treat
cancer cachexia is to treat successfully the
patient’s cancer. For some patients oncological
therapy may be influenced by chronological age
[45, 46]. However, it is often recognised that physi-
ological age is perhaps more important.
Functional assessment may provide one measure
of this robustness and contribute to the shift in
medical treatment delivery away from being
unduly governed by chronological age and
towards a greater use of markers of ‘biological
age’ or risk. Understanding the relationship, there-
fore, between functional status and overall patient
‘fitness’ and ‘reserve’ is important.
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Unfortunately, for many of patients w ith
advanced solid malignancy, progression of disease
occurs despite active oncological therapy. At this
point patients have often been weakened by the
catabolic side-effects of anti-cancer therapy and
their low performance status requires that any
anti-cachexia therapy is non-toxic and w il l
improve function. Understanding the determi-
nants of function (such as cachectic muscle per-
formance or mood) may assist in developing such
selective therapies in cachexia.

Functional End-Points for Regulatory Approval of Anti-
cachexia Therapies 

The importance of identifying robust, objective
functional outcomes is recognised by regulatory
bodies [47]. In approving growth hormone for the
treatment of AIDS-related wasting, the American
Food and Drug Administrat ion (FDA) took
account of an improvement in functional status
reflected by an increase in treadmill work output
compared with placebo [48]. It must be pointed
out, however, that the relationship of laboratory-
based tools such as the treadmill for assessing the
capacity of patients to perform work bears an
uncertain relationship to ‘free-living’ activity. The
development of ‘intelligent’, ambulatory personal
activity monitors (see below) may herald a new
era in objective functional assessment in the
patient’s own environment.

Physical Activity: A Novel, Objective, ‘Free-Living’ End-
Point in Functional Assessment?

Physical Activity Level

In refining functional patient assessment and
deriving objective, ‘free-living’ end-points in
cachexia, ‘physical activity level’ (PAL) is worthy
of further study [49]. Physical activity is influ-
enced not only by several QoL domains, but also
by several different specific features of cachexia
(e.g. anaemia [50]), giving it validity as an end-
point.

A person’s total energy expenditure (TEE) is
made up of resting energy expenditure (REE) and
the energy cost of physical activity (Fig. 1). PAL

represents TEE divided by REE and can be meas-
ured accurately using doubly labelled water (to
measure TEE) combined with indirect calorimetry
(to measure REE). PAL expresses the energy
expended on physical activity in relation to an
individual’s REE without needing to control for
age, sex, weight or other parameters and is there-
fore a convenient way of comparing activity.
Technological advances mean that assessing phys-
ical activity is now an evolving field and small,
l ightweight, ‘ intel ligent’ personal act iv ity
recorders capable of recording activity in consid-
erable detail and possibly of estimating the energy
expended on physical activity are now being
developed (see below).

In anorectic wasted cancer patients, although
REE may be increased, total energy expenditure
may actually fall, suggesting a compensatory
down-regulation of overall energy demands via a
reduction in physical activity [51]. This reduction
in physical activity may reach 50% or more [51]
and seems likely to affect adversely QoL to a
major degree.

Doubly labelled water is the gold-standard for
measuring total energy expenditure in free-living
people and any new methodology to estimate PAL
needs to combine this with indirect calorimetry in
order to achieve adequate validation. Doubly
labelled water is a relatively simple test to perform
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but the raw materials and analytical equipment
are expensive and considerable expert ise is
required [52]. Stable isotopes 2H and 18O are used
to enrich the body water pool. These are then lost
from this pool as water (in the breath, urine and
sweat) and additionally in the case of 18O, as CO2

in the breath. Samples of urine or blood are col-
lected at the beginning and end of the study peri-
od, which is typically of the order of 2 weeks.
These are then analysed using mass spectrometry.
The washout curve for 18O is steeper than for 2H
and the difference represents CO2 production – an
indirect measure of metabolic rate.

In a recent study of the components of energy
expenditure in cachectic cancer patients, resting
energy expenditure was shown to be elevated, but
total energy expenditure and therefore physical
activity level were significantly decreased [53]. In
the same study, patients were randomised subse-
quently to either an n-3 fatty acid enriched or a
conventional oral nutritional supplement. The n-3
enriched supplement resulted in the patients
achieving normal physical activity levels, whereas
there was no significant difference with the con-
trol supplement [53]. These results demonstrate
the practical application of physical activity level
as an objective end-point in prospective ran-
domised trials.

Ambulatory Monitoring of Physical Activity: A
New Way of Assessing Patient Function 

Assessing patients’ ambulatory function under
free-living conditions has long represented a chal-
lenge for the bio-medical community. A number
of groups have now reported devices capable of
discriminating between different postural states,
e.g. sitting, lying, standing, stepping [54, 55],
although performance is likely to vary between
instruments [56]. It has even proved possible to
generate a ‘behavioural map’ of the wearer by
incorporating a global positioning system [57].

There are significant challenges in developing
these instruments including adequate recording
precision, data acquisition and memory, practical
energy requirements, fixation methods, device
size and weight, and sufficient memory capacity.

Any device that is to be worn for several days will
need to be securely attached. It may need to be
waterproofed and should be easily
removed/replaced by the wearer. To some extent
these hurdles are beginning to be overcome.

Experience with an Ambulatory ‘Physical Activity Meter’

We are currently undertaking pilot work with an
advanced physical activity meter (Fig. 2), the
activPAL™ professional ‘physical activity logger’
(PAL Technologies, Glasgow, Scotland). This records
the time that is spent lying/sitting, standing and
stepping. In addition it will display the number of
up-down/down-up transitions, the stepping
cadence and estimated energy expenditure. From
this estimated energy expenditure it is possible to
derive an estimated PAL (the estimated energy
expenditure function has not yet been validated
against standard methodologies, e.g. doubly
labelled water). The lightweight device is about the
size of a matchbox and worn on the front of the
thigh. It can record about a week of data, which is
downloaded onto a computer, analysed by propri-
etary software and displayed (Fig. 3).

Table 1 shows preliminary results from nine
cachectic patients with upper GI cancer (varying
primary sites) who wore the activPAL™ meter for
1 week. Many of the patients were receiving pallia-
tive chemotherapy at the time of activity assess-
ment. Their physician-assigned WHO perform-
ance status was recorded at the beginning of the
week. The total time spent upright (stationary or
moving) was combined and used to derive a figure
for the average proportion of an idealised 16-hour
waking day spent in the vertical position. This was
done to allow a provisional comparison to the per-
formance status score. A WHO performance status
of 0–2 suggests that the patient is up and about for
more than 50% of the waking day; however, from
the meter data it appears that patients have a very
low level of physical activity, spending on average
only about 20% of an idealised day in the vertical
position. The estimated PAL is also extremely low.
This is only a first-order estimate. Whilst this may
reflect a true reduction in physical activity, it
might also suggest that this parameter (derived
from meter information) may require calibration
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from gold-standard measurements using doubly
labelled water/indirect calorimetry. Further study
is clearly required; however, despite these reserva-

tions, the preliminary data raise the suggestion
that patients with cancer cachexia may be less
active than we realise.
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Fig. 2. The activPAL™ professional physical activity logger attached to the front of the thigh

Fig. 3. An example of data from the activPAL™ meter. (Reproduced with permission)



There remain appreciable challenges in devel-
oping physical activity meter technology. These
include determining the acceptability, reliability
and practicality of the equipment, deciding which
variables should be reported, the appropriate tim-
ing, frequency and duration of data collection and
how the information should be presented and
interpreted. In addition, devices such as the
activPAL™ need to be ‘tested’ in populations with
differing levels of activity. As with all assessment
tools, it is conceivable that in setting out to meas-
ure a variable, its level is inadvertently changed.
However, these devices measure activity objective-
ly over a prolonged period of time, which is likely
to increase the chances of obtaining an accurate
reflection of contemporary activity. The initial
experience suggests that the device is acceptable
to patients.

Conclusions

Many cachectic patients lose significant body
weight and functionally important tissue (e.g.

skeletal muscle) and they may also experience a
number of additional effects of the cachexia syn-
drome (e.g. fatigue). One consequence of this may
be a reduction in activity, which could translate
into reduced independence and ‘quality of life’.
Functional assessment in cachexia has the poten-
tial to describe the day-to-day patient burden of
the illness and should allow greater understand-
ing of how it affects patients. In turn, this may
help in the development of targeted therapies, the
robust assessment of interventions and compre-
hensive patient care. Physical activity level meas-
ured by conventional methodolog y (doubly
labelled water/indirect calorimetry) or estimated
by an ambulatory physical activity meter offers an
objective approach to the free-living assessment
of such function in cachectic patients.
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Table 1. Performance status and activity assessment in a group of patients with upper gastrointestinal cancer and cachexia

Age Sex %WL WHO %UP ePAL pPAL

43a M 10 0 28 1.23 1.5

46a M 26 1 32 1.15 1.5

47a F 7 0 23 1.15 1.5

55a M 39 2 18 1.1 1.5

59a M 19 2 36 1.23 1.5

62 M 19 2 10 1.08 1.5

65a F 6 2 2 1.01 1.5

69 F 44 2 17 1.09 1.5

70a M 9 2 12 1.09 1.5

aReceiving chemotherapy (not all patients were receiving the same regimen or had their activity recorded at the same
point in their treatment schedule)
%WL, per cent of ‘usual’ weight lost; WHO, physician-assigned World Health Organisation performance status; %UP,
Proportion (in per cent) of an ‘idealised’ 16-h waking day spent upright (either moving about or stationary); ePAL, esti-
mated physical activity level derived from meter information; pPAL, predicted physical activity level; a PAL of 1.5 is typi-
cal of a healthy, sedentary adult
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SECTION 4
THE DIFFERENT FEATURES OF WASTING IN HUMANS



Introduction

In medicine, specific combinations of symptoms
and signs contribute to establishing a diagnosis.
However, symptoms or constellations of symp-
toms (i.e., syndromes) per se may not be specific
for a single disease; rather, they are observed dur-
ing the clinical course of a number of acute and
chronic diseases. Among them, anorexia is a high-
ly prevalent syndrome that heavily impacts on the
prognosis of patients suffering from acute (i.e.
sepsis) and chronic (i.e. cancer, liver cirrhosis,
chronic renal failure, chronic obstructive pul-
monary [COPD]) diseases.

Anorexia is grossly defined as the loss of the
desire to eat and is almost invariably associated
with reduced food intake. As a consequence,
reduced calorie intake should be considered as the
consequence and not part of the clinical defini-
tion of anorexia. However, since these two aspects
are strictly interconnected, they are often used
synonymously.

Anorexia is among the physiological responses
prompted in the host by internal/external insults
(i.e., immune system activation, increased energy
expenditure, etc.). Initially, all these changes are
believed to help the host organism to isolate and
fight invading cells. As far as anorexia is con-
cerned, the beneficial effect is usually assumed to
be related to a number of mechanisms. First, the
host saves energy by not moving around in search
of food, which also reduces heat loss that would
otherwise occur from increased convection. The
conserved energy is then available for the body’s
fight against disease. Second, the suppression of
food intake during disease may be important in
reducing both the availability of nutrients essen-
tial for invading organisms and energy expendi-
ture for digestion. The initial beneficial effect of

anorexia during disease is supported by a classic
study in which force-feeding of experimentally
infected mice increased their mortality [1].
Nevertheless, long-lasting anorexia compromises
host defence and ultimately delays recovery.

As a consequence, the clinical relevance of
anorexia varies according to the time course of
the underlying diseases. In acute clinical states,
such as sepsis or influenza infection, anorexia
does not represent a therapeutic target, since
quick and effective treatment of the underlying
disease is the main goal and inevitably leads to an
amelioration of eating behaviour. In chronic clini-
cal states, anorexia should be considered and
treated because its long-lasting effects on food
intake and quality of life impact on patient’s prog-
nosis.

Diagnostic Tools

It is still difficult to clearly define and diagnose
anorexia. Sometimes, a visual analogue scale is
used, which is a useful tool in epidemiological or
prospective studies but may prove quite unreliable
if small changes in appetite need to be detected
[2]. Very often, the diagnosis of anorexia is based
on the presence of reduced energy intake, even if
this approach is misleading, since the reduction of
ingested calories might be the consequence of
dysphagia or depression rather than a sign of true
anorexia, as previously mentioned. To reliably
assess the presence of anorexia, a number of
symptoms reflecting an interference with food
intake and likely related to changes in the central
nervous system control of energy intake have
been identified (Table 1) [3]. Patients reporting at
least one of these sy mptoms are defined as
anorectic. However, considering that this diagnos-
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tic tool provides only a qualitative assessment of
the presence of anorexia, it may be advisable to
also quantify the degree of anorexia via the visual
analogue scale.

Prevalence

As a consequence of the difficulties in clearly
defining and diagnosing anorexia, its prevalence
in different clinical conditions has yet to be pre-
cisely assessed. A clear example is given by the
anorexia associated with cancer. In 300 cancer
patients, Geels et al. identified the nine most com-
mon symptoms using both patients’ responses to a
quality-of-life questionnaire and graded toxicity
data collected on case report forms [4]. Based on
the latter, anorexia was detected in approximately
13% of patients, while according to the former
55% of patients were diagnosed as anorectic [4].

Cancer

An acceptable estimate of the prevalence of cancer
anorexia can be derived from a number of papers
showing that approximately 50% of cancer patients
upon diagnosis report abnormalities of eating
behaviour [5, 6]. While this figure may slightly over-
estimate the actual prevalence of cancer anorexia, it
is generally acknowledged that anorexia and
reduced food intake are frequently encountered in
cancer patients [6]. Moreover, anorexia is usually
the symptom urging the patients to refer to their
physicians, and its alleviation is perceived as a sign
of benign evolution of the disease.

Prevalence data are more reliable in terminally
ill cancer patients. In this subset of patients, the
prevalence of anorexia ranges between 60% and
65% [7, 8]. Based on these alarming figures and
considering that 20% of cancer deaths are due to
malnutrition per se [9], it is reasonable to con-
clude that many cancer patients starve to death.

Liver Cirrhosis

Similarly to what is observed in the course of neo-
plastic disease, patients suffering from chronic
liver failure frequently experience anorexia. In a
recent paper, Marchesini et al. assessed the pres-
ence of anorexia in 174 patients with advanced
liver cirrhosis (Child-Pugh score ≥ 7; class B or
C), using the guiding symptoms previously men-
tioned. The data showed that more than 50% of
patients were anorectic [10].

Chronic Renal Failure

In this clinical setting, anorexia is among the most
important causes of malnutrition. It is pervasive
in patients treated conservatively (medical and
dietetic) and almost invariably found in patients
on haemodialysis [11].

Chronic Obstructive Pulmonary Disease

In COPD patients, the prevalence of anorexia is
particularly high, since most patients suffer from
breathlessness, which affects food intake. Recent
data indicate that 67% of chronic lung disease
patients experience anorexia during the last year
of life. This figure is not much different from the
prevalence of 76% found among lung cancer
patients  [12]. More striking, however, are data
showing that although COPD patients have physi-
cal and psychosocial needs at least as severe as
those of lung cancer patients, their symptoms,
including anorexia, receive much less attention
from health care professionals [12].

Congestive Heart Failure

In this clinical setting, assessment of the preva-
lence of anorexia is made difficult by the high pro-
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Table 1. Symptoms interfering with food intake and related
to changes in the central nervous system regulation of
energy intake. Patients reporting at least one of these
symptoms are defined as anorectic. (Modified from [3])

Symptoms

Early satiety

Taste alterations

Smell alterations

Meat aversion

Nausea/vomiting



portion of patients suffering from dyspnoea, the
incidence of which peaks at 90% in the last stages
of the disease [13]. Severe nausea has been report-
ed to affect approximately 10% of congestive heart
failure (CHF) patients [14], but the actual preva-
lence of anorexia may well be higher [15].

Clinical Impact

The onset of anorexia significantly impacts on the
clinical course of the disease. It contributes to the
development of malnutrition and cachexia, since
it reduces the oral intake of calories, thus further
promoting skeletal-muscle wasting. Also, it exac-
erbates the detrimental effects of disease-related
alterations of protein metabolism on nutritional
status, eventually leading to increased morbidity
and mortality [16]. The metabolic dysregulation
associated with cachexia [17] sustains and corrob-
orates the neurochemical alterations responsible
for anorexia. Also, the clinical relevance of
anorexia is underscored by its role as an inde-
pendent prognostic factor in terminally ill cancer
patients [8], being as reliable in predicting sur-
vival as well-defined prognostic factors, including
Karnofsky Performance Status and Clinical
Prediction of Survival [8, 18]. Finally, anorexia
and reduced energy intake impinge on the quality
of life, which is now becoming a critical endpoint
in the management of patients as well as in
designing clinical trials [19].

Pathogenesis of Anorexia

The pathogenesis of anorexia is multifactorial and
related to disturbances of the central physiologi-
cal mechanisms controlling food intake. The pre-
cise neurochemical mechanisms are still matter of
debate; however, by understanding how energy
intake is physiologically controlled, insights might
be obtained.

Under normal conditions energy intake is con-
trolled within the hypothalamus by specific neu-
ronal populations that integrate peripheral signals
conveying information on energy and adiposity
status [20]. In particular, the arcuate nucleus of

the hypothalamus transduces these inputs into
neuronal responses and, via second-order neu-
ronal signalling pathways, into behavioural
responses. Intuitively, anorexia may be secondary
to defective signals arising from the periphery,
due to an error in the transduction process, or to a
disturbance in the activity of second-order neu-
ronal signalling pathways.

Role of Peripheral Signals

The hypothesis that peripheral signals are
involved in the pathogenesis of anorexia is
intriguing. Among the large series of peripheral
signals (Table 2), the hormone leptin exerts a
strong negative influence on food intake.
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Table 2. Signals arising from the periphery and influencing
food intake

Signals

Adiposity signals Insulin, Leptin

Ghrelin

Cholecystokinin

Polypeptide YY

Energy signals Intracellular malonyl-CoA

Hormones

Leptin is produced primarily by adipocytes in
proportion to body fat. It reaches the brain and an
increase in circulating levels of the hormone
results in inhibition of energy intake. Thus, intu-
itively, leptin is a likely mediator of anorexia, par-
ticularly because its synthesis and secretion
appear to be stimulated by cytokines, which are
recognised anorexigenic factors [21]. However,
results from animal and clinical studies are con-
troversial [22, 23] and do not seem to support this
hypothesis. More recently, Bing et al. significantly
contributed to the debate by showing in an animal
model that anorexia develops despite the normal
regulation of leptin synthesis [24]. Consistent
with these animal data, Mantovani et al. showed



that in anorectic cancer patients circulating leptin
levels are lower than those of healthy individuals,
while there is no difference between cancer
patients and healthy individuals regarding leptin
production by peripheral blood mononuclear cells
[25]. Recently, Stenvinkel et al. could not demon-
strate a role for circulating leptin in the pathogen-
esis of anorexia in chronic renal failure patients
undergoing dialysis [26]; rather, they suggested
that leptin in these patients may represent a
marker of inflammation [26]. Supporting a com-
mon pathophysiologic mechanism for anorexia
associated with different diseases, Ben-Ari et al.
showed that in chronic liver disease serum leptin
appears to be a passive marker and not a cause of
anorexia [27]. When considered together, the data
suggest that peripheral leptin synthesis is pre-
served during disease and point to a central dys-
regulation of the physiological feedback loop.

Energy Signals

Similar to the changes in fat mass, changes in
energy metabolism also influence energy intake in
a leptin-independent manner via energy signals.
Conceptually, energy signals differ from classic
peripheral signals, since they are generated within
hypothalamic neurons controlling energy intake.
A number of studies have suggested that a meta-
bolic control of food intake also exists, in which
biochemical partitioning between fatty-acid oxi-
dation and synthesis represents a key signal indi-
cating catabolic or anabolic energy status [28].
Energy signals are independent from leptin path-
way and they inform the brain on the metabolic
switch occurring at a subcellular level between
fatty-acid oxidation and synthesis [29]. Under
physiological conditions, food intake is accompa-
nied by increased intracellular levels of malonyl
coenzyme A (malonyl-CoA) [30], a potent signal
reducing food intake, via inhibition of the synthe-
sis of the prophagic factor neuropeptide Y (NPY)
[29]. It is therefore tempting to speculate that
energy signals contribute to anorexia, possibly via
a deranged ‘sensing’ of the energy metabolism
during disease. Supporting evidence shows that
during tumour growth fat metabolism is altered,
leading to decreased fatty-acid oxidation [31] and

possibly increased intracellular malonyl-CoA lev-
els. Also, the supplementation of carnitine, which
is involved in fatty acid oxidation, ameliorates
anorexia in pathophysiological conditions [32].
Nonetheless, more studies are needed to verify the
involvement of energy signals in anorexia.

Second-Order Neuronal Signalling

The hypothalamic arcuate nucleus, where periph-
eral signals mainly converge, projects to other
hypothalamic areas, thus interacting with a num-
ber of neuronal populations [20]. Many pathways
serving as second-order neuronal signalling path-
ways, including those of orexins A and B, have
been described but their involvement in the
pathogenesis of anorexia has so far received little
attention, although it cannot be excluded. In a
recent study, Li et al. showed that a loss of renal
function in Wistar rats reduced hypothalamic
orexin A, a prophagic mediator [33], which in turn
may have contributed to the development of
anorexia in these animals.

Evidence exists suggest ing that disease-
associated metabolic changes, and particularly
alterations of protein turnover, impact on the neu-
rochemistry in localised brain areas [34].
However, they also appear to have a role in sus-
taining and corroborating anorexia, while its
onset seems to be secondary to the inability of the
hypothalamus to recognise and respond appropri-
ately to consistent peripheral signals [35].

Peptides

Consistent and convincing evidence suggests that
disease-associated anorexia is brought about by
derangement of the hypothalamic system regarding
its ability to transduce peripheral signals into neu-
ronal responses. Under normal conditions, periph-
eral signals interact with two separate neuronal
populations within the arcuate nucleus: the
NPY/agouti-related peptide (AgRP) neurons, stimu-
lating food intake, and the pro-opiomelanocortin
(POMC)/cocaine- and amphetamine-regulated
transcript (CART) neurons, inhibiting food intake
(for review see [20]). As a consequence, when
energy intake needs to be initiated, peripheral 
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signals activate the NPY/AgRP pathway, simulta-
neously inhibiting the POMC/CART pathway.
When energy intake needs to be inhibited, peri-
pheral signals inhibit the NPY/AgRP pathway
while simultaneously activating POMC/CART
neurons and thus up-regulating the expression of
a number of POMC/CART pathway-related fac-
tors, including α-melanocyte stimulating hor-
mone (α-MSH) and corticotropin releasing hor-
mone (CRH).

Because of the central role of these neuronal
pathways, they have been postulated as putative
mediators of anorexia. A number of studies investi-
gated the role of the prophagic signal NPY in the
pathogenesis of anorexia. In cancer, the results
obtained in animal models and humans are con-
flicting [36–39]. However, it seems that a dissocia-
tion exists between NPY mRNA levels and actual
NPY levels, which are decreased. Indeed, recent data
show a decrease of NPY and NPY-immunoreactive
neurons in the hy pothalamus of anorect ic
tumour-bearing rats [40, 41]. These data suggest
that NPY is involved in cancer anorexia, but it is
difficult to assess the extent of the involvement.

In chronic renal failure, animal and human
studies consistently show a reduction of NPY [33,
42]. However, as in cancer, it is not clear whether
NPY should be considered as a mediator or a
marker of anorexia.

Results from studies investigating the role of
the hypothalamic anorexigenic pathway
POMC/CART in anorexia are more convincing.
Unfortunately, this line of investigation has been
pursued in cancer anorexia only, but it is likely
that the pathophysiological mechanisms hypothe-
sised for cancer anorexia also operates during the
clinical course of other diseases. It has been
repeatedly demonstrated that by blocking the
hypothalamic melanocortin system, using either its
physiological inhibitor (AgRP) or the synthetic
compound SHU-9119, food intake is restored in
tumour-bearing animals, and the development of
cachexia is prevented [43, 44]. Similar results have
been obtained in melanocortin 4 receptor (MC4-R)
knock-out mice. In these mutants, POMC/ CART
neurons cannot be completely activated because
of the lack of this class of receptors, and tumour
growth is not accompanied by the development of

anorexia and cachexia, which occurs in wild-type
mice [43].

Thus, it appears that cancer anorexia, and
probably anorexia as a whole, is related to the
inability of the hypothalamus to respond appro-
priately to consistent peripheral signals, primarily
due to hyperactivation of the melanocortin sys-
tem. This derangement could be triggered by
cytokines.

Role of Cytokines

A number of studies have indicated that cytokines
are involved in anorexia [45, 46]. In the Fischer
rat/MCA sarcoma model, brain interleukin-1 
(IL-1) levels inversely correlate with food intake
[47] while intra-hypothalamic IL-1 receptor
antagonist microinjection increases energy intake
[48]. In Lobund-Wistar rats bearing prostate ade-
nocarcinoma tumour cells, early anorexia is asso-
ciated with an up-regulation of brain IL-1β mRNA
[38]. In chronic renal failure patients, several
groups have found increased levels of cytokines
[42, 49]. In cancer patients, cytokines and anorex-
ia are intuitively connected, but compelling evi-
dence is lacking since the biological effects of
cytokines are largely mediated by paracrine and
autocrine influences. Thus, the level of circulating
cytokines may not reliably reflect their role in
determining specific biological responses [50] but
may instead suggest their involvement. However, it
must be acknowledged that there are also studies
that failed to demonstrate a direct role of
cy tokines in experimental models of cancer
anorexia, while suggesting the involvement of the
nitric oxide system and systemic or local produc-
tion of eicosanoids [51, 52].

Role of Hypothalamic Neuro-immune Interactions

The mechanisms by which cytokines negatively
influence energy intake are currently under inves-
tigation. As proposed by Inui, cytokines may play
a pivotal role in long-term inhibition of feeding by
mimicking the hypothalamic effect of excessive
negative-feedback signalling [53]. This could be
done by inhibition of the NPY/AgRP orexigenic
network as well as by persistent stimulation of the
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POMC/CART anorexigenic pathway.
Recent data suggested that hypothalamic sero-

tonergic neurotransmission may be critical in
linking cytokines and the melanocortin system.
Fenfluramine is a serotonin agonist once widely
prescribed in the treatment of obesity. It has been
recently shown that fenfluramine raises hypothal-
amic serotonin levels, which in turn activate
POMC/CART neurons in the arcuate nucleus,
therefore inducing anorexia and reduced food
intake [54]. It  is  also well-documented that
cytokines, and particularly IL-1, stimulate the
release of hypothalamic serotonin [55]. Thus, it
could be speculated that during disease cytokines
increase hypothalamic serotonergic activity,
which in turn contributes to persistent activation
of POMC/CART neurons, leading to the onset of
anorexia and reduced food intake. Supporting the
role of serotonin in the pathogenesis of anorexia,
we demonstrated that in anorect ic tumour-
bearing animals hypothalamic serotonin levels are
increased when compared with the levels in con-
trol rats [56]. After tumour removal, hypothalamic
serotonin levels normalised and food intake
improved [56]. In the same experimental model,
intrahypothalamic microinjections of mianserin,
a serotonin antagonist, improved food intake [48].
In cancer patients, the activity of hypothalamic
serotonergic system is inferred by cerebrospinal
fluid (CSF) levels of tryptophan, a precursor of
serotonin, the sy nthesis of which is str ictly
dependent on the availability of tryptophan [57].
In anorectic cancer patients, plasma and especial-
ly CSF concentrations of tryptophan are increased
when compared to concentrations in controls and
in non-anorectic cancer patients [3, 58]. After
tumour removal, plasma tryptophan normalises
and food intake improves [50].

Similar data suggesting increased serotonergic
activity in the presence of anorexia have been
obtained in patients suffering from either chronic
renal failure [11, 34, 46] or liver cirrhosis [59],
thus supporting the view that anorexia associated
with different diseases shares a similar pathophys-
iologic mechanism. It must be acknowledged that
partial brain serotonin depletion and antagonism
did not result in improved food intake of tumour-
bearing animals [52, 60]. However, it is not clear

whether the failure to influence food intake in
these models was secondary to incomplete deple-
tion of brain serotonin or to the lack of any
involvement of serotonin in cancer anorexia [61].
When considered together, we believe that these
data suggest that brain serotonin could represent
a key factor in the pathogenesis of disease-associ-
ated anorexia and thus provide an interesting
therapeutic target.

Therapy

The detrimental effects of anorexia on nutritional
status and quality of life can be counteracted by a
well-designed therapeutic strategy that includes
both nutritional counselling and a pharmacologi-
cal approach (Table 3).
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Table 3. Therapeutic strategies in cancer anorexia

Dietary counselling Drugs

Small but frequent meals Cannabinoids (dronabinol)

Energy-dense food Corticosteroids 
(dexamethasone)

Limit fat intake Progestagens (MA, MPA)

Avoid extremes in taste

Avoid extremes in smell 

Pleasant environment

Presentation of food

MA, megestrol acetate; MPA, medroxylprogesterone ace-
tate

Dietary Habits

In anorectic patients, nutritional counselling may
significantly improve food intake. For example,
food intake can be improved by providing small
and frequent meals that are energy-dense and
easy to eat. Patients should eat in pleasant sur-
roundings and attention should be given to the
presentation of food. It is advisable to avoid high-
fat food, since fat delays gastric emptying and
thus may worsen anorexia sy mptoms. Since
changes in taste/smell may occur in anorectic
patients, extremes in temperature and flavour
should be avoided [6].



Drug Therapy

The optimal therapeutic approach to anorexia
should be aimed at counteracting its pathophysio-
logic mechanisms. Therefore, considering their
involvement in anorexia, cytokines represent the
ideal therapeutic target. A series of animal studies
support this approach by showing that intrahypo-
thalamic IL-1 blockade results in amelioration of
anorexia and improves food intake [48, 62]. In
humans, cy tokine therapeutic target ing is
achieved by the use of agents that interfere with
their synthesis and release. They include progesta-
gens [63–65], cannabinoids [66], and corticos-
teroids [67].

Perspectives

The n-3 polyunsaturated fatty acids eicosapen-
taenoic acid (EPA) and docosahexaenoic acid
(DHA) suppress the production of proinflamma-
tory cytokines [68]. Thus, the effects of EPA sup-
plementation on anorexia have been investigated
specifically in patients with advanced cancer and
have yielded contrasting results [69].

Anorexia might be therapeutically approached
by interfering with the neurochemical events
downstream of cytokine activation, particularly
with serotonergic hypothalamic neurotransmis-
sion (see Chapter 10.8).

As previously mentioned, the nitric oxide sys-
tem and the production of eicosanoids might be
of importance for the pathogenesis of anorexia,
and particularly cancer anorexia. Supporting this

view, animal and clinical studies have shown that
nitr ic oxide sy nthase and cyclooxygenase
inhibitors, including indomethacin, decrease
tumour growth and improve anorexia [70, 71].
However, evidence that nitr ic oxide and
eicosanoids act directly on cells in the central
nervous system is lacking. Also, the nitric oxide
mechanism may involve tumour grow th and
thereby secondarily influence appetite. Finally,
nitric oxide and eicosanoid influences on appetite
appear to be related to serotonin metabolism [72,
73], and the prostaglandin E2 receptor EP3 has
been identified on serotonergic neuronal cell bod-
ies in the raphe nucleus [74]. Thus, nitric oxide
and eicosanoid pathways could not be completely
alien from the cytokine–monoamine system.

Conclusions

Anorexia is a syndrome that is pervasive among
patients suffering from acute and chronic dis-
eases. The pathogenesis is multifactorial, but it
appears to be related to the hyperactivation of
hypothalamic inhibitory pathways, which in turn
may be triggered by cytokine-driven stimulation
of the hypothalamic serotonergic system.
Anorexia can be effectively treated, although it is
not known whether amelioration of anorexia
results in a long-term benefit for patients, leading
to reduced morbidity and mortality. However, it
should be always remembered that improving
anorexia and energy intake has a positive impact
on the quality of life: this could be enough for
many patients.
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Introduction

Under physiological conditions, body weight
remains remarkably stable because of the impor-
tance of maintaining energy stores. A complex
network of neural and hormonal factors regulates
appetite and metabolism. A fundamental role is
played by hypothalamic centres of feeding and
satiety. Neuropeptides induce anorexia by acting
on the satiety centre; gastrointestinal peptides,
such as glucagon, somatostatin, and cholecys-
tokinin, induce anorexia by vagal signalling;
hypoglycaemia inhibits satiety centre. Leptin, pro-
duced by adipose tissue, acts on the hypothalamus
to decrease food intake and increase energy
expenditure, thus achieving long-term weight
homoeostasis [1].

Voluntary and Involuntary Weight Loss

An intake of protein calories and/or any of the 39
essential nutrients that is less than the minimal
required threshold leads to disruption of the bal-
ance between energy expenditure and nutrient
requirements, resulting in various undernutrition
syndromes and weight loss. Still, weight loss may
be an ambiguous finding, as the presence of oede-
ma may mask depletions in fat or lean body mass,
or, conversely, a gain in fat and lean body mass
may not be apparent in the presence of massive
diuresis. Undernutrition may be primary, due to
an inadequate dietary supply of essential nutri-
ents, or secondary, in which nutrient intake is ade-
quate but disease or excessive utilisation prevents
adequate absorption or metabolism. Although pri-
mary and secondary mechanisms often reinforce
each other, the respective pathways to weight loss
are different. The secondary form takes place as a

consequence of a hypercatabolic state, leading to
progressive ‘self-cannibalism’ [2, 3]. When exam-
ining a patient with weight loss, a physician
should ascertain whether it is voluntary or unin-
tentional.

In the majority of individuals, approximately
50% of the energy introduced by the consumption
of food is utilised for maintenance of basal metabo-
lism, such as body temperature; 40% is utilised for
physical activity (50% in the extremely vigorous
activity performed by athletes); and 10% is used for
dietary thermogenesis, i.e. the energy required for
digestion, absorption, and metabolism of food.

Weight loss may be a result of decreased food
intake, malabsorption, loss of calories, or increas-
ing energy expenditure. A deficit of 3500 Kcal cor-
relates with a loss of 0.45 kg of body fat, but water
gained or lost must also be taken into account.
During the first few days of restricted food intake,
most weight loss is attributable to water loss. In a
historical experiment, Brozek [4] studied the
kinetics of weight loss in young healthy volunteers
on a hypocaloric diet (1010 Kcal daily) over a 24-
day period (Table 1). On days 1–3 , 70% of the
weight lost by the volunteers consisted of water,
and 1 kg lost correlated with a deficit of 2596
Kcal. On days 11–13, weight losses were due to a
reduction of fat tissue, and 1 kg lost correlated
with a deficit of 7043 Kcal. On days 22–24, weight
losses were due almost exclusively to reductions
of fat and muscle tissue, and 1 kg lost correlated
with a deficit of 8700 Kcal.

Involuntary weight loss (IWL) is defined as a
clinically significant and progressive loss of at
least 4.5 kg or > 5% of the usual body weight over
a period of 24–48 weeks [5]. A weight loss 
> 10–20% represents the condition known as 
protein-energy malnutrition (PEM). A more cor-
rect reference than usual body weight to measure
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normality or a gain or loss of weight is ideal body
weight (IBW). IBW is defined as the weight that
corresponds to the maximal expectancy of life.
IWL results acutely from impaired absorption and
utilisation of energy and protein, or gradually
from a prolonged deprivation of nutrients (starva-
tion). A rapid and frequently dramatic weight
loss, including loss of total body water, fat, lean
body and skeletal mass is associated with trau-
matic injury, infections, burns, major surgery, pul-
monary diseases, and cancer [6, 7]. IWL and PEM
may develop together, increasing morbidity and
the mortality rates of underlying diseases.

The Magnitude of the Problem and Associated
Conditions

The occurrence of IWL/PEM is increased among
several high-risk patient groups: 15–40% of
patients admitted to the hospital are at risk of
PEM, reaching 46, 45, 39 and 43–60% in medical,

respiratory, orthopaedic, and elderly patients,
respectively [8, 9]. A catabolic state induced by
severe wounds, major surgery, burn, sepsis, defec-
tive immunity, elderly, cancer, HIV, and other
chronic infections leads to PEM and IWL, as espe-
cially documented in nursing-home residents and
in patients newly admitted to long-term care facil-
ities; among such patients, the prevalence of mal-
nutrition has been reported to be 23–85% [10, 11].

Social Causes of Weight Loss

In developing countries, malnutrition takes on
different forms of multiple or partial deficiencies,
ranging from simple undernourishment to denu-
trition and cachexia. High rates of malnutrition
persist, in spite of progress in the production,
preservation, and distribution of food, and in san-
itary measures and education.

UNO, FAO, WHO and UNICEF data collected
in the 1990s (Table 2) show that 20% of the popu-
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Table 1. Weight loss of young volunteers consuming a diet of 1010 Kcal/day during a period of 24 days 

Period Days 1–3 Days 11–13 Days 22–24

Losses kg/day 0.80 0.23 0.17

H20 (%) 70 19 0

Fat body mass (%) 25 69 85

Lean body mass (%) 5 12 15

Caloric deficit (Kcal/kg loss) 2596 7043 8700

Table 2. Prevalence of undernourishment in developing countries (source: FAO)

Countries Total Number of Proportion Proportion Proportion 
population undernourished people of total of total of total

1997 1996–1998 1979–1981 1990–1992 1996–1998
(millions) (millions) (%) (%) (%)

Developing world 4 501.2 791.9 29 21 18
Asia and Pacific 3 091.2 515.2 32 21 17
East Asia 1 321.9 155.0 29 16 12
China 1 244.1 140.1 30 17 11
China, Hong Kong 6.5 0.1 . . . . . . . . .
North Korea 23.0 13.2 19 19 57
South Korea 45.7 0.5 . . . . . . . . .
Mongolia 2.5 1.1 16 34



lations of developing countries, particularly in the
group of least-developed countries (LDCs), com-
prising more than 800 million people, eats an
amount of food that is only enough to guarantee
energy for a sedentary life (1.2–1.4 times the basal
metabolism). More than 192 million children suf-
fer from PEM and 2000 million people lack vari-
ous micronutrients (vitamins, minerals, essential
amino acids)!

In Western countries, where an enormous sur-
plus of food exists, many people belonging to var-
ious groups (the poor, the elderly, drug-addicts,
pregnant women, as well as hepatopathic, nephro-
pathic, gastroenteropathic, neoplastic, and AIDS
patients) have nutritional deficits that are either
unknown or evident.

An insufficient intake of food is the first cause
of malnutrition, but a lack of nourishment is often
associated with other aggravating factors. These
can be the main cause of undernourishment, such
as is the case in patients with infectious or para-
sitic diseases [12, 13], poor alimentary habits,
traumas, burns, neoplasms, or who have under-
gone surgery [14, 7].

Infectious diseases produce a series of meta-
bolic alterations [15] that either separately or
jointly give rise to malnutrition (Table 3 ).

‘Hospital malnutrition,’ due to incongruous
alimentary habits before hospitalisation or to the
irrational diets of some health-care organisations,
deserves special attention [16, 17]. It is calculated
that 20–40% of patients admitted to medical
wards and 20–25% of surgical patients show signs
of protein-caloric malnutrition, which usually
increases after 7–10 days of hospitalisation or
after surgery. Malnutrition is a common feature in

hospitalised AIDS patients, who take in only 70%
of resting energy expenditure (REE) needs and
65% of protein needs, excluding the extra needs
resulting from the hypermetabolism associated
with fever, acute infections, and physical activity.
Dietetic deficits in protein and calorie consump-
tion interfere with the natural course of the main
disease, emphasising subjective symptoms such as
sickness, asthenia, anorexia, emesis, and constipa-
tion, which in turn interfere with feeding. A close
relationship exists between susceptibility to infec-
tious diseases and nutritional status: regular
nutrition and general good health make individu-
als more resistant to infections. Similarly, anergy
to cutaneous tests (PPD, candidin, DNCB, etc.) is
closely related to body-weight insufficiency and
hypoalbuminaemia. The pre-surgical correction
of denutrition reduces the incidence of post-
surgical infectious complications, favouring the
healing of the wounds and a quicker return to
health [18–20].

Diseases that are usually benign in Western
countries (measles, pertussis, TBC) are particular-
ly serious in developing countries [21]. The indi-
vidual effects of undernourishment/denutrition
consist of a progressive loss of weight, lack of
body development, anaemia, loss of muscular
strength and working capacity, blindness, and a
greater susceptibility to diseases. The general
effects are economic and social, as well as health-
related, as, in a vicious circle, entire populations in
some regions are not able to work and produce
food because of undernourishment.

Dimension of the Nutritional Problem in the
World

International organisations (UNO, FAO, WHO,
UNICEF, World Bank) have established methods of
evaluating available foods, the consumption of
food, and nutritional status by taking into consider-
ation parameters of agricultural production,
anthropometrical measurements, birth-rate, mor-
tality and morbidity rates, and clinical, immunolog-
ical, haematological, and biochemical parameters.

One of the most frequently used comprehen-
sive indexes of alimentary and nutritional condi-

4.2 Starvation: Social, Voluntary, and Involuntary Causes of Weight Loss 151

Table 3. Metabolic disturbances induced by infectious
diseases

Hypercatabolism

High consumption of O2

Loss of potassium, phosphorous and magnesium

Hydric-saline retention

Hypertriglyceridaemia

Hypoglycaemia

Negative nitrogen balance



tion is the DES (dietary energy supply). The DES
expresses the daily average of available energy per
person, taking into account all the alimentary
sources of a country during a certain period.
However, because of the unequal distribution of
available food among social classes, age groups,
and those with special physiological needs (preg-
nancy, childhood, old age, and illness), the DES
underestimates the real alimentary needs.

DES tables are produced by the FAO based on
food balance sheets (FBS), which track the supply
and use of food worldwide  but do not indicate
actual consumption or equity in the distribution
of available supplies. Nevertheless, trends in food
and energy supplies at the national and regional
levels are well-expressed by the FBS. Accordingly,
the diets of 800 million people lack 100–400 kcal
per day, but most of these people are not dying of
starvation; they become thin but are not emaciat-
ed (Fig. 1).

Evidence of chronic hunger is not always
apparent because the body compensates by slow-
ing down metabolism and physical activity. In
children, growth and school activity are compro-
mised, susceptibility to disease is increased.

Mothers may give birth to underweight babies.
The situation is particularly serious in sub-
Saharan Africa, where acute malnutrition occurs
more often, while the majority of chronically hun-
gry people is in Asia and the Pacific area.

In 46% of countries, the undernourished have
an average deficit of more than 300 kcal/
person/day, including deficits in every nutrient,
particularly the starchy staple foods (carbohydrate-
rich maize, potatoes, rice, wheat, and cassava) that
usually provide the greatest part of energy. About
11 countries have a DES that is less than 2000 kcal
per person. While some people generally get
enough of the staple foods, they lack other foods,
including legumes, meat, fish, oils, dairy products,
vegetables, and fruit, which provide protein, fat,
micronutrients, and energy.

The global availability of food in the world has
increased in the last few years, except in the poor-
est developing countries, including the sub-
Sahara, which is afflicted by frequent famine for
climatic and social reasons. About 18 million
inhabitants of these regions seriously risk starv-
ing to death.

Moreover, 60% of the world population con-
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Fig. 1. Average food deficit in the world
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sumes about 2600 Kcal per person per day, which
is considered barely sufficient for limited activity.
In 41 developing countries, food intake is more
than 2600 Kcal per day per person, while in 15
countries it is more than 3000 Kcal/inhabitant per
day. In 11 countries, the DES is less than 2000
Kcal/person/per day, resulting in the inevitable
development of severe malnutrition (Table 4).

To identify the groups and individuals who are
most affected by denutrition within a population,
methods have been established that estimate
chronic alimentary defects and long-term needs,
with reference to basal metabolism and during
working activity. The FAO World Food Survey has
fixed the new limit of the minimum alimentary
need at 1.54 times the basal metabolic rate (BMR),
previously 1.2–1.4 times the BMR. The earlier
value expressed a person’s energy expenditure
before meals and at complete rest, whereas the
more recent index corresponds, in a more realistic
manner, to the energy level required to maintain
body weight and carry out light physical activity.
Raising the value of the minimum amount of
energy needed automatically increases the num-
ber of undernourished people in the world.
Malnutrition, both under and over, can no longer
be addressed without considering global food
insecurity; socioeconomic disparity, both globally
and nationally; and global cultural, social, and
epidemiological transitions. The economic dispar-

ity between more and less affluent countries is
growing. At the same time, the income gap is
growing within most countries, both developed
and developing. Concurrently, epidemiological,
demographic, and nutritional transitions are tak-
ing place in many countries. Current information
on malnutrition and the consequences of socioe-
conomic disparit ies on global nutrit ion and

health reveal dramatic trends. One-third of young
children residing in the world’s lowest-income
countries suffer from growth deficits and rickets
because of malnutrition. One-half of all deaths
among young children are, at least in part, a con-
sequence of malnutrit ion. In the developing
world, 40% of women suffer from iron deficiency
anaemia, a major cause of maternal mortality and
low birth weight infants. Despite such worrying
trends, there have been significant increases in life
expectancy in almost all countries of the world.
The proportion of malnourished children has
generally decreased, although the actual numbers
have not changed in sub-Saharan Africa and
southern Asia. However, inequalities are increas-
ing between the richest developed countries and
the poorest developing countries. Social inequali-
ty is an important factor in differential mortality
in both developed and developing countries.
Pockets of malnutrition and a high morbidity and
mortality of children are emerging in many coun-
tries, while the prevalence of obesity and non-
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Table 4. Dietary energy supply (Kcal/person/day) in the world from the 1970s to the 1990s (source: FAO)

Countries 1970s 1980s 1990s

World 2430 2580 2700

Developed countries 3190 3290 3400

North America 3230 3330 3600

Europe 3240 3370 3450

Oceania 3290 3160 3330

Former USSR 3320 3370 3380

Developing countries 2120 2330 2470

Asia and the Pacific 2040 2250 2450

South America and the Caribbean 2500 2690 2690

Near East 2420 2810 2920

Least-developed countries 2030 2060 2070



communicable diseases (NCDs) is increasing. Not
infrequently, it is the poor and relatively disad-
vantaged people who suffer both. In developed
countries, the overall cardiovascular disease inci-
dence has declined, but less so in the poorer
socioeconomic classes.

Hunger and malnutrit ion are devastating
problems afflicting poor people worldwide, in
spite of increasing progress in food production
and distribution during the 1980s and 1990s [22]
(Fig. 2). At one end of the energy malnutrition
spectrum is the problem of undernourishment
and undernutrition, often described in terms of
macronutrients. Low dietary energy supply, wast-
ing, stunting, underweight, and low BMI are all
used to identify the problem.

However, at the other end of the spectrum is
the problem of overnourishment, leading to over-
weight and obesity. A high BMI is one indicator of
the problem. Already a well-known phenomenon
in developed countries, obesity is increasing
among new urban dwellers in the developing
world. Concomitantly, various weight control
practices are becoming increasingly common
[23]. It should be emphasised that obesity is a
multifactorial, chronic disorder that warrants a

continuous, complex model of intervention.
Evidence linking voluntary weight loss to
decreased mortality is still insufficient to recom-
mend weight loss as a priority in the treatment of
obesity. Moreover, current recommendations
could be biased by social pressure [24]. The conse-
quences of obesity, i.e. decreased productivity and
increased risk of heart disease, hypertension, dia-
betes and certain cancers, can be as serious as
those of underweight.

A diet unbalanced in macronutrients, which
are the energy-providing food components, is also
a cause for concern, even when total energy intake
is adequate. The healthy range of macronutrient
intake, expressed as a percent of total energy, can
be broad: 55–75% from carbohydrates, 15–35%
from fats, and 10–15% from proteins. A more
modern balance of energy intake should be sug-
gested, for example 40% from carbohydrates, 30%
from proteins, and 30% from fats.

Superimposed upon the energy intake spec-
trum is the global problem of micronutrient mal-
nutrition. Iron deficiency anaemia affects approx-
imately 1.5 billion people, mostly women and chil-
dren. Iodine deficiency disorders affect about 740
million people worldwide. Vitamin A deficiency-
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induced blindness affects around 2.8 million chil-
dren under 5 years of age. More than 200 million
people are considered v itamin A deficient.
Calcium deficiency in pregnant and lactating
women can affect the development of their chil-
dren, and appears as osteoporosis later in life.
Severe vitamin C deficiency (scurvy) is mostly a
problem in the extremely deprived, such as
refugees populations. Micronutrients – minerals
and vitamins – are needed for proper growth,
development, and body function. Deficiencies are
particularly common among women of reproduc-
tive age, children, and the immunocomprised,
such as people with AIDS. Some micronutrient
deficiencies affect people whose energy intake is
low, but those consuming too much energy can
also suffer from it.

Specific requirements have been established
for most micronutrients. In most cases, deficien-
cies can be corrected by consuming a well-
balanced diet. Variety is the key to prevention.
Women are at greater risk of malnutrition and
need appropriate nutritional support. They are
more vulnerable than men to food unbalance
because of their specific physiological require-
ments. Women usually have lower metabolic rates
and less muscle mass than men and thus require
about 25% less dietary energy per day, but they
have to eat a much higher proportion of nutrient-
rich foods. Women require more vitamins and

minerals than men in proportion to total dietary
energy intake (Table 5).

Pregnant or lactating women, need foods that
are richer in energy and nutrients. During pregnan-
cy, a woman needs an additional 300 kcal per day
after the first trimester, and 500 kcal more while
lactating. Compared to a non-pregnant woman, she
requires almost as much protein as a man (60 g vs.
63 g per day) and more when lactating (65 g/day),
up to four times more iron, 1.5 times more folate,
and 20% more calcium. A lactating mother needs
40% more vitamin A and C, at least 15% more vita-
min B12, and extra levels of micronutrients. Lack of
access to adequate amounts and variety of food
places pregnant women at greater risk of complica-
tions during pregnancy and delivery. The deaths of
many infant and young children in developing
countries are attributable to the poor nutritional
status of their mothers.

Because they are growing rapidly, infants and
young children, especially under 2 years old, need
foods rich in energy and nutrients. Poor diets pre-
vent children from achieving their full genetic
potential. Severe malnutrition can cause early
death, permanent disabilities, and increased sus-
ceptibility to life-threatening illnesses. A child’s
growth is a good indicator of his or her overall
health status. Figure 3 shows the prevalence of
undernutrition among young children in develop-
ing countries.

4.2 Starvation: Social, Voluntary, and Involuntary Causes of Weight Loss 155

Table 5. Nutrient requirements per day for womena and men. (Data from [25])

Nutrient Adult female Adult male Adult male Adult female 
per 1000 kcalb per 1000 kcalc

Calcium (mg) 1000 1000 500 350  

Iron (mg)d 24 11 12 4  

Vitamin A (µg RE) 500 600 250 210  

Vitamin C (mg) 45 45 23 16

Vitamin E (mg) 7.5 10 3.6 3.6

Niacin (mg) 14 16 7 6

Protein (g) 50 63 25 22.5

aThe needs of pregnant and lactating women are not included
bBased on total dietary energy intake of 2000 kcal/day
cBased on total dietary energy intake of 2800 kcal/day
dBased on 12% bioavailability



Teenage mothers and their babies are particu-
larly vulnerable to malnutrition. Girls generally
grow in height and weight until the age of 18 and
do not achieve peak bone mass until about 25. The
diet of a chronically hungry adolescent girl cannot
support adequately both her own growth and that
of her foetus. Malnourished young women often
give birth to underweight babies.

Body Mass Index

Body mass index (BMI) is an anthropometric
standard measure defining the body composition
of men and women. Initially it was used to meas-
ure obesity in developed countries, but it is now
applied to underweight and overweight adults
throughout the world. BMI provides a simple, con-
venient and relatively inexpensive indicator for
assessing whether a person is taking in too little
or too much energy. However, BMI is a crude
measure of nutritional status, and additional
information is needed to determine a person’s

health status. In addition, the values may have to
be adapted for specific groups of adults, such as
adolescents, pregnant women, and the elderly.

BMI is calculated by as: BMI = body weight
(kg) / height2 (m2). The healthy range of BMI for
adults, as recommended by FAO, the WHO, and
the International Dietary Energy Consultative
Group, is considered 18.5–25. Figures 4 and 5
show a range of BMI scores from severely under-
weight (< 16) to severely obese (> 40) adult men
and women. The risk of health problems is greater
for people with BMI at either end of the spectrum
than for those in the middle range (18.5–25).
Nonetheless, the cut-off points of 18.5, defining
underweight, and 25, defining overweight, are not
universally accepted. Some researchers believe
that cut-off points based on country-specific ref-
erence groups should be established to reflect dif-
ferences in height and muscle mass. Concerns
about the universal applicability of the BMI
should be kept in mind when interpreting the
prevalence of underweight and overweight people
in selected countries and groups.
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Expected Changes

The people and the productivity of the land and
water are the two greatest resources in most poor,
food-insecure countries. Without investments in
both people and productivity, chronic hunger and
poverty cannot be reversed. People need invest-
ments in education, clean water supplies, and
health and social services and, in some cases,
direct food and nutrition support. In rural areas,
such expenditures are essential if the correspon-
ding investments in agriculture and its productive
subcompartments are to pay off.

Reducing hunger not only has a humanitarian
justification but also a strong economic rationale.
The economic cost of hunger and malnutrition,
resulting in lost productivity, illness, and death, is
extremely high. Undernourishment significantly
lowers physical ability, cognitive development,
and learning achievement. It not only blights the

lives of individuals and families but also reduces
the return on investment in social and economic
progress.

A recent study sponsored by the FAO exam-
ined 110 countries from 1960 to 1990 using statis-
tical techniques to investigate the links between
economic growth and nutritional well-being. The
results showed that if all countries with average
DES below the minimum requirement in 1960 had
eliminated hunger by raising average per capita
DES to 2770 Kcal per day, their gross domestic
product (GDP) growth rates would have been sig-
nificantly higher. This growth can be quite large.
Per capita GDP in sub-Saharan Africa could have
reached levels of US $1000 to US $3500 by 1990 if
undernourishment had been eliminated. Instead,
the region’s average GDP per capita in 1990 was
just US $800 per year (Fig. 6). The FAO’s projec-
tions for the next 15 years indicate that, if agricul-
tural innovation continues at a reasonable rate,
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food production can increase by 2% per year in
the developing world. Without this growth, the
goals set out by the World Food Summit cannot be
met. But overall growth is not enough – it must be
directed to the hungriest.

For countries that are still largely rural, invest-
ment in small-scale agriculture is one way to tar-
get growth that benefits the poor. The importance
of putting resources into the agricultural research
in production and post-production processes is
now well recognised. Funding for agricultural
research is particularly vital for commodities and
farming systems that can provide growth oppor-
tunities for the poor.

Even if the anticipated growth in food produc-
tion is achieved, nearly 600 million people will
remain undernourished in 2015, unless the
growth takes place in areas where food insecurity
is worst and public policies are implemented that
make elimination of food insecurity their primary
objective.

Reducing Hunger Through Basic Crop Research

A study by the Impact Assessment and Evaluation
Group of the Consultative Group on International
Agricultural Research (CGIAR) [27] emphasised
the benefits of international agricultural research
in reducing undernourishment among children by
improving crop variety and productivity.

Between 1970 and 1995, international agricul-
tural research centres released a large number of
new crop varieties resulting from their breeding
programmes on staple food crops, including
wheat, rice, maize, sorghum, pearl millet, cassava,
potatoes, barley, and lentils. According to the
study, this represented 70–100 new varieties per
year and led to additional productivity gains of
0.5% per year. The resulting additional food pro-
duction brought a reduction in grain prices of
27–41%. As a direct consequence, 1–3% fewer
children were undernourished than would have
been without this research.
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Despite the long and widespread interest in this
topic, there is not an univocal definition for
cachexia [1]. The term derives from the Greek
kakòs, which means ‘bad,’ and from hexis, mean-
ing ‘condition.’ The clinical syndrome of cachexia
is characterised by anorexia, tissue wasting, loss
of body weight accompanied by a decrease in
muscle mass and adipose tissue, and poor per-
formance status that often precedes death [2–5].
Cachexia can occur as part of many chronic or
end-stage diseases, such as infections, cancer,
AIDS, congestive heart failure, rheumatoid arthri-
tis, tuberculosis, chronic obstructive pulmonary
disease, cystic fibrosis, and Crohn’s disease. It may
develop also in a proportion of elderly persons
without obvious diseases. A literature search
using the term ‘cachexia’ yielded more than 1000
articles published over the past 5 years [1].

Multiple mechanisms appear to be involved in
the development of cachexia, including anorexia,
decreased physical activity, decreased secretion of
host anabolic hormones, and altered host meta-
bolic response with abnormalities in protein,
lipid, and carbohydrate metabolism [6]. Anorexia,
one of the main features of the cachectic syn-
drome, may be so significant that spontaneous
nutrition is totally inhibited. The pathogenesis of
anorexia is most certainly multifactorial but is not
yet well-understood. It seems to be attributable, in
part, to intermediary metabolites (e.g. lactate,
ketones, oligonucleotides) that accumulate along
an abnormal metabolic pathway, or to other sub-
stances released, such as acute phase response
proteins [3], by normal body cells. Indeed, nutri-
tional supplementation alone is not able to effec-
t ively reverse the process of cachexia. An
increased resting energy expenditure may con-
tribute to the loss of body weight in cachectic
patients and may explain the increased oxidation

of fat tissue. Futile energy-consuming cycles, such
as the Cori cycle, may also play a role in the
increased energy demand. Unlike starvation,
body-weight loss in cachectic patients arises
equally from loss of muscle and fat, characterised
by increased catabolism of skeletal muscle and
decreased protein synthesis [7]. Catabolic factors
capable of direct breakdown of muscle and adi-
pose tissue appear to be secreted in cachexia and
may play an active part in tissue degeneration [7].

The degree of wasting is an important prognos-
tic factor, with a loss to 66% of ideal body weight
being predictive of death regardless of the specific
cause of the weight loss [8]. Therefore, a more thor-
ough understanding of the pathogenesis of cachex-
ia may lead to further therapeutic options that the-
oretically could improve survival. Neither the infec-
tive burden nor the tumour size correlate with the
degree of wasting; rather, the host response, via
endogenous mediators, appears to affect the
cachectic response in diseased patients. Much
research has focused on possible mediators of
cachexia induced by disease [6].

The causes of cachexia are multiple and differ,
at least in part, in different diseases, but some of
them are common and they constitute the main
background on which the symptoms of cachexia
are based. Among the common causes of cachexia,
the most well-recognised are: (1) proinflammato-
ry cytokines with related metabolic symptoms
and hypermetabolism; (2) neurotransmitters, (3)
hormone changes, and (4) anorexia.Proinflam-
matory cytokines certainly play a central role in
non-cancer-related cachexia, but more particular-
ly in cancer cachexia. Neurotransmitters are rep-
resented mainly by neuropeptide Y and an
endogenous antagonist of α-MSH, the agouti-
related protein (AgRP). The hormones that play
the most significant role in weight maintenance
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6. Smith MK, Lowry SF (1999) The hypercatabolic state.
In: Shils ME,Olson JA,Shike M,Ross AC (eds) Modern
nutrition in health and disease, 9th ed. Lippincott Wil-
liams & Wilkins, Philadelphia, pp 1555–1568

7. Tisdale MJ (1997) Cancer cachexia: metabolic altera-
tions and clinical manifestations. Nutrition 13:1–7

8. Kotler DP (1992) Nutritional effects and support in
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and homeostasis are leptin, also referred to as a
satiety signal hormone, which is released from
white adipose tissue, and ghrelin, a hunger signal

hormone that is released from the stomach [9].
Both neurotransmitters and hormones, and their
abnormalities, may be involved in cachexia.
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Lipodystrophies

Lipodystrophies (LDs) are clinically heteroge-

neous acquired or inherited disorders charac-

terised by a generalised or regional loss of adipose

t issue. Generalised LDs, both inherited and

acquired, are associated with peripheral insulin

resistance, glucose intolerance or overt diabetes,

acanthosis nigricans, dyslipidaemia. Bone dem-

ineralisation and polycystic ovary syndrome are

also part of these diseases. LDs can be classified as

acquired or congenital, and generalised or partial

(Table 1).

Acquired Lipodystrophies

Acquired Generalised Lipodystrophy 
(Lipoatrophic Diabetes or Lawrence Syndrome)

Acquired generalised lipodystrophy (AGLD) is a
rare, juvenile-onset lipodystrophy, first fully
described by Lawrence in 1946 [1], who reported
on a young female subject with ‘lipodystrophy,
and hepatomegaly with diabetes, lipaemia and
other metabolic disturbances.’ To date, approxi-
mately 80 patients with AGLD have been reported
[2]. Like others LDs, AGLD is prevalent in females.
Lipoatrophy develops over a number of years, in
childhood or in adolescence, so that the onset of
the condition is later than that of congenital gen-
eralised lipodystrophy (CGLD). Extended areas of
subcutaneous fat are involved, including the face,
arms, and legs. Less frequently mesenteric,
retroperitoneal, perirenal and mediastinal fat
depots are involved, while retroorbital fat seems
to be spared. Muscle mass, evaluated by dual ener-
gy X-ray analysis (DEXA), is preserved or even
increased compared to age-, sex- and body mass
index (BMI)-matched subjects. Therefore, in spite
of the generalised atrophy of fat tissue the BMI in
the majority of lipodystrophic patients falls into
the low-normal range. Resting energy expendi-
ture, independent of hy perthy roidism, is
increased. This syndrome is associated with
hyperinsulinaemia, insulin resistance, and acan-
thosis nigricans, soon resulting in overt, non-
ketotic diabetes mellitus. Hyperlipidaemia, name-
ly hypertriglyceridaemia, is a further metabolic
abnormality associated with AGLD. Liver steato-
sis, autoimmune hepatitis, splenomegaly, and, ulti-
mately, liver cirrhosis occur in some 20% of
patients, often beginning in childhood [3, 4].
Other autoimmune diseases, such as Sjögren’s
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Table 1. Classification of lipodystrophies (LDs)

A. Acquired LDs
1. Acquired generalised LD or Lawrence syndrome

2. Acquired partial LD or Barraquer-Simons syndrome

3. Acquired localised LD
c. Hemifacial LD
b. Cranial LD or Romberg syndrome
c. Other localised LDs

B. Congenital LDs
1. Congenital generalised LD or Berardinelli-Seip 

syndrome
a. Type 1
b. Type 2

2. Congenital partial LDs
a. Type 1 or Dunningam syndrome
b. Type 2

3. Mandibuloacral dystrophy

4. Other inherited partial LDs

5. LD associated with multiple symmetric lipomatosis



sy ndrome and dermatomyosit is, have been
reported in association with AGLD, suggesting an
immunomediated fat loss as a possible patho-
genetic basis [3]. Panniculitis, characterised by a
granulomatous infiltration of adipose tissue, may
be an early manifestation of the disease [5]. Acute
viral infections often precede AGLD onset. A high-
er frequency than casually expected of astrocy-
tomas of the third ventricle have been reported.
Low levels of leptin and adiponectin have also
been described in these patients [6].

Acquired Partial Lipodystrophy (Barraquer-Simons
Syndrome)

Acquired partial lipodystrophy (APLD) was first
described by Mitchell in 1885 [7] as a ‘singular
case of absence of adipose tissue in the upper part
of the body,’ and then as segmental atrophy of the
subcutaneous fat layer by Barraquer [8] in 1907,
and as ‘lipodystrofia progressiva’ by Simons in
1911 [9]. APLD is phenotypically characterised by
a loss of fat in the upper body segment, namely, in
the face, trunk, and arms. In the lower body seg-
ment, the subcutaneous fat depots are spared or
even increased. Bichat’s fat pad is also involved, giv-
ing the face an extremely lean appearance (Fig. 1).
Women are affected three times more frequently
than men. A mesangiocapillary glomerulonephri-
tis [10] develops in some 30% of affected subjects
within 8–15 years after the onset of the disease,
leading to renal failure [10], associated with low
levels of serum C3 complement fraction [11–13].
A slight increase of a circulating polyclonal IgG, a
C3 nephritic factor, causes activation of the alter-
native complement pathway and increased con-
sumption of the C3 fraction. C3 nephritic factor
could induce fat cell lysis, and then a loss of sub-
cutaneous fat [14]. Other autoimmune disorders,
such as rheumatoid arthritis, temporal arteritis,
dermatomyositis, thyroiditis, coeliac disease, and
systemic lupus erythematosus, have been reported
to be associated with APLD [15–18]. No informa-
tion has been offered so far to explain the seg-
mental involvement of subcutaneous fat and the
female prevalence, and no effective therapy is cur-
rently available. Cosmetic surgical procedures

may be suggested when psychological discomfort
impairs the patient’s quality of life.

Acquired Localised Lipodystrophies

Hemifacial Lipoatrophy

Hemifacial lipoatrophy (HFLD) asymmetrically
involves the left or right half of the face. No pecu-
liar symptoms are associated with HFLD, and aes-
thetic discomfort is the main consequence. HFLD
affects mainly females of any age, from childhood
to adulthood.

Atrophy of the subcutaneous fat makes the face
asymmetrical due to depression of the cheek and
the supramandibular region. Cutis, muscles, and
bones are unaffected. No renal, neurological, or
autoimmune diseases have been reported in associ-
ation with HFLD. Skull X-ray rules out involvement
of the facial bones. Electromyography reveals no
sensory or motor abnormalities of the facial mus-
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a

Fig. 1a, b. A patient with acquired partial lipodystrophy.
Lipoatrophy exclusively involves the upper body segment
and face (a), while a marked increase in subcutaneous fat
depots is evident in the lower body segment (b)

b



cles. Lipofilling procedures can improve the aesthet-
ic appearance.

Progressive Cranial Lipodystrophy (Romberg Disease)

Progressive cranial lipodystrophy (PCLD) repre-
sents the most important differential diagnosis
from HFLD. PCLD is characterised by abnormali-
ty of the cranial basal angle, with monolateral
atrophy of all the structures of the face, including
muscles, bones, cartilaginous tissues, and subcu-
taneous fat. Damage of the nerves manifests as
trigeminal neuropathy and facial palsy. Cranial X-
ray and electromyography easily discriminate
between PCLD and HFLD.

Other Acquired Localised Lipoatrophies

Other atrophies of small, circumscribed areas of
subcutaneous fat layers can appear after a local
trauma or prolonged pressure, or at the site of
drug (mainly of protein structure) injection.
Extractive hormones, e.g. bovine insulin, growth
hormone, ACTH, calcitonin, and vasopressin, have
been reported to be responsible for this form of
fat atrophy at injection sites. Local formation of
immunocomplexes, or protein precipitate or acti-
vation of complement fractions could induce a
local lipolytic response mediated by inflammatory
agents, and may explain the zonal loss of subcuta-
neous fat. Tumour necrosis factor (TNF)-α release
induced by insulin may mediate adipocyte atro-
phy [19]. An asymptomatic, discoid or funnel-
shaped depression appears. Microscopic examina-
tion of biopsy samples of tissue from atrophic
area shows the disappearance of fat cells. A dedif-
ferentiation of fat cells to fibroblast-like cells can
be postulated, rather than adipocyte necrosis. In
fact, the subcutaneous fat may reappear sponta-
neously or af ter topical steroid treatment.
Recently, the recombinant technology used for
hormonal drug production has made local fat
atrophy unusual.

Localised lipoatrophies of unknown origin,
not belonging to any of other previously reported
LD, have been defined as localised involutional
LDs. For example, in 1984, Imamura et al .

described several cases of a progressive centrifu-
gal loss of subcutaneous fat at the abdominal wall
[20]. The age of onset is infancy. Histological stud-
ies show an accumulation of lymphocytes and his-
tiocytes at the edge of the lipoatrophic area, with
a satellite lymphadenopathy. The disease usually
regresses spontaneously in a few months or years.
The aetiology is unknown, but an inflammatory
reaction to unknown agents seems to be the most
credible hypothesis.

Congenital Lipodystrophies

Congenital Generalised Lipodystrophy (Berardinelli–Seip
Syndrome or Lipoatrophic Diabetes)

Congenital generalised lipodystrophy (CGLD) is
an autosomal recessive, transmitted disease char-
acterised by a pronounced loss of subcutaneous
and visceral fat tissue manifested since birth. The
condition is associated with acromegalic traits
(Fig. 2), accelerated growth with normal hGH
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Fig. 2. A patient with congenital lipodystrophy or lipoat-
rophic diabetes. There is evidence of a pronounced loss of
subcutaneous fat, acromegaloid aspect, and phlebomegaly
(for details, see Table 3, patient GF)



plasma levels, hypertrichosis, mild virilisation,
liver enlargement, reduced glucose tolerance or
overt diabetes, heat intolerance, and increased
perspiration (Table 2) [21–23].

The loss of fat involves the mesenteric, perire-
nal, and paracardiac adipose tissue depots [24].
Orbital and perirenal fat depots are spared.
Acanthosis nigricans and hyperinsulinaemia are
the rule. Accelerated growth in early childhood
and advanced bone development compared with
age-matched controls have been reported, but
adult body height is normal or only slightly
increased. In one patient (e.g., DMM, Table 3) a
defect in adipose tissue lipoprotein lipase in a
small residual lobule of omental tissue obtained
during surgery was observed [25]. In all four
pat ients in our ser ies, post-heparin plasma
lipoprotein lipase activity was blunted or near
absent. Elevated triglyceride and reduced HDL

cholesterol plasma levels are part of the syn-
drome. Total cholesterol levels are not constantly
increased, but occasionally can be remarkably
high [25] (Table 3). Muscle mass, evaluated by
DEXA, is preserved on even increased compared
with age-, sex- and BMI-matched subjects. The
increase in resting energy expenditure is related to
the higher fat-free mass/body mass ratio. Two sub-
types of CGLD have been identified and are distin-
guished according to the mode of inheritance
[26–29]. Type 1 CGLD is related to an autosomal
recessive genetic defect in AGPAT2 isoform. This
enzyme, involved in the biosynthesis of triglyc-
erides and phospholipids, is expressed at high lev-
els in adipose tissue. Thus, a defect in AGAPT func-
tion may reduce triglyceride synthesis in fat cells.
Type 2 CGLD is related to an autosomal recessive
involvement of seipin, a protein of unknown func-
tion [30]. Mutation of the seipin gene has been
reported to cluster in a large consanguineous pedi-
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Table 2. Clinical aspects of the most important lipodystrophies (LDs)

Generalised Partial Generalised Partial
congenital congenital acquired acquired
LD LD LD LD

Eponym Berardinelli Dunningam Lawrence Barraquer Simons 
Seip syndrome syndrome syndrome syndrome

Inheritance Autosomal Autosomal - -
recessive dominant

Gene involved
Type 1 AGPAT2 LMNA
Type 2 Seipin PPARγ

Age at onset Birth Puberty Any age Youth

Sex prevalence = Women Women Women

Insulin resistance Usual Usual Frequent Unusual

Glucose tolerance Reduced Reduced Reduced Normal

Acanthosis nigricans Frequent Frequent Unusual Absent

Hypertrichosis Frequent Frequent Unusual Absent

Genital hypertrophy Frequent Frequent Unusual Absent

Somatic growth Precocious Normal Precocious Normal
(if early manifestation)

Liver enlargement Frequent Frequent Frequent Absent

Hypertriglyceridaemia Usual Usual Usual Absent

Basal metabolic rate Increased Increased Increased Normal

Polycystic ovary syndrome Frequent Frequent Frequent Absent

C3 deficiency Absent Absent Absent Frequent



gree [31]. A high level of seipin RNA expression in
the brain of affected subjects suggests an involve-
ment of the cerebral nervous system. This hypothe-
sis seems to be supported by the association of
type 2 CGLD with mild mental retardation.

CGLD can manifest with different expression
of signs and symptoms and with different degrees
of severity of the metabolic abnormalities (Table
3). Insulin resistance usually evolves into overt
diabetes. Micro- and macroangiopathies and keto-
sis are unusual in lipoatrophic diabetes. An
increased resting energy expenditure without
abnormalit ies of thy roid funct ion has been
reported. Liver steatosis, liver fibrosis, portal
hypertension, and oesophageal varices are late-
onset complications, possibly leading to death.

Congenital Partial Lipodystrophy:
Type 1 (Dunningam Syndrome)

This LD variety was first described by Dunningam
in 1974 [32] in females belonging to two families

in Scotland. An autosomal dominant transmission
of the disease was reported in five families. To
date, some 200 cases of the disease have been
reported, with a higher prevalence in females.

Atrophy of the subcutaneous fat layer usually
manifests at puberty, involving the arms, legs, and
buttocks. The subcutaneous adipose tissue of the
face, neck, and intra-abdominal area may be pre-
served, giving patients a silhouette of visceral
obesity. An increase in intramuscular fat has been
reported. Insulin resistance, reduced glucose tol-
erance, overt diabetes, hypertriglyceridaemia, and
low levels of HDL cholesterol are associated with
Dunningam syndrome and lead to early onset of
atherosclerotic vascular diseases. Acute pancreati-
tis and liver steatosis may complicate the clinical
picture. The identification of missense mutations
on chromosome 1q 21–22, involving genes encod-
ing lamins A and C, in affected members of a fam-
ily suggests the molecular basis of the disease
[33]. Lamins provide structural integrity to the
nuclear membrane, such that mutations in the
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Table 3. Main clinical aspects of four patients with congenital lipoatrophic generalised lipodystrophy

DMM GF GI TV

Sex F F F F

Age (years) 18 35 31 24

BMI 22.0 21.6 22.2 15.5

Glucose tolerance Diabetes Diabetes Reduced glucose tolerance Diabetes

Blood glucose 335 168 106 165

Plasma insulin 28 20 16 37

Total cholesterol 415 154 158 250

HDL cholesterol 18 30 35 24

Triglycerides 471 201 270 310

Uric acid 9.3 5.4 5.8 6.8

Lipoatrophy +++ ++ - ++ - +++

Resting energy expenditure +28% +14% +18% +16%

Muscle hypertrophy +++ +-- +++ ---

Liver steatosis +++ +-- ++ - +--

Bone cysts +++ ++- +-- --- 

GF and GI: sisters. DMM: cousin of GF and GI. The father of GF and GI and the mother of DMM are cousins



gene could result in disruption of the nuclear lam-
ina in adipocytes and subsequently cell death. The
Dunningam’s variety of familial partial LD seems
to be a heterogeneous disorder with a slightly dif-
ferent clinical expression. The site of missense
mutations could explain these differences. A vari-
ety of this congenital  LD was described by
Köbberling in 1975 [34].

Familial Partial Lipodystrophy Associated with a PPARg
Gene Mutation

Garg et al. recently reported on a missense het-
erozygous mutation, Arg397Cys, in peroxisome-
proliferator-activated receptor-gamma (PPARγ)
gene in a 64-year-old woman with diabetes,
hypertriglyceridaemia, hypertension, hirsutism,
and marked subcutaneous fat loss, more promi-
nent in her forearms and calves than in her upper
arms and thighs [35].

Other heterozygous mutations in the PPARγ
gene were subsequently recognised in subjects
with familial partial LD [36, 37]. PPARγ is highly
expressed in adipose tissue and plays a role in adi-
pogenesis and adipocyte differentiation. However,
the localised atrophy of adipose tissue has yet to
be explained.

Familial Partial Lipodystrophy Associated with
Mandibuloacral Dysplasia

This type of dystrophy was first identified by
Young et al. in 1971 [38] as ‘a new syndrome mani-
fested by mandibular hypoplasia, acroosteolysis
(at the extremities), stiff joints and cutaneous
atrophy, a bird-like face associated to lipoatrophy
at the arms and legs, in two unrelated boys.’
Metabolic abnormalities, namely insulin-resistant
diabetes mellitus, hypermetabolism, and the
molecular basis of the disease were subsequently
demonstrated [39, 40]. Two different patterns of
mandibuloacral dysplasia (MAD) have been
reported. Type A is characterised by a homozy-
gous Arg527His mutation in the LMNA gene [40].
Type B heterozygous mutations in the zinc metal-
loproteinase ZMPSTE24 gene [41] were observed
in a patient whose generalised LD and MAD were
associated with progeria and renal failure.

Other Inherited Partial Lipodystrophies

Other varieties of LD have been described in
small series of patients. A syndrome characterised
by a low birth weight, short stature, defective ocu-
lar development, mental retardation, delayed
teething, hyperextensible joints, and atrophy of
the subcutaneous fat layer at the arms and trunk,
sparing any other site, called the SHORT syn-
drome, was reported by Sensenbrenner et al. in
1975 [42].

A LD characterised by a near absence of sub-
cutaneous fat from birth, sparing the adipose tis-
sue of the sacral and gluteal fat deposits, has been
reported in newborns affected by a neonatal
progeroid syndrome [43].

Recently, a new clinical condition was report-
ed, characterised by generalised lipoatrophy,
insulin-resistant diabetes, disseminated leukome-
lanodermal papules, liver steatosis, and cardiomy-
opathy. The condition was linked to lamin A and C
mutations [44].

Lipoatrophy Associated with Multiple Symmetric
Lipomatosis (Launois-Bensaude Syndrome or Madelung
Collar)

Multiple symmetric lipomatosis (MSL) is charac-
terised by the growth of fat masses symmetrically
located at the neck, shoulders, deltoid and supras-
capular regions, proximal segments of the arms
and legs, and at the thoracic inlet, a distribution
reminiscent of the location of brown adipose tis-
sue in the foetus. The remaining subcutaneous fat
layer is markedly atrophic, allowing MSL to be
included in the group of LDs (Fig. 3). MSL is
reported to be highly prevalent in men, but sever-
al cases of MSL in women have recently been
reported [45].

In a series of 69 patients, the male to female
ratio was 7:1. MSL appears in adulthood (range:
29–65 years), has a slowly progressive course, and
is an autosomal dominant inherited disorder that
primarily affects adipose tissue. Previous observa-
tions suggested lipomatous cells as brown-adi-
pose-tissue-derived cells [46, 47]. Almost all
patients have a high alcohol intake, usually red
wine, suggesting a specific role for ethanol or
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other wine components in revealing a genetic
defect. MSL was considered slowly progressive
and benign, but a recent longitudinal study
demonstrated a significant disease-specific mor-
tality [48]. The main complications include medi-
astinal occupation by lipomatous tissue, with
compression and infiltration of the muscles of the
neck and mediastinal structures, and a somatic
and autonomic neuropathy. Symptoms of sensory
and autonomic neuropathies are frequently asso-
ciated with the disease [49]. In a 15-year follow-up
of 70 patients, sudden death, in the absence of
coronary heart disease, was recorded in three out
of 11 patients, related to severe autonomic neu-
ropathy [48]. A further clinical sign of MSL is the

pharyngeal accumulation of fat tissue. In some
20% of MSL patients, fat infiltration of the pha-
ryngeal and tracheal wall was found to be respon-
sible for an obstructive apnoea syndrome during
sleep. Metabolic abnormalities include hyper-
triglyceridaemia and high levels of circulating
HDL cholesterol. Hyperuricaemia and reduced
glucose tolerance or overt diabetes occur at a fre-
quency slightly higher than casually expected. A
defect in adrenergic-stimulated lipolysis [50] and
an increase in lipoprotein lipase activity of adi-
pose tissue [51] have been demonstrated in sam-
ples of lipomatous tissue. No information is avail-
able on the metabolic activity in uninvolved sub-
cutaneous adipose tissue, due to the fat atrophy
which makes fat sampling extremely difficult.

There is evidence for a mitochondrial dysfunc-
tion in muscle fibres. Levels of respiratory-chain
enzy me show a significant decrease of
cytochrome-c oxidase, succinic dehydrogenase,
and citrate synthase activity [52]. Reduced mito-
chondrial enzyme activity could provide the
pathogenetic basis of the multisystemic clinical
manifestations of MSL. Cultured MSL adipocytes
synthesise UCP-1, the selective marker of brown
adipocyte, but unlike in normally functioning
brown fat cells, UCP-1 gene expression was not
significantly induced by noradrenaline. Thus, MSL
may be the consequence of a defective noradren-
ergic modulation of proliferation and differentia-
tion of brown fat cells [53].

Therapeutic Approaches to Lipodystrophies

No specific treatment is currently available for LD.
In some patients, therapy has to be addressed to
coexisting comorbidities or to correcting cosmet-
ic appearance.

Hyperglycaemia is treated with conventional
medication. Insulin is used for overt diabetes.
High doses of regular or long-acting insulin may
be required when a pronounced resistance is pres-
ent. Metformin has been suggested to improve
insulin sensitivity and the control of hyperphagia.
Liver steatosis and polycystic ovary syndrome
may be additional indications for metformin
treatment.
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Fig. 3. A patient with multiple symmetric lipomatosis. The
presence of lipomatous masses localised at the neck,
occipital region, and lower part of the abdomen is associ-
ated with a marked loss of the subcutaneous fat layer at
the limbs
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SECTION 5
PATHOPHYSIOLOGY OF WASTING/CACHEXIA



Introduction 

Estimating body compartments is fundamental in
performing nutritional assessments. In recent
years, highly reliable and minimally invasive
methods have become available for quantifying
body fluids, fat-free mass and fat mass. These
measurements integrate the clinical evaluation,
overcoming the drawbacks of anthropometric
measurements used as indirect parameters of
nutritional status and body composition.

Fat-free mass (FFM) is composed of all non-fat
tissues. It represents the main active component,
from a metabolic point of view, and it is responsi-
ble for the majority of resting energy expenditure
[1]. The main function of fat mass is as an energy
reserve, because it is composed of triglycerides,
which have a high caloric power.

A correct nutritional balance maintains an
adequate FFM in relation to the subject’s height
and a good ratio of fat to fat-free mass. This pro-
portion varies according to gender, age and genet-
ics. In a normal adult, fat-free soft mass, fat mass
and bone minerals represent 75, 18 and 7% of the
body weight, respectively. Muscle mass and non-
muscle lean tissue represent 25 and 14% of the
fat-free soft tissue, respectively [2].

Evaluating body fluids is very important in clini-
cal practice because many nutritional and patholog-
ical conditions are associated with water disorders.
Nowadays, total body water (TBW) and extracellular
water (ECW) can be determined by non-invasive
methods such as bioelectrical impedance analysis
(BIA). This enables the monitoring of several clinical
conditions characterised by an altered water home-
ostasis, e.g. dehydration or water retention states.

In an adult subject with a normal nutritional
status, TBW accounts for up to 60% of the total
body weight, while ECW is around 25% [3].

Body Composition and Cachexia

In a condition of negative energy balance, i.e.
when the nutrient intake does not match the ener-
gy expenditure, the body primarily uses fat mass
as an energy source. If the caloric deficit persists,
fat-free tissues are also used, with a consequent
further weight loss. While a loss of fat mass has no
negative consequences because it only cuts into
the energy reserves, the loss of fat-free mass has a
negative prognostic value.

The loss of body mass may follow three basic
models depending on the body compartment
most affected: starvation, cachexia and sarcopenia.

Starvation  is caused by a reduction in calorie
intake. The body goes through a metabolic adap-
tation in order to preserve FFM and increase lipid
metabolism, with secondary fat loss. Fat reserves
are preferentially used and the brain adapts to
using ketones instead of glucose from gluconeoge-
nesis. These changes are reversible with an appro-
priate refeeding programme.

Cachexia is associated with inflammatory and
neoplastic conditions, which induce an acute-
phase response. It is caused by chronic or terminal
diseases, such as infections, neoplasms, heart fail-
ure, chronic inflammatory diseases and chronic
obstructive pulmonary disease. In the elderly it
can also develop in the absence of any overt dis-
ease. The changes in body composition, charac-
terised by a reduction in both fat mass and fat-
free mass, are not reversible with refeeding.

Sarcopenia is characterised by a reduction in
skeletal muscle mass. Apart from body composi-
tion changes in the elderly, this term is also used
in the case of weight loss from repeated dieting, in
patients with growth hormone deficiencies, and in
subjects with a severe motility impairment.
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Cachexia is a model of body composition
changes because it enables a better basic charac-
ter isat ion of both t issue and biomolecular
processes.

Cachectic patients equally lose fat and fat-
free mass. The loss of fat-free mass mainly
involves the skeletal muscle and it reflects a
decrease in body cell mass and intracellular
potassium, thus indicating a bioenergetic defect.
These evidences are confirmed in pathological
conditions such as neoplasms [4], chronic heart
fai lure [5] , ter minal  renal  fai lure [6]  and
rheumatoid arthritis [7]. Cachexia is a patho-
physiological condition that produces a so-called
‘acute-phase response’ , usual ly  based on a
process of tissue damage. This process is self-
maintaining w ith a  posit ive feedback and
includes a marked protein synthesis by the liver.
The proteins secreted are mainly opsonines, pro-
tease inhibitors, complement factors, apopro-
teins, fibrinogen and others. The acute-phase
response demands a great deal of energy and
essential amino acids, obtained directly from
skeletal muscle.

At muscle level, white fibres are less involved
than red fibres, and myofibrillar proteins are
mainly affected [8]. In cachexia, however, unlike
the situation in starvation, there is an increase in
liver mass and the synthesis of visceral proteins
[9]. A 15% reduction in FFM interferes with
organic and physiological functions, while a
decrease beyond 30% is usually fatal.

The loss  of fat  mass is  due more to an
increased lipolysis than to a decreased lipogene-
sis [10]. For example, in neoplastic cachexia
there is a remarkable mobilisation of the fatty
acids even before weight loss becomes estab-
lished [11]. These effects can partly be explained
by an increased beta-adrenergic activity, which
has been demonstrated experimentally [12].
From a finalistic point of view, the aim is to con-
vert the organic priorities from offensive to
defensive, using the most extensive protein
reserve. But this adaptive effect, effective over the
short term, becomes damaging in the long term,
because a depletion in muscle mass contributes
increasingly to morbidity and mortality.

Body Composition: Measurement Methods

The whole body can be distinguished into sepa-
rate homogeneous fractions based on different
chemical and physical characteristics, depending
on the method used for body composition study.
The whole body can be considered on four differ-
ent levels, i.e. the atomic, the molecular, the cellu-
lar and the tissue-system (Fig. 1).

Most methods for measurement of body com-
position are based on a bicompartmental model,
according to which the body is divided into two
distinct chemical compartments, fat mass and fat-
free mass. Fat mass is composed entirely of lipids
and fat-free mass is composed of water, proteins,
minerals and glycogen. Having measured one
compartment, the other is usually taken to be the
difference [13, 14]. The bicompartmental model is
defined by the following relationship:

Body mass = fat mass + fat-free mass (alipidic
mass)

Fat-free mass or alipidic mass has a density of
1.1 g/cm3, a water content of 73.2%, and a potassi-
um content of 60–70 mmol/kg in the male and
50–60 mmol/kg in the female. It is composed of
skeletal and extraskeletal muscles, other lean tis-
sues and the skeleton [15]. Fat mass has a density
of 0.9 g/cm3 and, in normal subjects, it represents
around 15–18% and 25–28% of the male and
female body weight, respectively. It is water- and
potassium-free.

The ideal method for estimating the body
compartments should offer maximal accuracy
together with minimal invasiveness. Some meth-
ods are precise, but they are invasive and they are
only used to validate easier methods. Only a few
methods offer an acceptable compromise between
accuracy and invasiveness, making them suitable
for use in epidemiological studies and clinical
practice.

Some methods, e.g. the dilution method and
BIA, are used to measure body fluids. Other meth-
ods evaluate fat-free mass, bone mass and fat
mass. Among the latter, dual-energy X-ray absorp-
tiometry (DEXA) enables the body composition
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of single sites to be explored, while peripheral
quantitative computerised tomography (pQCT)
investigates some peculiar aspects of skeletal
muscle.

Body Fluids 

Isotope Dilution Methods 

All classic methods for measuring TBW and ECW
are based on the dilut ion principle, which
demands a tracer that is  not noxious, that
becomes uniformly distributed throughout the
unknown compartment and that does not inter-
fere with the distribution of water or other sub-
stances. The volume of each compartment is cal-
culated from the ratio between the quantity of the
tracer administered and its concentration in the
distribution volume at the equilibrium time.

To measure TBW, deuterium is used as a tracer
because it is a stable isotope of hydrogen and can
be given to children and women in pregnancy.
The subject receives a known oral dose of deuteri-
um oxide (D20, approx. 50 g of a 20% solution)

and venous blood samples are drawn 3 hours later
(equilibrium time) [16].

The TBW is obtained in litres by the following
formula:

TBW = A/B x 0.928

where A is the quantity of D20 administered in
milligrams, B is the plasma D2O concentration in
ppm at the equilibrium time; 0.928 is the correc-
tion factor for non-aqueous exchangeable hydro-
gen in the body [17].

Fat-free mass can be determined from TBW by
the following formula, assuming it contains a con-
stant fraction (73.2%) of TBW [18]:

FFM (kg) = TBW/0.732

Fat mass is calculated from the difference
between body weight and FFM.

The value of 73.2% assumed for FFM hydra-
tion derives from chemical analyses on a few
cadavers [19] and it represents the mean of val-
ues ranging from 69 to 82%. Later in vivo studies
confirmed a wide individual variability in FFM

5.1 Body Composition: Physiology, Pathophysiology and Methods of Evaluation 177

Fig. 1. Model of body composition

   ATOMIC        MOLECULAR    CELLULAR      ANATOMICAL

  Other:
  N,Ca,P, K,
  S, Na etc.

Oxygen

Carbon

Hydrogen

Minerals

Proteins

Water

Lipids Lipids

Extracellular
       Fluid

F
at

F
at

-F
re

e 
M

as
s

Intracellular 
Fluid

Intracellular
 solids

Extracellular solids
B

od
y 

C
el

l M
as

s

Bone

Non-skeletal
Muscle (organ)

Skeletal
Muscle

Subcutaneous
Adipose Tissue

Blood

 Intra-abdominal
 Adipose tissue

ATOMIC                  MOLECULAR            CELLULAR                 ANATOMICAL



hydration in healthy subjects that increases with
age [20] and in fluid imbalance conditions [21].

To estimate extracellular water, the subject is
given about 35 mg/kg body weight of sodium
bromide. The bromide concentrat ion in the
blood reaches an equilibrium about 3 hours after
its administration [22]. ECW can be estimated as
the corrected bromide space (CBS), which is cal-
culated according to the following formula [3]:

CBS = Br dose (mmol)/Br in plasma (mmol/l) 
× 0.90 × 0.95 × 0.94 

where 0.90 is the correction factor for the bromide
distribution in the non-extracellular sites (mainly
red blood cells); 0.95 is the correction factor for
the Donnan equilibrium; 0.94 is the correction
factor for the concentration of water in the plas-
ma, which is about 94%.

Bioelectrical Impedance Analysis

Bioelectrical impedance analysis is a simple,
non-invasive and portable method for estimating
fluid compartments and fat-free mass. This
method is based on the bioelectrical principle
that lean tissues containing the majority of the
body’s water and electrolytes are good electrical
conductors, whereas fat mass (which is almost
dry) acts as an insulator and is a poor electrical
conductor (Fig. 2).

The human body is considered as a conductor,
which opposes an obstruction of defined imped-
ance (Z) to an alternating current. Impedance is
the vectorial sum of the resistance (R) and reac-
tance (Xc). Resistance is defined as the pure oppo-
sition of the body to the alternating current and
reactance (Xc) is the resistive effect related to
capacities produced by tissue interfaces and cell
membranes [23].

The volume (V) of a cylindrical conductor
through which an electric current flows can be
calculated according to Ohm’s second law as a
function of the length of the conductor (L), the
bioelectrical resistance (R), and the specific resis-
tivity (ρ, i.e. indicating the tissue intrinsic proper-
ty to behave as resistors) of the lean mass:

V = ρ × L2/R

Applying this model to the human body, a
strong correlation was found between bioelectri-
cal volume (height2/resistance) and the fluid com-
partments determined by dilution methods.

Intracellular and extracellular fluids are elec-
trical conductors, while cell membranes act as
capacitors [24]. At low frequencies (5 kHz) the
current flows almost exclusively through the
extracellular compartments. At higher frequencies
(≥ 50 kHz) it exceeds the cell membranes and
flows through both the extracellular and the intra-
cellular fluids. On the basis of this principle, low
and high frequencies are applied respectively to
estimate ECW and TBW.

Instruments for BIA generally use a single fre-
quency (50 kHz, 800 mA) with a tetrapolar place-
ment of electrodes on the dorsal surface of the
right hand (two electrodes) and foot (two elec-
trodes) [25].

The strong correlation between bioelectrical
parameters and water volumes has enabled the
development of reliable BIA equations for predict-
ing TBW. Moreover, multiple regression equations
for estimating fat-free mass from resistance,
weight, height, gender and age have been devel-
oped by comparison with a reference method such
as DEXA, hydrodensitometry, etc. Table 1 shows
some common BIA formulae used for estimating
TBW and FFM [25–32].

The main limits of the BIA method have to do
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with the influence of hydration status on its relia-
bility in estimating fat-free mass. FFM hydration
is already highly variable in healthy subjects,
becoming more so with age [26]. When water
imbalance occurs, BIA can underestimate and
overestimate the FFM in dehydration and fluid
retention states, respectively.

A recent study of ours demonstrated that BIA
is reliable in evaluating body composition in
underweight elderly men, but it seems to have
intrinsic weaknesses in assessing underweight
women [33].

A further application of BIA is to evaluate
ECW and the distribution of intracellular and
extracellular fluids, using low-frequency analysers
(< 5 kHz) [34] or multifrequency systems [35].

Fat-Free Mass and Fat Mass 

Total Body Potassium

Quantifying total body potassium (TBK) enables
an indirect estimate of fat-free mass because
potassium is an intracellular cation (99%) that is
not present in stored triglycerides.

The method used most often for measuring
TBK is whole-body 40K determination. 40K exists
in the body in a known concentration (0.012%), it
emits a characteristic gamma-ray at 1.46 MeV and
it can be measured in vivo by external whole-body
counters, consisting in a large, shielded room con-
taining a gamma-ray detection system.

The error in TBK estimation using the 40K
method ranges from 3 to 5% [36]. FFM is calculat-
ed from TBK, assuming that the potassium con-
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Table 1. Bioelectrical impedance analysis formulae used for the estimation of total body water (TBW) and fat-free mass
(FFM) 

Author Formulae for TBW

Kushner [25] M: 0.396 x (stature2/resistance) + 0.143 x weight + 8.399
F: 0.382 x (stature2/resistance) + 0.105 x weight + 8.315

Kushner [26] 0.593 x (stature2/resistance) + 0.065 x weight + 0.04

Visser [27] M: 8.3 + 0.323 x (stature2/resistance) + 0.165 x weight
F: 11.9 + 0.272 x (stature2/resistance) + 0.109 x weight

Sun [28] M: 1.20 + 0.45 stature2/resistance + 0.18 weight
F: 3.75 + 0.45 stature2/resistance + 0.11 weight

Formulae for FFM

Segal [29] M: 0.0006636 x stature2 - 0.2117 x resistance + 0.62854 x weight - 0.1238 x age + 9.33285
F: 0.00064602 x stature2 - 0.01397 x resistance + 0.42087 x weight + 10.43485

Rising [30] 13.74 + 0.34 x (stature2/resistance) + 0.33 x weight - 0.14 x age + 6.18 if M

Roubenoff [31] M: 9.15 + 0.43 x (stature2/resistance) + 0.2 x weight + 0.07 x reactance 
F: 7.74 + 0.45 x (stature2/resistance) + 0.12 x weight + 0.05 x reactance 

Kyle [32] -4.104 + 0.518 x (stature2/resistance) + 0.231 x weight + 0.130 x reactance + 4.229 if M

Sun [28] M: -10.68 + 0.65 x (stature2/resistance) + 0.26 weight + 0.02 resistance
F: -9.53 + 0.69 x (stature2/resistance) + 0.17 weight + 0.02 resistance

M, males; F, females; stature in m, weight in kg



tent per kilogram of FFM is 2.66 g for men and
2.50 g for women [37].

This method cannot be used routinely, howev-
er, because of the high cost of the instrumentation
and technical support required.

Dual-Energy X-ray Absorptiometry

Dual-energy X-ray absorptiometry (DEXA) is a
method originally used to determine bone miner-
al density. For a few years now, it has also been
used to study body composition, and to quantify
fat and fat-free mass in particular.

DEXA explores the body regions of interest by
X-ray emissions at two different energy levels
[38]. The different photon attenuation at the two
levels depends on the different tissue composi-
tion, enabling the bone mineral content and soft
tissues to be extrapolated. The different relation-
ship between low- and high-energy photon atten-
uation enables fat and fat-free mass in the soft tis-
sues to be distinguished.

DEXA yields a high resolution and accuracy
with a short acquisition time and consequently
with minimal exposure (1.5 mR). The method had
a good reproducibility (coefficient of variation)
for total body fat mass (2–3%), total body fat-free
mass, total body lean soft tissue (1–2%), arm lean
soft tissue (3–4%), and leg lean soft tissue (1–2%)
[39–41]. Moreover, it is sensitive in assessing min-
imal changes in body composition [42]. The
method has been validated against multislice
computed tomography scans, magnetic resonance
imaging and a four-compartment model in young
and older people [40, 43, 44].

Measurement of body compartments using
DEXA is theoretically independent of FFM hydra-
tion status, but variations in the relationship
between TBW and FFM may interfere with the
accuracy of the method. Recent studies have report-
ed, however, on the validity of DEXA in detecting
variations in FFM due to hydration disorders.

The method requires little effort on the part of
the subject, thus allowing for frail subjects to be
also evaluated.

Unlike many other body composition methods,
moreover, DEXA has the potential for assessing
the composition of the whole body as well as body

regions [45]. At the present time, for example,
appendicular skeletal muscle mass (ASMM) evalu-
ation, measured as the sum of the fat-free soft tis-
sue masses of arms and legs, as detected by DEXA,
is considered the gold standard for the diagnosis
of sarcopenia [46, 47]. Subjects are considered sar-
copenic when they have ASMMI (ASMM divided
by height squared) values 2 standard deviations
below the mean ASMMI values (7.26 for males and
5.45 for females) for a young adult referral popula-
tion from the Rosetta study [47].

Neutron Activation Analysis

Neutron activation analysis (NAA) measures the
multi-elemental composition of the human body
in vivo. It can determine the content of certain
chemical elements, e.g. calcium, sodium, chlorine,
phosphorus and nitrogen.

In the NAA techniques used for body composition
studies, a beam of fast neutrons is passed through the
human body and the capture of these neutrons by
atoms of the target elements creates unstable iso-
topes, such as 49Ca, 15Na, etc. The isotopes revert to a
stable condition by emitting gamma rays with an en-
ergy characteristic to each element and the radio
spectrum of this emission is recorded. The energy lev-
els identify the elements and the levels of activity
enable their quantification [48].

The importance of this method lies in its abili-
ty to determine total body nitrogen (TBN) in vivo.
TBN can be used to derive the body protein mass,
assuming it contains 16% of nitrogen. The accura-
cy of nitrogen determination in phantoms and the
precision of repeated measures in humans is
about 3% [49].

Some authors have suggested associating TBN
determined by NAA and TBK derived from meas-
uring 40K to estimate muscle and non-muscle
components of lean mass [50]. However, given its
high cost, methodological complexity and use of
ionising radiations, NAA cannot be used routinely
for nutritional assessment or in clinical practice.

Computerised Axial Tomography

Computerised axial tomography (CAT) is an imag-
ing method enabling a regional analysis of body
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composition. This technique relies on the relation-
ship between small differences in X-ray attenuation
and differences in the physical density of tissues. A
two-dimensional image is created of the anatomical
structures in the area being scanned. CAT can be
applied mainly to evaluating fat distribution in the
subcutaneous and visceral tissues [51, 52].

An evolution of this technique, called periph-
eral quantitat ive computerised tomography
(pQCT), enables the single site density and bone
strength to be analysed [53]. pQCT can also be
used to assess body composition of the limbs, par-
ticularly the volume and morphology of skeletal
muscle mass, and subcutaneous and intermuscu-
lar adipose tissue [54]. pQCT is fast and repro-
ducible, and the radiat ing dose per limb is
extremely low, so it is an important technique for
studying sarcopenia and cachexia in both the
adult and the elderly.

Magnetic Nuclear Resonance

Magnetic nuclear resonance (MNR) is a non-
invasive method that can offer an important con-
tribution to district body composition studies. It
is non-invasive, so it can be used instead of CAT,
which exposes the subjects to ionising radiations.
It is already used to investigate the quantity and
distribution of adipose tissue. Total adipose tis-
sue can be estimated within a 5–7% error using
multiple-body scans at chest and abdomen levels
[55].

MNR has also been proposed as a method for
quantifying muscle mass [56], but it is too expen-
sive and time-consuming (about an hour for a
whole body scan) for routine use [57]. In addition,
its accuracy in estimating body composition is
still debatable in malnourished and cachectic sub-
jects.
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Introduction

Cachexia is characterised by a specific loss of
skeletal muscle, while the non-muscle protein
compartment is relatively preserved [1]. This loss
can be very large. Thus in lung cancer patients
who had lost 30% of their pre-illness stable weight
there was a 75% fall in skeletal muscle protein
mass. This leads to a general muscle weakness
(asthenia) and death from immobility and hypo-
static pneumonia [1]. For a 70-kg adult, the lean
body mass is about 5.8 kg, of which the majority
(4.2 kg) is found in muscle and the remainder in
cells of the splancnic organs and gut. During total
starvation protein is initially broken down at a
rate of about 75 g per day, falling to about 20 g per
day after 5–6 weeks, which is related to a reduc-
tion in the requirement for glucose by the brain.
During cachexia of cancer, injury or sepsis there is
interference with the normal process of starvation
adaption and the rate of protein degradation con-
tinues at the high rate. That loss of lean body
mass in cachexia differs from that in starvation is
reflected by the inability to reverse the process by
simple nutritional supplementation. Thus when
individuals with HIV were given parenteral nutri-
tion, an increase in weight was observed, but this
represented fat tissue rather than accrual of lean
body mass [2]. A similar situation is seen in sepsis
[3] and in cancer cachexia [4], and is also seen
with appetite stimulants such as megestrol acetate
[5]. This suggests that the normal metabolic con-
trols operating to regulate skeletal muscle mass in
starvation are by-passed during the process of
cachexia.

Regulation of Muscle Mass

Muscle mass is a balance between the rate of pro-
tein synthesis and the rate of protein degradation.
In young mammals protein synthesis exceeds
degradation and muscle mass increases, while in
mature mammals protein synthesis and degrada-
t ion are roughly equal so that muscle mass
remains constant. In cancer cachexia there is both
a reduct ion in protein sy nthesis [6] and an
increase in protein degradation in skeletal muscle
[7]. Although reduced protein synthesis and
inhibited uptake of amino acids contribute to the
atrophy, increased protein degradation and in
particular breakdown of the myofibrillar proteins
actin and myosin is probably the most important
factor. A change in muscle myosin isoform expres-
sion has also been reported in cancer cachexia [8]
with a decrease in type I and an increase in fast
(type II) isoform expression.

There are three main pathways for protein
degradation in skeletal muscle: lysosomal (cathep-
sins), calcium-activated proteases (calpains) and
the ubiquitin-proteasome proteolytic pathway. A
large number of studies have shown the ubiqui-
tin-proteasome pathway to be of major impor-
tance in the development of cachexia in sepsis,
metabolic acidosis, weightlessness, severe injury
including burn injury, denervation atrophy, cancer
[9] and diabetes [10]. Disuse atrophy as occurs in
space travel also arises through activation of the
ubiquitin-proteasome pathway [11]. The protea-
some does not degrade intact myofibrils and the
calcium-dependent enzyme calpain is responsible
for breakdown of the Z-bands in muscle, with the
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subsequent loss of actin and myosin from the sar-
comeres [12]. Thus muscle catabolism in septic rats
is blocked by dantrolene, which inhibits the release
of calcium from intracellular stores [13]. These
results suggest that calcium-dependent proteolysis
is the first step in breakdown of skeletal muscle,
followed by degradation of actin and myosin to
peptides by the proteasome. These peptides are
further broken down into tripeptides by the giant
protease tripeptidyl peptidase II, the activity of
which has been reported to be elevated in muscle
from septic rats [14]. Although this enzyme is not
rate-limiting for overall proteolysis, it is important
because the accumulation of abnormal peptides
may be injurious to the muscle cell.

Although the expression of the ubiquitin-
proteasome pathway is increased in a range of dif-
ferent cachexias, expression of the ATPase sub-
units of the 19S complex seems to vary according
to the type of wasting condition. Thus MSS1 and
P45 are ATPase subunits of the 19S complex
thought to provide energy to inject the substrate
into the proteolytic chamber of the 20S protea-
some. In wasting muscle of rats bearing the
Yoshida sarcoma, mRNA for MSS1, but not P45,
was found to be increased, but both MSS1 and P45
increased in atrophying muscle from unweighted
rats [15]. An increased expression of the non-
ATPase subunit, P112-L, was only seen in
unweighted rats, but not in cancer cachexia. These
results suggest that expression of the various pro-
teasome subunits is regulated independently.
Proteasome catalytic activity rather than sub-
strate ubiquitination has been suggested [16] to
be the rate-limiting step in protein degradation by
the ubiquitin-proteasome pathway. Nevertheless
the ubiquitin protein ligases (E3) are very impor-
tant in the recognition of specific cellular proteins
and the targeting of these for degradation. Two
E3s, Muscle Ring Finger 1 (MURF1) and Muscle
Atrophy F box (MAFbx), are elevated in skeletal
muscle under immobilisation, denervation and
hindlimb suspension [17]. In addition muscle
from MAFbx- and MURF1-deficient mice have a
decreased loss of muscle mass after denervation,
showing the importance of these E3 proteins in
targeting actin and myosin for degradation within
the proteasome. The factors responsible for the

increased expression of the ubiquitin-proteasome
pathway have recently been identified.

Factors Regulating Proteasome Expression in
Cachexia

A number of diverse factors appear to regulate
proteasome expression.

Oxidative Stress

Experiments on hindlimb unloading in rats indi-
cate that disuse results in a disruption of antioxi-
dant status, elevation of hydroperoxides and an
increase in oxidative stress [18]. In mice trans-
planted with CHO cells transfected with cDNA for
the cytokine tumour necrosis factor (TNF)-α,
muscle wasting was also associated with oxidative
stress and increased nitric oxide synthase in
skeletal muscle [19]. The decreased body weight,
muscle wasting and skeletal muscle molecular
abnormalities were prevented by treatment with
antioxidants, or the nitric oxide synthase inhibitor
nitro-L-arginine, suggesting that the oxidative
stress was directly responsible for the increased
muscle protein breakdown.

Induction of mild oxidative stress in skeletal
muscle myotubes led to an increase in proteasome
chymotrypsin-like enzyme activity, and increased
expression of 20S proteasome α subunits, p42, an
ATPase subunit of the 19S regulator and the ubiq-
uitin-conjugating enzyme E214k [20]. The mecha-
nism by which mild oxidative stress induces
expression of genes for the ubiquitin-proteasome
proteolytic pathway is not known, but exogenous
hydrogen peroxide has been shown to stimulate
binding of the transcription factor nuclear factor-
κB (NF-κB) to its targeted DNA sequence and to
stimulate degradation of the inhibitor protein I-
κBα [21]. There is evidence to suggest that other
factors inducing proteasome gene expression also
activate NF-κB.

Cytokines

Certain cytokines such as TNF-α, interleukins-1
and -6 (IL-1 and IL-6), interferon-γ (IFN-γ) and
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leukaemia inhibitory factor (LIF) have been iden-
tified from experimental studies as possible co-
factors in the onset of cachexia. Treatment of rats
with TNF-α enhances protein degradation in
skeletal muscle, associated with an increased pro-
teasome gene expression and higher levels of free
and conjugated ubiquitin [22]. Acute TNF-α treat-
ment caused an enhanced proteolytic rate and
decreased protein synthesis in red-type muscle
such as soleus, while little effects were seen in
white-type muscle such as extensor digitorum
longus [23]. In vitro studies show that protein
degradation induced by TNF-α is  mediated
through activation of NF-κB [24].

Atrophy of skeletal muscles is also observed in
IL-6 transgenic mice, which is completely blocked
by anti-mouse IL-6 receptor antibody [25]. The
muscle atrophy is associated with increased
mRNA levels for cathepsins (B and L) and mRNA
levels of ubiquitins (mono and poly). However,
this may be an indirect effect, since intravenous
administration of IL-6 to rats had no effect on
ubiquitin gene expression [26] and repeated
administration of IL-6 to healthy mice over a 7-
day period had no effect on body weight [27].

Severe cachexia has been shown to develop rap-
idly in nude mice inoculated with CHO cells consti-
tutively producing murine IFN-γ [28]. As with TNF-
α [26], intravenous administration of IFN-γ to rats
caused an increased expression of both the 1.2- and
2.4-kb transcripts of ubiquitin, although there were
no measurements on the expression of proteasome
subunits. These results suggest that some, but not
all, cytokines increase protein degradation through
an increase in expression of the ubiquitin-
proteasome proteolytic pathway.

Proteolysis-Inducing Factor

Proteolysis-inducing factor (PIF) is a 24-kDa sul-
phated glycoprotein secreted by cachexia-induc-
ing murine and human tumours [29].
Administration of PIF to normal mice causes
atrophy of skeletal muscle by an inhibition of pro-
tein synthesis and an increase of protein degrada-
tion [30]. The increased protein degradation aris-
es from an increased expression of the ubiquitin-
proteasome proteolytic pathway [31]. As with

TNF-α [24], upregulation of the pathway involves
the transcription factor NF-κB [32].

Glucocorticoids

Glucocorticoids have been suggested to be impor-
tant mediators of muscle catabolism in metabolic
acidosis, acute diabetes, sepsis and starvation
[33]. As with other inducers of protein degrada-
tion in skeletal muscle, glucocorticoids increase
the expression of the ubiquitin-proteasome sys-
tem [34]. However, unlike the other mediators, it
has been suggested that NF-κB acts as a suppres-
sor of genes in the proteasome pathway, and that
glucocorticoids increase proteolysis by downregu-
lating NF-κB activity [35].

Apoptosis as a Factor in Muscle Loss in
Cachexia

Apoptosis has been found to be associated with
atrophy of skeletal muscle in hindlimb unweight-
ing in rats [36] and in motor neuron disorders
[37]. Increased DNA fragmentation has also been
found in the skeletal muscle of rats bearing the
cachexia-inducing Yoshida AH-130 ascites
hepatoma [38] and in the early stage of tumour
development in rabbits bearing the VX2 carcino-
ma cells, together with increased expression of the
apoptosis-promoting protein bax [39]. In the latter
model there was an early increase in apoptotic
index when the loss of lean body mass amounted
to 18%, but a decrease at higher weight loss (up to
30%) [40]. The authors suggest two mechanisms of
muscle depletion during tumour growth, apopto-
sis in the early stage and metabolic abnormalities
in the late stage. Using an in vitro model of skele-
tal muscle, PIF was shown to stimulate the activity
of the apoptotic initiator caspases-8 and -9, and
the apoptotic effector caspases-2, -3 and -6, at the
same concentrations as those inducing muscle
protein degradation [41]. In addit ion PIF
increased the cy tosolic content of both
cytochrome C and bax and increased DNA frag-
mentation. The relative importance of apoptosis
compared with other mechanisms of muscle atro-
phy is not known.
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Fate of Amino Acids Released from Skeletal
Muscle

Proteolysis of muscle results in the release of
amino acids, particularly alanine and glutamine,
which represent more than 50% of the amino
acids exported by skeletal muscle [42]. Alanine is
channelled to the liver for gluconeogenesis and
acute-phase protein (APP) synthesis (see later),
while glutamine is taken up by the tumour to sus-
tain the energy and nitrogen demands. The amide
nitrogen of glutamine is utilised in the synthesis
of purine and py rimidine bases and for
aminosugars. Glutamine is the prime source of
nitrogen for tumours and a marked decrease has
been observed in rats bearing a rapidly growing
hepatoma, which was attributed to an increased
activity of glutamine-utilising enzymes [43].
Patients with progressive cancer have increased
glucose synthesis from alanine [44]. Both gluta-
mine and alanine are produced in muscle from
the metabolism of other amino acids, mainly
branched-chain amino acids (BCAA) and aspar-
tate. The BCAA (leucine, isoleucine and valine)
are often increased in cancer cachexia and their
turnover rates altered. The carbon skeletons of
BCAA arising from transamination provide a
major source of metabolic fuel for skeletal muscle.
In addition the BCAA, and leucine in particular,
stimulate protein synthesis and inhibit protein
degradation in skeletal muscle. In cancer cachex-
ia, but not in starvation, leucine inhibits the
expression of genes of the proteasome pathway
[45], while BCAA directly inhibit proteasome chy-

motrypsin-like enzyme activity in muscle, but not
in liver [46].

Although protein synthesis in skeletal muscle
is depressed in patients with cachexia, liver pro-
tein synthesis is enhanced due to APP synthesis.
Thus liver protein synthesis shifts from the syn-
thesis of albumin to APP such as C-reactive pro-
tein (CRP), fibrinogen, serum amyloid A, 2-
macroglobulin and α-1 antitrypsin [47]. There is
an association between a chronic inflammatory
response and the rate of loss of body mass in lung
and gastrointestinal cancers [48], while elevated
levels of fibrinogen were correlated w ith a
reduced survival in patients with pancreatic can-
cer [49]. It is possible that enhanced APP synthe-
sis in the liver inhibits synthesis of myofibrillar
proteins in muscle by reducing the pool size of
critical amino acids.

Conclusions

Atrophy of skeletal muscle in cachexia results
from an increased protein degradation coupled
with a reduced protein synthesis. Increased pro-
tein degradation appears to result from an
increased expression and activity of the ubiquitin-
proteasome proteolytic pathway due to a range of
factors in the different cachexias. The situation
differs from starvation in that liver protein syn-
thesis is elevated due to APP production. Release
of amino acids from muscle may be important in
the synthesis of APP, while certain amino acids
may be essential for tumour growth.
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In this chapter we will review the alterations of
lipoprotein metabolism observed in cachexia.
Other aspects of lipid metabolism in cachexia, in
particular those regarding adipose tissue, are cov-
ered in other chapters. Lipoproteins are macro-
molecules circulating in blood and they are quite
easily measured in the clinical chemistry labora-
tory. For this reason lipoproteins can be used to
monitor the alterations of lipid metabolism in
several clinical conditions, including cachexia.

All lipids, except free (non-esterified) fatty
acids (FFA), are transported in blood in the form
of lipoproteins in association with specific pro-
teins (apolipoproteins). The major lipids found in
human plasma lipoproteins are triglycerides,
phospholipids and cholesterol (free and esteri-
fied) [1].

FFA are transported from their storage site
(i.e. adipose tissue) to the sites of utilisation (liver
and muscles). The release of FFA from adipose tis-
sue is regulated by a hormone–sensitive lipase
(which is activated by noradrenaline and gluco-
corticoid hormones) and is promoted by pro-
longed fasting, acute stress, and lack of insulin.
The adipose tissue hormone–sensitive lipase is
thus involved in removing FFA from the triglyc-
erides present within the adipocytes.

Triglycerides are esters of glycerol with fatty
acids and they are produced in the small intestine
during fat absorption or in the liver and in the
adipose tissue. Triglycerides have a relatively
short half–life in the plasma and they are hydrol-
ysed by lipolytic enzymes (lipoprotein lipase) in
various organs (adipose tissue, muscles, liver).
The lipoprotein lipases are involved in extraction
of fatty acids from plasma triglycerides and these
FFA are used for storage in adipose tissue, for
energy production in several organs, or for lipid
synthesis in the liver.

Several phospholipids are found in plasma but
the two most abundant are phosphatidylcholine
(also called lecithin) and sphingomyelin. Most of
the plasma phosholipids are synthesised in the
liver. Phospholipids are essential components of
all cellular membranes and they have a key role in
maintaining non-polar lipids (like triglycerides
and cholesterol esters) in a soluble state within
lipoproteins.

Cholesterol is a sterol containing a hydroxyl
group that can be non-esterified (free cholesterol)
or esterified with one of several long–chain fatty
acids (mostly linoleic and oleic acid). Free choles-
terol is an essential component of all cell mem-
branes, while two thirds of the cholesterol present
in plasma is esterified. Plasma cholesterol is pro-
duced by the liver and in part it is derived from
intestinal absorption. The major metabolites of
cholesterol are the bile acids, which are synthe-
sised exclusively by the liver.

To form lipoproteins, lipids are associated with
apolipoproteins. The role of apolipoproteins is
both structural and functional. In fact, apolipopro-
teins have amphipatic properties, i.e. they can solu-
bilise apolar lipids (triglycerides and cholesterol
esters) in an aqueous environment. The most
important apolipoproteins found in human plasma
are apo AI, AII, B100, B48, CI, CII, CIII and E. Some
apolipoproteins are cofactors of important
enzymes involved in lipoprotein metabolism (e.g.
apo CII for lipoprotein lipase, apo AI for
lecithin–cholesterol acyl transferase) or are
involved in the receptor-mediated lipoprotein
uptake (e.g. apo B100 and apo E for the low-density
lipoprotein [LDL] receptor).

Four major classes of lipoproteins can be isolat-
ed from plasma: chylomicrons, very-low-density
lipoproteins (VLDL), LDL and high-density
lipoproteins (HDL). Chylomicrons are produced
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by the small intestine during fat absorption: they
consist mainly of triglycerides that are catabolised
by lipoprotein lipase. VLDL are triglyceride-rich
lipoproteins produced by the liver, which are trans-
formed into LDL by lipoprotein lipase. LDL are cho-
lesterol-rich lipoproteins that can be used by
peripheral tissues for cholesterol supply or by the
liver for cholesterol catabolism through biliary
acids. LDL are the major cholesterol-carrying
lipoproteins of human plasma, containing about
two thirds of plasma cholesterol. HDL contain
mainly phospholipids and small amounts of choles-
terol that is acquired from peripheral tissue to be
released to the liver (‘inverse’ cholesterol transport).

Plasma lipid and lipoprotein concentrations
are regulated by genetic, metabolic and dietary
factors. Several genetic (primary) forms of both
hyperlipidaemia and hypolipidaemia have been
described, as well as secondary (or acquired)
forms due to systemic disease such as diabetes,
endocrine diseases (thyroid, hypophysis) or organ
failure (liver, kidney)(Table 1) [2]. Secondary
hyperlipidaemias are also produced by some
drugs. In association with genetic background,
dietary habits have an important role in modulat-
ing plasma lipid concentrations: therefore, the
alterations of lipid metabolism in cachexia must
be considered taking into account all these factors.

Since cachexia is a common feature of several

different illnesses (including cancer, sepsis, chron-
ic heart failure, thyroid diseases, severe liver dis-
eases, rheumatoid arthritis and AIDS), the alter-
ations of lipid metabolism observed in these
patients may have different causes, related to spe-
cific organ involvement, dietary modifications, fat
absorption or drugs.

The main lipid abnormalities found in cachexia
are related to reduced food intake, enhanced lipid
mobilisation from the adipose tissue, reduced lipo-
genesis in the liver, and reduced lipoprotein lipase
activities (Table 2). The mechanisms responsible
for the lipid alterations are malabsorption, dietary
deficiency and metabolic dysfunctions. Anorexia
can be related to the primary disease or to side-
effects of drugs. These abnormalities are usually
associated with low HDL cholesterol and variable
triglyceride concentrations [3].

In patients with a variety of tumours, VLDL
triglycerides accumulate in plasma as a result of
decreased lipoprotein lipase activity. In fact, both
the extrahepatic and hepatic lipoprotein lipase
activities are decreased in cancer patients with
varying degrees of weight loss, the levels of these
activities being correlated with the per cent body
weight lost [4]. On the other hand, fasting in
healthy humans is associated with increased lipase
activities and reduced triglyceride levels [5].

In patients with cachexia, the production of
cytokines is frequently altered. Several cytokines
inhibit the lipoprotein lipase activities, thus reduc-
ing plasma triglyceride catabolism and preventing
fatty acid deposition in the adipose tissue [6].

Interleukin-6 (IL-6) reduces lipase activities
and may play a role in inducing cancer cachexia,
but in cancer patients IL-6 does not correlate with
lipase activities and therefore IL-6 does not seem
to be involved in the lipid alterations of these
patients [7].
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Table 1. Secondary causes of lipoprotein abnormalities
that may be present in patients with cachexia

1. Reduced LDL cholesterol: chronic infections (AIDS,
tuberculosis), chronic liver diseases, hyperthyroidism,
malabsorption (short bowel, blind-loop syndrome,
coeliac disease, pancreatic exocrine insufficiency,
giardiasis), malnutrition, monoclonal gammopathy,
myeloproliferative diseases

2. Increased LDL cholesterol: anorexia nervosa, drugs
(cyclosporine, progestogens, thiazides), obstructive
liver disease

3. Increased VLDL (hypertriglyceridaemia): alcohol,
chronic renal failure, drugs (beta blockers, oestrogen,
glucocorticoids, isotretinoin, protease inhibitors, thia-
zides), monoclonal gammopathy (lymphoma, multi-
ple myeloma), ileal bypass surgery, lipodystrophy,
poorly controlled diabetes mellitus, sepsis, stress,
systemic lupus erythematosus

4. Reduced HDL cholesterol: anabolic steroids, beta
blockers, cigarette smoking, malnutrition

Table 2. Pathophysiological alterations involved in the lipid
abnormalities of patients with cachexia

Impaired lipoprotein lipase activities

Increased lipolysis from adipose tissue

Reduced total body lipids

Reduced fat synthesis



Interleukin-2 (IL-2), when used to treat refrac-
tory cancers, causes severe hypocholesterolaemia,
associated with reduction of both lipoprotein
lipase and lecithin:cholesteryl acyltransferase
(LCAT) activities. The LCAT reduction has been
associated with the presence of abnormal lipopro-
teins in plasma [8].

Tumour necrosis factor (TNF)-α inhibits
lipoprotein lipase by down-regulation of the pro-
tein expression of this lipase [9], thus reducing
the tryglyceride catabolism in VLDL [10] and the
fatty acid deposition in the adipocytes. These
observations may explain why hypertriglyceri-
daemia is sometimes present in patients with
cachexia. On the other hand, TNF-α can increase
the activity of the adipose t issue hormone–
sensitive lipase, thus leading to an increased lipol-
ysis from the adipocytes [11].

Hypocholesterolaemia is commonly found in
patients with acute leukaemia, lung cancer and
solid tumours, due to the high LDL-receptor activ-
ity of cancer cells. In some of these patients, the
LDL-receptor activity is inversely correlated with
plasma-cholesterol concentration. It has been
hypothesised that this hypocholesterolaemia
might be due to three different mechanisms: (1)
enhanced uptake of plasma LDL by cancer cells;
(2) increased transport of cholesterol from cancer

cells to the liver; (3) reduced conversion of choles-
terol to bile acids, which may result in a decreased
intestinal absorption of cholesterol and subse-
quent hypocholesterolaemia. During chemothera-
py, cholesterol levels may increase [12].

Hypocholesterolaemia has been shown to be
associated with a poor prognosis in several clini-
cal conditions associated with cachexia, such as
chronic heart failure, cancer, dialysis and AIDS
[13]. However, the increased LDL uptake by cancer
cells could be useful for introducing drugs incor-
porated in LDL particles into malignant cells.

Advanced HIV disease and immune deficiency
are accompanied by changes in lipoprotein metab-
olism characterised by decreased levels of total,
LDL-cholesterol and HDL-cholesterol as well as
decreased apolipoprotein B. Progression to AIDS is
associated w ith elevated tr iglyceride levels.
Patients taking HIV protease inhibitors frequently
have hypercholesterolaemia and hypertriglyceri-
daemia, with increased VLDL concentrations and
increased concentrations of apolipoprotein B [14].

In conclusion, lipoprotein alterat ions in
cachexia are easily monitored in the clinical
chemistry lab and are useful to evaluate the clini-
cal evolution of the diseases responsible for this
syndrome. These alterations might also be used to
improve our current therapy in these patients.
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In 1919, glucose intolerance became the earliest
recognised metabolic abnormality in cancer
patients. Prior to the development of severe mal-
nutrition, patients with colon, gastric, sarcoma,
endometrial, prostate, localised head, neck and
lung cancer had many of the metabolic abnormal-
ities of type II (non-insulin-dependent) diabetes
mellitus. These metabolic abnormalities included
glucose intolerance, an increase in both hepatic
glucose production (HGP) and glucose recycling,
and insulin resistance. In a study of over 600 can-
cer patients, a diabetic pattern of glucose toler-
ance test was noted in over one-third of the
patients [1].

Changes in energy metabolism consisting of
increased resting energy expenditure associated
with alterations of glucose, lipid and protein
metabolism are typical of cancer-related anorex-
ia/cachexia syndrome (CACS).

The tumour growth and the chronic activation
of the immune system (to counteract the tumour
growth) are responsible for an increased energy
expenditure and thus for a continuous consump-
tion of energetic substrates, especially glucose [2].
In fact, the oxidation of glucose into CO2 and H2O
through the Krebs’ cycle is a well-known major
source of energy and plays a key role in the
biosynthesis of ATP, DNA, RNA and phospho-
lipids. Glucose is also necessary for the pentose-
phosphate pathway and the synthesis of reducing
compounds such as NADPH.

In advanced cancer patients, energy metabo-
lism is severely compromised by the occurrence
during the disease progression of symptoms such
as anorexia, nausea and vomiting, which do not
allow for a normal nutrition and so a regular sup-
ply of carbohydrates, proteins, amino acids and
vitamins. In addition to the reduced food intake,
important changes of energy metabolism and bio-

chemical/metabolic abnormalities in carbohy-
drate, protein and lipid biochemistry and metabo-
lism have been observed, which may account for
CACS [3].

Glucose Metabolism Changes in CACS

Glucose is the most important energetic substrate
of the human body. Neoplastic cells preferentially
metabolise glucose through anaerobic glycolysis.

In cancer patients, glucose intake is severely
compromised by the presence of symptoms such
as nausea, vomiting and anorexia. The reduced
glucose intake induces the activation of gluconeo-
genesis from lactate, muscle amino acids and free
fatty acids, finally leading to depletion of fat and
protein stores. The cycle converting lactate to
pyruvate and glucose is named the Cory cycle.
The Cory cycle activity is increased from 20%
(value observed in healthy subjects) to 50% in
cancer patients with CACS.

The utilisation of lactate and glycogenetic
amino acids for the synthesis of glucose in the
liver is a process associated with high energy con-
sumption. Increased gluconeogenesis has been
proposed as the main cause of increased energy
expenditure of cancer patients. The increase of
glucose turnover is strictly related to histotype,
stage of disease and grade of cachexia. Several
studies have analysed the relationship between
glucose metabolism and changes of body weight.
Patients without weight loss have a normal Cory
cycle activity, whilst those with progressive weight
loss have an increased Cory cycle activity associ-
ated w ith an increased lactate product ion.
However, the compensatory increased gluconeoge-
nesis is associated with reduced synthesis of
insulin and insulin resistance. In fact, the most

Chapter 5.4

Glucose Metabolism
Antonio Macciò, Clelia Madeddu, Giovanni Mantovani



important carbohydrate abnormalities observed
in cachectic cancer patients are increased glucose
synthesis, gluconeogenesis and Cory cycle activi-
ty, insulin resistance, and decreased glucose toler-
ance [3].

This adaptation redirects glucose to the liver
and other viscera and away from skeletal muscle
because hepatic glucokinase is not affected by
insulin, unlike hexokinase in myocytes and else-
where. The energy needs of muscle are met by
oxidation of non-essential amino acids, which
contributes to negative nitrogen balance [4].

In addition to having increased glucose pro-
duction and glucose intolerance, cancer patients
show a clear insulin resistance that involves adi-
pose t issue, skeletal  muscle and liver. The
increased hepatic glucose production is partially
the result of a lack of inhibition of gluconeogene-
sis by insulin due to a certain degree of liver
insulin resistance. Similarly, glucose utilisation by
skeletal muscle is reduced both in experimental
animals and cancer patients, this being the result
of clear insulin resistance [5]. In addition, increas-
es in counter-regulatory hormones, such as gluco-
corticoids or glucagons, also seem to be involved
[6]. The decreased stimulation of glucose uptake
does not seem to be the consequence of a defect in
insulin binding but rather a post-receptor defect.
The insulin resistance observed in skeletal muscle
also affects glycogen synthesis, which is clearly
reduced in cancer patients [7].

Peripheral insulin resistance is mediated by
proinflammatory cytokines. Insulin resistance is
associated with increases in circulating tumour
necrosis factor (TNF)-α in several pathological
situations, such as endotoxaemia, trauma and can-
cer [8]. Clinical administration of TNF-α in
healthy humans has been reported to reduce
insulin sensitivity, by inducing hyperglycaemia
without lowering insulin levels [9].

Mediators Involved in Glucose Abnormalities 

Proinflammatory Cytokines

It has been suggested that the chronic action of
mediators released by tumour cells and immune
cells counteracting tumour is the main cause of

the metabolic abnormalities characterising the
cachectic neoplastic patient. Indeed, several
experimental and clinical researches confirm the
central role exerted by proinflammatory
cytokines, especially interleukin (IL)-1, IL-6 and
TNF-α, in the pathogenesis of CACS. Chronically
elevated levels for these factors, either alone or in
combination, are capable of reproducing the dif-
ferent features of CACS [10, 11]. More direct evi-
dence of a cytokine involvement in CACS is pro-
vided by the observation that cachexia in animal
experimental models can be relieved by adminis-
tration of specific cytokine antagonists [11–13].
These studies revealed that CACS can rarely be
attributed to any one cytokine but rather is asso-
ciated with a set of cytokines that work in concert
[3].

The role of IL-1 in the pathogenesis of CACS
has been clearly elucidated. IL-1 exerts a specific
effect on reducing food intake and influences
meal size, meal duration and meal frequency [14,
15]. Hy pothalamic IL-1 is increased either
through access from the median eminence (a cir-
cumventricular nucleus without a blood–brain
barrier proximal to the arcuate nucleus) or is gen-
erated within the hypothalamus [16]. IL-1 has an
anorectic action by directly decreasing neuropep-
tide Y (NPY) neurotransmission and secondarily
by increasing corticotropin-releasing factor
(CRF), which in turn acts on the satiety circuitry
inhibiting food intake. In rat models, IL-1 has
been demonstrated to inhibit serum levels of
growth hormone (GH) by increasing CRF and
somatostatin levels [17]. The reduced synthesis of
GH leads to reduced synthesis of the insulin-like
growth factors (IGFs), which in turn influence the
muscle protein turnover and the autocrine and
paracrine regulation of muscle mass proliferation
[18]. In vitro studies have demonstrated that IGF-
1 induces muscle glucose synthesis and amino
acid uptake and inhibits protein catabolism
[19–21]. Studies on experimental models of rats
bearing cachectic tumour showed that the admin-
istration of IGF-1 was able to prevent weight loss,
muscle wasting and loss of muscle protein. IL-1
also acts peripherally on pancreatic beta cells,
which have specific receptors for IL-1 [22]. IL-1 on
beta cells first induces the release and synthesis of
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insulin and, secondarily, inhibits the synthesis and
release of insulin [23].

TNF-α has been shown to promote lipolysis
and inhibit lipogenesis and plays a key role in the
depletion of adipose tissue mass seen in cachexia.
It has been proposed that an elevation in plasma
levels of TNF-α is responsible for the metabolic
alterations in adipose tissue seen in cachexia [24].
Lipid metabolism is a complex sequence of events
that determine whether the triglyceride pool
w ithin the adipocy te increases, due to the
processes of free fatty acid (FFA) uptake and lipo-
genesis, or decreases, due to the process of lipoly-
sis. Circulating lipoproteins and triglycerides are
first converted into FFA by the action of lipopro-
tein lipase (LPL), which is secreted by the
adipocyte. FFA can then enter the adipocyte via a
fatty acid transporter. Once inside the adipocyte,
the FFA is converted into the triglyceride by a
multi-step-regulated enzymatic reaction, one of
the enzymes involved being acyl-CoA synthetase.
In addition, triglyceride can be formed from the
uptake of glucose, v ia g lucose transporters
(GLUT)1 and 4, into the adipocyte. The glucose
can then be converted into triglyceride by the
actions of a series of enzymes, which include
acetyl-CoA carboxylase and fatty acid synthase. A
large body of evidence now supports a role for
TNF-α in modulat ing these processes [25].
Studies utilising mammary adipose tissue from
human subjects have now shown that TNF-α
inhibits LPL activity by down-regulating its pro-
tein expression [26]. Indeed, increasing TNF-α
mRNA levels are correlated with decreasing LPL
activity in human subcutaneous adipose tissue
[27]. In addit ion, TNF-α has been shown to
reduce the expression of FFA transporters in adi-
pose tissue of the Syrian hamster [28]. TNF-α
could thus hinder the synthesis and entry of FFA
into the adipocyte, curtailing an increase in the
intracellular triglyceride pool size. Studies have
also suggested that TNF-α may decrease the
expression of enzymes involved in lipogenesis.
Specifically, it has been suggested that acetyl-CoA
carboxylase and fatty acid synthase are down-reg-
ulated. However, it is unclear if this occurs in
mature adipocy tes [25]. Acyl-CoA sy nthase
expression and activity have also been suggested

to be down-regulated by TNF-α [29]. TNF-α has
been found to promote lipolysis. However, the
mechanisms by which this is achieved are unclear.
TNF-α administration also induces increase of
cortisol, glucagon and insulin levels and these
effects seem to be mediated by IL-1; the concomi-
tant administration of recombinant IGF-1 reduces
the percentage of protein loss by 15% with an
associated improvement of glucose metabolism.
TNF-α has been implicated as a factor associated
w ith the development of insulin resistance.
Studies in women have found a positive associa-
tion between plasma insulin levels and TNF-α
mRNA from subcutaneous adipose tissue [30],
which is supported by a study showing increased
adipose TNF-α secretion in obese patients with
insulin resistance [27]. Extensive research has
highlighted several potential mechanisms by
which TNF-α induces insulin resistance. These
include: accelerated lipolysis and a concomitant
increase in circulating FFA concentrations, down-
regulation of GLUT4 synthesis, down-regulation
of insulin receptor, insulin receptor substrate-1
(IRS-1) synthesis and increased Ser/Thr phospho-
rylation of IRS-1 [31].

Interleukin-6 is another proinflammatory
cytokine with cachectic effects. In an experimen-
tal animal model, Strassmann et al. [32] demon-
strated that the presence of tumour in mouse
models was associated with early CACS and pro-
duction of IL-6, dosable in the serum. Serum IL-6
levels correlated w ith the severity of CACS.
Moreover, the administration of anti-IL-6 anti-
body inhibits the appearance of CACS symptoms.
In vitro studies have demonstrated that IL-6
induces, similarly to IL-1, the hypothalamic
release of CRF. Moreover, IL-6 acts on beta pan-
creatic cells similarly to IL-1 [33].

Thus, proinflammatory cytokines IL-1, TNF-α
and IL-6 play a central role in the pathogenesis of
metabolic derangements associated with CACS. It
may be hypothesised that, during the initial phas-
es of neoplastic disease, the synthesis of proin-
flammatory cytokines leads to an efficient anti-
neoplastic effect. However, their chronic activity
leads to severe alterations of cell metabolism, with
deleterious effects on body composition, nutri-
tional status and immune system efficiency.
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Leptin

A fundamental advance in our understanding of
control of energy balance came with the discovery
of the adipocyte-derived hormone leptin. Leptin
is a 164-kDa protein that is  transcribed in
adipocy tes of a variety of species, including
humans, and after cleavage of a signal peptide, it
is secreted into the bloodstream where it circu-
lates at concentrations proportional to body fat
stores [34]. Leptin production is regulated by the
peripheral signal pathway from the adipose tissue
to the hypothalamus, which is involved in the reg-
ulation of feeding and energy balance [35]. Thus,
leptin is the major peripheral regulator of long-
term body composition and is responsible for
self-correcting changes in energy intake and
expenditure [36].

Several in vitro and in vivo studies showed
high serum levels of leptin during acute inflam-
matory diseases. So, this hormone has been
hypothesised to be responsible for anorexia and
weight loss occurring in chronic inflammatory
disease [37, 38]. By contrast, several studies,
including our own [39–42], carried out in a popu-
lation of cancer patients, demonstrated that leptin
levels in cancer patients are lower than those in
healthy individuals. Specifically, we demonstrated
that circulating leptin concentrations in advanced
cancer patients are inversely related to the intensi-
ty of the inflammatory response (C-reactive pro-
tein [CRP], fibrinogen, IL-6, TNF-α). In addition,
the lowest leptin levels were found in patients at
advanced stages and with the most compromised
performance status, and were associated with
impairment of the immune system and low levels
of IL-2 [39, 40].

We hypothesise that low serum leptin levels
have a primary physiological role as a signal of
depletion of energy stores rather than as a sup-
pressor of body fat involved in the onset of cancer
cachexia [43, 44] and they may be evidence of the
alterations of energy metabolism occurring in
CACS. The low serum leptin levels observed in
advanced cancer pat ients are related to the
increased energy expenditure induced by tumour
during the progression of disease and to the
appearance of anorexia with consequent reduced
intake of energy substrates.

In advanced cancer patients, and especially in
cachectic patients, characterised by severe alter-
ations of energy metabolism, impairment of ener-
gy utilisation and increased energy expenditure,
the activation of leptin feedback may be a biologi-
cal defence of the body that limits the use of ener-
gy when energy is scarce. Decrease of leptin syn-
thesis and release should induce lowering of meta-
bolic rate and a powerful drive to eat more, in an
effort to prevent weight loss induced by several
mediators, proinflammatory cytokines first of all.

In fact, several recent studies showed that lep-
tin production is strictly related to glucose utilisa-
tion [45]. Data from experiments in isolated
adipocytes and from clinical studies in human
subjects support the hypothesis that insulin
increases leptin production indirectly via its
effects to increase glucose utilisation and oxida-
tive glucose metabolism in adipocytes [46, 47].

Havel et al. demonstrated that changes of lep-
tin concentrations during periods of energy
restriction were related to an index of what was
happening in the adipocyte metabolically [48, 49].
These metabolic manifestations include decreased
available glucose, decreased insulin-induced glu-
cose utilisation and increased lipolysis. Glucose in
the cells can go through glycolysis and be convert-
ed anaerobically to lactate, or it can enter the tri-
carboxylic acid cycle and, through the activity of
pyruvate dehydrogenase, be converted to acetyl-
CoA. From there it can go onto lipogenesis or be
oxidised to generate adenosine triphosphate
(ATP). Insulin causes a concentration-dependent
decrease in the amount of glucose that is anaero-
bically metabolised to lactate without affecting
the proportion of glucose that enters lipogenesis.
Thus, in response to insulin activity, when less
glucose is metabolised to lactate, more leptin is
produced; on the other hand, the greater the pro-
portion of glucose converted to lactate, the less
leptin is produced [50]. From these findings the
authors hypothesised that aerobic glucose metab-
olism is likely to be involved in the stimulation of
leptin production through either the production
of ATP via insulin-mediated glucose oxidation or
the effect of glucose oxidation on cellular redox
status and pyruvate cycling [51].

This evidence obtained by in vitro experi-
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ments (on cultured adipocytes) provides a strong
support to our hypothesis that in advanced cancer
patients, and especially those with CACS, low lep-
tin levels function as a signal of negative energy
balance and low energy reserves [47] consequent
to the reduced intake and the impaired utilisation
of energy substrates, particularly glucose.

Leptin as the major signal of energy substrates
is strictly related to oxidative stress. In one of our
papers we demonstrated that in advanced cancer
patients with tumours at different sites, low leptin
levels were associated with high levels of reactive
oxygen species (ROS) and reduced antioxidant
enzyme activity (e.g. glutathione [GSH] peroxi-
dase and superoxide dismutase [SOD]) [50].
Therefore, we can consider oxidative stress to be
the consequent manifestation of the impairment
of metabolism of cancer patients signalled by lep-
tin levels.

Consequences of Altered Glucose Metabolism 

Oxidative Stress

Oxidative stress is defined as an imbalance
between oxidants and antioxidants in favour of
the oxidants. The oxidants, also termed ROS, are
present as a normal product of aerobic metabo-
lism but can be produced at elevated rates under
pathophysiological conditions. They are interme-
diate compounds derived from the univalent
reduction of molecular oxygen (by electrons and
protons), characterised by a spared electron in the
external orbital, which confers them a particular
instability (anion superoxide O2-; hydroxyl radical
OH-); or compounds such as hydrogen peroxide
(H2O2), which react with oxidable functional
groups. Anion superoxide and hydrogen peroxide
are poorly reactive but in the presence of the tran-
sitional form of some metals, such as Fe3+, they
generate the more reactive hydroxyl radical. These
compounds are partially useful but potentially
toxic, so the body is provided with several systems
to counteract their activity. These systems include
antioxidants produced in the body, both endoge-
nous and exogenous, supplied from the diet.
Endogenous antioxidants include both enzymatic
defences, such as Se-GSH peroxidase, catalase and

SOD, as well as non-enzymatic defences, such as
GSH, histidine peptides, the iron-binding proteins
transferrin and ferritin, dihydrolipoic acid and
reduced CoQ10 [50].

Glucose, through the pentose phosphate path-
way, plays a key role in the synthesis of reducing
compounds such as the reduced GSH, which is
required to maintain the normal reduced state of
the cells and to counteract all the deleterious
effects of oxidative stress. GSH is synthesised
inside the cells through a complex biochemical
pathway composed of several well-know n
enzymes. During the reaction of H2O2 scavenging,
GSH is oxidised to GSH disulphide (GSSG) by the
enzyme GSH peroxidase. The reduction of GSSG
to GSH is catalysed by GSSG reductase, which uses
NADPH as reducing potential. NADPH is also
required for the formation of active catalase
tetramers. This latter enzyme catalyses the reduc-
tion of H2O2 to H2O and O2. The NADPH required
for the production of both GSH and catalase is
produced by the pentose phosphate pathway.
Glucose-6-phosphate dehydrogenase (G6PD) is
the first and rate-limiting enzyme of the pentose
phosphate pathway and recent results have
demonstrated that this enzyme plays a protective
role against ROS [52].

Reactive oxygen species, if not detoxified by
the antioxidant systems, exert a toxic action on
polyunsaturated fatty acids, circulating proteins,
proteins of cell surface, enzymes and nucleic acid
(DNA), leading to irreversible damage of cell
structure and functions. Thus, an adequate pres-
ence and functioning of antioxidant systems is
paramount for cell activity. In advanced cancer
patients the high levels of ROS are caused by:
1. An increased production due to hypermetabo-

lism, increased activation of the immune sys-
tem and chronic inflammation with the associ-
ated release of proinflammatory cytokines,
CRP and fibrinogen

2. An inadequate detoxification due to altered glu-
cose metabolism in addition to symptoms such
as anorexia/cachexia, nausea, and vomiting, that
prevent a normal nutrition and thereby a normal
supply of nutrients such as glucose, proteins and
vitamins, leading to accumulation of ROS [53].
In a series of our recently published studies
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[50, 53, 54] we have demonstrated that patients
with cancer at advanced stage showed a condition
of oxidative stress characterised by high blood
levels of ROS and reduced erythrocyte GSH per-
oxidase and SOD activity. Antioxidant activity was
significantly reduced in patients with the most
advanced stage (IV) and compromised perform-
ance status (EGOG PS 2-3). Moreover, oxidative
stress was associated with high levels of proin-
flammatory cytokines IL-6 and TNF-α, and CRP,
and low levels of leptin [51]. The inverse correla-
tion between leptin levels and the parameters of
oxidative stress (ROS) strongly suggests that lep-
tin is a signal of negative energy balance and low
energy reserves and that oxidative stress is a con-
sequence of the metabolic derangements, particu-
larly of glucose metabolism.

Impairment of the Immune System 

Immunodepression is a key feature of patients with
CACS. The severity of immunodepression is related
to stage of disease and severity of cachexia. Several
of our studies demonstrated that the immune sys-
tem of cancer patients shows an impaired blastic
response to mitogens. The reduced proliferative
response to mitogens (such as PHA, anti-CD3 anti-
body and recombinant IL-2) of peripheral blood
mononuclear cells (PBMCs) isolated from cancer
patients has to be considered as an index of more
complex functional alterations. In normal circum-
stances (PBMCs isolated from healthy individuals)
the above-cited mitogens induce cell cascade events
similar to those occurring after antigen activation:
production and release of cytokines, synthesis and
release of IL-2 from CD4+ cells and surface expres-
sion of IL-2 receptor by lymphocytes. Thus, the
blastic response depends on the amount of
cytokines, IL-2 receptor expression and interaction
between IL-2 and its receptor [55]. Patients with
advanced cancer often exhibit a poorly functioning
immune system manifested by anergy to skin-test
antigens, decreased T-cell proliferation, alterations
in signal transducing molecules, and reduced pro-
duction of IL-2.

These defective functions correlate with the
severity of disease and poor survival [56] and are
actually considered a consequence of the oxidative

stress, which in turn is an effect of the cell’s
impaired glucose metabolism. In advanced cancer
patients, the altered energy metabolism and partic-
ularly the defective glucose utilisation are responsi-
ble for the reduced synthesis of reducing com-
pounds by the pentose-phosphate pathway.
However, the correct immune cell functioning
requires adequate concentrations of intracellular
reducing compounds and particularly GSH. In fact,
several studies have widely demonstrated that GSH
is essential for the progression of activated lym-
phocytes into the cell cycle from G1 to S phase; the
supplementation of GSH to the medium of cultured
T cells increases the IL-2 receptor expression as
well as its internalisation and degradation and
ameliorates the blastic response of lymphocytes to
PHA, anti-CD3 and recombinant IL-2.

Moreover, in addition to reduced antioxidant
defences, increased levels of ROS sustained by the
cancer-related chronic inflammation directly
induce T-cell hyporesponsiveness and alter the
expression levels of key T-cell-signalling mole-
cules such as TCR-ζ and the TCR-dependent acti-
vation [57].

These hypotheses have been confirmed by sev-
eral of our in vitro experiments, which demon-
strated that, by adding the antioxidants N-acetyl
cysteine, alpha lipoic acid and amifostine to the
medium of cultured PBMCs isolated from
advanced cancer patients, we were able to reverse
in vitro the most significant functional defects of
immune cells, such as response to mitogen (PHA)
and antigens (anti CD3), the expression of surface
activation markers (CD25 and CD95) and cell
cycle progression (from G1 to S phase) [55, 58].

These findings confirm that impairment of
energy metabolism, by inducing oxidative stress,
is responsible for defective immune functions
shown in advanced cancer patients and that cor-
rection of oxidative stress by appropriate antioxi-
dants may reverse immunological deficits.

Leptin is a marker consistent with energy
reserves and may be the signal that connects ener-
gy stores with the immune system. Moreover, sev-
eral studies showed that leptin plays a role in
immunosuppression: the decrease in leptin plas-
ma concentrations during food deprivation leads
to impaired immune funct ion, whereas the
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restoration of leptin to normal levels by feeding
after starvation is sufficient to ameliorate the
immune response and is followed by a significant
increase in Th1 activity, further supporting the
role of leptin as a nutritional sensor for the
immune functions [59, 60].

This evidence demonstrates that immunode-
pression in advanced cancer patients is a conse-
quence of increased energy expenditure, altered
energy metabolism pathways and reduced avail-
ability of energy substrates that are reflected by
leptin levels and of which oxidative stress is the
main manifestation.
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The Role of Acute-Phase Response in Cachexia

Tissue damage is a threat to well-being because it
is self-promoting; that is, hydrolases released from
inflammatory or injured cells cause further injury
and provide substrate for formation and propaga-
tion of free radicals. For this reason, the body
must localise and limit the injury and clear tissue
debris. To perform these functions, the organism
has developed an acute-phase response that
includes stereotyped, coordinated adaptations
ranging from behavioural to physiological [1].
The acute-phase response includes the hepatic
synthesis of large quantities of proteins. The func-
tions of the acute-phase proteins vary widely and
include binding proteins (opsonins), protease
inhibitors, complement factors, apoproteins, fib-
rinogen, and others.

For example, a cycle involving C-reactive pro-
tein, complement and interleukin-6 has been
described [2]. C-reactive protein, which was
named for its ability to bind to a specific bacterial
lipopolysaccharide, circulates in low quantities in
healthy persons; however, its levels increase in
response to inflammatory or neoplastic processes.
C-reactive protein is an opsonin that binds to
denatured proteins, lipopolysaccharides and
nucleic acids. Binding leads to local complement
activation and phagocytosis by macrophages
through their complement receptors. The comple-
ment-split products stimulate release of inter-
leukin-6 by macrophages, which in turn stimu-
lates the sy nthesis and secret ion of more 
C-reactive protein in the liver. This completes a
positive feedback loop. The intensity of this
response is quantitatively related to the amount of
tissue debris; the response extinguishes itself after
tissue debris is cleared.

The acute-phase response has nutritional

implications. It is energy-intensive with high rates
of hepatic protein synthesis and requires large
quantities of essential amino acids. The need for
essential amino acids drives the loss of skeletal
muscle. The survival value is obvious: an injured
animal has an impaired ability to obtain exoge-
nous protein, and skeletal muscle, which repre-
sents approximately 40% of body weight in men
and approximately 33% in women, is the largest
available pool of protein. The tradeoff may be
viewed as a shift in the body’s priorities from
offensive to defensive. The adaptation is effective
over the short term because skeletal muscle is
replaced rapidly as recovery is completed.
Problems ensue when the process is chronic
because skeletal muscle depletion contributes
increasingly to morbidity and mortality.

Changes in Intermediary Metabolism During
the Acute-Phase Response

The acute-phase response includes coordinated
adaptations in intermediary metabolism, which
differ from those of starvation. A major difference
is an increase in protein degradation in skeletal
muscle. Recent studies have partially defined the
mechanisms by which cellular protein turnover is
regulated. Turnover rates vary for individual pro-
teins. Regulatory proteins, such as those that con-
trol the cell cycle, have extremely rapid turnover;
for others, such as myofibrillar proteins in skeletal
muscle, turnover is slower. Of the various cellular
proteolytic pathways, the adenosine triphosphate-
dependent ubiquitin–proteasome pathway has the
predominant role in the regulation of protein
turnover [3]. Cachexia is also characterised by
changes in fat metabolism, including hypertriglyc-
eridaemia, increased hepatic secretion of very-
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low-density lipoproteins, decreased lipoprotein
lipase activity, increased de novo triglyceride syn-
thesis and esterification, increased release of free
fatty acid from the periphery, and a futile cycle of
fatty acids between the liver and adipose tissue
beds. These changes, which are promoted by a
variety of cytokines, maintain serum lipid concen-
trations despite the presence of anorexia [4].

Alterat ions in carbohydrate metabolism
include peripheral insulin resistance, which is also
mediated by proinflammatory cytokines.

Cytokine Regulation of the Acute-Phase
Response

The realisation that the response to illness and
injury is an endogenous, not exogenous, process
was a milestone in the understanding of cachexia.
Our understanding that cytokines regulate the
acute-phase response and cachexia resulted from
several observations. For example, studies of
hypertriglyceridaemia in experimental infections
suggested indirect, or endogenous, control; the
degree of hypertriglyceridaemia was not neces-
sarily correlated with infectious or tumour bur-
den, and metabolic effects of infection could be
reproduced with dead organisms or even with
supernatants of macrophage cultures stimulated
in vitro. The responsible protein was sought, iso-
lated, and named cachectin, and its sequence was
found to be identical to that reported for tumour
necrosis factor (TNF) [5]. These studies concluded
that this molecule was the mediator of cachexia.
At approximately the same time, other investiga-
tors demonstrated that proteolysis in animals
occurred after infusion of a leukocyte-derived
factor [6], in keeping w ith the notion of an
endogenous mediator of the acute-phase response
[7]. This mediator was found after diverse stress-
es, ranging from vaccination to sepsis. The circu-
latory nature of a cachectic factor was shown by
using parabiotic rats – that is, animals grown with
a surgically produced shared vascular supply.
Cancer implanted in one rat led to anorexia and
cachexia in both rats [8]. Analysis of the compo-
nents of leukocyte endogenous mediator yielded
interleukin-1 and other proinflammatory

cytokines. Further studies have shown that many
cy tokines are capable of inducing metabolic
changes [4], although some specificity among
cytokines can be demonstrated by using experi-
mentally altered animal models.

Proinflammatory cytokines are protein media-
tors that are secreted from immunocompetent
cells and other cells and that mediate the acute-
phase response, among other functions. As noted,
metabolic effects of cytokines can be distin-
guished from those of starvation by pair-feeding.
One implication of combining immunological and
nutritional signal functions within a single mole-
cule is that the intensity of the nutritional adapta-
tion parallels the other cytokine effects. Most
experimental work has concentrated on TNF,
interleukin-1 and interleukin-6, although other
cytokines and chemokines also mediate the acute-
phase response. The mode of action is predomi-
nantly paracrine and autocrine. A series of animal
studies demonstrated that the predominant
cytokine effect is local. Central infusion of TNF
led to predominant anorexia, and peripheral pro-
duction of TNF produced predominant metabolic
losses of protein [9].

Cytokines do mediate systemic effects, howev-
er. Among the proinflammatory cytokines, inter-
leukin-6 has the longest serum half-life and may
have important endocrine effects. Circulation of
mononuclear cells that secrete cytokines in a tar-
get organ is an alternate way to achieve a classic
endocrine effect. Such a mechanism might be
especially important in transmission of cytokine
signals through the blood–brain barrier.

Proinflammatory cytokines exert a variety of
behavioural and physiological effects in addition
to their immunological and nutritional functions.
Anorexia results from proinflammatory cytokine
activity and has both central and peripheral ele-
ments. The central effect is at the level of the
hypothalamic nuclei, which control feeding
behaviour.

Several cytokines affect food intake directly or
through other mediators, such as corticotropin-
releasing hormone, serotonin or leptin. Leptin, a
cytokine secreted from adipocytes, which has
prominent effects on feeding behaviour and ener-
gy balance, is believed to be a major peripheral
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regulator of long-term body composition. It is
also thought to be responsible for self-correcting
changes in energy intake and expenditure that can
be demonstrated after voluntary overfeeding and
underfeeding [10]. However, animal studies
demonstrated that endotoxin leads to a dose-
dependent increase in plasma leptin and white fat
leptin mRNA, which implies that leptin might be a
mediator of anorexia in cachexia. There is a nor-
mal relationship between plasma leptin concen-
tration and body fat content in healthy persons as

well as in patients with AIDS, cancer and chronic
obstructive pulmonary disease [11–15]. Leptin
does not mediate the metabolic changes of the
acute-phase response [16].

Several alterations in gastrointestinal function
that indirectly affect nutritional status have been
ascribed to proinflammatory cytokines, including
altered gastric emptying. Decreases in intestinal
blood flow, changes in small bowel motility,
changes in cellular proliferation, and altered ion
fluxes have also been described.
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With the tremendous increase in scientific knowl-
edge about cytokines and their immune func-
tions, it has also become clear that cytokines have
systemic and local effects that are only partly
related to their coordinating functions in the
immune system. Thus, proinflammatory cytokines
are the major endogenous mediators of anorexia
and cachexia during chronic diseases. They have
substantial hypermetabolic effects, which are at
the core of the organism’s fever reaction, and, last
but not least, they are implicated in the metabolic
disturbances and several other comorbidities of
obesity, in particular by contributing to insulin
resistance. This chapter summarises current
knowledge of these effects: it describes studies
including different levels of scientific analysis,
from the molecular through cellular to the sys-
temic and behavioural levels, which reveal inter-
esting features of the role of cytokines in these
phenomena.

Introduction

The term inflammation describes a complex series
of events, many of which are coordinated by
cytokines. More than 100 structurally identified
cytokines with unique and redundant actions
have been identified (see [1] for review). Several
cytokines share receptors or intracellular sig-
nalling mechanisms, and this presumably
accounts for part of their redundant actions.
Cytokine production is not constitutive, but trig-
gered by many different stimuli. Virtually all cells
can produce cytokines, with production cycles
usually lasting from a few hours to a few days, but
cytokine production may be prolonged if the
stimulus persists in a chronic disease. The high
potency of cytokines is related to the high affinity

of their receptors and to the fact that signalling
requires only low (often < 10%) receptor occu-
pancy [1]. Cytokines are broadly categorised as
being proinflammatory or anti-inflammatory: i.e.,
cytokines are involved in both pathogenesis of
and protection against the disease [2]. In addition
to their immune-related effects, cytokines affect
other physiological functions and cause central
nervous system (CNS)-mediated effects such as
fever, sleep, and an activation of the hypothalam-
ic–pituitary–adrenal axis. This chapter provides a
brief overview of the role of proinflammatory
cytokines in three main phenomena associated
with chronic inflammation and/or infection, i.e.,
anorexia, hypermetabolism and changes in insulin
action.

Cytokines and Anorexia

General

Several proinflammatory cytokines, including
interleukin-1 (IL-1), IL-2, IL-6, IL-8, tumour
necrosis factor-α (TNF-α) and interferon-γ (IFN-
γ), reduce food intake after peripheral or central
administration in laboratory animals [3, 4]. Some
cytokines suppress feeding synergistically [3, 4].
The anorectic effects of cytokines are pathophysi-
ologically relevant because acute antagonism of
particular cytokines and/or their receptors often
attenuates anorexia in various diseases or models
of disease [5]. Furthermore, several immune chal-
lenges reduce food intake less in mice that are
genetically deficient in a particular cytokine or
cytokine receptor than in control animals (see
below). Failure to establish a role for a particular
cytokine in disease-related anorexia with genetic
knock-out (KO) mice [5] is presumably due to the
redundant and overlapping actions of cytokines,
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which allow for developmental compensation.
Interestingly, the feeding-suppressive effect of
proinflammatory cy tokines appears to be
enhanced by oestradiol [6], which fits the well-
known modulatory effect of ovarian hormones on
immune system activity and the responsiveness to
cytokines in female mammals [7]. Anhedonic
effects of cytokines may contribute to or enhance
anorexia under certain circumstances [5, 8], but
do not appear to be the major cause of their
anorectic effects [5].

Central Cytokines

Glia cells and neurons in various brain areas
express proinflammatory cytokines and cytokine
receptors [9, 10]. Acute and chronic CNS diseases
(e.g., meningitis, encephalitis, multiple sclerosis,
Alzheimer’s disease, stroke and brain tumours)
stimulate CNS cy tokine production [11, 12].
Cytokines produced within the blood–brain bar-
rier (BBB) can act directly on neural circuitries
controlling energy balance, and intracerebroven-
tricular (ICV) administration of proinflammatory
cytokines presumably models the clinical features
of such diseases, e.g. anorexia. Peripheral immune
stimulation may increase de novo proinflammato-
ry cytokine synthesis in the brain, and this may
contribute to anorexia in some of these conditions
[3, 13–15]. Often, however, centrally produced
cytokines may not be essential in the anorexia of
systemic immune challenges because a crucial
cytokine is not expressed in the brain [16], the
cytokine expression pattern does not fit a role in
the anorexia [17], and only unnaturally strong
peripheral stimuli induce CNS cytokine synthesis
[17]. Finally, peripheral immune stimulation may
increase cytokines but reduces cytokine receptor
expression in the brain [18], and the latter effect
may attenuate any net effect of centrally produced
cytokines on food intake.

Peripheral Cytokines

Cytokines produced outside the BBB have local
catabolic effects (proteolysis, lipolysis) (see [19]
for review) and can influence CNS-mediated func-
tions by activating afferent nerves, by releasing

other peripheral mediators, by acting at the BBB,
or by being transported into the brain. Figure 1
shows a rough scheme of how peripheral
cytokines are able to affect CNS-mediated func-
tions. We have shown that afferent autonomic
nerves from below the diaphragm are not neces-
sary for the anorectic effect of intraperitoneally
(IP) injected IL-1β (see [20] for review). Also, lep-
tin does not appear to be a necessary mediator of
peripheral IL-1β anorectic effect because IP-
injected IL-1β reduced food intake similarly in
obese and lean Zucker rats [21]. Yet, IL-1β increas-
es leptin expression [22], and the multiple interac-
tions between IL-1β and leptin may also result in
modulation of the effects of both peptides on
energy balance. In addition to activating afferent
nerves or triggering the release of other humoral
mediators in the periphery, circulating cytokines
may get direct access to the brain through circum-
ventricular organs and active transport mecha-
nisms [23]. Finally, IL-1β and other cytokines may
trigger the release of downstream mediators by
act ing through receptors on BBB capil lary
endothelial cells. In these cells, proinflammatory
cytokines cause activation of the transcription
factor NF-κB [24, 25], increase cyclo-oxygenase-2
(COX-2) mRNA expression [26–28], and trigger
the release of neuromodulators such as nitric
oxide or prostanoids [26, 29]. Together with
cy tokines, which are also produced by BBB
endothelial cells, these mediators can affect neu-
rons involved in control of energ y balance.
Activation of COX-2 and the subsequent release of
prostanoids appears to be particularly important
in this context [30–32] and is involved in the
anorectic effect of IL-1β [32, 33] as well as in can-
cer cachexia and anorexia [30]. PGE 2 and/or
other prostanoids act on prostanoid receptors on
neurons that project to brain sites involved in
food intake control, in particular to the paraven-
tricular (PVN) and arcuate (ARC) nuclei of the
hypothalamus [5].

Central Neural Mediation of Cytokine-Induced Anorexia

Peripherally administered IL-1β induces c-fos
immunoreactivity in the PVN and ARC of the
hypothalamus [34]. The ARC is considered to be
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the major hypothalamic detection site for blood-
derived signals. Yet, severing the ARC from PVN
or its connections with the PVN only slightly
attenuated peripheral IL-1β-induced anorexia
[35], indicating that the ARC is involved but not
necessary for peripheral IL-1β-induced anorexia.
Several lines of evidence [20] implicate activation
of hindbrain to forebrain aminergic neurons in
the feeding suppression and hypermetabolic
effects of circulating IL-1β. IL-1β-induced anorex-
ia may in part be mediated through prostaglandin
E2-dependent activation of serotoninergic neu-
rons originating in the raphe nuclei and project-
ing to the hypothalamus [36]. In line with this
idea, systemic administration of a serotonin (5-
HT2C) receptor antagonist and microinjection of
the 5-HT1A autoreceptor agonist 8-hydroxy-2-(di-
n-propylamino)tetraline (8-OH-DPAT) directly
into the raphe nucleus both markedly attenuated
the feeding-suppressive effect of peripherally
injected IL-1-β [3]. Interestingly, anorexia induced
by experimental colitis in rats is mediated, in part,
by the stimulatory effect of IL-1 on medial hypo-
thalamic 5-HT [37]. It is still largely unknown
whether TNF-α inhibits feeding through the same
mechanisms as IL-1β. It has been shown, however,
that both cytokines can replace each other in
mediating infection-induced anorexia [38]. These
and other results suggest that cytokines act in
concert to inhibit eating [5]. In addition to 5-HT,
melanocortins are involved in the anorexia and
weight loss associated with inflammatory and
neoplast ic disease processes. Studies using
melanocortin antagonists (SHU9119 or agouti-
related peptide) or genet ic approaches
(melanocortin-4 receptor KO mice) suggest that
melanocortin action is required for anorexia and
weight loss induced by injected lipopolysaccha-
ride (LPS, an inflammatory gram-negative bacter-
ial  cel l  wall  product) or by implantat ion of
prostate or lung cancer cells. Although the precise
mechanisms for the effects of peripheral inflam-
mation or neoplasia on the melanocortin system
remain unknown, it is reasonable to assume that
proinflammatory cytokines (IL-1β, IL-6, TNF-α)
play a role [39, 40].

Interestingly, 5-HT and the melanocortin sys-
tem appear to jointly contribute to the anorexia in

chronic inflammation and infection. Most recent
data indicate that activation of 5-HTergic neurons
ult imately influences the hypothalamic
melanocortin pathways of energy balance regula-
tion and that activation of the melanocortin sys-
tem is necessary to produce the complete anorec-
tic effect of 5-HTergic activation [41]. In line with
this hypothesis, anorectic 5-HTergic drugs activat-
ed pro-opiomelanocortin (POMC) neurons in the
ARC, and this effect appeared to be mediated by
the 5-HT2C receptor expressed on POMC neurons
[41]. The exact mechanisms of this interaction
between 5-HT and the melanocortin pathway still
need to be determined.

Also, IL-1β appears to be essential for the pro-
duction of ciliary neurotrophic factor (CNTF) in
response to brain injury or trauma [42]. CNTF
was first characterised as a trophic factor for
motor neurons in the ciliary ganglion and spinal
cord and subsequently found to markedly reduce
food intake and body weight [43]. This makes
CNTF a possible mediator of IL-1β effects on food
intake and energy expenditure. Some data suggest
that CNTF ultimately affects energy balance by
markedly reducing the expression and action of
NPY [44]. A reduction of hypothalamic NPY has
also been implicated in the feeding-suppressive
effect of IL-1β [45]. Summarising, several lines of
evidence suggest that the pathways of cytokine-
induced suppression of feeding and stimulation of
energy expenditure ultimately converge on the
well-characterised hypothalamic neuropeptide
systems that control energy balance.

Cytokines and Hypermetabolism

Hypermetabolism, i.e. an increase in resting ener-
gy expenditure, occurs in many cachectic diseases
[46]. Several cytokines, including TNF-α, IL-1β
and IL-6 [47–49], have been shown to stimulate
energy expenditure and to induce fever as part of
their effects on CNS mechanisms of defence
and/or energy balance control.

Similar to the cytokine anorectic effects (see
above), cytokine-induced hypermetabolism appears
to result from synergistic and sequential interactions
[50] and to involve the same principles of action of cir-
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culating cytokines on the CNS [51–53] (see Fig. 1 and
above). Some discrepancy exists as to whether the va-
gus is involved in the hypermetabolic effect of cy-
tokines. Whereas some studies provide evidence for
a vagal mediation [54–56], others do not [57, 58]. Dif-
ferent routes of administration (i.e., intraperitoneal vs.
intravenous) [59] and/or different doses [60] of the in-
volved cytokine may contribute to some of the ob-
served discrepancies. In addition, the time and dura-
tion of measurement may be crucial because some ev-
idence suggests that vagal afferents are involved in the
immediate fever effect of peripheral cytokines,but not

in their longer-term actions [55].
An alternative pathway of metabolic stimula-

tion has recently been demonstrated for IFNγ. A
study in experimentally induced murine toxoplas-
mosis showed that the hypermetabolism in this
animal model depends on IFN-γ and is due to a
stimulation of extramitochondrial lipid oxidation
in macrophage-rich tissues [61]. This suggests
that IFN-γ-dependent stimulation of the oxidative
burst in macrophages can be a major contributor
to the hypermetabolic response in some patholog-
ical situations.
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Moreover, IP administration of LPS or tumour
burden increased UCP2 gene expression in the
brain, and this was also observed after LPS treat-
ment in TNF-1 receptor and TNF-2 receptor KO
mice. Thus, the brain may contribute significantly
to the increase in energy expenditure associated
with fever and tumour burden, and TNF-α does
not appear to be a necessary mediator of this
response [62]. Yet, another study in genetically
modified mice implicated natural killer cells and
IFN-γ as well as TNF-α in the metabolic alter-
ations induced by LPS [16]. Exogenous TNF-α has
also been shown to induce thermogenesis and
UCP2 mRNA expression in broadly distributed
tissues in rats, including brown and white adipose
tissue as well as skeletal muscle [63]. Overall, it
appears safe to say that the common proinflam-
matory cytokines TNF-α, IL-1β and IFN-γ all con-
tr ibute to hypermetabolism in chronic
disease/inflammation through different, presum-
ably overlapping mechanisms.

An interesting new discovery related to the
hypermetabolism in chronic inflammation is that
proinflammatory cytokines activate the transcrip-
tional peroxisome proliferator-activated receptor
gamma (PPARγ) coactivator-1 (PGC-1): this acti-
vation is mediated through phosphorylation by
p38 kinase. The PGC-1 is considered to be a mas-
ter regulator of oxidative metabolism.

Activation of PGC-1 in cultured muscle cells or
muscle in vivo causes increased respiration and
expression of genes linked to mitochondrial
uncoupling and energy expenditure. Thus, PGC-1,
which is expressed in normal skeletal muscle, may
provide a new link between proinflammatory
cytokines and increased energy expenditure [64].

Cytokines and Insulin Resistance

In addition to their well-known anorectic and
hypermetabolic effects, cytokines appear to be
involved in obesity-related disorders such as
insulin resistance and vascular diseases [65].
Epidemiological findings support the hypothesis
that the metabolic syndrome, type II diabetes and
cardiovascular diseases have an inflammatory
component mediated by cytokines [66, 67]. Thus,
overweight and obese children as well as adults

have elevated serum levels of C-reactive protein,
IL-6 and TNF-α, which are known markers of
inflammation, closely associated with cardiovas-
cular risk factors as well as cardiovascular and
non-cardiovascular causes of death [66]. The
inflammatory mediators and/or cy tokines
involved may originate from adipose tissue.

TNF-α was among the first substances to be
implicated in fat cell insulin resistance [68].
Adipose tissue TNF-α expression is increased in
obese subjects, and TNF-α may limit an increase
in adipocyte size by inhibiting lipoprotein lipase
(LPL) and increasing insulin resistance [68]. A p55
TNF-α receptor-mediated phosphorylation of ser-
ine residues on the insulin receptor substrate-1
(IRS-1) appears to be an important mechanism
for the induction of insulin resistance by TNF-α
[69, 70]. The genetic deficiency of TNF-α or TNF-
α signalling resulted in improved insulin sensitiv-
ity, lower levels of circulating free fatty acids, and
protection from the obesity-related reduction in
the insulin receptor signalling in muscle and fat
tissues. All these results indicate that TNF-α is an
important mediator of insulin resistance in obesi-
ty through its effects on several important sites of
insulin action [71, 72].

The expression of the proinflammatory
cytokine IL-6, like that of TNF-α and IL-8, is
increased in human fat cells from insulin-resistant
individuals, and IL-6 is also associated with the
insulin resistance of obesity and type II diabetes
[73]. Interestingly, TNF-α markedly increases IL-6
mRNA and protein secretion. Chronic IL-6 treat-
ment selectively impaired hepatic insulin sig-
nalling in vivo, further supporting a role for IL-6
in hepatic insulin resistance. IL-6, like TNF-α,
exerts long-term inhibitory effects on the gene
transcription of IRS-1, glucose transporter-4
(GLUT-4) and PPARγ. Moreover, IL-6 reduced
GLUT-4 mRNA and insulin-stimulated glucose
transport in vivo [74]. IL-6 also decreased refeed-
ing-dependent glucokinase mRNA induction and
reduced insulin sensitivity. This decrease was
characterised by a reduction in tyrosine phospho-
rylation of IRS-1 and a decreased association of
the p85 subunit of phosphatidylinositol 3-kinase
with IRS-1 in response to physiological insulin
levels. In addition, insulin-dependent activation of
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Akt, important in mediating insulin downstream
metabolic actions, was markedly inhibited by IL-
6. These and other data suggest that IL-6 plays a
direct role in insulin resistance at the cellular level
in the liver (see Fig. 1) and may contribute to
insulin resistance and type II diabetes [75].

Another possible mechanism for the effect of
proinflammatory cytokines, and in particular of
IL-6, on insulin resistance is by induction of sup-
pressors of cy tokine signalling (SOCS) [76].
Members of the SOCS family associate with the
insulin receptor (IR), and their ectopic expression
inhibits IR signalling. Several SOCS proteins are
induced by IL-6, and SOCS-3 induction in the liver
by IL-6 may be an important mechanism of IL-6-
mediated insulin resistance. Cell culture studies in
3T3-L1 adipocytes revealed that insulin resist-
ance-inducing cytokines also increase the expres-
sion of SOCS-1 and SOCS-3 in adipocytes, which
may be important intracellular mediators of
insulin resistance in fat cells and a potential phar-
macological target for the treatment of impaired
insulin sensitivity [77]. These results suggest that
SOCS proteins may be inhibitors of IR signalling
and could mediate cy tokine-induced insulin
resistance, thus contributing to the pathogenesis
of type II diabetes [78].

Final ly, proinflammatory cy tokines may

induce insulin resistance in part by increasing the
expression of resistin, a polypeptide that induces
insulin resistance in rodents. In rodents, resistin is
predominantly expressed in adipocytes, whereas
in humans, peripheral blood mononuclear cells
(PBMC) seem to be a major source of resistin.
Proinflammatory cytokines (IL-1, IL-6, TNF-α)
strongly increase PBMC resistin mRNA expres-
sion. Thus, in humans, resistin may be among the
factors that link chronic inflammation and insulin
resistance [79]. A reduced secret ion of
adiponectin may also contribute to the increased
cardiovascular risk factors and manifestation of
metabolic syndrome in obese individuals. TNF-α
and adiponectin appear to be antagonistic in
st imulat ing NF-κB act ivat ion. Thus, TNF-α
induces oxidative stress, which exacerbates patho-
logical processes leading to oxidised low-density
lipoproteins and dyslipidaemia, glucose intoler-
ance, insulin resistance, hypertension, endothelial
dysfunction and atherogenesis. NF-κB activation
further stimulates the production of additional
inflammatory cytokines, along with adhesion
molecules, which promote endothelial dysfunc-
tion. Elevated free fatty acids, glucose and insulin
levels enhance this NF-κB activation and further
downstream modulate specific clinical manifesta-
tions of metabolic syndrome [80].

214 Wolfgang Langhans

References

1. Oppenheim JJ, Feldmann M (2001) Introduction to
the role of cytokines in innate host defense and
adaptive immunity. In: Oppenheim JJ, Feldmann M
(eds) Cytokine Reference, Volume 1: Ligands.
Academic Press, San Diego, pp 3–20

2. Feldmann M, Saklatvala J (2001) Proinflammatory
cytokines. In: Oppenheim JJ, Feldmann M (eds)
Cytokine Reference, Volume 1: Ligands. Academic
Press, San Diego, pp 291–305

3. Langhans W, Hrupka BJ (2003) Cytokines and appe-
tite. In: Kronfol Z (ed) Cytokines and mental health.
Kluwer/Academic Publishers, Boston, pp 167–224

4. Plata-Salamàn CR (1995) Cytokines and feeding
suppression: an integrative view from neurologic to
molecular levels. Nutrition 11:674–677

5. Langhans W (2004) Anorexia during disease.
Neurobiology of food and fluid intake. In: Stricker
E, Woods SC (eds) Handbook of Behavioral
Neurobiology, 2nd ed. Kluwer Academic/Plenum

Publishers, London, pp 347–379
6. Butera PC, Doerflinger AL, Roberto F (2002) Cyclic

estradiol treatment enhances the effects of interleu-
kin-1 beta on food intake in female rats. Brain Behav
Immun 16:275–281

7. Geary N (2001) Sex differences in disease anorexia.
Nutrition 17:499–507

8. Merali Z, Brennan K, Brau P, Anisman H (2003)
Dissociating anorexia and anhedonia elicited by
interleukin-1 beta: antidepressant and gender
effects on responding for ‘free chow’ and ‘earned’
sucrose intake. Psychopharmacology (Berl)
165:413–418

9. Gayle D, Ily in SE, Plata-Salamàn CR (1997)
Interleukin-1 receptor type mRNA levels in brain
regions from male and female rats. Brain Res Bull
42:463–467

10. Vitkovic L, Bockaert J, Jacque C (2000)
‘Inflammatory’ cytokines: neuromodulators in nor-



mal brain? J Neurochem 74:457–471
11. Plata-Salamàn CR, Turrin NP (1999) Cytokine inte-

ractions and cytokine balance in the brain: relevan-
ce to neurology and psychiatry. Mol Psychiatry
4:303–306

12. Rothwell NJ (1999) Cytokines - killers in the brain? J
Physiol 514:3–17

13. Laviano A, Renvyle T, Meguid MM et al (1995)
Relationship between interleukin-1 and cancer ano-
rexia. Nutrition 11:680–683

14. Mchugh KJ, Collins SM, Weingarten HP (1994)
Central interleukin-1 receptors contribute to sup-
pression of feeding after acute colitis in the rat. Am J
Physiol 266:R1659–R1663

15. Plata-Salamàn CR, Ilyin SE, Gayle D (1998) Brain
cytokine mRNAs in anorectic rats bearing prostate
adenocarcinoma tumor cells. Am J Physiol
44:R566–R573

16. Arsenijevic D, Garcia I, Vesin C et al (2000)
Differential roles of tumor necrosis factor-alpha and
interferon-gamma in mouse hypermetabolic and
anorectic responses induced by LPS. Eur Cytokine
Netw 11:662–668

17. Eriksson C, Nobel S, Winblad B, Schultzberg M
(2000) Expression of interleukin-1 alpha and beta,
and interleukin-1 receptor antagonist mRNA in the
rat central nervous system after peripheral admini-
stration of lipopolysaccharides. Cy tokine
12:423–431

18. Haour F, Marquette C, Ban E et al (1995) Receptors
for interleukin-1 in the central nervous and neu-
roendocrine systems - role in infection and stress.
Ann Endocrinol (Paris) 56:173–179

19. Langhans W (2002) Peripheral mechanisms invol-
ved with catabolism. Curr Opin Clin Nutr Metab
Care 5:419–426

20. Langhans W (2000) Anorexia of infection: current
prospects. Nutrition 16:996–1005

21. Lugarini F, Hrupka BJ, Schwartz GJ et al (2005)
Acute and chronic administrtion of immunomodul-
tors induces anorexia in obese (fa/fa) and lean (fa/?)
Zucker rats. Physiol Behav 84:165–173

22. Grunfeld C, Zhao C, Fuller J et al (1996) Endotoxin
and cytokines induce expression of leptin, the ob
gene product, in hamsters - A role for leptin in the
anorexia of infection. J Clin Invest 97:2152–2157

23. Banks WA, Kastin AJ (1996) Passage of peptides
across the blood-brain barrier: pathophysiological
perspectives. Life Sci 59:1923–1943

24. Bierhaus A, Chen J, Liliensiek B, Nawroth PP (2000)
LPS and cytokine-activated endothelium. Semin
Thromb Hemost 26:571–587

25. Laflamme N, Lacroix S, Rivest S (1999) An essential
role of interleukin-1 beta in mediating NF-kappa B
activity and COX-2 transcription in cells of the
blood-brain barrier in response to a systemic and
localized inflammation but not during endotoxe-
mia. J Neurosci 19:10923–10930

26. Cao CY, Matsumura K, Yamagata K, Watanabe Y
(1996) Endothelial cells of the rat brain vasculature

express cyclooxygenase-2 mRNA in response to
systemic interleukin-1 beta: a possible site of prosta-
glandin synthesis responsible for fever. Brain Res
733:263–272

27. Kalaria RN (1999) Cerebral endothelial activation
and signal transduction mechanisms during inflam-
mation and infectious disease. Am J Pathol
154:1311–1314

28. Lacroix S, Rivest S (1998) Effect of acute systemic
inflammatory response and cytokines on the tran-
scription of the genes encoding cyclooxygenase
enzymes (COX-1 and COX-2) in the rat brain. J
Neurochem 70:452–466

29. Nadeau S, Rivest S (1999) Effects of circulating
tumor necrosis factor on the neuronal activity and
expression of the genes encoding the tumor necrosis
factor receptors (p55 and p75) in the rat brain: a
view from the blood-brain barrier. Neuroscience
93:1449–1464

30. Cahlin C, Korner A, Axelsson H et al (2000)
Experimental cancer cachexia: the role of host-deri-
ved cytokines interleukin (IL)-6, IL-12, interferon-
gamma, and tumor necrosis factor alpha evaluated
in gene knockout, tumor-bearing mice on C57 Bl
background and eicosanoid-dependent cachexia.
Cancer Res 60:5488–5493

31. Lugarini F, Hrupka BJ, Schwartz GJ et al (2002) A
role for cyclooxygenase-2 in lipopolysaccharide-
induced anorexia in rats. Am J Physiol
283:R862–R868

32. Swiergiel AH, Dunn AJ (2002) Distinct roles for
cyclooxygenases 1 and 2 in interleukin-1-induced
behavioral changes. J Pharmacol Exp Ther
302:1031–1036

33. Langhans W, Savoldelli D, Weingarten S (1993)
Comparison of the feeding responses to bacterial
lipopolysaccharide and interleukin-1beta. Physiol
Behav 53:643–649

34. Herkenham M, Lee HY, Baker RA (1998) Temporal
and spatial patterns of c-fos mRNA induced by
intravenous interleukin-1: a cascade of non-neuro-
nal cellular activation at the blood-brain barrier. J
Comp Neurol 400:175-196

35. Reyes TM, Sawchenko PE (2002) Involvement of the
arcuate nucleus of the hypothalamus in interleukin-
1-induced anorexia. J Neurosci 22:5091-5099

36. Ericsson A, Arias C, Sawchenko PE (1997) Evidence
for an intramedullary prostaglandin-dependent
mechanism in the activation of stress-related neu-
roendocrine circuitry by intravenous interleukin-1. J
Neurosci 17:7166-7179

37. El Haj T, Poole S, Farthing MJG, Ballinger AB (2002)
Anorexia in a rat model of colitis: interaction of
interleukin- 1 and hypothalamic serotonin. Brain
Res 927:1-7

38. Bluthe RM, Laye S, Michaud B et al (2000) Role of
interleukin-1 beta and tumour necrosis factor-alpha
in lipopolysaccharide-induced sickness behaviour: a
study with interleukin-1 type I receptor-deficient

5.6 Cytokines in Chronic Inflammation 215



mice. Eur J Neurosci 12:4447–4456
39. Marks DL, Butler AA, Turner R et al (2003)

Differential role of melanocortin receptor subtypes
in cachexia. Endocrinology 144:1513–1523

40. Wisse BE, Schwartz MW, Cummings DE (2003)
Melanocortin signaling and anorexia in chronic
disease states. Ann NY Acad Sci 994:275–281

41. Heisler LK, Cowley MA, Kishi T et al (2003) Central
serotonin and melanocortin pathways regulating
energy homeostasis. Ann NY Acad Sci 994:169–174

42. Herx LM, Rivest S, Yong VW (2000) Central nervous
system-initiated inflammation and neurotrophism
in trauma: IL-1 beta is required for the production
of ciliary neurotrophic factor. J Immunol
165:2232–2239

43. Lambert PD, Anderson KD, Sleeman MW et al
(2001) Ciliary neurotrophic factor activates leptin-
like pathways and reduces body fat, without cache-
xia or rebound weight gain, even in leptin-resistant
obesity. Proc Natl Acad Sci USA 98:4652–4657

44. Xu B, Dube MG, Kalra PS et al (1998) Anorectic
effects of the cytokine, ciliary neurotropic factor, are
mediated by hypothalamic neuropeptide Y:
Comparison with leptin. Endocrinology
139:466–473

45. Gayle D, Ilyin SE, Plata SC (1997) Central nervous
system IL-1 beta system and neuropeptide Y mRNAs
during IL-1 beta-induced anorexia in rats. Brain Res
Bull 44:311–317

46. Pi-Sunyer FX (2000) Overnutrition and undernutri-
tion as modifiers of metabolic processes in disease
states. Am J Clin Nutr 72:533S–537S

47. Caldwell FT, Graves DB, Wallace BH (1998) Studies
on the mechanism of fever after intravenous admi-
nistration of endotoxin. J Trauma 44:304–312

48. Jansky L, Vybiral S, Pospisilova D et al (1995)
Production of systemic and hypothalamic cytokines
during the early phase of endotoxin fever.
Neuroendocrinology 62:55–61

49. Kluger MJ, Kozak W, Leon LR, Conn CA (1998) The
use of knockout mice to understand the role of
cytokines in fever. Clin Exp Pharmacol Physiol
25:141–144

50. Cartmell T, Poole S, Turnbull AV et al (2000)
Circulating interleukin-6 mediates the febrile
response to localised inflammation in rats. J Physiol
526:653–661

51. Blatteis CM, Sehic E, Li SX (2000) Pyrogen sensing
and signaling: old views and new concepts. Clin
Infect Dis 31(Suppl 5):S168–S177

52. Miller AJ, Hopkins SJ, Luheshi GN (1997) Sites of
action of IL-1 in the development of fever and cyto-
kine responses to tissue inflammation in the rat. Br J
Clin Pharmacol 120:1274–1279

53. Netea MG, Kullberg BJ, Van Der Meer JW (1999) Do
only circulating pyrogenic cytokines act as media-
tors in the febrile response? A hypothesis. Eur J Clin
Invest 29:351–356

54. Gaykema RPA, Goehler LE, Hansen MK et al (2000)
Subdiaphragmatic vagotomy blocks interleukin-1

beta-induced fever but does not reduce IL-1 beta
levels in the circulation. Auton Neurosci 85:72–77

55. Szekely M, Balasko M, Kulchitsky VA et al (2000)
Multiple neural mechanisms of fever. Auton
Neurosci 85:78–82

56. Watkins LR, Goehler LE, Relton JK et al (1995)
Blockade of interleukin-1 induced hyperthermia by
subdiaphragmatic vagotomy: evidence for vagal
mediation of immune brain communication.
Neurosci Lett 183:27–31

57. Caldwell FT, Graves DB, Wallace BH (1999) Humoral
versus neural pathways for fever production in rats
after administration of lipopolysaccharide. J Trauma
47:120–129

58. Luheshi GN, Bluthe RM, Rushforth D et al (2000)
Vagotomy attenuates the behavioural but not the
pyrogenic effects of interleukin-1 in rats. Auton
Neurosci 85:127–132

59. Goldbach JM, Roth J, Zeisberger E (1997) Fever sup-
pression by subdiaphragmatic vagotomy in guinea
pigs depends on the route of pyrogen administra-
tion. Am J Physiol 41:R675–R681

60. Romanovsky AA, Simons CT, Szekely M, Kulchitsky
VA (1997) The vagus nerve in the thermoregulatory
response to systemic inflammation. Am J Physiol
42:R407–R413

61. Arsenijevic D, de Bilbao F, Giannkopoulos P et al
(2002) Role for interferon-gamma in the hypermeta-
bolic response to murine toxoplasmosis. Eur
Cytokine Netw 12:518–527

62. Busquets S, Alvarez B, Van Royen M et al (2001)
Increased uncoupling protein-2 gene expression in
brain of lipopolysaccharide-injected mice: role of
tumour necrosis factor-alpha? Biochim Biophys Acta
1499:249–256

63. Masaki T, Yoshimatsu H, Kakuma T et al (1999)
Induction of rat uncoupling protein-2 gene treated
with tumour necrosis factor alpha in vivo. Eur J Clin
Invest 29:76–82

64. Puigserver P, Rhee J, Lin JD et al (2001) Cytokine sti-
mulation of energy expenditure through p38 MAP
kinase activation of PPAR gamma coactivator-1. Mol
Cell 8:971–982

65. Yudkin JS (2003) Adipose tissue, insulin action and
vascular disease: inflammatory signals. Int J Obes
27:S25–S28

66. Das UN (2001) Is obesity an inflammatory condi-
tion? Nutrition 17:953–966

67. Schmidt MI, Duncan BB (2003) Diabesity : an
inflammatory metabolic condition. Clin Chem Lab
Med 41:1120–1130

68. Kern PA (1997) Potential role of TNF alpha and lipo-
protein lipase as candidate genes for obesity. J Nutr
127:S1917–S1922

69. Hostamisligil GS (1999) Mechanisms of TNF-alpha-
induced insulin resistance. Exp Clin Endocrinol
Diabetes 107:119–125

70. Uysal KT, Wiesbrock SM, Hotamisligil GS (1998)
Functional analysis of tumor necrosis factor (TNF)

216 Wolfgang Langhans



receptors in TNF-alpha-mediated insulin resistance
in genetic obesity. Endocrinology 139:4832–4838

71. Hotamisligil GS (2000) Molecular mechanisms of
insulin resistance and the role of the adipocyte. Int J
Obes 24:S23–S27

72. Uysal KT, Wiesbrock SM, Marino MW, Hotamisligil
GS (1997) Protection from obesity-induced insulin
resistance in mice lacking TNF-alpha function.
Nature 389:610–614

73. Klover PJ, Zimmers TA, Koniaris LG, Mooney RA
(2003) Chronic exposure to interleukin-6 causes he-
patic insulin resistance in mice. Diabetes
52:2784–2789

74. Rotter V, Nagaev I, Smith U (2003) Interleukin-6 (IL-
6) induces insulin resistance in 3T3-L1 adipocytes
and is, like IL-8 and tumor necrosis factor-alpha,
overexpressed in human fat cells from insulin-resi-
stant subjects. J Biol Chem 278:45777–45784

75. Senn JJ, Klover PJ, Nowak IA, Mooney RA (2002)
Interleukin-6 induces cellular insulin resistance in
hepatocytes. Diabetes 51:3391–3399

76. Senn JJ, Klover PJ, Nowak IA et al (2003) Suppressor
of cytokine signaling-3 (SOCS-3), a potential media-
tor of interleukin-6-dependent insulin resistance in
hepatocytes. J Biol Chem 278:13740–13746

77. Fasshauer M, Kralisch S, Klier M et al (2004) Insulin
resistance-inducing cytokines differentially regulate
SOCS mRNA expression via growth factor- and
Jak/Stat-signaling pathways in 3T3-L1 adipocytes. J
Endocrinol 181:129–138

78. Mooney RA, Senn J, Cameron S et al (2001)
Suppressors of cytokine signaling-1 and-6 associate
with and inhibit the insulin receptor - A potential
mechanism for cytokine-mediated insulin resistan-
ce. J Biol Chem 276:25889–25893

79. Kaser S, Kaser A, Sandhofer A et al (2003) Resistin
messenger-RNA expression is increased by proin-
flammatory cytokines in vitro. Biochem Biophys Res
Commun 309:286–290

80. Sonnenberg GE, Krakower GR, Kissebah AH (2004)
A novel pathway to the manifestations of metabolic
syndrome. Obes Res 12:180–186

5.6 Cytokines in Chronic Inflammation 217



Overview

A general chronology of growth hormone-releas-
ing peptide (GHRP) and ghrelin and their shared
receptor is shown in Table 1 [1–3]. The discovery
of the natural hormone ghrelin appears to be the
exciting beginning of a new unusual hormone sys-
tem. Initially, in 1980, GH-releasing activity of the
unnatural GHRPs was thought to represent the
activity of the as-yet unidentified natural
hypophysiotrophic hormone GH-releasing hor-
mone (GHRH). However, in 1982, GHRH was iso-
lated from a pancreatic tumour and the hypothala-
mus and chemically identified as 44 and 40 amino
acid linear peptides. Although the GH-releasing
activity of GHRPs and GHRH are similar, it is also
apparent that they are definitely chemically and
functionally different because of the uniqueness of
the action of GHRP on GH secretion in vitro as
well as in vivo in a variety of animal species. In
1984, it was postulated that GHRP reflected the
activity of another new hypothalamic hormone
involved in the increased secretion of GH and thus
was in need of isolation. Further support of this
conclusion was presented between 1989 and 1993
with the demonstration of differential specific in
vitro GHRP and GHRH binding results utilising
peripheral membrane fragments from rat hypo-
thalami and pituitaries. It was also shown that the
primary GHRP/ghrelin pituitary intracellular sig-
nalling pathway is via phospholipase C, inositol-
triphosphate and protein kinase C, while that of
GHRH is via adenyl cyclase, cAMP and protein
kinase A. This was followed by the cloning of the
GHRP/GHS (grow th hormone secretagogue)
receptor by the Merck group in 1996 [4].
Ultimately, Kojima et al. achieved the isolation and
identification of the natural GHRP in 1999. They
designated the peptide with the euphonic name

ghrelin, derived from the word ghre (Proto-Indo-
European root), meaning grow [5]. With the identi-
fication of ghrelin and its receptor, the unnatural
GHRPs were no longer orphans after a 23-year
adolescence [6].

In a first among peptide hormones, the 28
amino acid ghrelin linear peptide was post-trans-
lationally modified with an ester bond to an eight
carbon atom saturated chain carboxylic acid, n-
octanoyl. Octanoylation has had a major impact
on the chemistry and particularly the biology of
ghrelin. Although the characterisation and/or
identification of the mechanism involved in the
octanoylation of the ghrelin peptide has not been
achieved, it has significantly guided our conceptu-
alisation of the ghrelin system. Octanoylation not
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Table 1a. Historical milestones of unnatural growth hor-
mone-releasing peptide (GHRP)

1976 First GHRP

1984 New hypothalamic hormone

1989–91 GH release (H)

1993 Pulsatile GH secretion (H) 

1995–96 Food intake

2003 Food intake (H) 

H, human; GH, growth hormone 

Table 1b. Historical milestones of natural growth hormo-
ne-releasing peptide (GHRP)

1996 GHRP/GHS receptor (H)

1999 Ghrelin

2000–04 Ghrelin and GHRP actions same

2001 Food intake (H)

2004 Pulsatile GH secretion (H)

H, human, GH, growth hormone



only is a critical determinant of the bioactive
chemical conformation of the ghrelin molecule
but, in addition, it is envisioned as a critical deter-
minant of the biological regulation of the ghrelin
hormone, presumably via the presence and activi-
ty of a putative specific octanoylating enzyme
complex. This particular octanoylating enzyme
complex is presumed to be responsible for esteri-
fication of the 28 amino acid ghrelin peptide by
the octanoyl group, which is the major regulatory
determinant of where, when, how and to what
degree the ghrelin peptide is activated.

In terms of therapeutic potential, one of the
most valuable GH-releasing actions of GHRP in
humans is considered to be the increased normal
physiological pattern of pulsatile GH secretion,
which occurs during the prolonged continuous
subcutaneous (sc) infusion of GHRP. As recorded
in Fig. 1, 24-h continuous sc ghrelin infusion in
humans produces the same effect as GHRP-2 (Fig.
2) and when GHRP-2 or ghrelin is infused togeth-
er with GHRH, the pulsatile GH secretion pattern
is unchanged but the amplitude of the GH pulse is
further increased.

During a 30-day continuous infusion of GHRP-
2 to older men and women w ith low serum
insulin-like growth factor-1 (IGF-1) levels, the
sustained augmentation of GH secretion in turn
increased plasma levels of IGF-1 and its binding
proteins BP3 and 5 but not BP4 or the plasma
level of IGF-II (Table 2) [7]. In addition, cortisol,
prolactin, leptin and adiponectin levels were

unchanged. This overall physiological action on
the function of the GH–IGF-1 axis is in contrast to
the pharmacological effects on this axis when
recombinant GH is administered once daily, inter-
mittently or continuously sc.

Reverse Pharmacology

Reverse pharmacology is the terminology pro-
posed by Conn and Bowers in 1996 to describe the
chemical biological approach utilised in accom-
plishing the development from unnatural GHRP
to natural ghrelin. The first GHRP we developed
was the DTrp2 pentapeptide listed in Table 3.

DTrp2 was only active in vitro and was low in
potency, but released only GH and not prolactin,
adrenocorticotropin (ACTH), luteinising hormone
(LH), follicle-stimulating hormone (FSH) or thy-
roid-stimulating hormone (TSH). The four chemi-
cal classes of GHRPs that became chemical tem-
plates for us as well as other investigators were
developed in the subsequent 3 years. Highly
potent GHRPs have been developed from each of
these four classes of GHRP chemical templates
that are active in releasing GH in vivo. The chem-
istry of three of our highly potent GHRPs derived
from the DTrp2LTrp4 chemical class is recorded in
Table 4.

The comparative GH-releasing activity in
humans of the three GHRPs (Table 3) relative to

220 Cyril Y. Bowers, Jaw-Kang Chang, Shaoxing Wu, Klaus D. Linse, David L. Hurley, Johannes D.Veldhuis

0
10
20
30
40 AUC

4563
1.0 µg/kg/h ghrelin sc IGF-I 103/152

0
10
20
30
40 1 µg/kg/h GHRH sc  AUC

 2436
IGF-I 93/121

Hours
0850 1140 1500 1820 2140 0100 0420 0740

1+1 µg/kg/h ghrelin
+GHRH sc

 AUC
10667

0
10
20
30
40 IGF-I 123/202

0
10
20
30
40

57/maleAge/Sex
BMI

AUC
 413

IGF-Iplacebo sc

32.4

111/117

0
10
20
30
40
50 IGF-I         92/159 AUC

11123
1 µg/kg/h GHRP-2 sc

0
10
20
30
40
50 1 µg/kg/h GHRH sc AUC

3872
IGF-I         122/154

Hours

0
10
20
30
40
50 IGF-I         125/244 AUC

16981
1+1 µg/kg/h GHRP-2 +
              GHRH  sc

0850 1140 1500 1820 2140 0100 0420 0740

Placebo

0
10
20
30
40
50 AUC

1082
IGF-I 110/105

29BMI
Age/Sex    49/female

Fig. 1. Continuous infusion of ghrelin for 24 hours

Fig. 2. Continuous infusion of GHRP-2 for 24 hours



each other and to GHRH is shown in Fig. 3. The
results were notable in that while GHRH was at its
maximal dosage, each of the unnatural GHRPs
stimulated more GH release than GHRH alone.
Therefore, these GHRPs were acting differently
from GHRH to release GH. Parenthetically, it must
be noted that intact endogenous GHRH is an
absolute determinant of the in vivo GH-releasing

activity of ghrelin and GHRP, which further
underscores the independency and interdepend-
ency of their in vivo actions.

The high potency, effectiveness and chemical
stability of the GHRPs can be deduced by the
results in Fig. 4, which reveal that GHRP-2 very
effectively releases GH in normal men by various
routes of administration. It is particularly of clini-
cal interest that this release is increased by oral
administration, even at the low dose of 10 mg. In
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Table 2a. 30-Day continuous subcutaneous infusion of 1 µg/kg/h growth hormone-releasing peptide (GHRP)-2

Day AUC•24 h (µg/l±SEM)

GH IGF-1 IGF-II

Placebo -3 824 ± 153 105 ± 9 356 ± 14

GHRP-2 0 4544 ± 764a 173 ± 15a 357 ± 16

GHRP-2 14 1764 ± 198a 175 ± 16b 393 ± 36

GHRP-2 30 1699 ± 201b 177 ± 16a 369 ± 30

– 60 – 99 ± 14 333 ± 26 

Age 64 ± 2.8, BMI 26 ± 1.1, n = 17, values are mean of single determinations at end of infusion, p value = a < 0.001, b <
0.01. IGF, insuline-like growth factor; GH, growth hormone

Table 2b. 30-Day continuous subcutaneous infusion of 1µg/kg/h growth hormone-releasing peptide (GHRP)-2

Day AUC•24 h (µg/l±SEM)

IGF BP3 IGF BP4 IGF BP5

Placebo -3 2483 ± 207 545 ± 35 313 ± 16

GHRP-2 0 2937 ± 253 554 ± 23 393 ± 27c

GHRP-2 14 3677 ± 253b 542 ± 34 377 ± 30

GHRP-2 30 3462 ± 311c 516 ± 38 385 ± 21c

– 60 2623 ± 327 452 ± 44 324 ±10

Age 64 ± 2.8, BMI 26 ± 1.1, n = 17, values are mean of single determinations at end of infusion, p value = b < 0.01, c < 0.02.
IGF, insuline-like growth factor

Table 3. In vitro active growth hormone-releasing peptides
(1976–1985)

Amino acid sequence Abbreviation

TyrDTrp2GlyPheMetNH2 DTrp2

TyrAlaDTrp3PheMetNH2 DTrp3

TyrDTrp2DTrp3PheNH2 DTrp2,3

TyrDTrp2AlaTrp4DPheNH2 DTrp2LTrp4

Table 4. In vivo active growth hormone-releasing peptides
(GHRPs)

GHRP Amino acid sequence

GHRP-6 His1DTrp2Ala3Trp4DPhe5Lys6NH2

GHRP-1 Ala1His2DβNal3Ala4Trp5DPhe6Lys7NH2

GHRP-2 DAla1DβNal2Ala3Trp4DPhe5Lys6NH2



contrast, when GHRPs are administered in high
pharmacological dosages, as recorded in Fig. 4,
ACTH/cortisol and prolactin release is increased
via a hypothalamic action.

Thus, GHRP showed clinical potential in sever-
al ways: defining a pathway complementary to
that of GHRH (vide infra); displaying oral activi-

ty; and having high potency. This potential was
furthered when the ghrelin molecule was isolated
and then validated as the natural GHRP hormone.
The interesting 28 amino acid structure of ghrelin
is shown below (Fig. 5).

As has been discussed (vide infra), the cova-
lent linked octanoyl group addition to the Ser3
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amino acid side chain via an ester bond is a first
in peptide hormone chemistry. The ghrelin mole-
cule with the octanoic carboxylic acid is just as
exciting biologically as it is chemically because
the desoctanoyl ghrelin (without the octanoyl
group attached) no longer binds to the ghrelin
type 1a receptor. Thus, the octanoyl group is a
critical determinant for attaining a complementa-
ry receptor conformation by the ghrelin molecule.

In spite of the very different chemistry of the
unnatural GHRPs and natural ghrelin, each of
these two very different classes of peptides binds
w ith high affinity to the same natural
GHS/GHRP/ghrelin receptor. This is further
demonstrated by the results in Fig. 6, where both
GHRP-2 and ghrelin have the same acute GH-
releasing actions in normal young men alone and
synergistically with GHRH [8]. Therefore, the bio-

5.7 Biochemistry of the Growth Hormone-Releasing Peptides, Secretagogues and Ghrelin 223

0

20

40

60

80

100

0 30 60 90 120 150 180

 µg/kg iv

   0.1 GHRP-2

   1.0 GHRH

   0.1 GHRP-2
   +1.0 GHRH

BMI
Age

24±0.6

n=13

0 20 40 60 80 100 120

n=4

 µg/kg iv

   0.2 ghrelin

   1.0 GHRH

   0.2 ghrelin
   +1.0 GHRH

BMI
Age

22.8±2.3
33±5

Time (min)

Fig. 6. Ghrelin and GHRP each synergise similarly with GHRH to stimulate GH release. Low-dose sensitisation of GHRP-2
(left panel) and ghrelin (right panel) in normal young men. Values are means ± SEM. (Data from [8])

F LS P E H
Q

R V Q Q Q
R

K
K KKE

S P P A L P
S

G

S

O = C

O

(CH2)6 -CH3

Ghrelin (human)

R

H2N-GSS(octanoyl)FLSPEHQRVQQRKESKKPPAKLQPR-OH

Fig. 5. Amino acid sequence of human ghrelin



logical isolation of the natural hormone ghrelin
did not alter the interesting attributes of the
GHRP and GHS compounds; rather, it stimulated
further new biochemical analysis to understand
the novel functionality of this uniquely octanoy-
lated peptide.

Because the chemistry of the ghrelin molecule
and its bioactivity on the ghrelin GHS receptor
type 1a are only achievable after the post-transla-
tional octanoyl addition, it is apparent that a mix-
ture of special strategies, approaches and tech-
niques was required for the isolation and identifi-
cation of ghrelin. This included the unnatural
GHRPs, the cloned GHRP/GHS receptor, the clas-
sical purification of ghrelin from stomach extracts
and finally mass spectrometry. Even a seemingly
simple decision based on conceptualisation and
strategy guiding the approaches may profoundly
influence the success of the isolation of a natural
hormone. For example, because of the bioactive
dependency of the ghrelin octanoylation step and
because octanoylation is a post-translational step,
a singular recombinant molecular cDNA approach
would have been unsuccessful. Additionally, our
studies of unnatural GHRPs encouraged us to
believe that the putative natural GHRP hormone
would be another hypothalamic hypophysiotropic
hormone and for that reason the ideal tissue from
which to isolate the natural hormone would be the
hypothalamus. Thus for several years we pursued
the same classical isolat ion procedure and
approaches from thousands of porcine hypothala-
mi as utilised for TRH and LHRH, but this was
unsuccessful. Several years later, Kojima et al.
showed that the primary anatomical origin of
ghrelin is the stomach and not the hypothalamus,
which again emphasised the role and importance
of conceptualisation and strategy in the isolation
process of a new hormone. Furthermore, before
the isolation of ghrelin was accomplished, the
focus of the GHRPs was on increasing GH secre-
tion, although limited studies in rats and mice had
already demonstrated that GHRPs also increased
food intake. However, once ghrelin was isolated
and its origin was found to be primarily from the
stomach, the focus on the biological role of ghre-
lin and GHRP increasingly has been on food
intake.

Ghrelin System

At last the GHRP/ghrelin circle, together with
their biological actions, has been completed with
a high degree of definitiveness as a result of the
cloning of the natural ghrelin receptor and the
isolation of the natural hormone ghrelin. The
unique and biologically meaningful actions of
GHRP on the regulation of GH secretion and food
intake gradually have been revealed to be the
same for ghrelin in animals and humans. The
complexity of evaluating the central nervous sys-
tem (CNS) ghrelin system emanates from the reg-
ulation of GH secretion and food intake by ghrelin
within a hypothalamic network involving a num-
ber of other hormones, several different hypothal-
amic nuclei and also brain stem nuclei.

Although many of the central CNS actions of
GHRP and ghrelin are well established, their possi-
ble peripheral actions and roles are much less
established. Nevertheless, the existence of a func-
tional peripheral ghrelin system seems most likely.
Some findings in support of this conclusion are:
bioactive ghrelin is delivered directly to peripheral
tissues as it is secreted into the circulation from
the stomach; although in low amounts, evidence
supports synthesis of ghrelin and its receptors in
peripheral tissues and organs and the actions of
GHRP and ghrelin at peripheral anatomical sites
have been demonstrated. A number of complexi-
ties and unknown factors prevent the direct analy-
sis of a putative but seemingly likely peripheral
ghrelin system. Some issues requiring further
understanding are: (1) what might be the conse-
quences when bioactive ghrelin originates from
two anatomical sites of synthesis, i.e., the stomach
as well as peripheral tissues; (2) what might be the
mechanism of octanoylation of the ghrelin peptide
and its regulation at two anatomical sites of syn-
thesis; (3) what might be the action, regulation and
physiological and/or pharmacological role(s) of
ghrelin in peripheral tissues.

Recent findings that add to the complexity of
ghrelin activity are the results indicating that the
hypothalamic and pituitary intracellular sig-
nalling pathways are different from each other, at
least in regard to the neuropeptide Y (NPY) arcu-
ate neurons involved in increased food intake
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compared to the somatotrophs involved in GH
secretion. Substantial evidence obtained by Kohno
et al. indicates ghrelin activation of NPY neurons
is elicited by Ca2+ signalling via protein kinase A
and N-type Ca2+ channel-dependent mechanisms
[9]. The fact that ghrelin stimulated NPY arcuate
neurons at a low 10-10 mol/l concentration sup-
ports the physiological relevance of this effect and
also indicates that the ghrelin receptor on the
arcuate neuron is not a type 1a receptor, which is
in agreement with genomic results. A different
intracellular signalling pathway is certainly of
fundamental interest in regard to the regulation of
food intake by ghrelin. Parenthetically, it will be
important to determine the type of intracellular
signalling pathway in the hypothalamic arcuate
neurons that mediates increase of GH secretion by
ghrelin.

As Kohno et al. envisioned, stimulation of the
cAMP pathway in the arcuate neurons may be
specifically relevant to the increase of food intake
by ghrelin for the following reasons: induction of
the cAMP response element-mediated gene(s) in
NPY arcuate neurons that results from fasting and
is decreased by leptin; fasting increases ghrelin
secretion; leptin inhibits ghrelin stimulation of
NPY arcuate neurons; and the possibility that
ghrelin-induced Ca2+ signalling in NPY neurons
may depend on basal protein kinase A activity or
the activation of protein kinase A. As discussed
(vide infra), the GHRP/ghrelin GHS type 1a recep-
tor constitutively functions at a high signalling
rate in the absence of stimulation by ghrelin and,
in addition, fasting increases the number of GHS
type 1a receptors in the hy pothalamus.
Collectively, this would result in the high activity
of these receptors since the receptor number, the
constitutive signalling rate, and the basal protein
kinase A act iv ity of NPY neurons may be
increased independent of the ghrelin concentra-
tion. The ghrelin increase of intracellular Ca2+

concentration may depend on the basal activity of
protein kinase C and/or cAMP protein kinase A
may be involved in the Ca2+ influx.

Still unexplained is that in vitro GHRP, unlike
GHRH, does not increase pituitary cAMP,
although in vivo the two peptides together syner-
gistically raise pituitary cAMP levels. In vivo

GHRP alone slightly increases and GHRH alone
markedly increases pituitary cAMP; together the
effect on cAMP is synergistic. Other disparate
findings include a number of incompletely under-
stood actions of GHRP and ghrelin, especially on
the sensitisation and desensitisation of secretion
and synthesis of GH both in vitro and in vivo in
animals and humans.

Structure Activity of Ghrelin 

Recorded in Table 5 are the results of Matsumoto
et al. on the in vitro structure–activity relation-
ships (SAR) of mainly carboxylic acids of differ-
ent carbon atom chain lengths that have been sub-
stituted for the octanoic carboxylic acid at Ser3

and covalently linked by an ester bond formed
between the carboxyl group of the straight chain
saturated carboxylic acid or fatty acid and the
hydroxyl group on the side chain of the Ser3

amino acid residue of natural rat and human
ghrelin [10].

These studies were performed in vitro in a cell
line in which the ghrelin GHS receptor type 1a
had been transfected and calcium mobilisation
was utilised as the index of response. We have
considered these results to be potentially most
provocative and instructive in terms of conceptu-
alisation. In comparison to ghrelin with an eight
carbon atom chain carboxylic acid (octanoic acid)
covalently linked to the Ser3 amino acid, substitu-
tions of shorter carbon atom chain length car-
boxylic acids, i.e., acetyl, butyryl, hexanoyl, were
much less active, while the longer carbon chain
substitutions were much nearer the activity of
natural octanoylated ghrelin. What seems poten-
tially so meaningful is that carboxylic acids of dif-
ferent chain lengths substituted at Ser3 have a
variable effect on the bioactivity of the ghrelin in
vitro via the GHRP/ghrelin GHS receptor, type 1a,
which very possibly is the result of altering the
conformation of the ghrelin peptide as a function
of the carbon chain length of the carboxylic acid.
We have conceptualised that the ‘ubiquitous‘
octanoylation of the ghrelin peptide has occurred
in evolution by natural selection not just for
chemical reasons but also for yet to be established
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specific biological reasons. Octanoylation of the
ghrelin peptide is a premier step that concomi-
tantly subserves the chemistry and also the biolo-
gy of the intact full-length ghrelin molecule in
unique and novel independent ways.

Other notable SAR ghrelin results of
Matsumoto et al. revealed that thioether and ether
bonds for linking octanoic acid to Ser3 result in
high activity of the ghrelin molecule [10, 11]. Also
our results (Chang, Bowers) reveal that when an
amide bond is substituted for the ester bond of
ghrelin, the in vivo GH-releasing potency of this
peptide and ghrelin is the same in rats.

To what degree substitutions of various car-
boxylic acids of different carbon atom chain
lengths and/or amino acid alternatives at or for
the Ser3 residue may influence the in vivo activity
at the physiological and/or pharmacological levels
has not been reported, but this could change the
chemical conformation of the ghrelin molecule,
which may activate putative subtypes of ghrelin
receptors as well as alter the ghrelin pharmacoki-
netics or pharmacodynamics. Substitutions of
Trp3 and Nal3 but not DNal3, Val3, Leu3, Ile3 or Nle3

have relatively high in vitro activity. The relatively
high receptor binding of Trp3 ghrelin compared to
octanoylated ghrelin (33-fold less active) empha-
sises the uniqueness of the octanoyl addition for
biological regulation as well as for the receptor
conformation of the ghrelin molecule.

Evaluation of the bioactivity of truncated
octanoylated ghrelin peptides with a free acid at
the C terminus revealed the in vitro activity of the
1–15, 1–11, 1–10 and 1–9 fragments to be about 6-,
11-, 17- and 30-fold less active than human ghre-
lin 1–28, while fragments 1–8 and 1–4 were 97-
and 460-fold less active, respectively [10]. The N
terminus tetrapeptide with octanoylation of Ser3

and amidation at the C terminus was the smallest
fragment with in vitro activity [11, 12]. The most
active in vitro small ghrelin analogue synthesised
by this group was 5-aminopentanoyl-Ser (octyl)-
Phe-Leu aminoethylamide [11].

The C-terminal amide versus the C-terminal
free acid of truncated octanoylated ghrelin 1–8
was nine-fold more active in vitro [11]. Results of
these various truncated octanoylated ghrelin frag-
ments with free acids in contrast to C-terminal

amides are relevant because only the C-terminal
free acid and not C-terminal amide truncated
ghrelin is produced in vivo from partial proteolyt-
ic degradation of the bioactive full-length ghrelin
1–28 molecule. Although the fragments may not
be secreted into the peripheral circulation, they
may be formed in the circulation and act periph-
erally or may be formed at peripheral tissue sites
and act in a paracrine/autocrine manner. Another
additional issue of clinical relevance could be the
possible cross-reactions that these proteolytic-
derived ghrelin fragments may have on the ghre-
lin radioimmunoassays (RIAs) that have been
developed already and probably those that will be
developed in the future.

Octanoylation of Ghrelin

Collectively, the chemistry-driven conceptualisa-
tion of the ghrelin system compellingly fuses the
chemistry and biology of bioactive ghrelin into a
very special interdependence. The control of regu-
lation of the octanoylating enzyme complex by a
potential array of specific metabolic, nutritional
and hormonal factors will require elucidating.

Octanoylation of the 28 amino acid ghrelin
peptide requires the extraordinary specificity of
performing three major precise chemical steps
presumably by a specialised enzyme complex that
has yet to be characterised or identified. The three
steps include addition of only the octanoic car-
boxylic or fatty acid and presumably not any
other carboxylic or fatty acid to the ghrelin pep-
tide, specific addition of the octanoic carboxylic
acid to only the ghrelin peptide and not any other
peptide hormone, and specifically covalently link-
ing the octanoic carboxylic acid to the hydroxyl
group of the side chain of only the Ser3 but not
Ser2 of ghrelin via an ester bond. Furthermore, the
octanoylating enzyme complex must be distrib-
uted at key anatomical sites where the ghrelin
peptide is synthesised, likely at intracellular loca-
tions and perhaps as a functional complex within
vesicles. Because of the envisioned multiple com-
ponents and requirements of the enzyme com-
plex, octanoylation of the desoctanoyl ghrelin
peptide seems unlikely to occur in plasma.
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Whether the relatively high concentration of des-
octanoylated ghrelin in peripheral plasma origi-
nating from the stomach and delivered to the
peripheral tissues provides a substrate for the pre-
sumed octanoyl enzyme complex in tissues is an
important unknown. If this seemingly special
enzyme complex function occurs only intracellu-
larly, desoctanoyl ghrelin from plasma would be
unlikely to be the substrate for the enzyme com-
plex because of the difficulty of delivering it to a
specific enzyme octanoylation site within the cell
and in an appropriate amount.

In principle, it is necessary to consider a possi-
ble biological role for the desoctanoyl ghrelin, the
full-length ghrelin peptide without an octanoyl
modification. It is secreted from the stomach
directly into the peripheral circulation where it is
present in higher concentrations than octanoylat-
ed ghrelin. Molecular evidence further supports
that the desoctanoylated ghrelin peptide is syn-
thesised in many tissues of the body, but whether
this ghrelin peptide becomes octanoylated is
unknown. Although gene expression data indicat-
ed that only low concentrations of desoctanoylat-
ed ghrelin are synthesised in peripheral tissue,
this may dramatically change in select tissues or
organs as a function of metabolism, nutrition
and/or hormonal secretion.

The first possible biological in vivo action of
desoctanoylated ghrelin was recently reported by
Thompson et al. [13]. In this novel study, bone
marrow fat was increased after the direct continu-
ous infusion of desoctanoyl ghrelin into the tibial
marrow cavity of rats for 7 days. However, since
infusion of octanoylated ghrelin produced this
same effect, the provocative possibility is raised of
whether the infused desoctanoylated ghrelin
became octanoylated. The studies of Choi et al.
demonstrate that ghrelin increases the genesis of
rat adipocytes in vitro via the type 1a GHS recep-
tor [14]. More important is that these studies may
result in many new conceptual thoughts, strategies
and experimental approaches. Because it is known
that desoctanoylated ghrelin is not active on the
GHS type 1a receptor, while several studies indi-
cate the action of desoctanoyl ghrelin occurs in
vitro [15, 16], it will be necessary to re-evaluate

approaches to disentangle des- from octanoylated
ghrelin actions.

At present, the role and action of ghrelin are
frequently indirectly surmised from peripheral
plasma immunoact iv ity levels of ‘ghrelin‘
obtained by various RIAs, each of which have
inherent limitations or are incompletely validated
for specifically measuring the concentration of the
intact bioactive ghrelin molecule. It has been
reported by Nagaya et al. that the half-life of ghre-
lin after intravenous administration is about 10
minutes. Plasma desoctanoylated ghrelin levels
are variable, about five-fold or more greater than
plasma octanoylated ghrelin levels. These levels
likely vary under pathophysiological conditions or
even during normal metabolic, nutritional and
hormonal states. In addition to the limitation of
this methodology, it is necessary to consider the
list of factors in Table 6, which may directly
and/or indirectly modulate the level of desoc-
tanoyl ghrelin in peripheral plasma and/or the
sensitivity of the ghrelin/GHRP action on GH
secretion and food intake. The analysis of the
effects of these factors will be focal to the inter-
pretation of the physiological and pathophysio-
logical roles of ghrelin.

To date, only octanoylated ghrelin 1–27 has
been identified in peripheral human plasma and
the stomach by Hosoda et al. [17]. It originates
from octanoylated ghrelin 1–28 by cleavage of the
Pro27–Arg28 C-terminal bond and has the same
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Table 6. Relevant mechanisms of the actions of ghrelin

01 Ghrelin gene

02 Octanoylation enzyme complex

03 Secretion rate of bioactive ghrelin

04 Desoctanoylation plasma enzyme

05 Plasma ghrelin binding proteins

06 Clearance by kidney or liver

07 Blood–brain barrier

08 Expression of ghrelin receptor

09 Intracellular signalling

10 Interacting hormones



high in vitro and in vivo activity as ghrelin 1–28.
Other relevant findings in humans consist of n-
decanoylated ghrelin in the stomach and plasma
and preliminary evidence that immunoreactive
ghrelin in peripheral plasma rapidly decreases to
35% of normal control levels following total gas-
trectomy. Because ghrelin levels in plasma are not
lower after total gastrectomy, the anatomical ori-
gin may be the intestinal tract, where immunore-
active ghrelin has been identified. However, the
chemical point arises in regard to what degree the
full-length ghrelin peptide is present, as well as
the octanoylation status in the intestine, plasma
and peripheral tissues.

Putative New Natural Ghrelin Hormones and
Companion Receptor Subtypes

The seminal chemical-biological role of octanoy-
lation as the initial immediate critical chemical
step in determining the bioactive receptor confor-
mation of the ghrelin peptide for the GHS type 1a
receptor is notable and intriguing. We are current-
ly working with Shaoxing Wu to study the effect of
octanoylation on the ghrelin conformation deter-
mined from NMR analysis in conjunction with
ghrelin conformation as determined from theoret-
ical molecular modelling. The long-term objective
is to evaluate changes in ghrelin conformation fol-
lowing substitution of shorter and longer car-
boxylic acids of the octanoyl group. It is hypothe-
sised that at certain anatomical peripheral tissue
sites, carboxylic acids other than octanoic acid are
covalently linked to Ser3 of ghrelin, which produce
ghrelin molecules with different conformations
that act on the putative ghrelin receptor subtypes.
Novel in this hypothesis is that ghrelin molecular
subtypes are generated without changing the open
reading frame of the gene for the ghrelin peptide.
If this occurs, the effects on the physiology of the
ghrelin system would be major. If this hypothesis
is incorrect, it  could be because the special
octanoylation enzyme complex is so specific in
action that it only links octanoic carboxylic acid
to Ser3 of the full-length ghrelin peptide. So far
this key important specific enzyme complex has

neither been directly demonstrated to exist nor its
regulation characterised. Unknown is whether the
specificity of this enzyme may be only for the
ghrelin peptide and only selective for the Ser3

amino acid residue, while the esterification reac-
tion may be more permissive. Envisioned is the
possibility that carboxylic acids of different chain
lengths may be substituted at Ser3, which are tis-
sue, metabolic and nutrition dependent.

Several findings have led to this possible
broader, less restrictive ‘carboxylic acid hypothe-
sis‘. These include the fol low ing points. (1)
Octanoylation as the critical immediate determi-
nant of the bioactive chemical conformation of
the ghrelin peptide raises the possibility that dif-
ferent carboxylic acids added at Ser3 may occur
and may induce different conformations of the
ghrelin molecule that bind to select ghrelin sub-
type receptors. (2) Octanoylation of the ghrelin
peptide has been directly established and validat-
ed chemically only for ghrelin synthesised in the
stomach but not at other anatomical tissue and
organ sites, where only mRNA or in situ hybridis-
ation evidence of the ghrelin peptide exists and/or
that immunohistochemistry evidence specifically
detects full-length bioactive octanoylated ghrelin.
Thus, at peripheral anatomical sites other than the
stomach, the ghrelin peptide may be desoctanoyl
ghrelin or may have a different carboxylic acid
covalently linked to the Ser3 residue. (3) Putative
ghrelin receptor subtypes have been proposed as a
result of different biological profiles of select
GHRPs. (4) Binding affinities for the ghrelin GHS
receptor vary from high to low as a function of the
carbon atom chain length of the carboxylic acid
substituted for the octanoyl group of the ghrelin
molecule. This may suggest the spectrum and
number of ghrelin receptor types could be consid-
erable since the receptor binding affinities were so
variable for the type 1a ghrelin receptor when dif-
ferent carboxylic acids were substituted for the
octanoyl group on the Ser3 residue of the full-
length ghrelin peptide. It is possible to envision
that these variable binding affinities may indicate
different subtypes of ghrelin. The ghrelin mole-
cule subtypes and ghrelin receptor subtypes may
both exist in the putative peripheral ghrelin sys-
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tem as well as the CNS system, but they may be
regulated by the metabolic, nutritional and hor-
monal status. Additionally, another molecular
form of ghrelin itself has been identified in the
stomach, i.e., des[Gln14]-ghrelin in a 27 amino
acid Ser3 octanoylated peptide, which is the result
of alternative splicing of the ghrelin gene. It has
the same bioactivity of the primary 28 amino acid
octanoylated ghrelin.

Besides the GHRP/ghrelin GHS type 1a recep-
tor, the Merck group cloned another related GHS
receptor designated type 1b in 1997. The type 1b
receptor is a truncated version of the type 1a GHS
receptor because only TM-1 through TM-5
domains are encoded. Its funct ion is st i l l
unknown. Neither the GHRPs nor ghrelin bind to
this receptor and the type 1a and 1b receptors are
localised to separate chromosomes. When selec-
tive, sensitive hybridisation probes for the type 1a
and 1b receptors were utilised, the mRNA distri-
bution in normal human tissues demonstrates the
truncated type 1b receptor is widely distributed
while the type 1a GHRP/ghrelin active receptor is
much more restricted, i.e., predominantly in the
pituitary gland but also in the thyroid gland, pan-
creas, spleen, myocardium and adrenal gland. In
contrast to the distribution of the active type 1a
receptor, the expression of the mRNA distribution
of the ghrelin peptide is widespread in human tis-
sues, which suggests that ghrelin may be acting on
selected receptor subtypes in peripheral tissues
[18]. These results indicate the necessity of utilis-
ing subtype-specific probes in order to distin-
guish the widespread but inactive truncated
receptor from the active GHS receptor, as well as
the need to attempt to identify additional ghrelin
receptor subtypes.

Tomassetto et al. identified the motilin-related
peptide from the stomach in a separate study via a
recombinant cDNA approach, in contrast to the
GHS-type 1a receptor approach utilised by Kojima
et al., which identified octanoylated ghrelin [19].
Significantly, the motilin-related peptide is chemi-
cally but not biologically identical to desoctanoyl
ghrelin, particularly since octanoylation of the 28
amino acid ghrelin peptide is essential for binding
to the type 1a ghrelin receptor and its enhance-
ment of GH release and food intake. Additionally,

on the basis of chemical similarities between
octanoylated ghrelin, motilin-related peptide and
the duodenal hormone motilin, an important reg-
ulator of gastrointestinal motility, it is reasonable
to project that octanoylated ghrelin also may have
a motilin-like effect on gastrointestinal motility.
Most informative and meaningful are the recent
studies and detailed discussion of Inui et al. in
support of the unique and potent physiological
gastro-prokinetic effect of ghrelin and its rela-
tionship to the increase of food intake by ghrelin
[20]. A special aspect is the functional interde-
pendency of the stomach and hypothalamus for
the integration of feeding and associated auto-
nomic, neuroendocrine and gastrointestinal func-
tions emphasised by Inui. It becomes apparent
that the route of administration or the anatomical
origin of endogenous secretion of ghrelin is a
basic issue that must be considered. Peripheral
versus central intracerebroventricular (ICV)
administration may produce differing effects on
gastric acid secretion, motility or food intake. Inui
et al. and others (vide infra) bring out the poten-
tial physiological functional significance of only a
very small amount of ‘ghrelin’ synthesised in the
hypothalamus, particularly the arcuate nucleus
[20, 21]. A basic point still in need of chemical val-
idation is whether bioactive octanoylated ghrelin
is produced in the hypothalamus because desoc-
tanoyl ghrelin is non-functional in regard to these
effects. Obviously, these are convoluted biological
regulatory issues, suggesting that a coordinated
approach will be required to resolve these com-
plex issues, i.e., whether the bioactive ghrelin mol-
ecule is synthesised in the hypothalamus.

NMR studies of ghrelin and five of its truncat-
ed analogues in solution detail that all of them
behave as random coils [22]. NMR comparison of
the N-terminal octanoylated C-terminal amidated
pentapeptide ghrelin fragment, active in vitro,
with the N-terminal portion of the full-length
ghrelin further indicates that they are similar. An
exception is the presence of two addit ional
nuclear Overhauser effects (NOE) between the
Phe4 NH proton and the protons of the beta-meth-
ylene of the Ser3 residue of this pentapeptide frag-
ment. Circular dichroism spectroscopy of ghrelin
pentapeptides in water also indicates a conforma-
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tion as random coils. However, molecular model-
ling of GHRP-6 and ghrelin with the incorpora-
tion of these NMR results did not account for nor
agree with the binding of these peptides to the
ghrelin GHS type 1a receptor.

In 1998, Scott Feighner and his Merck collabo-
rators published mutation studies on the human
GHS 7 transmembrane (TM) domain G-protein
coupled receptor. They found that mutation of
amino acids on TM 2, 3 and 5, 6 both affect and
activate the GHS receptor [23]. This group devel-
oped a three-dimensional docking model of the
Merck benzolactam and spiropiperidine non-pep-
tide GHSs as well as GHRP-6. Mutating glutamic
acid to glutamine at position 124 in TM 3 resulted
in a non-functional receptor for each of the three
different dissimilar chemical types of GHRP/GHSs.
Since each GHRP has an essential positive-charged
atom at the N-terminus, the non-functional recep-
tor with the glutamic acid to glutamine mutation
was explained by eliminating the counter ion inter-
action between these three GHSs and the receptor.
Furthermore, the TM 2, 5 and 6 mutations induced
different effects on the binding and activation of
these three chemically different GHRP/GHSs. This
led to the speculation by this group that these three
GHSs probably bind to the same receptor site in
different molecular orientations.

High Constitutive Signalling of the Ghrelin
Receptor

Although obtained only in vitro, the recent results
of Holst et al. convincingly demonstrated that the
transfected ghrelin GHS receptor Type 1a in HEK
or COS cells has a constitutively high signalling
rate [24]. This property of the receptor was shown
to be due to an inherent high on-rate of the recep-
tor alone, even when devoid of any ligand. The
authors theorised that the molecular mechanism
of this constitutive activation was due to the tilt-
ing or the direct approximation of the receptor
TM 3 and TM 6 domains to each other through a
counter ion interaction at the side chains of a spe-
cific pair of amino acids in TM 3 and TM 6. In
studies performed in parallel with the transfected
homologous motilin receptor, which functioned

only at a low constitutive signalling rate, it was
concluded that the motilin receptor was function-
ally distinctively different from the transfected
ghrelin receptor in spite of the strong structural
homology between these receptors. Furthermore,
this group showed that the [DArg1,DPhe5,DTrp7,9,
Leu11]-substance P peptide, which we had charac-
terised as an in vitro and in vivo GHRP and ghre-
lin weak receptor antagonist, acted as a potent
inverse agonist. At 5 nM, there was complete inhi-
bition of the high constitutive signalling activity
of the transfected ghrelin receptor. Also, this
GHRP/ghrelin receptor antagonist only weakly
inhibited the activity of this transfected receptor
when stimulated by ghrelin; the IC50 of the sub-
stance-P antagonist was 650 nM in inhibiting in
vitro ghrelin activation. In competitive binding
receptor studies using 125I-ghrelin as tracer, the
Kd of [DArg1,DPhe5,DTrp7,9,Leu11]-substance P
was 45 nM while that of ghrelin was 0.36 nM.
These latter results again underscore that this
substance-P analogue acts in different roles as an
inverse agonist and as a ghrelin competitive
receptor antagonist.

A number of potentially important conceptual
ideas have evolved from these studies suggesting
the meaningful influences on how the ghrelin sys-
tem functions physiologically, particularly the
biochemical and molecular mechanisms impart-
ing high constitutive signalling to the ghrelin
receptor that can also be hormonally regulated.
Regulation of GH secretion and food intake may
be modulated not only by the secretion of ghrelin
but possibly by the presence, location and number
of ghrelin receptors, even at subthreshold levels of
ghrelin. The high constitutive signalling of the
ghrelin receptor may even explain in part why
mice with knock-out of the ghrelin receptor grow
less and weigh less than mice with knock-out of
the ghrelin hormone. For instance, tonically acti-
vated ghrelin receptor unstimulated by ghrelin
may maintain or heighten hunger between meals
and may raise basal GH secretion between GH
pulses. If this occurs, these results will encourage
development of specifically acting inverse ago-
nists to the ghrelin receptor, as such compounds
would appear to very effectively decrease the high
constitutive signalling. Pertinent is the report of
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Kim et al. that rats fasted for 48 h had increased
ghrelin mRNA levels in the stomach, which were
reduced by refeeding [25]. In addition, ghrelin
receptor mRNA levels increased eight-fold in the
hypothalamus and three-fold in the pituitary after
48 h of fasting in comparison to fed rats; the con-
stitutive activity of the receptor may heighten
and/or maintain the hunger for food by tonically
activating arcuate NPY/AgRP neurons responsible
for mediat ing food intake, even w ithout an
increase in ghrelin itself. Also, basal GH secretion
may be maintained or increased by the high con-
stitutive signalling of this receptor, and pituitary
responsiveness to the GH-releasing actions of
ghrelin may be enhanced. Taken together, regula-
tion of the ghrelin system by the high constitutive
signalling of the receptor, with or without ghrelin,
appears to require reconsideration of how the
ghrelin system functions. If the major function of
the ghrelin system is to enhance and maintain
food intake and GH secretion during fasting and
starvation, a high constitutive activity of the
receptor would seem to be teleologically a unique
and novel mechanism for both animals and
humans.

The degree that the Holst in vitro data (vide
infra) translate to in vivo results and the circum-
stances under which this occurs may significantly
depend on whether leptin and/or SRIF inhibit the
high constitutive signalling activity of the ghrelin
receptor in v ivo. If these two hormones are
inhibitory this would be an additional mechanism
for explaining how the ghrelin system is activated
during starvation and GH secretion and food
intake are increased.

Neuroendocrine and neuroanatomical mecha-
nistic studies evolving from the decreased action
of ghrelin on the NPY/AgRP hypothalamic arcuate
neurons caused by leptin are considered of special
relevance. When leptin was administered to lep-
tin-deficient mice during critical periods of early
development, Bouret et al. observed that the hypo-
thalamic arcuate nucleus architecture was altered
[26]. This again appears to be an example of hor-
monal hypothalamic imprinting on the develop-
ing brain that possibly results from the neonate
surge of leptin secretion. This action has been
reported previously and also may forecast that a

similar but opposite action of ghrelin may occur
at this critical period when ghrelin is increased in
amount. Pinto et al. further observed not only that
leptin and ghrelin administration to mice acutely
(6 h) altered the neural connections within the
hypothalamic arcuate nucleus without a change in
the neuron number, but also that these synaptic
neural connections were increased by ghrelin and
decreased by leptin [27]. Although the ghrelin
receptor has been reported to be co-localised on
most of the arcuate NPY neurons in the Pinto et
al. study, ghrelin acted only on the pro-opiome-
lanocortin (POMC) and not the NPY neurons,
which again emphasises the dynamic structural
and functional plasticity of the CNS neurons.
Since secretion of leptin decreases and ghrelin
increases during restricted energy balance, these
fundamental results are considered to be substan-
tive support for one of the roles, or possibly the
major regulatory physiological role, of the ghrelin
system.

Conclusions

The chemistry of unnatural GHRPs and natural
ghrelin and its receptor is predicted to have
unique as well as novel complementary effects on
the physiological and pathophysiological dimen-
sions of the new ghrelin system. In spite of the dif-
ferent chemistries of the peptide and non-pep-
tidyl GHRPs that have been developed, as well as
between natural ghrelin and the non-natural
GHRPs, it is amazing that they target the same
receptor and produce the same biological actions
of increasing GH secretion and food intake in ani-
mals and humans. The conceptualisation of the
GHRP action during the first 20 years of this story
focused on GH secretion. Since the identification
of ghrelin 6 years ago, the emphasis has evolved to
the enhancement of food intake and the possible
role of the ghrelin system in overnutrition, as in
obesity, and malnutrition, as in anorexia nervosa
and cancer. Understanding the physiological role
and dimensions of ghrelin actions from the stom-
ach to CNS to pituitary and to peripheral adipose
tissue, the ghrelin system has an exciting future.
This future includes the determination of comple-
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mentary biological actions of GHRP/ghrelin on
GH secretion and food intake, a better chemical
orientation on the variability of these compounds,
a more in-depth appreciation of the possible
selective actions of the unnatural ghrelin pep-
tides, partial peptides, non-peptides and whether
different receptors may be involved, and further
understanding of the seminal chemistry of ghrelin
with the indispensable octanoyl carboxylic acid
addition for the bioactive chemical conformation
of the ghrelin molecule and the characterisation
and identification of the special enzyme complex
responsible for the octanoylation of ghrelin. New
branches are sprouting from the trunk of the

ghrelin/GHRP/GHS path in several unexpected
directions complementing existing evidence of
the potential value of GHRP for clinical diagnostic
and therapeutic purposes.
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Introduction 

Ghrelin is a 28 amino acid peptide predominantly
produced by the stomach, although it is also
expressed in many other central and peripheral
endocrine and non-endocrine t issues [1–3].
Ghrelin displays strong growth hormone (GH)-
releasing activity mediated by the activation of
the GH secretagogue receptor type 1a (GHS-R 1a)
[1, 3]. Prior to the discovery of ghrelin, this
orphan receptor had been shown to be specific for
a family of synthetic peptidyl and non-peptidyl
molecules known as GH secretagogues (GHS) [1,
3, 4]. GHS-R are concentrated in the hypothalamic
-pituitary unit but are also distributed in other
central and peripheral tissues [1–4]. Apart from
the potent GH-releasing effect, ghrelin exhibits
additional actions including stimulation of pro-
lactin and ACTH secretion, negative influence on
gonadal axis, stimulation of appetite and positive
influence on energy balance, endocrine and non-
endocrine gastro-entero-pancreatic functions,
cardiovascular actions and modulation of cell via-
bility [3, 5, 6]. Given this wide spectrum of biolog-
ical activities, it is clear that the discovery of ghre-
lin opened new perspect ives of research in
endocrinology but also in other areas of internal
medicine.

From GH-Releasing Peptides to Ghrelin

Growth hormone-releasing peptide-6 (GHRP-6)
was the first peptidyl GHS able to release GH in
vivo even after oral administration in humans [3,
4]. Further research led to the synthesis of other
peptidyl and non-peptidyl GHS; the spiroindoline
MK-0677 was one of the most powerful, being able
to enhance 24-h GH secretion and insulin-like

growth factor-1 (IGF-1) levels even after single
oral administration [3, 4].

In 1996, in agreement with data from binding
studies, a specific GHS receptor expressed by a
single gene found at chromosomal location 3q26.2
was cloned [3, 4]. Two types of GHS receptor com-
plementary DNA (cDNA), as the result of alternate
processing of a pre-mRNA, encode for two differ-
ent receptors, the GHS receptor type 1a, which
consists of 366 amino acids with seven transmem-
brane regions, and the GHS receptor type 1b, of
289 amino acids with only five transmembrane
regions. Whereas the GHS-R 1b does not bind
GHS and therefore its functional role remains
unknown, ghrelin as well as synthetic peptidyl
and non-peptidyl GHS exhibit high binding affini-
ty to the GHS-R 1a [1–4].

Studies focusing on GHS-R distr ibution
revealed particular concentration not only in the
hypothalamic–pituitary area but also in other
central and peripheral tissues [2–4], thus explain-
ing the GH-releasing effect and the other
endocrine and non-endocrine actions of GHS [3].

Ghrelin, discovered in 1999 as a natural ligand
of the GHS-R 1a [7], is a 28 amino acid peptide
predominantly produced by the stomach, but also
expressed in bowel, pancreas, kidney, lung, pla-
centa, thyroid, testis, ovary, pituitary and hypo-
thalamus. Within the stomach, ghrelin is produced
by enteroendocrine cells, probably the X/A-like
cells, a major endocrine population in the oxyntic
mucosa, the hormonal product of which had not
previously been clarified [3, 8].

Ghrelin is the first peptide isolated from natu-
ral sources in which the hydroxyl group of one of
its serine residues is acylated by a n-octanoic acid
[3, 7]. The acylation of the peptide is essential for
its binding to the GHS-R type 1a and for its
endocrine actions [3, 7, 9]: however, non-acylated
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ghrelin, which circulates in amounts far higher
than the acylated form, is not biologically inac-
tive. Non-acylated ghrelin is able to exert some
non-endocrine actions including cardiovascular,
anti-proliferative and adipogenetic effects proba-
bly binding different GHS-R subtypes [3, 10].

Besides 28 amino acid acylated ghrelin, other
endogenous ligands of the GHS-R 1a have been
described, among which are several acylated ghre-
lin variants: adenosine, which acts as a weak ago-
nist [11] and cortistatin, a neuropeptide homolo-
gous to somatostatin, which, in turn, is unable to
recognise this receptor [12]. It has been suggested
that different molecules are able to bind different
pockets of the GHS-R 1a but not necessarily to
activate it; however, further studies are required
to clarify whether ghrelin is the sole ligand or one
of a number of ligands activating GHS-R and
whether the GHS-R used for ghrelin isolation is
the sole receptor or one of a group of receptors for
one or more than one ligand.

Physiological Control of Ghrelin Secretion

Circulating ghrelin levels, mostly represented by
its acylated form, are rapidly reduced by 80% after
total gastrectomy but gradually recover thereafter,
indicating that the stomach is the major source of
circulating ghrelin but that other tissues can com-
pensate for the loss of ghrelin production after
gastrectomy [13].

Ghrelin is secreted in a pulsatile manner [14].
Notably, there is no strict correlation between
ghrelin and GH levels, while ghrelin pulses are
correlated with food intake episodes and sleep
cycles [14].

Specifically, ghrelin secretion in humans has
been shown to follow a circadian rhythm with
superimposed increases before meals and
decreases after food intake [15]. Such a secretory
profile suggested that food intake may be trig-
gered by ghrelin increases [15] and, on the other
hand, revealed that ghrelin secretion mainly
undergoes a metabolic control [16]. In fact, ghre-
lin secretion is markedly inhibited by food intake
but not by simple gastric distension [17, 18].

Among nutrients, glucose, after either oral or

intravenous administration, has been shown to
exert the most potent inhibitory effect on ghrelin
secretion, while the role of free fatty acids and
arginine load has not yet been fully established
[18–20].

Evidence of a clear negative association
between ghrelin and insulin secretion [15] suggest-
ed an inhibitory influence of insulin on ghrelin
secretion in agreement with data showing a direct
modulation of gastric ghrelin expression by insulin
itself [21]. Indeed, during both euglycaemic and
hypoglycaemic clamp, the steady-state increase in
insulin levels is associated with a clear reduction in
circulating ghrelin levels [22, 23]. Recently, it has
been shown that post-prandial hyperinsulinaemia
is a decisive signal for meal-related ghrelin sup-
pression [16]. In insulin-resistant states there is a
lower decrement in post-prandial circulating 
ghrelin concentrations suggesting a negative cycle
that augments nutrient intake in obese and type 2
diabetic subjects [16].

Moreover, further confirming the major role of
metabolic and nutritional factors in the regulation
of ghrelin secretion, several other factors involved
in the regulation of food intake and metabolic
balance have also been reported as being able to
inhibit ghrelin secretion, such as glucagon-like
peptide 1 [24], gastrin [24], urocortin-1 [25], PYY
[26] and oxyntomodulin [27], or to increase it,
such as gastrin [24].

Notably, although playing a functional comple-
mentary role in the regulation of appetite at the
hypothalamic level, leptin has been shown to be
devoid of any modulatory effect on ghrelin secre-
tion [28].

However, the most remarkable inhibitory input
on ghrelin secretion reported so far is represented
by the activation of somatostatin receptors by
somatostatin as well as by its natural analogue
cortistatin [29].

Overall, evidence that insulin and somatostatin
exert a critical inhibitory action on ghrelin secre-
tion indicates that the latter is under major con-
trol from the endocrine pancreas, which, in turn,
is under the influence of ghrelin. In fact, in
humans, acute intravenous ghrelin administration
has been reported to increase circulating somato-
statin levels [30] and to induce a transient inhibi-
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tion of insulin secretion that is coupled, although
mediated by independent mechanisms, with an
increase of circulating glucose levels [30, 31].

In agreement with the major influence of
nutrition on ghrelin secretion, circulating ghrelin
levels are inversely related to body mass index
(BMI), i.e. increased in anorexia and cachexia
while reduced in obesity and overfeeding, a
notable exception being patients with Prader-
Willi syndrome (PWS) [3, 32, 33]. In particular,
ghrelin hypersecretion has been suggested to be
responsible for the hyperphagia and weight excess
commonly present in this syndrome [32, 33].

In both anorexia and obesity, ghrelin secretion
is normalised by recovery of ideal body weight
[18, 34, 35]. These changes are opposite to those of
leptin, suggesting that both ghrelin and leptin are
hormones signalling the metabolic balance and
managing the neuroendocrine and metabolic
response to starvation [3, 35, 36].

In humans, ghrelin secretion has been report-
ed to occur throughout the lifespan, with some
age-related variations. In particular, ghrelin secre-
tion significantly increases after birth, peaking
during the first two years of life, then decreases
until the end of puberty [37]. Moreover, a further
decrease of ghrelin levels in elderly subjects has
also been reported recently [38].

Gender-dependent differences have been found
by some authors [39] but not by others [40].

This general picture of the control of ghrelin
secretion generally comes from evaluating total
circulating ghrelin levels. As endocrine actions are
displayed by acylated ghrelin only, more appropri-
ate information about the control of ghrelin secre-
tion and its functional significance could come
from distinguishing plasma variations in acylated
and unacylated ghrelin.

Ghrelin as a New Factor in the Control of
Energy Balance, Appetite and Food Intake

Among all the biological actions of ghrelin, par-
ticular attention has been focused on its role in
the regulation of appetite and energy balance.

Long before ghrelin was discovered, different
reports in rodents indicated that some GHS pos-

sess orexigenic activity [41]. Moreover, in the last
decade, a substantial amount of data showed that
GHS were able to activate neurons in hypothalam-
ic areas strictly involved in the control of energy
balance [41, 42]. Accordingly, ghrelin emerged as
one of the most powerful orexigenic and adi-
pogenic agents known so far [3, 6, 15, 43]. At first,
it was puzzling to link adipogenic effects to a hor-
mone that was originally discovered as a potent
secretagogue of GH, a lipolytic hormone, but pro-
gressively, ghrelin resulted as a previously uniden-
tified interface between energy balance regula-
tion, glucose homeostasis, and hypothalamic neu-
ropeptides [3, 6, 43].

Ghrelin dose-dependently stimulates food
intake in rodents, part icularly af ter central
administration [17, 44]. Unlike other potent orexi-
genic agents (e.g. neuropeptide Y [NPY], agouti-
related protein [AgRP], melanin-concentrating
hormone [MCH]) that are active only when inject-
ed intracerebroventricularly, ghrelin has orexi-
genic and adipogenic effects even after systemic
administration [45]. The efficacy of ghrelin as an
orexigenic agent after peripheral administration
would be explained by its transport across the
blood–brain barrier in a blood-to-brain direction.
The hypothalamic areas playing a crucial role in
the regulation of energy homeostasis, such as the
ventromedial part of the arcuate nucleus, are not
completely protected by the blood–brain barrier,
contain neurons expressing GHS-R [3], and might
therefore mediate ghrelin effects [45, 46].

It has also been demonstrated that ghrelin’s
influence on appetite and energy balance is, at
least partially, mediated by hypothalamic leptin-
responsive neurons [46–51].

Among the major hypothalamic pathways
mediating ghrelin’s influence on energy balance
[48, 49, 51], one involves NPY neurons [52, 53] and
the other involves melanocortin receptors [54].
Ghrelin increases AgRP and NPY expression after
both acute and chronic administration in rats [47,
48, 51, 53]. Thus, NPY and AgRP likely co-mediate
ghrelin’s effects on energy balance; NPY might be
more important for acute effects while AgRP
might be involved in both chronic and acute ghre-
lin action in the hypothalamus [46].

Accordingly, whereas deletion of either NPY or
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AgRP causes only a modest effect on the orexi-
genic effect of ghrelin, simultaneous genetic abla-
tion completely abolishes ghrelin’s modulatory
action on food intake [55]. However, other agents
are likely to be involved in mediating the impact
of ghrelin on appetite, food intake and energy bal-
ance; these include orexins, pro-opiomelanocortin
(POMC), cocaine- and amphetamine-related tran-
script (CART), MCH, ciliary neurotropic factor
(CNTF), gamma amino butyric acid (GABA),
galanin, corticotropin-releasing hormone (CRH)
and somatostatin [46, 50, 56]. Besides the increase
of appetite and food intake, reduced cellular fat
oxidation and promotion of adipogenesis report-
edly contributes to increased fat mass induced by
ghrelin [10, 50].

It is noteworthy that ghrelin regulation of
energy homeostasis seems to be mediated by
efferent and afferent fibres of the vagal nerve [57].
Intravenously administered ghrelin decreases the
afferent activity of the gastric vagal nerve at low
doses [57]. Moreover, the blockade of the gastric
vagal afferent fibres abolishes ghrelin-induced
feeding, GH secretion, and activation of NPY-pro-
ducing and growht hormone-releasing hormone
(GHRH)-producing neurons in rats. Cholinergic
influence on systemic ghrelin secret ion has
already been reported both in animals and
humans [20, 58–60]. Nevertheless, cholinergic
agonists and antagonists do not influence the
endocrine response to ghrelin administration in
humans [61].

Overall, as a result of central and peripheral
actions, ghrelin administration in rodents causes
weight gain [3, 6, 17, 43]. This effect is not due to
longitudinal growth or an increase in lean mass as
one would expect to occur after stimulation of GH
secretion [62]. Data in rodents clearly showed that
ghrelin-induced weight gain is based on accretion
of fat mass without changes in longitudinal skele-
tal growth and with a decrease of lean mass [17].

Despite all these data, it has to be taken into
account that ghrelin-null mice do not differ from
controls in terms of food intake, size, growth rate
and body composition [63] and even GHS-R-null
mice show normal appetite and body composi-
tion, with only a mild reduction in body weight
compared with controls [64].

Ghrelin and Cachexia

Cachexia is a clinical condition frequently associ-
ated with neoplastic disease and chronic heart
failure characterised by loss of body weight, nega-
tive nitrogen balance and fatigue that significantly
affects patients’ quality of life, morbidity and sur-
vival.

Taking into account the important role of
ghrelin in the regulation of food intake and ener-
gy metabolism, several studies investigated the
possible role of ghrelin as a factor involved in the
development of cachexia or as a potential tool in
its treatment.

In cachectic nude mice bearing human G361
melanoma cells, plasma ghrelin concentration as
well as both ghrelin peptide and mRNA in the
stomach have been reported to increase with the
progression of cachexia [65].

Interestingly, in a different mouse model of
cancer cachexia induced by the inoculation of
human SEKI melanoma cells, one-week intraperi-
toneal ghrelin administration suppressed weight
loss and increased food intake [66]. Moreover,
ghrelin administration increased the weight of
white adipose tissue and plasma leptin concentra-
tion, thus suggesting a potential therapeutic abili-
ty to ameliorate cancer cachexia [66].

In humans, plasma ghrelin levels have been
reported to be significantly higher in patients
affected by lung cancer with cachexia than in
those without cachexia in whom, on the other
hand, ghrelin levels were similar to those in
healthy subjects [67].

Furthermore, an increase of circulating ghrelin
levels was also observed in those patients develop-
ing anorexia after chemotherapy treatment [67].

Taken together, these data suggest that meas-
urement of plasma ghrelin may be a simple and
non-invasive method to assess the development of
cachexia and, potentially, chemotherapy-induced
toxicity.

Besides neoplastic cachexia, increased ghrelin
levels have also been reported in cachectic syn-
dromes of other aetiologies.

Independently from the aetiology of the liver
disease, ghrelin levels have been reported to be
significantly increased in Child C cirrhosis, show-
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ing high correlation with clinical complications of
liver disease, but not with indexes of liver func-
tion [68].

Similarly, patients with cardiac cachexia suf-
fering from chronic heart failure show increased
ghrelin levels; in rats with chronic heart failure,
chronic subcutaneous ghrelin administration,
besides exerting its well-known positive car-
diotropic effect, also prevented cardiac cachexia,
as shown by increased body weight and preserved
muscle-to-bone ratio [5, 69].

Overall, these data suggest that, considering
ghrelin-induced positive effects on energy bal-
ance, the increase of ghrelin levels may represent a
compensatory mechanism under catabolic–
anabolic imbalance in cachectic patients of differ-
ent aetiologies.

Ghrelin and Anorexia Nervosa

Anorexia nervosa is a psychiatric disorder charac-
terised by patient-induced and maintained weight
loss that leads to progressive malnutrition and spe-
cific pathophysiological signs (disturbance of body
image and fear of obesity). Based on the presence
or not of bulimic symptoms, anorexia nervosa
appears in two specific subtypes, restricting and
binge-eating/purging [70]. Complications in many
organ systems can occur, including cardiovascular,
gastrointestinal, haematological, renal, skeletal,
endocrine and metabolic systems. These alterations
are not only related to the state of malnutrition, but
also to the behaviour of these patients to control
their weight. The endocrine disturbances include
hypothalamic amenorrhoea, hyperactivity of the
hypothalamus–pituitary–adrenal (HPA) axis, low
T3 syndrome and alterations in the activity of the
GH/IGF-1 axis [71–73]. Exaggerated GH secretion
coupled with reduced IGF-1 levels are common
findings in anorexia nervosa as well as in other
catabolic states, reflecting malnutrition-induced
peripheral GH resistance and implying reduced
IGF-1 feedback action on somatotropic secretion
[73, 74]. Primary or secondary alterations in the
neuroendocrine control of GH secretion have also
been hypothesised and are likely to include GHRH
hyperactivity coupled with reduced somatostatin-

ergic tone [71–73]. Accordingly, an exaggerated GH
response to GHRH has been reported by many
studies [58, 71–73, 75].

As anticipated, ghrelin levels in anorexia ner-
vosa have been reported to be clearly high, in
agreement with evidence showing that ghrelin
levels are inversely related to BMI [18, 34, 76–78].
A difference in ghrelin levels between restricting
or purging-type anorectic patients has been
reported by some studies [79], but not others [80].

Interestingly, however, despite the elevated
plasma ghrelin levels, in anorexia nervosa, the
sensitivity of ghrelin secretion to the inhibitory
effect of glucose seems to be preserved, although
some differences among the different subtypes of
anorexia have been reported [80–82].

In fact, oral glucose load has been reported to
reduce circulating total and acylated ghrelin levels
in women with anorexia nervosa to a similar
extent as in normal subjects, despite absolute
ghrelin levels in anorexia nervosa persisting high-
er than in controls [81, 82].

Another study showed that while the inhibito-
ry effect of oral glucose load is preserved in
patients with anorexia of purging type, although
w ith delayed nadir, such effect seems to be
markedly blunted in women with anorexia of
restricting type, thus suggesting that differences
in eating behaviour may influence the metabolic
control of ghrelin secretion [80].

Interestingly, previous reports showed that,
differently from normal subjects, in patients with
anorexia nervosa, ghrelin secretion is not inhibit-
ed by food intake [83]. The reasons for these dis-
crepant data are at present unexplained and may
reflect a different sensitivity to different types of
nutrient intake [84]. One hypothesis is that, due to
the chronic food restriction and the consequent
adaptation, a single physiological meal could be
insufficient to suppress the drive to eat, in order
to regain a normal weight and replenish energy
stores [83]. However, weight gain in anorectic
patients is associated with decreased plasma ghre-
lin levels [78]. It is therefore possible that in these
patients the correction of the abnormal feeding
behaviour over a prolonged period of time may
restore the normal acute response of plasma ghre-
lin to single meals [78].
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Notably, though the reduced food intake in
anorexia nervosa might seem discordant with a
ghrelin hypersecretory state, it has to be empha-
sised that this condition is not characterised by
lack of appetite; on the contrary, appetite is often
increased, leading to a stressful condition [85].

The possibility that ghrelin hypersecretion
could play a major role in GH hypersecretion in
anorexia nervosa has been hypothesised. To sup-
port this hypothesis, there is evidence that fasting
-induced GH hypersecretion is anticipated by an
increase in ghrelin levels, at least in humans [86].
Interestingly, however, anorexia nervosa shows a
selective reduction of the GH response to ghrelin
administration and, differently from normal
women, in anorectic patients ghrelin does not sig-
nificantly increase glucose levels [87].

Evidence of a blunted GH response to ghrelin
is remarkable considering that anorexia nervosa
is associated with elevated circulating ghrelin lev-
els coupled with both basal and GHRH-induced
GH hypersecretion.

Notably, the GH hyporesponsiveness to ghrelin
administration in anorexia nervosa represented
an unexpected finding. In fact, several common
hormonal alterations in anorexia nervosa, such as
enhanced endogenous GHRH activity, reduced
IGF-1 feedback action and reduced somatostatin-
ergic tone, could have induced an enhanced GH
responsiveness to ghrelin [71, 73, 88, 89].

However, the possibility that in anorexia ner-
vosa chronic exposure to elevated circulating
ghrelin levels may induce desensitisation to the
GH-releasing effect of ghrelin itself has also to be
taken into account [90, 91].

On the other hand, the absence of a hypergly-
caemic effect of ghrelin in anorexia nervosa,
which in normal subjects has been suggested to
reflect a direct or indirect glycogenolytic effect,
might simply reflect exhaustion of glycogen stores
in the liver due to chronic starvation [92].

Ghrelin and Weight Loss in Obesity

Obesity is a chronic disease that is causally related
to serious medical illnesses such as type 2 dia-
betes mellitus, hypertension, hyperlipidaemia,

sleep apnoea and orthopaedic complications.
Based on evidence of the potent orexigenic

action of ghrelin, its levels were at first expected
to be increased in obesity. On the contrary, ghrelin
levels turned out to be inversely related to body
mass index.

At present, the exact peripheral signals leading
to a reduced ghrelin secretion in obesity have not
yet been identified. The most likely hypothesis is
that low ghrelin levels in obesity might represent a
signal to the hypothalamic centres regulating food
intake that energy stores are filled [34].

Ghrelin gene poly morphisms have been
described by several groups; linkage analysis
studies, however, failed to prove a solid associa-
tion between ghrelin and obesity [76, 93, 94].

While diet-induced human obesity, as well as
polygenic (e.g. Pima Indians) or monogenic (e.g.
MC4-R defect) causes of human obesity all pres-
ent with low plasma ghrelin levels [34, 77], severe-
ly obese pat ients w ith PWS show markedly
increased plasma ghrelin levels [32, 33, 95]. PWS is
the most frequent known cause of genetically
induced obesity and is associated with a defect on
the short arm of chromosome 15, while the exact
pathophysiological mechanisms leading to the
obesity syndrome in PWS remain unclear [96].
Apart from their adiposity, patients with PWS suf-
fer from a severe hunger syndrome, decreased
locomotory activity, impaired GH secretion,
increased sleepiness and relative hypoinsuli-
naemia [97, 98]. Although it appears intriguing
that hyperghrelinaemia in PWS might be respon-
sible, at least in part, for the majority of symp-
toms characterising this disease, the biological
significance of the link between ghrelin and PWS
remains at present unexplained [32, 33, 95].

However, independently from whatever the
pathophysiological mechanisms underlying ghre-
lin hypersecretion in PWS may be [99], several
data indicate that ghrelin hyposecretion in essen-
tial obesity is only a functional impairment.

In fact, a significant increase of ghrelin levels
has been reported after weight loss induced by
either diet or lifestyle modifications [77].

Given the potent orexigenic effect of ghrelin,
the implicat ion of these findings is that an
increase in ghrelin levels caused by weight loss
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may help to promote regaining weight. In this con-
text, it has been hypothesised that methods of
weight loss that fail to trigger a compensatory rise
in ghrelin levels might help sustain weight loss on
a long-term basis.

Among the different surgical treatments of
obesity, Roux-en-Y gastric bypass (RYGB) surgery
is the most effective approved treatment for mor-
bid obesity [100, 101]. This procedure restricts the
gastric volume that is capable of storing food,
bypassing most of the stomach and all of the duo-
denum (i.e. the majority of ghrelin-producing tis-
sue) with a gastrojejunal anastomosis.

Importantly, the ult imate mechanisms by
which this technique induces weight loss have not
yet been defined but, notably, restrictive vertical-
banded gastroplasty, which induces similar reduc-
tion of gastric volume, is less effective at main-
taining long-term weight loss [100].

Interestingly, patients who undergo RYGB typi-
cally experience a generalised loss of appetite, sug-
gesting that different mechanisms influencing ap-
petite beyond simple gastric restriction may occur
after this surgical treatment [100]. For these rea-
sons, the existence of peculiar alterations of ghrelin
secretion after RYGB has been hypothesised.

In fact, most authors reported that, despite
inducing a marked weight loss, RYBG surgery is
not followed by normalisation of ghrelin secretion
and, according to some authors, even induces a
further reduction of its circulating levels [104].
On the other hand, weight loss induced by bil-
iopancreatic diversion [102] or adjustable gastric
binding [103] is associated with an increase of cir-
culating ghrelin levels, in agreement with the
reported inverse relationship between BMI and
ghrelin levels [104].

The pathophysiological mechanisms leading to
the apparently inappropriate ghrelin hyposecre-
tion after RYBG have not been described so far.
The most convincing hypothesis is that the major-
ity of ghrelin-producing cells, when chronically
isolated from contact with enteral nutrients,
undergo overriden inhibition [104]. According to
this model, the condition of an empty stomach
and duodenum, which acutely stimulates ghrelin
production, paradoxically inhibits it when present
continuously after RYGB [101].

If this model is valid, the location of the staple
line that partitions the stomach into upper and
lower compartments in RYGB may be a critical
determinant of ghrelin suppression [101]. In fact,
the persistence of some ghrelin-producing cells in
intermittent contact with food would fail to be
silenced through overriden inhibition.

This hypothesis would explain why bariatric
surgery that does not exclude major ghrelin-
producing tissues, such as the fundus, from con-
tact with food would be ineffective at suppressing
ghrelin.

Normal concentrations of ghrelin might also be
sustained in RYGB variants with a short biliopan-
creatic intestinal limb because intermittent retro-
grade flow of ingested nutrients from the anasto-
mosis could reach the duodenum and stomach,
where ghrelin is mainly produced [102, 104].

An alternative hypothesis to reconcile discor-
dant reports regarding the effect of different tech-
niques of bariatric surgery on ghrelin levels per-
tains to variable surgical treatment of the autonom-
ic nervous input to ghrelin-producing tissue in the
foregut, since an important modulatory role of gas-
tric vagal (parasympathetic) innervation on ghrelin
secretion has been clearly demonstrated [105].

Conclusions

Ghrelin, a 28 amino acid acylated peptide pre-
dominantly produced by the stomach, displays
strong GH-releasing activity mediated by the
hypothalamic–pituitary GHS receptors, which
have been shown to be specific for a family of syn-
thetic, orally active molecules known as GHS.
However, ghrelin and GHS, acting on central and
peripheral receptors, also exert different actions
including orexigenic effects, an influence on
exocrine and endocrine gastro-entero-pancreatic
functions, cardiovascular and antiproliferative
effects and manage the neuroendocrine and meta-
bolic response to starvation. In particular, the
effect of ghrelin in promoting food intake and
modulating energy metabolism strongly suggests
the possibility that ghrelin could be involved in
the pathophysiological or metabolic and neuro-
hormonal alterations commonly reported in
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cachexia, eating disorders and obesity and that
ghrelin analogues acting as GHS-R agonists or
antagonists could have a potential role in clinical
practice. However, at present, although specific
alterations in ghrelin secretion and/or action in

cachexia, anorexia nervosa and obesity have
already been reported, there is no definitive evi-
dence that ghrelin analogues may, in the near
future, represent a useful therapeutic tool for
these pathological conditions.
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Introduction

Obesity, eating disorders and cachexia endanger
the lives of mil lions of people worldw ide.
Fortunately, during the past decade, there has
been a rapid and substantial progress toward
uncovering the molecular and neural mechanisms
by which energy imbalance develops. Central to
this research has been the identification and char-
acterisation of certain peripheral metabolic sig-
nals, such as leptin and ghrelin, which serve as
fundamental indices of energy sufficiency [1].

Des-acyl Ghrelin: A ‘New’ Peptide

In 1999, acyl ghrelin was discovered in the stom-
ach as an appetite stimulatory signal from the
periphery with structural resemblance to motilin
[2]. Ghrelin molecules exist in two major molecu-
lar forms: acylated ghrelin, which has n-octanoy-
lated serine in position 3, and des-acyl ghrelin,
which is the major circulating isoform [3]. A
recent study has shown that both the molecular
forms are localised to the hypothalamic arcuate
nucleus of rodents [4], as seen in the stomach [5].
The g lucopriv ic state of the hypothalamus,
induced by fasting and 2-deoxy-D-glucose, a selec-
tive blocker of carbohydrate metabolism, stimu-
lates des-acyl ghrelin secretion from ghrelin-pro-
ducing neurons [6].

Deacylation of ghrelin to des-acyl ghrelin,
which rapidly occurs in the plasma, is responsible
for the reduced half-life of ghrelin. Two enzymes
involved in the deacylation of ghrelin have been
identified: high-density lipoprotein (HDL)-associ-
ated paraoxonase functions in the plasma while
lysophospholipase I, a thioesterase active against
palmitoyl-Gsα and palmitoyl-CoA, functions in

the stomach [7]. In contrast, the enzyme that
catalyses the acyl modification of ghrelin has not
been identified. It has been seen that ingested
medium-chain fatty acids are directly utilised for
the acyl modification of ghrelin [8]. The ratio of
des-acyl ghrelin to acylated ghrelin decreased in
food-restricted mice compared with ad libitum
fed mice [9].

The increased hydrophobicity of the acyl side-
chain may explain why acyl ghrelin circulates
bound to larger plasma proteins, particularly HDL
species, whereas des-acylated ghrelin circulates as
free peptide. This could be important in the trans-
port of ghrelin to centres of appetite control [10].

Physiological Role of Des-acyl Ghrelin

To date, very little is known about the physiologi-
cal role of des-acyl ghrelin. Some authors have
suggested that des-acyl ghrelin may have an
anorexigenic activity that is contrary to the orexi-
genic act iv ity of acylated ghrelin [2, 11].
Conversely, a recent study showed that both ghre-
lin and des-acyl ghrelin function as orexigenic
peptides in the hypothalamus [12].

Since the acylation of ghrelin is required for
the activation of the type 1a growth hormone sec-
retagogue-receptor (GHS-R), it was assumed that
des-acyl ghrelin was void of endocrine properties
[13]. The des-acyl ghrelin showed no effect on the
elevation of intracellular Ca2+ concentrations in
cells that express the GHS-R and for increasing
plasma GH concentrations in rats [14, 15]. Later, a
paper reported that des-acyl ghrelin is able to
antagonise the metabolic but not the neuroen-
docrine response elicited by acylated ghrelin in
humans [16]. Serum GH levels correlated closely
with plasma acylated, rather than des-acylated
ghrelin [17]. However, transgenic mice overex-
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pressing des-acyl ghrelin showed small pheno-
type, which is not attributed to poor nutritional
condition. It has been found that overexpressed
des-acyl ghrelin acts in the pituitary and in the
hypothalamus in transgenic mice, suggesting a
role of des-acyl ghrelin in the regulation of GH
secretion [18]. Moreover, recent studies indicated
that ghrelin and des-acyl ghrelin exhibit similar
GHS-R-independent biological activities, includ-
ing a cytoprotective effect on cultured cardiomy-
ocytes and endothelial cells [19], the inhibition of
cell proliferation in human breast and prostate
cancer lines [20, 21], the reduction of glycerol
released from rat epididymal adipocytes [22], and
the promotion of adipogenesis directly in vivo in
bone marrow fat [23]. Overall, these findings sug-
gest that the action of des-acyl ghrelin is mediated
by an as-yet unknown receptor that is different
from GHS-R1a.

Des-acyl Ghrelin as an Orexigenic Peptide

Des-acyl ghrelin is thought to stimulate feeding
via a mechanism independent of GHS-R. In rats,
the intracerebroventricular administration of des-
acyl ghrelin increased feeding and locomotor
activity, suggesting that des-acyl ghrelin may
increase wakefulness and locomotor activity for
food seeking by stimulating orexin neurons in the
lateral area of the hypothalamus. Orexin-A and -B
are involved in the hypothalamic regulation of
feeding, energy homeostasis and arousal. It has
been found that des-acyl ghrelin does not com-
pete with ghrelin for binding to the GHS-R in
orexin neurons. Thus, there are three possible
subtypes of orexin neurons: those expressing the
GHS-R as a receptor for ghrelin, those expressing
an as-yet unknown receptor or target protein of
des-acyl ghrelin and those possessing both pro-
teins [24].

Des-acyl Ghrelin as an Anorexigenic Peptide

Several studies have shown that des-acyl ghrelin
induces a state of negative energy balance and
reduced body weight by decreasing food intake
and delaying gastric emptying in mice. The effect
is mediated in the hy pothalamus, since the

peripheral administration of des-acyl ghrelin
showed an increase in c-Fos expression in the
hypothalamic arcuate nucleus and in the paraven-
tricular nucleus. The anorexigenic cocaine- and
amphetamine-regulated transcript (CART) and
urocortin [25], as well as corticotropin-releasing
factor type 2 receptor, but not type 1, are involved
in this action [26]. Peripheral des-acyl ghrelin
may directly activate the brain receptor by cross-
ing the blood–brain barrier [27] but not by the
activation of vagal afferent pathways [2, 25].
According to these results, the intracisternal admin-
istration of des-acyl ghrelin decreased food intake
in food-deprived rats and inhibited gastric empty-
ing without altering small intestine transit [11].

Des-acyl ghrelin-overexpressing mice exhibit-
ed a decrease in body weight, food intake and fat
pad mass weight accompanied by moderately
decreased linear growth. Gastric emptying was
also decreased in these mice [25].

Des-acyl Ghrelin and Glucose and Lipid Metabolism

The ghrelin system, using both the acylated and
des-acylated molecules, is actively involved in the
acute and long-term control of glucose metabo-
lism and insulin concentrations [16]. It has been
demonstrated that glucose output by primary
hepatocytes is time- and dose-dependently stimu-
lated by acyl ghrelin and inhibited by des-acyl
ghrelin. Furthermore, it has been reported that
des-acyl ghrelin is able to antagonise acyl ghrelin-
induced glucose output. These actions might be
mediated by a different receptor from GHS-R1a,
which is not expressed in the hepatocytes, and
apparently the two forms of peptides must be
considered as separate hormones able to modify
each other’s actions on glucose handling, at least
in the liver [28].

In humans, the acute administration of acyl
ghrelin induced a rapid rise of glucose and insulin
levels. The acute administration of des-acyl ghre-
lin has no effect on insulin secretion in humans,
but it prevented the acyl ghrelin-induced rise of
insulin and glucose when co-administered. The
combination of acylated and des-acylated ghrelin
significantly improved insulin sensitivity, which
might lead to a new treatment for the many disor-
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ders in which insulin sensitivity is disturbed [29].
Ghrelin as well as des-acyl ghrelin promotes

bone marrow adipogenesis in vivo by a direct
peripheral action, via a receptor other than GHS-
R1a. The ratio of ghrelin and des-acyl ghrelin pro-
duct ion could help to regulate the balance
between adipogenesis and lipolysis in response to
nutritional status [22, 23].

Leptin

Leptin, from the Greek leptos, meaning thin, is a
product of the obese gene that was originally
identified because its absence resulted in a syn-
drome of severe obesity in mice [30]. It is a hor-
mone that provides information to the brain
about the status of energy reserves of the organ-
ism, regulating feeding, substrate utilisation, ener-
gy balance, and the endocrine and immune sys-
tems [31]. Moreover, independent of its role in
body weight regulation, it exerts effects on metab-
olism, cardiovascular and renal functions [32].

Leptin is a 16-kDa protein predominantly pro-
duced and secreted by adipocytes in white adi-
pose tissue. Gastrointestinal tract, brain, placenta
and skeletal muscle are additional sources [33].
Leptin acts throughout the leptin receptor [34],
which is a type 1 cytokine receptor. It exerts its
effects by activating the janus-kinase/signal trans-
ducer and activator of transcription-3 (STAT-3)
pathways [1]. Among the six known leptin recep-
tor spliced variants, the long form or signalling
form contains a single trans-membrane domain,
which is essential for normal energy homeostasis
[35]. The long form of the receptor is expressed at
high levels in hypothalamic neurons of the arcu-
ate, paraventricular, dorsomedial, ventromedial
nuclei and lateral area, each of which is important
in regulating energy homeostasis [36]. The short
form functions in the transport of leptin across
the blood–brain barrier via a saturable process
across the capillary endothelial cells [37]. The
functional implications are that, in circumstances
of chronic hyperleptinaemia such as obesity, rela-
tively few adiposity signals would be available to
the central nervous system [38], resulting in a
chronic stimulation of excessive food intake [39].

These findings seem to favour the view that ances-
tral levels of leptin are much lower than those
currently considered normal and that the biologi-
cal impact of leptin is more pronounced when
leptin levels are decreasing than when circulating
lept in concentrat ions are elevated [40].
Supporting this view is the observation that when
endogenous lept in levels were chronical ly
decreased in women during prolonged consump-
tion of a moderately energy-restricted diet, their
increased sensations of hunger correlated with
reduction of plasma leptin levels [41].

Plasma Leptin Concentration

Plasma leptin concentrations correlate with adi-
posity, being high in obesity and decreasing after
weight loss. Elevation of serum leptin in obesity
appears to result from both increased fat mass
and increased lept in release from larger
adipocytes [42]. However, leptin levels are not
constant in blood. They are considered to be pul-
satile, with a frequency of about one pulse every
45 min [32]. In healthy subjects, circulating leptin
concentrations exhibit a diurnal pattern, with a
nadir in the mid-morning and a late-night noctur-
nal peak [5, 43]. The diurnal leptin pattern is
dependent on insulin responses to meals and is
therefore influenced by meal timing [44] and
dietary macronutrient composition [45].

Gender-dependent differences have been
found. The distribution of fat in the body differs
between the male and female sexes. Females have
more body fat and higher plasma leptin levels per
gram of fat. Moreover, the brains of male and
female rats are differentially sensitive to the cata-
bolic action of small doses of leptin (and insulin)
[46].

Leptin Interacts with Ghrelin and Insulin

It is commonly assumed that the effects of leptin
and ghrelin on metabolism, including food intake,
are exactly opposite. Ghrelin is considered to be a
hunger hormone, whereas leptin is a satiety signal
[47]. Rising ghrelin levels in concert with falling
leptin levels may serve as a critical signal to
induce hunger during fasting [48]. It has been
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observed that leptin exerts a restraint on the orex-
igenic effects of ghrelin in two ways, centrally by
counteracting its appetite-promoting effects at the
level of neuropeptide Y (NPY) signalling in the
hypothalamus and peripherally by attenuating
gastric ghrelin secretion [49]. Moreover, there is
evidence suggesting that leptin and ghrelin may
also work via the hindbrain [42].

Leptin and insulin interact with each other.
Insulin plays a major role in the regulation of lep-
tin production, stimulating the transcriptional
activity of the leptin promoter, increasing leptin
gene expression and elevating leptin circulating
concentrations. These effects are all mediated by
actions of insulin to promote glucose uptake and
oxidative metabolism in adipocytes [50].

On the other hand, leptin can down-modulate
insulin signalling in adipocytes in two different
ways. Leptin may modulate the pancreatic insulin
and glucose homeostasis acting in the hypothala-
mus throughout the activation of neuronal cir-
cuits and the autonomic nervous system [49], but
it also exerts a direct effect on the adipocytes. In
animals with elevated serum leptin concentra-
tions, leptin inhibits insulin signalling, impairing
insulin receptor autophosphorylation. This modu-
lation of adipocyte insulin signalling could be rel-
evant in physiological situations of hyperlepti-
naemia and central leptin resistance, such as age-
ing and obesity [51]. In addition, leptin exerts a
tonic restraint to the adipocytes for the secretion
of adiponectin, a hormone implicated in insulin
resistance [49].

Leptin and Energy Homeostasis

Leptin is an anorexigenic hormone. It  acts
through or in concert with several neuropeptides,
monoamines and other transmitter substances
that affect food intake in the brain–gut axis [52].
Leptin has multiple actions to influence food
intake and body weight: a rapid and acute
response perhaps mediated by gastric leptin act-
ing on vagal afferent endings, and more sustained
effects mediated by adipose release of leptin act-
ing on the hypothalamus and/or the hindbrain
sites [53].

Leptin and Central Regulation of Appetite

The hypothalamus is the major site of leptin
action in energy homeostasis [54]. Fasting causes
a rapid decrease in endogenous leptin level. It is
this acute decrease in leptin that signals to the
hypothalamus that energy stores may be compro-
mised, resulting in an increase in NPY and agouti-
related protein (AgRP) gene expression, which
stimulates food intake. At the same time, leptin
inhibits the firing of neurons co-expressing the
catabolic neuropeptides α-melanocyte-stimulating
hormone (α-MSH) (derived from pro-opiome-
lanocortin, POMC) and CART [37, 55]. The AgRP-
NPY and POMC-CART neurons synapse on each
other; both project rostrally to second-order neu-
rons in the hypothalamic paraventricular nucleus
and caudally to other second-order hypothalamic
and extra-hypothalamic sites that are involved in
the autonomic and behavioural processes that
regulate energy balance [56].

Leptin decreases melanin-concentrating hor-
mone (MCH), galanin and orexin gene expression
and increases galanin-like peptide (GALP), neu-
rotensin, and corticotropin-releasing factor gene
expression in the hypothalamus. Anorectic pro-
lactin-releasing peptide (PrRP) neurons express
leptin receptors and interact with leptin to reduce
food intake [57].

In the arcuate nucleus of the hypothalamus, lep-
tin may modulate the hypothalamic neuronal pop-
ulations, not only by direct action at leptin recep-
tors, but also as a consequence of differential
effects of the hormone on synaptic input to NPY
and POMC neurons [58]. Leptin can modulate both
synapse number and activity of NPY and POMC
neurons in the hypothalamus of ob/ob mice, result-
ing in alteration in NPY and POMC hypothalamic
tone. It has been suggested that leptin, acting as a
long-term programmer of hypothalamic neurons,
may underlie the theoretical body weight ‘set-point’
about which it is proposed that weight is rigorously
maintained [59]. Moreover, a mass of evidence
shows that leptin plays a neurotrophic role for the
development of the hypothalamic pathways for
feeding. Some findings have demonstrated that lep-
tin receptors are present and functional in the
arcuate nucleus of the hypothalamus during the
postnatal period. During the neonatal period, plas-
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ma leptin levels are relatively high, although food
intake must be maximised to support growth. The
general thinking has been that the neonatal brain is
relatively insensitive to leptin and may present lep-
tin resistance. In ob/ob mice the neuronal projec-
tion pathways from the arcuate nucleus of the
hypothalamus are permanently disrupted.
Treatment with exogenous leptin rescues the devel-
opment of the arcuate nucleus of the hypothalamus
neuronal projections in neonates but not in adult
mice [60, 61].

Leptin and Reward Behaviour 

Collective findings are consistent and compelling
for the possible role of adiposity signals in modu-
lating reward behaviour. Leptin may act directly at
the midbrain ventral tegmental area (VTA) and
also indirectly via signalling at the medial hypo-
thalamus, with subsequent activation of pathways
that project to the limbic circuitry. It is possible
that the efficacy of leptin at low concentrations,
such as levels that reflect the switch from fasting
to fed status, is predominantly in the VTA, altering
the reward threshold. With post-prandial eleva-
tions of leptin, the recruitment of inputs via the
medial hypothalamus and via the limbic system
may be inhibited in a synergic manner, resulting
in decreased appetite or ingestive behaviour. It is
possible that palatability and hedonic attributes of
food may lead to enhanced activation of motiva-
tion circuitry, temporarily overriding the effec-
tiveness of the adiposity signals in the hypothala-
mus [38].

Some studies provide evidence that a specific
brain system, involving connections between the
basolateral amygdala (BLA) and the lateral hypo-
thalamus, is crucial for allowing learned cues to
override satiety and promote eating in sated rats
[62]. Leptin and the signalling form of leptin
receptor mRNA increased in BLA following condi-
tioned taste aversion formation, indicating that
leptin and its receptors may take part in condi-
tioned taste aversion learning and it may act as a
mediating factor between feeding and taste in
rats. The neuronal projections from the amygdala
to the arcuate nucleus of the hypothalamus are
possible neuroanatomic substrates [63].

Leptin and Satiety

Satiety is a condition defined by a feeling of full-
ness and disappearance of appetite after a meal. In
humans, leptin is not considered a primary satiety
factor because changes in food intake do not
induce short-term changes in blood leptin concen-
tration [64]. On the other hand, leptin may play a
permissive effect on satiety, by sufficiently inhibit-
ing the central nervous system orexigenic neurons
and allowing satiety signals from gut hormones
and baroreceptors to affect eating behaviour [65].
Acting in the forebrain (for example in the arcuate
nucleus of the hypothalamus), leptin controls meal
size by modulating the hindbrain (for example the
nucleus of solitary tract) response to satiety sig-
nals such as cholecystokinin (CCK) [66]. This
mechanism explains how long-term signals oper-
ate to affect short-term signals [67]. A recent study
has demonstrated that acute increases in central
leptin levels may potently augment post-prandial
satiety and influence body fluid homeostasis in
rats [68]. Moreover, it has been found that leptin
acts on vagal afferent fibres that transport the sati-
ety signal to the hindbrain in rats [53] and that the
intraperitoneal administration of an antagonist of
CCK-A receptor blocks the effects of leptin on
short-term food intake [69].

Humans with congenital deficiency of leptin are
constantly hungry and demand food continuously.
The administration of leptin and the consequent
normalisation of serum leptin concentrations
decreased fasting ghrelin concentrations, decreased
caloric intake, increased satiety time, and influ-
enced subjective perceptions of hunger, fullness,
and desire to eat in these patients [39, 65].

Leptin and Energy Expenditure 

In an attempt to maintain adequate energy stores,
mammals increase energy expenditure during
periods of abundance. In rodents, it is known that
leptin increases energy expenditure through the
induction of the mitochondrial uncoupling pro-
tein-1 (UCP-1) and the newly identified mito-
chondrial uncoupling protein-2 (UCP-2) and
mitochondrial uncoupling protein-3 (UCP-3)
through the sympathetic nervous system [70] in
both white and brow n adipose t issue [71].
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Increasing evidence from human studies suggests
that leptin predominantly influences the human
energy balance through appetite changes, but it
appears not to be involved in regulating energy
expenditure [72]. None of the expected factors,
such as resting metabolic rate, total diurnal ener-
gy expenditure or dietary-induced thermogenesis,
was related to blood leptin concentrations [73].

Leptin and Congenital Leptin Deficiency

Congenital leptin deficiency due to mutations in
the leptin gene or receptor is a rare, but treatable,
cause of severe early-onset obesity and various
endocrine disturbances in both rodents and
humans [74, 75]. According to the lypostatic theo-
ry, a state of ‘perceived starvation’ might exist in
these subjects and results in a chronic stimulation
of excessive food intake [39]. Leptin therapy has
shown to have dramatically beneficial effects on
weight, fat mass and appetite, hyperinsulinaemia
and lipid levels, as well as on neuroendocrine phe-
notypes and immune functions in these subjects
[76, 77]. Leptin treatment blunts the changes in
circulating thyroid hormone and corticosterone
levels that are normally associated with food dep-
rivation. It has been suggested that the inhibition
of thyroid hormone secretion may have evolved to
limit energy expenditure and prevent protein
catabolism during starvation [78]. The effect of
leptin on circulating thyroid hormone can be
explained at least in part by the high expression of
leptin receptor in the arcuate nucleus of the hypo-
thalamus and by the known projection of the
arcuate nucleus to the paraventricular nucleus,
where the thyroid-releasing hormone neurons are
localised [79].

Total leptin deficiency or insensitivity is asso-
ciated with hypothalamic hypogonadism in
humans and rodents. Leptin treatment restored
luteinising hormone secretion and pubertal devel-
opment in leptin-deficient patients, confirming its
critical role in reproduction. It was proposed that
high levels of leptin observed in children might
reflect leptin resistance, as seen in obesity, serving
to maintain sufficient food intake and growth and
prevent the onset of premature puberty. Central
leptin administration decreases the expression of

NPY in the hypothalamus and consequently
removes the inhibitory action of NPY on growth
hormone-releasing hormone (GHRH) release.
Leptin stimulates the synthesis and release of
luteinising hormone and follicle-stimulating hor-
mone in animals. Ovarian follicular cells are regu-
lated directly by leptin, indicating that it is able to
control the hypothalamic–pituitary–gonadal axis
at multiple levels [79, 80]. These results show that
leptin is not only an adipostat signal, but it acts as
a metabolic switch, informing the brain when fat
reserves are adequate to direct energy expenditure
towards activities other than seeking calories [37].

Leptin and Diet-Induced Obesity 

After the discovery of leptin, the initial hypothesis
that human obesity results from a deficiency in
leptin has failed. Obese humans have high plasma
leptin concentrations related to the size of adipose
tissue, but this elevated leptin signal does not
induce the expected response. This fact suggests
that obese humans are resistant to the effects of
endogenous leptin. The resistance is also shown
by the lack of effect of exogenous administration
to induce weight loss in obese patients [64].
Leptin resistance may be defined as reduced sen-
sitivity or complete insensitivity to leptin action,
as occurs for insulin in type 2 diabetes [57].

Human and rodent studies indicate that the
major cause of this resistance arises from an
inability of leptin to cross the blood–brain barrier
[81]. The leptin transporter is a saturable system:
beyond a certain plasma leptin level, increased
production by the growing fat mass would be
futile. Furthermore, severe hyperleptinaemia
might down-regulate the leptin transporters and
make the situation worse [82]. This mechanism
may explain why the exogenous administration of
leptin to treat obesity might be ineffective if
endogenous leptin has already saturated its trans-
porters. However, the blood–brain barrier resist-
ance is acquired and to some extent it is reversible
with weight loss [37]. In rodents, it is well known
that the down-regulation of leptin signalling
receptor is one of the mechanisms by which the
effects of leptin are lost [83]. The hypothalamic
leptin receptor signalling is not down-regulated in
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obese patients. Probably, for the presence of the
blood–brain barrier saturable system, the hypo-
thalamic interstitial leptin concentration may only
be mildly elevated, at least compared with the lep-
tin serum concentration [82].

It is also possible that resistance is determined
by chronic elevation of hypothalamic leptin tone,
as studied in rats, or by suppressing intracellular
signalling [42, 57]. The presence of negative regu-
lators of leptin signalling such as SH2-containing
protein tyrosine phosphatase-2 (SHP-2) and pro-
tein tyrosine phosphatase-1B (PTP-1B) has been
observed in diet-induced obese animals. It has
been found that deficiency of the suppressor of
cytokine signalling-3 (SOCS-3) is associated with
increased leptin sensitivity in the brain and has
conferred resistance to diet-induced obesity in
animals [84]. This widespread occurrence of lep-
tin resistance could reflect the fact that the inabil-
ity to store energy efficiently at times of abun-
dance is evolutionarily disadvantageous [73].
Leptin may therefore play an important role dur-
ing periods of starvation, but may be less signifi-
cant when food is freely available [85].

Leptin and Anorexia in Ageing

Ageing appears to be associated with leptin resist-
ance. It has been found that the relatively hyper-
leptinaemic state of ageing animals blunts the
sensitivity of the hypothalamic energy regulatory
system, thus decreasing appetite even during
episodes of negative energy balance. It has been
found that age-associated decreased levels of
orexigenic signalling through AgRP and NPY neu-
rons in the arcuate nucleus of the hypothalamus
are accompanied by increased levels of anorexi-
genic signalling through POMC/CART neurons.
This pattern of neuropeptide gene expression may
contribute to the loss of appetite and anorexia
associated with ageing [56].

Leptin and Cancer Anorexia/Cachexia

Progressive wasting is common in many types of
cancer and is one of the most important factors
leading to death in cancer patients. Weight loss is
a potent st imulus to food intake in normal

humans and animals. The persistence of anorexia
and the onset of cachexia in cancer patients,
therefore, implies a failure of this adaptive feeding
response [86]. Leptin, a member of the gp 130
family of cytokines, induces a strong T helper-1
lymphocyte response and is regarded as a proin-
flammatory inducer [87]. Several data suggested a
role of lept in in inflammatory diseases.
Proinflammatory cytokines up-regulate leptin
expression in white adipose tissue and increase
plasma leptin levels in hamsters and mice [88].
However, in many common diseases associated
with cachexia, such as chronic obstructive pul-
monary disease and chronic inflammatory bowel
disease, there is an inflammatory status caused by
high proinflammatory cytokine levels, whereby
leptin concentrations are decreased related to
body fat mass. In patients with advanced non-
small-cell lung cancer, serum leptin levels were
lower than in controls and lower still in those who
were cachectic who also showed an increase of
proinflammatory cytokines and acute-phase reac-
tants [32, 88]. In 29 advanced-stage patients with
cancer at different sites, an inverse correlation was
found between serum levels of leptin (low) and
proinflammatory cytokines (high). Additionally
there was an inverse correlation between the
Eastern Cooperative Oncology Group perform-
ance status scale and serum levels of leptin.
Regarding survival, patients with very high serum
levels of proinflammatory cytokines and very low
levels of leptin had very short survival [89–94].

In tumour-bearing rats, leptin concentrations
decreased in plasma and adipose depots 4 days
after the tumour cell injections. It has been sug-
gested that leptin synthesis in visceral white adi-
pose tissue of tumour-bearing rats might be mod-
ulated by tumour necrosis factor-alpha (TNF-α)
or prostaglandin E2 produced by infiltrating
macrophages present in the early stage of cachex-
ia [31]. In tumour-bearing mice, leptin production
is decreased while the hypothalamic leptin recep-
tor and NPY expression are increased in response
to fat depletion [95]. Overall, these findings sug-
gest that peripheral adipocyte leptin synthesis is
preserved in cancer patients and tumour animal
models, and point to a central dysregulation of the
physiological feedback loop.
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Conclusions

Comprehensively, all the data show the diverse
roles of leptin in the interaction of multiple hor-
mone signals involved in the development of obe-
sity and metabolic disorders [49]. Further studies
examining the physiological and neuroanatomical
interactions between des-acyl ghrelin and its tar-
get will establish the role of ghrelin peptides in

the regulation of feeding and energy homeostasis
[10]. Eating abnormalities are associated with
various diseases including obesity, diabetes,
anorexia nervosa and cachexia. Better under-
standing of the physiology and pathophysiology
of ghrelin peptides may provide an entirely new
therapeutic approach for the treatment of various
diseases, which have become increasingly preva-
lent throughout the world.
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Introduction

As summarised in previous chapters, chronic
(neoplastic, necrotic, infectious) pathophysiologi-
cal processes of various systems are frequently
accompanied by wast ing and cachexia. The
pathophysiology of wasting and cachexia is com-
plex [1–10] and multiple brain mechanisms
[11–13] can be involved including neurological,
psychiatric, psychological, physiological, bio-
chemical/metabolic, immunological, and chemi-
cal per se (e.g. neurotransmitter-, neuropeptide-
and cytokine-related). These mechanisms can
interact/sy nergise w ith peripheral/systemic
processes or dysfunctions (e.g. gastrointestinal
malabsorption and body losses such as via ulcers,
effusions, haemorrhage).

Wasting and cachexia may also interact/syner-
gise with neuropsychiatric manifestations that
frequently accompany chronic disorders [14]. For
instance, anorexia, early satiety, chronic pain,
depression or anxiety, drowsiness and cognitive
impairment and delirium, agitation, hypogeusia
and hyposmia (and other taste and olfaction
abnormalities), chronic nausea, fatigue and asthe-
nia may in fact exacerbate – or in some cases
induce – wasting and cachexia. The symptomatol-
ogy (e.g. anorexia) may be involved as partly the
cause and partly the consequence of wasting and
cachexia such as in the cachexia–anorexia syn-
drome. During treatment (e.g. chemotherapy,
radiotherapy, immunotherapy) various neuropsy-
chiatric manifestations can be exacerbated.

Conceptually, the profile of brain mechanisms
in wasting and cachexia varies depending on the
underlying disease condition, but importantly,
overlap or interaction of various mechanisms in
the pathophysiological dysregulation may be piv-

otal in dissimilar diseases such as human immun-
odeficiency v irus infect ion, cancer, chronic
inflammatory bowel disease, chronic liver disease,
rheumatoid arthritis, chronic bacterial and para-
sitic diseases, chronic cardiovascular disease,
chronic obstructive pulmonary disease and end-
stage renal disease, all representing conditions
associated with wasting and cachexia.

Although multiple peripheral and brain mech-
anisms may be involved in wasting and cachexia,
peripheral mechanisms that affect behavioural
responses (e.g. induction of anorexia) could be
the result of signalling to a pathway that depends
on brain mechanisms (i.e. conscious and decision-
making processes). Thus, in specific cases, periph-
eral mechanisms final operational endpoint would
be via brain outputs. Fatigue and asthenia during
wasting and cachexia could have underly ing
peripheral (catabolic) and brain components.

Interaction of autonomic nervous system out-
flows with peripheral metabolic shifts and catabo-
lism is another example of linkage with brain
mechanisms.

The output of brain mechanisms would also
reflect on many aspects of the quality of life of a
patient with wasting and cachexia, including the
interactions of these patients with their environ-
ment, relatives and caregivers.

Main Proposed Brain Mechanisms in Wasting
and Cachexia

Multiple models have been proposed mediated
either by the pathophysiological process itself
(e.g. a tumour, chronic infections) or by host-
derived chemical factors. The following brief
description focuses on ‘mediator mechanisms’ in
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wasting and cachexia that can affect brain func-
tion directly or indirectly. It is accepted that, in
many cases, the magnitude of anorexia does not
have a relationship with the severity of wasting
and cachexia and degree of malnutrition. Here,
metabolic abnormalities and prevalence of cata-
bolic pathway activation play a pivotal role. In
addition, although the brain monitors the status
of peripheral energy stores and fuel availability, it
is unknown how the fine modulation of anabolic
and catabolic processes and energy homeosta-
sis/balance interact on a moment-to-moment
basis with the profile mentioned below.

Metabolic Factors

Relevant comments in other chapters of this book
relate to the biochemical and metabolic derange-
ments and tumour-derived products including
lipid-mobilising factors and proteolysis-inducing
factors that have been implicated in the develop-
ment and/or progression of wasting and cachexia
in animal models and humans [4, 15]. Through a
variety of mechanisms, cytokines can also con-
tribute to the metabolic dysregulation and insulin
resistance in wasting and cachexia [3, 4, 16].

Factors that induce catabolism and shif t
metabolism may indirectly affect brain mecha-
nisms by changing the availability of nutrient sub-
strates to the brain or the transport of substrates
for neurotransmitter sy nthesis across the
blood–brain barrier. For instance, fatty acids and
amino acids released during breakdown of adi-
pose tissue and protein, respectively, can affect
central nervous system (CNS) function including
feeding responses. Neuropsychiatric symptoms
and signs could also involve, at least in part, activ-
ities resulting directly from the catabolic process.

The involvement of other mechanisms of ener-
gy metabolism in brain responses such as uncou-
pling proteins needs to be characterised based on
observations of up-regulation of uncoupling pro-
tein subtypes in various tumour-bearing animal
models [4, 17]. The same applies to accumulating
evidence on ubiquitin-proteasome-dependent
proteolysis [5, 6].

Humoral Factors

Endogenous chemical factors produced in
response to the disease condition are involved in
wasting and cachexia [1, 3, 8, 18–21]. Two key
aspects relate to: (1) factors that can be produced
by the pathological process per se, e.g. chemicals
released by tumours such as cytokines, bombesin
(e.g. produced by small cell lung carcinoma) and
serotonin (e.g. produced by bronchial and gas-
trointestinal carcinoid tumours), or by normal
cells responding to an insult (e.g. cytokines pro-
duced by the immune system); and (2) the fact
that various of these factors can act on the brain
or peripheral target organs that signal to the brain
to induce a behavioural, endocrine, autonomic, or
other relevant CNS response.

Thus, based on the pleiotropic pathophysiolo-
gy that occurs during wasting and cachexia, brain
mechanisms may involve those: (a) activated
within the brain, (b) generated in peripheral tis-
sues/organs that can signal to and act on the
brain, and (c) resulting from the combination of
(a) and (b). Examples may encompass different
classes of neurotransmitters, neuropeptides and
cytokines.

Neurotransmitters

This field has been studied extensively. For
instance, serotonin is proposed to have a relevant
role in cancer anorexia by direct action in the
CNS [8, 22]. In cases where wasting and cachexia
are associated w ith anorexia (e.g . the
cachexia–anorexia sy ndrome), act iv it ies of
anorexigenic neurotransmitters could be involved
in the underlying pathophysiology.

Neuropeptides

Changes of neuropeptides that act in the hypo-
thalamus have been involved in wasting and
cachexia including neuropeptide Y [23] (see
below) and the melanocortin system. Various
classes of inflammatory and neoplast ic
insults/challenges can activate the melanocortin
system. Proinflammatory cytokines generated
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within the brain play a role in this activation and
stimulation of pro-opiomelanocortin synthesis
and ACTH secretion by the pituitary [24]. Brain
administration of melanocortin 3/4 receptor
antagonists ameliorates the anorexia and body
weight loss of experimental models of oncological
wasting and cachexia including rats bearing
prostate g land carcinoma cel ls or sarcoma
tumours [24–26].

Cytokines

General Comments

Cytokine activities in brain have a profound
impact on neuroregulation, neurochemistry,
behavioural manifestations, modulation of the
neuroendocrine and autonomic systems, and neu-
rophysiological responses [27]. Cytokines also
modulate peripheral gastrointestinal, metabolic
(catabolic) and endocrine systems that can impact
CNS responses. In diseases associated with wast-
ing and cachexia such as cancer, cytokine deregu-
lation has been extensively studied.

Endogenous cytokines are aberrantly produced
in many cancers and by endogenous organs/tis-
sues. In cancer, cy tokines can serve as
paracrine/autocrine factors (within the neoplastic
process and within organs including the brain) or
as endocrine signals (from the periphery to brain).

Data suggest that peripherally and centrally
(brain) derived cytokines (e.g. IL-1) play a key
role in the induction of behavioural and neuro-
logical manifestations. Brain cytokine action on
neural networks processing can be direct, via
modulation of neurons (through glial–neuronal
interactions or via modulation of neuronal ion
channels, e.g. calcium, sodium, potassium), or
indirect, via neurochemical modifications [11, 27].

Multiple classes of cytokines have been pro-
posed to participate in the induction and develop-
ment of wasting and cachexia including via brain
mechanisms. These comprise: IL-1, IL-6 subfamily
members including CNTF and leukaemia
inhibitory factor, IFN-γ, TNF-α and BDNF, which
in many cases also induce anorexia [9, 11, 14, 28].
Studies have shown that intratumoral administra-
tion of IL-1 receptor antagonist significantly

reduces the cachexia associated with a colon
tumour [29], and that treatment of rodents bear-
ing methylcholanthrene-induced sarcoma with
monoclonal antibodies against the IL-1 receptor
inhibits tumour growth and improves their food
intake [30]. In addition to these examples of inoc-
ulation with cytokine-producing tumour cells and
passive immunisation against cytokines, other rel-
evant data are available from transgenic animals
overexpressing cytokines and from transplants of
malignant tumours.

Cytokine production triggered within brain –
including that activated in brain in response to a
peripheral insult – can result in a multi-cytokine
interaction network. This brain network can be
sustained through positive feedback systems and
paracrine/autocrine interactions among brain
cells [21, 31].

Proinflammatory cytokines modulate gas-
trointestinal activities (e.g. gastric motility and
emptying) including via brain mechanisms by sig-
nalling through autonomic nervous system out-
flow. Cytokines also induce the release of other
mediators such as hormones including corti-
cotropin-releasing factor, cholecystokinin,
glucagon and insulin. As mentioned, cytokines
also induce metabolic changes and alterations in
lipid, carbohydrate and amino acid metabolism.
These cytokine-mediated endocrine and metabol-
ic alterations could be involved in modulating
brain responses during wasting and cachexia.
Since increased resting energy expenditure can
occur during wasting and cachexia, even with a
reduced dietary intake, a systemic dysregulation
of host metabolism could certainly be influenced
by autonomic nervous system outflows.

Behavioral Responses

Early satiety can be observed during wasting and
cachexia. Certain cytokines (e.g. IL-1β), at appro-
priate concentrations estimated to be within the
pathophysiological range, induce an eating pat-
tern consistent with early satiety in animal mod-
els. This has been assessed with computerised
analyses of the microstructure of eating [11, 27].
Action within the CNS has also been demonstrat-
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ed due to the fact that brain administration of a
cytokine requires 500- to 1000-fold lower doses to
induce behavioural responses relative to the doses
needed when using peripheral routes of adminis-
tration.

Neurophysiological Responses

The behavioural mode of action of cytokines has
been found to be consistent with the neurophysio-
logical pattern induced by a cytokine [11, 27]. For
instance, IL-1β act ivates specifical ly and
reversibly the glucosensitive neurons in the ven-
tromedial hypothalamic nucleus or VMN (a site
involved in the integrative control of meal termi-
nation). This would predict changes of meal size
and meal duration as those induced by IL-1β.
Based on the data of IL-1β-induced inhibition of
the inward calcium channel current (and hence
calcium permeability), a model has been proposed
that would be consistent with an IL-1β long-last-
ing VMN neuronal activity modulation that may
be associated w ith the long-term anorexia
induced by the cytokine. A decrease of calcium
influx in VMN glucose-sensitive neurons may
inhibit the defined calcium-dependent potassium
conductance in these neurons, leading to mainte-
nance of intracellular potassium, depolarisation
and increase in neuronal activity.

Specificity of Action

Cytokine-induced behavioural (including anorex-
ia), neurophysiological and cellular responses can
be blocked with the appropriate receptor antago-
nists, monoclonal antibodies, and other cytokine
inhibitors [e.g. 14, 27]. These data suggest speci-
ficity of cytokine action in the CNS.

Cytokines in Body Fluids and Organ/Tissues

Various clinical studies have associated pathologi-
cal processes with increased levels of circulating
cytokines. These include various types of cancer,
the human immunodeficiency virus infection syn-
drome, chronic inflammatory bowel disease,
chronic liver disease, chronic obstructive pul-

monary disease, cardiac cachexia (during conges-
tive heart failure), the flaring phase of rheumatoid
cachexia and juvenile rheumatoid arthritis. A spe-
cific example is that patients with advanced
prostate carcinoma – which is frequently accom-
panied by wasting and cachexia – have increased
serum levels of TNF-α , IL-6 and IL-8 [18].
However, there have been inconsistent findings on
the measurement of circulating cytokines. Other
than methodological issues, one critical aspect is
that cytokine levels in body fluids may not reflect
cytokine production, action (paracrine/autocrine/
intracrine) and dynamics within an organ or tis-
sue, including the brain. Cytokine production
within an organ can occur independently of
cytokine concentrations in the circulation if the
organ has the capacity to activate its own positive
feedback.

Cytokine Model in Brain Responses

In various clinical conditions, ‘blood/circulating’
and ‘organ/tissue’ cytokines could cooperate and
this has implications for an integrative cytokine
involvement in disease. Thus, proinflammatory
cytokines produced and released within brain can
interact with cytokines from systemic origin to
modulate metabolic outputs and neuropsychiatric
manifestat ions associated w ith wast ing and
cachexia.

The simultaneous up-regulation of cytokines
in peripheral organs and brain regions in
response to a peripheral pathophysiological
process has been reported during peripheral
tumour development, peripheral cytokine admin-
istration, peripheral inflammation, and peripheral
bacterial products challenge. For instance, rats
bearing prostate gland adenocarcinoma cells
exhibit cytokine mRNA (as an index of local pro-
duction) up-regulation in the peripheral tumour,
in peripheral organs such as the spleen and in dis-
crete brain regions [31]. This cy tokine up-
regulation in the periphery and brain has also
been observed in a non-hormone-dependent
(non-adenocarcinoma) methylcholanthrene
tumour model in rats [32]. In this model, intrahy-
pothalamic administration of IL-1 receptor antag-
onist improved feeding [33]. There are also
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model-dependent differences, e.g. in tumour-
bearing mice with prostanoid-related anorexia,
cytokine alterations seemed secondary to anorex-
ia and not the driver of the process [34].

Data also support that cytokines are relevant
to cancer anorexia and cachexia in mice bearing
experimentally induced brain tumours. Negri et
al. [19] used athymic mice bearing human tumour
cells that enable direct identification of the origin
of the cy tokines from the host or tumour.
Anorexia quickly developed in mice bearing
human A431 epidermoid carcinoma or human
OVCAR 3 ovarian carcinoma in the brain [19].
Anorexia was independent from tumour mass in
the lateral cerebral ventricle. Brains exhibited sig-
nificant up-regulat ion of IL-1α , IL-1β and
leukaemia inhibitory factor (A431), and IL-6,
TNF-α, and leukaemia inhibitory factor (OVCAR
3). This indicates that different cytokines were up-
regulated depending on the tumour cell type [19].

Conceptually, the data suggest that a peripher-
al tumour induces a series of events that result in
local organ (peripheral and brain) production of
cytokines including IL-1β that eventually activate
brain responses. This important concept of local
production of cy tokines in the brain, and
cytokines as mediators of neurological and neu-
ropsychiatric manifestations of disease has broad
implications. Data obtained from rodents bearing
peripheral tumours show that paracrine interac-
tions within the brain represent a predominant
mode of cytokine action. Once the network is
activated within the brain through positive feed-
back systems, paracrine interactions can sustain
cytokine production. In fact, data suggest that
cancer-induced up-regulat ion of brain
cytokines–due to local production–may occur
earlier than in other organs [35], and that consti-
tutive expression of cytokines in brain induces
changes in gene expression that could be charac-
teristic of chronic inflammation, which may lead
to wasting and cachexia [20]. The model is also
consistent with the cascade pattern associated
with cytokine production. Thus, CNS-related can-
cer clinical manifestations – without involving
metastasis – due to local synthesis of cytokines in
brain regions may recapitulate previous inconsis-
tent findings.

How Do Peripheral Cytokines Signal to the Brain? 

This is proposed to occur in different ways includ-
ing via: (1) transport of cytokines from the periph-
eral circulation to the brain across the blood–brain
barrier and circumventricular organs (which lack
blood–brain barrier); (2) release of cytokines from
immune system cells that cross a compromised
blood–brain barrier during pathophysiological
conditions; (3) retrograde axonal cytokine trans-
port; (4) cytokine-induced generation of chemical
mediators (e.g. prostaglandins and nitric oxide
from the cerebrovascular endothelium, meningeal
macrophages and perivascular microglia; and
mediators generated from circumventricular
organs); and (5) peripheral-to-brain communica-
tion through afferent neural fibre signalling.
Various of these models, however, have not been
established conclusively. On the other hand, the
brain production of cytokines (e.g. from microglia,
astrocytes, endothelial cells from the cerebrovascu-
lature) as well as direct cytokine CNS action are
clearly recognised mechanisms.

Brain Functional Proinflammatory (Stimulatory) and
Anti-inflammatory (Inhibitory) Cytokine Balance

Data continue to accumulate that cytokine posi-
tive and negative feedback systems and a balance
between stimulatory and inhibitory cytokines
may be pivotal for an appropriate modulation of
cellular responses in the brain. An unopposed
proinflammatory cytokine response cascade could
aggravate the magnitude of neurological and neu-
ropsychiatric manifestations and may influence
wasting and cachexia [36]. This relevant concept
that focuses on the temporal profile of proinflam-
matory and anti-inflammatory cytokines and
their relationship/balance during a pathophysio-
logical process or disease condition is applicable
to all systems. The notion of proinflammatory/
anti-inflammatory cytokine balance (e.g. IL-
1β/IL-1 receptor antagonist) could be extended to
a model of pro-catabolic/pro-anabolic cytokine
balance based on new accumulating evidence. For
instance, IL-1β and TNF-α act as pro-catabolic
and IL-15 as pro-anabolic cytokines. IL-15 in fact
inhibits skeletal muscle wasting in tumour-
bearing rodents [37].
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Integrative Model of Humoral Interactions

The modulation of brain chemistry by cytokines
involves relevant cy tokine–cy tokine, cy to-
kine–neurotransmitter, and cytokine–neuropep-
tide/hormone interactions. These influences can
be reciprocal.

Cytokine–Neurotransmitter Interactions

Cytokines affect neurotransmitter release, metab-
olism and/or action (e.g. monoamines including
histamine, serotonin, norepinephrine and
dopamine; and excitatory amino acids) [8, 9].
Neurotransmitters, in turn, can modulate
cytokine production and action. Cytokines and
neurotransmitters can also act in coordination.

Cytokine–Peptide Interactions

Modulation of the neuroendocrine system by
cytokines is robust and has been discussed previ-
ously in mult iple elegant papers. Cy tokine–
neuropeptide interactions can also be antagonis-
tic. IL-1β blocks neuropeptide Y-induced feeding
and neuropeptide Y blocks IL-1β-induced anorex-
ia; IL-1β stimulates vasopressin release and vaso-
pressin inhibits IL-1β-induced fever. In cancer
models, a CNS dysregulation of neuropeptide Y
mechanisms associated with an enhanced IL-1
activity and serotonin concentrations has been
proposed [8, 9, 22].

Other endogenous cytokine–peptide interac-
t ions relevant to wast ing, cachexia and the
cachexia–anorexia syndrome include reciprocal
cytokine–leptin (a member of the long-chain heli-
cal cy tokine family)–neuropeptide Y–cort i-
cotropin-releasing hormone–glucocorticoid inter-
actions, and perhaps also among cytokines and
other CNS neuropeptide regulators involved in the
control of energy balance including cocaine- and
amphetamine-regulated transcript, melanin-con-
centrating hormone, agouti-related protein, α-
melanocyte-stimulating hormone, and hypocre-
tins/orexins [8, 10, 12, 22, 27]. Various of these can
affect metabolic processes directly (e.g. gluconeo-
genesis, glycogenolysis).

The hypothalamus plays a critical role with
multiple neuronal groups involved, including the
arcuate nucleus, the paraventricular nucleus, the
ventromedial nucleus, and the lateral hypothala-
mus. The arcuate nucleus has leptin-responsive
neurons with different functions, e.g. the pro-
opiomelanocortin-producing neurons that co-
express the cocaine and amphetamine-regulated
transcript, and the agouti-related peptide neurons
that co-express neuropeptide Y.

There has also been significant interest in the
proinflammatory cytokine up-regulation of gp
130 molecules and the suppressors-of-cytokine-
signalling (SOCS) protein family members in
brain. Other hypothalamic systems such as the
endogenous cannabinoids, which modulate ener-
gy balance, could also be involved in wasting and
cachexia [38]. As mentioned, the brain
melanocortin signalling system also may have an
important contributory role [24–26].

Mode of Communication

In relation to gut–brain peptides/neuropeptides
that affect brain mechanisms involved in wasting
and cachexia, an alternate route of action may
involve afferent neural signalling through the
vagus that would generate outputs of communica-
tion to other brain regions involved in energy bal-
ance regulation and behaviour. This afferent sig-
nalling has been demonstrated and validated for
various hormones and peptides and is proposed
for different classes of cytokines.

Compensatory Mechanisms

The analysis of interactions among endogenous
chemical factors also needs to consider compen-
satory mechanisms that are activated during pro-
catabolic act iv it ies or overriding anabolic
processes. For instance, circulating ghrelin – a
positive modulator of energy balance via orexi-
genic, adipogenic and growth hormone releaser
activities [39, 40] – levels are elevated in patients
with wasting and cachexia and this elevation can
be associated with increases in TNF-α [41]. The
potential anti-cachectic activity of melatonin [42]
is described by Lissoni et al. in Chapter 9.10.
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Transducing Mechanisms and Functional Synergy

Various key interactions (e.g. among IL-1β, TNF-α,
IL-6, IL-8, that is, molecules that use different
transducing systems) display functional synergistic
activity. One mechanism for this synergism is con-
vergence of different signalling pathways onto
common downstream mediators, e.g. IL-1β and
TNF-α modulation of NF-κB-inducing kinase, a
MAP3K-related kinase. This convergence results in
the synergistic activation of transcriptional mecha-
nisms. NF-κB is also activated by IL-6, and a syner-
gistic response to IL-1β, IL-6 plus TNF-α can
involve a similar convergence of intracellular
mechanisms via JAK-STAT (IL-6) and MAPK-NF-
κB (IL-1β, TNF-α) pathways. Brain cytokines also
induce the production of other cytokine compo-
nents including ligands, receptors, and transducing
molecules in discrete brain regions, further ampli-
fying the cellular responses [21, 27]. Interestingly, a
proteolysis-inducing factor has been reported to
activate NF-κB and STAT3, which results in up-reg-
ulation of IL-6 and IL-8 production [4].

Prostaglandin-dependent mechanisms that can
be modulated by proinflammatory cy tokines
including the brain is another example of interac-
t ions involved in wast ing and cachexia.
Cyclooxygenase-2 has been proposed to be
involved in cancer-associated wasting and up-
regulation of proinflammatory cytokine expres-
sion [43]. This is also consistent with the role pro-
posed for cyclooxygenase-2 as a mediator of
anorectic responses to peripheral insults that
require the involvement of prostaglandin E2 in
the brain [44].

Transducing Mechanisms and Functional Antagonism

Signalling mechanisms provide multiple levels of
interaction in brain responses to cytokines. These
could be region specific. For example, the 
G-protein α-subunit O (GαO) subclass represents
an important transductional requirement for the
regulation of energy balance, and IL-1β-induced
brain action is associated with a significant
decrease of the GαO protein content in the ven-
tromedial hypothalamic nucleus [11]. This effect
of IL-1β is blocked by the IL-1 receptor antagonist

and is indirect since IL-1 receptors are not G-pro-
tein coupled. Receptors coupled to GαO that
respond to feeding-stimulatory signals include
receptors for galanin, endogenous opioids, and
neuropeptide Y. Thus, IL-1β-induced modulation
of GαO protein may be involved in IL-1β-induced
brain activities and anorexia including antago-
nism of neuropeptide Y action.

The consequence of this cytokine mode of
action is broad. G-protein-coupled receptors that
have been associated with energy balance regula-
tion by the brain include receptors for cate-
cholamines, serotonin, histamine, neuropeptide Y,
hypocretins/orexins, melanin-concentrating hor-
mone, agouti-related protein, α-melanocyte stim-
ulating hormone, IL-8 and other chemokines/
intercrines, cholecystokinin, opioids, glucagon
and others. Cytokines have the ability to modulate
mechanisms associated with all of these endoge-
nous substances, and therefore, the potential of
cytokine-induced modulation of G-proteins – the
interface between convergence of multiple chemi-
cal signals and divergence to intracellular messen-
gers – in CNS-associated sites may be involved in
cachexia–anorexia.

Changes in brain signalling during wasting
and cachexia may also involve dysregulation of
ion channel subtypes. For instance, brains of
tumour-bearing animals (Yoshida AH-130 ascitis
hepatoma) exhibit a significant down-regulation
of the expression of the delayed rectifier as well as
the A-type potassium channels, and in the same
animals, TNF-α levels are elevated [45].

Conclusions

Overall, it is important to consider the interrela-
tionships among cytokines, cytokine/growth fac-
tors, growth factors, neurotransmitters, neuropep-
tides/peptides and hormones as well as modifica-
tions of signal transducing and intracellular
mediator events in the induction and progression
of brain modulatory responses that could be
involved in wasting and cachexia. Brain interac-
tive functional and chemical models are consis-
tent with the multifaceted and redundant patho-
physiology that occurs in wasting and cachexia.
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Ten Aspects To Consider for Future Research
into Brain Mechanisms Involved in Wasting
and Cachexia

1. The important concept of local brain produc-
tion of cytokines and their functions as medi-
ators of CNS neurological and neuropsychi-
atric manifestations of disease that can inter-
act with other mechanisms involved in the
induction, progression, maintenance, and/or
exacerbation of wasting and cachexia. In prac-
tical terms, a tri-dimensional dynamics needs
to be considered for cytokines acting in the
brain: cytokines originated from the periph-
ery, cy tokines produced in cel ls  of the
blood–brain barrier, and cytokines produced
by brain cells. The first two also impact inter-
face mechanisms at the blood–brain barrier by
cytokine-induced generation of neuromedia-
tors from endothelial and adjacent cells of the
cerebrovasculature. Cy tokine production/
action in circumventricular organs linked to
neuroendocrine and behavioural responses
and energy balance regulation such as the
median eminence and the area postrema can
also be involved in brain responses during
wasting and cachexia.

2. Characterisation of brain region cytokines and
their system components (ligands, receptors,
soluble receptors, signalling proteins) profiles
in disease conditions associated with wasting
and cachexia of different aetiologies. This
includes cerebrospinal fluid profile in clinical
subpopulations and clinical stages, and during
treatment.

3. Peripheral and brain cytokines can robustly
modulate autonomic nervous system outflow
and this modulation and associated feedback
systems need to be better studied to charac-
terise their relevancy to wasting and cachexia.

4. A pivotal area of research will continue to be
on the cytokine balance characterisation and
on how cytokines interact sequentially and in
parallel during wasting and cachexia. The con-
cepts of proinflammatory/anti-inflammatory
and pro-catabolic/pro-anabolic cytokine bal-
ance remain a key area to define contributory
mechanisms in wasting and cachexia.

5. Cytokine systems interact in a chemical milieu
of factors that modulate brain responses and
present a multilayered network of cytokines,
neurotransmitters, peptides/neuropeptides and
hormones. Further analysis of these interac-
tions is critical to understand feedback mecha-
nisms and cause–effect in wasting and cachex-
ia. Analyses need to consider potential additive
or synergistic (and antagonistic) activities
when: (a) molecules work in parallel on their
respective signalling systems or when their sig-
nalling cascades converge on downstream
mediators, and (b) generating a sequential
response. The same concept would apply to
functional interactions when neurotransmit-
ters or neuropeptides are primary factors.

6. There is a need to enhance our understanding
of the impact of chemical mediation on neuro-
physiological responses associated with neu-
ronal activity and neural network dynamics
that result in supracellular and behavioural
responses, and how these relate to the neu-
ropsychiatric manifestations of wasting and
cachexia.

7. Even with all data currently available, a case
can still be made for the following questions:
are cytokines involved in the induction of
wasting and cachexia in addition to their con-
tribution potentiating or facilitating patho-
physiological cascades? What is the level of
recapitulation of brain mechanisms from
observations of wasting and cachexia in ani-
mal models to those obtained from clinical
populations?

8. Links and feedbacks exist among neurological,
psychological and psychiatric manifestations of
diseases accompanied by wasting and cachexia.
Symptoms or signs such as anxiety, depression,
cognitive impairment, fatigue and asthenia,
and anorexia can exacerbate wasting and
cachexia due to deleterious positive feedback
cycles. This increases the frequency of compli-
cations, decreases the quality of life and activi-
ties of daily living and performance, and has an
impact on overall morbidity and mortality.
What are the main mechanistic interactions
and magnitude of the individual contributions
responsible for symptomatology interface?
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9. Because of the complexity of the pathophysiol-
ogy involved in wasting and cachexia, caution
is essential when interpreting one or various
mechanisms in isolation. Mechanisms with
apparent limited effects individually could
induce a relevant response when interacting
and generating additive or synergistic outputs.

10. Various drugs or agents used for wasting and
cachexia (e.g . appet ite and body weight
enhancers such as the progestogens) have been
shown to modulate proinflammatory cytokine
and neuropeptide expression and responses.
Also preliminary studies have been obtained
w ith amino acid manipulat ions that may

reduce brain serotonin synthesis and release.
These data sets suggest that interventional
strategies that modulate cytokine-, neuro-
transmitter-, and/or relevant neuropeptide-
associated mechanisms could generate novel
therapeutics for wasting and cachexia.
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Introduction

The epidemic increasing incidence and prevalence
of obesity and diabetes mellitus have underlined
the necessity of understanding the regulation and
control of appetite and energy metabolism.

The regulation of body weight can be consid-
ered a homeostatic system characterised by a
strict balance between caloric intake and energy
expenditure.

It is well known in the literature that body
weight is stable over long periods in humans, in
spite of daily variations in food intake and energy
expenditure, thus revealing the existence of short-
and long-term control pathways [1].

Within the central nervous system (CNS), the
hypothalamus has been shown to have an emerg-
ing and central role in the control of appetite and
energy metabolism. Notably the activity of the
hypothalamus eventually derives from a complex
integration of different central and peripheral
modulator inputs such as nutrients, but is also
affected by sight, smell, experience, lifestyle and
environmental conditions [2].

In particular, numerous recent papers have
focused on the role of several gastrointestinal hor-
mones and neurotransmitters involved in the con-
trol of these vital functions.

The Hypothalamus: The Regulatory Key

The hypothalamus is divided into nuclei with sev-
eral functions and connected with other central
areas of the brain stem and peripheral tissues.

Both the arcuate nucleus (ARC) and the trac-
tus solitarius nucleus (TNS) have been described
as emerging areas in the central modulation of

energetic storage and utilisation. Moreover, the
paraventricular (PVN) and lateral nuclei are well
known to play an important metabolic role, being
constituted by glucose-sensitive neurons and free
fatty acid (FFA) and amino acid-responsive path-
ways.

In fact, many hypothalamic neuropeptides play
a key role in the regulation of body weight, acting
either as orexigenic or anorectic factors in a com-
plex multisystemic redundant network of central
and peripheral signals.

Neuropeptide Y and Agouti-Related Protein

Neuropeptide Y (NPY) is a 36 amino acid neu-
ropeptide expressed in the CNS and, in particular,
in the ARC, representing one of the most potent
orexigenic factors studied so far [3].

The intracerebroventricular administration of
NPY stimulates food intake in rodents after acute
injection [2], while chronic treatment induces
hyperphagia and weight gain, coupled w ith
decrease in energ y expenditure [2, 4].
Interestingly, NPY administration also inhibits
luteinising hormone (LH) secretion [5], underlin-
ing the tight relationship between energy balance,
fat mass and the activity of the reproductive sys-
tem. Among the physiological regulators, fasting
has been shown to be an important stimulator of
NPY expression in animals. In fact, maximal NPY
concentration in PVN is observed before and dur-
ing feeding, suggesting a possible role in meal ini-
tiation [2].

Notably, despite the clear orexigenic effects of
NPY administration, NPY knockout mice have
normal body weight and show weight variation
similar to control animals in both overfeeding and
fasting conditions [2, 6, 7], likely as a consequence
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of the activation of other orexigenic pathways
aimed to preserve the feeling of hunger.

NPY exerts its actions via five specific receptor
subtypes, of which the Y5 receptor has been
described as the most important for the activity of
the peptide [2, 8].

Neurons secreting NPY also co-express agouti-
related protein (AgRP) [9], a 132 amino acid pro-
tein endowed with remarkable NPY-independent
orexigenic actions [2, 10]. Specifically, AgRP
increases food intake, acting as an endogenous
antagonist of melanocortin (MC) 3 and MC4
receptors, thus inhibiting the anorectic action of
α-melanocyte-stimulating hormone (MSH) [2, 7].

The acute intracerebroventricular administra-
tion of AgRP in rodents increases food intake for
up to 6 days [2] and chronic treatment determines
an important weight gain [11].

NPY/AgRP neurons represent the most impor-
tant target of central and peripheral orexigenic
and anorectic signals. In particular, they are
inhibited by leptin and insulin and activated by
the orexigenic peptide ghrelin [12–14].
Interestingly, an intestinal peptide, named PYY,
the chemical structure of which closely resembles
that of NPY [2, 10, 15], has been reported to exert
its anorectic effect acting as an antagonist of the
NPY Y2 receptor. In fact, its administration is
devoid of any effect in Y2 knockout mice [15].

The Melanocortins

The transcript of the pro-opiomelanocortin
(POMC) molecule is the precursor of several bio-
logically active molecules: α-, β-, and γ-MSH,
adrenocorticotropin (ACTH), β-endorphin and
lipotropins. The POMC gene is expressed in dif-
ferent tissues such as hypothalamus, pituitary,
immune system and skin [16]. In the hypothala-
mus, POMC is expressed in particular in the ARC
and TNS [16].

Within the CNS, α-MSH is a potent inhibitor of
food intake [2, 7, 16], acting via MC3 and MC4
receptors [16], antagonising the effect of AgRP [2,
16, 17].

In animals, the central administration of α-
MSH inhibits feeding and reduces body weight
[3].

POMC knockout mice show obese and hyper-
phagic phenoty pe and suffer from adrenal
hypoplasia and altered skin pigmentation [18]. In
this experimental model, chronic daily adminis-
tration of α-MSH reverses these effects and deter-
mines a prompt weight decrease [19]. Similarly,
the intranasal chronic administration of a syn-
thetic α-MSH fragment (MSH/ACTH4-10) causes
a mild but persistent decrease in body fat in
humans [20].

Urocortin is a member of the corticotropin-
releasing hormone (CRH) family, expressed at
both peripheral and central levels, in particular in
PVN and lateral septum [21]. Its administration
has been shown to induce a dose-dependent inhi-
bition of food intake in animals and humans, even
after acute administration [22]. A similar anorec-
tic effect has been observed in animals, even after
the intracerebroventricular administration of
CRH [23].

Neuromedin-U (NMU) is a 23 amino acid pep-
tide expressed in central and peripheral tissues,
such as hypothalamus, in particular in noradren-
ergic neurons in the nucleus of the solitary tract
(NTS), and gastrointestinal tract [24]. It shows
several activities: it increases blood pressure,
decreases gastric secretion and emptying, and
seems to play a role in the modulation of the
hypothalamus–pituitary–adrenal (HPA) axis [24].

The central administration of NMU is followed
by inhibition of food intake in fasted rats [24–26]
and increase in plasmatic ACTH and corticos-
terone levels [25]. Both these effects are likely
mediated by CRH neurons in hypothalamic PVN
[24, 25]. In addition, NMU plays a role in the con-
trol of circadian rhythms: in fact, it inhibits much
more overnight food consumption [24, 26], and
time spent in feeding. NMU expression in the
brain and particularly at the pituitary levels is
lower than in controls in ob/ob mice and in fa/fa
Zucker rats [24], in agreement with the known
stimulator effect of leptin on NMU secretion in
hypothalamic cells in vitro [26]. MNU knockout
mice show increased body weight and adipose tis-
sue, hyperphagia and decreased energy expendi-
ture [27]. These mice develop hyperleptinaemia,
hyperinsulinaemia, late-onset hyperglycaemia and
hyperlipidaemia [27].
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Mahogany is a single trans-membrane protein
that is expressed in many tissues, including the
hypothalamus [26], in particular in those areas
identified as critical for the control of feeding and
energy expenditure [28].

Several data suggest an important role of this
protein in the regulat ion of act ion of the
melanocortin system [16]. Moreover, mahogany
seems also to play a modulatory action on agouti
protein and AgRP functions, as shown in experi-
mental transgenic model [16, 29].

Syndecan is a new family of four transmem-
brane proteoglycans, acting in cell-adhesion regu-
lation and modulation of binding of growth fac-
tors [16, 30]. Recently these peptides have been
reported also to have a role in the regulation of
feeding. In fact, syndecan-3 is expressed in those
hypothalamic areas involved in feeding regula-
tion, and transgenic syndecan-1 overexpression
determines hyperphagia and obese phenotype in
mutant mice [16, 31]. Moreover, food deprivation
causes an increase in the hypothalamic expression
of syndecan-3 [16, 31], coupled with an increase
in AgRP levels [16]. Animal models characterised
by syndecan-3 deficiency lack the hyperphagia
reflex after a prolonged fasting period [16, 31].
This evidence suggests that syndecan molecules
might participate in the antagonistic function
exerted by AgRP on α-MSH.

Orexin A and B

Orexin A (OXA) and B (OXB) are two peptides
mainly expressed in the lateral hypothalamus
[22], although recent data show the presence of
OXA and orexin receptor (OX-1) immunoreactivi-
ty also in gastrointestinal submucosa, myenteric
plexus and pancreatic islets [32].

Orexins, in particular OXA, possess an impor-
tant central orexigenic effect, coupled with modu-
lation of peripheral signals [22]. In humans, OXA
plasma levels increase during fasting and hypo-
glycaemia [7]. In fasting conditions, OXA inhibits
gastrointestinal motility and the vagal responses
to cholecystokinin [32], and is involved in the
modulation of insulin and glucagon secretion
[34]. Interestingly, however, OXA plasma levels
have been shown to be decreased in obesity [33].

OXA and OXB also inhibit  CRH-induced
ACTH release [35], while central urocortin admin-
istration suppresses food intake in food depriva-
tion state as well as after OXA injection [36].

It is interesting to underline that orexins
knockout mice are narcoleptic, indicating that
these peptides seem to participate not only in the
control of feeding and weight homeostasis, but
also in the control of sleep [7, 10].

Opioid Peptides, Cannabinoids and Cocaine- and
Amphetamine-Regulated Transcript

Opioid peptides, in particular the endogenous
agonists of κ opioid receptor, increase food intake
[37]. It has also been hypothesised that these mol-
ecules are involved in reward and pleasure feel-
ings related with food [7].

The appetite-stimulating effect of marijuana in
humans has been well known for centuries [38].
Endogenous cannabinoids, in particular anan-
damide, increase appetite and food intake via the
activation of specific receptors known as CB1
[39], which are expressed in hypothalamic and
central areas involved in the control of feeding
behaviour [40, 41]. In fact, CB1 receptor mRNA is
co-expressed with CRH, cocaine- and ampheta-
mine-regulated transcript (CART), melanin-con-
centrating hormone (MCH) and prepro-orexin
[42].

Central leptin administration is followed by a
decrease in hypothalamic endocannabinoid levels
[41–43]. Moreover, the blockade of CB1 receptor
inhibits star vat ion-induced hy perphagia in
rodents [43].

CB1 deletion in mice determines a decrease in
body weight and fat mass, coupled with hypopha-
gia [41, 42]. Interestingly, since both NPY and
AgRP knockout models do not induce a lean phe-
notype, likely due to the existence of redundant
anabolic signals [6], the experimental demonstra-
tion of lower body mass in CB1 receptor knockout
mice strongly suggests a crucial role of endo-
cannabinoids in the regulation of food intake and
energy balance [41, 42].

Notably, cannabinoids regulate energy metab-
olism even at the peripheral level. In fact, CB1
receptors are also expressed in mouse adipocytes
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[42] and their activation seems to increase lipoge-
nesis in primary adipocyte cultures [42].

Cocaine- and amphetamine-regulated tran-
script is co-expressed in ARC in POMC neurons
[3, 44], and is directly modulated by leptin [44]. It
is also expressed in PVN, NTS, lateral and dorso-
medial hypothalamus and nucleus accumbens
[45]. At the peripheral level, CART is expressed in
the myenteric gut plexus, vagus nerve, pancreatic
somatostatin cells, and antral gastrin cells [45].
Until now, no specific receptors for CART have
been identified [45], thus a full description of the
activities of this peptide is still lacking.

The intracerebroventricular injection of CART
is followed by reduction in food intake [45, 46],
even in co-administration with NPY [46], coupled
with a decrease in plasma insulin and leptin and
an increase in lipid oxidation [47]. However, other
experimental models showed that chronic CART
over-expression in ARC neurons determines sig-
nificant weight gain and reduction in thyrotropin
levels in rats [48], and the anx/anx mice, charac-
terised by anorexia, low body weight, abnormal
movement, hyperactivity and early death, present
lower hypothalamic CART levels [49]. These dis-
parate data suggest the existence of some central
and peripheral resistance mechanisms to CART
that need further elucidation.

CART is also able to reduce gastric emptying
and motility [45].

Recent studies demonstrate that glucocorti-
coids regulate CART expression at the hypothala-
mus and pituitary levels [45]. On the other hand,
CART seems to modulate the HPA axis, probably
via corticotropin-releasing factor [50].

Thus, CART seems to be another putative pep-
tide involved in the regulation of body mass.
However, despite gene polymorphisms having
been identified in some obese families, CART-
deficient mice do not show a spontaneous obese
phenotype in experimental conditions [45].

Galanin and Galanin-Like Peptide

Galanin is a 30 amino acid peptide with wide-
spread distribution in the CNS [51]. Three distinct
galanin receptor subtypes, GalR1, GalR2 and GalR3,
have been described at the hypothalamic level [52],

in neurons also expressing leptin receptor [51].
Both galanin and galanin receptor have also been
demonstrated in adipose tissue in rats [53].

The intracerebroventricular administration of
galanin induces food intake [54]. This effect has
been suggested to be mediated by modulation of
leptin expression and levels [51, 54]. Some studies
affirm that galanin increases, in particular, fat
ingestion [55]. Galanin administration inhibits
leptin levels and its expression in adipose tissue
increases during fasting [53]. However, the chron-
ic administration of galanin does not induce
hyperphagic behaviour or weight gain [56], in
agreement with the observation that galanin
knockout mice or galanin over-expressing mice
maintain normal weight [51]. In all, this peptide
seems to be much more involved in the short-
term regulation of feeding rather than in long-
term metabolic balance [51, 54].

Galanin-like peptide (GALP) is a 60 amino
acid molecule recently isolated and structurally
related to galanin [57]. It binds GalR2 and, with
lower affinity, GalR1 [51, 57].

Similarly to POMC and unlike galanin, the
central expression of GALP is negatively regulated
by fasting and is reduced in transgenic models of
leptin deficiency [51, 58]. Intracerebroventricular
GALP administration reduces energy intake and
increases energy expenditure in mice [59].

Moreover, GALP stimulates LH secretion in
rodents, suggesting an involvement together with
leptin in the functional relationship between
energy metabolism and the reproductive system
[51, 59].

Serotonin and Nitric Oxide

Serotonin (5-HT) is a neurotransmitter acting on
several receptor subtypes expressed in particular
in the limbic system and in the hypothalamus [60].
5-HT stimulates adrenaline secretion and plays an
important role in controlling behaviour [2].

Synthetic agonists of the 5-HT receptors inhib-
it 5-HT re-uptake and decrease food intake [2, 7].
Accordingly, 5-HT2c receptor knockout mice have
been shown to be hyperphagic and obese [61].
Notably, however, chronic treatment with 5-HT2c

receptor antagonist does not determine an obese
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phenotype, probably as a result of other counter-
acting signals [2, 7, 10].

Nitric oxide (NO) has also been recently pro-
posed as a neuromodulator of the central path-
ways of appetite control. Central blockade of NO
production inhibits food intake [62]. This condi-
tion is reversed by administration of NO donors
(L-arginine) [7]. NO seems also to be involved in
many central feedback systems, such as those of
leptin and 5-HT [63].

Gastroenteropancreatic Signalling:
The Peripheral Balance

As anticipated, energy balance is a complex sys-
tem in which the hypothalamic network receives
many excitatory and inhibitory signals even from
peripheral tissues. All these peripheral signals
allow the existence of a fine-timing system regu-
lating short-term as well as long-term control of
energy metabolism.

The Positive Peripheral Feedback: Hunger Signals

Ghrelin

Ghrelin is a 28 amino acid peptide, recently isolated
in the stomach, but also expressed in other tissues,
such as pancreas, kidney, testes, placenta, pituitary
and hypothalamic ARC and PVN [14, 64, 65].

Ghrelin has been identified as an endogenous
ligand of the orphan GH secretagogue (GHS)
receptor type 1a [64].

In animals and humans, ghrelin has been
reported to exert several biological activities such
as: (a) stimulation of growth hormone, prolactin
and ACTH release; (b) influence on the pitu-
itary–gonadal axis; (c) influence on sleep and
behaviour; (d) control of gastric motility and acid
secret ion; (e) modulat ion of exocrine and
endocrine pancreatic functions [14, 66].

Moreover, since its discovery, ghrelin has
emerged as a player in the regulation of food
intake and energy expenditure, being the most
potent peripheral orexigenic hormone known so
far [65].

In animals and humans, ghrelin, after both
central and peripheral administration, has been

shown to induce appetite and food intake [14, 65,
67]. This effect has been shown to be mainly
mediated by NPY and AgRP [65, 68], but, more
recently, POMC, CART, MCH, orexin system,
gamma amino butyric acid (GABA) and galanin
have also been reported to play a role [14].

Despite these clear orexigenic effects under
experimental pharmacological conditions, the actu-
al physiological role of ghrelin in the regulation of
appetite is still a matter for debate [14, 69, 70].

Notably, however, it has been clearly shown
that, besides the central actions, ghrelin also influ-
ences energy metabolism at the peripheral level,
likely influencing fat oxidation [13, 71].

The Negative Peripheral Feedback: Satiety Signals

Signals from the Adipocytes

Leptin, Adiponectin and Resistin
Leptin is a peptide expressed and secreted by
white adipose tissue, proportionally to fat body
mass [2, 7]. Both leptin and its receptor have also
been isolated in human gastric mucosa [32], sug-
gesting a possible paracrine regulation of the
other gastric peptides [10, 32].

Leptin plays a central role in the regulation of
energy intake and expenditure. Leptin increases
some hours before meals in rodents and after sev-
eral days of overeating in humans [72], while it
decreases during fasting [2].

The main activity of leptin is exerted at the cen-
tral level, in particular in ARC and PVN [7], via the
activation of specific receptors named OB-Rb [73].
Specifically, leptin inhibits NPY and AgRP neurons,
achieving a decrease in food intake [2, 7, 32].

Leptin (ob/ob)- or leptin receptor (db/db)-
knockout mice are obese, hyperphagic and hyper-
insulinaemic [73, 74]. As in mice, genic mutations
leading to lept in deficiency have also been
described in humans as a rare cause of obesity
that fully normalises during leptin replacement
therapy [2]. However, not all obese phenotypes
derive from leptin deficiency. In fact, in humans
obesity is strongly associated with high plasma
leptin levels, suggesting a condition of leptin
resistance [75].

Leptin secretion is regulated by several hor-
monal and metabolic signals [2, 14, 15, 76].
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Noteworthy, the gastric release of leptin is also
stimulated by the activation of vagal afferents,
thus suggesting this hormone to be involved not
only in the long-term maintenance of weight bal-
ance but also in the cephalic phase of gastric func-
tion [32, 77].

Adiponectin is a peptide produced exclusively
by adipocytes [78]; it shows structural homology
with the tumour necrosis factor family [32],
cytokines characterised by negative effects on
energy balance [7].

Unlike leptin, adiponectin levels do not follow
circadian rhythms and seem not to be affected by
feeding behaviour [79]. However, it is negatively
correlated with body mass index [80] and is
decreased in ob/ob mice [32]. The evidence, show-
ing lower adiponectin levels in obese diabetic sub-
jects than in obese non-diabetic subjects, suggests
its major role in the development of insulin resist-
ance [32].

Resistin is secreted by adipose tissue and
exerts its own activity on several peripheral tis-
sues, such as liver and muscle [32]. It seems to
possess inversely related effects to adiponectin:
higher levels can increase insulin resistance [81].

Signals from the Gut

Glucagon-Like Peptide-1 and -2, Oxyntomodulin
and Amylin
Glucagon-like peptide-1 (GLP-1) is a peptide of 30
amino acids expressed and secreted from
endocrine L-cells of intestinal mucosa at ileum
and colon level [82]. GLP-1 derives from the same
precursor of glucagon [2]. GLP-1 shows several
activities, among others a role in enhancing
insulin secretion and suppressing glucagon secre-
tion in the postprandial phase [2, 32, 83]. In ani-
mals and in humans GLP-1 slows gastric emptying
[86, 84] and therefore blunts the meal-induced
insulin response [85].

GLP-1 also plays a role in mediating appetite
and feeding behaviour [84]. A reduct ion in
hunger feeling, coupled with a sensation of full-
ness, has been reported after its administration
[84]. Moreover, intracerebroventricular GLP-1
injection in rodents is followed by inhibition of
food and water intake [32, 82, 84], coupled with

an increase in c-fos expression in hypothalamic
PVN [86]. These data are confirmed by the find-
ing that the administrat ion of exendin(9-
39)amide, a GLP-1 receptor antagonist, deter-
mines an increase in food intake in fed rats, but
not in fasted rats [86]. Indeed, a significant
weight gain has been recorded during chronic
exendin(9-39)amide treatment [32].

Consistently with data in animals, in humans
GLP-1 induces a mild but significant dose-
dependent inhibition of food intake in both lean
and obese subjects [87].

GLP-2 is also produced by the endocrine L-
cel ls by post-translat ional processing of
proglucagon and is secreted in response to food
intake together with GLP-1 [88]. In contrast to
GLP-1, the role of GLP-2 in the regulation of feed-
ing and fasting balance is unclear.

GLP-2 is a trophic peptide of intestinal mucosa
and seems to act on gastric motility in pigs [32].
GLP-2 mRNA-expressing neurons have been
observed in hypothalamic TNS [89] and its central
administrat ion decreases food ingest ion in
rodents [32, 89]. However, in humans no variation
in feeding behaviour or in gastric emptying has
been observed after its administration [32, 90].

Oxyntomodulin (OXM) is a 37 amino acid pep-
tide deriving from the post-translational process-
ing of the proglucagon molecule in intestinal cells,
in particular in the distal portion of the small
bowel [15]. OXM co-localises with GLP-1 expres-
sion and secretion [91].

OXM acts as an anorectic peptide in the short-
term regulation of food intake [15]. It is released
into the circulation after food ingestion proportion-
ally to the caloric amount [92]. The mechanisms of
action of OXM are unknown at present. In particu-
lar, it is unknown if this peptide is able to cross the
blood–brain barrier to exert a putative effect at the
hypothalamic level [15]. In rats its intracerebroven-
tricular administration determines an anorectic
effect, which is blocked by co-administration of the
GLP-1 antagonist exendin(9-39)amide [93], in
agreement with data in vitro showing that OXM is
able to bind GLP-1 receptor [94]. Noteworthy, the
existence of still unknown specific receptors for
OXM cannot be ruled out [91].

In humans, OXM administration induces a
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prompt decrease of hunger feeling, food intake
and gastric emptying [15, 91, 95]. These effects are
associated with a suppression of plasma ghrelin
levels [15, 93], without variations in leptin [15]
and insulin levels [91]. However, after the intra-
venous injection of OXM, no variations in daily
cumulative energy expenditure are observed [91].

Amylin is another peripherally generated pep-
tide, which is co-secreted with insulin [22].
Amylin modulates the regulation of food intake,
acting via specific receptors and also via D2

dopamine receptors in the CNS, expressed in par-
ticular in the nucleus accumbens [22, 96]. After
amylin administration, even in fasting conditions,
a strong inhibition of food intake and gastric
emptying has been observed [97].

Cholecystokinin
Cholecystokinin (CCK) was the first gut hormone
described as an inhibitor of food intake in rodents
[98]. CCK is widely expressed at both central and
peripheral levels, in particular in I-cells in the
duodenum and jejunum mucosa [99]. CCK is also
detectable in the bloodstream in different forms,
in particular CCK-8, CCK-33 and CCK-39 [15].

Two CCK receptor subtypes have been isolat-
ed: CCKA receptor expressed in the vagus nerve,
enteric neurons, pancreas and at central level [99]
and CCKB expressed in the afferent vagus nerves,
CNS and stomach [99].

CCK possesses several activities on different
tissues, including the well-known stimulatory
effect on pancreatic enzyme excretion and the
induction of gallbladder contraction [2].

CCK has been demonstrated to be a satiety
signal, in particular in the short-term regulation
of feeding behaviour [15, 76, 99]. It acts, synergis-
tically with leptin [15, 100], on hypothalamic PVN
and NTS [99, 100] and it can stimulate amylin
secretion [32, 99]. Its effect is reduced by vagoto-
my and vagal afferent disruption [15, 76, 99].

Peripheral CCK administration is followed by
a rapid, but short-term effect on inhibition of
food intake, with an activity peak at 30 minutes
[99]. High doses of CCK determine nausea, vomit-
ing and taste aversion [101]. The inhibition of
meal ingestion is specific for the CCKA receptor
[99, 102]. CCKA receptor synthetic antagonists,

administered before a meal, cause increased solid
and liquid intake both in animals and humans
[76, 99, 103]. It is important to underline that CCK
inhibits food intake, in particular fat ingestion
[104]. Interestingly, the inhibitory effect of CCK
on food intake undergoes a functional desensiti-
sation after high-dose administration as well as
during continuous infusion [99, 105]. When
administered intermittently before eating, CCK
maintains its anorectic effect, but a compensatory
effect is observed by increasing the daily number
of meals, with only a mild result on total food
intake and body weight [106].

Otsuka Long Evans Tokushima Fatty (OLEFT)
rats, which have a deletion in the CCKA receptor
gene resulting in the absence of CCKA receptors,
are hyperphagic, hyperglycaemic, hyperinsuli-
naemic and obese [99, 107]. The OLEFT hypher-
phagia is characterised by greater meal sizes [99,
108]. The absence of CCKA receptors in the
OLEFT rats results in several phenotypes [99]. In
fact, some mice, with a different genetic mutation
for the CCKA receptor, are insensitive to the feed-
ing inhibitory action of CCK, but show normal
daily food intake and body weight [109].

Overall, this evidence suggests a role of CCK in
the short-term regulation of feeding, much more
than in long-term control of energy balance.

Peptide YY 3-36
Peptide YY (PYY) is a 36 amino acid peptide, a
member of the NPY family and secreted from the
L-cells of small and large bowel, including rectum
[3] and released in the circulation as PYY1-36 or
PYY3-36 [110].

PYY itself has been defined an orexigenic pep-
tide [111], but PYY3-36, the most abundant form
circulating in the bloodstream, shows anorectic
effects [15, 32]. PYY3-36 exerts its modulator
effect on food intake acting on the Y2 receptor at
the hypothalamic level, and, consequently, sup-
pressing the orexigenic effect of NPY [15, 32].
Accordingly, PYY3-36 does not reduce food intake
in Y2 knockout mice [15].

Plasma PYY3-36 levels increase after meal
ingestion [15, 112]. In humans the administration
of PYY3-36 is followed by a reduction of 30% of
the amount of ingested nutrients compared to

5.11 Body Weight Regulation and Hypothalamic Neuropeptides 275



placebo [112] and is coupled with fullness sensa-
tion [15, 76].

Fasting plasma PYY3-36 levels are lower in
obese than in lean subjects [113] and show a slow-
er and delayed increase after meals in obese sub-
jects [15]. These data suggest an involvement of
the peptide in the control of food and energy
intake and in the long-term control of weight.

PYY3-36 seems to counteract ghrelin activity
[14, 15], probably both at vagal afferent and hypo-
thalamic levels, in particular at ARC [14, 15, 114].
It is interesting to note that obese subjects show
lower ghrelin as well as PYY3-36 levels [113, 115].

PYY3-36 shows a synergic action with CCK in
inhibiting food intake, although their effects on
the pancreas are opposite [15].

GLP-1, which is co-secreted with PYY at least
in a subpopulation of L-cells [2], shows a feeding
decrease similar to that of PYY3-36 [32] and an
additive inhibitory effect on food intake [82, 84].
GLP-1 administration determines a negative feed-
back on PYY secretion [82, 84], suggesting a com-
plex interplay between these two hormones that is
still largely unclear [32, 82, 84].

OXM is co-secreted with GLP-1 and PYY3-36
[91]. OXM administration, differently from GLP-1,
does not inhibit PYY levels [15, 91]. Few data are

available about a possible feedback system among
these peptides.

Conclusions

The intriguing complexity of the biology and
physiology of the system makes it difficult to syn-
thesise effective drugs to treat obesity and meta-
bolic syndrome and strongly suggests the need for
a multi-target approach [2, 7, 10].

Feeding behaviour, energy expenditure and body
weight are regulated by the tight interplay of sever-
al signals coming from the brain and the periphery.
Given the vital importance of these functions, this
regulatory system is characterised by an impressive
redundancy of both stimulatory and inhibitory in-
puts able to functionally replace each other.

This chapter has focused on those substances on
which enough information has been collected to hy-
pothesise future clinical implications. Nevertheless, a
much longer list of other compounds involved in the
regulation of feeding behaviour is known to basic sci-
entists working in this field, including bombesin/gas-
trin-releasing peptide1-27 [116],neurotensin [117] and
oleylethanolamide [118]; this list is likely to increase
further.
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SECTION 6
MEDICAL CAUSES OF WASTING/CACHEXIA



Insulin and Diabetes Mellitus

Energy is constantly required in human life,
whereas it is supplied only by intermittent food
intake. Therefore, food is usually ingested in
excess of the immediate caloric needs, and the
extra calories are stored in the form of hepatic
and muscle glycogen, adipose tissue triglycerides,
and to a certain extent as muscle protein. In turn,
these fuel reservoirs are broken down during star-
vation to provide energy for the body. The amount
of glycogen stored in skeletal muscle is about 
400 g (1600 Kcal), the amount of glycogen in liver
is about 75 g (300 Kcal), and the amount of
triglycerides stored in adipose tissue is about 
15 000 g (141 000 Kcal), at overnight fasting state
in healthy men.

Glucose and free fatty acids, which are stored
as glycogen and triglycerides, respectively, are the
two principal circulat ing fuels in humans.
Endogenous glucose is produced by gluconeogen-
esis in the liver and glycogenolysis not in skeletal
muscle but in the liver [1].

Energy reservoirs in humans are built up and
broken down in response to hormonal messages.
Insulin is the principal hormonal messenger and
has an anabolic effect. It is a major regulator of
glycogen storage and its most important action is
to enhance glycogen synthesis [2, 3]. In the metab-
olism of fat, insulin inhibits lipolysis and induces
the storage of triglycerides in adipose tissue [4].

Diabetes mellitus is a syndrome characterised
by chronic hyperglycaemia and disturbances of
carbohydrate, fat, and protein metabolism associ-
ated with absolute or relative deficiencies in
insulin secretion and/or insulin action. Diabetes
mellitus has been classified into four groups: type
1, type 2, other specific types, and gestational dia-
betes. Type 1 diabetes results from destruction of

the beta-cells of the pancreas, usually leading to
absolute insulin deficiency. There are two forms of
type 1 diabetes, immune-mediated diabetes and
idiopathic diabetes. Type 2 diabetes refers to indi-
viduals who have insulin resistance and, usually,
relative insulin deficiency. There are probably
many different causes of type 2 diabetes. Other
specific types of diabetes include those induced
by genetic defects of beta-cell function, genetic
defects in insulin action, diseases of the exocrine
pancreas, endocrinopathies, drug- or chemical-
induced diabetes, infections, uncommon forms of
immune-mediated diabetes, and other genetic
syndromes [5].

Whereas the metabolic disorders in type 1 dia-
betes may be explained by a lack of insulin, the
basis for the metabolic abnormalities in type 2
diabetes is unclear but may be the end result of
several defects in insulin action. Type 2 diabetes
appears to develop in patients with acquired
(diet- or obesity-related) and genetically pro-
grammed insulin resistance, when the pancreatic
beta-cells are no longer able to produce extra
insulin to counteract the effects of resistance [6].

Weight loss is one of the major symptoms of
diabetes with marked hyperglycaemia, in addition
to polyuria, polydipsia, sometimes polyphagia,
and blurred vision.

As beta-cell dysfunction progresses, plasma
glucose levels increase even in the fasted state
because of increased hepatic glucose production.
With more severe insulin deficiency, plasma free
fatty acid levels increase as a consequence of
enhanced lipolysis. The most extreme form of
poorly controlled diabetes mellitus is diabetic
ketoacidosis. The combined effects of the insulin
deficiency and the increase in the levels of count-
er-insulin hormones result in an increase in the
break down of glycogen, triglycerides, and protein
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beyond the fuel needs of the patient. Furthermore,
the ability of peripheral tissues to utilise glucose
and ketone bodies is impaired. Therefore, large
quantities of these fuels are lost in the urine,
resulting in weight loss in diabetic patients.

Energy Expenditure in Diabetes Mellitus

Urinary glucose loss may be a more important
cause of negative energy balance and weight loss
in diabetic patients. However, the basal metabolic
rate (BMR) of diabetic patients without glycosuria
is higher than that of normal subjects. Increased
resting energy expenditure may be another mech-
anism contributing to weight loss in diabetic sub-
jects, in addition to caloric losses due to glyco-
suria.

The basal energy expenditure of type 1 
diabetic patients (2042 Kcal/24 h) was found 
to be significantly higher than that of control sub-
jects (1774 Kcal/24 h), and intravenous insulin
treatment significantly reduced energy expendi-
ture to 1728 Kcal/24 h, which matched predicted
values [7].

The basal energy expenditure of obese subjects
with type 2 diabetes was also found to be higher
than that of obese subjects with normal glucose
tolerance. The mean resting metabolic rate (RMR)
of diabetic subjects (32.9 Kcal/day/kg fat-free
mass) was 5% higher than that of nondiabetic sub-
jects (31.4 Kcal/day/kg fat-free mass). A 5% higher
resting energy expenditure can result in a net daily
caloric deficit of about 100 Kcal/day, or 3 000
Kcal/month [8]. However, resting energy expendi-
ture accounts for only about 70% of the 24-h ener-
gy expenditure, which includes other factors, such
as the thermic effect of food and exercise.
Fontvieille et al. [9] reported that 24-h energy
expenditure, BMR, and sleeping metabolic rate
were significantly higher in diabetic patients than
in control subjects. Spontaneous physical activity
was similar in both group whereas the thermic
effect of food was significantly lower in type 2 dia-
betic patients. Adjusted values of 24-h energy
expenditure, BMR, and sleeping metabolic rate
were correlated with endogenous glucose produc-
tion in the liver.

Fasting blood glucose levels are increased as a
consequence of increased hepatic glucose produc-
tion [10], which is primarily due to an increased
rate of gluconeogenesis [11]. The production of
glucose by gluconeogenesis is an energy-
expensive process, since the production of 1 mol
glucose from py ruvate requires 6 mol ATP.
Therefore, increased gluconeogenesis could easily
contribute to the increase in energy expenditure
observed in diabetic patients [12, 13].

Lipid oxidation was also increased in type 2
diabetic patients compared with control subjects
and decreased significantly after insulin therapy.
The rate of lipid oxidation correlated positively
with BMR both in type 2 diabetic patients and in
control subjects. These data demonstrate that
BMR, rate of hepatic glucose production, and lipid
oxidation are interrelated in type 2 diabetic
patients [14]. Increased basal and sleeping meta-
bolic rates resulting in an increased 24-h sedentary
energy expenditure may thus play a role in the
weight loss so often observed in type 2 diabetic
subjects in addition to the energy loss from glyco-
suria.

Protein Metabolism in Diabetes Mellitus

Proteins are one of the major body fuels; however,
despite the large size of the protein pool, only
about 15–20% of daily calorie consumption is
accounted for by protein oxidation, while fat
accounts for about 30% and carbohydrates for 50%
or more. There is no ‘storage’ form for amino acids
– in contrast to glycogen and triglycerides, which
are the storage forms for glucose and free fatty
acids, respectively. Body proteins are not a fuel
reservoir in themselves; instead, protein molecules
have specific roles in maintaining organ structure
and function. Both the synthesis and the degrada-
tion of proteins are metabolically expensive rela-
tive to other fuels, i.e. glycogen and triglycerides.
Glycogen synthesis requires 3 ATP per glucose
added, and one of these ATP is recovered during
glycogenolysis. Triglycerides synthesis requires
only 2 ATP per fatty acid molecule added.
Formation of just one peptide bound requires at
least four high-energy phosphates that are not
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recovered when a protein is subsequently degrad-
ed to its constituent amino acids. Furthermore, the
degradation process itself requires energy. Thus,
on the basis of energy cost to move one unit of
monomer into and out of a protein, glycogen, or
triglyceride, the flux of amino acids into a protein
requires the most energy [15].

Animal and in vitro studies have shown that
insulin inhibits muscle protein breakdown and
enhances protein synthesis [16, 17].

The results of studies performed in humans do
not always agree with those conducted in vitro
and in vivo in animals. In human studies, whole-
body protein synthesis is estimated by measuring
the nonoxidative disposal of branched-chain,
essential amino acids during the primed constant
infusion of [1–13C]Leu or [1–14C]Leu. Protein
breakdown is usually estimated from the release
into plasma of essential amino acids, such as
leucine or phenylalanine, while net protein loss is
determined from the irreversible loss of any
essential amino acid that occurred by oxidation or
hydroxylation. Increased rates of leucine flux were
found in type 1 diabetic patients, indicating
increased protein breakdown. Leucine oxidation
also increased, suggesting increased net protein
loss. In contrast, the rate of non-oxidised leucine
disposal, i.e. the fraction of leucine entering pro-
tein, was either normal or increased, but not
decreased [18–22]. The anabolic effect of insulin
in type 1 diabetic patient is mediated via the
reduct ion of proteolysis rather than by an
increase in protein synthesis [23, 24].

Protein metabolism differs in peripheral tissue
and in splanchnic tissue in diabetics. Insulin defi-
ciency resulted in a net negative leucine and pro-
tein balance as measured in the human leg. Leg
protein breakdown was increased, whereas pro-
tein synthesis was not decreased. In contrast, net
protein balance was positive across the splanchnic
area, because proteins synthesis was increased,
whereas protein breakdown was unchanged [25].
Protein metabolism within the splanchnic area is
further complicated by the different response of
two liver-secreted proteins, albumin and fibrino-
gen, to insulin deficiency and reinfusion. In type 1
diabetic subjects, insulin deficiency reduced the
albumin fractional synthetic rate, whereas that of

fibrinogen was increased [26, 27].
The role of insulin in protein metabolism in

type 2 diabetes remains uncertain. The flux of
essential amino acids (leucine and phenylalanine)
in normal-weight or moderately obese type 2 dia-
betic patients has been found to be normal, indi-
cating no alteration in endogenous protein break-
down. In addition, no resistance to insulin with
respect to amino acid kinetics has been shown in
type 2 diabetic patients, although under basal
conditions these patients were found to be rela-
tively unresponsive to insulin [28, 29]. In contrast,
Gougeon et al. recently reported that protein
metabolism was accelerated in moderately hyper-
glycaemic obese diabetic subjects when compared
with an obese control group during a weight-
maintaining diet. The administration of oral
hypoglycaemic agents during an isoenergetic diet
corrected protein turnover in relation to gly-
caemia [30, 31].

As part of its function as an anabolic hor-
mone, insulin has a profound effect on protein
turnover through its dual role as a stimulator of
protein synthesis and an inhibitor of protein
degradation. Protein turnover is dramatically
turned to catabolism following either total or
marked insulin withdrawal in type 1 diabetes mel-
litus, when total body protein is lost, which is par-
ticularly evident as muscle wasting.

Diabetes Mellitus Linked to Malnutrition, Fat
Loss, and Cachexia

Malnutrition-Related Pancreatic Diabetes Mellitus

In tropical countries, there is another type of dia-
betes with many atypical clinical features. Hugh-
Jones, in Jamaica, described the features of this
type of diabetes and named it type J diabetes [32].
The features of this type include early-age onset
of diabetes, a lack of ketosis, a relatively large
insulin requirement, and lean body. Although
many variants have been reported, the common
features of this type of diabetes are malnutrition
and protein deficiency.

In 1985, a World Health Organisation study
group identified two main subgroups of pancreat-
ic diabetes: protein-deficient diabetes mellitus
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(PDDM), and fibrocalculous pancreatic diabetes
(FCPD). In patients with the latter, there was no
history of alcohol, biliary disease, or other known
cause of pancreatitis. Clinically, malnutrition-
related diabetes differs from chronic alcoholic
pancreatit is in several respects. The disease
occurs at an earlier age (usually before age 30)
and is related to malnutrition, particularly in
childhood. The pancreatitis is progressive and
may eventually involve the entire pancreas.

A cross-sectional study showed that the beta-
cell loss in FCPD was related to the exocrine loss,
which suggested that FCPD is secondary to pan-
creatitis or that a common factor acts simultane-
ously on both components [33]. This type of dia-
betes is now classified as fibrocalculous pancre-
atopathy in diseases of the exocrine pancreas [5].

Although many theories relating malnutrition
to diabetes have been proposed, none of them has
been proven yet. Protein deficiency might make
beta-cells susceptible to damage by toxic, viral, or
autoimmune factors.

Lipodystrophic Syndrome

Diabetes with lipodystrophy comprises a hetero-
geneous group of rare syndromes characterised
by insulin-resistant diabetes mellitus associated
with an absence of subcutaneous adipose tissue.

Several types of lipodystrophy have been
reported and are distinguished according to mode
of inheritance, and extent and regional distribu-
tion of fat loss. Patients with congenital lipoat-
rophic diabetes demonstrate insulin resistance,
elevated BMR, and hepatomegaly. The absence of
subcutaneous fat is  noted in early infancy,
although the diabetes typically appears later, with
a mean onset at 12 years. In acquired generalised
lipodystrophy, clinical diabetes typically follows
the onset of lipoatrophy by an average of 4 years.
Although acquired lipodystrophy in human
immunodeficiency virus (HIV)-infected patients
is the most prevalent type of lipodystrophy, the
development of hyperglycaemia appears to be
uncommon [34].

The mechanisms of insulin resistance and
metabolic complications in patients with lipodys-
trophies are unclear. These features are observed

in patients with various types of lipodystrophy
and in several animal models. Since the extent of
fat loss determines the severity of the complica-
tions, a common mechanism seems likely. Only
limited quantities of triglycerides can be stored in
unaffected fat depots in patients with marked fat
loss. Excess triglycerides may then accumulate in
the liver and skeletal muscles, contributing to
insulin resistance. Although hyperinsulinaemia
may initially compensate for insulin resistance
and maintain euglycaemia, gradual progression of
beta-cell dysfunction can lead to overt hypergly-
caemia [35].

Recently, Oral et al. [36] reported that treat-
ment with recombinant leptin was safe and effec-
tive in the treatment of lipodystrophy. Fasting
blood glucose and glycosylated haemoglobin val-
ues decreased markedly after 4 months of therapy
in the eight patients with diabetes, and serum
triglyceride levels declined in all nine with lipody-
strophies. Leptin therapy appeared to reduce
hepatic steatosis, decrease intramyocellular lipid
contents, and improve insulin sensitivity [37, 38].

Diabetic Neuropathy and Digestive System Dysfunction

Dysfunction of the digestive system in diabetic sub-
jects usually results from complications associated
with the disease. Neuropathies are also a common
complication of diabetes, with the prevalence after
diagnosis approaching 50% at 25 years. Diabetic
enteric neuropathy plays an important role in many
gastrointestinal abnormalities. The symptoms of
nausea and vomiting in diabetic patients may be
due to diabetic gastroparesis, which is associated
with delayed gastric emptying of foods.
Metoclopramide, domperidone, cisapride, and
motilin agonists such as erythromycin derivatives
are thought to be useful for treatment of diabetic
gastroparesis [39–43]. Diabetic diarrhoea is a clini-
cal syndrome of unexplained diarrhoea in patients
with insulin-dependent diabetes mellitus [44]. As
almost patients with this disorder have both
peripheral and autonomic neuropathy, autonomic
neuropathy is thought to be a plausible cause.

Diabetic neuropathic cachexia is a much rarer
form of peripheral neuropathy and is charac-
terised by profound weight loss, painful dysaes-
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thesias over the limbs and trunk with sponta-
neous resolution usually occurring within a year.
In 1974, Ellenberg reported on six patients with
diabetic neuropathy who complained of profound
weight loss and severe neuropathic pain. These
patients were all males, chiefly in the sixth decade
of life, had bilateral symmetrical peripheral neu-
ropathy, severe emotional disturbance, anorexia,
impotence, mild diabetes, simultaneous onset of
neuropathy and diabetes, the absence of other
specific diabetic complications, and a uniformly
spontaneous recovery in about 1 year. Neurologic
examination revealed severe muscle wasting and
atrophy in all patients. Motor nerve conduction
velocity studies and electromyographic studies
corroborated the presence of neuropathy in all
cases. Biopsies of muscle and nerve showed neu-
rogenic atrophy in muscle and marked involve-
ment of the nerves, with decrease of axon fibres.
Ellenberg coined the term ‘diabetic neuropathic

cachexia’ to describe this syndrome [45]. Several
cases including female patients, type 1 diabetic
patients, and a patient with recurrent episodes
have since been reported [46–51].

Notable weight loss of as much as 60% of total
body weight is a constant feature in this syn-
drome. Weight loss occurs rapidly, usually over a
period of 3–6 months, and is generally not related
to the control of the diabetes mellitus. The cause
of diabet ic neuropathic cachexia remains
unknown, and treatment is primarily supportive
and symptomatic. Gade et al. [52] reported that
combination therapy with amitriptyline and
fluphenazine was effective for neuropathic pain.
Some cases of diabetic neuropathic cachexia
appeared to be associated with malabsorption,
which may be due to pancreatic dysfunction.
Intensive enteral nutritional support and pancre-
atic supplement may be useful for the manage-
ment of these patients [53, 54].
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Introduction

Body weight is determined by the complex inter-
action of caloric intake, absorption and utilisation
of nutrients. Multiple factors (age, health status,
neural, hormonal and metabolic influences, and
medications) influence this interaction. The major
site of this integration is represented by the hypo-
thalamic area, where complex and specific neural
circuits receive feedback from peripheral signals
and coordinate the response in terms of stimula-
tion or inhibition of food intake and energy bal-
ance [1–3]. Among these peripheral signals, the
adipocyte-derived hormone leptin informs the
brain regarding the need to inhibit food intake
and limit fat accumulation [4, 5]. In contrast, the
gastric hormone ghrelin (see chapter by Broglio et
al.) induces a sensation of hunger and is involved
in energy homeostasis by inducing the storage of
fat in adipose tissue [6].

Body weight is regulated within a narrow, indi-
vidualised range, the level of which is determined
by a combination of genetic, hormonal, and envi-
ronmental factors. Among the most compelling
data demonstrating this regulation is the observa-
tion that people in western countries show little
weight gain per year during most of their lives [3],
despite the day-to-day energy imbalances charac-
teristic of most humans. Thus, cumulative energy
intake and expenditure are precisely matched over
long periods of time. Generally, among healthy
people, total body weight tends to peak in the fifth
to sixth decade of life. Once peak weight has been
reached, there is relative stability, with longitudi-
nal studies demonstrating a decrease of only 1–2
kg per decade thereafter [7, 8].

Clinically important weight loss can be defined
as the loss of 4.5 kg, or more than 5% of the usual
body weight over a period of 6–12 months. Weight

loss greater than 10% is considered to represent
protein-energy malnutrition, which is associated
with impaired cell-mediated and humoral immu-
nity. Weight loss greater than 20% implies severe
protein-energy malnutrition and is associated
with severe organ dysfunctions [8].

Weight loss may be characterised by the
decrease in lean body mass relative to body fat.
Excessive loss of lean body mass results in skeletal-
and cardiac-muscle wasting and loss of visceral
proteins [9]. As a cumulative effect, low body weight
and weight loss are powerful predictors of morbidi-
ty and mortality [10–12].

Unintentional weight loss is a non-specific
finding that can be associated with a great num-
ber of pathological conditions [8]. The aetiology
can be multifactorial or sometimes idiopathic. It
is encountered frequently in clinical practice and
is found in up to 12% of elderly outpatients and
50–60% of nursing-home residents [8]. Some
patients may be undisturbed by their weight loss,
some may welcome it or attribute it to their own
change of eat ing style. Part icularly, elderly
patients often do not pay attention to a change in
weight until it becomes serious. Therefore, regu-
lar control and monitoring of body weight is an
important strategy in any primary-care practice.

Among the organic aetiologies most common-
ly identified in patients with unintentional weight
loss, endocrine disorders follow, in order of fre-
quency, cancer and gastroenterological disorders
[8]. Diabetes mellitus and thyroid disorders are
the most common endocrinopathies that cause
weight loss. Less common disorders inducing
weight loss are adrenal hypofunction, pheocromo-
cytoma, pituitary disorders, and hormonal secre-
tion of neoplastic origin such as neuroendocrine
tumours. In this chapter, we will not discuss dia-
betes mellitus as a cause of weight loss as it is cov-
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ered in Chapter 6.1.
When dealing with endocrine disorders and

weight loss, it must be considered that weight loss
per se is associated with important endocrine
consequences, including hypothyroidism, hypogo-
nadism (with amenorrhoea in women), hypercor-
tisolism, and exaggerated spontaneous growth
hormone (GH) secretion with reduced insulin-like
growth factor (IGF)-1 levels [13–15]. Weight loss
and wasting syndrome associated with critical ill-
ness have also been extensively investigated in
recent years, and several studies indicate that a
reduced function of hypothalamus-pituitary-
adrenal axis activity following critical illness, such
as sepsis or trauma, may impair survival in criti-
cally ill patients [16, 17]. Thus, there is a close and
reciprocal link between endocrinological disor-
ders and weight loss that must always be consid-
ered in the presence of acute or chronic weight-
loss-associated conditions.

Thyroid Disorders

Thyrotoxicosis

The term thyrotoxicosis (TS) refers to the bio-
chemical and physiological manifestations of
excessive quantities of thyroid hormones. TS may
be due to sustained hormone overproduction
(hyperthyroidism) or to excessive circulating hor-
mone levels not associated with hyperthyroidism
(Table 1). The effects of TS on the major organ
systems are the same regardless of the underlying
origin, and weight loss is a common feature in the
presence of intermediate and severe TS.

Weight loss is a common manifestation of
hyperthyroidism and is present in about 90% of
such patients (Table 2). TS-induced weight loss is
the result of the effects of thyroid hormones on
different organs and on metabolism, particularly
on the cardiovascular system, the sympathetic
nervous system, the alimentary system, muscle,
and energy metabolism [18]. Interestingly, a direct
effect of thyroid hormones on adipocy tes is
unknown, while an indirect effect mediated by
catecholamines has been identified. In fact, by
affecting local norepinephrine (NE) levels and
adrenergic postreceptor signalling, thyroid hor-
mones may influence the lipolysis rate in abdomi-
nal subcutaneous (sc) adipose tissue [19].

In patients with TS, weight loss is commonly
associated with increased appetite [20, 21]. The
increased food intake is, however, usually inade-
quate to balance the increased caloric require-
ments and weight is lost at a variable rate. In the
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Table 1. Classification of thyrotoxicosis

Associated with hyperthyroidism
Graves’ disease
Toxic multinodular goitre
Toxic adenoma
Iodine-induced increased TSH secretion
Trophoblastic tumour

Not associated with hyperthyroidism
Thyrotoxicosis factitia
Chronic thyroiditis
Subacute thyroiditis
Ectopic thyroid tissue (struma ovarii, metastatic 
thyroid cancer)

Table 2. Symptoms of thyrotoxicosis

Symptom % Symptom %

Nervousness 99 Increased appetite 65
Sweating 91 Visual disturbances 50
Hypersensitivity to heat 89 Diarrhoea 25–30
Tachycardia 85 Anorexia 10
Fatigue 88 Constipation < 5
Weight loss 85 Weight gain 1–2
Dyspnoea 75
Weakness 70



occasional, usually younger patient with mild dis-
ease, weight gain may occur when caloric intake
exceeds metabolic demand [18]. Anorexia, rather
than hyperphagia, occurs in about one-third of
elderly TS patients and contributes to the picture
of apathetic TS [22].

Although appetite and food intake are gener-
ally increased in patients with TS, ghrelin levels,
unexpectedly, are reduced and can be normalised
by medical antithyroid treatment. This indicates
that circulating ghrelin is not the mediator of the
hyperphagia associated with hyperthyroidism
[23].

The increased appetite is associated with
increased intestinal motility. Diarrhoea is, howev-
er, uncommon, while increased gastric emptying
and intestinal motility can be responsible for
slight fat malabsorption, which is reversed after
recovery and thyroid hormones normalisation.

Celiac disease may occur more frequently in
patients with autoimmune thyroid disease and
represents an associated cause of malabsorption
and weight loss [24]. Recent evidence suggests
that the association between autoimmune thyroid
diseases and celiac disease is quite similar to that
between diabetes mellitus type 1 and celiac dis-
ease [24]. In an earlier series, about 5% of patients
with celiac disease were found to suffer from
hyper- or hypothyroidism even though the per-
centages are highly variable, with clinical hyper-
thyroidism in celiac disease ranging from 0% up
to 7% in different studies [24]. Moreover, gastric
achlorydria and autoantibodies against gastric
parietal cells are detectable in about one-third of
patients with Graves’ disease [18, 24]. Hepatic dys-
function also occurs, particularly when TS is
severe; hypoproteinaemia and increase of AST
and ALP may be present [18].

Generally, TS-induced weight loss is promptly
reversed after therapy is started and euthyroidism
is reached.

Effects on Metabolism and Energy Expenditure

As already mentioned, most of the effects of thy-
roid hormones (TH) are exerted on energy metab-
olism, including protein, carbohydrate, and lipid

metabolism [18]. The st imulation of energy
metabolism and heat production is reflected by
the increased basal metabolic rate (BMR),
increased appetite, heat intolerance and slightly
elevated basal body temperature that occur during
TS. Despite the increased food intake, a state of
chronic caloric and nutritional inadequacy often
ensues, depending on the degree of the
TS–induced increase of metabolism.

Both the synthesis and the degradation of pro-
teins are increased, the latter to a greater extent
than the former, with the result that there is a net
decrease in tissue proteins, as indicated by nega-
tive nitrogen balance, weight loss, muscle wasting,
weakness, and mild hypoalbuminaemia [18].

As regards glucose metabolism, increased
insulin resistance is common in TS and pre-existing
diabetes is commonly aggravated by TS.

Both the synthesis and the degradation of
triglycerides and cholesterol are increased in TS,
but the net effect is one of lipid degradation, as
reflected by an increase in the plasma concentra-
tions of free fatty acids and glycerol, and the
decrease of serum cholesterol level. Serum triglyc-
eride levels are usually slightly decreased [18].

Effects on Adipose Tissue

Thyroid hormones play a major role in lipid
metabolism; however, whether they directly affect
lipolysis locally in the adipose tissue remains
unknown. It has been shown that TH may influ-
ence the lipolysis rate in the abdominal sc adipose
tissue in humans, by affecting local NE levels and
adrenergic postreceptor signalling [19].

Effects on Muscle 

The effect of TS on muscle is sometimes deleteri-
ous, with proximal muscle wasting (thyrotoxic
myopathy). Myopathy affects men with TS more
commonly than women and may overshadow the
other manifestations of TS syndrome. Fortunately,
thyrotoxic myopathy is uncommon, with weak-
ness and fatigability more common and related to
the generalised wasting associated with loss of
weight than to a true myopathy [18].

6.2 Endocrine Disorders 293



Hypothyroidism and Weight Loss

Weight loss is uncommon in hypothyroidism,
although appet ite is  usually reduced. Most
patients manifest a gain in weight due to retention
of fluid by hydrophilic glycoprotein deposits in
the tissues.

The effect of hypothy roidism on energ y
metabolism is opposite to that of hyperthyroidism
and is characterised by a general decrease of ener-
gy metabolism and heat production. This is
reflected in a reduced BMR, decreased appetite,
cold intolerance, and slightly lower basal body
temperature [18].

Some cases of weight loss associated with
hypothyroidism have been reported, most fre-
quently in elderly patients. In these cases, weight
loss can also be induced by malabsorption [18, 24]
or hypothalamic or pituitary insufficiency in the
case of central hypothyroidism. In these cases, the
hy posecret ion of TSH is accompanied by a
decrease in the secretion of other pituitary hor-
mones, with combined gonadal and corticoid
insufficiency.

Diseases of the Adrenal Gland

Diseases of the adrenal gland can affect the cortex
and/or the medulla, with different clinical pic-
tures.

The main products of the adrenal cortex, gluco-
corticoids (GC) and mineralcorticoids (MC) exert
important actions on fluid balance and metabolism.
MC regulate electrolyte transport and fluid home-
ostasis, with the main target tissues being kidney,
colon, and salivary glands. The main effects of GC
are exerted on metabolism, immunologic functions,
and musculoskeletal and connective tissues. GC also
affects behaviour as well as the gastrointestinal sys-
tem and development [25].

The adrenal medulla is composed almost
entirely of chromaffin cells, where the synthesis,
storage, and secretion of catecholamines take
place. In humans, 85% of the adrenomedullary
catecholamine store is epinephrine [26].
Catecholamines influence virtually all tissues and
many functions, depending on the interaction
between catecholamines and the surface receptors

of effector cells, α and β receptors (α1 and α2, β1,
β2, and β3). In particular, α1 receptors mediate
vasoconstriction, intestinal relaxation, uterine con-
traction, and papillary dilatation; β1 mediate
increases of heart rate and lipolysis, β2 induce
smooth muscle relaxation and increase glycogenol-
ysis in skeletal muscle, while β3 increases brown-
fat thermogenesis and lipolysis [26].

Diseases of the adrenal cortex have important
and sometimes dramatic consequences on general
metabolism and different organs and systems.
Weight loss is commonly associated with adrenal
insufficiency, although also adrenal hyperfunction
(particularly when induced by paraneoplastic
andrenocorticotropic hormone [ACTH] secretion)
may be associated with catabolic effects on mus-
cle, connective, and bone tissue with loss of body
weight mainly due to the loss of lean mass.

Among adrenal diseases inducing weight loss,
pheochromocytoma (PCC) – a tumour originat-
ing from the adrenal medulla – must also be con-
sidered, despite the fact that the clinical presenta-
tion of patients with PH mainly consists of hyper-
tension and paroxysmal attacks consequent to an
abnormal catecholamine release from the tumour.

Adrenal Insufficiency and Weight Loss

Adrenal insufficiency with subsequent weight loss
may be caused by destruction of the adrenal cor-
tex (Addison’s disease), deficient pituitary ACTH
secretion (secondary adrenal insufficiency), or
deficient hypothalamic secretion of corticotropin
releasing hormone (CRH) (tertiary adrenal insuf-
ficiency).

Primary adrenal insufficiency is infrequent
(the prevalence is 40–110 cases per 1 million
adults, and the incidence is 6 cases per 1 million
adults per year), but it causes considerable mor-
bidity and frequent mortality. In this form, adre-
nal insufficiency is characterised by symptoms of
weakness, fatigue, weight loss, and gastrointesti-
nal complaints that are, however, common to
many other disorders. For this reason, adrenal
insufficiency must be considered in their differen-
tial diagnosis [25]. The clinical presentation of
adrenal insufficiency depends on the rate and
degree of loss of adrenal function, on whether

294 Laura Gianotti, Andrea Picu, Fabio Lanfranco et al.



mineralocorticoid production is preserved (as in
the case of secondary adrenal insufficiency), and
on the degree of physiological stress. Adrenal
insufficiency is often insidious at the onset and
may go undetected until concurrent illness or
stress precipitates a crisis.

Primary adrenal insufficiency can develop as
acute adrenal insufficiency or adrenal crisis, in
which shock and gastrointestinal symptoms are
prominent, or as a slow process characterised by
weight loss (commonly associated with nausea,
vomiting, and anorexia), hyperpigmentation of the
skin and mucosae, and electrolyte disturbances.
Thus, nausea, vomiting, and a history of weight loss
and anorexia, coupled with dehydration and
hypotension represent some of the clinical features
suggesting adrenal insufficiency [25, 27].

Major clinical manifestations in patients with
primary adrenal insufficiency are listed in Table 3.

Weight loss is present in nearly al l  adult
patients. In children, the clinical presentation is
similar to that in adults, but the weight loss is not
as prominent.

Autoimmune pathogenesis accounts for
70–90% of primary adrenal insufficiency and
about 50% of patients affected have one or more
other autoimmune endocrine disorders, situation
referred to as polyglandular autoimmune syn-
drome (PGA I and II). In the more common PGA
II, primary adrenal insufficiency is the principal
manifestation. Other autoimmune manifestations
are diabetes mellitus type 1, hypoparathyroidism,
pernicious anaemia, and celiac disease. While
each of these manifestations can induce weight
loss [28, 29], the weight is rapidly recovered once
substitutive treatment is started [25].

Ectopic ACTH Syndrome and Weight Loss

Most patients affected by ectopic ACTH syndrome
have malignant tumours, half of them being
small-cell lung carcinoma. The metabolic mani-
festations appear suddenly and progress rapidly
while the typical Cushing’s habitus is absent.
Anorexia, weight loss, and anaemia are frequent
and comprise the picture of neoplastic cachexia
[30, 31].

About 20% of patients have more benign
tumours, such as bronchial, thymic, and pancreat-
ic carcinoid tumours or medullary carcinoma of
the thyroid. In these cases, the clinical manifesta-
tions may be indistinguishable from those of
patients with Cushing’s disease [30, 31].

Pheochromocytoma and Weight Loss

Pheochromocytoma is a tumour that produces cat-
echolamines and is usually derived from
adrenomedullary chromaffin cells. When it arises
from extra-adrenal chromaffin cells, the tumours
are called extra-adrenal PCC or paragangliomas.
Similar clinical manifestations may occur in other
related tumours that secrete catecholamines, such
as chemodectomas and ganglioneuromas [26, 31].
The rarity of PCCs (fewer than 1% of hypertensive
patients) should not reduce the importance of
these tumours. In fact, when diagnosed and treat-
ed, PCC is curable, while when misdiagnosed it
can be fatal. Most PCC (90%) are benign.
Occasionally PH is inherited as an autosomal
dominant trait and may be part of a multiple
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Table 3. Manifestations of primary adrenal insufficiency

Frequency (%)

Symptoms
Weakness, tiredness, fatigue 100
Anorexia 100
Gastrointestinal symptoms 92
Nausea 86
Vomiting 75
Constipation 33
Abdominal pain 31
Diarrhoea 16
Salt craving 16
Postural dizziness 12
Muscle or joint pains 6–13

Signs
Weight loss 100
Hyperpigmentation 94
Hypotension 88–94
Vitiligo 10–20
Auricular calcification 5

Laboratory findings
Hyponatraemia 88
Hyperkalaiemia 64
Anaemia 40
Eosinophilia 17



endocrine neoplasia (MEN) syndrome. PCCs occur
at any age, but the incidence increases throughout
life, in women more than in men [31, 32].

The clinical manifestations of PCC are due to
the effects of the catecholamines that are stored
and released in an uncontrolled way and in large
amounts by the tumours [32, 33]. They include:
(1) sustained hypertension resistant to conven-
tional treatment, (2) hypertensive crisis with
malignant hypertension, (3) paroxysmal attacks
suggestive of seizure disorders, anxiety attacks, or
hyperventilation. Less common manifestations are
orthostatic hypotension and shock, cardiac mani-
festations (ischaemic manifestations or cardiomy-
opathy), and metabolic manifestations, including
weight loss.

Weight loss in PCC patients is usual, although
obesity cannot exclude the diagnosis. The weight
reduction is partly due to increased metabolic
rate, excessive sweating, and heat intolerance.
Fever may also be present [31–33]. Weight loss is
sustained by an activation of lipolysis in white
adipose tissue. An activation of brown fat is also
evident in patients with PCC [34]. It is noteworthy
that, while adipose tissue constitutes the bulk of
body fat stores and primarily has as an energy
storage function, brown adipose tissue functions
principally to generate heat in humans and many
other species [34].

Gastrointestinal symptoms can also contribute
to weight loss. They include nausea, vomiting,
abdominal pain, and, occasionally, constipation or
diarrhoea. Const ipat ion may reflect direct
inhibitory effects of catecholamines on gut
smooth-muscle contraction. The so-called watery
diarrhoea, hypokalaemia, achlorydria syndrome
([WDHA], also known as Verner-Morrison syn-
drome) in patients with PCC is secondary to the
ectopic product ion of vasoact ive intest inal
polypeptide (VIP) [35]. These symptoms, includ-
ing weight loss, resolve af ter the tumour is
removed [26, 35].

Hypothalamus and Pituitary Disorders

Hypothalamic and/or pituitary disorders can
result from different kinds of lesions, most com-

monly tumours, trauma, congenital brain defects,
infections or inflammation, radiation therapy, vas-
cular damage or malformation, familiar disorders,
granulomatoses.

In addition, they can originate from the hypo-
thalamus or from suprahypothalamic structures
and secondarily cause pituitary dysfunction, or
take origin directly in the pituitary gland, most
commonly when pituitary tumours develop [36] .

Hypothalamic Diseases and Weight Loss

Besides pituitary dysfunction, diseases of the
hypothalamus can cause abnormal mental func-
tion and behavioural disorders, including hyper-
phagia which leads to marked obesity or anorexia
with weight loss [36].

Indeed, the hypothalamus is involved in the
regulation of diverse functions and behaviours –
in particular, social behaviours, sleep, sexuality,
body temperature, and eat ing patterns. The
abnormal eating pattern in subjects affected by
hypothalamic lesions include exaggerated and
uncontrolled food intake (binge eating, or bulim-
ia) or profound anorexia with cachexia, as in
Simmond’s disease [37]. These are analogous to
syndromes of hyperphagia produced in rats by
destruction of the ventromedial nucleus or of
connections to the paraventricular nucleus, while
lateral hypothalamic damage causes profound
anorexia [36].

Pituitary Disorders and Weight Loss

Hypopituitarism

Total or partial hypopituitarism may occur in
patients with pituitary adenomas, following pitu-
itary surgery or radiation, or after head injury.
Deficiency of any or all of the six major hormones
(lutheinising hormone [LH], follicle stimulating
hormone [FSH], thyroid, GH, thyroid stimulating
hormone [TSH], ACTN, and prolactin) can occur.
The most common symptom in both men and
women is secondary hypogonadism, because of
LH and FSH deficiencies or secondary to hyper-
prolactinaemia. In children, cessation of growth
and delayed puberty are common.
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Among the uncommon manifestations of ante-
rior pituitary hormone deficiency, weight loss is
associated with corticotropin deficiency. In this
case, the loss of weight is less severe and rapid
than that in primary adrenal insufficiency. Typical
symptoms and signs of hypopituitarism include
malaise, loss of energy and libido, reduced muscle
mass, and increased fat mass with weight gain,
anorexia, postural hypotension, orthostatic dizzi-
ness, and sometimes headache [36, 38].

Acromegaly

Though GH exerts a lipolytic effect, patients
affected by acromegaly generally do not show sig-
nificant weight loss. However, a decreased fat mass
has been reported [39]. The most common somat-
ic findings include acral growth (gigantism if
acromegaly has a prepubertal  onset), facial
changes, voice reduction, arthralgias, excessive
sweating, weakness, and malocclusion.
Hypertension, reduced glucose tolerance or dia-
betes mellitus, and dyslipidaemia (hy per-
trygliceridaemia) commonly occur. Although GH
exerts an anabolic effect on muscle, patients with
acromegaly often suffer from myopathy, with
muscular weakness [36].

Neuroendocrine Tumors

Neuroendocrine tumours (NET) constitute a het-
erogeneous group of neoplasms that originate
from endocrine glands, such as the pituitary,
parathyroids, and adrenals, as well as endocrine
islets within glandular tissue (thyroid or pancre-
atic) and cells dispersed between exocrine cells,
such as the endocrine cells of the digestive and
respiratory tracts [31]. NET can be divided into
four groups: (a) carcinoid tumours, (b) islet cell
tumours, (c) chromaffin cell tumours (PHs and
paragangliomas), and (d) medullary thyroid carci-
noma (MTC).

NETs can occur sporadically or in a familial
context of autosomal dominant inherited syn-
dromes, such as MEN. Most NET-predisposing
genes have been related to inactivation of tumour
growth suppressor genes, except in MEN II and in

the inherited form of MTC, which is due to domi-
nant activation of the RET proto-oncogene.

Weight loss can be one of the symptoms in the
clinical presentation of NETs [31]. It can be asso-
ciated with carcinoid tumours (particularly in
gastric carcinoids associated with the Zollinger-
Ellison syndrome, in pancreatic and pulmonary
carcinoids), in islet cell tumours (particularly in
gastrinoma, glucagonoma, VIPoma, and somato-
statinoma), and in other rare forms of islet cell
tumours, such as ACTHomas, GRFomas, and
tumours secreting calcitonin, cholecistokinin
(CCK), LH, or ghrelin [31, 40, 41].

Also in PHs and paragangliomas, as reported
(see above), weight loss is one of the common but
less characteristic symptoms of these conditions
[31–33].

The classical carcinoid syndrome that can con-
note NET is usually the consequence of a syner-
gistic interaction of tumour factors, including
5HT, kinins, kallikrein, prostaglandins, and
endocrine factors, including growth hormone-
releasing hormone (GHRH) and ACTH.

Patients with the more common classic carci-
noid syndrome usually present with flushing
(90%), diarrhoea (70%), abdominal pain (40%),
and weight loss (40%). The latter is more com-
monly a consequence of diarrhoea associated with
carcinoid syndrome or a consequence of neoplas-
tic cachexia in case of malignant or metastatic
NET [31].

Among islet cell tumours, nearly all gastrino-
mas, glucagonomas, VIPomas, and somatostatino-
mas are characterised by weight loss, which is more
dramatic in gastrinomas and glucagonomas [42].

Primary Hyperparathyroidism

Among endocrine disorders inducing weight
change, and theoretically weight loss, primary
hyperparathyroidism (PHPT) must be mentioned.
PHPT is a common endocrine disorder that pre-
dominantly affects post-menopausal women [43].
It is mostly caused by solitary adenomas of the
parathyroid gland and is characterised by hyper-
secretion of parathyroid hormone (PTH) and con-
sequently by hypercalcaemia. In addition to regu-
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lating calcium concentrations, PTH exerts meta-
bolic effects, including a stimulatory effect on
lipolysis. This effect has been demonstrated both
in animal and in human adipose tissue [44, 45].
However, PHPT is not commonly characterised by
significant weight loss and there is contrasting
evidence in the literature concerning this effect.
For instance, it has been reported that PTH excess
may promote weight gain by impeding cate-
cholamine-induced lipolysis [46]. In a study by
Grey et al., it was reported that post-menopausal
women with mild untreated PHPT are markedly
heavier than age-matched controls [47]. Thus,
PHPT cannot be definitively considered as an
endocrine cause of weight loss, although a lipolyt-
ic effect of PTH has been described.

Conclusions

Body weight is controlled by several key factors.
Since the endocrine system has a fundamental
role in controlling body weight, food intake, and
energy expenditure, when deranged, it may be
responsible for abnormal weight loss.

Thyroid, adrenal, and hypothalamic-pituitary
disorders, besides diabetes mellitus, are the most
common endocrine causes of weight loss. Among
them, hyperthyroidism is one of the most com-
mon causes of unintentional weight loss.

A rationale stepwise approach to patients pre-
senting with unintentional weight loss should
always include a thyroid function study. A basal
evaluation of adrenal and pituitary function
should be considered on the basis of the patient
history and physical examination.
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Introduction

Changes in appetite and weight loss are common-
ly occurring symptoms in various psychiatric dis-
eases; however, it is clear that a disturbance of
appetite is a cardinal feature of depressive disor-
ders. There is a large amount of data available
about the epidemiology, phenomenology, associ-
ated neurobiological findings, and pharmacologi-
cal interventions that bear on the links between
mood disorders and appetite. The findings may
ultimately contribute to our understanding of
appetite regulation per se.

Many investigators have considered the possi-
bility that a disturbance in mood is secondary to
eating disorders, such as anorexia nervosa, both at
presentation and after variable periods of follow-
up [1]. This may involve the somatic effects of low
weight and it has been claimed that the depressive
symptoms are largely secondary to the severe
weight loss [2].

Weight loss, a condition of wasting, and even
starvation may be found in some forms of psy-
chotic depression or delusional disorders, such as
Cotard’s syndrome.

Nutritional status is one of the biological risk
factors for late life depression [3]. Moreover, an
association of depression with malnutrition is
common in chronic haemodialysis patients [4]
and in those with Alzheimer’s disease [5].

It is noteworthy that in all these psychiatric
conditions weight loss is not always associated
with a reduction in appetite; body weight may be
related to a level of neuroticism without showing
any relationship to one or several symptoms or to
the overall intensity of the disease.

Depression

Disturbances in appetite are reported by 77–90%
of all  depressed pat ients. Among depressed
patients with symptoms of appetite disturbance,
about four out of five will have a decrease in
appetite and one out of five an increase, a rela-
tionship that appears to be constant across cul-
tures. In particular, patients with melancholic fea-
tures are characterised by significant anorexia or
weight loss and those with atypical features by
significant weight gain or increase in appetite [6].
Several scales that are used to rate depression (e.g.
Hamilton depression rating scale, Newcastle scale,
Beck depression inventory) contain items related
to appetite and weight changes.

The neurochemical and neurophysiological
mechanisms that regulate appetite may be closely
linked to some forms of depression. Increased
serotoninergic activity is generally associated
with decreased food intake, whereas norepineph-
rine reduces satiety. Part of the discrepancy
between the role of 5-HT in appetite regulation
and the hyposerotonin hypothesis of depression
may be due to incomplete knowledge of the com-
plex ways in which 5-HT modulates food intake.
One possible explanation is that increased stimu-
lation of the 5-HT1A autoreceptor causes appetite
loss during depression by ultimately decreasing
serotoninergic neurotransmission.

Item 12 of the Hamilton depression rating
scale records appetite disturbances and considers
different gastrointestinal symptoms, such as con-
stipation, diarrhoea, or a heavy feeling in the
abdomen, as a whole. Nonetheless, simple selec-
tion according to this item leads to a subgroup of
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untreated depressed patients with or without gas-
trointestinal symptoms. In a recent study [7], the
authors compared platelet 5-HT concentration
and apparent kinetic parameters of 5-HT uptake
in these two subgroups in order to test the
hypothesis that platelet serotonergic parameters
are affected by certain somatic symptoms of
major depression. The results could provide
important information, because 5-HT in the gut
seems to be a mucosal transmitter that stimulates
sensory nerves and initiates peristaltic and secre-
tory reflexes [8]. Based on findings that 5HT
knock-out mice (lack of serotonin transporter)
show an increase in intestinal motility (diarrhoea)
along with episodes of decreased motility (consti-
pation) [9], the same authors suggested that the
low apparent Vmax of platelet 5-HT uptake reflects
low expression of the 5-HT transporter not only
in platelets, but also in the gut mucosa and enteric
serotoninergic neurons, which probably increase
the risk of typical gastrointestinal symptoms, such
as appetite loss and nausea, occurring in some
depressed patients.

The evidence that depression is frequently
associated with poor oral intake involves both
central and peripheral mechanisms. The increased
feelings of satiety appears to arise from signals in
the stomach, but is also related to changes in the
central feeding drive, in particular a decrease in
the opioid rewarding properties for fatty food
[10]. Clinical and experimental studies on animals
indicate that depression is associated w ith
increased plasma cytokine acute-phase protein
concentration and hypothalamic-pituitary-adre-
nal axis (HPA) act ivat ion [11]. Increased
cytokines may further exacerbate the anorexia
seen in late-life depression, especially in patients
on long-term haemodialysis, in whom depression,
strictly related to nutritional status, is the most
common psychological complication and could be
an independent mortality risk factor [4].

It is often difficult to determine whether cer-
tain sy mptoms (e.g . weight loss, insomnia,
fatigue) represent a mood disturbance or are a
direct manifestation of a general medical condi-
tion (e.g. cancer, stroke, myocardial infarction,
diabetes). A variety of general medical conditions
may cause mood symptoms. These conditions

include degenerative neurological illnesses (e.g.
Parkinson and Huntington diseases), stroke,
metabolic conditions (e.g. vitamin B12 deficien-
cy), endocrine condit ions (e.g . hy per- and
hypothyroidism, hyper- and hypoadrenocorti-
cism), autoimmune conditions (e.g. systemic
lupus erythematosus), viral or other infections
(e.g. hepatitis, mononucleosis, human immunode-
ficiency virus), and certain cancers (e.g. carcino-
ma of the pancreas). The associated physical
examination findings, laboratory findings, and
pattern of prevalence or onset reflect the aetiolog-
ical general medical condition, the management
of which is more complex and the prognosis less
favourable if major depressive disorder is present.

Alzheimer’s Disease

Weight loss is common in elderly people with
dementia, particularly those with Alzheimer’s dis-
ease (AD), and feeding difficulties are major
issues in their care in the later stages of the dis-
ease. The aetiology is still uncertain and appears
multifactorial. Hypotheses to explain the weight
loss have been suggested (e.g. atrophy of the
mesial temporal cortex, biological disturbances,
and higher energy expenditure), but none has
been proven. More than half of the AD patients of
one recent study [5] developed body-weight loss;
overall, the AD patients were significantly thinner
than non-demented subjects. Anthropometric and
laboratory measures suggested a poorer nutri-
tional status and fewer daily physical activities in
AD pat ients. While most of them had poor
appetite, their daily calorie intake was not signifi-
cantly different from that of the control group. In
fact, patients with body weight loss consumed
more calories per body weight kilogram per day.
In the food composition analysis, AD patients
consumed more carbohydrates than controls. The
authors concluded that the pathophysiological
process in AD gives rise to changes of appetite
and metabolic state in AD patients, and that these
changes contribute to weight loss.

In another longitudinal study [12], the authors
studied the changes in nutritional variables in a
cohort of patients with a probable diagnosis of
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AD. All subjects were submitted to nutritional,
neuropsychological, and functional evaluation.
The results showed that only the interview and the
checklist that explored caregiver burden predicted
weight loss in AD patients, suggesting the possi-
bility that caregivers who consider themselves
overburdened by the disease process are not will-
ing to invest adequate resources to allow AD
patients to properly nourish themselves.

Clinical observation, among AD patients, of
periods of weight gain, periods of acute weight
loss, and greater fluctuations in weight suggest
that the natural history of weight change in AD
may be characterised by dysfunction in body
weight regulation. However, it remains a funda-
mental concept that a nutritional education pro-
gram for caregivers of AD patients is the best way
to prevent weight loss and improve the nutritional
status of these patients.

Cotard’s Syndrome

This clinical condition was first described by Jules
Cotard, in 1880, as a type of severe and agitated
melancholia, in which the prevailing symptom is
delire de negation (nihilistic delusion). In its com-
plete form, this symptom leads the patient to deny
his own existence and that of the external world.
Cotard described  various degrees of severity
from mild states characterised by feelings of
despair and self-loathing, to severe forms of the
disorder in which the sufferer experiences a feel-
ing of change both inside and outside himself, to
the most severe type of all in which denial of the
very existence of oneself occurs. Simultaneously,
ideas of subjective negation may lead the patient
to deny the existence of parts of his body or their
functions.

Cotard’s syndrome may be seen as a separate
clinical entity but it may occur in a variety of
mental illnesses, especially depressive disorders.
In an analysis of 100 patients with Cotard’s syn-
drome, depression was present in 89% of subjects
[13]; the most common nihilistic delusions con-
cerned the body (86%) and existence (69%).
Anxiety (65%) and guilt (63%) were also com-
mon, followed by hypochondriacal delusion (58%)

and delusion of immortality (55%). Other psychi-
atric symptoms associated with nihilistic delusion
are: paranoia, guilt, fear of demonic possession,
auditory hallucinations, delusion of omnipotence,
and suicidal complex. Somatisation includes:
hyperkinesias, muscular rigidity, and alternating
retention of urine and faeces and incontinence.
Some patients with Cotard’s syndrome reportedly
refused to eat or drink, claiming that their mus-
cles and nerves were not cooperating. These
patients improved dramatically after electroshock
therapy, which may be one of the best treatments
for the depressive type of Cotard’s syndrome.

Anorexia Nervosa

Anorexia nervosa (AN) is characterised by a
deliberate reduction of food intake in order to
achieve an ‘ideal’ body weight and due to constant
fear of getting fat. People affected by this disorder
are constantly concerned with their body weight;
they try to reduce their body size and do not con-
sider their weight loss as abnormal. AN patients
have an altered way of experiencing their own
body; they ‘feel they are fat,’ even though they are
underweight, and believe that some parts of their
body are ‘too fat,’ even if they are objectively
underweight. Table 1 lists the main criteria for the
diagnosis of AN.
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Table 1. Diagnostic criteria for anorexia nervosa (DSM-IV)

A. Refusal to maintain body weight at or above a mini-
mally normal weight for age and height (e.g. weight
loss leading to maintenance of body weight less than
85% of that expected, or failure to make expected
weight gain during a period of growth, leading to body
weight less than 85% of that expected)

B. Intense fear of gaining weight or becoming fat, even
though underweight

C. Disturbance in the way in which one’s body weight or
shape is experienced, undue influence of body weight
or shape on self-evaluation, or denial of the seriou-
sness of the current low body weight

D. In postmenarcheal females, amenorrhoea, i.e., the
absence of at least three consecutive menstrual cycles.
(A woman is considered to have amenorrhoea if her
periods occur only following hormone, e.g. oestrogen,
administration)



In the restricting type of AN, the affected per-
son has not regularly engaged in binge eating or
purging behaviour during his or her act ive
episode of the disease (i.e. self-induced vomiting
or the misuse of laxatives, diuretics, or enemas).
By contrast, in the binge-eating/purging type of
AN, the affected person has regularly engaged in
binge eating or purging behaviour (i.e. self-
induced vomiting or the misuse of laxatives,
diuretics, or enemas).

Prevalence studies among females in late ado-
lescence and early adulthood (between age 13 and
18) have found rates of 0.5–1%; more than 95% of
cases occur in females.

The course and outcome are highly variable.
Some individuals recover fully after a single
episode, some exhibit a fluctuating pattern of
weight gain followed by relapse, others experience
a chronically deteriorating course of illness over
many years.

The most obvious finding on physical exami-
nation is emaciation, hypotension, hypothermia,
and dryness of skin.

Hospitalisation may be required to restore

weight and to address fluid and electrolyte imbal-
ances. The most serious and frequently docu-
mented is potassium loss, due to self-induced
vomit ing and diuret ic or laxat ive abuse.
Hypokalaemia can result in cardiac symptoms,
specifically, arrhythmias and EKG abnormalities.
Low serum magnesium levels are also common
and correlate with muscular weakness, dimin-
ished concentration, muscular cramping, paraes-
thesias, arrhythmias, and recent memory loss.

Amenorrhoea is a classic feature of AN and is
considered to be not only a result of caloric restric-
tion and weight loss, but also a dysfunction of the
hypothalamic-pituitary-gonadal (HPG) system. Sus-
tained elevations of cortisol levels and subnormal
triiodothyronine (T3) have been documented in AN
patients in multiple studies. For a more extensive
discussion, see the review by Lyn [15].

AN has the highest mortality of any psychiatric
diagnosis, estimated at 10% and occurring within 10
years of diagnosis. It is the leading cause of death in
young females 15–24 years of age. Death is most of-
ten due to suicide, infection, or the effects of chron-
ic starvation or electrolyte imbalance.

304 Adelio Lucca, Enrico Smeraldi

References

1. Ivarsson T, Rastam M, Wentz E et al (2000) Depressi-
ve disorders in teenage-onset anorexia nervosa: a con-
trolled longitudinal, partly-community-based study.
Compr Psychiatry 41:398–403

2. Cooper Z (1995) The development and maintenance
of eating disorders. In: Brownell KD, Fairburn CG (ed)
Eating disorders and obesity. The Guilford Press, New
York, pp 199–206

3. Tiemeier H (2003) Biological risk factors for late life
depression. Eur J Epidemiol 18:745–750

4. Koo JR, Yoon JW, Kim SG et al (2003) Association of
depression with malnutrition in chronic hemodialy-
sis patient. Am J Kidney Dis 41:1037–1042

5. Wang PN,Yang CL,Lin KN et al (2004) Weight loss,nu-
tritional status and physical activity in patients with
Alzheimer’s Disease: a controlled study. J Neurol
251:314–320

6. Anonymous (1994) American Psychiatric Association.
Diagnostic and statistical manual of mental disor-
ders, DSM-IV.American Psychiatric Association,Was-
hington DC

7. Franke L, Schewe HJ, Uebelhack R et al (2003) Plate-
let-5HT uptake and gastrointestinal symptoms in pa-
tients suffering from major depression. Life Sci
74:521–531

8. Gershon MD (1999) Review article: roles played by 5-

hydroxytryptamine in the physiology of the bowel.
Aliment Pharmacol Ther 13(Suppl 2):15–30

9. Chen JJ, Li Z, Pan H et al (2001) Maintenance of sero-
tonin in the intestinal mucosa and ganglia of mice
that lack the high-affinity serotonin transporter: ab-
normal intestinal motility and the expression of cation
transporters. J Neurosci 15:6348–6361

10. Morley JE, Miller DK, Perry HM 3rd et al (1999) Ano-
rexia of aging, leptin, and the Mini Nutritional Asses-
sment. Nestle Nutr Workshop Ser Clin Perform Pro-
gramme 1:67–76

11. Dubas-Slemp H, Marmurowska-Michalowska H, Szu-
ster-Ciesielska A et al (2003) The role of cytokines in
depression. Psychiatr Pol 37:787–798

12. Gillette-Guyonnet S, Nourhashemi F, Andrieu S et al
(2000) Weight loss in Alzheimer disease. Am J Clin
Nutr 71:637S-642S

13. Berrios GE, Luque R (1995) Cotard’s syndrome: analy-
sis of 100 cases. Acta Psychiatr Scand 91:185–188

14. Anonymous (1993) World Health Organization.
ICD-10 classification of mental and behavioural
disorders: diagnostic criteria for research. Geneva,
Switzerland

15. Lyn P (2002) Eating disorders: a review of the litera-
ture with emphasis on medical complications and cli-
nical nutrition. Altern Med Rev 7:184–202



Introduction

Chronic kidney disease (CKD) is an irreversible
and progressive disease state leading to renal dys-
function and related morbidity [1]. According to
the National Kidney Foundation (NKF) Kidney
Disease Outcome Quality Initiative (K/DOQI)
guidelines, CKD is defined as a chronic disease
state in that irreversible, structural, or functional
abnormalities of the kidney, with or without a
decreased glomerular filtration rate (GFR), are
present for at least three consecutive months [1].
The degree of renal insufficiency, based on the
magnitude of the estimated GFR for 1.73 m2 body
surface, is used to classify the CKD into five
stages: (1) GFR > 90 ml/min, (2) GFR 60–89
ml/min, (3) GFR 30–59 ml/min, (4) GFR 15–29
ml/min, and (5) GFR < 15 ml/min [1]. If they sur-
vive long enough, CKD patients eventually reach
stage 5 CKD, also known as end-stage renal dis-
ease (ESRD), in which life prolongation is exclu-
sively dependent upon renal replacement therapy,
i.e. maintenance haemodialysis or peritoneal dial-
ysis treatment and/or kidney transplantation.
However, the majority of CKD patients die before
reaching ESRD [2].

Epidemiological data indicate that there are
currently at least 20 million individuals with CKD
in the US [3], including over 300 000 ESRD patients
who undergo maintenance dialysis. Diabetes melli-
tus accounts for half of all cases of ESRD in indus-
trialised nations [4]. According to the estimates of
the US Renal Data System (USRDS), the number of
ESRD patients will surpass one-half million by
2010 and will be between 1.5 and 3.1 million by
2030, whereas the US population will grow only
from 280 to 350 million over the same 30-year peri-
od [4]. This exponential growth has major public
health implications, especially since ESRD patients

consume a disproportionately large component of
the US Medicare budget, due to their requirement
for continuous renal replacement therapy and their
frequent morbidity [5, 6]. Despite many years of
efforts and improvement in dialysis technique and
patient care, the mortality rate in maintenance
dialysis patients in the US and most industrialized
countries continues to be unacceptably high, cur-
rently still approximately 20% per year in the US
and 10–15% in Europe and Japan [7–9]. CKD and
ESRD patients also commonly have a high hospital-
isation rate and a low self-reported quality of life
[10–13]. Cardiovascular, cerebral-vascular, and
peripheral vascular diseases comprise the bulk of
the severe morbidity and mortality in CKD
patients [14, 15]. Indeed even a slight increase in
serum creatinine (an often clinically used marker
of renal insufficiency) has been shown to be an
independent risk factor for cardiovascular disease
and atherosclerosis in the general population
[16–18].

Among potential candidates to explain the
high rate of morbidity and mortality and cardio-
vascular disease in CKD patients, wasting syn-
drome and cachexia continue to top the list.
Epidemiological studies have repeatedly and con-
sistently shown a strong association between clin-
ical outcome and measures of both protein-
energy malnutrition [19–22] and inflammation in
CKD patients [23, 24]. Hypoalbuminaemia, rather
than such conventional risk factors as hyperten-
sion and hypercholesterolaemia, is one of the
strongest risk factors for mortality among dialysis
pat ients (Fig. 1). Almost half of al l  dialysis
patients have a serum albumin < 3.8 g/dl, which
has been shown to be associated with at least a
two-fold increase in mortality [25]. However, it is
not known whether hypoalbuminaemia is a reflec-
tion of malnutrition, inflammation, or both. Many

Chapter 6.4

Cachexia in Chronic Kidney Disease: Malnutrition-
Inflammation Complex and Reverse Epidemiology
Kamyar Kalantar-Zadeh, Joel D. Kopple



investigators have observed that these two condi-
tions tend to occur concurrently and coexist in
individuals with CKD, and many factors that
engender one of these conditions also lead to the
other [22, 23, 26, 27]. Therefore the term ‘malnu-
trition-inflammation complex (or cachexia) syn-
drome’ (MICS) [22, 28] or ‘malnutrition-inflam-
mation-atherosclerosis’ (MIA) syndrome [29] has
been proposed to indicate the combination of
these two conditions in such patients and their
associations with atherosclerotic cardiovascular
disease and poor outcome (see below).

Chronic Inflammation as a Cause of Cachexia
in CKD Patients

Inflammation is defined as a localised adaptive
response elicited by injury or destruction of tis-
sues that serves to destroy, dilute, or sequester

both the injurious agent and the injured tissue
[30, 31]. The acute-phase response (or reaction) is
a major pathophysiological phenomenon that
accompanies inflammation and is associated with
increased activity of pro-inflammatory cytokines
[32]. With this reaction, normal homeostatic
mechanisms are replaced by new set points that
presumably contribute to defensive or adaptive
capabilities [33]. Hence, inflammation is a physio-
logical response, and as an acute response to
infections, trauma, or toxic injury, it helps the
body to defend against pathophysiological insults
[34, 35]. Inflammation can become more subtle
and less organ-specific and may involve many
body organs or the entire organism. If inflamma-
tion becomes prolonged in the form of the chron-
ic acute-phase reaction, it may lead to adverse
consequences, such as a chronic decline in
appetite, increased rate of protein depletion in
skeletal muscle and other tissues, muscle and fat
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Fig. 1. Association between serum albumin concentration and all-cause mortality in a 2-year cohort of 56 920 mainte-
nance haemodialysis patients [25]. After dichotomising albumin values based on the cutoff level of 3.8 g/dl, the unadjust-
ed and case-mix adjusted HR for serum albumin ≤ 3.8 g/dl was 2.40 (95% CI: 2.31–2.48) and 2.19 (95% CI: 2.10–2.26),
respectively [25]
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wasting, hypercatabolism, endothelial dysfunc-
tion, and atherosclerosis [35]. Inflammatory
processes are common in CKD pat ients.
Approximately 30–60% of North American [36,
37] and European [24, 38] maintenance dialysis
patients have increased inflammatory markers,
whereas long-term dialysis patients in Asian
countries have a lower prevalence of inflamma-
tion [39, 40].

A recent study of 331 maintenance haemodial-
ysis patients showed a strong association between
anorexia and high levels of pro-inflammatory
cytokines [41]. In this study, an appetite question-
naire was used, and the subjectively reported
appetite was scored from 1 to 4, corresponding to
normal to poor appetite. Inflammatory markers
including serum concentrations of high-sensitivity
C-reactive protein (hs-CRP), tumour necrosis fac-
tor (TNF)-α and interleukin-(IL)-6 were meas-
ured. Markers of inflammation were progressively
higher in association with declining grades of
appetite. There were statistically significant nega-
tive correlations between appetite score and serum
CRP and TNF-α, and these correlations remained

significant after case-mix multivariate adjustment
for age, sex, race, and diabetes. After dichotomis-
ing the appetite score, the odds ratio (OR) of
anorexia, controlled for case mix and other perti-
nent covariates, for each 10 pg increase in serum
TNF-α/ml was 1.75 (confidence interval [CI]
1.12–2.74, p = 0.01) and for each 10 mg increase in
hs-CRP/l the OR was 2.31 (CI: 1.47–3.62, p < 0.001)
[41]. Hence, inflammation is strongly associated
with anorexia in dialysis patients.

In recent years, more attention has been
focused on inflammatory processes as the possi-
ble cause of accelerated atherosclerosis as well as
protein-energy malnutrition and concurrent wast-
ing syndrome, all of which lead to a poor outcome
in those with underlying kidney disease. As men-
tioned above, chronic renal insufficiency per se is
now considered as an independent risk factor for
cardiovascular diseases [16, 18, 42]. It is believed
that inflammation may play an important role in
the increased prevalence of cardiovascular disease
and mortality associated with renal insufficiency
[23, 24, 27, 28, 43]. Renal failure may lead to
increased inflammatory responses through a
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Table 1. Possible causes of chronic inflammation and wasting syndrome in chronic kidney disease (CKD) patients

A. Causes of inflammation due to CKD or decreased GFR
1. Decreased clearance of pro-inflammatory cytokines
2.Volume overloada

3. Oxidative stress (e.g. oxygen radicals)a

4. Carbonyl stress (e.g. pentosidine and advanced glycation end-products) 
5. Decreased levels of antioxidants (e.g. vitamin E, vitamin C, carotenoids, selenium, glutathione)a

6. Deteriorating protein-energy nutritional state and food intakea

B. Coexistence of comorbid conditions
1. Inflammatory diseases with kidney involvement (SLE, HIV, etc.) 
2. Increased prevalence of comorbid conditionsa

C. Additional inflammatory factors related to dialysis treatment
1. Haemodialysis

a. Exposure to dialysis tubing
b. Dialysis membranes with decreased biocompatiblility (e.g. cuprophane)
c. Impurities in dialysis water and/or dialysate
d. Back-filtration or back-diffusion of contaminants 
e. Foreign bodies (such as PTFE) in dialysis access grafts 
f. Intravenous catheter 

D. Peritoneal dialysis 
1. Episodes of overt or latent peritonitisa

2. PD-catheter as a foreign body and its related infections 
3. Constant exposure to PD solution

aThese factors may also be associated with protein-energy malnutrition. GFR, glomerular filtration rate; SLE, systemic
lupus erythematosus; HIV, human immune deficiency virus; PTFE, polytetrafluoroethylene; PD, peritoneal dialysis



number of mechanisms that are listed in Table 1
and reviewed comprehensively elsewhere [44–47].
As indicated in Table 1, some of these factors may
also result in protein-energy malnutrition and
cachexia and consequently cause an overlap
between malnutrit ion and inflammation.
Comorbid conditions may contribute consider-
ably to the development and maintenance of
inflammation in dialysis patients. Due to the very
high prevalence of comorbid conditions in these
individuals, it is difficult at present to ascertain
the role of inflammation in the absence of pre-
existing comorbidity.

There is no uniform approach for assessing the
degree of severity of inflammation in individuals
with kidney disease [48]. Positive acute-phase
reactants, such as serum CRP or ferritin, are
markers whose levels are elevated during an acute
episode of inflammation. The serum levels of neg-
ative acute-phase reactants, such as albumin or
transferrin, decrease during an inflammatory
process [34, 35, 44, 47]. Many negative acute-phase
reactants are also traditionally known as nutri-
tional markers, since their serum levels also
decrease when there is a decline in nutritional sta-
tus. Hence, it is not clear whether these markers
have any specificity in the detection of either of
these two conditions. Among pro-inflammatory
cytokines, IL-6 is reported to have a central role in
the pathophysiology of the adverse effects of
inflammation in patients with renal disease
[49–51]. These pro-inflammatory cytokines also
may be engendered during oxidative stress, which
per se can happen in the setting of protein-energy
malnutrition [52].

Protein-Energy Malnutrition and Cachexia in
CKD

Protein-energy malnutrition in CKD patients is a
state of decreased body pools of protein with or
without fat depletion, or a state of diminished
functional capacity. It is caused at least partly by
inadequate nutrient intake relative to nutrient
demand and is improved by nutritional repletion
[31]. Hence, protein-energ y malnutrit ion is
engendered when the body’s need for protein or

energy fuels or both cannot be satisfied by the
individual’s nutrient intake diet [53]. Protein-
energy malnutrition is a common phenomenon in
CKD patients and intensifies progressively as CKD
stages advance over time (Fig. 2) [54, 55]. Protein-
energy malnutrition is a risk factor for poor qual-
ity of life and increased morbidity and mortality,
including cardiovascular death, in these individu-
als [56, 57]. Various studies with different criteria
have been used to establish the presence of pro-
tein-energy malnutrition in the CKD population,
which has been studied more thoroughly in main-
tenance dialysis patients than among other CKD
groups. Its reported prevalence varies between 18
and 75% among these individuals according to the
type of dialysis modality, nutritional assessment
tools, and origin of patient population [22, 58, 59].
Although protein-energy malnutrition per se nei-
ther requires nor precludes micronutrient malnu-
trition, many malnourished dialysis patients may
also have a deficiency of various vitamins or trace
elements [60, 61].

The aetiology of protein-energy malnutrition
in CKD patients is probably multifaceted. Some
probable causes are listed in Table 2 and have
been reviewed in detail elsewhere [62–66]. As it is
evident from Table 2, some of these factors can
also lead to inflammation. Hence, the known over-
lap between malnutrition and inflammation in
CKD patients may have its root at the aetiological
level. The origin of protein-energy malnutrition
generally precedes the need for dialysis treatment,
and it is engendered progressively as the GFR falls
below 60 ml/min, i.e. CKD stage 3 and above [55,
67]. Hypoalbuminaemia and hypocholestero-
laemia have been shown to develop along with the
progression of CKD stages, as show n in the
Modification of Diet in Renal Disease (MDRD)
Study [55] (Fig. 2) and other studies [67].

Assessment of MICS

Classically, three major lines of inquiry, i.e. dietary
intake, biochemical measures, and body composi-
tion, are used to assess the protein-energy nutri-
tional status; a fourth category of nutritional
assessment, composite indices that include a com-
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bination of assessment measures within these cat-
egories, are also utilised, especially the Subjective
Global Assessment of Nutrition (SGA) [68, 69] and
Malnutrition-Inflammation Score (MIS) [28, 70].
The four categories of nutritional assessment
tools are described in Table 3 and have been
reviewed in detail elsewhere [22, 71]. As indicated
in Table 3, many of these nutritional assessment
tools are also designed to detect a combination of
protein-energy malnutrition and inflammation
and to grade their severity. Hence, the overlap
between malnutrition and inflammation also

exists at the diagnostic level, in addition to their
overlapping aetiologies.

No uniform approach has been agreed upon
for rating the overall severity of protein-energy
malnutrition. Among all four categories, dietary
assessment is probably the most nutrition-specific
entity. Another, rather nutrition-focused measure
is the normalised protein equivalent of total nitro-
gen appearance (nPNA), also known as protein
catabolic rate (nPCR); a low nPNA is associated
with increased hospitalisation and mortality in
haemodialysis patients even when the dose of
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Fig. 2. Mean levels of biochemical measures of nutritional status as a function of glomerular filtration rate (GFR) in
MDRD Study. The estimated mean levels with 95% confidence limits of biochemical nutritional markers are shown as a
function of GFR (males solid line, females dashed line) controlling for age, race, and use of protein and energy restricted
diets. In men, the slope of the relationship was greater at GFR = 12 than GFR = 55 ml/min/1.73 m2 for serum total choles-
terol (p = 0.014). a Males, N = 1065 (p = 0.004); females, N = 698 (p < 0.001). b Males, N = 1065 (p < 0.001); females, N =
698 (p < 0.001). c Males, N = 1063 (p = 0.052); females, N = 694 (p = 0.63). d Males, N = 1017 (p < 0.001); females, N = 664
(p < 0.001). (Modified from [54, 55])

a
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dialysis is standard or high (Kt/Vsp > 1.20) [20].
Although, as discussed above, it has been argued
that appetite can be suppressed by inflammation
and part icularly by two pro-inflammatory
cytokines, IL-6 and TNF-α [41, 72], the reduced
nutritional state is still expected to induce malnu-
trition and its consequences regardless of the
cause of anorexia.

Some more frequently studied indicators of
malnutrition in dialysis patients that are associat-
ed w ith clinical outcome include decreased
dietary protein and energ y intake [20, 60];
reduced weight-for-height [57], body mass index
(BMI) [73–75] and total body fat percentage [76,
77]; decreased total body nitrogen [78, 79] and
total body potassium [80]; reduced mid-arm mus-
cle mass and skinfold thicknesses [81]; low serum

concentrations of albumin [82], prealbumin
(transthyretin) [83, 84], transferrin (TIBC) [68,
85], cholesterol [86, 87], and creatinine [88]; and a
more abnormal score by such nutritional assess-
ment tools as the SGA [89, 90] and MIS [28].
Although the foregoing measures of nutritional
status have practical value, it should be recognised
that each of these methods has its limitations. For
example, serum albumin, transferrin, and preal-
bumin are negative acute-phase reactants and
may reflect inflammation [46, 68, 91]. The SGA
may also be a marker of the degree of sickness
and comorbidity in maintenance dialysis patients
[68]. During acute catabolic states and hyperca-
tabolism, the urea nitrogen appearance may tran-
siently increase independently of food intake [92].
More elaborate nutritional measures that have
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Table 2. Conditions related to protein-energy malnutrition as a cause of wasting syndrome in CKD patients

A. Inadequate nutrient intake 
1. Anorexiaa

a. Due to uraemic toxicity 
b. Due to impaired gastric emptying 
c. Due to inflammation with or without comorbid conditionsa

d. Due to emotional and/or psychological disorders
2. Dietary restrictions

a. Prescribed restrictions: low-potassium, low-phosphate regimens
b. Social constraints: poverty, inadequate dietary support 
c. Physical incapacity: inability to acquire or prepare food or to eat

B. Nutrient losses during dialysis 
1. Loss through haemodialysis membrane into haemodialysate 
2. Adherence to haemodialysis membrane or tubing
3. Loss into peritoneal dialysate 

C. Hypercatabolism due to comorbid illnesses 
1. Cardiovascular diseasesa

2. Diabetic complications 
3. Infection and/or sepsisa

4. Other comorbid conditionsa

D. Hypercatabolism associated with dialysis treatment
1. Negative protein balance 
2. Negative energy balance

E. Endocrine disorders of uraemia
1. Resistance to insulin 
2. Resistance to growth hormone and/or IGF-1
3. Increased serum level of or sensitivity to glucagons
4. Hyperparathyroidism
5. Other endocrine disorders 

F. Acidaemia with metabolic acidosis
G. Concurrent nutrient loss with frequent blood losses

aThese factors may also be associated with inflammation; IGF-1, insulin-like growth factor 1



been used in dialysis and CKD patients include
dual energy X-ray absorptiometry (DEXA) [93,
94], total body nitrogen or potassium measure-
ments [79, 80, 95], underwater weighing [96], bio-
electrical impedance analysis (BIA) [94], and near
infra-red interactance (NIR) [76, 97].

Malnutrition-Inflammation Complex
Syndrome

The foregoing discussion, which is summarised in
Tables 1–3, indicates that there is a major overlap
among both possible aetiologic factors and the
assessment tools for protein-energy malnutrition
and inflammation in CKD patients. The link
between protein-energy malnutrition and inflam-
mation in CKD population may be an explanation
for malnutrition-associated mortality [22, 23, 91].
Indeed, several investigators suggest that protein-
energy malnutrition and subsequent wasting syn-
drome and cachexia are a consequence of chronic

inflammatory processes in patients with renal
insufficiency [26, 98–100]. Thus, chronic inflamma-
tion may be the missing link that causally ties pro-
tein-energy malnutrition to morbidity and mortal-
ity in these individuals. The following arguments
have been proposed to indicate that the develop-
ment of protein-energy malnutrition is secondary
to inflammation: (1) Pro-inflammatory cytokines
such as TNF-α not only promote catabolic process-
es, engendering both protein degradation and sup-
pression of protein synthesis, but also induce
anorexia [101–103]. Low appetite has been shown
to be associated with increased inflammatory
markers in haemodialysis patients [41, 72]. (2)
Dialysis patients with signs of inflammation are
reported to develop weight loss and a negative pro-
tein balance even with an intact appetite, since
there may be a shift in protein synthesis from mus-
cle to acute-phase proteins as renal function
declines [100]. (3) In both CKD and ESRD patients,
albumin synthesis is suppressed when serum CRP
is elevated [91, 104]. (4) Inflammation may also
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Table 3. Assessment tools for the evaluation of protein-energy malnutrition in CKD patients. (Data from [22, 71])

A. Nutritional intake
1. Direct: diet recalls and diaries, food frequency questionnaires
2. Indirect: based on urea nitrogen appearance: nPNA (nPCR)

B. Body composition
1. Weight based measures: BMI, weight-for-height, oedema-free/fat-free weight
2. Skin and muscle anthropometry via caliper: skinfolds, extremity muscle mass
3. Total body elements: total body potassium 
4. Energy-beam based methods: DEXA, BIA, NIR
5. Other energy-beam related methods: total body nitrogen
6. Other methods: underwater weighing

C. Laboratory values
1. Visceral proteins (negative acute-phase reactants): albumin, prealbumin, transferrina

2. Lipids: cholesterol, triglycerides, other lipids, and lipoproteinsa

3. Somatic proteins and nitrogen surrogates: creatinine, SUN
4. Growth factors: IGF-1, leptin
5. Peripheral blood cell count: lymphocyte count

D. Scoring systems
1. Conventional SGA and its modifications (e.g. DMS, MIS, and CANUSA)a

2. Other scores: HD-PNI, others (e.g. Wolfson, Merkus, Merckman)a

aThese tools may also detect inflammation
nPNA, Normalised protein nitrogen appearance; nPCR, normalised protein catabolic rate; BMI, body mass index; DEXA,
dual energy X-ray absorptiometry; BIA, bioelectrical impedance analysis; NIR, near infra-red interactance; SGA, subjec-
tive global assessment of nutritional status; DMS, dialysis malnutrition score; MIS, malnutrition inflammation score;
CANUSA, Canada-USA study based modification of the SGA; HD-PNI, haemodialysis prognostic nutritional index; SUN,
serum urea nitrogen; IGF-1, insuline-like growth factor 1 



lead to hypocholesterolaemia, a strong mortality
risk factor in ESRD patients and also a marker of
poor nutritional status [49].

The following counter-arguments have ques-
tioned the role of inflammation as a primary
cause of protein-energy malnutrition: (1) In sev-
eral studies, serum albumin and other indicators
of protein-energy nutritional status correlate with
indicators of protein intake independently of
inflammatory status [104–106]. (2) In dialysis
patients, the association of serum albumin and
CRP is not precise, and the reported correlation
coefficients are usually less than 0.50; hence, other
factor(s) possibly unrelated to inflammation must
affect albumin [104, 105]. (3) Serum albumin con-
centrations usually do not fluctuate on a month-
to-month basis, whereas serum CRP and other
inflammatory markers do [107]. (4) In some but
not all controlled trials involving patients with
acute or chronic illnesses, the provision of nutri-
tional support without management of inflamma-
tion improves hypoalbuminaemia and clinical
outcome [108–111]. (5) Malnourished CKD
patients may be deficient in antioxidants, such as
vitamin C or carotenoids, which may lead to
increased oxidative stress and thus to inflamma-
tion [60]. A study using food frequency question-
naires to compare food intake of dialysis patients
with that of normal individuals detected such
dietary inadequacies, which could be attributed to
nutritional restrictions such as low-potassium,
low-phosphorus diets [60]. Studies in malnour-
ished children have shown that protein-energy
malnutrition may lead to oxidative stress, which
can lead to increased activity of pro-inflammatory
cytokines [52]. Moreover, in dialysis patients a
reverse association has been reported between
serum vitamin C (ascorbate) and serum CRP lev-
els [112]. (6) There is evidence that certain nutri-
ents, such as arginine and glutamine, enhance the
immune response [113]. Moreover, preliminary
data suggest that levocarnitine protects against
endotoxins and also suppresses elaboration of
TNF-α from monocytes [114]. Thus, protein-ener-
gy malnutrition may decrease host resistance and
predispose to latent or overt infection, which is an
inflammatory disorder. In summary, given the fact
that mortality is still very high in dialysis patients

(approximately 10–20% per year in Westernised
countries), inflammation, independent of clinical-
ly evident comorbid conditions or malnutrition,
cannot fully explain this extremely poor clinical
outcome, especially since in otherwise healthy
individuals inflammation has been found to be
associated with an annual mortality rate that is
only at 2–3% [115].

The foregoing considerations indicate that
there is a lack of conclusive consensus with regard
to the nature and direction of the association
between protein-energy malnutrition and inflam-
mation in renal cachexia. Hypoalbuminaemia, a
strong and reliable predictor of cardiovascular
disease and mortality in patients with renal insuf-
ficiency, is probably caused by both inflammation
and protein-energy malnutrition, and it is not
clear which one of these two conditions has a
larger influence on serum albumin concentration
[22, 104, 116].

Consequences of the Wasting Syndrome in CKD

The renal wasting syndrome, be it due to inflam-
mation, malnutrition, or both as MICS, has been
found to be associated with cardiovascular dis-
eases and atherosclerosis in the CKD population,
overwhelming and even reversing the effect of tra-
ditional cardiovascular risk factors especially in
maintenance dialysis patients (Table 4) [117].
MICS is associated with adverse relevant clinical
consequences, including refractory anaemia,
increased rate of atherosclerotic cardiovascular
disease, and poor outcome, including low quality
of life and increased hospitalisation and mortali-
ty, and may be the cause of reverse epidemiology
in patients with renal failure (Fig. 3).

Refractory Anaemia

Elements of MICS and subsequent cachexia may
blunt the responsiveness of anaemia to recombi-
nant human ery thropoiet in (EPO) in CKD
patients. Refractory anaemia appears to be more
common in those dialysis patients who suffer
from protein-energy malnutrition and/or inflam-
mation [68, 118, 119]. Several previous studies
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report an associat ion between anaemia and
inflammation, such as occurs in dialysis patients,
which is reflected by a high serum concentration
of CRP [118, 120] or of pro-inflammatory
cytokines such as IL-6 and TNF-α [121, 122]. We
recently reported that serum IL-6 levels had the
strongest correlation with administered EPO dose
in 339 haemodialysis patients, and that the associ-
ation remained statistically significant in different
statistical analyses and after multivariate adjust-
ments [124]. Both serum CRP and TNF-α showed
similar trends and their associations with EPO
dose remained significant in some but not all
analysis modalities conducted in that study [124].

An inverse association was reported between

markers of nutritional status or inflammation, e.g.
serum prealbumin, TIBC, and total cholesterol
concentration, and blood lymphocyte count, and
the EPO dose [124]. Such associations are less
well-described than the association between EPO
dose and inflammation. Improving nutritional
status in CKD patients may improve anaemia and
lead to a lower required EPO dose. A cross-sec-
tional study of 59 dialysis patients showed that
the required EPO dose was higher in the poorly
nourished patients as per SGA scoring [68]. In a
meta-analysis by Hurot et al., L-carnitine adminis-
tration, which is used to improve nutritional state,
was associated with improved haemoglobin and a
decreased EPO dose and EPO resistance in
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Table 4. Reverse epidemiology of cardiovascular (CV) risk factors in dialysis patients: the effect of CV risk factors in main-
tenance dialysis patients is the opposite of the general population. (Data from [123])

Risk factors of cardio- Direction of the associations between risk factors and outcomes
vascular disease General population Maintenance dialysis patients

BMI High BMI and obesity are generally
deleterious.

High BMI, or weight for height, and moderate
obesity are protective. Underweight is deleterious

Serum cholesterol Hypercholesterolemia, high LDL and low
HDL are deleterious.

Hypercholesterolaemia (and maybe high LDL) is
protective. Low serum cholesterol is deleterious

BP Hypertension and even borderline high
BP are deleterious.

Pre-dialysis low BP may indicate a deleterious
state

Serum creatinine A mild to moderate increase in serum
creatinine is an independent risk factor
of CVD.

An increased pre-dialysis serum creatinine level is
associated with a better survival

Total plasma
homocysteine

A high level is a risk factor for increased
CVD in the general population and likely
in dialysis patients

Several recent studies have found that a low level
is associated with increased risk of cardiovascular
disease and mortality

Serum iron A high serum iron level is associated
with haemochromatosis and poor
outcome.

A low iron and transferrin saturation level has
been recently found to be associated with higher
mortality and hospitalisation in dialysis patients

AGEs Patients with higher AGE levels, such as
diabetic patients, have a poor outcome.

A recent report indicates a paradoxically reverse
association between lower AGE levels and higher
mortality in dialysis patients

Energy (calorie)
and/or protein intake

A high energy and food intake may be
associated with risk of obesity and
increased mortality.

Increased protein intake is associated with better
survival

CVD, cardiovascular disease; MD, maintenance dialysis; LDL, low-density lipoprotein; HDL, high-density lipoprotein;
BMI, body mass index; BP, blood pressure; AGEs, advanced glycation end-products 



anaemic dialysis patients [125]. Moreover, anabol-
ic steroids have also been used successfully to
simultaneously improve both nutritional status
and anaemia in dialysis patients [126]. Insulin-
like growth factor (IGF)-1 is reported to enhance
bone marrow progenitor cell proliferation in
uraemic mice [127]. Hence, CKD-associated
anaemia may represent both an EPO and a func-
tional IGF-1 deficient state [127].

It is still not completely clear how MICS is relat-
ed to CKD-associated refractory anaemia patho-
physiologically. It has long been known that
anaemia is frequently observed in patients suffer-
ing from chronic inflammatory disorders even with
a normal kidney function [128]. Several mecha-
nisms for cytokine-induced anaemia have been
proposed, including impaired iron metabolism,

suppression of endogenous EPO production, and
reduced erythropoiesis [129, 130]. Serum ferritin, a
measure of iron stores and a positive acute-phase
reactant, has been shown to be paradoxically high
in ESRD patients with refractory anaemia [131,
132]. Increased ferritin production may prevent
iron delivery to erythrocyte precursors [131].
Moreover, the uptake of iron from the intestine is
reduced in inflammatory states [129]. Patients with
inflammatory diseases have inappropriately low
levels of blood endogenous erythropoietin [133].
IL-1 and TNF-α have been shown to inhibit
endogenous erythropoietin production in vitro
[134]. Furthermore, increased release or activation
of inflammatory cytokines, such as IL-6 or TNF-α,
has been shown to have a suppressive effect on ery-
thropoiesis [135]. IL-6 and IL-1 have been found to
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antagonise EPO’s ability to stimulate bone marrow
proliferation in culture [136]. Finally, patients with
inflammation may be more prone to gastrointesti-
nal bleeding [129, 130].

Atherosclerotic Cardiovascular Disease

Cachexia, by virtue of MICS, may predispose CKD
patients to atherosclerotic cardiovascular disease
[24, 49, 51]. Dialysis patients with coronary heart
disease often have hypoalbuminaemia and elevat-
ed levels of acute-phase reactants [24]. Moreover,
progression of carotid atherosclerosis during dial-
ysis may be related to IL-6 levels [137]. It should
be noted that the cascade of inflammatory factors
leading to an acute-phase reaction is counter-reg-
ulated by various anti-inflammatory cytokines,
such as IL-10. Recently, Girndt et al., in a study of
300 haemodialysis patients [138], showed that the
–1082A allele, which is associated with low pro-
duction of IL-10, is associated with an increased
risk of cardiovascular events. Inflammatory
processes may promote proliferation and infiltra-
tion of inflammatory cells into the tunica intima
of small arteries, including the coronary arteries;
these processes lead to atherosclerosis and steno-
sis of blood vessels and consequent coronary and
other vascular diseases [137, 139].
Epidemiological evidence suggests that inflamma-
tion may be linked to cardiovascular disease via
specific low-grade infections, such as caused by
Chlamydia pneumoniae [137, 139]. C. pneumoniae
infection is shown to predict adverse outcome in
dialysis patients [140], and elevated C. pneumoni-
ae IgA titres predict progression of carotid ather-
osclerosis in these indiv iduals [141].
Myeloperoxidase, an abundant enzyme secreted
by neutrophils, may also link inflammation to
oxidative stress and atherosclerosis in dialysis
patients [142]. Indeed, recent data have shown
that a functional variant of the myeloperoxidase
gene is associated with cardiovascular disease in
CKD patients [143]. Inflammation might also
directly cause endothelial dysfunction via stimu-
lation of intercellular adhesion molecules in CKD
patients [144]. The association between elements
of MICS and atherosclerosis has been under-

scored by some investigators, who have chosen the
term ‘malnutrition-inflammation-atherosclerosis’
(MIA) syndrome for this entity [29, 145].

Clinical Outcome and Reverse Epidemiology

Many recent studies have suggested that protein-
energy malnutrition and inflammation in mainte-
nance dialysis patients are associated with a
decreased quality of life and increased hospitali-
sation and mortality, especially from cardiovascu-
lar diseases [10, 27, 28, 123]. Epidemiological stud-
ies indicate that hypoalbuminaemia and increased
serum CRP are strong predictors of poor clinical
outcome in the CKD populat ion [36, 37].
Compared to traditional risk factors, such as obe-
sity, hypercholesterolaemia, and hypertension,
hypoalbuminaemia per se, which is generally con-
sidered an indicator of MICS, has one of the most
striking and consistent associations with the pre-
diction of clinical outcome in these individuals
[146].

In highly industrialised, affluent countries,
protein-energy malnutrition is an uncommon
cause of poor outcome in the general population,
whereas over-nutrit ion is associated w ith a
greater risk of cardiovascular disease and has an
immense epidemiological impact on the burden of
this disease and on shortened survival. In con-
trast, in maintenance dialysis patients, under-
nutrition is one of the most common risk factors
for adverse cardiovascular events [22, 117, 147].
Hence, certain markers that predict a low likeli-
hood of cardiovascular events and an improved
sur vival in the general populat ion, such as
decreased body mass index (BMI) [73–75, 148,
149] (Fig. 4) or lower serum cholesterol levels [49,
87], are risk factors for increased cardiovascular
morbidity and death in dialysis patients [117].
Obesity, hypercholesterolaemia, and hypertension
appear paradoxically to be protective features that
are associated with greater survival of dialysis
pat ients. A similar protect ive role has been
described for high serum creatinine and total
homocysteine levels in these patients [150].

The association between under-nutrition and
adverse cardiovascular outcome in dialysis
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patients, in contrast to the case in non-dialysis
individuals, has been referred to as ‘reverse epi-
demiology’ [117]. The aetiology of this inverse
association between conventional risk factors and
clinical outcome in dialysis patients is not clear.
Several possible causes have been hypothesised,
including survival bias and time discrepancy
between competing risk factors (under-nutrition
vs over-nutrition). However, the presence of MICS
in dialysis patients offers the most plausible
explanation for the existence of reverse epidemi-
ology. Protein-energy malnutrition, inflammation,
or the combination of the two are much more
common in dialysis patients than in the general
population, and many elements of MICS, such as
low weight-for-height or BMI, hypocholestero-
laemia, or hypocreatininaemia, are known risk
factors of poor outcome in dialysis patients [117].
The existence of reverse epidemiology may have a
bearing on the management of dialysis patients. It
is possible that new standards or goals for such

traditional risk factors as BMI, serum cholesterol,
and blood pressure should be considered for these
individuals.

The phenomenon of risk-factor paradox is
caused or at least accentuated by MICS in several
ways. First, patients who are underweight or who
have a low serum cholesterol, creatinine, or homo-
cysteine, may be suffering from the MICS and its
poor outcome. Thus, MICS may both cause these
alterations and also be associated with increased
mortality, either caused by the illnesses that
engender MICS or by atherosclerotic cardiovascu-
lar disease that seems to be promoted by MICS
[27, 151, 152]. Second, the above paradoxical fac-
tors may indicate a state of under-nutrition, which
may predispose to infection or other inflammato-
ry processes [22]. Finally, it has been argued that
when individuals are malnourished, they are more
susceptible to the ravages of inflammatory dis-
eases [153]. Hence, any condition that potentially
attenuates the magnitude of protein-energy mal-
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Fig. 4. Reverse epidemiology of obesity in maintenance haemodialysis patients. Association between changes in BMI over
time and cardiovascular mortality in a 2-year cohort of 51 841 maintenance haemodialysis patients [149]
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nutrition or inflammation should be favourable to
dialysis patients. Suliman et al. reported a more
specific example of the contribution of MICS to
risk-factor reversal concerning hyperhomocys-
teinaemia in dialysis patients [154–156]. In their
study, plasma total homocysteine levels were
shown to be dependent on nutritional status, pro-
tein intake, and serum albumin in haemodialysis
patients. Dialysis patients with cardiovascular dis-
ease had lower plasma homocysteine levels as well
as a higher prevalence of malnutrit ion and
hypoalbuminaemia than those without cardiovas-
cular disease. Furthermore, in another study, plas-
ma total homocysteine was shown to rise during
treatment of malnourished peritoneal dialysis
patients who were given a daily exchange of an
amino-acid-containing peritoneal dialysate (con-
taining 1.7 g methionine) [157]. The puzzling
inverse relationship between low blood pressure
and poor outcome in the dialysis population
might also be accounted for by nutritional status
and/or inflammation. Iseki et al. [158] showed a
significant association between a low diastolic
blood pressure, hypoalbuminaemia, and risk of
death in a cohort of 1243 haemodialysis patients
who were followed for up to 5 years. The death
rate was inversely correlated with diastolic blood
pressure, which per se was positively correlated
with serum albumin and negatively correlated
with age. Hence, hypotension may in some cases
be a manifestation of MICS in dialysis patients.

Diagnosis and Management of MICS and
Wasting Syndrome in CKD

Since various markers of nutritional state and
inflammation may independently predict outcome
and assess different aspects of nutritional status,
several researchers have tried to develop compos-
ite scores to identify the wasting syndrome and
MICS in CKD. Ideally, such a scoring system
would not only reflect the overall nutritional and
inflammatory status of a chronic dialysis patient
but would predict outcome. Wolfson et al. [81]
introduced a composite score based on body
weight, mid-arm muscle circumference, and
serum albumin and found that 70% of haemodial-

ysis patients were malnourished. Marckman et al.
[159] developed a nutritional scoring system
based on serum transferrin, relative body weight,
triceps skinfold, and mid-arm muscle circumfer-
ence. The SGA of nutritional status was designed
primarily to evaluate surgical patients with gas-
trointestinal diseases [68]. It has since been
employed in a number of epidemiological studies
and clinical trials in dialysis patients [69]. SGA is
significantly correlated with morbidity and mor-
tality among dialysis patients [160, 161]. The
K/DOQI has recommended SGA as an appropriate
nutritional assessment tool for dialysis patients
[162]. CANUSA (Canada-USA) [163] and other
studies [164] have led to improved, more quanti-
tative versions of the SGA. The recently developed
MIS is based on the SGA, but also includes BMI
and serum albumin and transferrin concentra-
tions in an incremental fashion [28]. In two inde-
pendently conducted longitudinal studies in
haemodialysis patients, the MIS was strongly cor-
related with 12-month hospitalisation rates and
mortality [28, 70] and had superior outcome-
predictability compared to measurements of
serum albumin [70]. MIS is believed to reflect the
degree of severity of MICS in dialysis patients.

Protein-energy malnutrition and inflammation
lead to wasting syndrome and cachexia and are
powerful predictors of death r isk for CKD
patients; thus, if they are treatable, it is possible
that nutritional and anti-inflammatory interven-
tions will improve poor outcome in the CKD pop-
ulation. Experience with nutritional support of
sick or malnourished individuals who do not have
CKD may provide some insight into the independ-
ent role of protein-energy malnutrition on clinical
outcome in dialysis patients. Ample evidence sug-
gests that maintaining an adequate nutritional
intake in patients with a number of acute or
chronic catabolic illnesses improves their nutri-
tional status irrespective of its aetiology [165, 166].
In some of these studies, such improvement was
associated with reduced morbidity and mortality
and improved quality of life [167]. However, evi-
dence as to whether nutrit ional treatment
improves morbidity and mortality in dialysis
patients is quite limited. There are no large-scale,
randomised, prospective interventional studies
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that have examined these issues. Among studies
based on the nutritional response to such inter-
ventions, Kuhlmann et al. reported that prescrip-
tion of 45 Kcal/kg/day and 1.5 g protein/kg/day, as
compared to no such prescription, induced weight
gain and improved serum albumin and other
measures of nutritional status in malnourished
haemodialysis patients [109]. Leon et al. reported
that tailored nutritional intervention increased
serum albumin levels in 52 haemodialysis patients,
and this effect was observed even among patients
with high serum CRP levels [108]. Several retro-
spective studies demonstrated a beneficial effect of
intradialytic parenteral nutrition (IDPN) on clini-
cal outcome [168–171]. Recently, Pupim et al. [110]
demonstrated that IDPN promoted a large
increase in whole-body protein synthesis and a
significant decrease in whole-body proteolysis in
seven haemodialysis patients without signs of
inflammation. However, a number of other studies
of IDPN failed to show improvement in nutritional
status or clinical outcome in dialysis patients [172,
173]. Many of these studies used small sample
sizes, failed to restrict study subjects to those with
protein-energy malnutrition, did not control for
concurrent food intake, did not define or adjust
appropriately for comorbid conditions, performed
nutritional interventions for only short periods of
time, or had only a short period of follow-up.
Thus, until large-scale, prospective, randomised
interventional studies are conducted, it will be dif-
ficult to ascertain the potential benefits of increas-
ing nutritional intake in malnourished dialysis
patients [173].

A number of other techniques have been
employed for the prevention or treatment of
protein-energy malnutrition in dialysis patients.
Routine methods include preventing protein-ener-
gy malnutrition before the onset of dialysis thera-
py, dietary counselling, maintenance of an adequate
dose of dialysis, avoidance of acidaemia, and
aggressive treatment of superimposed catabolic ill-
nesses [56]. More novel, non-dietary interventions
in addition to IDPN include an appetite stimulant
such as megestrol acetate [174], L-carnitine [175,
176], and growth factors including recombinant
human growth hormone (rhGH) [177], IGF-1 [178],
and anabolic steroids [179]. Nonetheless, although

L-carnitine and these hormones may cause
increased nitrogen retention, with the exception of
the probable effects of L-carnitine administration
on quality of life, none of these treatments have yet
been shown to improve quality of life, morbidity, or
mortality in dialysis patients.

Although epidemiological evidence strongly
links inflammation to poor outcome in individu-
als with renal insufficiency, it must be recognised
that as yet there are no randomised clinical trials
to indicate improvement of cachexia and its out-
come by inflammation-reducing approaches.
However, some treatment modalities may target
inflammation directly, or they may focus on
oxidative and carbonyl stress or endothelial dys-
function. The following approaches may be con-
sidered: (1) Stat ins (HMG-CoA reductase
inhibitors) have been shown to decrease CRP lev-
els independently of their lipid-lowering effects
and may be associated with reduced mortality in
CKD patients [180, 181]. (2) Angiotensin-
converting enzyme inhibitors may have anti-
inflammatory properties in both the general pop-
ulation and in CKD patients [182], and are associ-
ated with delayed progression of chronic renal
failure and improved outcome in these individuals
[18]. (3) Vitamin E may have anti-inflammatory
effects, and its administration may be associated
with a decreased risk for cardiovascular mortality
in chronic dialysis patients [183]. In the general
population, some epidemiological studies indicate
that a vitamin-E-rich diet is associated with a bet-
ter cardiovascular outcome [184], but large clini-
cal trials, such as the HOPE study, did not confirm
such results [185, 186]. There are several forms of
vitamin E, and it is possible that purified supple-
ments, particularly the commonly used DL α-toco-
pherol (tocopheral) form, may not show the bene-
fits of natural (national) dietary vitamin E or 
γ-tocopherol (tocopheral) components. A number
of preliminary studies indicate that vitamin-E-
coated dialysers may have favourable effects and
anti-oxidant properties [187]. 4) Optimisation of
dialysis treatment may improve inflammatory sta-
tus in dialysis patients, and the type of dialysis
membrane may have a bearing [188]. Ultra-pure
dialysate and biocompatible membranes have
been shown to decrease serum CRP [189, 190].
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Conclusions and Future Steps

Both chronic inflammation and protein-energy
malnutrition, together also referred to as MICS,
are involved in engendering the commonly
encountered wasting syndrome in CKD popula-
tion. Hypoalbuminaemia is a marker of MICS and
a strong outcome-predictor in these patients. The
wasting syndrome in CKD patients per se is a
chronic and slowly progressive condition that
worsens over time in both pre-dialysis [54, 55]
and dialysis patients [191]. Hence, a state of
‘cachexia in slow motion’ can be described in
these individuals. The effect of MICS on overall
clinical and psychosocial aspects of CKD patients
is so overwhelming that it even reverses the con-
ventional associations between risk factors and
outcome, leading to a counter-intuitive state of
reverse epidemiology. However, dialysis patients
are not the only population with a reverse epi-
demiology. Individuals with chronic heart failure

(CHF) and geriatric populations have risk-factor
reversal as well [192]. Hence, a better understand-
ing of the role of chronic cachexia in CKD
patients may help improve clinical management of
not only these patients but also CHF, geriatric, and
other vulnerable populations. According to an epi-
demiological study of over 55 000 haemodialysis
patients, if an intervention could increase serum
albumin above 3.8 g/dl and by doing so improve
survival in dialysis patients, almost one-third of
all deaths among these patients could be hypo-
thetically prevented or delayed. Since approxi-
mately 60 000 pat ients out of over 300 000
haemodialysis patients in the USA die every year,
a hypoalbuminaemia-correcting intervention
might theoretically prevent 15 000–20 000 deaths
every year [25]. If this is correct, there is a great
need to develop effective nutritional and/or anti-
inflammatory interventions and to carry out ran-
domised, prospective, controlled clinical trials to
demonstrate the benefits of such interventions.
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Introduction

The pathophysiology, evaluation, and treatment of
malnutrition have been extensively investigated in
recent years, and knowledge has accumulated
gradually. As a result, it is now well-known that
several benign digestive diseases may cause mal-
nutrition. This chapter reviews recent clinical
aspects of malnutrition related to common diges-
tive diseases, such as Crohn’s disease, short bowel
syndrome, chronic liver diseases, and chronic pan-
creatitis. In addition, recent progress in nutritional
support in the treatment of these diseases is dis-
cussed.

Crohn’s Disease

The incidence of Crohn’s disease has been rising
steadily. Crohn’s disease is a chronic transmural
inflammation that may involve any portion of the
gastrointestinal tract but most commonly involves
the ileum. Malnutrition, due to reduced dietary
intake, malabsorption, enteric loss of nutrients,
increased caloric needs, and drug-nutrient interac-
tions, accompanies Crohn’s disease in 25–80% of
cases [1, 2].

The nutritional status of patients with Crohn’s
disease is already affected negatively at the time of
diagnosis [3]. Considering that malnutrition has a
negative effect on morbidity and mortality of hos-
pitalised patients [2, 4], an early diagnosis is of
great importance to improve the prognosis of
these patients.

In the following sections, malnutrition in
Crohn’s disease is discussed according to the defi-
ciency of macronutrients (protein and energy) and
micronutrients (vitamins, minerals and elec-
trolytes) (Table 1).

Protein-Energy Malnutrition

The main cause of protein-energy malnutrition in
Crohn’s disease patients is anorexia, probably
resulting from postprandial abdominal pain, diar-
rhoea, dietary restriction, and the side effects of
medications [5, 6]. In addition, animal studies have
shown that anorexia can result from increased lev-
els of tumour necrosis factor (TNF)-α, interleukin
(IL)-1, and other cytokines [7, 8]. These weight-
loss-inducing cytokines increase the expression of
leptin mRNA in adipose tissue as well as plasma
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Table 1. Nutritional problems of patients with Crohn’s disease. (Data from [9])

Deficiency Assessment 

Protein-energy Subjective global assessment, serum albumin and total protein (reduced)

Vitamin Erythrocyte, folate, vitamin B12, INR (will often be high because of reduced vitamin 
K-dependent coagulation factors), vitamin D, parathyroid hormone (increased secondary 
to low serum calcium levels)

Minerals and electrolytes Calcium, magnesium, phosphorus, sodium, potassium, chloride, phosphate, ferritin, iron,
serum electrolytes

INR, International Normalised Ratio



levels of leptin, despite the decrease in food intake
that normally suppresses leptin expression [10-
11]. Thus, leptin may also be involved in anorexia
accompanying Crohn’s disease. In contrast,
Lanfranchi and Geerling showed that energy intake
was not decreased, but tended to increase in
patients with Crohn’s disease in the stage of remis-
sion or low activity [13, 14]. These results suggest
that the amount of dietary intake in patients with
Crohn’s disease depends on the activity of the disease.

It has also been proposed that weight loss in
pat ients w ith Crohn’s disease is caused by
increased resting caloric needs [15]. Actually,
active inflammation, infection, sepsis, and acceler-
ated mucosal turnover may result in increased
nutritional requirements; however, Chan and
Stokes showed that total energy expenditure was
not high in patients with Crohn’s disease [16, 17].
Thus, there is a lack of consensus as to whether
the basal metabolic rate is increased in these
patients.

Macronutrient status can be assessed using the
subjective global assessment (SGA), in addition to
measurements of serum albumin and total protein
[18, 19]. The SGA is a qualitative assessment of the
severity of a patient’s malnutrition, based on
weight loss, dietary intake, gastrointestinal symp-
toms, functional capacity, disease activity, muscle
mass, subcutaneous fat, oedema, and ascites. The
SGA has been shown to be reproducible among
observers, with better than 80% agreement when
two independent observers assessed the same
patient [18, 19].

Vitamins, Minerals, and Electrolytes

A wide array of vitamin, mineral, and electrolyte
deficiencies frequently occurs in Crohn’s disease
patients and with variable clinical significance.
These deficiencies may result from extensive
inflammation, surgical resection of small bowel, or
both, and require haematological and biochemical
examination. The prevalence of decreased nutrient
levels among patients with Crohn’s disease is sum-
marised in Table 2. Of particular clinical relevance
is the deficiency in iron, vitamin B12, folate, calci-
um, vitamin D, and zinc.

Iron

Anaemia is very common in patients with Crohn’s
disease and its cause is multifactorial. Since the
serum iron level is low in both iron-deficient
anaemia and anaemia resulting from chronic dis-
ease, the total iron-binding capacity, or transferrin
level, can be useful in distinguishing between
them. However, it may also be necessary to evalu-
ate the effect of iron therapy or to measure iron
levels in bone marrow.

Vitamin B12

Since Crohn’s disease frequently involves the termi-
nal ileum, where the vitamin B12-intrinsic factor
complex is absorbed, serious impairment of the
enterohepatic circulation of vitamin B12 is com-
monly observed in Crohn’s disease patients.
Moreover, because vitamin B12 stores in the liver
must decrease before serum concentrations become
low, the incidence of decreased vitamin B12 stores is
probably quite high [21]. Megaloblastic anaemia is
commonly seen with vitamin B12 deficiency; how-
ever, the patient seldom manifests symptoms of
deficiency, such as paresthaesia, numbness, gait
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Table 2. Prevalence of nutritional deficiencies among
patients with Crohn’s disease. (Data from [20])

Deficiency Prevalence (%)

Weight loss 65–76

Growth retardation 40

Hypoalbuminaemia 25–80

Anaemia 60–80

Iron 39

Folate 54

Vitamin B12 48

Calcium 13

Magnesium 14–88

Potassium 6–20

Zinc 40–50



ataxia, anosmia, faecal incontinence, leg weakness,
impaired manual dexterity, urinary incontinence, or
personality changes.

Folate

Folate supplementation is also frequently required,
because patients with Crohn’s disease have poor
dietary intake and enhanced intestinal loss. In
addition, sulfasalazine, which is used for therapy
of Crohn’s disease, competitively inhibits the jeju-
nal folate-conjugating enzyme, often producing
folate malabsorption [22], leading to folate defi-
ciency and subsequent megaloblastic anaemia.

Calcium and Vitamin D

Osteoporosis is increasingly being recognised as a
leading extra-intestinal complication of inflamma-
tory bowel disease. Calcium is absorbed in the
proximal small intestine by a vitamin D-depend-
ent Ca2+-binding protein, and vitamin D is
absorbed in the duodenum and jejunum.
Therefore, in Crohn’s disease patients with extend-
ed inflammation or resection of the small intes-
tine, osteoporosis results from impaired absorp-
tion of calcium and vitamin D.

However, there are also some conflicting data
suggesting that many factors, other than calcium
or vitamin D deficiency, contribute to the patho-
genesis of osteoporosis in Crohn’s disease [23, 24].
These factors include cytokines, such as TNF-α,
that disproportionately stimulate osteoclast activi-
ty, or corticosteroid usage [25, 26]. Overt vitamin
D deficiency disease may occur in Crohn’s disease
patients and patients often present with bone pain
and mild myopathy. Other symptoms at presenta-
tion include bone pain and mild myopathy.

Zinc

Acute inflammation and hypoalbuminaemia may
decrease serum zinc concentrations, despite nor-
mal total-body zinc content [27]. Zinc deficiency is
associated with altered taste sensation, decreased
oral intake causing further malnutrition [27, 28],
and delayed wound healing.

Others

The precise mechanism involved in the develop-
ment of Crohn’s disease is unknown: however, the
effects of oxidative stress on the bowels of patients
with active Crohn’s disease are thought to play a
role [29, 30].

Unlike normal conditions in the intestine, an
imbalance between endogenous anti-oxidant
defences and free-radical production is seen in
Crohn’s disease [31]. Circulating nutritional anti-
oxidants, such as β-carotene, vitamin C, vitamin E,
selenium, and zinc, are important factors in the
prevention of free-radical-mediated tissue injury;
however, serum concentrations of these anti-oxi-
dants were reported to be low in patients with
Crohn’s disease [32], whereas no clinical signs of
deficiency were seen.

Nutritional Support

The indications for nutritional support of patients
with Crohn’s disease are largely based on clinical
experience, although the role of enteral diets for
inducing remission continues to be debated. Three
meta-analyses on enteral nutrition as primary ther-
apy in Crohn’s disease have been published
[33–35]. These reports similarly demonstrate that
clinical remission is more often successfully
induced with corticosteroids than enteral diets,
although enteral nutrition remains an important
therapeutic tool. The precise mechanism by which
an enteral diet induces remission in Crohn’s disease
is not understood, although several mechanisms of
action have been proposed, including reduction of
immune stimuli in the gut [36], nutrit ional
improvement [37], bowel rest, a trophic effect of
glutamine [38], and reduction of intestinal perme-
ability [39]. In any event, more randomised, con-
trolled trial data subjected to meta-analyses are
required to confirm the clinical effect of enteral
nutrition in the treatment of Crohn’s disease.

Short Bowel Syndrome

Short bowel syndrome is a malabsorptive state of
the small intestine resulting from intestinal resec-
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tion. When more than 75% of the small intestine is
resected, a clinical syndrome usually occurs. Its
major features are diarrhoea, malabsorption, and
malnutrition. The severity of this disease depends
on the length and site of residual intestine, as well
as other factors. In addition, adaptation of the
residual intestine following resection may com-
pensate the impaired absorbing function to some
extent.

Adaptation

The adaptation capacity of the proximal small
bowel following resection is greater than that of
the distal one. Compensatory changes, such as
slight lengthening and increases in diameter and
villus height have been observed [40–44], although
the precise mechanism of adaptation has not been
determined. Several factors, including gut hor-
mones, have been proposed to play a role in adap-
tation [45]. Recently, glucagon-like peptide 1 (GLP-
1) and glucagon-like peptide 2 (GLP-2) were sug-
gested to be involved in the adaptation of the small
bowel. Jeppesen et al. observed a significant rise of
GLP-1 and GLP-2 levels in patients with less than
140 cm of remnant small bowel, which provided
initial data supporting a trophic hormone associ-
ated with adaptation in short bowel patients [46].
In addition, it was reported that parenteral admin-
istrat ion of GLP-2 resulted in a significant
improvement in intestinal absorption of energy,
body weight, lean body mass, wet weight, and fat
mass [47]. The growth-associated polyamines,
putrescine, spermidine, and spermine, which
increase RNA and DNA synthesis, and ornithine
decarboxylase, which is the rate-limiting enzyme
in polyamine synthesis, have also attracted atten-
tion as possible candidates for growth- and adap-
tation-inducing factors [48, 49].

Clinical Syndrome

The clinical consequences of extensive small bowel
resection are listed in Table 3. The conditions of
organs that secrete digestive enzymes, the degree
of adaptation, the presence or absence of an ileo-
coecal valve or colon influence the clinical state.

Nutrients Deficiency and Diarrhoea

Under physiological conditions, each nutrient is
absorbed at a specific site of the small intestine.
The majority of carbohydrates, proteins, and fats
are normally absorbed within the first 150 cm of
small bowel. Folic acid, calcium, magnesium, iron,
vitamin C, and fat-soluble vitamins (A, D, E, and
K) are also absorbed in the proximal intestine.
Thus, resection of the proximal intestine means a
reduction in the absorption area for these nutri-
ents. In addition, the loss of intestinal lactase,
sucrase-isomaltase, and α-dextrinase, resulting
from resection of the proximal bowel, induces car-
bohydrates malabsorption. Of the disaccharidases,
lactase levels are the most prone to decrease,
resulting in luminal hyperosmolarity. Bacterial fer-
mentation of lactose leads to large amounts of lac-
tic acid, which further induce osmotic diarrhoea
[51].

In the terminal ileum, specialized cells are
responsible for the absorption of bile salts and
vitamin B12. Resection of this site cannot be com-
pensated by adaptation and results in diarrhoea or
anaemia. Indeed, following resection of less than
50 cm of ileum induces an increased concentration
of bile acid delivered into the colon, leading to a
watery diarrhoea [49], while resection of > 100 cm
of ileum results in bile-salt depletion, leading to
steatorrhaea [52]. The development of bacterial
overgrowth in short bowel syndrome as a result of
excluded loop, shortened intestine, loss of the ileo-
coecal valve, and dysmotility may further reduce
the absorption of fat and vitamin B12 [53].
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Table 3. Clinical consequences of short bowel syndrome.
(Data from [50])

Diarrhoea/steatorrhoea

Vitamin/mineral/nutrient deficiency

Gastric acid hypersecretion

Hyperoxaluria/nephrolithiasis

Cholelithiasis

Bacterial overgrowth



Carbohydrate and protein, which are not
metabolised by the small bowel, are converted by
colonic bacteria to short-chain fatty acids, which
are readily absorbed across the colonic mucosa.
Mid-chain fatty acids, which are water-soluble, are
also absorbed in the colon. Therefore, the capacity
for fatty acid absorption in patients with short
bowel syndrome depends on the presence of colon.

Management of Short Bowel Syndrome

Comprehensive management of patients with
short bowel syndrome involves meticulous atten-
tion to meeting their metabolic and nutritional
needs. Medical therapies, enteral or parenteral
nutritional support, and, in some cases, considera-
tion of surgical intervention are necessary.

Patients with short bowel syndrome should
receive adequate macronutrients and micronutri-
ents to prevent energy malnutrition and specific
nutrient deficiencies, and should be provided with
sufficient fluids to prevent dehydration. Most
patients will require total parenteral nutrition
while post-operative complications are addressed
and until metabolic issues stabilise. This period is
marked by significant fluid and electrolyte loss
due to severe diarrhoea (stage I). Subsequently,
there is stabilisation of the diarrhoea as adapta-
tion progresses. Maximal adaptation may require
up to 2 years to occur (stage II). During the long-
term management period, many patients will be
able to achieve nutritional and metabolic stability

solely with oral intake. Nonetheless, lifelong sup-
plementation or complete parenteral support is
needed (stage III) (Table 4).

Special pharmacologic enhancement of intes-
tinal adaptation has been discussed. Since GLP-2
may promote adaptation of the small intestine, as
previously described [47], investigational studies
of a longer-acting, genetically engineered ana-
logue of GLP-2 are underway. Details of the dietary
macronutrients and micronutrients required for
patients with short bowel syndrome were provided
in the AGA Technical Review [54].

Chronic Liver Disease

In patients with chronic liver disease, malnutrition
is commonly seen regardless of whether its aetiol-
ogy is alcohol or not [55, 56], and it is known that
the severity of liver disease correlates with the
severity of malnutrition [57]. Mechanisms of mal-
nutrition in chronic liver disease are multifactorial
and include inadequate diet, impaired digestion or
absorption of nutrients, metabolic disorders, and
altered energy metabolism (Table 5). One of the
most important factors of malnutrition in chronic
liver diseases is poor dietary intake, especially in
advanced stages. Dietary restriction of sodium,
liquid, and/or protein, recommended in order to
prevent ascites, oedema, and encephalopathy, often
results in malnutrition.

Malabsorption and maldigestion of nutrients
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Table 4. Clinical stages of short bowel syndrome. (Data from [58])

Stage I Stage II Stage III

Immediate postoperative Bowel adaptation period (2–24 mo)a Long-term management 
period (0–2 months)a period (> 2 years)a

Careful fluid and electrolyte Progression of oral diet Maximize enteral absorption
monitoring and replacement Parenteral supplementation with tailored regimen

Antisecretory therapy Antisecretory therapy Parenteral supplementation?

Antimotility therapy Antimotility therapy Antimotility therapy as needed

Total parenteral nutrition Vitamin and mineral supplementation
as needed
Surgical intervention?

aEstimates



should also be noted in patients with chronic liver
disease and are due to a direct ethanol effect, low
intraluminal bile salt concentration, gastrointesti-
nal bleeding, mucosal congestion, insufficiency of
digestive enzymes, bacterial overgrowth, etc. In
addition, lactulose or kanamycin, which is pre-
scribed for encephalopathy, promotes malabsorp-
tion.

Protein-Energy Malnutrition

Patients with chronic liver disease exhibit a pro-
gressive loss of fat and muscle mass, which leads to
mixed protein-energy malnutrition. When investi-
gating whole-body protein metabolism, protein
synthesis, degradation, and amino acid oxidation
have to be est imated in a specific manner.
McCullough and Glamour reported that there
appear to be few differences in protein turnover in
stable cirrhosis patients and in healthy controls,
while oxidation of amino acids in these patients
was generally normal or reduced [60]. However,
increased protein catabolism is thought to be an

important contributing factor to malnutrition
because a ‘normal’ measurement of protein break-
down may be too high in a patient suffering from
wasting. Indeed, protein turnover and catabolism
can increase in this condition as well as in meta-
bolic stress.

It continues to be debated whether body wast-
ing in patients with liver cirrhosis is related to
hypermetabolism or not. Resting energy expendi-
ture (REE), estimated by use of indirect calorime-
try, in stable cirrhotic patients is usually not sig-
nificantly different from that in normal controls.
However, Shanbhogue et al. reported that REE per
g creatinine in 24-h urine in end-stage liver dis-
ease patients was significantly higher than that in
the normal population [61]. Muller et al. also
found hypermetabolic patients, as judged by
adjusted REE, had greater losses of muscle mass,
fat-free mass, and body cell mass [62].

Recently, leptin has been considered one of the
main markers of nutritional status. Leptin is a
cytokine-type peptide hormone that is produced
mainly by adipocytes; it decreases appetite and
increases energy expenditure [63]. The effect of
liver disease on leptin status is a controversial
issue, although some studies have shown that
serum leptin increases in cirrhosis of alcoholic
aetiology [64, 65]. Currently, a high serum leptin
concentration in cirrhotic patients is thought to
result from the increased protein-bound fraction,
which is directly related to energy expenditure
[66]. Since ghrelin, which is a novel endogenous
ligand for the growth hormone (GH) secretagogue
receptor, competes with leptin, it was also investi-
gated in cirrhotic patients [67]. Tacke et al. report-
ed that ghrelin increased in liver cirrhosis inde-
pendent of its aetiology; however, the precise
mechanisms remain unclear [68]. Ghrelin might
increase to counteract metabolic decompensation
in liver cirrhosis by its various metabolic func-
tions. In a recent study, it was shown that long-
term administration of leptin increases ghrelin
mRNA expression in the stomach, with a concomi-
tant decrease in food intake and body weight in
rats [69]: therefore, increased leptin may play a
role in liver cirrhosis.

Most patients with cirrhosis have impaired glu-
cose tolerance due to insulin resistance, which
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Table 5. Aetiologic factors for protein-calorie malnutrition in
liver cirrhosis. (Data from [59])

Inadequate diet

Anorexia, nausea, and vomiting

Alteration in taste perception

Salt-protein-restricted diets

Impaired digestion or absorption of nutrients

Altered pancreatic or biliary secretion

Drugs (non-absorbable disaccharides)

Metabolic disorders

Diminished glycogen stores and glycogenolysis

Enhanced gluconeogenesis and lipolysis

Increased protein catabolism

Altered energy metabolism

Hypermetabolism during complications of the disease
(ascites, infections, etc)

Decreased glucose use

Increased lipid oxidation



results in impaired glucose utilisation [70]. Defects
in peripheral receptor binding of insulin and
nonoxidative glucose disposal in the form of mus-
cle glycogen appear to be responsible for peripher-
al insulin insensitivity, characteristic of nearly all
cirrhotic patients independent of clinical or nutri-
tional status. Metabolic changes are obvious in the
fasting state because the liver of cirrhotic patients
is unable to store enough glycogen to supply an
adequate amount of glucose through glycogenoly-
sis [71]. Therefore, gluconeogenesis is activated,
leading to a premature protein catabolism to sup-
ply amino acids for glucose synthesis. The prefer-
ential use of lipid substrates as alternative energy
sources is activated in liver cirrhosis as a conse-
quence of impaired glucose metabolism. Lipolysis
is enhanced and lipid oxidation is increased,
resulting in the loss of fat tissue [70].

Micronutrient Metabolism

Deficiencies of water-soluble vitamins, including
vitamin C, and the B complex compounds, are par-
ticularly common in cirrhotic patients with active
alcoholism. Similarly, low plasma concentration of
fat-soluble vitamins (A, E, D, and K) may occur in
patients with cirrhosis of any aetiology [72].
Abnormalities in vitamin activation, conversion,
release, and transport by carrier molecules all
result from hepatocellular injury. Low serum levels
of some trace elements, such as zinc and selenium,
have also been detected in cirrhotic patients [73].
In most patients with liver cirrhosis, while
micronutrient deficiencies are clinically silent, the
biological antioxidant effects of micronutrients are
notably impaired.

In liver cirrhosis, one of the most important
micronutrients is zinc. Zinc deficiency can alter
cognitive function, appetite and taste, immune
function, and protein metabolism, and has been
claimed to be a precipitating factor for hepatic
encephalopathy [74]. Vitamin A and other
retinoids are known to have antineoplastic proper-
ties. Cirrhotic patients with hepatocellular carci-
noma (HCC) had significantly lower retinol levels
than patients with cirrhosis alone, and it suggested
that decreased serum retinol may be a risk factor
for the development of HCC [75]. Although many

other studies have shown a relationship between
retinol and HCC, further research is needed to
confirm it.

Nutritional Support

The objective of nutritional support in patients
with liver cirrhosis is to provide adequate calories,
protein, and other nutrients to ensure the availabili-
ty of synthetic and energy substrates to hepatocytes
without inducing hepatic encephalopathy (Table 6)
[76, 77]. In general, cirrhotic patients without
encephalopathy require no restriction of protein,
but a diet high in complex carbohydrates and calo-
ries and supplemented with multivitamins, calcium,
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Table 6. Nutritional support for liver failure with cirrhosis.
(Data from [77])

Cirrhosis without encephalopathy
No protein restriction (1.0–1.2 g/kg per day)
High complex carbohydrate, high-calorie diet (30–35
Kcal/kg per day)
Frequent small meals and bedtime snack
Water restriction only with hyponatraemia
Sodium restriction only with ascites or oedema
Supplemental multivitamins, calcium, zinc, and magne-
sium

Cirrhosis with acute encephalopathy
Temporary protein restriction (0.6–0.8 g/kg per day)
until encephalopathy is ameliorated or resolved
Substitute or supplement with BCAA for refractory
encephalopathy or negative nitrogen balance
Normal protein intake (1.0–1.2 g/kg per day) as en-
cephalopathy resolves
High-calorie diet (30–35 Kcal/kg per day) enterally or
with TPN
Water restriction with hyponatraemia
Sodium restriction with ascites or oedema

Cirrhosis with chronic encephalopathy
Restrict standard protein (0.6–0.8 g/kg per day)
Initiate vegetarian diet or high-fiber diet with low ani-
mal protein
Frequent carbohydrate-rich meals and a bedtime snack
Sodium restriction with severe ascites or oedema
Water restriction only with severe hyponatraemia
Supplemental vitamins and minerals as needed



zinc, and magnesium is essential. In case of hypona-
traemia, water restriction should be imposed, and
in case of ascites or oedema, sodium restriction is
needed. Cirrhosis patients with encephalopathy
require protein restriction and solutions enriched
in branched-chain amino acids (BCAAs) [78].
Because BCAAs compete with tryptophan, which is
the precursor of brain serotonin, across the blood-
brain barrier, they block the increased hypothalam-
ic activity of serotonin that strongly decreases
appetite; therefore, BCAAs may also serve to coun-
teract anorexia and cachexia [79].

Nutritional support for patients with liver cir-
rhosis is a great challenge and continues to be con-
troversial. Based on the results of a limited num-
ber of trials, there is no apparent beneficial effect
of parenteral nutrition or protein-sparing therapy
on the mortality of patients with liver cirrhosis.
Only intravenous BCAA solutions have been con-
firmed by meta-analysis to be valuable in treating
hepatic encephalopathy [80].

Chronic Pancreatitis

Chronic pancreatitis refers to permanent damage
to the exocrine pancreas with or without signifi-
cant changes in function. Several forms of chronic
pancreatitis exist, including alcoholic, tropical,
hereditary, autoimmune, and idiopathic [81]; how-
ever, in developed countries, almost 70 % of chron-
ic pancreatitis is caused by alcohol use. One large-
scale study revealed that almost half of patients
with alcoholic chronic pancreatitis developed
exocrine insufficiency over a mean follow-up of
14.6 years [82], leading to marked weight loss.
Thus, patients with chronic pancreatitis are at high
risk for poor nutritional status.

Mechanisms of Malnutrition in Chronic Pancreatitis

Malnutrition and weight loss in patients with
chronic pancreatitis mainly result from maldiges-
tion and abdominal pain (Fig. 1). The loss of aci-
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Fig. 1. Malnutrition in patients with chronic pancreatitis. Modified from [83]



nar cells causes insufficient secretion of lipase, col-
ipase, amylase, and proteases, which results in
maldigestion of lipid, carbohydrates, and protein.
Of these nutrients, fat maldigestion is the most
clinically apparent. However, because the pancreas
secretes a large surplus of enzymes, pancreatic
enzyme output must be reduced to less than 10%
of normal before fat absorption is appreciably
impaired. Fat digestion depends not only on the
amount of pancreatic lipase and colipase, but also
on the activity of these enzymes. Since lipase has
maximal enzymatic activity in the range of pH
6.5–8, decreased bicarbonate delivery to the duo-
denum leads to inactivation of lipase through a pH
drop. In addition, since duodenal acidification pre-
cipitates bile salts, mixed micelle formation is
impaired, resulting in the malabsorption of fat. All
these pathophysiological events contribute to mas-
sive steatorrhoea, leading to malnutrition and
weight loss in chronic pancreatitis patients.

Moreover, abdominal pain induced by food
ingestion is common in these patients and results
in decreased oral intake leading to weight loss.
Inadequate food intake owing to recurrent or near
continuous pain usually accounts for the initial
10–20% loss of body weight. However, the patho-
physiology of this abdominal pain is poorly
understood. Pancreatic hypertension, elevated
interstitial fluid pressure, pancreatic ischaemia,
damage to pancreatic nerves, tissue necrosis,
pseudocyst formation, and common bile duct
and/or duodenal obstruction may cause the
abdominal pain [84].

Other factors may contribute to malnutrition
in patients with chronic pancreatitis. Increased
resting energy expenditure, small-bowel bacterial
overgrowth, severe alcoholism, and poor control
of associated diabetes may have a role. Hebuterne
et al. reported that the measured REE was signifi-
cantly higher than the predicted energy expendi-
ture in underweight patients with chronic pancre-
atitis but not in control groups [85]. Therefore,
weight loss accompanied by hypermetabolism
should be taken into consideration in patients
with chronic pancreatitis. Small-bowel bacterial
overgrow th deconjugates bile salt, impairing
micelle formation. Almost 40% of patients with
chronic pancreatitis have co-existent small-bowel

bacterial overgrowth [86]. The mechanisms for
this association are not clear but may include
small-bowel dysmotility induced by narcotics,
shifts in hormone levels (especially cholecys-
tokinin) induced by chronic pancreatitis, or previ-
ous surgery. In addit ion, in the majority of
patients suffering from chronic pancreatitis, pan-
creatic endocrine insufficiency is correlated with
exocrine dysfunction. The prevalence of impaired
or diabetic glucose tolerance is 40–70%, and half
of these patients suffer from an insulin-dependent
diabetes mellitus. The aetiology of diabetes melli-
tus that results from chronic pancreatitis includes
a loss of β-cells secreting insulin, impaired β-cell
responsiveness to glucose, and disturbances of the
enteroinsular axis v ia diminished levels of
incretins. The susceptibility to severe hypogly-
caemia in patients with diabetes mellitus second-
ary to chronic pancreatitis is higher than in type I
diabetics. This is mainly caused by impaired
glucagon secretion and also influenced by malnu-
trition and concomitant hepatic dysfunction due
to the alcoholic toxicity [87].

Although abnormalities can be identified on
small-bowel function tests and deficiencies of fat-
soluble vitamins, calcium, zinc, selenium, etc. may
be demonstrated, the presence of clinical syn-
dromes are rare, as with demonstrable low B12
uptake in some 10–15% of patients [88].

The absorption of fat-soluble vitamins (A, E,
and K) is usually preserved [84, 88, 89] in patients
with chronic pancreatitis, and, although vitamin D
is not significantly reduced, osteopaenia and
osteoporosis are much more common than previ-
ously thought [90]. Deficiencies of water-soluble
vitamin are often seen in chronic alcoholics, and
impairment of copper, selenium, and zinc metabo-
lism is particularly pronounced in patients with
combined chronic pancreatitis and diabetes melli-
tus [91].

Management of Enzyme Insufficiency

Nutritional support of patients with chronic pan-
creatitis has created a challenge for clinicians. The
reduced ingestion of food, which results from
abdominal pain, together with the increased meta-
bolic demands of this disease often cause a nega-
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tive energy balance, and occasionally undernutri-
tion or malnutrition. There are limited data on the
nutritional assessment of outpatients with chronic
pancreatitis, and the efficacy of enzyme therapy
remains controversial. Trolli et al. demonstrated
that patients undergoing enzyme therapy had bet-
ter nutritional status, as based on serum albumin
levels and percent of ideal body weight [92].
Therefore, enzyme therapy that is simple and has
few side effects should be used in patients with

chronic pancreatitis [93]. The pancreatic enzyme
supplements currently on the market have high
enzymatic activity; however, their efficacy depends
on many factors, including enzyme formulation,
dosage, and scheduling. This is especially the case
for lipase, which is easily denatured by gastric
acid; therefore, acid-suppressing medications and
enteric-release enzyme formulations should be
used in the treatment of chronic pancreatitis
patients.
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Introduction

The association between weight loss and severe
chronic obstructive pulmonary disease (COPD)
has long been recognised. Fowler and Godlee [1]
first described the association of weight loss and
emphysema in the late nineteenth century.
Attempts to establish different COPD classifica-
tions led to the realisation that body weight might
be an important disease determinant [2]. This led
to the classical description of the pink puffer
(emphysematous type) and the blue bloater (bron-
chitic type). The pink puffing patient is character-
istically thin, breathless, and with marked hyperin-
flation of the chest. The blue and bloated patient
may not be particularly breathless, at least when at
rest, but has severe central cyanosis. In the 1960s,
several studies reported that low body weight and
weight loss are negatively associated with survival
in COPD [3]. Nevertheless, therapeutic manage-
ment of weight loss and muscle wasting in patients
with COPD has become of interest only recently,
since these features were generally considered as
terminal progression in the disease process and
therefore inevitable and irreversible. Furthermore,
it was even suggested that weight loss is an adap-
tive mechanism to decreased oxygen consumption.
Recent studies have challenged this conclusion and
showed that weight loss and low body weight are
associated with poor prognosis, independent of, or
at least not closely correlated with, the degree of
lung function impairment [4, 5]. Moreover, weight
gain after nutritional support was associated with
decreased mortality [6].

The renewed interest in therapeutic nutritional
support in COPD runs parallel to changing con-
cepts in the management of the disease, predomi-
nantly aiming treatment not only at primary organ
failure but also at the systemic consequences of the

disease, including nutritional depletion. Depletion
in this context refers both to weight loss and, more
specifically, to a decrease in body cell mass,
defined as the actively metabolising (organs) and
contracting (muscle) tissue. The term depletion is
introduced since the decrease in body cell mass in
acute and chronic disease is caused not only by
decreased food intake, as suggested by the term
‘malnutrition,’ but also by metabolic alterations.
Fat-free mass can be considered as a good estimate
of body cell mass [7].

In clinically stable patients with moderate to
severe COPD, depletion of fat-free mass has been
reported in 20% of COPD out-patients [8] and in
35% of those eligible for pulmonary rehabilitation
[9]. Limited data are available regarding the preva-
lence of nutritional depletion in representative
groups of patients with mild COPD and in patients
suffering from acute respiratory failure, although
in the latter values up to 50% have been reported
[10]. There is no clear relationship between meas-
ures of nutritional status and airflow obstruction,
but weight loss and underweight are associated
with decreased diffusing capacity and are
observed more frequently in emphysematous
patients than in patients with chronic bronchitis
[11]. The difference in body weight between the
two COPD subtypes is merely a difference in fat
mass. Depletion of fat-free mass, despite a relative
preservation of fat mass, also occurs in chronic
bronchitis [11].

Rationale for Nutritional Support

Despite the fact that COPD is characterised by an
irreversible airflow obstruction, current medical
treatment is aimed at reaching the personal best
value of lung function and prevention of a rapid
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decline. This treatment has had only limited suc-
cess, particularly when considering improvement
of daily functioning and quality of life. The most
prominent symptoms of COPD are dyspnoea and
impaired exercise capacity. During the past 10
years, research has shown that, besides airflow
obstruction and loss of alveolar structure, skeletal
muscle weakness is an important determinant of
these symptoms [12]. In addition, recent studies
have shown that skeletal muscle dysfunction is
predominantly determined by skeletal muscle
mass in COPD [11, 13].

Several groups have also reported that, besides
peripheral muscle strength, body weight and
whole body fat-free mass are significant determi-
nants of exercise capacity and exercise response
[14–16]. Patients with a depleted fat-free mass had
lower peak oxygen consumption, peak work rate,
and an early onset of lactic acid production com-
pared to non-depleted patients. These findings
suggest that the functional consequences of nutri-
tional depletion not only relate to muscle wasting
per se, but also to alterations in muscle morpholo-
gy and metabolism. Indeed, experimental studies
and studies of other wasting conditions have
shown that nutritional depletion causes gener-
alised fibre atrophy and specifically decreases the
cross-sectional area of type II muscle fibres [17].
Furthermore, altered levels of glycoly tic and
oxidative enzymes have been described [17, 18] as
well as depletion of energy-rich substrates, such as
phosphocreatine and glycogen [19, 20].

The functional consequences of underweight
and particularly of depletion of fat-free mass are
also reflected in a decreased health status as meas-
ured by a disease-specific questionnaire [21].

Examination of several different COPD popula-
tions have now convincingly shown that a low
body mass index (BMI) and weight loss are associ-
ated with an increased mortality risk [4, 6].
Remarkably, overweight patients with moderate to
severe COPD even have a lower mortality risk than
normal-weight patients [4, 6]. After adjustment for
the effect of age, gender, lung function, smoking,
and resting lung function, an increased mortality
risk was found in patients with a BMI < 25 kg/m2

[6]. This could be related to the functional conse-
quences of an abnormal body composition in

some of the patients as well as to adverse effects of
recent weight loss on other outcome measures. In
this context, it is of interest to note that recent
weight loss is an important factor for outcome of
acute exacerbations, as indicated by non-elective
hospital readmission [22] and the need for and
outcome of mechanical ventilation [23]. These
effects could be related to the specific effects of
(acute) nutritional depletion on respiratory muscle
function or on immune function, but limited data
are available for COPD patients.

Based on the relationship between nutritional
status and outcome, the following screening meas-
ures of nutritional status are recommended.

Underweight is normally defined as a BMI < 21
kg/m2. In Caucasians, this value is comparable to
90% of ideal body weight, based on the
Metropolitan Life Insurance tables. However,
according to recent recommendations the cut-off
point in elderly patients should be extended to 24
kg/m2 [24]. Interestingly, this value strikingly cor-
responds to the increased mortality risks in
patients with COPD, i.e. a BMI < 25 kg/m2.

Causes of Weight Loss and Muscle Wasting

To be able to judge the need for and the effective-
ness of nutritional therapy as well as the optimal
nutritional support strategy, insight is needed into
the underlying mechanisms and contributing fac-
tors of overall weight loss and specific tissue wast-
ing in COPD. Weight loss, especially loss of fat
mass, occurs if energy expenditure exceeds dietary
intake. More specifically, muscle wasting is a con-
sequence of an imbalance between protein synthe-
sis and protein breakdown. Alterations in both
parts of the energy balance have been reported in
patients with COPD, and increasing evidence
points towards the involvement of altered anabolic
and catabolic mediators in the regulation of either
protein synthesis, protein breakdown, or both.

Energy Metabolism

Much research during the last decade has been
focussed on energy expenditure in COPD. Total
energy expenditure (TEE) can be divided into dif-
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ferent components, with the basal metabolic rate
usually being the largest component. Physical-
activity-induced thermogenesis can vary substan-
tially between different individuals. Other compo-
nents of TEE are diet-induced thermogenesis
(DIT), drug-induced thermogenesis, and the ther-
moregulatory component. Gas-exchange measure-
ments made in patients in the awake-relaxed con-
dition after an overnight fast allow determination
of the so-called resting energy expenditure (REE).
Under those conditions, the thermic effect of food
is considered insignificant and it is assumed that
the ambient temperature is within the thermoneu-
tral zone for the individual. REE thus comprises
the sleeping basal metabolic rate and the energy
cost of arousal.

Based on the assumption that REE is the major
component of TEE in sedentary persons, several
studies have measured REE in COPD patients.
After adjustment for the metabolically active fat-
free mass, REE was found to be elevated in COPD
[25]. While in healthy control subjects fat-free
mass could explain up to 84% of the individual
variation in REE, this was only 43% in COPD
patients [25]. Other factors have therefore been
considered, including the work of breathing, hor-
mone levels, drug therapy, and inflammation. A
likely cause of the increased metabolic rate in
COPD patients is increasing respiratory muscle
work, since the energy cost of increasing ventila-
tion is higher in patients with advanced disease
than in healthy controls of comparable age and
gender. REE, however, correlates only weakly if at
all, to individual lung function tests and blood gas
values, or to combinations thereof [25]. Thus,
patients with the worst lung function, in whom the
work of breathing should be the highest, are not
necessarily hypermetabolic. Nasal intermittent
positive-pressure ventilation, which eliminates
diaphragmatic and intercostal activity, did not
reduce REE to normal in a group of hypermetabol-
ic patients [26]. Furthermore, in COPD and in
chest-wall disease, airflow obstruction and oxygen
cost of breathing (OCB) were mutually related, but
no correlation was found between OCB and REE
[27]. Differences in hormone levels have been sug-
gested as an explanation for the increase in REE.
However, despite raised circulating levels of nora-

drenaline, other hormones, e.g. adrenaline, corti-
sol, and thyroxine, were found to be normal in
COPD patients [28]. It is not yet known whether
sympathetic hormones cause any change in skele-
tal muscle β-receptor density or sensitivity, and
further studies are needed to investigate the effects
of high catecholamines on hypermetabolism.

Maintenance bronchodilating treatment for
many patients consists of inhaled β-agonists. Two
weeks of salbutamol increased REE by less than 8%
in healthy males [29]. Acute inhalations of clinical
doses of salbutamol, in contrast, have been shown
to dose-dependently increase REE in healthy sub-
jects by up to 20% [30]. High doses of nebulised
salbutamol are commonly administered during
acute disease exacerbations. Nevertheless, no sig-
nificant acute metabolic effects of this treatment
were shown in elderly COPD patients in compari-
son with an age-matched control group [31].

Another contributing factor to hypermetabo-
lism may be related to inflammation. The polypep-
tide cytokine tumour necrosis factor (TNF) is a
pro-inflammatory mediator produced by different
cell types. TNF also triggers the release of other
cytokines, which themselves mediate an increase
in energy expenditure, and the mobilisation of
amino acids and muscle protein catabolism. Using
different markers, several studies have provided
clear evidence for the involvement of TNF-related
systemic inflammation in the pathogenesis of tis-
sue depletion. Elevated levels of TNF in plasma
and of soluble TNF-receptors were found in
patients with COPD [32–34], particularly those
suffering from weight loss. Some studies showed a
direct relationship between TNF and resting meta-
bolic rate whereas according to others this was
mediated by elevated levels of acute-phase pro-
teins [35]. Since DIT accounts only for 10% of total
daily energy expenditure, the influence of a possi-
bly increased DIT on total daily energy expendi-
ture will be small. Normal and increased DIT have
been described in COPD patients [36]. Despite the
methodological difficulties in measuring total
daily energy expenditure, recent studies have
focused attention on activity-related energy
expenditure in COPD patients. Using the doubly
labelled water (2H2O18) technique to measure TEE
it was demonstrated that COPD patients had a sig-

6.6 Chronic Obstructive Pulmonary Disease (COPD) and Treatment of COPD-Related Cachexia 341



nificantly higher TEE than healthy subjects [37].
Remarkably, the non-resting component of total
daily energy expenditure was significantly higher
in COPD patients than in healthy subjects, result-
ing in a TEE/REE ratio of 1.7 in COPD patients
and 1.4 in normal subjects. Otherwise, when TEE
was measured in patients with COPD and healthy
persons in a respiration chamber, no differences
were found between the two groups, possibly due
to limitations of activities in the respiration cham-
ber [38]. No difference in TEE between hypermeta-
bolic and normometabolic COPD patients was
found and REE did not correlate significantly with
total daily energy expenditure, when fat-free mass
was taken into account [39]. These data are in line
with studies of TEE in other chronic wasting dis-
eases, like cystic fibrosis and human immunodefi-
ciency virus infections, in which the disease-relat-
ed increase in REE was not reflected in the TEE.

The increased activity-related energy expendi-
ture could be explained by the observed decreased
mechanical efficiency of leg exercise [40]. Part of
the increase in oxygen consumption during exer-
cise can be related to inefficient ventilation in case
of increased ventilatory demand, especially under
condit ions of dynamic hyperinflat ion.
Furthermore, studies indicate severely impaired
oxidative phosphorylation during exercise in
COPD patients, accompanied by an increased and
highly anaerobic metabolism involving both ener-
gy-release from high energy phosphate com-
pounds and enhanced glycolysis [41]. It is general-
ly known that anaerobic metabolism is inefficient
compared to aerobic metabolism.

Besides an impaired oxidative phosphorylation
during exercise, recent studies have shown alter-
ations in resting cellular energy metabolism in
peripheral muscle. A decrease in the activity of cit-
rate synthase [42], an increase in the glycolytic
enzyme phosphofructokinase [43], and (in hypox-
aemic patients) an increase in the activity and
expression of cytochrome oxidase have been
reported [44]. These enzymatic adaptations could
indicate a shift towards a more glycolytic metabo-
lism. The functional consequences of these
changes were reflected in alterations in adenosine
nucleotide metabolism as evidenced by a
decreased PCr/Cr and detectable levels of inosine

monophosphate, indicative of an imbalance
between the utilisation and resynthesis of ATP in
resting muscle of patients with COPD [45]. It could
be speculated that the observed changes in intra-
cellular metabolites result in an increased overall
energy metabolism. Limited data are available
regarding possible alterations in substrate metabo-
lism in COPD related to the overall and cellular
energy metabolic state. On the muscular level, in
addition to an altered energy state, alterations in
the profile of muscle amino acids have recently
been described [46]. In contrast to the increased
fat oxidation seen in other catabolic states, an
increased utilisation of carbohydrate was shown in
depleted COPD patients compared to depleted
patients without underlying lung disorders [47].
Severely hypoxaemic COPD patients were found to
have an altered glucose metabolism that could not
readily be explained by changes in glucoregulatory
hormones or short-term alterations in oxygena-
tion [48]. No evidence for insulin resistance is yet
available [49]. Clearly more data are needed, how-
ever, regarding substrate metabolism in well
defined sub-groups of COPD based on the pattern
and degree of tissue depletion and on the presence
of tissue hypoxia and perhaps also of systemic
inflammation.

Dietary Intake

Hypermetabolism can explain why some COPD
patients lose weight despite an apparent normal to
even high dietary intake. Nevertheless, it has been
shown that dietary intake in weight-losing patients
is lower than in weight-stable patients both in
absolute terms and in relation to measured REE
[50]. This is quite remarkable because the normal
adaptation to an increase in energy requirements
in healthy men is an increase in dietary intake. The
reasons for a relatively low dietary intake in COPD
patients are not completely understood. It has
been suggested that they eat suboptimally because
chewing and swallowing change the breathing pat-
tern and decrease arterial oxygen saturation.
Furthermore, gastric filling in these patients may
reduce the functional residual capacity and lead to
an increase in dyspnoea. Very intriguing is the role
of leptin in energy homeostasis. This adipocyte-
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derived hormone represents the afferent hormonal
signal to the brain in a feedback mechanism regu-
lating fat mass. In addition, leptin has a regulating
role in lipid metabolism and glucose homeostasis,
increases thermogenesis, and has effects on T-cell-
mediated immunity. There are few data on leptin
metabolism in COPD. Circulating leptin levels cor-
relate well with BMI and fat percentage in COPD
patients, as expected, but the values were signifi-
cantly lower than in healthy subjects [34]. In
experimental studies, the administration of endo-
toxins or cytokines produced a prompt increase in
serum leptin levels [51]. One study also observed a
relationship between leptin and soluble TNF-
receptor 55 in COPD patients, in particular those
with the emphysematous sub-type. Leptin levels as
well as those of soluble TNF-receptor 55 were, in
turn, inversely related to dietary intake in absolute
terms as well as adjusted for REE [52]. The exact
regulation of leptin in COPD needs further explo-
ration. Another factor of interest in evaluating
dietary intake is the influence of psychological
dysfunctioning, such as anxiety, depression, and
appetite. Although no systematic studies have been
reported thus far, limited physical abilities, finan-
cial constraints and lack of supportive care of
COPD patients should also be considered as fac-
tors that may interfere with dietary intake.

Outcome of Nutritional Intervention

Oral Nutritional Supplements

The first trials of nutritional supplementation in
patients with COPD included short-term in-
patient nutritional intervention programmes. In
two studies [53, 54], a significant increase in body
weight and respiratory muscle function was
reported after 2–3 weeks of oral or enteral nutri-
tional support. It was suggested that the effect of
this short period of nutritional repletion may have
been related more to repletion of muscle water and
potassium than to constitution of muscle protein
nitrogen. Besides, it is likely that increased cellular
energy levels contribute more to improving muscle
strength over the short-term than increased nitro-
gen retention [55]. Only one study, consisting of
nine patients with advanced COPD, has addressed

the immune response to short-term nutritional
intervention [56]. Refeeding and weight gain were
associated with a significant increase in absolute
lymphocyte count and with an increase in reactivi-
ty to skin test antigens after 21 days of refeeding.

Since then several studies have investigated the
effectiveness of nutritional therapy over a more
prolonged intervention period, ranging from 1–3
months. One in-patient study [57] and one out-
patient study [58] showed significant improvement
in respiratory and peripheral skeletal-muscle func-
tion, exercise capacity, and health-related quality
of life after 3 months of oral supplementation of
about 1000 Kcal daily. In three other out-patient
studies, however, despite a similar nutritional sup-
plementation regimen, the average weight gain was
less than 1.5 kg in 8 weeks [59–61]. Besides non-
compliance, the poor treatment response may be
attributed, at least partly, to inadequate assessment
of energy requirements and to the fact that the
patients were consuming supplements instead of
their regular meals.

Nutrition and Exercise

From a functional point of view, it is obvious that
nutritional support should be combined with exer-
cise, if possible. A daily nutritional supplement as
an integrated part of a pulmonary rehabilitation
program indeed resulted in significant weight gain
(0.4 kg/week), despite a daily supplementation that
was much less than in most previous out-patient
studies [62]. The combination of nutritional sup-
port and exercise not only increased body weight
but also resulted in a significant improvement of
fat-free mass and respiratory muscle strength. The
clinical relevance of treatment response was
shown in a post-hoc survival analysis of this study,
which demonstrated that weight gain and
increased respiratory muscle strength were associ-
ated with significantly increased survival rates
[63]. On Cox regression analysis, weight gain dur-
ing the rehabilitation period remained a signifi-
cant predictor of mortality independent of base-
line lung function and other risk factors, including
age, sex, smoking, and resting arterial blood gases.
In view of the ventilatory limitation and disease
symptoms, exercise in most rehabilitation settings
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consists of general physical training, with empha-
sis on endurance exercise.

Increases in body weight, fat-free mass, and
improvements in ventilatory muscle function,
handgrip strength, peak work capacity, and health
status have also been reported in depleted patients
following nutritional supplementation therapy
incorporated into a pulmonary rehabilitation pro-
gramme [63, 64].

Timing of Nutritional Support

Most studies have investigated the effects of nutri-
t ional supplementation in clinically stable
patients. Anamnestic data, however, indicate that
in some patients weight loss follows a stepwise
pattern, associated with acute (infectious) exacer-
bations. During an acute exacerbation, energy bal-
ance is often negative due to a further increase in
REE, but particularly due to a temporarily dramat-
ic decrease in dietary intake [65]. Furthermore,
these patients may have an increased risk for pro-
tein breakdown, which may limit the effectiveness
of nutritional supplementation [66]. Factors con-
tributing to weight loss and muscle wasting during
an acute exacerbation include an increase in
symptoms, more pronounced systemic inflamma-
tion, alterations in leptin metabolism, and the use
of high doses of glucocorticoids [64, 65]. One
study showed a positive effect of nutritional sup-
port during hospitalisation for an acute exacerba-
tion, but clearly more research is needed to evalu-
ate the relative effectiveness of nutritional support
during or immediately after such episodes [66].

Practical Implementation of Nutritional
Support

Based on current insights into the relationship
between nutritional depletion and outcome in
COPD patients, a flow chart for nutritional screen-
ing and therapy is presented in Fig. 1. Simple
screening can be performed based on repeated
measurements of body weight. Patients are charac-
terised by BMI (BMI = weight/height in m2) and
the presence or absence of involuntary weight loss.

Nutritional supplementation is indicated for
underweight patients (BMI < 21 kg/m2).
Involuntary weight loss in patients with a BMI <
25 kg/m2 should be treated to prevent further dete-
rioration, whereas in patients with a BMI > 25
kg/m2 involuntary weight loss should be moni-
tored to assess whether it is progressive. If possi-
ble, measurement of fat-free mass as an indirect
measure of muscle mass provides a more detailed
screening of patients, since it allows identification
of normal-weight patients with a depleted fat-free
mass, who, despite a normal body weight, should
nonetheless be considered as candidates for
dietary therapy.

Depending on the underlying cause of energy
imbalance (decreased dietary intake or increased
nutritional requirements), initial nutritional thera-
py may range from adaptations of the dietary
behaviour and food pattern to implementation of
nutritional supplements. Nutritional support
should be given as energy-dense supplements
well-divided during the day to avoid loss of
appetite and adverse metabolic and ventilatory
effects resulting from a high caloric load. When
feasible, patients should be encouraged to follow
an exercise program. For severely disabled cachec-
tic patients unable to perform exercise training,
even simple strength manoeuvres combined with
ADL training and energy conservation techniques
may be effective. Exercise not only improves the
effectiveness of nutritional therapy, but also stim-
ulates appetite. After 4–8 weeks, the response to
therapy can be determined. If weight gain and
functional improvement are noted, the caregiver
and the patient have to decide whether further
improvement by a similar strategy is feasible or
whether maintenance is the aim. If the desired
response is not obtained, it may be necessary to
consider compliance issues. If compliance is not
the problem, more calories may be needed either
by supplements or by enteral routes. A patient’s
nutritional status in relation to functional status
can be screened during hospitalisation for an
acute exacerbation or during out-patient follow
up. The pulmonologist can consult the dietician
for insight into the cause and treatment of an
impaired energy balance in weight-losing subjects
and the physiotherapist for the type and intensity
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of exercise program. Despite optimal implementa-
tion of nutritional therapy as part of an integrated
treatment approach to COPD, it should be recog-
nised that a sub-group of patients may not
respond, due to an underlying mechanism of

weight loss that cannot be reversed merely by
caloric supplementation. Potential reversibility by
means of specific nutrients (nutriceuticals) or
pharmaceuticals will be a major focus of future
research in this field.
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Introduction

Cachexia (body wasting) in patients with cardio-
vascular illness usually develops when patients
have chronic heart failure (CHF). As an increasing
public health problem and a leading cause of mor-
bidity and mortality worldwide, CHF is associated
with a poor prognosis [1]. The onset of cachexia
in CHF patients (cardiac cachexia) is a serious
complication of their disease and even worsens
the prognosis of the underlying disease [2]. This
connection between advanced heart failure and
significant weight loss has long been recognised.
The earliest report dates back to the school of
medicine of Hippocrates some 2300 years ago. The
term ‘cachexia’ is of Greek origin and derives from
the words kakos (bad) and hexis (condition). The
term ‘cardiac cachexia’ was first used in 1860 by
Mauriac [3].

Definition and Diagnosis

Cachectic heart-failure patients are weaker and
fatigue earlier, which is due to both reduced skele-
tal muscle mass and impaired muscle quality. A
simple and fast applicable definition of ‘clinical
cardiac cachexia’ is the following: in CHF patients
without signs of other primary cachectic states
(e.g. cancer, thyroid disease, or severe liver dis-
ease), cardiac cachexia can be diagnosed when
weight loss of > 6% of the previous normal weight
is observed over a period of > 6 months [4]. The
previous normal weight of a heart-failure patient
would be the average weight prior to the onset of
heart disease (before the diagnosis). It is impor-
tant to document dry weight loss measured in a
non-oedematous state to prove the diagnosis.

However, different definitions have been used by

the various research groups that have investigated
the wasting process in heart failure and other con-
ditions. For example, in heart-failure studies,
patients have also been classified as ‘malnourished’
when the percentage of ideal weight was < 90% or
body fat content was < 15% for men and < 22% for
women [5]. Further possible definitions are a body
fat content of < 27% (men) or < 29% (women) [6],
or when body weight is < 85% of the ideal one [7]
or even < 80% [8]. Also, a documented weight loss
of at least 10% of lean tissue [9] has been proposed.
Several of these definitions are based on body 
composition variables. These can be measured by
bioelectrical impedance measurement, dual energy
x-ray absorptiometry (DEXA) scanning, computed
tomography (CT), or nuclear magnetic resonance
(NMR). However, these techniques are expensive
and not available everywhere.

Primarily, it is important to recognise changes
in weight as early as possible in CHF patients. This
can easily be done by a carefully documented
weight history (taken from the non-oedematous
patient) for all in- and out-patients with CHF.
Moreover, obtaining this information is neither
time-consuming nor expensive.

Incidence, Prevalence, and Prognosis

Heart failure is a common disorder, with a preva-
lence of approximately 0.3–2% in the general pop-
ulation [10]. The incidence is > 10% in subjects
older than 80 years and then doubles every decade
[11]. However, the incidence of heart failure is
expected to grow because of the increasing age of
the population, improved diagnostic techniques
for the detection of heart failure, and improved
treatment and survival of patients with coronary
artery disease.
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Also, cachexia in heart failure is not as rare as
previously thought and ranges between 10–15%,
but data vary dependent on the definition. Up to
50% of CHF patients are malnourished to some
degree [5]. With a definition of cachexia as oede-
ma-free weight loss > 7.5%, the incidence of
cachexia in the Studies of Left Ventricular
Dysfunction (SOLVD) treatment trial was 35%
over 3 years, with a cross-sectional prevalence of
this degree of weight loss between 12 and 14%
[10]. A prospective study on the frequency and
prognostic importance of cachexia in CHF out-
patients demonstrated that 16% of the patients
were cachectic [12]. The observed weight loss
amounted to 6–30 kg and the 18-month mortality
was 50% in cachectic patients. Therefore, in
patients with CHF, increasing BMI is not an
adverse prognostic feature. Thinner patients
appear to have a poorer prognosis [13] (Fig. 1).
This is independent of functional disease severity,
age, measures of exercise capacity, and cardiac
function.

Pathogenesis

A complex imbalance of different body systems
may cause the development of body wasting, with
alterations in the body composition. Available evi-
dence suggests that metabolic, neurohormonal,
and immune abnormalities play an important role
in the pathophysiology of cardiac cachexia.
Pittman and Cohen, in 1964, proposed increased
catabolism (protein loss) and reduced anabolism
due to cellular hypoxia as the principal pathogenic
factor [14]. Currently, several further mechanisms
are thought to be responsible for the development
of cardiac cachexia. These include dietary defi-
ciency, malabsorption/metabolic dysfunction, and
loss of nutrients, e.g. via the urinary or digestive
tracts [15]. While several recent studies on the
metabolic and immunologic changes have provid-
ed interesting results in the last few years, the
mechanisms behind the transition from heart fail-
ure to cardiac cachexia have yet to be clarified
completely.
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Fig. 1. Weight loss 6% or more and subsequent cumulative mortality in patients with chronic heart failure in the V-HeFT
II study. Data from [4]



Alterations in Body Composition 

Patients with cardiac cachexia suffer from a general
loss of fat, lean, and bone tissues. Loss of lean tis-
sue, e.g. skeletal muscle, causes early fatigue and
muscle weakness in CHF patients. This mainly
occurs in patients with NYHA class III and IV [16]
disease and in cachectic subjects [17]. It is known
that muscle atrophy [18] is present in up to 68% of
patients with CHF [19]. Pathophysiologically, ultra-
structural abnormalities, such as fibre-type distri-
bution and reduced capillary length and density in

the skeletal muscle of CHF patients [20], have been
shown in heart-failure patients, reflecting a
decreased oxidative capacity of skeletal muscle.

Besides this significant loss of lean tissue, CHF
patients also have a lower fat tissue mass (i.e. energy
reserves) and decreased bone mineral density (i.e.
osteoporosis) [21, 22] (Table 1). Other studies con-
firmed these findings and found significantly corre-
lated plasma levels of inflammatory cytokines and
catabolic hormones [23], which might represent a
mechanism for these changes in body composition.

6.7 Cachexia in Cardiovascular Illness 351

Table 1. Body composition (whole body analysis) in healthy controls compared with non-cachectic and cachectic patients
with chronic heart failure (CHF) as determined by DEXA (dual x-ray absorptiometry). All results mean ± SEM  (ranges
given in brackets). The derived measures were indented. Adapted from [17]

Controls Non-cachectic CHF patients Cachectic CHF patients
n = 15 n = 36 n = 18

Total body results
Fat tissue (kg) 20.3 ± 1.9 21.6 ± 1.2 13.6 ± 0.8 •••• ****

(11.3 - 37.6) (11.2 - 36.6) (7.4 - 19.7)

- Body fat tissue content (%) 23.9 ± 1.5 25.3 ± 1.0 21.6 ± 1.1
(16.2 - 36.7) (15.5 - 37.8) (13.8 - 116.3)

- Body fat tissue / height (g/cm) 116 ± 11 124 ± 7 80 ± 5 •• ***
(63.3 - 225.0) (63.9 - 212.9) (43.7 - 116.3)

Lean tissue (kg) 58.2 ± 1.4 57.4 ± 1.0 46.0 ± 1.2 •••• ****
(50.4 - 72.0) (45.8 - 74.9) (37.9 - 53.1)

- Body lean tissue content (%) 70.8 ± 1.5 69.0 ± 0.9 73.6 ± 1.3 **
(57.5 - 78.8) (56.9 - 79.4) (66.7 - 88.9)

- Body lean tissue / height (g/cm) 331 ± 7 331 ± 5 269 ± 6 •••• ****
(292.1 - 389.2) (283.3 - 423.0) (226.9 - 305.1)

Bone mineral density (g/cm2) 1.22 ± 0.02 1.23 ± 0.01 1.16 ± 0.02 • **
(1.055 - 1.380) (1.065 - 1.509) (1.033 - 1.286)

Bone mineral content (g) 3184 ± 107 3126 ± 56 2628 ± 58 •••• ****
(2563 - 3915) (2503 - 4059) (2240 - 3020)

- Bone mineral content / height (g/cm) 18.1 ± 0.6 18.0 ± 0.3 15.4 ± 0.3 •••• ****
(14.6 - 21.2) (14.7 - 23.1) (13.0 - 23.1)

•, p < 0.05 vs controls; ••, p < 0.01 vs controls; ••••, p < 0.0001 vs controls; **, p < 0.01 vs non-cachectic CHF patients; ***,
p < 0.001 vs non-cachectic CHF patients; ****, p < 0.0001 vs non-cachectic CHF patients; n, number of patients



Immune Activation

There is evidence that neurohormonal changes
and immune activation in CHF patients play a
major role in the pathogenesis of cardiac cachexia.
While tumour necrosis factor-α (TNF-α) is
increased in cardiac cachexia as a sign of immune
activation [6, 7, 24], the levels of this cytokine are
not increased in all CHF patients [25]. Keeping the
definition of cardiac cachexia as > 7.5% weight
loss in 6 months, the TNF-α plasma level is higher
in cachectic (Fig. 2), than in non-cachectic CHF
patients. TNF-α level is also the strongest predic-
tor of the degree of previous weight loss [26]. In
animal experiments, TNF-α-producing cells
implanted in the brain caused profound anorexia
[27]. When TNF-α-producing cells were implanted
in skeletal muscle, cachexia occurred, which
proves a causative role for increased levels of TNF-
α in the genesis of cachexia. Other important

cytokines in CHF are interleukin (IL)-1, IL-6,
interferon (IFN)-γ, and transforming growth factor
(TGF)-β. Besides cytokines, there are other elevat-
ed inflammatory markers, e.g. erythrocyte sedi-
mentation rate, which also relate adversely to the
prognosis [28].

The exact mechanism for the activation of the
immune system is not clear and several possibili-
ties have been discussed, including a role for TNF-
α since it is a validated marker for immune activa-
tion in cardiac cachexia. Hypoxia has been sug-
gested as the main stimulus for increased TNF-α
production in CHF patients [29]. As the failing
myocardium is capable of producing TNF-α [30],
another hypothesis assumes that the heart itself is
the main source of inflammatory cytokines [31].
Nevertheless, treatment of patients with ventricu-
lar assistance devices failed to provide long-term
beneficial anti-inflammatory effects [32]. Also,
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Fig. 2. Tumour necrosis factor alpha (TNF-α), epinephrine, norepinephrine and cortisol plasma levels in 53 chronic heart
failure (CHF) patients and 16 healthy controls. Patients are sub-grouped according to: (1) cachectic state (nc, non-cachec-
tic [n = 37]; cach, cachectic [n = 16]): (2) maximal oxygen consumption (peak VO2) (< 14 [n = 17] vs 14-20 [n = 24] vs
>20 ml/kg per min [n = 12]; (3) New York Association class (NYHA) (class 1/2 [n = 16] vs class 3/4 [n = 37]); (4) left ven-
tricular ejection fraction (LVEF) (< 20% vs 20-35% [n = 17] vs > 35% [n = 12]). Data presented as mean ± SEM P-values
for Fisher’s test are given if ANOVA showed significant inter-group variation. Adapted from [26]



endotoxin stimulates inflammatory cytokine pro-
duction [33]. Therefore, bacterial translocation
due to bowel-wall oedema in CHF with subsequent
endotoxin release represents a possible mecha-
nism to activate the immune reaction (endotoxin
hypothesis) [34]. There is evidence that endotoxin-
mediated inflammation is important in cardio-
genic shock [35]. Furthermore, an increased sensi-
tivity of peripheral monocytes to lipopolysaccha-
rides (LPS) and high levels of neopterin (a marker
of monocyte activation) indicate monocyte activa-
tion in CHF patients [36]. In contrast, lipids play a
beneficial role in patients with CHF by binding to
and detoxifying the effects of endotoxin [37]. High
lipoprotein levels were found to be inversely relat-
ed to low plasma levels of TNF and other inflam-
matory cytokine variables [38]. Furthermore, it
may explain why low, but not high serum lipopro-
tein levels are associated with a poor prognosis in
CHF patients [39, 40].

Another aspect is anaemia, which can be the
cause of heart failure, but also its consequence

(Fig. 3) [41]. Reduced haemoglobin is frequently
seen in inflammatory condit ions, and pro-
inflammatory cytokines may be pivotal triggers of
anaemia in CHF. Studies also document that lower
plasma haemoglobin levels in CHF are related to
female gender, older age, poor kidney function,
lower body weight, greater inflammation, and
advanced disease status (based on left ventricular
ejection fraction, exercise capacity, and mortality
analyses) [41].

Neurohormonal Abnormalities

Besides activation of the immune system, neuro-
hormonal abnormalities are also important in the
pathophysiology of the development of cardiac
cachexia. Attributed to impaired cardiac function,
a general neurohormonal activation, in which the
sy mpathetic ner vous system, the renin-
angiotensin-aldosterone axis, and the natriuretic
peptide system are stimulated, occurs when heart
failure deteriorates to a chronic disease state.
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Fig. 3. The cardiorenal anaemia syndrome - anaemia as a cause and consequence of heart failure: anaemia, plasma vol-
ume and haemodynamic changes, sympathetic activation, vasoconstriction, tissue ischaemia, and tissue injury are com-
ponents of a vicious circle. ADH, antidiuretic hormone; LV, left ventricular; LVH, left ventricular hyperthrophy; SNS,
sympathetic neervous system. Adapted from [41]



Initially, these changes have a beneficial effect;
however, later they contribute to increased vascu-
lar resistance, afterload, ventricular enlargement,
and remodelling.

The overall sympathetic activity is demonstrat-
ed by an increased plasma norepinephrine level
[42]. Norepinephrine and epinephrine levels were
markedly increased in a cachectic group of 53 CHF
patients, who were stratified for LVEF, NYHA class,
and presence of cachexia, compared to non-
cachectic CHF patients and healthy subjects [26]
(Fig. 2). Both of norepinephrine and epinephrine
can cause a catabolic metabolic shift [25, 26] and
lead to an increase in resting energy expenditure
in CHF patients [43].

The importance of neuroendocrine activation
in the development of cachexia in CHF is also
reflected in increased aldosterone plasma levels
and increased plasma renin activity [26]. Adult
patients with congenital heart disease have signifi-
cantly higher levels of the neurohormones ANP,
BNP, ET-1 (all p < 0.0001), norepinephrine, renin
(p = 0.003), and aldosterone (p = 0.024) [44].
Interestingly, there was a highly significant step-
wise increase in the concentrations of ANP, BNP,
ET-1, and norepinephrine with increasing disease
severity. Angiotensin II- and aldosterone-activity
explain the fibrosis of smooth muscle cells as well
as the reduction of circulating insulin-like growth
factor (IGF)-1 [45]. Renin again stimulates the
production of angiotensin II and norepinephrine
(renin-angiotensin-system) [46].

Furthermore, the growth hormone (GH)/IGF-1
axis is involved in the pathogenesis of the wasting
process [47, 48]. Abnormal GH/IGF-1 ratios and
low testosterone levels correlate with the degree of
weight loss in cachectic CHF patients [26].

The hormone cortisol is also considered to be
part of the general stress response and exerts a
catabolic effect. Increased cortisol was demon-
strated in untreated patients with severe CHF (Fig.
2) [49], which was probably due to an elevated
release of adrenocorticotropic hormone [50]. This
catabolic/anabolic imbalance was confirmed by a
study in which the anabolic steroid dehy-
droepiandrosterone was lowest in cachectic CHF
patients and cortisol levels were particularly
increased in cachectic CHF patients [26].

The protein leptin is involved in the regulation
of food intake and energy balance [51], and it
serves as an important signal from fat to brain.
Raised levels of leptin can decrease food intake
and increase resting energy expenditure [52]. The
role of leptin in the development of cardiac
cachexia has not yet been elucidated, but it was
reported that plasma leptin levels are increased in
CHF [53] and higher leptin levels are associated
with increased sympathetic activity [52]. However,
there are some contradictory reports on this issue
[54, 55].

Therapeutic Options

Cardiac cachexia is characterised by an imbalance
of the catabolic and anabolic body system (Fig. 4)
[56]. So far, there is no validated world-wide
accepted therapy, but possible starting points for
the therapy can be discussed. Due to the various
changes in different physiological systems, e.g.
immunological and neurohormonal, that con-
tribute to cachexia, it appears unlikely that a sin-
gle agent will be completely effective in treating
this condition.

Drugs

Prevention of the deterioration of CHF, such as
occurs with the onset of cachexia, is one of the
main goals of therapy. Increasing knowledge about
the pathophysiology of CHF and its sequelae has
led to an increasing number of therapeutic
options. However, there is no specific drug therapy
for cachexia associated with CHF. Most of the
drugs currently in use, particularly ACE inhibitors,
β-blockers, and aldosterone antagonists, have an
effect on the neurohormonal system. For instance,
ACE inhibitors reduce circulating levels of atrial
and brain natriuretic peptides (ANP, BNP) [57, 58],
TNF-α [59], and IL-6 [60]. The effects on cate-
cholamines, other neurohormones, and endothe-
lial function mediated by ACE inhibitors are
thought to improve the nutritional status of tissues
and reduce ischaemia and oxidative stress. Thus,
these drugs prevent tissue damage and apoptosis
in patients with heart failure [4]. It was demon-
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strated that treatment with the ACE inhibitor
enalapril reduced the risk of over 6% weight loss
by 19% [4]. Also, it has been shown that ACE
inhibitors can restore depressed levels of circulat-
ing IGF-1 in CHF patients by reducing angiotensin
II activity [61]. A further option is therapy with an
angiotensin II type-1 receptor antagonist itself,
which resulted in reduced plasma levels of TNF-α,
IL-6, and BNP [62]. Angiotensin II is a potent stim-
ulator of the immune and neurohormonal axis.

Recently, β-blockers were found to act benefi-
cially in CHF and to prevent or even partially
reverse cachexia [63]. In a study with CHF patients,
after therapy with carvedilol or metoprolol for 6
months, subjects with baseline cachexia gained sig-
nificantly more weight gain than subjects in the
non-cachectic group [64]. The β-blocker carvedilol
is thought to have an inhibitory effect on reactive
oxygen species and apoptosis [65]. All-cause mor-
tality was lower in the metoprolol group in a study

enrolling 3991 patients [66]. Also, carvedilol thera-
py led to a reduced overall mortality rate of 3.2%
(n = 696) vs 7.8% in the placebo group (n = 398)
[67]. However, there was no difference between
cachectic and non-cachectic patients in this study.

The importance of high levels of cytokines
favours implementation of an anti-cytokine thera-
py. Although anti-cytokine treatment is estab-
lished in other diseases [68–70], its value in the
management of CHF remains controversial [71].
The effects of two drugs, etanercept, which reduces
the bioactivity of TNF-α, and infliximab, an anti-
TNF-α antibody, have been studied. Contradictory
to the initial favourable effects in early pilot stud-
ies [72, 73], larger studies failed to show a benefit
for either drug [74–76].

Interestingly, phosphodiesterase inhibitors (e.g.
amrinone, vesnarinone, pimobendan), which have
short-term haemodynamic benefits in heart fail-
ure, can inhibit the production of TNF-α and
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Fig. 4. The development of cachexia due to a complex interaction of different body systems and an imbalance of catabolic
and anabolic systems. ET-1, endothelin-1. (Adapted from [56])



other cytokines from stimulated human lympho-
cytes [77]. Furthermore, it has been suggested that
another phosphodiesterase inhibitor, pentoxi-
phylline, reduces TNF-α plasma concentrations
[78], but in a well-controlled study pentoxifylline
therapy did not reduce TNF-α levels in CHF
patients [79].

Blocking the inflammatory activation is also
possible with the anti-cytokine anti-IL-6. It was
shown that proteolysis, muscle atrophy, and weight
loss were prevented by anti-IL-6 antibody therapy
in animal models [80].

Recombinant human GH can be considered as
another option for the treatment of cardiac cachex-
ia. Since normal doses had no significant clinical
benefits compared to placebo [81], high doses of
GH may be necessary to overcome GH resistance,
which is present in patients with cardiac cachexia
[82]. In fact, case reports involving three cachectic
patients showed an increase of muscle mass and
strength and an improvement of exercise capacity
with high dose (about 6–8 times higher than nor-
mal) GH therapy [83, 84]. The use of anabolic
steroids to increase muscle mass in cardiac cachex-
ia is limited due to negative side effects on other
organs, e.g. kidney function [15, 85]. Recently,
ghrelin was found to improve ventricular function
and increase body weight in animal studies [86].
Therefore, the GH-releasing peptide ghrelin, which
has been isolated from the stomach, presents
another option for the treatment of cardiac cachex-
ia and therefore merits further research. Ghrelin
causes a positive energy balance by stimulating
food intake, and it also exhibits cardiovascular
effects, e.g. inhibition of apoptosis by cardiomy-
ocytes and endothelial cells [87].

The above-mentioned endotoxin hypothesis
implies further therapeutic strategies. Drugs
directed against endotoxin-producing bacteria in
the bowel or endotoxin itself, or its binding to cells
could prevent the effect of cytokine release due to
endotoxin. However, further research on the bene-
fits of this approach is needed.

Nutritional Support

Nutritional support seems to be an easy way of
improving the nutritional status in cachectic

heart-failure patients. However, non-surgical stud-
ies with such patients are rare, and perioperative
studies evaluating the effect of nutritional support
on mortality have yielded contradictory results [8,
88]. In a non-surgical study, intensive nutritional
support led to an increase in the amount of lean
tissue [89]. Another study demonstrated no signif-
icant effect on the clinical status of heart failure in
stable CHF patients without any signs of severe
malnutrition [90]. However, only small numbers of
patients were involved and cachexia was not
assessed. Other studies of heart failure have failed
to quantify nutrient and caloric intake [5], and
most studies are limited by the poor compliance of
patients with nutritional regimens. Therefore,
nutritional-support studies in cardiac cachexia
patients are still needed.

It is noteworthy that studies in healthy older
people demonstrated a high incidence of inade-
quate nutritional intake [91], and non-intentional
weight loss was also shown to be an independent
predictor of mortality in the elderly [4].

Catecholamines and cytokines, which are ele-
vated in heart failure, are stimuli for free-radical
production. Therefore, antioxidants and free radi-
cal scavengers, such as vitamins C and E, are thera-
peutic options in cardiac cachexia. This was
proven by a study showing that muscle wasting in
mice was prevented by an antioxidant [92].
Additionally, it was shown that antioxidants sup-
press the production of free radicals in leucocytes
[93]. The presence of elevated levels of markers of
oxidative stress in heart-failure patients correlates
with functional class, reduced exercise tolerance,
lower antioxidant levels, and worse prognosis,
including cachexia [94, 95]. These patients also
tend to have micronutrient deficiency through, e.g.
urinary losses or therapy with diuretics.
Deficiencies of specific micronutrients, such as
selenium, copper, calcium, zinc, or thiamine, can
also cause heart failure [96]. Thus, it is important to
keep CHF patients on a diet with sufficient calories
and with sufficient micronutrients and vitamins to
replace early losses. Interestingly, statins have also
been shown to possess anti-inflammatory charac-
teristics and counterbalance increased levels of
oxygen free-radicals in CHF [39, 97].

Fish oil (n-3 polyunsaturated fatty acids) is a
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supplement that has been shown to improve cachex-
ia symptoms in dogs with CHF [98]. Accordingly, an
oral nutritional supplement enriched with fish oil
reversed cachexia in patients with pancreatic cancer
[99]. In healthy volunteers [100] and patients with
rheumatic disease [101], fish oil reduced TNF-α and
IL-1 concentrations; thus, it might exert an anti-
inflammatory effect. Further supplements or thera-
py with appetite-stimulating drugs, like megestrol
acetate, are being studied.

Exercise

Exercise training is a therapeutic option that has
been probably underevaluated so far. Moderate
exercise training improves exercise capacity by
reversing muscular metabolic abnormalities and
atrophy as well as impaired blood flow and neuro-
hormonal abnormalities [102]. Pathophysiolo-
gically, skeletal-muscle cytochrome c oxidase
activity is increased with long-term training, and
this is associated with reduced local expression of
pro-inflammatory cytokines [103]. Exercise train-
ing may therefore help to retard the catabolic
process in CHF, and it has been suggested that
moderate exercise training could safely be per-
formed by cachectic CHF patients with NYHA
class I–III disease [104]. However, exercise training

is not possible in every patient due to a decreased
exercise capacity.

Conclusions

The onset of cardiac cachexia is a serious complica-
tion in heart failure and is associated with a poor
prognosis. Despite declining trends in overall cardio-
vascular mortality, mortality and morbidity from
heart failure are increasing. The results of the studies
described herein support the importance of a specif-
ic evaluation of the cachectic status in CHF patients.
Cachexia is easily detectable by weight documentation
in the non-oedematous patient. Immune and neuro-
hormonal abnormalities play significant roles in the
pathogenesis of the wasting process, although fur-
ther research is needed to elucidate the pathophysi-
ology. Interestingly, the degree of body wasting is cor-
related with the level of these neurohormonal and
immune abnormalities. As knowledge about the
pathophysiology of cardiac cachexia has increased, a
growing number of treatment strategies for the pre-
vention and therapy of cardiac cachexia are becom-
ing available. Individualised management will have an
important influence on the quality of life of heart-fail-
ure patients with cachexia and may improve their
long-term prognosis.
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Epidemiology

Weight loss among geriatric patients is not unusu-
al. In fact, 30–50% of nursing-home residents have
substandard body weight, substandard mid-arm
muscle circumference, and low serum albumin lev-
els [1–8]. The incidence of weight loss has been
reported to be 5–15% in the elderly community
overall [9]. Morley and Kraenzle [10] found that
among 156 nursing home residents, 15–21% had
weight loss of 5 lbs. or more over 3–6 months.

Wallace and Schwartz reported that involun-
tary weight loss in the geriatric population exceeds
13% (in a group of 247 community-residing male
veterans, 65 years of age or older) [11]. The preva-
lence of malnutrition in the hospitalised elderly
can be as high as 32% [12, 13], and 54% of newly
admitted residents to long-term-care facilities
were found to be malnourished [14]. Malnutrition
is a major problem among residents in such facili-
ties [15, 16]. Thomas and associates found that
29% of acutely hospitalised patients admitted to
rehabilitation were malnourished [17], and 63% of
the admissions were at risk for malnutrition; thus,
more than 91% of the patients admitted to a suba-
cute care facility were either malnourished or at
risk of malnutrition [17]. This may reflect the high
prevalence of acute illness that results, at least in
part, from malnutrition in the elderly.

Definition of Malnutrition

The criteria used to define malnutrition vary. Body
weight, body mass index (BMI), triceps skin-fold
thickness, and arm circumference are the most com-
monly used anthropometric methods to define mal-
nutrition [14]. A broad panel of biochemical vari-
ables has been advocated to define nutritional sta-

tus, such as serum albumin, lymphocyte count, pre-
albumin, transferrin, and retinol-binding protein [18,
19], but no single biological parameter is satisfacto-
ry as the sole predictor of malnutrition [19–22].

Consequence of Malnutrition

Wasting and cachexia [23–25] are associated with
severe physiological, psychological, and immuno-
logical consequences, regardless of the underlying
causes, and they have been associated with
increased infections, decubiti, and even death
[26–30]. Goodwin [31], Braun [32], and Morley
[33] found that malnutrition may also cause or
exacerbate cognitive and mood disorders. Marton
[6], Rabinovitz [4], and Yamashita (The Gain
Registry) [34] found that weight loss and cachexia
are even predictive of morbidity and mortality. Ho
et al. found a two-fold increase in mortality in
those elderly who lost over 2 kg in 2 years [35],
and Newman et al. reported a two-fold increase in
mortality in elderly subjects who had a weight loss
of 5% over 3 years [36]. In addition, Reynolds et al.
found a three-fold increase in mortality in older
women who had weight loss of over 4.5% in 2
years [37]. Wallace et al. found that involuntary
weight loss greater than 4% of body weight over a
1-year period was the most sensitive and impor-
tant independent predictor of increased mortality
[9, 11]. It is also interesting to note that even inten-
tional weight loss in the elderly is associated with
increased mortality [11, 36].

Causes of Malnutrition in the Elderly

The major causes of weight loss, as determined by
several large studies, are summarised in Table 1. In
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these studies, most diagnoses were made from
standard evaluations that included a careful histo-
ry, physical examination, and basic screening lab
tests (complete blood count, electrolyte, renal, liver
and thyroid function test, stool haemoccult, chest
radiograph, and urinalysis) [4–8]. The most inter-
esting findings indicated that 10–36% of weight
loss was due to an unknown aetiology [5, 6, 8],
6–36% was due to neoplasm [4–6, 8], 9–42% to
depression and related psychiatric problems [4–6,
8], and 14–19% to gastrointestinal and swallowing-
related problems [4–6, 8]. Although it may be
informative, from a clinical standpoint, to review
all of the aetiologies that have been noted in case
series and respective studies of weight loss in the
elderly, Morley et al. [38] have devised a simple
mnemonic for remembering the major causes of
weight loss (Table 2).

Blaum et al. carried out a cross-sectional, mini-
mum-data-set assessment, data analysis of 6832
residents of a community nursing home (sampled
from 202 nursing homes in seven American
states). They found that poor oral intake, eating
dependency, decubiti, and chewing problems
increased the likelihood of low BMI (< 19.4) and
weight loss (a 5% weight loss, or 10% weight loss
in 180 days) [39]. In females age 85 or older, being
bed-bound (bedfast) and having suffered a hip
fracture increased the odds of low BMI, while
depressed behaviours and two or more chronic

diseases increase the odds of weight loss [39]
(Tables 3, 4).

Studies have revealed that dietary intervention
and nutritional supplements improve malnutri-
tion. By this approach, weight gain occurred in
50% of admitted malnourished patients, although
37% of patients remained malnourished despite
the intervention [14]. Increased awareness of the
importance of malnutrition may decrease the
prevalence of malnutrition over time [40].
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Table 1. Diagnostic spectrum of involuntary weight loss. (Modified from [3])

Population (n) 70% In-patient In-patient In-patient In-patient Out-patient Out-patient
(n = 91) (n = 154) (n = 50) (n = 158) (n = 107) (n = 45)

Age (mean) 59 64 59 68 62 72

Neoplasm 19% 36% 10% 24% 6% 16%

Gastrointestinal 14% 17% 18% 19% 6% 11%

Psychiatric 9% 10% 42% 11% 22% 18%

Endocrine 4% 4% 10% 11% 5% 9%

Cardiopulmonary 14% 2% 10% 9%

Other diagnosisª 18% 9% 8% 8% 16% 22%

Unknown 26% 23% 10% 16% 36% 24%

ªOther medical diagnoses: neurologic, infectious, alcohol, medication, renal, inflammatory disease; n, number of patients

Table 2. Treatable causes of malnutrition (meals on wheels)
(Adapted from [38])

M Medication effect
E Emotional problems (depression)
A Anorexia tardive (nervosa, alcoholism)
L Late-life paranoia
S Swallowing disorders

O Oral factors (e.g., poorly fitting dentures, caries)
N No money

W Wandering and other dementia-related behaviours
H Hyperthyroidism, hypothyroidism, hyperparathy-

roidism, hypoadrenalism
E Enteric problems (malabsorption)
E Eating problems (inability to feed oneself)
L Low-salt, low-cholesterol diets
S Stones, social problems (e.g., isolation, inability 

to obtain preferred foods)
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Body Composition in the Elderly

Aging is associated with changes in body composi-
tion that have important consequences on health
and physical function. Thus, studying body com-
position changes is of increasing interest in geri-
atric research, and measures are being developed
to favourably influence body composition in old
age, in addition to exercise and diet.

With advancing age, the lean components, such
as total body water, skeletal muscle, organ mass,
and bone mineral, tend to decrease, while total
body fat increases and becomes redistributed
more in the abdominal than in the peripheral adi-
pose tissues [1–6] (Fig. 1). These changes seem to
be associated primarily with a small positive

imbalance between energy intake and expenditure
due to an increasingly sedentary life style [7].
Some changes could depend on age-related
endocrine and metabolic alterations, however [5,
8], and may occur relatively rapidly.

Increased body fat and centralised fat distribu-
tion have been shown to be associated in the elder-
ly with risk factors for non-insulin-dependent dia-
betes and heart disease [9]. Bone mineral loss is a
major risk factor for bone fractures, which are a
significant cause of morbidity, institutionalization
in nursing homes, and mortality among the elderly
[10]. Sarcopenia, defined as a decrease in muscle
mass and function, may be associated with
impaired immunocompetence and physical func-
tional status [11].
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Fig. 1. Body composition changes with advancing age
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Accurate body composition information is con-
sidered to be more difficult to obtain in the elderly
than in younger age groups for a variety of reasons
[12]. Several methods are available for assessing
body composition, but it is questionable whether
some of them can be used in an older population.
In clinical practice, anthropometry cannot ade-
quately estimate nutritional status, and measuring
fat mass (FM) and fat-free mass (FFM) is recom-
mended. Among the various methods, dual-energy
X-ray absorptiometry (DEXA) is the most suitable
for evaluating FFM and FM, regardless of FFM
hydration. Bioelectrical impedance analysis (BIA)
accurately estimates body fluids (total body water
and extracellular water), but its reliability in
assessing FFM depends on hydration status.

Fat Mass and Distribution Changes

Total Adipose Tissue

Little is known about age-related changes in body
fatness in elderly adults. Most studies have docu-
mented increases up to 50–60 years of age, after
which body fatness appears to stabilise [13–16]. In
a cross-sectional survey, Baumgartner et al. [6]
suggest that body fatness (in terms of both
absolute FM and percent body fat) may be relative-
ly stable in elderly men, but may decrease with age
in elderly women. In their study, the distribution
of body fat, as assessed by DEXA, did not appear to
change with age beyond 65 years, leading to the
conclusion that the accumulation of abdominal
and visceral fat with age (in both men and women)
occurs primarily in middle age, while FM remains
constant or increases slightly in subsequent
decades. In a longitudinal observation of body
composition in older adults, as determined using
hydrodensitometry, Hughes et al. [17] found an
overall increase in adipose tissue in an older
cohort, but this increase was attenuated with
advancing age in women, whereas there was no
apparent age-related effect in men. Younger
women, especially those who were premenopausal
at the baseline assessment, gained fat, whereas
women > 70 years old lost fat as they grew older.
Visser et al. [18] recently measured body composi-
tion changes by DEXA during a 1- and 2-year fol-

low-up in 2040 men and women 70–79 years old
taking part in the Health, Aging, and Body
Composition Study. The investigators observed a
2% increase in total FM in the men, while no
changes were seen in the women, thus confirming
previous reports. In contrast, a recent 2-year longi-
tudinal survey recorded an increase in total and
percent body fat in women, but not in men [19].

In conclusion, an increase in body fatness up to
50–60 years of age is well-documented, while the
occurrence of further changes in body fat in sub-
sequent years remains unclear; however, fatness
appears to be stable in the elderly body [13–16].

It has been claimed that increased body fat in
elderly individuals plays an important part in the
increase in proinflammatory cytokines. Several
studies have demonstrated that adipose tissue
secretes interleukin (IL)-6 [20, 21] as well as
tumour necrosis factor (TNF)-α [22–25]. A recent
study using univariate and multivariate linear
regression analysis demonstrated that the relative
amount of truncal fat, measured by DEXA, corre-
lates with the levels of plasma TNF-α and IL-6,
after adjusting for age group and gender [26].

Intra-Abdominal Fat

The age-related redistribution of adipose tissue
within the body is perhaps more important than
the total body fat gain. As shown in Fig. 2, the vis-
ceral/subcutaneous fat ratio at the abdominal
level, as detected by computed tomography,
increases with age in both normal-weight and
overweight subjects [27]. Intra-abdominal fat
(IAF) increases with age both quantitatively and
proportionally more than peripheral fat mass
[28–30], even in the absence of obesity. IAF gain
apparently starts before the age of 20 years both in
men and women, but the accumulation of IAF
accelerates at the age of menopause in women
[28–30]. DEXA in healthy subjects confirms that
the ratio of upper- to lower-body fat increases lin-
early after 20 years of age in both genders [30].
Between the 20 and 70 years, it increases from 1.07
to 1.67 in men and from 0.81 to 1.21 in women
[30]. Similarly, IAF area, measured at the L4 level
by CT, increases linearly in obese subjects with
advancing age, even without significant changes in
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whole FM [29]. The cause of this centralisation of
body fat is a combination of several age-related
factors, such as changes in hormone levels and
fatty-acid utilisation, less physical activity, and
leptin resistance [31, 32].

It is this increase in IAF that seems to cause
insulin resistance, rather than aging per se [31, 33].
Studies on patients with type II diabetes suggest
that the metabolic link between increased IAF and
insulin resistance is the greater availability and/or
oxidation of free fatty acids [34–37]. Physical inac-
tivity certainly enhances IAF accumulation and,
more directly, insulin resistance [38, 39]. However,
the significant independent effects of menopause
and sarcopenia on insulin resistance remain to be
established [31].

Lean Mass Changes

Fat-Free Mass

As people grow older, their FFM seems to decrease,
particularly bone and muscle mass, while central
lean body mass seems relatively preserved [40, 41].
Lean mass peaks in the third to fourth decade of
life, followed by a steady decline with advancing
age [2,3]. Recent methodologically accurate longi-
tudinal studies have confirmed the decline in mus-
cle mass suggested by earlier cross-sectional stud-
ies. A 14.7% decline in muscle cross-sectional area,
measured using CT, was observed in older men
over a period of 12 years [42]. In addition, a 2–3%
decline in appendicular skeletal muscle mass, as
determined by DEXA measurements, was recorded
in healthy older men and women over a period of
4.7 years [43]. Studies on total body potassium
content (TBK) and body cell mass (BCM) suggest
that the composition, or ‘quality,’ of FFM changes
with age, possibly due to an insufficient cell
replacement [44]. Active cell mass may be replaced
by inert extracellular solids and fluids to a greater
extent in women than in men, but there is no obvi-
ous explanation for this apparent gender differ-
ence.

Muscle Mass Changes: Sarcopenia

The loss of muscle mass with aging is increasingly
recognised as having important consequences in
old age because it may be associated with weak-
ness, disability, and morbidity [45–47]. In 1989,
Rosenberg focused renewed attention on this phe-
nomenon by giving it a name, sarcopenia [48].
Sarco, from the Greek, denotes flesh (muscle), and
penia indicates a deficiency; thus, sarcopenia
translates loosely as muscle deficiency. It is now
used to refer specifically to the gradual loss of
skeletal muscle mass and strength that takes place
with advancing age. It is distinct from muscle loss
(cachexia) caused by inflammatory diseases, or
from the weight loss and muscle wasting caused by
starvation or advanced disease [49]. Of course,
superimposed illnesses will accelerate the loss of
muscle mass, and thus increase the risk of disabili-
ty, frailty, and death.
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Despite acceptance of the term sarcopenia, pre-
cise criteria have not been agreed upon. DEXA has
been used to explore changes in total and regional
body composition, including appendicular skeletal
muscle mass (ASMM), which is the sum of the lean
mass of legs and arms (also defined as appendicu-
lar lean mass, ALM).

Similar to body mass index (BMI), a common
definition of sarcopenia accounts for body size by
dividing the ASMM by the height squared [44, 50,
51]. In the New Mexico Aging Process Study [45],
sex-specific cut-off points for kg/m2 in the ASMM
index were set as two standard deviations below
the mean for a healthy young-adult population,
similar to the definition of osteoporosis. These
cut-off points were 7.26 kg/m2 in men and 5.45
kg/m2 in women. According to this definition, the
prevalence of sarcopenia increases from 13–24%
among people under 70 to more than 50% among
those over 80 (Table 1). Other authors classified
their patients as sarcopenic if their ASMM index
fell into the sex-specific lowest 20% of the distri-
bution of the index; this definition resulted in very
similar cut-off values (7.23 kg/m2 in men and 5.67
kg/m2 in women) [52]. The same authors also
measured sarcopenia using the ALM, adjusted for
FM and height [52]. The prevalence of sarcopenia
according to the first method was 50.4% in men
and 51.9% in women with a normal BMI (< 25),
while based on the second method it was lower
(32.8% in men and 23% in women) and different
individuals were defined as sarcopenic.

Janssen et al. [53] used BIA to measure skeletal
muscle (SM) mass in large cohorts of individuals.
The BIA equation for calculating SM mass was
developed and cross-validated by comparing BIA
measurements with the whole-body SM mass, as
determined by magnetic resonance [54]. Absolute
SM mass (kg) was converted to percentage SM
mass (SM mass/body mass x 100) and termed as
the skeletal muscle index (SMI). The classification
criteria were developed using the NHANES III
data set. Subjects were considered as having a nor-
mal SMI even if it was more than one standard
deviation above the sex-specific mean for young
adults (aged 18–39). Class I sarcopenia corre-
sponded to an SMI between one and two standard
deviations below young-adult values, and class II

sarcopenia coincided with an SMI more than two
standard deviations below the mean. Using this
approach, the prevalence of class I (59% vs 45%)
and class II (10% vs 7%) sarcopenia was greater
among older (≥ 60 years) women than among
older men (p < 0.001) (Table 1).

Sarcopenia has been attributed to a reduction
in muscle fibre number and size [55]. Type II (fast-
twitch, white) fibres are more susceptible than
type I (slow-twitch, red) to age-related fibre atro-
phy and loss [55]. The extent of sarcopenia is mus-
cle-specific, with some muscles exhibiting sub-
stantial weight reductions with age (e.g. vastus lat-
eralis, rectus femoris, soleus, plantaris, gastrocne-
mius, and extensor digitorum longus). Other mus-
cles show no such weight loss (adductor longus,
epitrochlearis, and flexor digitorum longus).

A number of mechanisms are thought to cause
sarcopenia, including select ive decline and
changes in motor-unit organisation, contraction-
induced injuries, deficient satellite-cell recruit-
ment, increased free radicals and oxidative stress,
and age-related accumulation of mitochondrial
abnormalities (mitochondrial DNA mutations and
electron transport system abnormalities) [55].
More generally, sarcopenia may be considered
partly the result of the withdrawal of anabolic
stimuli (sex steroids, growth hormones, physical
activity, dietary proteins, insulin action), which are
prevalent in men, and possibly an increase in cata-
bolic stimuli (subclinical inflammation, produc-
tion of catabolic cytokines such as TNF-α, IL-6, IL-
1β), which are prevalent in women [56]. According
to a recent theory on aging, the increase in body
fat may have an important role in the increase of
pro-inflammatory cytokines. In fact, several stud-
ies have demonstrated that adipose tissue secretes
IL-6 and TNF-α [26]. The latter may have a role in
the onset of muscle wasting, indicating a link
between age-related FM redistribution and sar-
copenia [26, 57].

Sarcopenia is independently associated with
important health outcomes and disabilities, and is
therefore considered a public health problem. In
advanced sarcopenia, muscle weakness is clearly
the limiting factor determining functional capaci-
ty and performance, whereas in milder sarcopenia
the relationship between structure and function
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may be more complex. As seen in young adults,
changes in muscle strength and size in response
to resistance training or inactivity are not always
related [59, 60]. Resistance exercise can lead to
major improvements in function with little or no
change in muscle mass, or even in strength [60]. It
is generally agreed that the loss of SM mass and
function can be prevented by specific intervention

strategies, starting from the fifth decade of life
[61].

Another measure to fight sarcopenia is to
ensure an adequate intake of energy and proteins.
Further research is needed both to identify treat-
ments based on a better understanding of the
pathophysiology of sarcopenia and to make better
use of treatments that are already available.
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The word cachexia is derived from the Greek
words kakòs, meaning ‘bad,’ and hexis, meaning
‘condition’ [1]. From an epidemiological point of
view, while patients with haematological malig-
nancies and breast cancer seldom have this syn-
drome, most other solid tumours are associated
with a high frequency of cachexia [2]. Indeed, its
prevalence increases from 50% to more than 80%
before death, and in more than 20% of patients
cachexia is the main cause of death [3].

The older population includes the majority of
cancer patients. In fact, increasing age is directly
associated with increasing rates of cancer, corre-
sponding to an 11-fold greater incidence in per-
sons over the age of 65 vs those under 65 [4]. Older
persons, compared to younger populations, typi-
cally have more diseases, take more medications,
experience more adverse effects and drug interac-
tions, and have more variability in their nutrition-
al status and underlying health status, all of which
contribute to pharmacokinetic (drug absorption,
distribution, metabolism, and excretion) and phar-
macodynamic (the effect of a drug on its target
site) differences [5]. Thus, in this scenario, the
study of cancer cachexia in the geriatric popula-
tion requires a series of pathophysiological and
clinical considerations that are essential for a ther-
apeutic approach mainly aimed at the quality of
residual life in this subset of patients.

Metabolic Changes

Enhanced lipid mobilisation, decreased lipogene-
sis, and decreased activity of lipoprotein lipase, the
enzyme responsible for triglyceride clearance from
plasma, in favour of an increased gluconeogenesis
and hepatic protido-synthesis are the main bio-
chemical events associated to neoplastic cachexia

[6]. The study of body composition in neoplastic
patients, carried out with several techniques,
shows a loss of fat mass with sparing of the viscer-
al organs and an increase in extracellular mass,
mainly in more serious cases. Correspondingly,
from a clinical point of view, it is possible to
observe a large decrease in muscle mass, the
absence of the adipose panniculus, an increased
resistance to insulin, an increase of acute-phase
proteins, and a great loss of weight compared to
the patient’s basal weight. Indeed, the metabolic
adjustment in cachectic patients is different from
that observed in simple malnutrition. In the latter,
there is a decrease in oxygen consumption in order
to reduce energetic expense, whereas in cachectic
cancer patients this compensation mechanism
does not occur [7]. The main metabolic alterations
in neoplastic cachexia, which lead to alterations in
the pharmacokinetic and pharmacodynamic
parameters of drugs are shown in Table 1.

Pharmacokinetics

Age can affect most pharmacokinetic parameters,
including gastrointestinal absorption, volume of
distribution (Vd), hepatic drug metabolism, and
excretion (Table 2) [8].

Gastrointestinal Absorption

In cancer patients, atrophic gastritis, hypotony of
gastric muscle, decreased gastric secretion, and re-
duced intraluminal surface area may cause dimin-
ished absorption of oral agents, possibly resulting in
their reduced effectiveness [9]. Moreover, some stud-
ies have shown a close relation between cachexia
and the absorption of drugs such as tetracycline, ri-
fampicin, and anticonvulsants [8, 10].
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Volume of Distribution

Modifications of body composition, plasma pro-
tein profile, and blood cells (e.g. erythrocytes)
alter the Vd of several drugs in cachectic cancer
patients. A progressive increase in body fat and a
decline in body water, occurring up to age 85, tend
to reduce the Vd of water-soluble drugs, such as
anthracyclines, and increase those of fat-soluble
compounds, such as carmustine [11]. Indeed, the
age-related decrease in plasma albumin of up to
15–20% influences the concentration of free frac-
tion of drugs in the plasma, mostly those that are
highly protein bound [12].

The relation between Vd and haemoglobin con-

centration is also of considerable interest. Since
the prevalence of anaemia increases with age, the
relationship between anaemia and Vd of antitu-
moural substances is of particular interest with
respect to elderly patients. In fact, the close bind-
ing to erythrocytes of many drugs, such as anthra-
cyclines, taxanes, epipodophyllotoxins, and vinca
alkaloids, as well as decreased concentration of
haemoglobin can be associated with both an
increase in the plasma concentration of the drug
and an increase in its toxicity. This effect is
reversible after the normalisation of haemoglobin
concentration, generally obtainable with the use of
erythropoietin [13]. Dose modification according
to haemoglobin level seems important for several
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Table 1. Main metabolic alterations in patients with neoplastic cachexia

Glucose-related Glucose turnover Increased Lipid Lipoprotein  Decreased
lipase

Resistance to insulin Increased Fatty acid Increased
turnover

Glycogenic deposits Decreased Lipid deposits Decreased

Protein-related Muscle catabolism Increased Basal metabolism Increased

Synthesis of muscle Decreased Oxidative metabolism
proteins (Cytochrome-P450-associated) Decreased

Table 2. Variation of pharmacokinetic parameters in elderly cachectic cancer patients

Parameter Variations Pathogenetic mechanisms 

Gastrointestinal absorption Decreased Decreased mucous surface
Decreased splanchnic circulation
Decreased gastric motility
Decreased enzymatic secretion

Volume of distribution (Vd) Decreased for lipid-soluble drugs Increased water content, decreased 
Increased for water-soluble drugs adipose content

Reduced circulation of plasma proteins
Reduced haemoglobin concentration

Hepatic metabolism of drugs Decreased activation and deactivation Reduced concentration of enzymes of the
of drugs (phase I) P-450 cytochrome system

Pharmacological interaction
Decreased hepatic circulation

Excretion Renal: decreased Reduction of glomerular filtrate rate



anticancer drugs, but, so far, there is no standard
approach.

Hepatic Function

The hepatic metabolism of drugs involves two
kinds of reactions: Phase I reactions are mediated
by the cytochrome P-450 system and include oxi-
doreductions, which can both activate and deacti-
vate drugs. With aging, the activity of such reac-
tions progressively decreases due to a decrease in
enzyme concentrations and competitive interac-
tion with other drugs (polypharmacotherapy)
commonly taken by elderly people with poly-
pathologies [14, 15]. Antineoplast ic drugs
metabolised with phase I reactions include
oxyphosphorins (cyclophosphamide and iphos-
phamide), anthracyclines (idarubicin and
daunorubicin), capecitabine, and nitrosoureas.

Conjugation mechanisms responsible for the
formation of glucuronides and other water-soluble
compounds are associated with phase II reactions,
which do not seem to change significantly with
aging [16].

Elderly cachectic patients generally show a sig-
nificant prolongation of the effects of drugs
metabolised at the hepatic level. Observations in
animal models have shown that the metabolic
activity of cy tochrome P-450 is remarkably
reduced with a low-protein diet. Similar results
were obtained in patients suffering from caloric-
proteic malnutrition. In addition, the hepatic
metabolism of drugs is affected by the hepatic cir-
culation, the progressive reduction of which is a
constant characteristic of cachexia. This, in turn, is
associated with a reduced capacity of the liver to
remove drugs from the circulation and thus with a
consequent reduction in drug clearance [17].
Accordingly, studies carried out in cachectic
patients showed a reduced phenobarbital clear-
ance associated with an increase in its steady-state
plasma concentration. Also, paracetamol, one of
the drugs most frequently used by cachectic
patients, is mainly discarded through conjugation
mechanisms. Trials in cachectic subjects showed a
substantial reduction in urinary metabolites con-
jugated with glucuronic acid and with sulfate. In
such patients, formation of the toxic intermediate

N-acetyl-parabenzoquinine can be responsible for
toxic effects. Similarly, research carried out with
sulfamides demonstrated a correlation between
malnutrition and an increase of both half-life and
drug bioavailability [18].

Excretion

The glomerular filtration rate (GFR) declines con-
sistently with age by approximately 1 ml/min per
year from the age of 40, as a consequence of reduc-
tion in nephrons [19]. Nevertheless, the decline in
GFR is not associated with a concomitant increase
in plasma creatinine because of the age-related
loss of muscle mass. Therefore, creatinine is not a
reliable indicator of GFR in the elderly.

GFR, plasma flow, tubular secret ion, and
changes in urinary pH are modified in cachectic
cancer patients (Table 3). All these factors can con-
tribute to a decrease in the renal excretion of
drugs and their metabolites in these subjects. For
example, clinical observations showed a higher
toxicity of methotrexate 24–28 h after their admin-
istration and of anthracyclines. In contrast, the
clearance of 5-fluorouracil was found to be inde-
pendent of patients’ nutritional state [20].

Pharmacodynamics

In elderly cancer patients, cachexia can affect phar-
macodynamic properties of a specific drug in terms
of its toxicity and activity, as demonstrated by a re-
duction of the ability to repair DNA damage caused
by chemotherapy and to catabolise the metabolites
of such drugs. For example, DNA adducts induced by
cisplatinum are cleared within 24 h by circulating
monocytes in subjects ≤ 50 years old but in > 90 h
in subjects age 70 and older. Similarly, the reduced
concentration of dihydropyrimidine dehydrogenase,
an enzyme involved in fluorinate pyrimidine catab-
olism, may cause an increase incidence of mucositis.
Finally, in elderly subjects, pharmacodynamic alter-
ations may result in resistance to cy totoxic
chemotherapy. The four main mechanisms of mul-
tiple drug resistance (MDR) in elderly patients are:
expression of the MDR-1 gene, resistance to apopto-
sis, reduced fraction of tumour growth, and anoxia
of tumour cells [12, 21].

7.3 The Pharmacokinetics and Pharmacodynamics of Drugs in Elderly Cachectic (Cancer) Patients 379



Guidelines for Dose Adjustment

Evidence regarding the success of dose reduction
strategies in the elderly population is scarce. The
main reason includes the previous exclusion of
these patients from clinical trials. Nevertheless,
studies on the altered efficacy and toxicity of anti-
cancer drugs used to treat elderly patients are a
useful aid for clinicians. The three main principles
to follow in adjusting the dose of a specific drug in
the presence of toxicity, or with the aim of pre-

venting it, are: (1) monitoring of plasma levels of a
specific drug and/or its active metabolites, (2)
dose adjustment related to the functionality of
emunctory systems, and (3) dose reduction in rela-
tion to toxicity level, which can be evaluated clini-
cally or by using laboratory parameters [20]. Dose
adjustment related to the functionality of emunc-
tory systems represents a very commonly used way
to minimise toxic effects of drugs, as this approach
compensates for the decline of emunctory func-
tions associated with age, under either physiologi-
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Table 3. Variation of pharmacokinetics parameters of some drugs in elderly cachectic cancer patients

Drug Pharmacokinetic parameters
Half-life Clearance Bioavailability Volume of distribution

Chloramphenicol = = � =
Tetracycline = = � =
Rifampicin = = � =
Anticonvulsant = = � =
Antipyrine � � = �
Phenazone � � = �
Phenobarbital � � = �
Phenitoin � � � �
Sulfadiazide � � = �
Theophylline � � = �
Paracetamol � � � �
Salicylate � � � �
Penicillin � � = �
Cefoxitin � � = �
Gentamicin � � = �
Methotrexate � � = �
Bleomycin � � = �
Etoposide � � = �
Topotecan � � = �
Adriamycin � � = �
Epirubicin � � = �
Cyclophosphamide � � = �
5-Fluorouracil � = = �
Tegafur � � � �
Melphalan � � � �
Vinorelbine � � = �

Table 4. Criteria to evaluate hepatic function and drug dose in elderly cachectic patients

Hepatic function Thrombotest (%) AST (U/l) Albuminaemia (g/l) Bilirubin (mg/dl) Drug dose (%)

Good > 40 < 51 > 34 < 1.2 100

Moderate 25–39 51–200 28–34 1.2–3.0 50–75

Poor < 25 > 200 < 28 > 3.0 25–50



cal conditions or associated with organ patholo-
gies, particularly renal and hepatic ones. It is
therefore crucial to know the clearance pathway of
the administered drug. Drugs with predominantly
renal excretion can be particularly toxic in the
presence of a reduced GFR. As a consequence, the
dose of such drugs needs to be reduced when crea-
tinine clearance is below 60 ml/min. Any dose
variations, even initial ones, of the drug must be
correlated with the GFR of the subject, using the
Cockcroft-Gault formula to evaluate creatinine
clearance or the Kintzel-Dorr formula for correc-
tion of the standard dose [22, 23].

The doses of drugs with predominantly hepatic
clearance should also be correspondingly reduced
[24]. Biohumoral parameters of hepatic function are
shown in Table 4 according to serum AST values, al-
bumin, bilirubin, and thrombotest (Owen’s test).

Conclusions

Neoplastic cachexia is a complex and multifactori-
al syndrome that can affect drug efficacy, mainly
in elderly cancer patients, due to organ insufficien-
cies and comorbidities.

The use of antitumoural drugs in this phase of
disease, par t icularly in elderly pat ients, is
extremely cumbersome because of the clear
implicat ions on the quality of residual l ife.
Furthermore, in such patients, problems related
to obtaining an accurate clinical picture make it
difficult to elaborate guidelines for treatments
that often remain empirical. In this context, the
knowledge of the pharmacokinetic and pharma-
codynamic characteristics of the drugs to be
administered is important in the therapeutic
decision-making procedure [25].
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Introduction

The physiological decline in food intake that
occurs with aging is an appropriate response to the
reduced physical activity of this population. This
physiological decline is termed the ‘anorexia of
aging’ [1]; however, cachexia in the elderly seems
to be reaching epidemic levels, with 30–40% of
men and women over age 75 being 10% under-
weight or more [2]. There is no agreed upon defi-
nition for cachexia, which means ‘poor condition’
in Greek [3]. While it has traditionally been
thought that chronic illness fully explains the
pathogenesis of cachexia, this concept is proving
inadequate [4]. In general, cachexia is charac-
terised by weight loss due to loss of fat and skeletal
muscle mass [5].

Many chronic illnesses can be associated with
cachexia, although the condition may develop in old-
er people without obvious disease [3]. Starvation is
different from cachexia in the sense that macronu-
trient changes can be reversed by feeding in starva-
tion but not in cachexia. There are four major caus-
es of weight loss in older persons: starvation, sarcope-
nia, cachexia and dehydration (Table 1).

Regulation of Appetite in the Elderly

Regulation of appetite is a sophisticated process
that involves feedback from peripheral sensory
endings and the interaction of a variety of neuro-
transmitters in the central nervous system [1].
Numerous studies have shown that food intake
declines over the human lifespan, with males hav-
ing a greater decrease in food intake than females.
A large part of the anorexia of aging seems to be
related to the changes in gastrointestinal activity
that occurs with aging [1].

During a meal, the fundus distends to accom-
modate food, a process termed adaptive relax-
ation. Food is then passed to the antrum after mix-
ing with stomach secretions. Antral distension is
the major signal for termination of a meal [1].
With aging, there appears to be impaired gastric
fundal accommodation [6] due to impaired adap-
tive relaxation, which is caused by a decline in the
local release of nitric oxide. Older mice have
decreased nitric oxide synthase activity in their
fundus [7]. The decline in adaptive relaxation that
occurs with aging leads to more rapid antral fill-
ing. In addition, some studies suggested that large-
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Table 1. Comparison of the major features of starvation, sarcopenia, cachexia and dehydration

Starvation Sarcopenia Cachexia Dehydration
(Anorexia of aging)

Weight loss ++ + +++ ++

Loss of lean mass + + +++ 0

Loss of fat mass ++ 0 ++ 0

Cytokine excess +/- + +++ 0

Albumin _ 0 __ 0

Anaemia +/- 0 ++ 0

Hypogonadism +/- + ++ 0



volume solid meals delay the rate of gastric empty-
ing in the elderly [8–11]. This will eventually lead
to prolongation of antral distension, which results
in satiety (Fig. 1).

Infusion of lipid into the duodenum leads to
the release of the peptide hormone cholecys-
tokinin (CCK), which, in turn, leads to satiety.
Evidence from animal studies indicates that CCK
suppresses appetite in older animals more than in
younger animals [12, 13]. This finding was also
confirmed in humans. In addition, the basal circu-
lating concentration of CCK and its response to
lipids increases with aging, mainly due to a decline
in the CCK clearance rate. CCK exerts its effects by
increasing contractile activity in the pylorus, lead-
ing to slowing of gastric emptying and increasing
the antral response to gastric distension [14]. CCK
also directly stimulates the ascending vagal fibres
that carry satiating signals to the nucleus tractus
solitarii and to the hypothalamus [15].

Glucagon-like peptide is another gastrointesti-
nal hormone involved with satiation, but its levels
do not change with aging [16]. In contrast, amylin
levels, which in mice decreases food intake in
young and old mice, increase from middle age to
old age [17].

The hormone leptin is released from adipose
tissue [18] and exerts its effects by decreasing food
intake and increasing the metabolic rate.
Circulating leptin levels increase in older men and
decrease in older women [19]. The increase in lep-
tin levels in men is related to the decrease in
testosterone that occurs with aging [1], which, in
turn, is associated with muscle loss [20] and an
increase in body fat [21]. Testosterone replacement
in older men leads to a decline in leptin levels [1].
The increase in leptin with aging in men is consid-
ered a major factor in the increased anorexia of
aging that occurs in males compared to females.

Although animal studies suggest that a decline
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Fig. 1. Alterations in stomach motility that lead to the anorexia of aging



in opioid activity in the central nervous system
may be associated with anorexia in older animals
[22, 23], a study in humans did not show any dif-
ference in the effect of naloxone on food intake
[12]. In humans, alteration in the thirst drive,
which is modulated by µ-opioid receptors, appears
to play a role in the development of age-related
hypodipsia. Similarly, numerous neurotransmit-
ters, such as neuropeptide Y, norepinephrine, and
serotonin are involved in appetite regulation,
although their role in the pathogenesis of the
anorexia of the aging has been poorly investigated.
An excess of corticotropin releasing factor is
thought to be involved in the pathogenesis of the
severe anorexia associated with depression in
older persons.

Factors Leading to Reduced Food Intake in the
Elderly

Hedonic Qualities of Food

As a general rule, aging is associated with
decreased appreciation of the hedonic qualities of
food [24]. This change seems to be caused more by
alterations in olfaction than in taste. There is a
marked decline in odour detection and taste
thresholds increase with aging. However, these
changes are minor unless the person smokes, is on
medications, or has zinc deficiency. Older persons
tend to prefer more intense flavours than do
younger persons [25]. For example, it was shown
that elderly persons had an increase in food intake
when the flavour was enhanced with monosodium
glutamate [26].

Social Factors

Studies have shown that elderly persons consume
more food when eating a meal in the company of
others [27, 28]. The explanation for this, in part, is
that eating in company results in spending a
longer time eating the meal. In nursing homes,
several factors can lead to malnutrition and
cachexia in the elderly, including the reduced vari-
ability of food, the complicated process of food
preparation and distribution, and inadequate
attention by caretakers to the individual needs of

each of the patients [24]. Retirement can lead to
reduced household income and thus to insecurity
about buying food and then to weight loss [29].
Moreover, retirement can also lead to social isola-
tion, changes in life style, and loss of contacts. All
of these add up to the risk of weight loss and
cachexia following retirement. Simple changes,
such as the expansion of commercial shopping
areas, the erection of high-rise apartments, or the
increasing diversity of the neighbourhood, may
elicit a strong sense of insecurity within an envi-
ronment the older adult previously perceived as
safe [29].

Psychological Factors

Depression and dementia interact to accelerate
weight loss [24]. Depression has been shown to be
the major cause of weight loss in community and
institutional settings [30], while demented patients
lose weight due to failure to eat – although some
demented patients may increase their energy
expenditure by wandering. Some persons with
cognitive impairment develop apraxia of eating.
Other factors that may contribute to the develop-
ment of weight loss in demented patients are diffi-
culty swallowing, dental diseases, lack of concern
about eating, and memory loss. In demented
patients, disturbance of the mechanisms for
appetite regulation may lead to hypo- or hyper-
phagia. The latter usually occurs early in the
course of the dementing process.

Medical Factors

Although dentition was always mentioned as a fac-
tor leading to reduced food intake, studies did not
confirm that poor dental health makes older
patients prefer food of softer consistency [31].
However, poor dentition does lead to a slight
decrease in daily food intake. Chronic diseases,
some of which are common in older people, have
been shown to produce anorexia and cachexia:
these include cancers, AIDS, rheumatologic dis-
eases, end-stage renal disease, chronic obstructive
pulmonary disease, and heart failure. The most
common reversible causes of weight loss are given
in Table 2.
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Drugs have also been implicated to cause
reduced food intake and cachexia, by causing
either a taste complaint or nausea and vomiting.
Among the drugs with these possible complica-
tions are antihypertensives, diuretics, sleeping
pills, and nonsteroidal anti-inflammatory agents.

Sarcopenia

Sarcopenia is severe age-associated loss of muscle
mass that causes limitations in activities of daily
living and an increased mortality in affected per-
sons, especially those who have obese sarcopenia
(the ‘fat frail’).

The causes of sarcopenia are multifactorial
(Table 3). Aging itself is associated with a decline
in physical activity. Small increases in cytokines,
especially interleukin (IL)-6, have been implicated
in the proteolysis of muscle involved in the patho-
physiology of sarcopenia [32]. Decreased food
intake can lead to loss of muscle protein, as it is
broken down for use in more essential proteins.
The amino acid creatine is found only in meat and
is essential for muscle function. Older persons who
are anorectic or vegetarian have inadequate crea-
tine intake for muscle maintenance.

With aging, testosterone levels decrease because
of failure of the hypothalamic-pituitary-gonadal ax-
is [33]. The decline in testosterone occurs at the rate
of about 1% per year, beginning at 30 years of age.
Loss of testosterone leads to an increase in adipocyte
precursors and a decrease in satellite precursors. In
addition, it is associated with a decline in muscle-
protein synthesis. Testosterone replacement in old-
er persons increases muscle mass and, to a lesser
degree, muscle strength [34].

Myostatin is a protein that blocks muscle syn-
thesis. Mice made transgenic for myostatin have a
marked decrease in muscle mass, mimicking
cachexia [35]. Recently, a human with a double
deletion of the myostatin gene was reported to
have muscle hypertrophy [36].
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Table 2. Reversible causes of weight loss

Social:
Loneliness
Problems in shopping
Problems in food preparation
Poverty
Elderly abuse

Psychological:
Depression
Late-life paranoia
‘Cholesterol’ phobia
Alcoholism
Anorexia tardive

Medical:
Decreased food intake:

- Iatrogenic 
- Medications
- Therapeutic diets
- Altered food consistency

Dysphagia
Dentition problems
Addison’s disease
Hypercalcaemia
Some cancers

Malabsorption

Diarrhoea, e.g. caused by Clostridium difficile

Gluten enteropathy

Bacterial overgrowth

Pancreatic insufficiency

Hypermetabolism

Hyperthyroidism

Phaeochromocytoma

Essential tremor

Diabetes mellitus

Table 3. Causes of sarcopenia

Aging

Physical inactivity

Anorexia

Decreased creatine intake

Peripheral vascular disease

Hypogonadism

Cytokine excess

Myostatin excess



A final cause of sarcopenia is atherosclerosis,
which causes peripheral vascular disease. This is
associated with decreased muscle mass and
strength in the lower extremities, as well as
decreased mobility.

Cachexia Pathophysiology 

Cachexia in the elderly cannot be completely
explained by reduced food intake; rather, several
social and psychological factors, disease condi-
tions, and medications can aggravate the physio-
logical anorexia of aging and lead to weight loss
[1]. Furthermore, a person eats less when he or
she eats alone compared to when eating in a
group. The pleasurable qualities of food are deter-
mined by taste, smell, and vision [1], with olfac-
tion being the most important determinant [1].

The decreased sense of smell and the changes in
taste that occur with aging (taste threshold, diffi-
culty in recognising taste mixtures, and increased
perception of irritating tastes) contribute to
anorexia [1]. Other factors that contribute to the
development of cachexia are detailed in the fol-
lowing sections.

Cytokines

The immune system, particularly inflammatory
cytokines, has a crucial role in cachexia (Fig. 2).
Cytokines are the cause of inflammatory reactions
in disease states, and the most important contribu-
tor to this process is tumour necrosis factor (TNF).
TNF, together with IL-1, IL-6, and interferon
(IFN)-γ regulate apoptosis, which may mediate
cachexia associated with chronic disease states.
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Studies have shown an increased concentration
of cytokines in the circulation of patients with
cachexia. In cancer patients, for example, the
patient’s clinical status determines the serum level
of TNF-α. In a study of 91 patients with B-cell
chronic lymphocytic leukaemia, serum levels of
TNF-α were high in all stages of the disease, with a
progressive increase in relation to the stage [37]. It
was also found that TNF-α levels were higher in
patients with endometrial carcinoma than in
healthy postmenopausal women or women with
endometrial hyperplasia. In addition, TNF-α levels
increased with advancing stage of the disease [38].

Other studies have shown that cytokines are
able to induce the metabolic changes typically
associated with cachexia, such as stimulating mus-
cle proteolysis through the ubiquitin-proteasome
pathway, or inhibiting lipoprotein lipase, which is
responsible for mobilising triglycerides from the
circulation into adipocytes [39]. Cytokines in gen-
eral exert their effect by crossing the blood-brain
barrier and stimulating ascending fibres in the
vagus. Cytokines cause anorexia and muscle wast-
ing, as well as decreased nitrogen retention,
anaemia, decreased albumin synthesis, and
extravasation of albumin from the intravascular
space [1]. An excess of cytokines is commonly
detected in frail older persons [1].

Tumour Necrosis Factor

TNF-α is a 17-kDa peptide that is largely produced
by the monocyte/macrophage cell line. Other cells,
including T-cells, NK cells, mast cells, and
adipocytes, also produce this cytokine. Production
of TNF-α is synergistically regulated by other
cytokines, such as IL-1 and IFN-γ [39], and TNF-α
in turn stimulates leptin and IL-6 production [1].
Studies have shown that injecting rats with recom-
binant human TNF-α led to significant depletion
of body protein. It was also demonstrated that
injection of TNF-α directly into the cerebral ven-
tricles of rats suppressed food and water intake,
while peripheral administration of an equal or
higher dose had no such effect [39]. While TNF-α
failed to produce a sustained weight loss, the net
metabolic alterations exerted by the cytokine may

depend on the site of production [40]. This was
demonstrated by intracerebral injection of TNF-α-
secreting cells, which resulted in body weight loss
and anorexia, while TNF-α-producing cells inocu-
lated into peripheral tissue triggered cachexia,
including weight loss, depletion of lipid and pro-
tein stores, and anaemia but without significant
anorexia [39, 40].

Short intravenous infusion of recombinant
human TNF-α increased plasma triglyceride lev-
els, and glycerol turnover by more than 80%, free
fatty acid turnover by more than 60%, and protein
turnover. Those changes resolved with continuous
administration [5].

Some evidence suggests that treatment of
patients who have tumours or infections with anti-
body directed against TNF-α attenuates the wast-
ing syndrome [39]. In another study, administra-
tion of anti-murine-TNF-α antibody to rats carry-
ing the Yoshida AH-130 ascites hepatoma slowed
the rates of protein degradation in skeletal muscle
and liver, but did not affect weight loss [5].

Interleukin-6

Interleukin-6 has been called the ‘geriatric
cytokine,’ and there is evidence from animal stud-
ies supporting a role for IL-6 in the development
of cancer cachexia [5, 41–43]. Those studies, based
on a murine colon-26 adenocarcinoma model
[41–43], showed that administration of anti-
mouse-IL-6 monoclonal antibody blocked the
development in mice of weight loss and other
parameters of cachexia [5, 41–43].

It seems that IL-6 is able to induce cachexia by
several mechanisms, including triggering of the
acute-phase response [5], inhibiting the activity of
lipoprotein lipase in adipose tissue in mice [5],
and inducing muscle atrophy in IL-6 transgenic
mice [5]. Further evidence for the role of IL-6 in
the development of cachexia comes from the find-
ings of Strassman et al., who reported that IL-1-
dependent IL-6 production was responsible for
adenocarcinoma-associated cachexia [44]. Other
studies used two subclones of the murine colon 26
adenocarcinoma cell line, clone 20, which is
cachexigenic, and clone 5, which is non-cachexi-

388 Osama QuBaiah, John E. Morley



genic. Possible involvement of IL-6 in the develop-
ment of cachexia was suggested by the finding of
increased serum levels of biologically active IL-6
in mice carrying clone 20, but not in those carry-
ing clone 5 [42, 45, 46]. The injection of anti-IL-6
antibody partially inhibited the weight loss caused
by inoculation of clone 20, suggesting that IL-6 is
necessary, but not sufficient, for the development
of cachexia [47].

Muscle atrophy in IL-6 transgenic mice was
totally blocked by antibody to the mouse IL-6
receptor [48]. IL-6 administration to rats acutely
activated total and myofibrillar protein degrada-
tion in skeletal muscles [49]. In another study, it
was suggested that IL-6 up-regulates pathways of
protein degradation [50]. It was also demonstrated
that weight-losing patients with non-small-cell
lung cancer had statistically significant increases
in IL-6 and C-reactive protein, which was not the
case in patients with the same tumour but without
weight loss [5, 51].

Interleukin-1

Interleukin-1 is an inflammatory cytokine that has
biological activity similar to that of TNF-α. It is
mainly produced by macrophages and endothelial
cells, and is known to be a pyrogen and a potent
trigger of the acute-phase response. IL-1 suppresses
lipoprotein lipase and stimulates intracellular lipol-
ysis. Administration of recombinant IL-1 induces
anorexia, weight loss, hypoalbuminaemia, and ele-
vated amyloid P levels in mice [52]. In one study, it
was observed that IL-1 administration to rats led to
accelerated peripheral protein loss with preserva-
tion of liver protein [53]. However, administration
of an IL-1-receptor antagonist to rats bearing the
Yoshida ascites hepatoma was ineffective in pre-
venting tissue depletion and protein degradation
[54], and transfection of a cachectic tumour cell line
(colon 26) with the gene for IL-1 receptor antago-
nist failed to stop tumour-induced cachexia [46]. In
general, the mechanism by which IL-1 can produce
cachexia is thought to be either an effect on hepato-
cytes, with a subsequent effect on the hypothalamic
appetite centre [55], or a direct effect on the central
nervous system [46, 57–60].

Interferon-γ

IFN-γ is secreted by activated T-cells and NK cells.
Immunologically, it is the most potent monocyte-
macrophage activating factor [39]. The metabolic
effects of IFN-γ include inhibition of lipoprotein
lipase, both in an adipocyte cell line and in vivo
[61]. IFN-γ also inhibits the production of lipopro-
tein lipase and glycerol-phosphate dehydrogenase,
both of which are involved in lipogenesis in pri-
mary cultures of rat adipocytes [62]. In addition,
IFN-γ stimulates lipolysis in vitro and in vivo [63].

It was shown that a potentially lethal cachexia
developed in nude mice inoculated with Chinese
hamster ovary (CHO) cells overexpressing the
mouse IFN-γ gene [64]. The mice developed weight
loss, fat-store atrophy, and reduced food intake
[39], which were predominantly due to effects not
related to a decline in food intake. In addition, the
degree of cachexia was proportional to the number
of IFN-γ-producing cells and was blocked by pre-
treatment of the mice with anti-IFN-γ antibodies
[39]. Mice bearing Lewis lung tumours developed a
similar condition [65]. In that model, treatment
with anti-IFN-γ antibody exerted anti-cachectic
effects, partially through antagonising tumour
growth. In addition, even after its effect on tumour
growth had diminished, the antibody continued to
have anti-cachectic properties.

Another study supporting the role of IFN-γ in
cachexia compared the effects of anti-IFN-γ and
anti-TNF-α antibodies on cachexia in rats bearing
methylcholantrene-induced tumours [66]. The
conclusion was that endogenous IFN-γ production
is more crucial than that of TNF-α in the develop-
ment of cachexia.

Leukaemia Inhibitory Factor

A role was suggested for LIF in the develop-
ment of cancer cachexia, due to its ability to
decrease lipoprotein lipase activity. LIF mRNA was
shown to be present in two types of melanoma
xenografts that induced weight loss in transplant-
ed animals, whereas none was detected in non-
cachexia-inducing xenografts [5, 67]. It seems
unlikely that inhibition of lipoprotein lipase alone
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could account for fat-cell depletion, and there is no
mechanism to explain the catabolism of skeletal
muscle.

Lipid Mobilising Factors

Almost all of the evidence behind a role for lipid
mobilising factors (LMFs) in cachexia is derived
from tumour studies. LMFs exert their effects on
adipose tissue, leading to the release of free fatty
acids and glycerol. There is evidence that tumours
produce an LMF, as demonstrated in a study in
which nonviable preparations of Krebs-2 carcino-
ma, when injected into mice, were able to induce
the early, rapid stage of fat depletion [5]. More evi-
dence for the presence of an LMF was provided by
the finding that ascites serum from rats trans-
planted with the Walker 256 carcinoma stimulated
lipolysis in an in vitro assay [68]. In addition,
injecting serum from mice bearing a thymic lym-
phoma into controls produced fat loss [69]. The
factor presumed to induce fat loss was found in
tumour extracts, in the sera of patients with ade-
nocarcinomas of the cervix and stomach, and in
tissue-culture medium [5]. Together, those results
led to the proposal that LMF was tumour-derived
and released into the circulation. Other studies
showed that the concentration of LMF in the sera
of cancer patients was proportional to the extent
of weight loss [70], and was reduced in patients
responding to chemotherapy [71]. In general, LMF
is absent or present in small amounts in tumours
that do not induce cachexia [72], and is absent
from normal serum, even during starvation [73].

Protein Mobilising Factors

There is evidence for the existence of protein
mobilising factors (PMFs) in the sera of animals
[74] and humans [75] with cancer cachexia, but
not in the sera of healthy controls. In addition,
PMFs could not be detected in the urine of healthy
individuals, in the urine of patients who developed
weight loss due to reasons other than cancer, or in
the urine of cancer patients with no cachexia.
Injecting PMF into non-tumour bearing-mice

resulted in rapid weight loss with no change in
food and water intake [5], while an analysis of
body composition showed selective depletion of
lean body mass [5].

Role of Ghrelin in Cachexia

Many aspects of appetite regulation that involve
peripheral signalling to hypothalamic pathways
remain poorly understood. Growth hormone (GH)
secretion from the anterior pituitary is regulated
by GH-releasing hormone (GHRH), which stimu-
lates the release of GH as well as its inhibitor
somatostatin [76]. GH secretagogues are synthetic
compounds able to stimulate secretion of the hor-
mone [77] but which act through a receptor differ-
ent from that for GHRH receptor. Instead, ghrelin
was discovered to be the natural ligand for that
receptor. Ghrelin is mainly secreted by gastric
endocrine cells in the fundus into the systemic cir-
culation [78]. Fasting increases, while feeding
decreases circulating ghrelin concentrations [78].
These changes are negatively correlated with the
serum concentrations of leptin and insulin.

The infusion of ghrelin stimulates eating and
produces obesity in rats [79], and a study in
humans showed that ghrelin infusion led to short-
term increase in hunger [80]. Maintenance of
weight reduction after gastric bypass surgery was
suggested to be due to markedly low levels of ghre-
lin [76]. It has also been shown that ghrelin levels
are elevated in cachectic patients with chronic
heart failure or anorexia nervosa [78]. Several
studies are currently underway to explore the
effects of ghrelin and its agonists on cachexia.

Role of the Central Melanocortin System in Cachexia

The melanocortin system can be defined as the
hypothalamic and brain-stem neurons expressing
pro-opiomelanocortin (POMC), hypothalamic
neurons expressing neuropeptide Y (NPY) and
melanocortin antagonist agouti-related protein
(AgRP), and the neurons downstream of these sys-
tems [81]. POMC is a propeptide precursor synthe-
sised in neurons in the hypothalamic arcuate
nucleus. There are two central melanocortin
receptors, melanocortin-3 receptor (MC3-R) and
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melanocortin-4 receptor (MC4-R) [81]. Evidence
that melanocortin plays a role in energy home-
ostasis in humans stems from the presence of obe-
sity syndromes involving defects in two different
steps in the melanocortin pathway [81].

Some studies have led to the assumption that
melanocortin neurons mediate the anorexic effects
of elevated leptin, while others have shown that the
melanocortin system exerts its effects independent
of leptin [81]. POMC neurons mediate the inhibi-
tion of food intake and energy storage through the
production of α-melanocyte-stimulating hormone
(MSH) from a POMC precursor [81]. Central
administration of MC4-R agonist can lead to inhibi-
tion of food intake, increasing energy expenditure,
lower serum insulin, and reduced body weight [81],
whereas inhibition of the melanocortin system with
an antagonist, or deletion of MC4-R, leads to hyper-
phagia and obesity [82, 83].

Diagnosis and Screening for Cachexia

The rate of detection of cachexia is low among
physicians. Even after diagnosis was made, appro-
priate intervention was instituted in only one-
third of the patients, according to one study [84].
The low rates of detection and intervention are
most often due to the inability to make the diagno-
sis [85]; thus, there is a need for improved screen-
ing for cachexia [85]. The Mini Nutrit ional
Assessment (MNA) is a well-validated tool that
was specifically designed for use with community-
dwelling elderly [85]. The positive predictive value
of the MNA for detecting cachexia is 97%, while its
sensitivity is 96% and its specificity is 98%. The
MNA incorporates several domains, including
functional status, lifestyle, diet, self-evaluation of
health, and anthropometric indices [86], and does
not require laboratory tests. Another screening
tool for undernutrition is the DETERMINE ques-
tionnaire, which was designed for community-
dwelling elderly, and is self-administered [87];
however, it still needs to be validated. The SCREEN
questionnaire has been validated and successfully
used in Canada [88]. The mini-CNAQ was devel-
oped to pick up early changes in appetite in older
persons [89]. The SCALES assessment is a useful,

sensitive screening tool (Table 4) that is simple to
use and easy to administer [88]. The inclusion of
data on cholesterol and albumin levels make
SCALES sensitive enough to allow the physician to
accurately diagnose cachexia. Table 5 provides an
overview of the different laboratory tests for deter-
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Table 4. Examples of geriatric nutritional assessment tools

A. Mini-CNAQ (pronounced ‘snack’)

(Council of Nutrition Appetite Questionnaire)

1. My appetite is

A. Very poor

B. Poor

C. Average

D. Good

E. Very good

2. When I eat

A. I feel full after eating only a few mouthfuls

B. I feel full after eating about a third of a meal

C. I feel full after eating over half a meal

D. I feel full after eating most of the meal

E. I hardly ever feel full

3. Food tastes

A. Very bad

B. Bad

C. Average

D. Good

E. Very good

4. Normally I eat

A. Less than one meal a day

B. One meal a day

C. Two meals a day

D. Three meals a day

E. More than 3 meals a day

Instructions: Complete the questionnaire by circling the
correct answers and then tally the results based upon the
following numerical scale: A = 1, B = 2, C = 3, D = 4, E = 5
Scoring: If the mini-CNAQ is less than 14, there is a signi-
ficant risk of weight loss

B. SCALES

Sadness

Cholesterol

Albumin

Loss of weight

Eating problems

Shopping problems



mining cachexia in older persons.
In addition to using a screening tool for malnu-

trition, it is also important to look for risk factors.
Identifying risk factors of malnutrition helps the
physician to develop strategies that allow the
patient to be well-nourished at all times. The risk
factors of malnutrition can be grouped by the
mnemonic ‘MEALS ON WHEELS’ (Table 6).

In the clinical setting, weight measurement and
calculation of body mass index are the most wide-

ly used indices for nutritional assessment. The use
of biochemical markers to assess and treat nutri-
tional risk is discouraged because they have poor
predictive value [89, 90]. The most cost-effective
parameter of proven clinical usefulness in moni-
toring nutritional status is body weight measure-
ment [91]. The hallmark of a well-designed nutri-
tional surveillance program is the ability to detect
impending nutritional compromise long before
laboratory indices become abnormal.
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Table 5. Laboratory tests for determining cachexia in older persons

Test Comment

Weight loss Best test; < 5% in 3 months or 10% in 6 months

Body mass index (BMI) < 21 is highly suggestive

Midarm muscle or calf Good indicators of loss of muscle mass muscle circumference

Albumin/prealbumin Very low levels suggest cachexia or nephrotic syndrome or liver disease

Cholesterol Low levels in cachexia

Haemoglobin Anaemia usually coexists with cachexia

CD4 T-cells Decreased in severe cachexia and starvation

C-reactive protein Elevated in cachexia

Interleukin-2 receptors Elevated in cachexia

Uric acid Elevated in cachexia

Table 6. The risk factors of malnutrition grouped by the mnemonic ‘MEALS ON WHEELS’

Medications (polypharmacy, herbal preparations)

Emotional risk factors (dysphoria, depression, psychosis)

Appetite disorders (anorexia tardive, abnormal eating attitudes)

Late-life paranoia (social isolation)

Swallowing disorders

Oral factors (tooth loss, periodontal infections, gingivitis, poorly fitting dentures)
No money (poverty)

Wandering (dementia)

Hyperactivity/hypermetabolism (tremors, movement disorders, thyrotoxicosis)

Enteral problems (chronic diarrhoea, malabsorption syndromes)

Eating problems (altered food preferences, decreased taste and flavor perception)

Low-nutrient diets (low-salt, low-cholesterol, antidiabetic diets)

Shopping and food preparation problems (impaired mobility, unsafe environment, inadequate transportation)
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Introduction

A decline in functional status is a profound predic-
tor of morbidity and mortality [1]. The mortality
rate increases from 15% in individuals with only
one impairment in an instrumental activity of
daily living (IADL) to 21% in persons with one or
two IADL impairments. In subjects with five or six
IADL impairments, the mortality rate reaches 37%
[2]. Disabled older adults are four to six times
more likely to die than the nondisabled [3]. Up to
half of the geriatric patients admitted to a hospital
have either loss of or a diminished performance in
at least one ADL during admission. This decline in
functional status occurs as early as the second day
of hospital admission [4, 5].

A decline in functional status is a major predic-
tor of risk for nursing home placement [6, 7], sub-
sequent acute illness [8], and declining quality of
life [9]. An estimated 59% of adults with five or
more ADL impairments will be admitted to nurs-
ing homes [10]. Among those older adults with
substantial functional disability who are in nurs-
ing homes, disability declines faster at the end of 6
months compared to individuals with greater
function [11]. Older adults with disability have a
shorter life expectancy in the nursing home than
institutionalised adults of the same age who are
less impaired [12].

Among community-dwelling older adults,
impairment in functional status itself predicts a
further decline in disability [2]. For example, per-
formance-based measures of lower-body function
predict subsequent disability [13, 14]. Impaired
functional status also correlates with an increased
risk for falls, fear of falling, and disability [15–17].
Loss of both IADL and sarcopenia (loss of muscle
mass) are strongly related to functional decline
[18, 19]. Impaired functional status is often associ-

ated with subclinical cardiovascular disease [20].
Thus, disability in functional status represents a
marker for poor outcome in older persons [21, 22].

Impaired functional status places burdens not
only on the individual patient, but also on the
healthcare system as a whole. Almost half (46.3%)
of U.S. Medicare-reimbursed expenditures occur
in the 20% of older persons who have functional
dependence. More than 40% of nursing-home and
home-health expenditures occur in the 10% of
functionally dependent patients. Altogether, a
decline in functional status accounts for more than
20% of nursing home, hospital, and outpatient
expenditures [23].

Functional Decline and Aging

The most important functional change that occurs
with aging is a reduction in active skeletal muscle;
however, this decline in muscle mass occurs in
both sedentary and active aging adults [24–26].
Dynamic, static, and isokinetic muscle strength
decreases with age [27], so that a substantial pro-
portion (65%) of older men and women report
that they cannot lift 10 pounds using their arms
[28]. This decline in strength has been hypothe-
sised to explain some of the functional decline that
occurs with aging [29]. Accordingly, a research
agenda has been developed to ascertain whether
this decline in strength and function is inevitable
or related to habitual inactivity.

Maximal oxygen consumption (VO2max)
declines with age at a rate of 3–8% per decade
beginning at 30 years of age [30, 31]. While the
major contributor to VO2max is lean muscle mass,
after correction for muscle mass, there is no
important decline in VO2max with aging [32].
Physically active older men have a higher VO2max
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than inactive younger men [33]. Thus, although
there is a decline in exercise capacity with aging,
there is reason to believe that this trend is
reversible.

Studies in younger adults consistently show that
muscle strength and muscle mass increase with
high-intensity training (70–90% of one repetition
maximum). In older men, upper-arm strength can
increased by 23–48% [34, 35] and lower-extremity
strength by 107–226% with exercise [36]. Similar
increases, in the range of 28–115%, have been
reported in older women [37]. Aniansson demon-
strated a 9–22% increase in lower-extremity
strength at 12 weeks in healthy men age 69–74
years [38]. Results were similar in men age 56–65
years after 15 weeks of exercise [39].

The muscle loss that occurs with aging is
thought to result from either disease (hypogo-
nadism, thyroid disease, growth hormone deficien-
cy), medications (diuretics, corticosteroids), dis-
use, or malnutrition [40].

Interaction of Cytokines and Functional Status

Recently, a body of evidence has emerged suggest-
ing that functional decline is associated with an
excess production of cytokines. Cytokines are cell-
associated proteins produced and secreted by
inflammatory cells. They have the capacity to act
at low concentrations on other cells, both locally
and systematically, via specific cell receptors.
Cytokines act principally in a paracrine fashion,
and their concentrations in tissues are often sever-
al times higher than those found in the peripheral
circulation.

Aging is characterised by a progressive
increase in the concentrations of glucocorticoids
and catecholamines and a decrease in the produc-
tion of growth and sex hormones – a pattern remi-
niscent of that seen in chronic stress. Plasma levels
of interleukin (IL)-6 increase with age, probably as
the result of catecholamine hypersecretion and
sex-steroid hyposecretion. However, age-associat-
ed changes in cytokine production are inconsis-
tent [41].

Cohen and Pieper found that IL-6 levels corre-
late with the functional disability of the communi-

ty-dwelling elderly [42]. Therefore, IL-6 may con-
tribute to the increased morbidity and mortality
seen in chronically stressed or physiologically
aged persons. Interleukin-6 and D-dimer levels
have been associated with subsequent mortality
and a decline in functional status. The relative risk
of mortality increases to 1.28 (95% confidence
interval [CI]: 0.98–1.69) for individuals with only
IL-6 levels in the highest quartile, 1.53 (95% CI:
1.18–1.97) for those with only D-dimer levels in
the highest quartile, and 2.00 (95% CI: 1.53–2.62)
for those with levels of both in the highest quar-
t ile. Subjects with both high IL-6 and high 
D-dimer levels had the greatest declines in all
measures of functional status [43].

In highly functioning, healthy, nondisabled
older persons, a baseline measurement of serum
albumin and plasma IL-6 was associated with 
4-year mortality. In those subjects without evi-
dence of IL-6-mediated inflammation, a lower
albumin was associated with an adjusted relative
risk of 2.1 for mortality, compared with subjects
with higher albumin. In the presence of elevated
IL-6 levels, both higher and lower serum albumin
levels had similar risks (adjusted relative risks 4.0
and 3.8, respectively) compared with persons hav-
ing a higher albumin and low IL-6. Higher serum
albumin levels may have a protective effect in
healthy older persons who do not have evidence of
cytokine-mediated inflammation. This protective
effect is not apparent in the presence of inflamma-
tion [44].

Older women with high IL-6 serum levels have
a higher risk of developing physical disability and
experience a steeper decline in walking ability
than those with lower levels [45]. Older women in
the highest IL-6 tert ile were 1.76 (95% CI:
1.17–2.64) times more likely to develop disability
due to mobility impairment and 1.62 (95% CI:
1.02–2.60) times more likely to develop mobility
impairment and disability with respect to ADL .
The increased risk of disability associated with IL-
6 concentration was nonlinear, with the risk rising
rapidly beyond plasma levels of 2.5 pg/ml. The
effect of IL-6 on muscle atrophy may be a direct
effect on muscles and/or due to the pathophysio-
logic role played by IL-6 in specific diseases [46].

In congestive heart failure (CHF) patients, ele-
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vated plasma cytokine levels are associated with
worse functional status and adverse prognosis.
Among 732 elderly Framingham Study subjects
(mean age 78 years, 67% women), who were free of
prior myocardial infarction and CHF, serum IL-6,
C-reactive protein (CRP), and spontaneous pro-
duction of tumour necrosis factor (TNF)-α were
obtained at baseline and then after 5 years. After
adjustment for established risk factors, including
the occurrence of myocardial infarction on follow-
up, there was an increased risk of CHF per tertile
increment in cytokine concentration (60% for
TNF-α and 68% for serum IL-6, respectively). A
serum CRP level greater than 5 mg/dl was associ-
ated with a 2.8-fold increased risk of CHF. Subjects
with elevated levels of all three biomarkers (serum
IL-6, TNF-α, and CRP), had a four-fold increased
risk of CHF (95% CI 1.34–12.37). Thus, a single
determination of serum inflammatory markers,
particularly elevated IL-6, was associated with
increased risk of CHF in people without prior
myocardial infarction [47]. Other studies have also
demonstrated that the highest levels of TNF-α are
associated with the poorest functional status in
CHF patients [48].

IL-1, IL-6, TNF-α (cachexin), interferon (IFN)-
γ, leukaemia inhibitory factor (D-factor), and
prostaglandin E2 have been associated with cancer
cachexia. The possible transfer of these cytokines
via the circulation has been demonstrated in non-
tumour bearing rats, who developed cachexia after
parabiotic anastomosis to sarcoma-bearing
cachexia rats [49].

There is increasing evidence that cytokines can
produce cognitive impairment [50, 51]. Cytokines,
besides producing a direct effect on muscle func-
tion, may also impair functional status by altering
central ner vous system function. Cognit ive
impairment has been demonstrated to be associat-
ed with functional decline [52–56].

Cytokines are also related to a number of dis-
ease conditions, including cancer [57], end-stage
renal disease [58], chronic pulmonary disease [59],
CHF [60], rheumatoid arthritis [61], and AIDS
[62]. These same conditions are frequently associ-
ated with a decline in functional status. Cytokines,
especially IL-1, IL-6 and TNF-α, are potent causes
of appetite suppression, weight loss, and hypoal-

buminaemia [63–65], and play a role in mortality,
weight loss, and appetite suppression. Cytokines
also decreased haemoglobin levels [66], which has
been shown to be associated with disability [67].

Not all populations demonstrate a direct rela-
tionship between functional status and cytokine
levels. In subjects on maintenance haemodialysis,
the levels of inflammatory cytokines are uniformly
high. No significant associations among inflamma-
tory cytokines and physical activity, performance,
or function has been shown in this population
[68]. Whether functional status is directly related
to the level of cy tokines or independent of
cytokine status in this population is unknown.

Interventions To Improve Functional Status

The importance of identifying functional decline
lies in the fact that it may be amenable to interven-
tion. An inpatient geriatric evaluation unit has
demonstrated substantial improvement in func-
tional status and a better survival rate at 1-year of
follow-up, compared with usual hospital care [69].
Geriatric hospital units have improved ability to
transfer, dress, and bathe compared to usual care
[70]. Improvement in ADL and fewer discharges to
a nursing home was demonstrated in another
study [71]. In patients with delirium, an interven-
tion aimed at educating nurses, mobilising
patients, assessing medications, and making envi-
ronmental modifications improved functional sta-
tus at discharge [72]. Persons with CHF have poor
physical function but improve when they receive
support from a geriatric team [73].

Improvement in the functional mobility score
is directly related to the duration of physical thera-
py in patients with orthopaedic disorders [74]. In a
meta-analysis of post-discharge interventions at
home, both functional decline (RR: 0.76; 95% CI:
0.64–0.91) and mortality (RR: 0.76; 95% CI:
0.65–0.88) were reduced in older adults [75]. A tai-
chi exercise program was shown to be effective in
improving functional status in healthy, physically
inactive older adults [76], but whether improve-
ment can occur in impaired individuals is not
known.

A number of studies have demonstrated a rela-
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tionship between exercise and mortality. Older
men who expend 500–3500 kcal per week in exer-
cise had lower death rates than non-exercisers
[77]. In a cohort study of twins (which removes
genetic confounders), a twin who exercised at a
level of vigorous walking at least six times month-
ly for 30 min had a lower risk for death (hazard
ratio 0.66 vs 0.44, p = 0.005) compared to the twin
who had no or less exercise [78].

Most studies demonstrating an improvement in
muscle strength have shown its direct relationship
to the intensity of the exercise intervention. The
data suggest that exercise programs must be high-
intensity (70–90% of one repetition maximum)
rather than low-intensity (against gravity) in order
to produce benefit. The benefit of strength train-
ing has been demonstrated to exist even in frail,
institutionalized, elderly men and women. After 8
weeks of intensive training in volunteers age 90
years, muscle strength increased by 174 ± 31% and
mid-thigh muscle size by 9 ± 4.5% (79). Muscle
strength improved by 113 ± 8% following high-
intensity exercise training by long-term care resi-
dents with a mean age of 87 years [80]. Exercise
also improves muscle mass, as measured by com-
puted tomography of the thigh in institutionalized
older adults [81].

Cardiovascular function changes little at rest,
but declines at maximal exercise stress with aging.
Improvement in cardiovascular mortality has been
shown over 4 months in older subjects who exer-
cised by cycling at 70% of their age-adjusted maxi-
mal heart rate. After 2 years, new cardiovascular
diagnoses were made in 2.5% of the home-exercise
supervised group, 2% of the non-supervised
group, and in 13% of the control group [82].
However, some controversy over the relationship
of exercise to cardiovascular disease continues.
The Canadian Health Survey found no relationship
between physical activity and coronary mortality
[83]. The data on the cardioprotective effect of
activity in women is not conclusive [84, 85].

Interventions To Reduce Cytokines

Physical training can reduce the plasma levels of
proinflammatory cytokines in CHF patients. This

immunomodulatory effect may be related to the
training-induced improvement in functional status
of these patients. Plasma levels of TNF-α, soluble
TNF receptors I and II (sTNF-RI and sTNF-RII,
respectively), IL-6, and soluble IL-6 receptor (sIL-
6R) were measured before and after a 12-week
program of physical training by patients with sta-
ble CHF and a mean left ventricular ejection frac-
tion of 23%. Physical training produced a signifi-
cant reduction in plasma levels of the measured
cytokines. An increase in VO2max was also seen.
Good correlations were found between a training-
induced increase in VO2max and a training-induced
reduction in the levels of the proinflammatory
cytokine TNF-α in patients with CHF. In contrast,
no significant difference in circulating cytokines
was found with physical training in normal sub-
jects [86].

Testosterone levels decline with aging in both
men [87] and women [88]. Testosterone replace-
ment in men increases muscle mass [89–91] and
strength [92, 93], and decreases fat mass [90, 94,
95]. Adipocytes are a potent source of cytokines,
including TNF-α and leptin. The effect of testos-
terone on functional status may be mediated by
reducing cytokine excess through an effect on
adipocytes [96–98].

Recently, megestrol acetate, a potent orexigenic
agent, has been shown to produce its effects by
decreasing cytokine release [99, 100]. This suggests
that one approach to preventing functional decline
is to use a cytokine inhibitor [101]. A large number
of other pharmacological agents have been tried,
with varying success, with the aim of lowering
excessive cytokines [102].

Conclusions

Published studies demonstrate that functional sta-
tus is an important marker for further decline,
morbidity, and mortality in older persons.
Exercise-based interventions have been shown to
improve functional status and outcomes over time.
The data further demonstrate that exercise regi-
mens are safe and can be implemented in older
adults, even into the ninth decade of life.

Pro-inflammatory cytokines appear to be asso-
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ciated with functional status in older adults.
Measurement of these cytokines may be a predic-
tor of performance on functional status tests.
Furthermore, exercise-based interventions have
been shown to modulate cytokine inflammatory
markers. However, the final relationship of func-
tional status limitation to pro-inflammatory
cytokines remains to be determined.

The association of cytokines and functional
status suggests that attempts to modulate the
effect of cytokines on physical function may be
promising. Several drugs are known to act as
cy tokine suppressors. Although much work
remains to be done, continued research into the
modulation of cytokines to improve physical func-
tion appears to be promising.
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SECTION 8
CACHEXIA AND HIV INFECTION/AIDS



Introduction

Cachexia in the World

Protein energy malnutrition (PEM) is, alone or
associated with other diseases, the first step in the
development of cachexia [1–3]. An insufficient
amount of food is the leading cause of malnutri-
tion and infectious diseases are the second. In
developing countries, 20% of the population –
more than 800 million people – eats a quantity of
food only sufficient to supply energy for a seden-
tary life, i.e. 1.2–1.4 times the resting energy
expenditure (REE). More than 192 million children
suffer from PEM and 2 billion people lack different
micronutrients (vitamins, minerals, essential fatty
and amino-acids) [4–7]. Even in Western coun-
tries, where an enormous surplus of food is pro-
duced, many groups of people, especially the poor,
the elderly, drug addicts, pregnant women,
patients with liver, kidney and gastro-intestinal
(GI)-tract diseases, cancer, AIDS , show nutritional
defects. In general, 60% of the world’s population
(41% in developing countries) consumes less than
2600 Kcal/person/day, an amount of energy con-
sidered barely sufficient for limited activity. In 15
countries, inhabitants have < 3000 Kcal/per day at
their disposal, and the dietary energy supply
(DES) is < 2000 Kcal/person in 11 countries. The
development of severe nutritional defects is there-
fore inevitable [4–7].

Malnutrition reaches cachexia, its extreme
limit, during the course of cancer and infectious
diseases [2, 8]. In 1987, the Center for Disease
Control (CDC) included wasting syndrome (a
form of cachexia) in its list of diseases indicative
of AIDS [9]. Deriving from the Greek kakos, which
means bad, and hexis, which means disposition,
cachexia defines a state of general wasting associ-

ated with individual, social, or medical causes
(Table 1). It is caused by a series of factors, such as
anorexia, sickness, dysgeusia, poor alimentary
habits, and digestive and absorption disturbances
linked to digestive tract infections.

All these factors cause a progressive loss of
weight, loss of lipid stores and muscular body
mass, negative nitrogen balance, and thus deple-
tion of circulating and visceral proteins [10–19],
resulting in extreme cases, African ‘slim disease’
[20, 21].

Many anthropometric studies [14, 16, 22–27]
have pointed out that, before the introduction of
highly active anti-retroviral therapy (HAART),
weight loss was present in 59–84% of HIV-positive
subjects, both hospitalised and out-patients. This
weight loss was in some cases considerable (30%
and more) compared to the patients’ usual or ideal
weight or to the percentiles of a normal reference
population.
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Table 1. General causes of cachexia

Voluntary or induced starvation

Social causes:

Old age

Poverty

Inability to prepare food

Medical causes:

Diabetes mellitus 

Other endocrine diseases

Psychiatric diseases

Kidney diseases

Digestive tract diseases

Infectious diseases

Tumours



Pathophysiology of Cachexia

Mechanisms of Cachexia

There is no general agreement about the reference
standards for evaluating human body weight [28],
but the most frequently used in the study of nutri-
tional status is still Blackburn’s method, which is
based on the anthropometric tables of the
Metropolitan Life Insurance Company [29].

According to this method, the indicative signs
of malnutrition and cachexia are either a weight
loss > 10% of the ideal or usual body weight or a
percentile value lower by at least 15% than the cor-
responding age group for weight/height.

The reference to the ideal weight, although
valid for healthy subjects, cannot be translated to
sick people, for whom it is more rational to refer to
the usual weight or the weight before the onset of
illness [30] or the weight/age/height percentiles of
the general population in that particular country
[29].

With reference to the criteria used (ideal
weight, usual weight, height/weight ratio) and the
standards of reference, the classification of the
nutritional status of a patient changes, with a
slight deviation (3%) between ideal weight and
usual weight, but with significant deviat ion
(22–25%) among these and the percentiles of the
general population [31]. Accordingly, a loss of
weight > 10% of the ideal or usual weight or a per-
centile value lower by at least 15% than the corre-
sponding age group for weight/height is consid-
ered diagnostic of malnutrition and cachexia.

The study of body compartments (thin mass,
fat mass, bone tissue, total water), potassium and
total nitrogen, muscular and circulating proteins,
and bioimpedance discriminates between the
body’s content of water and fat, considered func-
tionally inert, and the biologically active cellular
mass, represented by the muscles and viscera
[13–18, 22, 24–27].

The differences found between body weight
and cellular mass are due either to an excess of
extracellular water or to fat deposits. Fat is subject
to variations not synchronous with those of the
cellular mass, related to genetic factors (initial
number and size of fat cells) and to hormonal
causes, i.e. leptin, lipoprotein lipase (LPL), estradi-

ol, progesterone, glucagon, insulin, corticosteroids,
growth hormone. In non-complicated starvation,
fat reserves are depleted first, followed by protein
reserves [32]. In AIDS, depletion of cellular mass
can start in the presence of preserved fat deposits
[33, 34].

Lack of protein-caloric nutrients due to
famine, voluntary refusal, nervous anorexia, or
poor diets, causes slimming. Infectious diseases,
cancer, burns, traumas, or surgery induce hyperca-
tabolism, which, by means of very similar meta-
bolic responses (e.g. acute-phase response [APR])
leads to self-cannibalism and to cachexia [35, 36].
Self-cannibalism is, in the short-term, the physio-
logical strategy for coping with a pathogenic noxa.
It can be advantageous because it immediately
supplies amino acids to repair tissue damage and
for the synthesis of acute-phase proteins in the
liver [32, 37].

Under physiological conditions, the central
nervous system balances the quantity of assumed
and consumed calories through hunger and sati-
ety, and body weight is maintained. The human
body consumes energy in three ways: (1) calories
burnt for basal metabolism (REE); (2) calories for
the absorption of nutrients (dynamic-specific
action, DSA); and (3) calories for physical activity.
A rapid weight loss (in days) reflects a predomi-
nant reduction of the hydric mass of the body,
while a reduction of tissue mass takes longer, i.e.
weeks or months.

Biochemical Phases of Cachexia

The organism has to supply 150–180 g glucose/day
for oxidative phosphorylation in the brain and
bone marrow.

In the normal fast, hypoglycaemia stimulates
the production of glucagon, which induces
glycogenolysis in the liver and in the muscle to
produce glucose. But if glycogen stores can supply
glucose only for 12–18 h, then hypoglycaemia
stimulates the production of epinephrine, which in
turn starts lipolysis in fat stores. About 160 g fat
(triglycerides, FFA, glycerol)/day can be trans-
formed into glucose to maintain vital processes.
But, if the requirement for energy is prolonged,
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then lipids alone are not sufficient to maintain glu-
cose levels, as their use is limited by the accumula-
tion of ketones (ketoacidosis) and by the decrease
of insulin. At this point, the organism, which has
depleted glycogen stores and is self-limited in
using lipids, goes on to use muscular and visceral
proteins to produce glucose. About 75 grams of
proteins/day are used for gluconeogenesis during
normal starvation, with urinary loss of about 12
grams nitrogen/day. If the fast is prolonged, the
organism adapts itself to utilise more ketone bod-
ies and to reduce nitrogen loss to between 8 and 3
g/day. Differently from normal starvation, in
stressed starvation it is not hypoglycaemia that
starts catabolic events, but the increase of hor-
monal factors, including cortisol, glucagon, epi-
nephrine, leptin, cytokines (tumour necrosis fac-
tor [TNF], interleukin [IL]-1, IL-2, IL-6, IL-10,
interferons [IFNs], and prostaglandins [PGs]).
These hormones may not increase in the blood;
rather, in metabolically act ive t issues.
Consumption of lean mass of up to 500 g/day, with
a urinary loss of nitrogen of 20 g/day, may be
reached.

The calorie balance represents an equation in
which the energy introduced by food can be used
for muscular work and metabolic activity, or it can
be saved and stored in the tissues. If the consump-
tion of energy exceeds the intake, the system goes
into a condition of caloric deficit and the organism
tries to maintain the homeostasis by burning its
reserves. The caloric balance can be overturned by
causes that alter the availability of nourishment, its
absorption, and its metabolism (Table 2).

During serious illness, a normal type of nour-
ishment is not sufficient to balance the intense
catabolism and nitrogen loss caused by the patho-
logic process, in which glucose, lipid, and protein
reserves are burnt in order to cover energy needs
(self-cannibalism). If self-cannibalism persists, the
effect is fatal: the loss of a third of body proteins
(= 2 kg proteins or 8 kg cellular mass) in a person
of average weight causes death in less than one
month. The degree of cachexia itself, independent
from its cause, is a mortality factor. If the deple-
tion of cellular mass and total body potassium is
examined with reference to the survival time, a lin-
ear correlation (Fig. 1) is observed in AIDS and in
cancer patients [22–24, 34, 38]. At the time of
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Table 2. Causes of energetic imbalance

Reduced oral intake:
Lack of foods, old age
Anorexia, depression, dementia
Cerebral disturbances
Functional or organic obstacles to the passing of food

Reduced caloric absorption:
Digestive disturbances
Malabsorption
Diarrhoea

Metabolic disturbances:
Protein-synthesis defects
Hypermetabolism
Futile metabolic cycle
Cytokine action
Enzymatic or endocrine disturbances
Fever
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Fig. 1. Relationship of ideal
body weight (IBW) and total
body potassium (TBK) to the
timing of death. Death occurs
when body weight is about
one third below ideal values
and TBK just above 50% of
normal



death, cellular mass is reduced, on average, to 54%
of normal, corresponding to 66% of ideal weight.
In voluntary or forced starvation, death occurs
when the body weight is reduced to almost a third
of the ideal weight [22].

Cachexia in AIDS

The control of HIV infection remains elusive: dur-
ing the 1990s, 10–20 million new cases among
adults and 5–10 million among children were regis-
tered, with an estimated cumulative total of 30–40
million cases of HIV infection in 2005 and more
than 10 million of cases of AIDS [7, 39] (Fig. 2).

While AIDS is still a fatal disease, new, highly
active and more effective therapies have improved
patient survival and quality of life. Among these,
dietary therapy and palliative care have played an
important role [2, 40–42]. Many of the symptoms
of AIDS, such as slimming, anorexia, asthaenia,
sickness, and nutritional deficits, seem to be
reversible if properly treated by administration of
proteins, calories, vitamins, minerals, and specific
drugs [43–46].

Malnutrition in all its forms is one of the most
common and striking phenomena of AIDS [22,
47]. Multiple factors, such as anorexia, sickness,
dysgeusia, poor alimentary habits, as well as diges-
tive and absorption disturbances linked to diges-
tive tract infections, cause a progressive weight
loss, depletion of lipid stores and lean body mass,
and negative nitrogen balance with depletion of
circulating and visceral proteins [10, 12, 14–18,
48–53]. The extreme manifestation of this condi-
tion is referred to as ‘slim disease’ [1, 20]. In the
1987 revision of clinical and laboratory criteria
defining AIDS, a new condition, wasting syn-
drome, was included in the list of indicative dis-
eases [9]. HIV wasting syndrome is defined as
emaciation and weight loss (predominantly loss of
body cell mass) > 10 % of baseline body weight,
plus either chronic diarrhoea (at least two loose
stools per day for more than 30 days) or chronic
weakness and documented fever (for over 30 days)
in the absence of concurrent illness.

Since 1988, thousands of AIDS cases have been
registered worldwide on the basis of detection of
the wasting syndrome, but the real prevalence of
cachexia in HIV-positive patients is underestimat-
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ed, because an associated opportunistic disease
(infection or neoplasia) is frequently the greater
focus of attention. While cachexia, better than
wasting syndrome, defines the severe weight loss
that occurs in HIV infection, in the past few years,
wasting syndrome has been the third most com-
mon indicative condition of AIDS in the USA [54]
and the fourth in Italy. Many studies [2, 13–18, 23,
40–42, 47] have pointed out that, as determined by
anthropometric methods, the AIDS-related loss of
weight, compared to the usual or ideal weight or to
normal population reference percentiles (Fig. 3), is
often considerable (30% and more) and is seen in
59–84% of HIV-positive subjects, both hospitalised
and out-patients.

Intense anorexia and progressive slimming
have a dramatic psychological impact on AIDS
patients and their families, and cause a deteriora-
tion in the quality of life, an increased susceptibili-
ty to infections, and intolerance to drugs [11, 47].
Slimming is due to many factors: the direct cyto-
pathic effect of HIV on intestinal cells [55], oppor-
tunistic infections [56, 57], cytokines [58, 59],
drugs, and neoplasms. There is a reduced intake
and assimilation of nutrients, with increased 

protein-calorie consumption and a condition of
cellular hypercatabolism [60], which, if not treated,
very quickly leads to death. However, from a
macroscopic point of view, weight loss is the most
striking event. Terminal cachexia manifests itself
clinically, but less evident alterations of the nutri-
tional status must be diagnosed very early on, so
that treatment can be administered in time to
avoid malnutrition becoming the cause of the dis-
ease. For example, such patients exhibit a decrease
in body temperature and basal metabolism, which
can, however, be high compared with the caloric
intake calculated for normal subjects [60]. In addi-
tion, there are abnormalities of the skin, muscular
and skeletal systems, digestive tract, liver, and res-
piratory function [24]. Neurological signs may also
be present.

Malnutrition also compromises nonspecific
factors, including resistance to pathogens and
reduced activity of the bone marrow, lymphatic
tissues, and reticuloendothelial system. Other, less
evident disturbances involve chemical-haemato-
logical nutritional parameters, i.e. the develop-
ment of anaemia and hypoalbuminaemia, reduced
plasma titres of vitamins B6 and B12, folic acid,
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selenium, zinc, copper, calcium, and potassium
[61–65]. Cell-body mass also progressively
decreases (Fig. 4), so that cachexia becomes a dis-
ease within a disease and may be included among
the various cofactors that have been hypothesised
to affect progression of HIV infection to AIDS
[66]. In 60% of HIV-positive subjects, PEM is pres-
ent along with and vitamin and mineral deficits,
which together cause progressive physical-meta-
bolic wastage and increased susceptibility to
opportunistic infections and drug toxicity. In 80%
of deaths due to AIDS, malnutrition is a concur-
rent cause, and thus must be identified very early
by anthropometric and nutritional methods [2,
14–18, 26, 41, 42, 66].

The presence or absence of nutritional cofac-
tors accelerates or retards the progression of HIV
by influencing immune functions. It is well-known
that PEM reduces phagocytosis [67–69] and IgA
secretion, enhancing bacterial adhesion to respira-
tory epithelial cells. AIDS is not a food- or drink-
borne disease but adequate nutrition may improve
the clinical condition of the patient and his or her

quality of life. Consequently, evaluation of the
nutritional status is a fundamental component of
the multidimensional approach to treating HIV-
positive patients, both because there is an evident
correlation between malnutrition, morbidity, and
lethality [70, 71] and because a relatively large
number of subjects live in socio-economic condi-
tions that favour the onset of multiple nutritional
defects. Study schemes are available that are spe-
cific enough to allow definition of the compart-
mental composition of the body, visceral protein
endowment, and structure of the fat deposits [2].
These schemes can be used to demonstrate that
malnutrition presents a mosaic of alterations aris-
ing from caloric-protein and food shortage as well
as from infections of the gastrointestinal tract.
These conditions may be specifically treated.

Among the multiple aetiologies of cachexia
(Table 2), the most likely causes of wasting in HIV
infection are reduced oral intake, hypermetabo-
lism, endocrine abnormalities, especially due to
cytokines [34, 72], and futile metabolic cycles of
lipids.
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Reduced Oral Intake

A common feature in HIV-infected patients is the
reduced oral intake of macro- and micro-nutri-
ents, mainly due to extensive disease involvement
of the GI tract. Thus, ‘enteropathogenic AIDS’ [17,
52, 53] is the best example of a condition in which
chronic weight loss is caused by many different
agents affecting gastrointestinal functions, from
the oral cavity to the rectum. The loss of appetite
(anorexia) and the consequent reduced caloric
intake are mainly due to TNF, which inhibits gas-
tric motility and gastrointestinal evacuation, IL-1
and IFN-γ.

Hypermetabolism and Protein Catabolism

The progression of disease in HIV patients is asso-
ciated with an increased REE [60]; however, weight
loss is better correlated with calorie intake than
with REE [73]. While opportunistic infections,
malignancies, and high levels of cytokines and
hormones in tissues may explain hypermetabo-

lism, it is not clear whether increased REE alone
(Fig. 5) can cause wasting, in the absence of other
processes [74, 75].

Depending on the type of cachexia, the body’s
protein compartment undergoes several modifica-
tions, which are, in some cases, not related to fat
changes [22]. New insights regarding muscle atro-
phy occurring in aging, AIDS, diabetes, immobili-
ty, and space flight have been gained in the last few
years. For example, it is now known that ubiquitin
ligases are involved in the breakdown of muscle
proteins [76]. An acute calorie defect, e.g. a total
24-h fast, forces the organism to use energy
reserves, so that approximately 150 g of fat and 60
g of protein are burned. Subsequently, energy-
saving mechanisms become involved. These
reduce protein breakdown by as much as three-
fold, whereas the energy withdrawal from adipose
tissue remains unchanged [34]. Basal metabolism
accounts for about a fifth of the calories normally
consumed at rest. In contrast, serious infection
induces acute protein loss (which may be > 120
g/day) [32]. During the septic period, starvation
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does not activate the energy-saving mechanism
that occurs in the absence of infection, so that
calorie withdrawal causes a further protein loss
that can reach 90 g/day [32, 34]. In sepsis, the basal
energy requirement increases because of the
hyperthermia [77] induced by cytokines and futile
cycles [78].

Endocrine Abnormalities and Cytokines

Several endocrine abnormalities, such as low levels
of testosterone and grow th hormone and
increased production of cytokines, have been cor-
related with weight loss in AIDS, while adrenal and
thyroid hormones show conflicting patterns [63].
The synergic action of TNF and other cytokines is

considered the most probable mechanism causing
cachexia [8, 79, 80] (Fig. 6, 7).

The clinical symptoms of anorexia, nausea,
fever, asthenia, fatigue, lethargy, myalgia, sickness,
diarrhoea, anaemia, leucocytopaenia, tachycardia,
headache, neurovegetative disturbances, etc., can
be attr ibuted to the release of cy tokines by
macrophages and activated inflammatory cells.

Lipid metabolism disturbances, anorexia, and
weight loss together lead to cachexia and are
caused by the combined action of TNF, IL-1, IL-6,
and IFN-γ, the production of each being stimulat-
ed by infections and cancer [82, 83]. We demon-
strated [84] high levels of TNF-α in HIV patients
who had lost more than 10% of their ideal weight
(Table 3).
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Futile Metabolic Cycles of Lipids

Lipid metabolism seems to be particularly involved

with and affected by cytokines. Early studies [85,

86] pointed out the cachexia-promoting effects of

TNF, IL-1, and IFNs.

Initially, the cachexia seen in different extreme
clinical situations was thought to be due to TNF,
which for that reason was also called cachectin.
The injection of TNF into animals, while causing
hypertriglyceridaemia and reduction of appetite
and water intake, does not cause cachexia if the
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Table 3. TNF blood levels in 50 AIDS patients

> 400 pg/ml 400–201 pg/ml 200–100 pg/ml < 100 pg/ml

Disease Disease Disease Disease 
(n = 13) (n = 14) (n = 6) (n = 17)

Toxo (2) Toxo (1) Crypto (1) Toxo (3)
PCP (6) PCP (4) Lymphoma (1) PCP (3)
HIV (2) Toxo + KS (1) TBC (1) Salm (1)
MAC (2) PCP + HSV (1) CMV (1) TBC (1)
PCP + Toxo (1) MAC (2) HIV (2) Crypto (2)

Toxo + MAC(2) Candida (1)
HIV (2) VZV (1)

Toxo + PCP(1) HIV (5)

Toxo, neurotoxoplasmosis; PCP, Pneumocystis carinii pneumonia; MAC, Mycobacterium avium complex; HSV, herpes
simplex virus; KS, Kaposi’s sarcoma; Crypto, cryptosporidiosis; TBC, tuberculosis; CMV, cytomegalovirus; Salm, salmo-
nellosis; VZV, varicella zoster virus



correct amount of calories is given [87]. Many
studies have shown, instead, that disturbances in
lipid metabolism, anorexia, and weight loss, all of
which lead to cachexia, are due to the combined
action of TNF, IL-1, IL-6, and IFN-γ [85, 86], whose
production is stimulated by infection and neo-
plasms [78, 82].

Hypertriglyceridaemia starts mainly through
the inhibition of LPL, which regulates the clear-
ance of plasma triglycerides (Fig. 8) and energy
production from lipids (Table 4).

LPL is inhibited by TNF and estradiol, and is
stimulated by progestins. An increase in liver lipo-
genesis is associated with increased production of
very-low-density lipoprotein (VLDL). In the fat

cell, LPL inhibition causes a reduction of lipogene-
sis with consequent lipolysis. These effects can be
avoided by the administration of inhibitors of
prostaglandin synthesis [38].

The increase in plasma triglycerides observed
in cachexia is due not only to LPL inhibition and
clearance, but also to increased VLDL synthesis
from free fatty acids (FFA), resulting from the
lipolysis of peripheral fat [78]. By blocking lipoly-
sis in the fat cell , for example with phenyl-
isopropyl-adenosine, FFA and plasma triglycerides
can be reduced [83, 89]. This indicates that liver
synthesis of VLDL starts from FFA mobilised from
peripheral fat, re-esterified to triglycerides by the
liver, and secreted as VLDL [78] – a typical exam-
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ple of the energy-wasting ‘futile’ metabolic cycle
(Fig. 9). Fatty acids mobilised from peripheral fat
reach the liver, where they escape oxidation, are
then re-esterified to triglycerides, and pass into

blood circulation as VLDL. These lipoproteins
return in the adipose tissue to be hydrolysed again
to fatty acids by LPL and are stored in fat cells as
triglycerides [58]. This vicious cycle, caused by
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Table 4 . Role of LPL in tissues

Tissue Role 

Muscle (cardiac, skeletal) Energy provision

White adipose tissue Triglyceride storage

Brown adipose tissue Thermogenesis

Lactating breast Milk triglyceride synthesis

Lung Surfactant synthesisa

Brain Phospholipid and glycolipid synthesisa

Adrenal, kidney, spleen, foetal liver Unknown
aPutative



TNF, IL-1, IL-6, and IFN-γ, does not produce ener-
gy (ATP), but rather consumes it, thereby con-
tributing to weight loss.

Lipid Mobilisation Factor

Lipid mobilisation factor, like many other hor-
mones and β-adrenergic stimuli, carries out its
catabolic function by increasing intracellular
cyclic AMP (cAMP). In fat cells, the cAMP increase
activates a protein kinase, which, in turn, activates,
by phosphorylation, a triglyceride lipase. The
effects seem therefore to be mediated by guanine-
nucleotide-binding proteins (G-proteins), which
are important molecules regulating membrane
transduction signals. These proteins are controlled
by protein products of the gene ras 21 and are
inhibited by fish oil [90].

Fat Tissue

To better understand the role played by lipids in
disturbances associated with HIV infection and
with new antiretroviral therapies, it is necessary to
review several concepts regarding fat tissue in
humans. Actually, fat tissue seems to be both the
main player in and the victim of such disorders.
Fat tissue not only stores and mobilises rapidly
available energy (~ 9 Kcal/g), but also produces
hormone-like substances, such as leptin and
adiponectin [91], and, especially, cytokines, such
as TNF-α [92] and IL-6 [93]. For these reasons, fat
tissue is an important metabolic organ. Leptin reg-
ulates hypothalamic centres of hunger and satiety
[94, 95]; adiponectin reduces plasma levels of glu-
cose, fatty acids, and triglycerides, thereby pre-
venting fat accumulation in muscles and liver [96,
97]. Some 60% of adipose tissue is composed of
adipocytes, the rest being blood cells, pericytes,
preadipocytes, and fibroblasts [98]. In the human
embryo, fat tissue is observed beginning at the sec-
ond trimester of pregnancy, and its body distribu-
tion remains constant throughout foetal and adult
life. At birth, the fatty mass is 14% of body weight,
with changes depending on the mother’s general
condition. During the first year of life, adipocytes
undergo hypertrophy, and then replicate until full

body development is completed. Only 2% of
mature adipocytes undergo mitosis, under appro-
priate stimulation. Therefore, adipocyte hypertro-
phy, rather than an increase in their number,
seems responsible for the diffuse or localised
increases in fatty masses [99]. There is, however, a
pool of quiescent or immature adipocytes that can
differentiate into mature adipocytes under hor-
monal and vitamin stimulation [98, 100]. During
differentiation, markers such as LPL mRNA, glyc-
erol triphosphate dehydrogenase (GPDH), hor-
mone-susceptible lipase (HSL), perilipin, a glucose
carrier (GLUT4), and β-3 receptors are acquired.
Triglycerides comprise 90% of the mature
adipocyte and provide a source of easily available
energy through their hydrolysis to fatty acids and
glycerol. Mature adipocyte expresses α-2 -adrener-
gic receptors (α2AR) and adipsin [98]. Adipose tis-
sue secretes LPL, adipsin, complement C3 and B
fractions, P450 aromatase, leptin, and growth fac-
tors [94, 101]. Its main metabolic functions are
lipid hydrolysis and synthesis. Lipolysis is initiated
via the activation of β-adrenergic receptors, which
in turn activates adenyl cyclase, with subsequent
cAMP production via ATP hydrolysis. cAMP acti-
vates a protein kinase that, in turn, activates HSL
and the hydrolysis of triglyceride to fatty acids and
glycerol. The β-1 receptors are epinephrine- and
norepinephrine-specific, β-2 receptors are isopre-
naline-specific, and β-3 receptors are activated by
high doses of catecholamines. α-1 and α-2 recep-
tor activation terminates lipolysis by inhibiting
adenyl cyclase. Liposynthesis is driven by LPL, a
55-kDa glycoprotein activated by apoprotein C-II.
It hydrolyses circulating triglycerides of chylomi-
crons and VLDLs. The distribution of adipose tis-
sue throughout the body depends on genetic and
hormonal factors [102]. In females, fat tissue is
mainly localised to the thighs, with a central redis-
tribution occurring after menopause. In males, fat
tissue has mainly a visceral distribution [103, 104].
Excess visceral fat storage is associated with
hyperinsulinaemia, diabetes, hyperlipaemia,
hypertension, decreased glucose tolerance, and
increased cardiovascular disease risk [105]. The
metabolic activity of adipose tissue varies accord-
ing to its anatomic distribution. Epiploic fat is
more susceptible to catecholamines than epigas-
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tric fat, because its adipocytes are larger and con-
tain more β-3 receptors. Since there is increased
lipolytic hydrolysis in visceral fat, the flow of FFA
is directly conveyed to the liver. Hepatic VLDL
synthesis increases, whereas the uptake of insulin
by the liver decreases. Chronic hyperinsulinaemia
induces a peripheral insulin resistance [103],
increasing diabetes risk. Subcutaneous thigh fat is
less susceptible to catecholamines and has a higher
LPL index, implying a greater liposynthetic activi-
ty. The number of cortisol and androgen receptors
is higher in visceral than in subcutaneous fat
[102]; as a consequence, LPL st imulation is
stronger. Androgen stimulation of β-receptors
increases HSL lipolytic activity. The function of
brown adipose tissue (BAT) in humans is still not
clear. In many animal species, 25% of body weight
consists of BAT, which is involved in thermal
homeostasis and heat dispersion when the animal
is exposed to low/high temperature or hyper-
/hypo-feeding. Heat is produced by uncoupling
fatty acid oxidation and ATP production in mito-
chondria through an uncoupling protein (UCP)
[106]. In humans, adipocytes identical to those of
BAT are observed only in pathological conditions,
such as Cushing’s syndrome, pheocromocytoma,
and multiple symmetric lipomatosis. This last syn-
drome is characterised by the distribution of mul-
tiple, non-encapsulated lipomas to the nape, neck,
and supraclavicular and mediastinal regions, along
with high LPL activity and decreased lipolysis
[107–110]. It has also been suggested that BAT
plays a role also in diet-induced thermogenesis.

Changing Patterns of Cachexia in the 
HAART Era

A familiarity with the information on adipose tis-
sue provided in the previous section is necessary
to understand the complex nutritional changes
related to HIV infection and its treatments. It has
long been known that during the progression of
HIV infection, as well as of other chronic infec-
tions and tumours, patients may undergo progres-
sive weight loss and changes in body composition,
particularly in fat and muscle masses, and in meta-
bolic pathways, particularly lipid metabolism [62,

111]. This is known as wasting syndrome [9] or
cachexia [2, 112].

From 1987 to 1993, wasting syndrome was the
AIDS-defining disease in 20% of patients and in up
to 70% of patients at the time of death. The inci-
dence of wasting syndrome per 1000 person-years
increased from 7.5 in the period 1988–1990 to 14.4
in 1991–1993 and 22.1 in 1994–1995. The incidence
decreased to 13.4 in 1996–1999 [113]. Dworkin et al.
[19], in a large study, obtained similar results; they
found that the incidence of wasting syndrome
decreased from 30.2 cases per 1000 person-years in
1992 to 11.9 cases in 1999, with the most significant
rate of decline occurring after 1995.

With the introduction of potent antiretroviral
combination treatments, including nucleoside and
non-nucleoside reverse transcriptase inhibitors
(NRTI, NNRTI) and protease inhibitors (PIs),
which have prolonged patient survival, the inci-
dence of the previously described changes has
been dramatically reduced. Since 1996, when
HAART was introduced, the number of patients
who died of AIDS and opportunistic infections has
decreased by two-thirds, although wasting remains
a clinical problem for patients [114, 115]. In addi-
tion, new disorders involving lipids, glucose
metabolism, and body fat have acquired greater
clinical importance [116–120]. The changes are
characterised by hyperlipidaemia, generalised,
central, or peripheral fat redistribution, and hor-
monal disturbances [116, 120–124], and have been
named lipodystrophy syndrome, HIV-associated
adipose redistribution syndrome (HARS) [125], or
metabolic syndrome-X (Tables 5, 6, 7).

Prior to 1996, only a small percentage (3%) of
patients developed hypercholesterolaemia, hyper-
triglyceridaemia, and diabetes. The main fat dis-
turbances in cachexia are a decrease in cholesterol
levels, an increase of triglycerides, and a global
loss of fat together with lean tissue in any body
region. These patterns can be clearly distinguished
from lipodystrophy (Table 6).

Some of the symptoms and signs of lipodystro-
phy were already known before the introduction of
PIs, as they occur with d4T-containing regimens
without PIs at an incidence of 20% compared to
0% in AZT-containing regimens [126]. After 1996,
it was possible to demonstrate a clear time correla-
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tion between changes in fat and glucose metabo-
lism and the introduction of PIs. A significant por-
tion, ranging from 5 to 75%, of HIV patients
receiving PIs noted changes in lipid metabolism
and body fat distribution [127] after an average
time of 10 months with Ritonavir/Saquinavir and
more than 1 year with Indinavir. These alterations
were seen primarily in 32% of patients treated
with Indinavir (Crixivan, MSD; this is the origin of
the term ‘crix belly’) [128]. However, more evident
abnormalities, referred to as ‘protease paunch’
[129], are caused by other PIs, such as Nelfinavir
(Viracept, Agouron; in 39% of patients), and the
dual combination of Ritonavir (Norvir, Abbott)
[130] plus Saquinavir (Invirase/Fortovase, Roche;
in 66% of patients) [116]. Amprenavir (Agenerase,
Glaxo Wellcome/Vertex) seems to have fewer side
effects. No data are available for Tipranavir
(Texega, Pharmacia Upjohn), DMP-450 (Triangle
Pharmaceuticals), and ABT-378 (Abbott).

Abnormal fat accumulation may be visceral
(omentum, mesentery, retroperitoneum, pelvic
areas), associated with abdominal fullness and
bloating (syntomatic fat deposition) [128], or
peripheral [116], ranging from benign bilateral
symmetric lipomatosis [131] to multiple symmet-
ric lipomatosis and to a dorsal (‘buffalo hump’)
and/or cervical fat pad (‘bull neck’) [118]. More
recently, lipodystrophy syndrome has been better
characterised [132–134] with case-definition signs.
Fat redistribution (HARS) may have the aspect of
either peripheral lipoatrophy/dystrophy, involving
the face (loss of buccal, parotid, Bichat’s, and
preauricular pads, sunken cheeks and eyes, promi-
nent zygomatic arches); buttocks; pronounced
thinning of the arms and legs with prominence of
subcutaneous veins, muscles, and bones; loss of
normal skin texture, folds and trophism; or central
lipohypertrophy, with accumulation of fat in the
trunk, breast, and/or dorso-cervix, leading to bull
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Table 5. Changes in body shape following protease inhibitor therapy

No change Mild Moderate Severe

Body shape 17% 42% 30% 11%

Loss of subcutaneous fat 32% 31% 27% 10%

Crix belly 35% 30% 22% 13%

Buffalo hump 80% 10% 7% 3%

Table 6. Differences between cachexia and lipodystrophy syndromes

Cachexia Lipodystrophy

Body weight � � or �

Body fat �All districts Peripheral � Central�

Lean body mass � Unchanged �

Total cholesterol � �

VLDL cholesterol � �

LDL cholesterol � �

HDL cholesterol � �

Triglycerides � ��

Diabetes/insulin resistance No Yes

Coronary artery disease  No Yes



neck, buffalo hump, and enlargement of abdomi-
nal girth and the breasts in women (Fig. 10, 11).

The changes in body shape negatively affect the
patient’s self perception, with negative conse-
quences on compliance. Female patients especially
are psychologically distressed by the changes in
their body shape. For this reason, many patients
stop PI treatment, with the subsequent risk of pro-
gression of HIV infection. Lipodystrophy syn-
drome also affects HIV-infected children, with a
prevalence of 26% for any fat redistribution, 8.81%
for central lipohypertrophy, 7.55% for peripheral
lipoatrophy, and 9.64% for a combined type [135].

Simple measurement of skin folds, hips, and
the waist [136, 137] is important to monitor and
compare self-reporting sy mptoms and real
changes in body fat redistribution. A finer assess-
ment may be done using bioelectrical impedance
assay [138, 139], dual-energy X-ray absorptiome-
try [119, 140, 141], magnetic resonance imaging

[142, 143], computed tomography [144, 145], or
ultrasonography [146].

Pathophysiology of Lipodystrophy

Mechanisms of Lipodystrophy

The Effects of Protease Inhibitors

Different hypotheses have been put forward to
explain the putative mechanism of HAART drugs
in the development of lipodystrophy syndrome
[116–120, 122–124, 126, 134, 141, 147–152]. The first
postulates that PIs primarily block cytochrome
P450, which is involved in fat metabolism. The sec-
ond postulates an interaction between PIs and
human proteins. HIV protease has a sequence
homology of 12 amino acids with two human pro-
teins playing an important role in fat metabolism,
namely, LDL-receptor-related protein (LRP) and
cytoplasmic retinoic-acid-binding protein type-1
(CRABP-1). PIs inhibit both HIV protease and
these two proteins. Inhibition of LRP leads to a
reduction in the absorption of fatty acids by capil-
lary endothelium and liver cells. This causes elevat-
ed serum triglycerides, visceral fat accumulation,
buffalo humps, bull neck, insulin resistance, type II
diabetes, breast hypertrophy, etc. Inhibition of
CRABP-1 and cytochrome P450 3A isoform results
in decreased cell differentiation and cell death
(apoptosis), with reduced triglyceride storage and
release. Under normal conditions retinoic acid in
peripheral adipocytes binds to CRABP-1 and is
then transformed, by a catalysed reaction with
cytochrome P450 3A isoform, into cis-9-retinoic-
acid, which activates the retinoic X receptor (RXR).
Another suggested mechanism is alteration of the
expression of steroid regulatory element-binding
protein-1 (SREBP-1) in adipocytes and in the liver
by PIs [153].

Several other PI-related disturbances have been
proposed to explain dyslipidaemia and lipodystro-
phy, such as inhibition of LPL [154] and defects of
lamin A/C (LMNA) and PPARG genes, which are
associated with autosomal dominant familial par-
tial lipodystrophies [148].

In capillary vessel endothelium, exposure of
hepatocytes and adipocytes to PIs can result in the
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Table 7.Diagnostic criteria for HIV lipodystrophy syndrome

Main criteria
• HIV infection
• HAART
• Loss of peripheral fat tissue
• Increased central fat tissue (abdominal girth)

Minor criteria
• Visible subcutaneous veins
• Loss of temple, nasolabial, and cheek fat pads
• Buffalo hump or bull neck
• Breast hypertrophy
• Enlarged supraclavicular fat pads
• Bilateral symmetric lipomatosis 

(enlarged axillary fat pads)
• Decreased thighs size
• Hyperlipidaemia (cholesterol, triglycerides)

Adjunctive criteria
• Diabetes
• Peripheral insulin resistance
• Hyperinsulinism
• Hyperuricaemia
• Low serum testosterone
• Increased C-peptide
• Increased free fatty acids
• Coronary artery disease, ischaemic heart disease
• Hypertension
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Fig. 10. Some clinical examples of AIDS related cachexia: 1, 2, 3 Three cases of massive loss of subcutanoeus fat and mus-
cles in torax, arms, abdomen and prescalenic regions (frontal view). 4, 5 Patients having lost dorso-cervical muscular
mass and fat, with evidence of scapular and clavicular bones (lateral and dorsal view). 6 Example of extreme cachexia
with disappearance of tenar and ipotenar pads and hypotrophy of metacarpal muscles

Fig. 11. Clinical cases of lipodystrophy syndrome in HIV patients with subcutaneous peripheral lipoatrophy and/or lo-
calised fat accumulation. 1 Patient with generalised peripheral lipoatrophy. 2, 3 Example of atrophy of fat pads of the face
(Bichat pads loss). 4 Loss of subcutaneous fat and prominence of veins and muscles in the legs. 5 Atrophy of fat and mus-
cles in the knee region. 6 Regional fat atrophy in the buttock region. 7 Increased abdominal fat in a patient with associated
peripheral lipoatrophy. 8 Typical buffalo hump and increase of neck fat. 9 Enlargement of the breast due to accumulation
of subcutaneous and mammary fat. 10, 11 Bilateral benign symmetric lipomatosis with enlargement of breast and bullneck

1 2 3

4 5 6

1

5 6 74

2 3

8 10 119



disturbed absorption of fatty acids through LPL
inhibition [155]. All these alterations increase plas-
ma triglycerides, resulting in central/visceral adi-
posity, insulin resistance leading to type II dia-
betes, and breast hypertrophy. We have been work-
ing on this hypothesis since our early studies on
the mechanisms of cachexia, in which TNF was
found to inhibit and progestin derivatives to stim-
ulate LPL, the key enzyme of lipid metabolism [2,
156, 157].

Effects of Nucleoside Reverse Transcriptase Inhibitors

The DNA polymerase hypothesis explains the
mitochondrial toxicity of NRTIs as an effect of the
inhibition of mtDNA polymerase-γ [121, 158, 159,
150]. Mitochondrial structure and function are
altered and energy production impaired with
intracellular lipid accumulation, hepatic steatosis,
lactic acidosis, myopathy, pancreatitis, peripheral
neuropathy, nephrotoxicity, and lipodystrophy.

In addition to HIV reverse transcriptase inhi-
bition, NRTIs block many cellular polymerases
and other enzy mes in the following scale of

potency: zalcitabine ≥ didanosine ≥ stavudine >
lamivudine > zidovudine > abacavir. Stavudine
treatment may induce lipodystrophy, thereby also
reducing plasma levels of adiponectin [160, 161].

Conclusions

Infectious diseases and drugs, with separate mech-
anisms, induce fat loss in people infected with HIV.
The natural course of HIV infection finally leads
to cachexia (slim disease). The combined actions
of HIV, opportunistic infections, and HAART
(including NRTIs, NNRTIs, and PIs) result in the
redistribution of fat throughout the body (lipodys-
trophy), with simultaneous fat gain and fat loss in
peripheral and central sites (lipohypertrophy and
lipoatrophy). This clinical condition, therefore
reflects the unstable balance between forces driv-
ing progression or resolution of the disease. For
this reason, a study of regional and total body-fat
modifications during the course of HIV infection
must be included in any program of control and
treatment of the disease.
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Introduction

Anorexia-cachexia syndrome [1] and lipodystro-
phy [2–6] are two conditions frequently associated
with the course of HIV infection. Under many cir-
cumstances, they can be included as components
of a single disease, multifactorial in origin, leading
to alterations of energetic metabolism and to body
fat tissue modifications. The risk for the clinician
is of only partially considering the two diseases,
for which, until recently, a true definition [3] was
lacking. The approach to therapy, due to the multi-
factorial origin, must be multidisciplinary, involv-
ing experts in nutrition, infectious diseases, physi-
ology, gastroenterology, etc.

Anorexia-cachexia syndrome is a condition also
associated with cancer [1] and chronic infections,
such as tuberculosis. It is characterised clinically
by the loss of appetite and body weight, and bio-
chemically by a series of metabolic abnormalities,
e.g. elevation of blood levels of triglycerides (TGs)
and very-low-density lipoproteins (VLDL), and a
reduction of cholesterol. Cachexia associated with
hypertriglyceridaemia is an intriguing medical
problem because usually an excess of caloric
intake and obesity are the main causes of elevated
TG levels. Hypothyroidism, alcohol excess, oestro-
gen, β-blockers, thiazide therapy, lipoprotein lipase
deficiency, diabetes, renal diseases, and genetic
disorders are the other causes of hypertriglyceri-
daemia. In AIDS cachexia, by contrast , caloric and
fat intake are reduced, and hypertriglyceridaemia
is associated with low cholesterol levels, suggesting
different causative mechanisms. Firstly a strong
positive relationship exists between hypertriglyc-
eridaemia and tumour necrosis factor (TNF) levels
[7]. Since TNF inhibits lipoprotein lipase, TGs are
not utilised for energy production or liposynthesis
and their level therefore increases in the blood.

Secondly lethargy, another cause of decreased cho-
lesterol and increased plasma TGs, is frequent in
AIDS patients.

Malnutrition, in all its forms, but mainly pro-
tein-energy malnutrition (PEM), was and remains
one of the most common and striking phenomena
of AIDS [8–11]. Many factors contribute to PEM,
such as anorexia, nausea, dysgeusia, dysphagia,
poor alimentary choices, digestive and assimila-
tion disorders, opportunistic infections, direct
cytopathic effect of HIV on intestinal cells [12],
cytokines [13, 14], drugs and neoplasias, and each
of them can cause progressive weight loss. Since
1987 [15], ‘slim disease,’ or ‘wasting syndrome,’ has
been included in the list of illnesses indicative of
AIDS. Wasting syndrome is a common indicative
condition of AIDS in many countries [16, 17];
nonetheless, its predominance is probably under-
estimated because, when associated with an
opportunistic disease, the latter is usually reported
[18]. A number of studies [8, 19–26] have shown
that significant weight loss, measured with respect
to the normal or ideal weight or to reference per-
centiles used for the normal population, is found
in 59–84% of HIV-positive subjects, and in many
of them it is considerable (30% and over). The
intense anorexia and progressive weight loss have
a dramatic psychological impact on patients and
their families, causing a decline in the quality of
life, an increased susceptibility to infections, and
intolerance of many drugs [8, 27]. Body tempera-
ture and basal metabolism decrease, but remain
elevated compared to normal subjects with normal
caloric intake [28]. Skin, musculoskeletal system,
gastrointestinal, hepatic, and respiratory functions
[29] are compromised. Neurological signs may
appear. In addition, malnutrition reduces the
amounts of nonspecific factors conferring resist-
ance to pathogenic agents, as well as the activity of
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the bone marrow, lymphatic tissues, and the reti-
cular-endothelial system. Other, more subtle disor-
ders involve haematological functions, including
the development of anaemia, hypoalbuminaemia,
and a reduction in the plasma levels of vitamins
B6, B12, folic acid, selenium, zinc, copper, calcium
and potassium [30–33]. Body weight decreases
progressively as the malnutrition worsens being
correlated with a more unfavourable prognosis.
Thus, cachexia becomes an illness within an ill-
ness, a possible co-factor in the evolution from
simple HIV carriage to full blown AIDS, and it
should be studied and treated specifically in each
patient [34–48]. More recently in Western coun-
tries, as a consequence of the introduction of high-
ly active antiretroviral therapy (HAART), the wast-
ing/cachexia syndrome as depicted above has
changed into another syndrome, characterised [2,
3, 49] by fat redistribution, insulin resistance, and
atherogenic dyslipidaemia. Fat redistribution
changes, defined as lipoatrophy (loss of subcuta-
neous adipose tissue, SAT) and central fat (visceral
adipose tissue, VAT) accumulation or lipomatosis,
have been reported in HIV patients taking pro-
tease inhibitors (PIs), nucleoside analogue reverse-
transcriptase inhibitors (NRI), or both [2, 49].
These body fat changes and metabolic distur-
bances have been termed lipodystrophy [2–5, 49],
which since the introduction of HAART is encoun-
tered more frequently than the previous wasting,
wasting syndrome, or cachexia. There are many
differences between these conditions. In wasting
syndrome, weight loss is prevalent and includes
both fat mass and free fat mass, especially muscle
mass. In lipodystrophy, malnutrition signs are
absent, muscle mass is preserved, and peripheral
fat loss is associated with increased central fat. The
numerous methods to assess lipodystrophy
explain the large variability in the reported preva-
lence, ranging from 20 to 80% [2, 6, 49, 50]. Since
2003, a definition of lipodystrophy has been in use
that takes into consideration age, gender, stage and
duration of HIV infection, waist to hip ratio, trunk
to peripheral fat ratio, percent leg fat, intra-
abdominal to extra-abdominal fat ratio, anion gap,
serum HDL cholesterol concentration. This
approach results in a sensitivity of 79% and a
specificity of 80% [3]. Direct measures of fat,

including anthropometry, CT scan, DEXA and
MRI, must be used to assess the prevalence and
incidence of lipodystrophy in order to define the
best mode of treatment and its efficacy. HAART
has decreased by two-thirds [8] the lethality of
AIDS and opportunistic infections, but patients
receiving HAART suffer from several lipid abnor-
malities [9, 12–17, 19–24] that increase cardiovas-
cular morbidity, compromising the quality of life
and efficacy of the therapy. In conclusion, AIDS is
changing from a ‘slim disease’ to a ‘lipodystrophic
disease’ as a consequence of prolonged survival
and direct effect of HAART. Fat metabolism dis-
turbances increase by two- to three-fold the risk of
cardiovascular disease in HIV patients. New strate-
gies addressed at preventing and managing these
emerging disorders of fat metabolism and redistri-
bution [25, 26] are therefore urgently needed.

Therapy of Cachexia

The energetic basis of wasting in HIV infection
may help to explain the pathogenesis of AIDS
cachexia and the elements of therapy. Energy bal-
ance results from calories introduced and calories
expended or not absorbed: resting energy expen-
diture (REE) is reduced accordingly during
weight-loss episodes, but the reduction in energy
intake exceeds that of REE because of anorexia
and other GI symptoms (Fig. 1).

The parameters most frequently used at the
start of nutritional therapy are: weight loss > 10%;
albumin value < 3.5 g/dl; reduction of transferrin,
creatinine/weight index, vitamins, and microele-
ments; and changes in other indicative indices of
nutrition (see Chp. 3.4).

Treatment of identified and reversible causes of
body weight loss is essential for the maintenance
and/or repletion of weight, but only a combined
nutritional-pharmacological approach increasing
energy and protein intake can successfully reverse
the anorexia-cachexia syndrome of AIDS. In addi-
tion, treatment of the malnutrition is a primary
medical objective, along with specific therapies
aimed at the basic pathology [51]. Among the pal-
liative treatments, besides pain relief, treatment of
malnutrition and weight loss perhaps represents
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the most gratifying therapeutic aspect for the
patient, giving him or her a tangible feeling of
improvement – as anthropometric, biochemical
and immunological nutritional parameters nor-
malise – that is immediately visible in the mirror,
on the weight scale, and in response to improved
physical capabilities [26].

The therapy of cachexia is primarily based on a
correct administration of nutrients and drugs.
When the first signs of malnutrition appear,
prompt nutritional treatment, based on the pre-
scription of a balanced diet containing adequate
proteic-caloric, vitamin, and mineral quantities, is
highly advisable [54]. As long as the patient is
autonomous, the doctor’s task is to prescribe a diet
that covers the caloric-proteic requirement with
respect to ideal weight, basal metabolism, and
physical activity, and which attempts to compen-
sate for previous losses. The number of calories
that must be supplied can be calculated using the
Harris-Benedict formula [55] (Table 1).

Hypercaloric-hyperproteic diets represent the
simplest way to increase body weight.
Nevertheless, the patient must be able to take in
and assimilate a sufficient quantity of nutrients.
This is not always possible by natural ways, and in
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Fig. 1. Resting energy expenditure (REE) and caloric intake in HIV infection. REE increases according to disease progres-
sion, while caloric intake becomes insufficient (-17%) to maintain basal needs. OI, opportunistic infections; BW, body
weight. (Modified from [52, 53])
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Table 1. The Harris-Benedict equation for calculating the
number of supplemental calories needed to treat weight
loss due to different conditions

Male: 66 + (13.7 x W) + (5 x H) - (6.8 x A)
Female: 655 + (9.6 x W) + (1.7 x H) - (4.7 x A)

Adjunctive calories for different pathologies

Surgical operation + 5%
Trauma +10–15%
Complicated trauma +20–50%
Peritonitis +15–20%
Minor infections + 5–20%
Severe infections +40–60%

W, actual weight (kg); H, height (cm); A, age (years)
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many cases, the patient will require enteral and/or
parenteral nutrition, both in hospital and at home
[24, 54, 56]. By means of special formulations, this
type of nutrition can guarantee the necessary sup-
ply of energy, nutrients, vitamins, mineral salts,
and enzymes, and thereby normalise the catabolic
pathways of metabolism.

Carbohydrates

Bearing in mind that dextrose infusion inhibits
protein breakdown, the administration of 150–200
g of dextrose (e.g. 3 l at 5%) reduces the urinary
loss of nitrogen by half. Hepatic neoglycogenesis is
blocked, but not oxidative deamination. At least
600 g of dextrose are necessary to block the latter
and to reduce the urinary loss of nitrogen to 25%.
In order to maintain glycaemia < 150 g/dl, insulin
administration must be associated with the insulin
clamp technique (8-fold the baseline value).

Protein

In order to block protein loss, it is necessary to
administrate amino acids in quantities of 1.5–2
g/kg/day, as well as a sufficient amount (< 0.7 g/kg)
of essential amino acids. Selective mixtures of
branched-chain amino acids are useful in treating
patients with associated liver diseases and a ten-
dency to encephalopathy.

The administration of nutritional supple-
ments reduces the length of hospitalisation and
rehabilitation, as well as the mortality rate. Early
and aggressive nutritional treatment improves
the prognosis of various pathological conditions
[57].

Lipids

Lipid administration has little influence on nitro-
gen loss if it is not supplemented with glucose and
proteins. Lipids must be prescribed to avoid
deficits in essential fatty acids. New, energetic sub-
strates, such as polyunsaturated omega-3 fatty
acids (PUFAs), ornithine-ketoglutarate acid
(OKGA), medium-chain triglycerides (MCT),
short-chain fatty acids (SCFAs), and glutamine are
suggested in order to modulate the different stages

of cachexia (Fig. 2).
Hypocholesterolaemia and hypertriglyceri-

daemia are frequently observed in wasting syn-
drome and are associated with a poor prognosis.
Derangement of serum lipids and a reduction of
body fat deposits are consequences of impaired
food intake and reflect a series of metabolic dis-
turbances, mainly due to alterations in TNF, inter-
leukin (IL)-1, IL-2, IL-6, interferons (IFNs), and
other cytokines.

A reduced supply of n-6 PUFAs and an
increased supply of omega-3 fatty acids (ω-3FAs)
may reduce the inflammatory cascade of cytokine
production. This effect seems to be due to eicos-
apentaenoic acid (EPA), C20:5, n-3 and docosa-
hexaenoic acid (DHA), C22:6, n-3, the main com-
ponent of fish oil that decreases plasma triglyc-
erides and VLDL while increases levels of LDL-
cholesterol. In contrast to other fatty acids of the
n-3 and n-6 series, EPA is a direct suppressant of
lipid mobilisation factor in both in vitro and in
vivo studies; it also counteracts weight loss, lipoly-
sis, and protein catabolism as well as tumour
growth [58].

Plasma levels of ω-3FAs are inversely associat-
ed with the risk of coronary heart disease (CHD),
blood pressure, renal PGE2 production, as well as
IL-1, IL-2, IL-6, and TNF production by mononu-
clear cells. Fish oil also protects the liver from
reperfusion injury by reducing the synthesis of
vasoconstrictive eicosanoids (from arachidonic
acid). Weight gain has been reported in rats fed
with fish oil.

Since ω-3FAs are precursors for eicosanoids
and any increase in the amount of n-3 family com-
pounds in the diet produces some biological
effects, with clinical implications in anorexia-
cachexia syndrome, we studied [59] the effect of
10 g of fish-oil ω-3FAs/day in AIDS patients who
lost > 10% of their usual weight and who had ele-
vated TGs and TNF, and hypocholesterolaemia.
The study was a pilot, unblinded, randomised
comparison between a dietary regimen containing
10 g of fish oil daily for 30 days and an equivalent
dietary regimen without fish oil.

The study included 20 cachectic AIDS patients
(stage IV C) who had lost > 10% of their usual
weight in the 3 months prior to the beginning of the
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study and who had hypertriglyceridaemia, hypoc-
holesterolaemia, and elevated plasma TNF levels.
The subjects (12 men and 8 women, age 30–37
years, mean 33.6 years) were weighed, measured
(body circumferences and skinfold thickness) and
randomly allocated to receive a personalised hyper-
caloric-hyperproteic diet with or without fish oil.

All patients were under antiretroviral treat-
ment and secondary prophylaxis for opportunistic
infections (6 for MACD, 3 for neurotoxoplasmosis,
5 for PCP, 3 for CMV, 3 for candida). Patients with
intractable diarrhoea, acute opportunistic infec-
tions, and/or a Karnofsky score < 50 were exclud-
ed. The caloric needs were calculated for each
patient according to a modified Harris-Benedict
equation, and extra calories were prescribed in
relation to the patient’s clinical condition. Caloric

intakes was registered by means of a dietary ques-
tionnaire. TNF levels, anthropometric parameters,
and clinical and laboratory data were determined
at baseline and after 30 days.

One gram fish oil pills containing 18% EPA and
12% DHA as their ethyl esters, with 3 mg vitamin
E per gram as antioxidant were provided by
Novartis, Italy.

In our patients FO reduced the high levels of
TNF, which allowed utilisation of TGs for liposyn-
thesis and thus as energy for physical activity. It
may well be that the entire cytokine network, the
dysregulation of which may be involved in AIDS
progression, responds to FO administration.

PUFAs serve as substrates within inflammatory
cells for the formation of eicosanoid mediators.
Eicosanoids derived from 20:omega-3 PUFAs (EPA,
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Fig. 2. New substrates in the therapy of cachexia. PUFA, poly-unsaturated fatty acid; OKGA, ornithine ketoglutaric acid;
FFA, free fatty acid; SCFA, short-chain fatty acid; MCT, medium-chain triglyceride
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DHA) are less proinflammatory and vasoactive than
those derived from arachidonic acid (20:4 omega-6)
and linoleic acid (18:2 omega-6) via the cyclooxyge-
nase and lipooxygenase pathways.

Dietary FO inhibits δ-6-desaturase and
cyclooxygenase, thereby reducing the metabolism
of linoleic and arachidonic acid and the produc-
tion of their derivatives eicosanoids, PGE2, TXA2,
and TXB2. The addition to FO of vitamin E as
antioxidant may be beneficial, because vitamin E
supplementation per se reduces TNF and IL-6,
which are well-known enhancers of HIV replica-
tion in macrophages/monocytes.

The clinical conditions of the subjects in the
two groups were comparable at entry but, at the
end, only those who received fish oil showed statis-
tically significant improvements in the studied
parameters. The mean weight gain was 2.4 kg; lean
and fatty body masses, respectively, increased 1.4
and 0.67 kg; TGs decreased from 230 to 149 mg/dl;
and cholesterol increased from 169 to 200 mg/dl.
TNF levels decreased from 360 to 88 pg/ml. Caloric
intake went from < 1550 Kcal/day to > 2200
Kcal/day.

The subset of AIDS patients affected by wasting
syndrome with high levels of triglycerides and
TNF and low cholesterol may benefit from a diet
supplemented with adequate amounts of fish oil
containing n-3 PUFA, which decrease the produc-
tion of inflammatory cytokines and of futile meta-
bolic cycles.

Medium-Chain Triglycerides

In MAC-16 tumours, an anti-cachectic effect can
be obtained, together with a reduction of tumour
mass, by administration of amount of MCT > 80%
of the required energy [58, 60]. Cachexia and
tumour growth rate [61] can be reduced by replac-
ing a portion of dietary carbohydrates with lipid
derivatives of fish oil at 50% of the total calories in
the animal diet. Even those neoplastic patients
with a weight loss > 32%, can recover their weight
with isocaloric diets in which energy is supplied
by MCT at 70% [62].

In conclusion, while enteral and/or parenteral
nutritional therapy is effective in the short-term,
there are long-term disadvantages regarding

practicality and cost. Hyperproteic-hypercaloric
diets administered by the natural oral alimentary
route compensate for weight losses and maintain
weight  gains. Moreover, such diets  can be
designed according to the metabolic require-
ments of the individual patient and supplement-
ed with food concentrates, mineral salts, and
vitamins. Malnourished patients under such
diets autonomously and rapidly regain close to
their ideal body weight. Unfortunately, nutrition-
al therapy programs with the addition of special
nourishment and oral supplements are not – or
are only partially – paid for by national health
services.

Drugs

It is important that every underweight patient at
risk for malnutrition undergoes intense nutrition-
al support in order to improve the prognosis of
the underlying disease as well as the quality of
life. The patient’s ability to maintain his or her
weight at close to ideal or normal levels may be
aided by the prescription of appetite-stimulating
drugs (Table 2), such as cyproheptadine [63, 64],
medroxyprogesterone acetate (MPA) [65, 66],
megestrol acetate (MA) [67–69], insulin-like
growth factor-1 (IGF-1) [70], corticosteroids, and
growth hormone [71, 72].

Medroxyprogesterone Acetate and Megestrol Acetate:
Clinical Experiences

The progestin derivatives MPA and MA have been
widely used in the treatment of cancer cachexia,
which shows clinical features and, probably, patho-
logical mechanisms similar to those of AIDS wast-
ing syndrome [73, 74]. In anorectic and cachectic
AIDS patients, MPA and MA have proved to be
particularly effective [65–69, 75–80].

Medroxyprogesterone Acetate
In two clinical studies [22, 66], we used MPA(1
g/day, os) and a hypercaloric diet to correct
anorexia and cachexia occurring in HIV-infected
patients. In the first study [22], MAP was adminis-
tered to 74 AIDS patients. The control group of 96
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malnourished but not anorectic patients received
only the hypercaloric diet. In all patients, nutri-
tional status and body composition were evaluat-
ed. By means of traditional anthropometry, and a
monopolar bioelectrical impedance analyser, we
determined at baseline, weekly for the first month
and fortnightly thereafter: actual (W) and ideal
(IBW) body weight; body surface area (S); body
mass index (BMI); midarm (MAC) and midarm
muscle circumference (MAMC); arm muscle area
(AMA); triceps (TSF), biceps (BSF), subscapular
(SSF), and iliac (ISF) skinfold thickness;
lean(LBM) and fat (FBM) body mass; total body
water (TBW), and body impedance (BIA). Basal
energy expenditure (BEE) for each patient was cal-
culated with an adapted Harris-Benedict formula.
Food intake (Kcal/day), appetite(scale: 0 = very
poor to 3 = very good), sense of well-being
(Karnofsky scale), muscle power and endurance
(Cyclette); and routine clinical and laboratory
data. TNF levels were measured before and after
MPA treatment. Any specific and necessary thera-
py was prescribed. At the end of the study, there
were 50 patients (67.6%) in the MPA group and 80
(83.3%) in the diet-only group. At the beginning of
the study, median weight loss was 11.3 kg (= at

least 10% of IBW) in the first group and 5.1 kg (=
at least 10 % of baseline weight) in the second. In a
mean time of 52.3 days, MPA-treated patients had
increased caloric intake (+1322 kcal), W (+6.2 kg),
%IBW (+9.2), increases in four skinfold thickness-
es (+10.8 mm) [TSF (+3 mm), BSF (+1 mm), SSF
(+2.7 mm), ISF(+4.1 mm)], MAC (+2.1 cm),
MAMC (+1.1 cm), AMA (+4.1 cm2), S (+0.9 m2),
BMI (+2.1), LBM (+2.6 kg), FBM (+3.6 kg), % body
fat (+5), %TBW (+0.1)]. Patients treated only with
diet had increased daily caloric intake (+900 kcal),
gaining W (+2.4 kg), increases in four skinfold
thicknesses (+5.8 mm) [TSF (+1.1 mm), BSF (+1.4
mm), SSF (+1.2 mm), ISF (+2.1 mm), MAC (+0.7
cm), MAMC (+0.3 cm), AMA (+1.1 cm2), S(+0.02
m2), BMI (+0.51), LBM (+0.9 kg), FBM (+1.1 kg),
% body fat (+0.7), % TBW(+0.6), in a mean time of
100.1 days. Thus, 93% of patients responded to
MPA and 73% to diet. Weight gain in MPA patients
was significantly greater and obtained more quick-
ly than in diet patients; it was also prevalently
associated with increases in fat and lean tissue.
TBW remained constant during treatment, as con-
firmed by anthropometry and a mild reduction of
BIA (-31.3 ohm), compared with the value of the
patient’s diet (-13.5 ohm). Appetite, muscle power
and endurance, and sense of well-being signifi-
cantly improved in the MPA group. No adverse
changes in routine haematological or biochemical
profiles attributable to MPA were reported. We also
were able to demonstrate a reduction of high ini-
tial levels (> 100 pg/ml) of TNF-α after MPA treat-
ment. In conclusion, our experience provides evi-
dence that MPA improves appetite, nutritional sta-
tus, and quality of life in AIDS anorectic and
cachectic patients, counteracting disturbances of
fat and protein metabolism induced by high levels
of cytokines produced during chronic infection.

In another study [66], 151 subjects, 74 in the
placebo and 77 in the MPA group, were enrolled at
ten teaching and general Departments of
Infectious Diseases to evaluate the efficacy of MPA
(flavoured granules formulation 1 g/day) in pro-
moting weight gain in AIDS cachectic patients.
The study was a 12-week randomised, double
blind, placebo-controlled, multicentre clinical
study. The eligibility excluded pregnancy, steroid
contraindications, renal and liver diseases, and
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Table 2. Drugs for the treatment of cachexia

Hormones
Insulin, insulin-like growth factor-1
Growth hormone
Steroids: nandrolone decanoate, oxandrolone, dexam-
ethasone, prednisone, metilprednisolone, progestin
derivatives (medroxyprogesterone acetate, megestrol
acetate)

Anti-cytokines
Hydralazine sulfate (reduces PEP-carboxykinase)
Pentoxyfylline (increases cAMP)
Amrinone (reduces phosphodiesterase)
Dobutamine (β-agonist; increases cAMP)
Thalidomide (reduces TNF)
FANS(indomethacin, ibuprofen, aspirin; reduce
cytokines synthesis)
Antibodies against TNF, LPS, IL-1, etc. (reduce cytokine
effects)

Anti-serotonin
Cyproheptadine (reduces serotonin)



intractable diarrhoea. The 151 patients (109 men
and 42 women), who ranged in age from 22 to 61
years (mean 33.6 ± 7.4) and had lost ≥ 10% of their
usual body weight, were randomly assigned to
orally receive either 1 g MPA or placebo once daily
for 12 weeks. Baseline and monthly, appetite,
caloric intake, body weight, body composition, and
quality of life (Karnofsky scale) were assessed.

Adequate nutritional support was personalised
for each patient according to a Harris-Benedict
modified equation.

Of the 77 patients receiving MPA and of the 74
placebo recipients 52 and 49, respectively, could be
evaluated at the end of the study.

Most patients receiving MPA had increased caloric
intake, resulting in a mean weight gain of 5.5 kg, com-
pared with 1.9 kg for the placebo group (p < 0.05).
From baseline to week 12, patients in the MPA group
significantly increased their daily caloric intake.

Significantly (p < 0.001) more MPA subjects
than placebo gained ≥ 10% of baseline body
weight. The mean difference in percentage from
baseline to 12 weeks between the two groups for
skinfold thickness of the triceps and iliac, and lean
and body fat was statistically significant (p < 0.05).
The values of appetite scale and Karnofsky scores
increased. No serious adverse effects were
observed. The study therefore shows that 1 g of
MPA, given orally once a day, is safe, well-tolerated,
and effective in controlling AIDS cachexia during a
period of 12 weeks.

Megestrol Acetate
The progestogenic synthesised derivative MA has
been successfully used in the treatment of neoplas-
tic cachexia, anorexia, and in AIDS patients [24, 56,
81–83], but the optimal dosage of the drug
remains to be defined. Also, the mechanism of
action of MA is many-sided and not yet completely
understood. It is thought that the stimulation of
appetite by progestogens takes place at the hypo-
thalamic level [84–86]. A second effect of MA,
which has been demonstrated in vitro, is the pro-
motion of fibroblast transformation into
adipocyte. Finally, evidence has emerged showing
anti-TNF and anti-IL-1 action [83].

A dose-response and cost-benefit compromise

may be achieved with a dose of 320 mg/day. We
designed a controlled study to evaluate the safety
and efficacy of MA at this dosage in the treatment
of anorexia and cachexia in AIDS patients [68].
The trial had a total duration of 60 days divided in-
to two 30-day periods: the first was a double-blind
randomised versus placebo study; while in the sec-
ond all patients received MA. Inclusion criteria
were AIDS and body weight loss > 10% of usual
weight.

Results
Patients. Of the 56 AIDS patients (45 men and 11
women) enrolled in the study, 12 were assigned to
subgroup 4A (MA: 7; placebo: 5), 39 into subgroup
4C1 (MA: 19; placebo: 20), and five into subgroup
4C2 (MA: 2; placebo: 3). The 82.1% of the patients
who were drug addicts were divided equally into
the MA group (n = 23) and the placebo group (n =
23). The average age (± SD) of the patients was
32.68 ± 5.21 years and was comparable between
men and women and in the two groups: MA men
32.17 ± 4.88 years, MA women 33.20 ± 5.36 years;
placebo men 33.36 ± 5.93 years, placebo women
31.67 ± 4.32 years. The average height for the enti-
re sample was 171.23 ± 7.82 cm. The average cur-
rent weight was 55.22 ± 8.35 kg (MA men 59.04 ±
5.84 kg, MA women 44.30 ± 5.29 kg; placebo men
56.82 ± 8.64 kg, placebo women 47.67 ± 6.74 kg).
The usual weight was 67.26 ± 9.97 kg (MA men
70.17 ± 6.34 kg, MA women 51.70 ± 7.41 kg; place-
bo men 70.50 ± 9.31 kg; placebo women 56.17 ±
7.60 kg). The difference compared to the actual
weight of 12.04 kg was equal to a weight loss of
18%. The ideal weight was 64.21 ± 6.25 kg (MA
men 66.38 ± 4.80 kg, MA women 54.88 ± 3.87 kg;
placebo men 65.57 ± 5.78; placebo women 58.65 ±
4.79 kg). The difference compared to the actual
weight of 8.99 kg was equal to 11.62%.

Weight. In the double-blind phase, the initial
weight of subjects in the two groups was compara-
ble: MA 55.24 ± 8.32 kg; placebo 55.65 ± 9.21 kg.
However, after 30 days of treatment, the increase
for the MA subgroup was +3.87 ± 2.24 kg vs a
decrease of -0.32 ± 2.36 kg for the placebo sub-
group.
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The differences between usual weight and actu-
al weight at the start and after 30 days decreased in
subjects treated with MA, from -11.37 ± 4.72 kg to
-7.50 ± 4.60 kg, while they remained unchanged in
the placebo group, from 10.06 ± 2.86 kg to 10.38 ±
4.30 kg. In the ‘open’ phase, the patients who were
already receiving MA showed a modest weight
gain, from 59.10 ± 8.61 kg to 59.11 ± 9.1 kg, while
those who went from placebo to MA had a more
significant increase in weight, from 55.32 ± 9.26 kg
to 58.47 ± 9.69 kg. These data show that, 30 days
after the start of MA administration, a peak is
reached that remains mostly stable during the fol-
lowing 30 days of treatment.

Body Mass Index. A BMI index < 20 kg/m2 is signifi-
cant when evaluating weight loss: all patients enrol-
led in our trial had baseline values < 20 (MA 18.82
± 2.09 kg/m2, placebo 18.70 ± 1.84 kg/m2), but after
30 days of treatment the MA group re-entered the
normal range (20.06 ± 2.00 kg/m2) whereas in the
placebo group the BMI value fell further (18.48 ±
2.03 kg/m2).

Body Circumferences
Circumference of the wrist: MA, from 15.70 ± 1.22
cm to 15.70 ± 1.22 cm; placebo, from 15.50 ± 0.95
cm to 15.33 ± 0.93 cm.
Circumference of the arm: MA, from 23.72 ± 3.13
cm to 24.63 ± 3.12 cm; placebo, from 23.29 ± 2.57
cm to 23.21 ± 2.88 cm.
Circumference of the waist: MA, from 73.70 ± 7.49
cm to 76.48 ± 7.65 cm; placebo, from 73.41 ± 6.36
cm to 73.29 ± 6.06 cm.
Circumference of the buttocks: MA, from 84.26 ±
4.48 cm to 86.61 ± 4.95 cm; placebo, from 83.47 ±
4.64 cm to 82.71 ± 4.82 cm.
Circumference of the thigh: MA, from 44.43 ± 4.13
cm to 46.57 ± 4.57 cm; placebo, from 44.18 ± 3.32
cm to 43.47 ± 3.56 cm.
Circumference of the arm muscles (MAMC): The
measurements were significantly different in the
two groups. In subjects treated with MA, MAMC
increased from 204.40 ± 65.22 mm to 213.52 ±
50.61 mm, while in subjects receiving placebo
MAMC decreased from 215.26 ± 29.58 mm to
202.78 ± 56.41 mm.

Skinfolds. Skinfolds are a measure of subcutaneous
fat, which represents about half of all body fat. In
those MA-treated patients, skinfold thickness
increased significantly, while there was a modest
increase in placebo-treated subjects that was a
result of the hypercaloric-hyperproteic diet.
TSF: MA, from 5.15 ± 1.63 mm to 7.23 ± 2.11 mm;
placebo, from 5.95 ± 2.76 mm to 6.00 ± 2.54 mm.
SSF: MA, from 8.70 ± 2.95 mm to 11.00 ± 3.85 mm;
placebo, from 10.50 ± 4.29 mm to 10.65 ± 4.54 mm.
ISF: MA, from 5.33 ± 2.54 mm to 8.03 ± 3.67 mm;
placebo, from 7.29 ± 6.93 mm to 7.35 ± 6.86 mm.

Body Impedance. Cutaneous BIA values decreased
in both groups, dropping in the MA group from
497.57 ± 83.40 ohms to 456.17 ± 90.75 ohms, and
in the placebo group from 507.47 ± 91.97 ohms to
505.35 ± 98.45 ohms.
Fat-free mass: BIA measurements confirmed those
obtained from body circumference measurements,
with an increase in the MA group from 52.94 ± 8.29
kg to 56.50 ± 8.61 kg and a reduction in the placebo
group from 53.41 ± 7.89 Kg to 52.64 ± 7.96 Kg.
Fat mass: In the MA group, there was an increase
from 2.30 ± 2.43 kg to 2.39 ± 3.01 kg and in the
placebo group from 2.24 ± 3.42 kg to 2.65 ± 4.48 kg.
TBW: TBW determination is important in a study
involving progestogenic derivatives, which are
believed to cause water retention. Our data exclude
significant action of this type, in that the values for
MA subjects went from 73.44 ± 2.00% to 73.51 ±
2.45%, and for the placebo from 72.83 ± 2.20% to
73.26 ± 2.15%.
Basal metabolism (REE): The caloric consumption
necessary for maintaining vital functions and
thermoregulation with respect to sex, age, weight,
and body surface comprise the REE. For MA sub-
jects, this increased from 1594.75 ± 167.41 Kcal to
1674.67 ± 183.99 Kcal and for subjects receiving
placebo dropped from 1606.93 ± 201.31 Kcal to
1601.52 ± 201.06 Kcal.

In the open phase of the study, a slight further
increase for MA subjects during the second month
of treatment and a significant increase in patients
who went onto MA after placebo period were
observed.
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Caloric Intake. MA patients had an actual basal
caloric intake of 1415.49 ± 435.30 Kcal and a theo-
retical intake of 2096.52 ± 476/68 Kcal, with a dif-
ference of 681.03 Kcal. After 30 days of therapy, the
actual intake increased to 2872.43 ± 539.84 Kcal as
opposed to a theoretical intake of 2268.70 ± 468.45
Kcal, with a positive difference of + 603.73 Kcal.
Patients in the placebo group showed an actual
basal intake of 1390.12 ± 423.27 Kcal as opposed to
a theoretical intake of 2000 ± 525.36 Kcal, with a
difference of -609.99 Kcal. After 30 days of placebo
and dietetic counselling the actual intake increa-
sed to 1850 ± 815.13 Kcal as opposed to a theoreti-
cal intake of 2015.29 ± 513.88 Kcal, with a differen-
ce of -165.29 Kcal. It should be noted that, under
basal conditions, all patients consumed fewer calo-
ries than were necessary to maintain weight, whe-
reas after 30 days both the MA and the placebo
group increased their caloric intake albeit diffe-
rently. In the open phase of the study, the actual
caloric intake increased further, from 2872.43 ±
539.84 Kcal to 3158.93 ± 464.55 Kcal, with a diffe-
rence of +908.93 Kcal after 60 days of MA, and
from 2015.29 ± 513.88 Kcal to 2557 ± 756.84 Kcal,
with a difference of +418.33 Kcal after 30 days of
MA following placebo. The difference between the
final and basal intake was 1456.95 ± 565.96 Kcal
for MA and 459.88 ± 820.26 Kcal for placebo, with
high statistical significance (p < 0.0001).

Appetite. At the time of enrolment the amount of
appetite as measured with the visual analogue
scale (VAS) was very poor in ten patients (4 MA, 6
placebo) and poor in 30 (19 MA, 11 placebo). At
the second and third examination, only two place-
bo patients had a very poor appetite, eight placebo
patients had a poor appetite; in 11 (7 MA, 4 place-
bo) appetite was fair, in 15 (13 MA, 2 placebo)
good, and in 4 (3 MA, 1 placebo) very good.
Clinically and statistically, the results were highly
significant (p < 0.0001). In the open phase, appeti-
te stabilised in the MA group (2 fair, 8 good, 4 very
good) and there was clear improvement in patients
who went onto MA after placebo, with none having
a very poor appetite, 3 with poor appetite, 3 fair, 7
good, and 2 very good.

Performance Status. The Karnofsky index showed
that MA improved the score by 66.52 ± 8.85 to
70.43 ± 9.28, whereas placebo failed to modify
these values, 64.71 ± 8.74 to 64.71 ± 10.07. In the
open phase, the scores of the MA group increased
further (from 70.43 ± 9.28 to 75.00 ± 6.50) and
those of the placebo group who switched to MA
also increased (from 64.71 ± 10.07 to 68.67 ±
10.60).

Tumour Necrosis Factor. The TNF levels of the MA
group decreased by 302.90 ± 355.44 pg/ml to
107.57 ± 166.28 pg/ml. In the placebo group, they
increased from 243.52 ± 288.55 pg/ml to 364.65 ±
380.01 pg/ml.

Adverse Events. No adverse events occurred that
were serious enough to lead to a suspension in
drug administration or to a change in treatment.
Minor intolerances were, however, reported by 40
patients, 25/27 (92.59%) in the MA group and
15/20 (75%) in the placebo group, with a difference
in the incidence of 17.59%; this is a very low per-
centage and indicative of the good tolerability of
the drug. For MA subjects, a reduction in libido
was recorded (40% vs placebo 5%), gastrointesti-
nal discomfort (29.63% vs placebo 15%), pruritus
(22.22% vs placebo 10%), amenorrhoea (11.11% vs
placebo 0%), sleep disorders (14.81% vs placebo
35%), and nausea and vomiting (0% vs placebo
10%).

Biochemical Parameters. No significant changes
were observed in the biochemical or virological
parameters in the two groups of patients.

Compliance. The degree of compliance was calcula-
ted only for the double-blind phase as the ratio
between the difference in tablets given to the
patient and those returned and the number of
days of treatment. Overall, compliance for all the
patients (ITT) was 94.67% ± 5.78 (MA) and
92.16% ± 10.44 (placebo); for patients evaluated
for the efficacy of the drug, the percentage was
95.43% ± 4.49 (MA) and 94.88% ± 6.68 (placebo).
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Completion of the Study. Of the 56 patients enrol-
led, 43 (76.8%) completed the double-blind phase:
24/28 (85.7%) in the MA group and 19/28 (67.9%)
in the placebo group. The difference emphasises
the subjective perception of the efficacy of the pla-
cebo.

Conclusions. The results obtained in this randomi-
sed study demonstrate the efficacy of MA treat-
ment in rectifying loss of weight and appetite in
AIDS patients.

The main variable studied was ∆-weight, in
which, after 30 days of therapy, there was a signif-
icant, important difference between the MA
(+3.87 ± 2.24 kg) and the placebo (-0.2 ± 2.36 kg)
groups. The statistical significance of these values
is evident both in terms of analysis for protocol (t
= 5.7161, d.o.f. = 38, p < 0.00001) and for analysis
of intention to treat (t = 5.5234, d.o.f.=45, p <
0.00001). The positive data for weight are also
strengthened by results obtained for caloric
intake and appetite – variables closely connected
with body weight increase – since these were also
significantly modified by MA. In fact, the increase
in caloric intake was 1456.94 Kcal compared to
459.88 Kcal in the placebo group (t = 4.5532,
d.o.f.+38, p < 0.0001). At the third examination, in
the MA group, appetite was fair in 7 patients,
good in 13, and very good in 3, as opposed to the
placebo group in which appetite was very poor in
2 patients, poor in 8, good in 2 and very good in
1; the degree of significance was high (p <
0.0001).

Data relating to the open phase of the study,
when all patients were taking MA, irrefutably con-
firms the efficacy of this drug; in fact, patients
who were already under this treatment further
increased their weight by 0.01 kg and their caloric
intake by 908.93 Kcal. Appetite improved to fair in
2 patients, good in 8, and very good in 8. Subjects
who were initially in the placebo group increased
their weight by 3.15 kg, their caloric intake by
418.33 Kcal, and their appetite, which improved to
poor in 3 patients, fair in 3, good in 7, and very
good in 2. Only a few undesirable effects were
recorded, by two out of 27 patients in the MA

group and 5 out of 20 in the placebo group, with
no requests to stop treatment. Unwanted side
effects consisted of a reduction in libido, amenor-
rhoea, intestinal discomfort, and pruritus. No neg-
ative effects on the CD4+/CD4+ lymphocyte pop-
ulation or on β2-microglobulin were recorded,
while a reduction in TNF levels was noted.

In conclusion, it can be stated that, at a dose of
320 mg/day, MA is an effective and safe drug in the
treatment of AIDS cachexia.

Megestrol Acetate and rhGH
The metabolic effects of growth hormone (GH)
and progestin derivatives, i.e. MPA and MA, are
well-documented in humans. GH predominantly
promotes positive nitrogen balance, increasing
lean body mass (LBM) but simultaneously reduc-
ing fat body mass (FBM) [87–89]; MA prevalently
increases FBM, body water, and appetite [90, 91].
In AIDS-cachexia syndrome, there are important
losses in LBM, FBM, and appetite  [92–95], but the
administration of GH alone may be insufficient to
correct metabolism disturbances that lead to this
condition. We therefore tested whether improved
results could be obtained with the combined use of
GH and MA [71].

Five AIDS (stage IV C) cachectic and anorectic
patients (4 men, 1 woman, 25–56 years, mean 35.2
± 13 years), who lost a mean 19.4% of their IBW,
were treated with rhGH (Humatrope, Lilly France
SA, Fegersheim, France) 0.63 mg/m2 subcuta-
neously/day for 30 days. Eight comparable patients
(7 men, 1 woman, 25–56 years, mean 33.7 ±10
years), who lost a mean 23.6 % of IBW, received the
same dose of rhGH for 15 days together with MA
(Megestil, Boheringer Mannheim, Milan, Italy) 320
mg orally/day for 30 days.

Anthropometric [(W, IBW, body circumfer-
ences (MAC, MAMC), BMI, skinfold thickness
(biceps, triceps, sub-scapular, iliac), body compart-
ments (LBM, FBM, TBW)], biochemical, hormonal
and immunological assessments were carried out
at baseline and after 1, 2, and 4 weeks. Selected
measurements were also made before and after the
therapies. Blood samples were collected for deter-
mination of IGF-1, insulin, cortisol, GH, aldos-
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terone, T3, T4, dehydroepiandrosterone sulfate
(DHEA-S), insulin-like-growth-factor binding pro-
tein-3 (IGFBP-3), and TNF. Body composition was
determined by BIA. Individual caloric needs were
calculated by means of a corrected Harris-
Benedict equation, as previously described [95].
Appetite, quality of life, and food and caloric
intake were recorded at the same times by means
of an appetite scale, Karnofsky index, and a dietary
diary. Written informed consent was obtained
from each patient. All values were expressed as
mean ± SD and compared by Student’s t test and
analysis of variance (ANOVA). Significance was
designated at the 95% confidence level.

Results. The five patients receiving rhGH completed
treatment, whereas three subjects in the rhGH + MA
group were excluded from the study when treatment
was suspended due to opportunistic infections (1 af-
ter 3 days, 1 after 7 days, 1 after 15 days).

Patients treated with rhGH alone continued to
lose weight from baseline value (55.1 kg) to 53.2 kg
(-1.9 kg) after 30 days of therapy, while patients
receiving combined therapy gained 0.5 kg after 15
days and 0.1 kg in the next 15 days on MA alone
(Table 3). In both groups, but significantly in MA
patients, there was an increase in body fat and a
decrease in lean tissue after 30 days. Combined
treatment of 15 days produced a gain in LBM (+
0.1 kg) and in FBM (+ 0.7 kg). Caloric intake
increased from 1848 to 3605 Kcal/day after 15
days, doubling (+ 52.6 %) the baseline value after
30 days of MA treatment (from 1848 to 3898
Kcal/day). MA alone maintained fat and food
intake gains from 15th to 30th day. Caloric intake in
rhGH-treated patients increased from 2194 to 2768
Kcal/day. During rhGH treatment, IGF-1, aldos-
terone, and insulin levels significantly increased 
(p < 0. 05) in both groups but more in MA sub-
jects; T4 and T3 increased but not statistically sig-
nificantly. GH levels decreased more in rhGH- than
in rhGH + MA-treated patients. Cortisol levels sig-
nificantly decreased (p < 0.05) only in rhGH + MA
subjects (Table 4). No significant changes were
observed in DHEA-S and IGFBP-3 levels and rou-
tine haematological or biochemical parameters in
either group. TNF levels decreased in patients in

whom secondary infections were successfully
treated.

Conclusions. This is one of the first studies investi-
gating the effects of rhGH administered together
with MA in AIDS cachectic patients who lost >
10% of their usual body weight. In contrast with
previous studies [96, 97] of rhGH administered to
AIDS patients, we did not document weight gain
after 30 days of rhGH treatment (0.63 mg/m2,
sc/day). Even when our patients had increased
caloric intake, they continued to lose weight.
However, rhGH + MA (320 mg, orally/day) resulted
in significant increase of appetite, caloric intake,
body weight, and fat.

Our data give rise to doubt about the rationale
of rhGH use in treating AIDS cachexia. AIDS
patients have reduced LBM, fat body mass, and
cholesterol, while normal adults with GH deficien-
cy have reduced LBM and increased body fat, cho-
lesterol, and TGs [88, 89, 98]. Baseline GH levels in
our patients were higher than normal, and exoge-
nous rhGH may modestly contribute to reversing
the metabolic alterations due to cytokines and sec-
ondary infections. Nonetheless, appetite is scarcely
influenced by rhGH. There may be other reasons
for rhGH treatment of AIDS patients, such as to
restore a GH deficiency in children or in selected
adults. Our results confirm the efficacy of MA in
improving appetite, caloric intake, and weight gain
but further work is necessary to define which
patients might benefit from single or combined
use of GH and progestin derivatives.

Therapy of Lipodystrophy Syndrome

No accepted guidelines for the treatment of
lipodystrophy syndrome exist, rather, only anec-
dotal approaches. There is also no validated drug
therapy to ameliorate or correct lipodystrophy-
associated abnormalities [99]. Instead, treatment
must be directed at reducing fat accumulation in
visceral adipose tissue (VAT), and dorsocervical fat
(buffalo hump), and/or increasing SAT in condi-
tions of lipoatrophy. Thus, prevention is by far the
best approach to reverse lipodystrophy.
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Prevention of Lipodystrophy

Strategies for preventing or reducing the risk of
lipodystrophy are:
- Avoid combination of PIs and NRTIs
- Early antiretroviral treatment
- Early intervention for metabolic changes
- Dietary advice, dietary supplementation and

physical exercise.

Management of Lipodystrophy

In established lipodystrophy, there are four cate-
gories of intervention:
- Lifestyle changes regarding diet, physical activ-

ity, and smoking
- Changes in the treatment regimen
- Use of specific drug therapies to correct specif-

ic abnormalities
- Cosmetic surgery.
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Table 3. Anthropometric data of patients treated with rhGH (0.63 mg/m2, sc/day) alone (n = 5) or with rhGH + MA (320
mg, orally/day) (n = 5), means ± SD

rhGH rhGH + MA MA
Baseline 30 days Baseline 15 days 30 days

W: 55.1 ± 8.6 53.2 ± 7.7 47.7 ± 6.8 48.2 ± 6.7 48.3 ± 7.1

% IBW: 19.4 22.2 23.6 24.6 19.6

BMI : 17.4 ± 1.2 16.8 ± 1.1 15.7 ± 1.9 16.1 ± 2.2 16.7 ± 2.4

SUM: 17.5 ± 2.5 16.3 ± 2.0 21.2 ± 3.8 21.3 ± 5.2 23.5 ± 6.0

LBM 54.3 ± 6.7 52.0 ± 8.4 45.1 ± 10.3 45.2 ± 9.0 44.8 ± 9.8

FBM: 0.77 ± 1.0 1.3 ± 2.2 1.9 ± 2.8 2.6 ± 4.1 4.2 ± 4.8

BIA: 482 ± 110 536+-129 643 ± 116 638 ± 92 656+-87

TBW: 72.7 ± 2 72.4 ± 0.5 73.6 ± 2.3 73.7 ± 1.2 73.4 ± 1.3

Caloric intake: 2194 ± 600 2768 ± 1611 1848 ± 480 3605 ± 915 3898 ± 634

W, body weight (kg); % IBW, percentage of W loss with respect to ideal body weight; BMI, body mass index [weight
(kg)/height (m2)]; SUM, sum (mm) of four skinfold thicknesses (biceps; triceps; subscapular; iliac); LBM, lean body mass
(kg). FBM, fat body mass (kg); BIA, bioelectrical impedance analysis (ohms); TBW, total body water (%); caloric intake,
Kcal/day

Table 4. Hormonal profile of patients treated with rhGH (0.63 mg/m2/day) alone (n = 5) or with rhGH + MA (320 mg/oral-
ly/day; n = 5), means ± SD

rhGH rhGH + MA MA
Baseline 30 days Baseline 15 days 30 days

W 55.1 ± 8.6 53.2 ± 7.7 48.2 ± 6.7 47.7 ± 6.8 48.3 ± 7.1

% IBW 19.4 22.2 23.6 24.6 19.6

BMI 17.4 ± 1.2 16.8 ± 1.1 15.7 ± 1.9 16.1 ± -2.2 16.7 ± 2.4

SUM 17.5 ± 2.5 16.3 ± 2.0 21.2 ± 3.8 21.3 ± 5.2 23.5 ± 6.0

LBM 54.3 ± 6.7 52.0 ± 8.4 45.1 ± 10.3 45.2 ± 9.0 44.8 ± 9.8

FBM 0.77 ± 1.0 1.3 ± 2.2 1.9 ± 2.8 2.6 ± 4.1 4.2 ± 4.8

BIA 482 ± 110 536 ± 129 643 ± 116 638 ± 92 656 ± 87

TBW 72.7 ± 2 72.4 ± 0.5 73.6 ± 2.3 73.7 ± 1.2 73.4 ± 1.3

Caloric intake 2194 ± 600 2768 ± 1611 1848 ± 480 3605 ± 915 3898 ± 634

IGF-1, insulin-like growth factor-1; IGFBP-3, insulin-like-growth-factor binding protein-3; DHEA-S, dehydroepiandros-
terone sulfate



Management of Fat Accumulation

Diet and Exercise

Specific dietary and exercise intervention, as
extrapolated from subjects not infected with HIV
[100], seems to be also effective in lipodystrophy
for preventing hyperlipidaemia as well as reducing
lipid levels and abnormal fat distribution, especial-
ly VAT [101–106]. A Mediterranean low-fat diet,
rich in vegetables, fresh fruits, fibre, and fish, is
recommended for its high content of omega-3 fatty
acids. Diets very low in fat [107], i.e. containing <
15% fat calories, are recommended for persons
with high cholesterol and TG levels.

A beneficial role of antioxidants, B vitamins, and
carnitine in reversing mitochondrial damage in-
duced by NRTI [108], and related to lipodystrophy
and lactic acidosis, has been reported by many au-
thors [108–116].Vitamins B1 (thiamine) and B2 (ri-
boflavin) are given at a dose of 100 mg and 50 mg,
respectively, in addition to dietary intervention. Im-
proved β-oxidation of long-chain fatty acids is
achieved with 100 mg levocarnitine (Sigma-tau,
Italy)/kg/day in children and 2–4 g/day in adults. In-
dependent of other specific therapies, we usually
administer fish oil or/and vegetable-derived PUFAs
[117–119] together with L-carnitine, in order to in-
crease β-oxidation of long-chain fatty acids, and re-
place saturated fats with polyunsaturated fats (da-
ta available on line). Consumption of purified and
concentrated preparations of fish-oil derivatives
(Enerzona Omega-3Rx, New Vitality, Italy) and ad-
herence to insulin-sparing diets are highly effective
in controlling metabolic pathways that can lead to
fat disorders (data available on line).

Physical exercise is also prescribed to partly
compensate for the reduction of peripheral fat tis-
sue with muscle-mass hypertrophy (body building)
[105, 106]. Intensive aerobic and anaerobic exercise
can decrease VAT in normal and HIV subjects by
17–20% [106, 120]. Exercise increases the produc-
tion of the adrenergic hormone epinephrine, the
lipolytic effect of which is more evident for visceral
fat than for peripheral fat. Physical exercise associ-
ated with a high-fibre, moderate-fat, low-gly-
caemic-index diet ameliorates lipodystrophy pat-
terns [103]. Progressive resistance training decreas-
es truncal fat and improves LBM [106, 121, 122].

Androgens

Testosterone and other synthetic androgens at low or
replacement doses in males with testosterone levels <
250 ng/dl can be used to reduce intra-abdominal fat,
but a reduction of peripheral fat is also observed [123].

Insulin-Sensitising Agents (Metformin)

Metformin is a drug that reduces glucose produc-
tion in the liver. At a dosage of 500–850 mg 2–3
times a day, it decreases VAT, TGs, and LDL, and
improves fasting insulin levels and the insulin
response in an oral glucose tolerance test [124,
125]; however, serious lactic acidosis can occur
during metformin therapy.

Growth Hormone and GH-Releasing Hormone

Prior to the availability of HAART for use in treat-
ing AIDS-related wasting, GH had been shown to
promote gains in lean mass and loss of fat mass
[126, 127]. We demonstrated favourable effects of
GH in association with MA [71] in the treatment of
wasting syndrome, and the data suggested a role for
GH in reducing central fat accumulation and
increasing muscle mass. Since the introduction of
HAART, studies have pointed out that rhGH
improves fat redistribution, reducing waist circum-
ference (VAT) and breast size, while increasing fat-
free mass [128, 129]. GH improves fat metabolism
and reduces both fat accumulation and lipoatrophy,
including loss of facial fat pads. The optimal dose
for treating lipodystrophy is not yet established but
is less than the 4–6 mg/day administered to patients
with wasting [130]. Adverse effects, however, at the
doses employed are common and include arthral-
gias, myalgias, diabetes, and hypertriglyceridaemia.
In addition, there is reversion of truncal adiposity
after drug discontinuation, suggesting the need to
establish a maintenance dose. In order to maintain
physiological levels of GH, which appear to be
reduced in lipodystrophic HIV patients, the effect of
GHRH in the treatment of lipodystrophy was stud-
ied [131]. GHRH, at the dose of 1 mg subcutaneous-
ly twice daily, increases LBM and subcutaneous fat,
reduces truncal and visceral fat, and increases the
concentration of IGF-1.
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Leptin

The discovery of leptin, in 1994 [132], and the iden-
tification of its role in body weight homeostasis,
food intake, energy expenditure, and adipose tissue
metabolism represent an enormous progress in
understanding and treating lipodystrophy
[133–137]. As a result, lipodystrophy may be con-
sidered as a localised form of obesity, with associ-
ated typical changes in the neuroendocrine system
as well as in metabolism and immune functions
[137–139]. Low leptin levels or non-functional lep-
tin receptors have been shown in lipodystrophy
[140]. Leptin replacement ameliorated hormonal
and fat-tissue abnormalities characteristic of the
syndrome [141, 142] after 4 months of therapy.

Management of Lipoatrophy

Switch Therapy

Switch therapy consists of replacing a drug caus-
ing fat loss or fat redistribution with another drug
that has fewer or none of these effects. The majori-
ty of switch studies have focused on replacing a
combination of NRTIs and PIs with a PI-sparing
regimen [143]; changing from one PI to another
does not seem to be useful. The replacement of PIs
by NRTIs or NNRTIs leads to significant improve-
ment of metabolic and fat abnormalities [144,
145]. In HAART, NRTIs inhibit DNA polymerase,
which ultimately induces lipodystrophic changes
[124, 144–147], in the following decreasing hierar-
chic order; zalcitabine > didanosine > stavudine 
> lamivudine > zidovudine > abacavir. Thus, some
studies have demonstrated an improvement in
lipoatrophy in response to switching from stavu-
dine or zidovudine to abacavir [148], and from
stavudine to abacavir or zidovudine [149, 150]. In
the TARHEEL study (Trial to Assess the Regression
of Hyperlactataemia and to Evaluate the
Regression of Established Lipodystrophy) of HIV-
1-positive subjects, replacing stavudine with aba-
cavir or zidovudine resulted in a median increase
in arm fat of 35%, in leg fat of 12%, and in trunk
fat of 18%, after 48 weeks of therapy [149].

New antiretroviral drugs with less effects on fat
metabolism are espected.

Cosmetic Surgery

Cosmetic surgery for lipodystrophy was intro-
duced to correct both fat accumulation and lipoat-
rophy. Anomalous dorsal and abdominal fat accu-
mulations can be reduced with ultrasound-assisted
liposuction and endermology, and facial shape can
be restored by lipofilling the temple, nasolabial,
and cheek areas with fat cells taken from the
patient’s abdomen [151, 152] or by injecting new
fill. These cells remain in place even during
lipodystrophy progression.

Traditional plastic surgery approaches have
also been used for cosmetic results, mainly for
facial changes affecting the nasolabial folds and
buccal and temporal fat-pad areas. Implants usual-
ly consist of fat transfer and collagen injections,
but loss of the implanted fat is a not uncommon
risk. Satisfactory results were reported with polylac-
tic acid (New-Fill) injections every 15 days for treat-
ing facial lipoatrophy [153]. Polylactic acid and sim-
ilar compounds (e.g. hyaluronic acid), however, are
not approved for this type of use in the USA.
Success, as judged by evaluating on 3D photos, is
around 48% and additional injections are needed
within 1–2 years. Side effects include pain in 80%,
the development of non-inflammatory small nod-
ules, bleeding, and malaise. New-Fill is not a true
filler, like collagen or transferred fat, but stimulates
fibroblasts to produce collagen in the injection
sites. The product is hypoallergenic and biodegrad-
able over 2 years [154]. Suction-assisted lipotomy
has been used to remove ‘buffalo hump’ but fat
deposits can reappear [152, 155, 156]. Malar atrophy
can benefit from surgical correction, with dermafat
grafts transferred from the abdominal wall to malar
pockets through a transoral approach. The aesthetic
results were judged to be satisfactory and persisting
during 2 years of follow-up [151].

Correction of Metabolic Abnormalities Associated with
Lipodystrophy

Persons infected with HIV could represent an
emerging population at higher risk of coronary
heart disease (CHD), due to their prolonged life
expectancy despite metabolic disturbances
induced by therapy [157–160]. Elevated TGs, LDL
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cholesterol, and VLDL cholesterol, and reduced
levels of high-density lipoprotein (HDL) choles-
terol are associated with visceral fat accumulation,
peripheral lipodystrophy, lipoatrophy, and CHD. In
5–75% of HIV patients receiving HAART, lipid
metabolism and body fat distribution worsen after
10–12 months of therapy.

Patients on HAART at risk of heart disease
(CAD, IHD), because of high levels of cholesterol
and/or TGs, may benefit from special diet, changes
in life style, and drugs. The risk of increases in total
cholesterol (> 0.6 mmol/l) is 19.6% for Ritonavir,
8.5% for Nelfinavir, and 3.8% for Indinavir.

Increased lipid concentrations in HIV-infected
patients on HAART can be managed following the
American National Cholesterol Education
Program (NCEP), but new strategies addressed to
prevent and manage such emerging disorders
[161, 162] are still needed. Our guidelines, based
on our own and experience and that of others
[163–168] meet the intervention criteria defined
by NCEP [169], including evaluation criteria, diet
prescription, drugs, exercise, and were preliminar-
ily discussed in The Pavia Consensus Statement,
October 2001 [170, 171], together with recommen-
dations of the HIV Medicine Association of the
Infectious Disease Society of America and the
Adult AIDS Clinical Trials Group [172].

Patient Evaluation Criteria

Patients at risk of CHD must be routinely evaluat-
ed for risk factors, such as family history, smoking,
hypertension, hormonal status, obesity, physical
activity, alcohol abuse, hypogonadism, hypothy-
roidism, diabetes, and renal or hepatic disease. The
guidelines include measurement of total choles-
terol, HDL, LDL and VLDL cholesterol, TG, lactate
[170–172], body compartments, body circumfer-
ences and skinfolds [160], and resting metabolic
rate (RMR). The RMR is a measure of the energy
expended for maintenance of physiological func-
tions and generally represents the largest portion
of daily energy expenditure (60–75%) [163–165].
We use the WHO equations for determining body
weights and heights [166], and BIA and indirect
calorimetry to predict the RMR and energy expen-
diture for different age and sex groups [167, 168].

Energy production is estimated by measuring O2

consumption and CO2 production using a special
calorimeter (e.g. type MBM-200–23–01, Datex-
Engstron Division Instrumentarium Corp.
Helsinki, Finland). RMR values normally range
between 0.7 and 1.6 Kcal/min according to the
subject’s body composition, gender, and level of
training.

Intervention Criteria

Nutritional and Pharmacological Approach
There are no universally accepted guidelines for
the nutritional treatment of disturbances in lipid
metabolism in HIV patients: however, according to
NCEP [157, 169] and our studies as well as those of
other authors [161, 160, 168, 170–173] in patients
with preexisting CHD dietary intervention is rec-
ommended at LDL cholesterol level between 100
and 130 mg/dl, adding drug therapy if LDL choles-
terol exceeds 130 mg/dl. Among patients without
CHD, but presenting with two or more risk factors,
dietary intervention is strongly indicated when
LDL cholesterol is between 130 and 160mg/dl.
Drug therapy must be added at LDL levels > 160
mg/dl. With less than two risk factors, dietary
modifications should be recommended at LDL lev-
els between 160 and 190 mg/dl; and drug therapy
should be considered at LDL > 190 mg/dl. For
patients with very high TG levels (> 400 mg/dl) the
Adult AIDS Clinical Trials Group (AACTG) [172]
suggests dietary intervention at a total cholesterol
>240 mg/dl or HDL cholesterol < 35 mg/dl.
Patients with isolated hypertriglyceridaemia (fast-
ing serum levels > 200mg/dl) should follow an
appropriate diet and a program of physical exer-
cise. If levels exceed 1000 mg/dl, pharmacological
therapy is strongly suggested because of the risk of
pancreatitis. The same indication is mandatory for
patients with a history of pancreatitis and TGs >
500mg/dl.

Diet and exercise in order to reduce hypercho-
lesterolaemia are recommended before and during
pharmacological intervention. In patients suffer-
ing from wasting and from lipid disturbances, it is
preferable to treat the wasting first [168, 174, 175].
In patients without other risk factors, such as
smoking, preexisting cardiovascular diseases, and
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lipid problems, ‘wait and see’ may be an appropri-
ate strategy [176].

Nutritional intervention must be tailored to the
needs of each patient, considering RMR, gut func-
tions, concomitant diseases, hormonal status,
appetite, and social conditions [160, 170, 175]. At
the first signs of malnutrition, suitable nutritional
treatment is advised [168] due to the positive
effect on reducing infection and improving the
quality of life. A balanced supply of n-6 and n-3
PUFAs, including EPA and DHA (the main compo-
nents of fish oil) in a ratio of 0.9;1.5, may modulate
cytokine production and reduce TGs. EPA, as a
direct suppressant of lipid mobilisation factor,
counteracts weight loss, lipolysis, and protein
catabolism [177]. Amino acids (1.5–2 g/kg per
day), of which a portion (< 0.7 g/kg) should be
essential, must be administered to block protein
loss. Branched-chain amino acids are important
when patients present with associated hepatic
encephalopathy. Early and aggressive nutritional
treatment of wasting and lipid metabolism distur-
bances improves the general clinical status, thus
reducing the length of hospital stay. Unfortunately,
national health services do not completely support
nutritional therapy programs.

Pharmacological intervention on appetite and
on metabolic pathways, by administering drugs,
such as cyproheptadine [178], progestin deriva-
tives [174, 179–181], insulin-like growth factor-1
[182], steroids, and GH [160, 183, 184], may con-
tribute to the success of any nutritional program.

Drugs Lowering Lipids
Since diet and physical exercise reduce lipid levels
in only 40% of patients, therapy with statins
and/or fibrates for hypercholesterolaemia and/or
hypertriglyceridaemia is almost always necessary
[170, 172].

In our opinion, an isolated increase of TGs in a
patient with normal HDL values should be treated
only when levels of 1000 mg/dl are reached, and
the consequent risk of pancreatitis becomes high
[105]. In this situation, we also recommend
replacement of saturated fats with unsaturated fats
and the addition of statin or fibrate drugs, if diet
alone fails. In combined disorders (high choles-

terol, high TGs), statins and fibrates together may
control lipid metabolism, but they also cause mus-
cle damage (rhabdomyolysis). In some subjects,
Gemfibrozil (600 mg BID), Atorvastatin (10 mg
QD), or a combination thereof reduces total cho-
lesterol by, respectively, 32, 19, and 30%, with a TG
reduction of 59, 21, and 60%. Interactions between
antiretroviral compounds, lipid-lowering agents,
and anti-diabetic drugs are not well-described.
What is known is that these drugs carry a risk of
toxicity, because the majority of them
(Atorvastatin, Lovastatin, Simvastatin, Bezafibrate,
Ciprofibrate, Fenofibrate, Gemfibrozil) are
metabolised by the same CYP3A liver enzymes as
protease inhibitors and other drugs taken by HIV
patients. Pravastatin, Cerivastatin, and Fluvastatin
in contrast, are mainly excreted by the kidney. PIs,
macrolides, and imidazole derivatives inhibit
CYP3A and can raise statin levels 10- to 20-fold,
leading to increased muscle and liver toxicity with
elevation of CPK and ALT. CAD/IHD, due to elevat-
ed lipids or diabetes, require 5–10 years to develop,
whereas myocardial infarctions are seen after a
few weeks or months of PI therapy and have been
attributed to thrombosis rather than to atheroscle-
rosis. Metformin can reduce central fat and insulin
resistance [186] but it also reduces general fat and
muscle mass. Troglitazone (400 mg/day),
Rosiglitazone, and Pioglitazone may normalise
glucose levels but no effects on lipids and body fat
have been observed [187–189]. GH [71, 190]
reduces abdominal fat without influencing periph-
eral fat loss and lipids. Androgenic anabolic
steroids (AAS), e.g. oxandrolone, nandrolone, and
decanoate, increase muscular body mass without
changes in lipids and body fat [191].

Physical Exercise
The effects of exercise have been extensively stud-
ied in patients with known coronary artery dis-
ease. Exercise induces beneficial adaptation of the
cardiovascular system as well as in peripheral
muscle mass [168, 192–197] (Table 5, Fig. 3).

Aerobic exercise and resistance exercise are the
most popular methods to prevent or treat sarcope-
nia and increase muscular performance [198]. In
our experience, both forms of exercise, together
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with a personalised training diet, improves muscle
endurance and body composition in HIV patients,
as reported by Stringer [199] and Smith [193]. For
developing complete muscle strength, three exer-
cise methods are commonly used: weight training,
isometric training, and isokinetic training. The
neck, arms, and shoulders; the chest, abdomen and
back; the buttocks and the legs can be conditioned
separately by specific exercises. All our exercise
programs include progressive resistance training
of the major muscle groups.

HDL levels may increase in sedentary people who
engage in aerobic training. Concurrently, LDL is low-
ered so the net result is a considerably improved ra-
tio of HDL to LDL or HDL to total cholesterol.This ex-
ercise effect appears to be independent of whether or
not the diet is low in fat or whether or not the exer-
ciser is overweight. The effect of regular endurance-
type exercise on blood lipid profile is certainly a strong
argument for incorporating vigorous physical activ-
ity into a total program of health maintenance in HIV

patients receiving HAART. It is well-known that exer-
cise improves myocardial circulation and metabo-
lism and enhances vascularisation, cardiac glycogen
stores,and glycolytic capacity,which protect the heart
from hypoxic stress [196]. Moreover, the mechanical
and contractile properties of the myocardium are im-
proved,enabling the conditioned heart to maintain or
increase contractility during specific challenge. Heart
rate and blood pressure are reduced, so that the work
of the myocardium is significantly reduced at rest
and during exercise.
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Table 5. Beneficial effects of muscle exercise

Resistance to fatigue �

Elasticity and flexibility �

Muscle mass and strength �

Respiratory capacity �

Appetite �

Intestinal functions �

Stress and insomnia �

Fig. 3. Regularly walking/jogging more than 3 miles a day proportionally reduces the risk of death. No additional benefits
are obtained with energy expenditure beyond 3500 kcal per week (reproduced from [197])
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Exercise reduces symptoms and the amount of
medication needed; it corrects nutritional imbal-
ance, reduces the side effects of many drugs and of
an altered diet. Many clinical signs and symptoms
are responsive to exercise: atrophy of muscle and
bone, postural hypotension, joint stiffness, reflex-
es, cardiovascular deconditioning, anorexia, gas-
trointestinal motility, insomnia, and depression.
Exercise stimulates the muscles, which not only
improves movement of the body in space but also
increases biochemical reactions devoted to pro-
duce energy. The predominant energy pathways
required for physical activities are the ATP-CP sys-
tem, the lactic acid system, and the oxygen or aer-
obic system. These pathways often operate simul-
taneously (Fig. 4); however, there are marked dif-
ferences in their relative contributions during
exercise to the total energy requirement, which is
related directly to the length of time and intensity
that a specific activity is performed.

Anaerobic Conditioning. During intense, maximal
bursts of energy lasting no more than 6 s, energy
is provided anaerobically, almost exclusively by
stored high-energy molecules of phosphates, ATP,
and CP. Overload of the ATP-CP pool can be
achieved by engaging specific muscles in maxi-
mum bursts of effort for 5 or 10 s. In physical acti-
vities chosen to enhance the ATP-CP energy capa-
city of specific muscles, a person must perform
numerous bouts of intense, short-duration exerci-
se. The energy for a performance lasting between
10 and 90 s is still supplied predominantly by
anaerobic reactions, but lactic acid becomes a
more important source of energy. To improve the
lactic acid energy system, training must be of suf-
ficient intensity and duration to stimulate lactic
acid production as well as to overload the ATP-CP
energy system. An effective way to increase the
latter to near-maximum levels and overload the
lactic acid system is repeated bouts of up to 1 min
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Fig. 4. The three energy systems
(ATP-CP system, lactic acid sys-
tem, aerobic system) involved in
physical activities. In exercises
requiring an intense, short burst
of energy, the energy is provided
anaerobically, almost exclusively
by stored reserves of ATP and
CP. In performances lasting
between 10 and 90 s, energy from
lactic acid production becomes
an important source. After 2–4
min of continuous activity, the
energy is released almost exclu-
sively from aerobic reactions
(reproduced from [197])



of extreme running, swimming, or cycling stop-
ped 30–40 s before exhaustion. The exercise bout
should be repeated several times after 1–2 min of
recovery. The recovery time from such forms of
exercise can be considerable when large amounts
of lactic acid are produced (Fig. 2).

Aerobic Conditioning. After 2–4 min of continuous
exercise, any physical activity becomes progressi-
vely more dependent on aerobic energy for the
resynthesis of phosphates. Under aerobic condi-
tions, pyruvic acid from carbohydrate metabolism
and molecules from fat and protein are transfor-
med into various intermediate substances, with the
final formation of CO2, H2O, and large amounts of
energy. If the O2 supply and O2 utilisation are ade-
quate, lactic acid will not accumulate and fatigue
will be absent. It is possible to reach a condition of
endurance or aerobic fitness in which the body’s
ability to generate ATP aerobically exceeds the
energy produced from anaerobic reactions. To
have a practical measure of a person’s cardiovascu-
lar capacity, we use the step-up shown in Fig. 5.
This system measures the heart rate in response to

aerobic exercise: a low heart rate during exercise
and a small increment with more intense exercise
reflect a high level of cardiovascular fitness. A sim-
ple method to recover heart rates for evaluation of
relative fitness for aerobic exercise is the Tecumseh
step test [193].

The stepping cadence must be 22 steps/min for
women and 24 for men, with a stepping height of
20 cm. After 3 min of stepping, the subject, in a
standing position and exactly after 30 s after stop-
ping, must measure his or her pulse for 30 s. The
number of pulse beats, from 30 s to the 1-min
post-exercise phase, is the heart rate score. By
means of special equations and taking into
account recovery heart rate, maximal O2 consump-
tion can be calculated [194].

Determination of Frequency, Duration, and
Intensity of Training. The intensity of training is
the most critical factor influencing successful
aerobic conditioning. It can be expressed in diffe-
rent ways: as calories consumed, as a percentage of
maximal O2 consumption, as heart rate or percen-
tage of maximum heart rate, or as multiples of
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Fig. 5. Step-up exercise to eval-
uate cardiovascular capacity:
the heart rate responses of
three individuals during 3 min
of regular stepping. The sub-
jects have different degrees of
condition: A is a professional
football player, and at the end
of 3 min his heart rate is 115
beats per min; B works out at
a gym; her heart rate is 140
beats per min. C is a sedentary
young person, his heart rate
reaches 170 beats per min.
Heart-rate recovery is com-
plete 2 min after the end of ex-
ercise (reproduced from [197])
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resting metabolic rate required to perform the
work. The amount of exercise must be sufficient to
produce an increase in heart rate to at least
130–140 beats/min, equivalent to about 50–55% of
the maximum aerobic capacity or about 70% of
the maximum exercise heart rate (Fig. 6).

Both continuous as well as intermittent over-
load are effective in improving aerobic capacity.
As little as 3–5 min of vigorous exercise per-
formed three times a week improves aerobic
capacity and is less exhausting than steady-state
exercise performed for 20 min. Our aerobic train-
ing program is conducted 3 days a week and
includes 20–30 min of continuous exercise of suf-
ficient intensity to expend about 300 kcal. For
example, subjects trained on a bicycle ergometer
20–30 min a day (~ 300 kcal), three times a week
for 8 weeks, with a training intensity of 85% of
maximum hear t  rate improved maximal O2

uptake by 7.8% [170, 195].

The Future

Clinical experience suggests introduction of the
routine control of lipid metabolism in the clinical
treatment of HIV patients. This will  protect
patients from side effects of therapies that com-
promise their quality of life and the functions of
organs, such as the pancreas and heart, that are
targets in lipid disorders. Guidelines must be pro-
posed in which the clinical examination of HIV
patients includes assessment of body shape and
body composition, and laboratory evaluation of
blood lipids and hormones.

Clinical, anthropometric, impedenzometric,
DEXA, MRI, and CT methods should be adopted for
the evaluation of total adipose tissue, VAT, regional
body-fat deposits, and other body compartments
(TBW, FFM). REE and total energy expenditure
should be assessed by means of indirect calorime-
try and control of physical activity [200].
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SECTION 9
CANCER-RELATED CACHEXIA



Introduction

Cancer cachexia is one of the worst effects of
malignancy, accounting for nearly a third of cancer
deaths. It is a pathological state characterised by
weight loss together with anorexia, weakness,
anaemia, and asthaenia. The complications associ-
ated with the appearance of the cachectic syn-
drome affect both the physiological and biochemi-
cal balance of the patient and influence the effi-
ciency of anticancer treatment, resulting in a con-
siderably decreased survival time. At the metabolic
level, cachexia is associated with loss of body lipid
stores. Alterations in lipid metabolism are partially
mediated by changes in circulating hormone con-
centrations (insulin, glucagon, and glucocorti-
coids, in particular) or in their effectiveness.
However, a large number of observations point
towards cytokines, polypeptides released mainly
by immune cells, as the molecules responsible for
the above-mentioned metabolic derangements.
The role of humoral factors in fat metabolism in
the cancer patient has been discussed; among
cytokines, tumour necrosis factor-α (TNF-α)
seems to have a key role in the lipid metabolic
changes associated with cancer cachexia.

Adipose Tissue Dissolution and
Hypertriglyceridaemia

Lipid metabolism in cancer has been extensively
studied, the main features being an important
reduction in body fat content (particularly white
adipose tissue) and a significant hyperlipaemia.
Dissolution of the fat mass is the result of three
different altered processes. First, there is an
increase in lipolytic activity [1], which results in
the release of large amounts of glycerol and fatty

acids. Glycerol is basically directed to the liver,
where it provides a gluconeogenic substrate, while
fatty acids are used by other tissues as an alterna-
tive substrate to glucose. Interestingly, the oxida-
tion of fatty acids is not suppressed by glucose [2],
as opposed to what is observed during starvation,
in which the rate of fatty acid oxidation is nor-
malised by glucose administration. Although fatty
acids seem to be a very poor substrate for very
undifferentiated, malignant tumour cells, some
studies have demonstrated that polyunsaturated
fatty acids (linoleic and arachidonic acids) are able
to promote tumour growth by stimulating mitosis
[3]. These compounds seem to inactivate the
GTPase-activating protein of the ras-mediated sig-
nal transduction pathways, thus stimulating cell
division [3]. Second, an important decrease in the
activity of lipoprotein lipase (LPL), the enzyme
responsible for the cleavage of both endogenous
and exogenous tr iacylglycerols (present in
lipoproteins) into glycerol and fatty acids, occurs
in white adipose tissue [1, 4, 5]; consequently, lipid
uptake is severely hampered. Finally, de novo lipo-
genesis in adipose t issue is also reduced in
tumour-bearing states [1], resulting in decreased
esterification and, consequently, decreased lipid
deposition.

Hyperlipaemia in cancer-bearing states seems
to be the result of an elevation in triacylglycerols
and cholesterol. Hypertriglyceridaemia is the con-
sequence of decreased LPL activity, which results
in a decrease in the plasma clearance of both
endogenous (transported as very-low-density
lipoproteins, VLDL) and exogenous (transported
as chylomicra) triacylglycerols. Muscaritoli et al.
[6] clearly demonstrated that the fractional
removal rate and the maximum clearing capacity
(calculated at high infusion rates, when LPL activi-
ty is saturated) are significantly decreased after
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the administration of an exogenous triacylglycerol
load to cancer patients. In tumour-bearing animals
with a high degree of cachexia, there is also an
important association between decreased LPL
activity and hypertriglyceridaemia [7, 8] (Fig. 1).
Another factor that could contribute to the eleva-
tion in circulating triacylglycerols is an increase in
liver lipogenesis [9].

Hypercholesterolaemia is often seen in
tumour-bearing animals and in humans with can-
cer [10–12]. Interestingly, most cancer cells show
an altered regulation in cholesterol biosynthesis,
with a lack of feedback control on HMG-CoA
reductase (3-hydroxy-3-methyl glutaryl CoA
reductase), the key enzyme in the regulation of
cholesterol biosynthesis. Cholesterol perturbations
during cancer include changes in lipoprotein pro-
files, in particular an important decrease in the
amount of cholesterol transported in the high-
density lipoprotein (HDL) fraction. This has been
observed in both experimental animals and
human subjects [10–12]. HDL plays an important
role in the transport of excess cholesterol from

extrahepatic tissues to the liver for reutilisation or
excretion into bile (reverse cholesterol transport).
It is thus conceivable that the observed low levels
of HDL-cholesterol are related, at least in part, to a
decreased cholesterol efflux to HDL, as a conse-
quence of increased utilisation and/or storage in
proliferating tissues, such as neoplasms. However,
since precursor particles of HDL are thought to
derive from lipolysis of tr iacylglycerol-rich
lipoproteins, such as VLDL and chylomicra [13],
and since a significant posit ive correlat ion
between plasma HDL-cholesterol and LPL activity
in adipose tissue has been reported [13], the possi-
bility that the low HDL-cholesterol concentrations
observed during tumour growth are secondary to
the decreased triacylglycerol clearance from plas-
ma, as a result of LPL inhibition, must also be con-
sidered.

The elevation of circulating lipid therefore
seems to be a hallmark of cancer-bearing states, to
the extent that some authors have suggested that
plasma levels can be used to screen patients for
cancer [14].
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Fig. 1. Main metabolic pathways linked to fat accumulation/dissolution in adipose tissue. As a result of tumour burden, fat
loss is accelerated due to: (1) decreased glucose uptake, (2) decreased fatty acid synthesis, (3) decreased triacylglycerol
uptake through LPL, (4) decreased esterification, and (5) increased lipolysis. Enhanced hepatic production of VLDL,
together with its reduced clearance contributes to the hypertriglyceridaemia of the cachectic patient, one of the hall-
marks of wasting



Cachexia, Cytokines, and Lipid Metabolism

As discussed above, during cachexia there is a dra-
matic loss of white adipose tissue, basically due a
fall in the activity of LPL, and an increase in the
activity of hormone-sensitive lipase (the rate-lim-
iting enzyme of the lipolytic pathway). In addition
to these metabolic events associated with cachectic
states, there is an inhibition of glucose transport
and de novo lipogenesis in adipose tissue.

TNF-α has been shown to decrease LPL activi-
ty in 3T3-L1 cells [15], associated with a decrease
in LPL mRNA [16]. Fried and Zechner [17] report-
ed that TNF-α produced a dose-dependent marked
suppression of LPL activity in human adipose tis-
sue maintained in organ culture. In vivo adminis-
tration of TNF-α resulted in a decrease of adipose-
tissue LPL activity in rat, mouse, and guinea pig
[16, 18]. This decreased activity has been shown in
rat to depress the uptake of exogenous [14C]lipid
by adipose tissue and to increase circulating tria-
cylglycerols [19]. Such elevation may, in part, be
the result of stimulation of lipolysis in adipose tis-
sue, with subsequent increased secretion of VLDL
from the liver [20, 21]. In contrast to these obser-
vations, in human primary cultures of isolated
adipocytes, TNF-α was unable to decrease LPL
[22]. Addition of the cytokine to 3T3-L1 cells
increased lipolysis [23], a result confirmed by oth-
ers using fully differentiated adipocytes [24]. TNF-
α and interleukin (IL)-1 have both been shown to
inhibit glucose transport in adipocytes [25] and,
consequently, to decrease the availability of sub-
strates for lipogenesis. Conversely, no direct action
of TNF-α has been shown on de novo lipogenesis
in adipose tissue of starved rats [20]. However,
TNF-α decreased acetyl-CoA carboxylase (a key
lipogenic enzyme) during preadipocyte differenti-
at ion by decreasing the mRNA levels of the
enzyme [26]; this did not occur in fully differenti-
ated adipocytes [26]. Using a polyclonal rat anti-
TNF-α antibody, we demonstrated that TNF-α is
involved in the abnormalities in lipid metabolism
that occur in tumour-bearing rodents [27].

Interferon (IFN)-γ, like TNF-α, inhibits LPL
activity in 3T3-L1 adipocytes and diminishes the
rate of synthesis of long-chain lipids from smaller-
chain fatty acids. This effect is similar to that

observed in the inhibition of lipogenesis and LPL
by TNF-α [28]. The ability of IFN-γ to mimic the
effects of TNF-α on fat metabolism, and its appar-
ent synergy with TNF-α suggest that IFN-γ plays a
prominent role in cancer cachexia. In cultured
adipocytes, IL-1, TNF-β (lymphotoxin), IFN-γ, and
lipid mobilising factor (LIF) were all shown to
decrease LPL activity [29]. Similarly, IL-1 and IFN-
α, β, and γ increased lipolysis in adipocytes in cul-
ture [30].

Another important site that can account for
hyperlipaemia is the de novo fatty-acid synthesis
that takes place in the liver. Indeed, TNF-α has
been shown to increase hepatic lipogenesis in vivo
and subsequent VLDL production. In vivo admin-
istration of IL-1, IL-6, and IFN-γ to mice also pro-
duced a rapid increase in hepatic lipogenesis [31,
32]. IL-4 is a cytokine with marked inhibitory
properties in regulating the immune response. By
itself, IL-4 has no effect on hepatic fatty-acid syn-
thesis, but it inhibits the stimulation of hepatic
lipogenesis induced by TNF-α, IL-1, and IL-6 [33].
In addition, studies involving TNF p55 receptor-
deficient mice have shown that the cytokine, via
the p55 receptor, is involved in alterations in lipid
metabolism associated with the implantation of a
cachexia-inducing tumour. In conclusion, it may
be suggested that TNF-α, and perturbations in
hormonal homeostasis are likely to play important
roles in forcing the metabolic balance of
adipocytes towards the catabolic side (Fig. 2).

Adipokines: Is Adipose Tissue an Endocrine
Organ?

Although loss of fat tissue during cancer has not
been considered as a very important alteration,
compared to those affecting the quality of life or
the prognosis of the cachectic cancer patient, we
now know that adipose tissue is not just a fat
reservoir. The concept of the adipocyte as an ‘intel-
ligent’ cell that is able to communicate directly or
indirectly with the brain is revolutionary com-
pared to the previously held view of adipose tissue
as a metabolically inactive fat deposit. Nowadays,
we can go a step further and introduce the concept
of the adipocyte as an ‘intelligence’ centre involved
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in the regulation of body weigh. But how is regula-
tion accomplished?

Discovery of the hormone leptin [34] radically
changed the field of body weight control. Leptin,
a16-kDa protein synthesised in adipose tissue and
secreted into the bloodstream, is the product of
the ob gene. The protein travels to the brain, where
it acts as a ponderostat or adipostat signal inform-
ing the brain about adipose tissue mass, and medi-
ates a loss of appetite. Actually, the word leptin
comes from the Greek leptos, which means thin.
Mice that are ob/ob have a defect in leptin produc-
tion, resulting in hyperphagia and, consequently,
obesity. In other experimental models, such as the
fatty rat, leptin production  is normal but there
seems to be a defect in the brain receptor [35].
Based on its amino-acid sequence, the receptor
appears to be similar to the members of the class I
cytokine receptor family [36]. Leptin production is
correlated with an increase in fat mass and
adipocy te size [37]. In addit ion to leptin,
adipocytes synthesise and secrete many other mol-

ecules, especially cy tokines. Thus, TNF-α is
expressed and produced in adipose tissue, in par-
ticular in obesity conditions.

The Intriguing Role of TNF: Is the Cytokine an
‘Adipostat’?

TNF-α, which is expressed and secreted by adipose
tissue, influences thermogenesis and, indirectly,
via IL-1 or leptin [38], food intake. The cytokine
also has a direct (possibly paracrine) function in
adipose tissue, limiting its mass by stimulating
lipolysis and decreasing LPL activity. Up to now,
there have been no reports showing that leptin
could have a similar function in lipid metabolism
in adipose tissue. Conversely, TNF-α can also trav-
el to the brain and influence hypothalamic func-
tion. One problem confronting such a hypothesis
is the presence of the blood-brain barrier.
However, a number of peripheral peptides, includ-
ing angiotensin II, can rapidly affect the hypothal-
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Fig. 2. The adipocyte as an endocrine organ. Recent work suggests that adipose tissue behaves as a true endocrine organ,
releasing many active compounds involved in maintaining the homeostatic response and energy balance. These com-
pounds include cytokines, such as TNF and IL-6; leptin (involved in food intake and thermogenesis); acute-phase reac-
tants, such as CRP; resistin (involved in insulin resistance); ASP (involved in lipid synthesis), Acrp30 (probably involved
in adipocyte differentiation); and PAI-1 (a haemostatic factor)



amus through nerve cells in the region of the cir-
cumventricular organs, which lie outside the
blood-brain barrier [39]. Alternatively, signals
could be brought to the hypothalamus through
nerve cells in the region of vagal afferent axons.
Indeed, the intracraneal administration of
cytokines results in a more effective stimulation of
thermogenesis [40]. TNF-α thus exerts central
actions that are complementary to its peripheral
effects on tissues. In addition, TNF-α administra-
tion results in an increase in circulating leptin
concentrations [38].

It should be noted that it is not being suggested
here that TNF-α is the sole adipostat; to the con-
trary, control of the fat mass is most likely accom-
plished by different molecules that signal the brain
regarding fat mass. Among the molecules func-
tioning as adipostats, TNF-α and leptin have fun-
damental roles, the former directly by influencing
lipid metabolism and the latter probably only by
being a satiation factor and an insulin-counter-
regulatory hormone [41]. Thus, TNF-α may be an
important autocrine/paracrine regulator of fat-cell
function that serves to limit adipose tissue expan-
sion, probably by inducing insulin resistance,
which may, in turn, cause metabolic disturbances.

It would be extremely naïve to point to TNF-α
and leptin as the only modulatory signals that are
involved in regulating adipose tissue mass. An
extensive family of compounds synthesised by adi-
pose tissue are thought to have a role in the entire
process, interacting with both leptin and TNF-α.
An example of these compounds is plasminogen
activator inhibitor-1 (PAI-1). PAI-1 is an important
regulator fibrinolysis in that it binds to and rapid-
ly inactivates tissue-type and urokinase-type plas-
minogen activators [42–44]. Interestingly, a num-
ber of investigations have established a significant
correlation between elevated PAI-1 levels and obe-
sity [45, 46], and thus to an increased risk of car-
diovascular disease. Studies using animal models
have found elevations in adipose tissue content
and circulat ing PAI-1 concentrations.
Furthermore, TNF-α treatment increases PAI-1 in
adipose tissue [47]. It is difficult to speculate about
the role of PAI-1 in adipose tissue. In several cell
types, PAI-1 is deposited in the extracellular
matrix, where it seems to protect matrix compo-

nents by limiting plasmin generation. PAI-1 pro-
duced by adipocytes may preserve the integrity of
the loose connective tissue elements that hold
adipocytes together. This could be important in
obese conditions, in which adipocytes tend to be
more fragile due to their increased size.

Adipsin, which is identical to complement fac-
tor D and synthesised by fat cells, is profoundly
deficient in mice with genetic and hypothalamic
obesity [48]. In humans, circulating concentrations
of adipsin tend to correlate positively with the
degree of adiposity, being mildly elevated in obese
individuals and mildly reduced in those with total
lipoatrophy cachexia related to AIDS [49].

Acylation stimulating protein (ASP) is a small
basic protein produced by adipocytes and isolated
from human plasma. ASP has been shown to be
the most potent stimulator of triacylglycerol syn-
thesis in the adipocyte [50]. In addition, it is also a
potent stimulator of glucose transport in muscle
cells [51] and adipocytes [52]. Therefore, ASP is a
potentially interesting factor in the pathophysiolo-
gy of obesity. In fact, the adipsin-ASP system
seems to have an important regulatory role in tria-
cylglycerol clearance from plasma [53].

Another interesting peptide expressed in adi-
pose tissue is adipoQ, also called Acrp-30 or
adiponectin. The expression of adipoQ is reduced
in adipose tissue of obese mice [54], in obese
humans, and in type II diabetic patients [55, 56].
The protein is induced over 100-fold during
adipocyte differentiation. Like adipsin, it is an
abundant serum protein whose secretion is
enhanced by insulin [57]. Very interestingly,
adipoQ increases fatty acid oxidation in skeletal
muscle, thus decreasing triacylglycerol content in
this tissue [58]. The result is that adipoQ decreases
insulin resistance and therefore may compensate
for other molecules involved in promoting insulin
resistance, such as TNF-α and IL-6.

The adipocyte is also able to synthesise and
release IL-6 [59]. In fact, obese diabetic and nondi-
abetic patients have increased circulating IL-6 lev-
els [60], and after weight loss, IL-6 levels (both in
subcutaneous adipose tissue and in blood) are
decreased [61], possibly due to the improved IL-6
sensitivity in these patients after weight reduction.

As one can easily realise, future studies will
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reveal new compounds to be added to the list of
molecules synthesised and released by adipose tis-
sue cells and which may be involved in signalling fat
mass. All of them may participate in the delicately
balanced system of energy homeostasis, involving
food intake and carbohydrate and lipid metabolism.
Studying the interaction of TNF-α with these mole-
cules may contribute to a better understanding of
the cytokine’s effects on the adipocyte.

Concluding Remarks and Future Research

The weight-losing cancer patient suffers from a
substantial loss of fat tissue. This is accompanied
by profound changes in lipid metabolism, affecting
almost all metabolic pathways involved in fat
accretion/mobilisation in the adipocyte. Many of
these changes are triggered by cytokines, TNF-α in
particular. Until very recently, adipose tissue was

considered exclusively as a fat reservoir; however,
recent studies have demonstrated that the
adipocyte is a key cell in the regulation of body
weight, since it synthesizes and releases many
active compounds, such as cytokines, which have
very important effects in regulating energy bal-
ance. From this point of view, adipose tissue has to
be considered an endocrine organ that releases
compounds with important effects in other target
tissues. Bearing this in mind, the loss of fat mass
during cancer cachexia may be responsible for
many of the metabolic changes observed in the
cachectic cancer patient that ultimately lead to
muscle-wasting and death.

In conclusion, taking into account fat metabolic
changes during cancer and trying to counteract
them may result in a reduction of the metabolic
abnormalities of the cancer patient, and perhaps
contribute to increasing survival time and improv-
ing the quality of life.
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Introduction

The cachectic syndrome, characterised by marked
weight loss, anorexia, asthaenia, and anaemia, is
invariably associated with the presence and
growth of the tumour and leads to a malnutrition
status due to the induction of anorexia or
decreased food intake. In addition, the competi-
tion for nutrients between the tumour and the
host leads to an accelerated starvation state that
promotes severe metabolic disturbances in the
host, including hypermetabolism, which leads to
decreased energetic efficiency. Although the search
for the cachectic factor(s) started a long time ago,
and although many scientific and economic efforts
have been devoted to its discovery, we are still far
from a complete understanding of cancer cachex-

ia. The chapter discusses the different signalling
pathways, particularly the role of transcriptional
factors, involved in muscle wasting. The main aim
is to summarise and evaluate the different molecu-
lar mechanisms and catabolic mediators (both
humoral and tumoural) involved in cancer cachex-
ia, since they may represent targets for promising
future clinical investigations.

Cytokines

Cytokines have a key role as the main humoural
factors involved in cancer cachexia (Fig. 1), and a
large number of them may be responsible for the
metabolic changes associated with cancer wasting.

Anorexia may account for malnutrition, invari-
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Fig. 1. Catabolic mediators in cancer. Both tumour-derived and humoural (cytokines) factors are involved in mediating
the anorexia and metabolic changes characteristic of the cachectic state. For abbreviations, see text



ably associated with cancer cachexia; but, are
cytokines involved in the induction of anorexia?
Cytokines, such as interleukin (IL)-1 and tumour
necrosis factor (TNF)-α have been suggested to be
involved in cancer-related anorexia, possibly by
increasing the levels of corticotropin-releasing
hormone (CRH), a central nervous system neuro-
transmitter that suppresses food intake, and the
firing of glucose-sensitive neurons, which would
also decrease food intake. However, many other
mediators may be involved in cancer-induced
anorexia. Leptin (an adiposity signal to the hypo-
thalamus that it is a member of the cytokine fami-
ly) does not seem to play a role, at least in experi-
mental models [1, 2], and in human subjects, can-
cer anorexia does not seem to be due to a dysregu-
lation of leptin production [3]. Indeed, leptin con-
centrations are not elevated in weight-losing can-
cer patients [4, 5] and are inversely related to the
intensity of the inflammatory response [6] and the
levels of inflammatory cy tokines [7, 8].
Concentrations of the peptide seem to be depend-
ent only on the total amount of adipose tissue
present in the patient. Cytokines have been impli-
cated in cancer-induced anorexia since they mod-
ulate gastric motility and emptying, either directly
in the gastrointestinal system or via the brain, by
altering efferent signals that regulate satiety. IL-1,
in particular, has been clearly associated with the
induction of anorexia [9] in that it blocks neu-
ropeptide Y (NPY)-induced feeding. The levels of
this molecule (a feeding-stimulating peptide) are
reduced in anorectic tumour-bearing rats [10], and
a correlation between food intake and brain-IL-1
has been found in anorectic rats with cancer. The
mechanism involved in the attenuation of NPY
activity by cytokines may be related to an inhibi-
tion of cell firing rates or to an inhibition of NPY
synthesis or an attenuation of its postsynaptic
effects [11]. Other mediators have been proposed
[12], including changes in the circulating levels of
free tryptophan; these may induce changes in
serotonin brain concentrations and, consequently,
cause changes in food intake. Bing et al. [13] sug-
gested that some tumour-derived compounds may
mediate anorexia associated with tumour burden.

Different experimental approaches have
demonstrated that cytokines are able to induce

weight loss. Nevertheless, the results obtained have
to be carefully interpreted. Thus, episodic TNF-α
administration has proved unsuccessful at induc-
ing cachexia in experimental animals. Indeed,
repetitive TNF-α administrations initially induce a
cachectic effect, but tolerance to the cytokine soon
develops and food intake and body weight return
to normal. Other studies have shown that escalat-
ing doses of TNF-α are necessary to maintain the
cachectic effects.

Strassman et al. [14] have shown that treatment
with an anti-mouse IL-6 antibody reversed the key
parameters of cachexia in murine colon adenocar-
cinoma tumour-bearing mice. These results seem
to indicate that, at least in certain types of
tumours, IL-6 has a more direct involvement than
TNF-α in the cachectic state. Similar results were
obtained in a mouse model that reproduced the
cachexia associated with multiple myeloma [15,
16] and in a murine model of intracerebral injec-
tion of human tumours [17]. Conversely, other
studies have shown in a very similar mouse
tumour model that IL-6 is not involved in cachex-
ia, and studies using incubated rat skeletal muscle
have clearly demonstrated that IL-6 had no direct
effect on muscle proteolysis.

Another interesting candidate for cachexia is
interferon (IFN)-γ, which is produced by activated T
and NK cells and possesses biological activities that
overlap with those of TNF-α. Matthys et al. [18]
used a monoclonal antibody against IFN-γ to
reverse the wasting syndrome associated with
growth of the Lewis lung carcinoma in mice, thus
indicating that endogenous production of IFN-γ
occurs in the tumour-bearing mice and is instru-
mental in bringing about some of the metabolic
changes characteristic of cancer cachexia. The same
group also demonstrated that severe cachexia
develops rapidly in nude mice inoculated with CHO
cells constitutively producing IFN-γ as a result of
the transfection of the corresponding gene.

Other cytokines, such as leukaemia inhibitory
factor (LIF), transforming growth factor (TGF)-β,
or IL-1 have also been suggested as mediators of
cachexia. Thus, mice engrafted with tumours
secreting LIF developed severe cachexia.
Concerning IL-1, although its anorectic and pyro-
genic effects are well-known, administration of IL-
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1 receptor antagonist (IL-1ra) to tumour-bearing
rats did not result in any improvement in the
degree of cachexia, so that the role of this cytokine
in cancer cachexia may be secondary to the actions
of other mediators. Interestingly, the levels of both
IL-6 and LIF are increased in patients with differ-
ent types of malignancies.

Ciliary neurotrophic factor (CNTF) is a mem-
ber of the family of cytokines that includes IL-6
and LIF, and is produced predominantly by glial
cells of the peripheral nervous system; however,
this cytokine also seems to be expressed in skeletal
muscle. Henderson et al. [19] demonstrated that
CNTF induces potent cachectic effects and the
production of acute-phase proteins (independent
of the induction of other cytokine family mem-
bers) in mice implanted with C6 glioma cells,
genetically modified to secrete this cytokine.
CNTF, however, exerted divergent direct effects
dependent on the dose and exposure time of in
vitro muscle preparations [20].

If anorexia is not the only factor involved in
cancer cachexia, it becomes clear that metabolic
abnormalities leading to a hypermetabolic state
must have a very important role. Interestingly,
injection of low doses of TNF-α, either peripheral-
ly or into the brain of laboratory animals, elicits
rapid increases in the metabolic rate that are not
associated with increased metabolic activity but
rather with an increase in blood flow and thermo-
genic activity of brown adipose tissue (BAT), asso-
ciated with uncoupling protein-1 (UCP1). During
cachectic states, there is an increase in BAT ther-
mogenesis, both in humans and experimental ani-
mals. Until recently, UCP1 (present only in BAT)
was considered to be the only mitochondrial pro-
tein carrier that stimulated heat production, by
dissipating the proton gradient generated during
respiration across the inner mitochondrial mem-
brane and therefore uncoupling respiration from
ATP synthesis. However, two additional proteins
sharing the same function, UCP2 and UCP3, have
since been described. While UCP2 is expressed
ubiquitously, UCP3 is expressed abundantly and
specifically in skeletal muscle in humans and in
BAT of rodents. Our research group has demon-
strated that both UCP2 and UCP3 mRNAs are ele-
vated in skeletal muscle during tumour growth

and that the effect of TNF-α mimics the increase
in gene expression induced by these proteins [21].
In addition, TNF-α induces uncoupling of mito-
chondrial respiration, as recently shown in isolated
mitochondria [22].

Several cytokines have been shown to mimic
many of the metabolic abnormalities found in the
cancer patient during cachexia. Among these meta-
bolic disturbances, changes in lipid metabolism,
skeletal muscle proteolysis and apoptosis, and
acute-phase protein synthesis have been described
[23]. Concerning muscle wasting, it seems that
administration of TNF-α to rats results in
increased proteolysis of skeletal muscle, associated
with an increase in gene expression and higher lev-
els of free and conjugated ubiquitin, both in exper-
imental animals [24] and humans [25]. In addition,
the in vivo action of TNF-α during cancer cachexia
does not seem to be mediated by IL-1 or glucocor-
ticoids. Other cytokines, such as IL-1 or IFN-γ, also
activate ubiquitin gene expression. Therefore, TNF-
α, alone or in combination with other cytokines
[26], seems to mediate most of the changes con-
cerning nitrogen metabolism associated with
cachectic states. In addition to the massive muscle
protein loss, and similar to that observed in skele-
tal muscle of patients with chronic heart failure
who also suffer from cardiac cachexia [27], muscle
DNA is also decreased during cancer cachexia,
leading to DNA fragmentation and apoptosis [28,
29]. Moreover, TNF-α can mimic the apoptotic
response in muscle of healthy animals [30].

Factors Other Than Cytokines

In addition to humoural factors, tumour-derived
molecules have also been suggested as mediators
of cancer cachexia. Firstly, cancer cells are capable
of constitutively producing cytokines. These may
act on cancer cells in an autocrine manner or on
supporting tissues, such as fibroblasts and blood
vessels, to produce an environment conducive to
cancer grow th [31]. While tumour-produced
cytokines may have a more important role in the
anorexia-cachexia syndrome, several compounds
produced by the host [32] are likely to have an
important role in mimicking the metabolic
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changes associated with the cachectic state.
Perhaps the first evidence of tumour-derived

catabolic factors came from studies with Krebs-2
carcinoma cells in mice; inactive extracts of these
cells induced cachexia when injected into normal
non-tumour-bearing mice [33]. Similarly, Kitada et
al. [34] purified a low-molecular-mass (< 10 kDa)
proteinaceous material from extract of thymic
lymphoma in AKR mice that showed lipolytic
activity in rat adipocy te suspensions. Thus,
extracts of thymic lymphoma, conditioned medi-
um from thymic lymphoma cell lines, and serum
from lymphoma-bearing mice cause lipid mobili-
sation in experimental animals. Toxohormone L, a
polypeptide of approximately 75 kDa, was isolated
from the ascites fluid of hepatoma patients and
sarcoma-bearing mice; it induces lipid mobilisa-
tion, immunosuppression, and involution of the
thymus [35].

Tisdale’s group at the University of Aston (UK)
described and characterised a lipid-mobilising fac-
tor (LMF) that induces lipolysis in adipose tissue,
in association with stimulation of adenylate
cyclase activity [36]. Although this factor was orig-
inally purified from a cachexia-inducing mouse
colon adenocarcinoma (MAC16). It has also been
found in the urine of cancer patients, suggesting
that it can induce lipid mobilisation and catabo-
lism in cachectic cancer patients [37]. In fact, LMF
is homologous to the plasma protease Zn-α2-
glycoprotein (ZAG) in amino-acid sequence, elec-
trophoretic mobility, and immunoreactivity. The
2.8 Å crystal structure of ZAG resembles a class I
major histocompatibility complex (MHC) heavy
chain, although it does not bind class I light chain
β2-microglobulin. The ZAG structure includes a
large groove analogous to class I MHC peptide
binding grooves. Instead of a peptide, the ZAG
groove contains a nonpeptidic compound impli-
cated in lipid metabolism under pathological con-
ditions. Hirai et al. [38] also suggested that LMF
has a role in initiating hepatic glycogenolysis dur-
ing experimental cancer cachexia through an
increase in cyclic AMP in liver.

Anaemia-inducing factor (AIS), an approxi-
mately 50-kDa protein secreted by malignant
tumour t issue, depresses ery throcy te and
immunocompetent cell functions. AIS reduces

food intake, body weight, and body fat in rabbits; it
also shows an important lipolytic activity [39].

Todorov et al. [40] purified and characterised a
24-kDa proteoglycan, present in experimental ani-
mals [41] and in the urine of cachectic patients
[42], that seems to account for increased muscle
protein degradation and decreased protein synthe-
sis [43]. This compound, known as PIF (proteolysis
-inducing factor), activates protein degradation
specifically through stimulation of the ATP-protea-
some-dependent pathway. Injection of the com-
pound into healthy animals results in muscle wast-
ing, similar to that associated with experimental
cancer cachexia. In vitro studies on C2C12
myoblasts have shown that eicosapentaenoic acid
(EPA) blocks PIF action on proteolysis, in addition
to suggesting that PIF acts intracellularly via the
arachidonate metabolite 15-hydroxyeicosate-
traenoic acid (15-HETE) [44]. PIF also increases
NFκB expression in cultured cells (M. Tisdale, per-
sonal communication). Therefore, PIF may have a
constitutive role in normal states and become
altered or overproduced during cancer cachexia,
with important effects on muscle protein catabo-
lism and acute-phase protein (APP) synthesis in
this pathological state (Fig. 2).

Transcriptional Factors

At the moment there are few studies describing the
involvement of different transcriptional factors in
muscle wasting. Penner et al. [45] reported an
increase in NFκB and AP-1 transcription factors
during sepsis in experimental animals. Recent data
from our laboratory do not support an involve-
ment of NFκB in skeletal muscle during cancer
cachexia (unpublished data). However, tumour
burden results in a significant increase in the bind-
ing activity of AP-1. Interestingly, inhibition of
NFκB is not able to revert muscle wasting in
cachectic tumour-bearing animals [46]; however,
inhibition of AP-1 results in a partial reversal of
protein degradation in skeletal muscle associated
with tumour growth (unpublished data). The
increase in NFκB observed in skeletal muscle dur-
ing sepsis can be mimicked by TNF-α. Indeed,
TNF-α addition to C2C12 muscle cultures results
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in a short-term increase in NFκB [47, 48]; however,
whether or not this increase in NFκB promoted by
TNF-α is associated with increased proteolysis
and/or increased apoptosis in skeletal muscle
remains to be established. In relation to AP-1 acti-
vation, TNF-α has been shown to increase c-jun
expression in C2C12 cells [49]; in turn, the effects
of c-jun overexpression mimic those of TNF-α on
differentiation, i.e. decreased myoblast differentia-
tion [50]. Tumour mediators, PIF in particular,
also seem to be able to increase NFκB expression
in cultured muscle cells, this possibly being linked
with increased proteolysis (M. Tisdale, personal
communication). Other transcriptional factors
reported to be involved in muscle changes associ-
ated with catabolic conditions include c/EBPβ and
c/EBPδ, which are increased in skeletal muscle
during sepsis [51], PW-1, and PGC-1. TNF-α
decreases MyoD content in cultured myoblasts
[52] and blocks differentiation by a mechanism
that seems to be independent of NFκB and that
involves PW-1, a transcriptional factor related to
p53-induced apoptosis [53]. Cytokine action on
muscle cells, therefore, seems to rely most likely on
satellite cells blocking muscle differentiation or, in
other words, regeneration.

Finally, the transcription factor PGC-1 has
been associated with the activation of UCP2 and
UCP3 and with increased oxygen consumption by
cytokines in cultured myotubes [54]. This tran-
scriptional factor is involved as an activator of
PPAR-γ in the expression of uncoupling proteins.

Strategies To Fight Cachexia Based on
Cytokines and Transcriptional Factors

Since both anorexia and metabolic disturbances are
involved in cancer cachexia, the development of dif-
ferent therapeutic strategies has focused on these
two factors. Unfortunately, counteracting anorexia ei-
ther pharmacologically or nutritionally has led to
rather disappointing results in the treatment of can-
cer cachexia. It is basically for this reason that the
strategies mentioned below rely on neutralising the
metabolic changes induced by the tumour, which
are ultimately responsible for the weight loss. There-
fore, taking into account the involvement of cytokines
in cachexia, therapeutic strategies have been aimed
at blocking either their synthesis or their action.

For instance, TNF-α synthesis inhibitors have
been used therapeutically. Pentoxifylline, a methylx-
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Fig. 2. Interactions between pro-
inflammatory cytokines and PIF.
Both humoural (TNF-α and IL-6)
and tumoural (PIF) factors have
been shown to  activate intracellu-
lar muscle proteolysis by different
mechanisms, but possibly sharing
common pathways. For abbrevia-
tions, see text



antine derivative, was originally employed for the
treatment of various types of vascular insufficiency,
because of its haemorhoeological activity, thought
to be based on its ability to reduce blood viscosity
and increase the filterability of blood cells. While
several studies in animal models have suggested
that pentoxifylline is able to decrease the cytokine-
induced toxicity of anti-neoplasic agents, while pre-
serving anti-tumour treatment efficacy [55], clinical
studies have shown that the drug failed to improve
appetite or to increase the weight of cachectic
patients [56]. Rolipram is a type IV phosphodi-
esterase inhibitor that decreases TNF-α production
by lipopolysaccharide (LPS)-stimulated human
monocytes. This compound was previously used in
the treatment of endogenous depression in animals
and humans, and it may have therapeutic activity in
disease states in which TNF-α seems to play a role
in the pathogenesis, such as in endotoxic shock.
Thalidomide (α-N-phthalimidoglutaramide) is a
drug unfortunately associated with tragedy. Indeed,
its use as a sedative in pregnant women caused over
10000 victims of severe malformations in newborn
children. However, use of the drug has undergone
a revival since it was demonstrated to suppress
TNF-α production in monocytes in vitro and to
normalise elevated TNF-α levels in vivo. Its use in
cancer cachexia remains to be established but it
may have a specific role in counteracting TNF-α-
mediated metabolic changes [57].

The use of anti-cytokine antibodies (either
monoclonal or polyclonal) and cytokine receptor
antagonists or soluble receptors has led to very
interesting results. Thus, in rats bearing the
Yoshida AH-130 ascites hepatoma (a highly
cachectic tumour), anti-TNF-α therapy resulted in
a partial reversal of the abnormalities associated
with both lipid and protein metabolism [58]. In
humans, however, clinical trials using anti-TNF-α
treatment have led to poor results in reverting the
protein wasting associated with sepsis [59].
Concerning IL-6, experimental models have
proved that the use of antibodies is highly effective
in preventing tumour-induced wasting. Strassman
et al. [14] demonstrated that the experimental
drug suramine (which prevents the binding of IL-6
to its cell-surface receptor, as demonstrated by
radioreceptor binding assays and affinity binding

experiments) partially blocks the catabolic effects
associated with the growth of colon-26 adenocar-
cinoma in mice. In humans, administration of an
anti-IL-6 monoclonal antibody to patients with
AIDS and suffering from an immunoblastic or a
polymorphic large-cell cell lymphoma had a high-
ly posit ive effect on fever and cachexia.
Concerning other cytokines, anti-IFN-γ therapy
has also been effective in reverting cachexia in
mice bearing the Lewis lung carcinoma [18], but
clinical data are lacking. It has to be pointed out
here that the routine use of anti-cytokine antibod-
ies is, at present, too expensive, due to the fact that
this type of therapy requires a very large number
of antibody molecules in order to completely
block cytokine action.

The appearance of the cachectic syndrome is
dependent not only on the production of the
above-mentioned cytokines, known as catabolic
pro-inflammatory cytokines, but also on so-called
anti-inflammatory cytokines (Fig. 1), such as IL-4
and IL-10. Mori et al. [60] demonstrated that
administration of IL-12 to mice bearing colon-26
carcinoma alleviated the body weight loss and
other abnormalities associated with cachexia, such
as adipose tissue wasting and hypoglycaemia. The
anti-cachectic properties were obtained at low
doses of IL-12, insufficient to inhibit tumour
growth. The effects of IL-12 seem to be dependent
on an important decrease of IL-6, a cytokine
responsible for cachexia associated with this
tumour model. A similar action was described for
INF-α. Administration of this cytokine promoted a
decrease in IL-6 mRNA expression in the tumour
and in serum IL-6 levels, resulting in the ameliora-
tion of cachexia in a murine model of malignant
mesothelioma. IL-15 has been reported to be an
anabolic factor for skeletal muscle [61], and exper-
iments carried out in our laboratory clearly
demonstrate that the cytokine is able to reverse
most of the abnormalities associated with cancer
cachexia in a rat tumour model [62].

Additional anti-inflammatory strategies to
influence cytokine levels during cachexia include
the use of cyclooxygenase-2 inhibitors [63, 64].
These compounds, in addition to decreasing
cytokine levels in cancer, result in an improvement
in weight loss and cachexia.
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Concerning therapeutic strategies based on
events related to transcription factors in muscle
wasting, several points can be raised. First,
Kawamura et al. [65, 66] reported  an oligonu-
cleotide that competes with a NFκB-binding site
reverts cachexia in a mouse experimental model,
without affecting growth of the primary tumour.
This treatment, however, reduces the metastatic
capacity of colon-26 adenocarcinoma. In spite of
this, administration of curcumine to tumour-
bearing rats was unable to block muscle wasting,
implying that NFκB is not involved in the cachec-
tic response in this tumour model [48].

As noted above, AP-1 is clearly involved in
muscle wasting during sepsis [45] and in cancer
(unpublished data). Interestingly, administration
of an inhibitor of NFκB and AP-1 resulted in a par-
tial blockade of muscle wasting in rats bearing the
AH-130 Yoshida ascites hepatoma, a highly cachec-
tic rat tumour (unpublished data).

Conclusions

Since metabolic alterations often appear soon after
the onset of tumour growth, the scope of appropri-
ate treatment, although not aimed at achieving

immediate eradication of tumour mass, could
influence the course of the patient’s clinical state
or, at least, prevent the steady erosion of dignity
that the patient may feel in association with the
syndrome. This would no doubt contribute to
improving the patient’s quality of life and, possi-
bly, prolong survival. Although exploration of the
role that cytokines play in the host response to
invasive stimuli is an endeavour that has been
underway for many years, considerable controver-
sy still exists over the mechanisms of lean-tissue
and body-fat dissolution that occur in the patient
with either cancer or inflammation, and whether
humoural factors regulate this process. A better
understanding of the role of cytokines, both host
and tumour-derived [32], in the molecular mecha-
nisms of protein wasting in skeletal muscle, is
essential for the design of effective therapeutic
strategies. In any case, understanding the humour-
al response to cancer and modifying cytokine
actions pharmacologically may prove very suit-
able, and no doubt future research will concentrate
on this interesting field. Finally, understanding the
intracellular signalling mechanisms, particularly
those involving transcriptional factors, may also
be very important for achieving effective thera-
peutic approaches.
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Introduction

Cancer-related anorexia-cachexia syndrome
(CACS) may result from circulating factors pro-
duced by the tumour or by the host immune sys-
tem in response to the tumour, such as cytokines
released by ly mphocy tes and/or monocy te/
macrophages. A number of proinflammatory
cytokines, including interleukin (IL)-1, IL-6,
tumour necrosis factor (TNF)-α, interferon (IFN)-
α and IFN-γ, have been implicated in the patho-
genesis of cachexia associated with human cancer.
TNF-α was first identified by Rouzer and Cerami
[1] as a specific circulating mediator of the wast-
ing resulting from a chronic experimental infec-
tious disease. It was named cachectin and was sub-
sequently found to be identical to TNF-α .
However, data from numerous clinical and labora-
tory studies suggest that the action of cytokines,
although important, may not alone explain the
complex mechanism of CACS [2–5]. IL-1 and TNF-
α have been proposed as mediators of the host’s
response to inflammation [6]. Human IL-1 and
TNF-α administered to healthy animals produced
a significant reduction in their food intake [7].
High serum levels of TNF-α, IL-2, and IFN-γ have
been found in cancer patients or in experimental
animals with cancer [8], and, although IL-6 levels
appear to correlate with tumour progression in
animal models [8], current evidence supports a
role for IL-6 as a cachectic factor in the develop-
ment of cancer cachexia in an animal model sys-
tem [9]. Chronically elevated levels of these fac-
tors, either alone or in combination, are capable of
reproducing the different features of CACS [9–12].
More direct evidence of cytokine involvement in
CACS is provided by the observations that cachex-
ia in experimental animal models [4, 13, 14] can be
relieved by administration of specific cytokine

antagonists. These studies showed that cachexia
can rarely be attributed to any one cytokine but
rather is associated with a set of cytokines that
work in concert. These cytokines seem to play cen-
tral roles in both cachexia-related inflammation
and the acute-phase response [15].

Numerous evidence is provided in the litera-
ture on the role of cytokines in cancer cachexia.
Balkwill et al. found that 50% of 226 fresh serum
samples from cancer patients had a positive
response for TNF when tested in an enzyme-linked
immunoadsorbent assay [16]. More recently, TNF
was detected in the serum of children with acute
lymphoblastic leukaemia [17]. Similarly, consider-
able amounts of TNF have been found in the blood
of tumour-bearing rats [18, 19]. Strassmann et al.,
using a murine colon adenocarcinoma, have
shown that treatment with anti-mouse IL-6 anti-
body was successful in reversing the key parame-
ters of cachexia in tumour-bearing mice [20]. In
addition, in vitro studies of incubated rat skeletal
muscle have clearly shown that IL-6 has no direct
effect on muscle proteolysis.

Another interesting candidate for cachexia is
IFN-γ, which is produced by activated T and NK
cells and possesses biological activities that over-
lap with those of TNF. IFN-γ, is best known for its
ability to activate mononuclear phagocytes and to
enhance expression of class II MHC antigens.
Matthys et al., using a monoclonal antibody
against IFN-γ, were able to reverse the wasting
syndrome associated with the growth of the Lewis
lung carcinoma in mice [21], thus demonstrating
that IFN-γ is produced endogenously in tumour-
bearing mice and is instrumental in bringing
about some of the generalised metabolic changes
characteristic of cancer cachexia. Other cytokines,
such as leukaemia inhibitory factor (LIF) [22] and
transforming growth factor (TGF)-β [23], have
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also been proposed as mediators of cachexia.
Interestingly, the levels of both IL-6 and LIF are
increased in patients with different types of malig-
nancies. Ciliary neurotrophic factor (CNTF) is a
member of the family of cytokines that include IL-
6 and LIF and is produced predominantly by glial
cells of the peripheral nervous system [24].
Henderson et al. reported that CNTF induced
potent cachectic effects and acute-phase protein
synthesis in mice implanted with C6 glioma cells
that had been genetically modified to secrete the
cytokine [25]. Bearing these results in mind, it may
be concluded that, although TNF has a very impor-
tant role in the induction of cachexia, the metabol-
ic derangement leading to this pathological state
can also be influenced by other cytokines pro-
duced by immune cells in response to invasive
stimuli [26].

Proinflammatory Cytokines and the Acute-
Phase Response

Among the specific causes of CACS, there is evi-
dence of a chronic, low-grade, tumour-induced
activation of the host immune system that shares
numerous characteristics with the acute-phase
response found after major traumatic events and
septic shock. The latter is characterised by an
increased production of cytokines [27, 28]; high
levels of catecholamine, cortisol, and glucagon [27,
29–31]; increased peripheral amino-acid mobilisa-
tion and hepatic amino acid uptake [27, 32];
increased hepatic gluconeogenesis and acute-
phase protein production [27, 33, 34]; and
enhanced mobilisation of free fatty acids and
increased metabolism [35]. The acute-phase
response is a systemic reaction to tissue injury,
typically observed during inflammation, infection
or trauma. It consists of the release of hepatocyte-
derived plasma proteins, known as acute-phase
reactants, which include C-reactive protein, fib-
rinogen, complement factors B and C3, and of a
reduced synthesis of albumin and transferrin. An
acute-phase response is observed in patients with
cancer. In fact, the cytokines IL-1, IL-6, and TNF-α
are regarded as the major mediators of acute-
phase protein induction in the liver. Unfortunately,

the role played by these proteins during cancer
growth is still poorly understood.

Proinflammatory Cytokines and Anorexia

Another cause of CACS which, due to its particular
aspects and appearance, may be considered specif-
ic for the syndrome is decreased food intake.
Malnutrition may be considered a hallmark of
cancer cachexia and it is associated with anorexia
– that is, loss of appetite and/or decreased food
intake. Nutrition is a complex function resulting
from the contribution of peripheral and central
nervous afferents in the ventral hypothalamus.
Stimulation of the medial hypothalamic nucleus
inhibits feeding, while stimulation of the lateral
nucleus promotes food intake. Among peripheral
afferents, oral stimulation by pleasant tastes elicits
eating, whereas gastric distension inhibits it.

There is evidence that while the proinflamma-
tory cytokines IL-1, IL-6, and TNF-α are involved
in cancer-related anorexia and decreased food
intake (see below), they are probably not the only
mediators of CACS. Since multiple factors are
involved in the control of food intake, it is possible
that there are also many factors contributing to
tumour-associated anorexia. Indeed, anorexigenic
compounds are either released by the tumour into
the circulation or the tumour itself may induce
metabolic changes resulting in the release of such
substances by host tissues. Changes in tryptophan
levels in patients with cancer result in increased
brain serotonin synthesis and, thus, serotonergic
activity, which leads to reduced food intake. Other
factors could be involved in promoting inhibitory
afferents to the hypothalamus by stimulating sero-
tonergic and catecholaminergic fibres, such as
increased lactate and fatty-acid blood levels, both
of which are associated with tumour burden.

Few controlled clinical trials have investigated
the incidence of cancer-related reduction of food
intake: this may be because of the methodological
difficulties associated with human diet analysis
and the need for large patient and control groups.

A third potentially important cause of CACS
may be the abnormal functioning of neuropep-
tides, leptin, ghrelin, and/or their reciprocal inter-
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actions. Body weight loss is a strong stimulus of
food intake in humans. Therefore, the presence of
CACS in patients with cancer suggests a failure of
the adaptive feeding response. A large amount of
evidence has accumulated in the last few years on
the regulation of feeding and body weight. Leptin,
a recently discovered hormone produced by the
adipocyte ob gene, is an essential component of
the homeostatic regulation of body weight. Leptin
acts to control food intake and energy expenditure
via neuropeptidergic effector molecules within the
hypothalamus. Complex interactions take place
among the nervous, endocrine, and immune sys-
tems inducing behavioural and metabolic respons-
es. Proinflammatory cytokines, proposed as medi-
ators of CACS, may have a central role in the long-
term inhibition of feeding by mimicking the hypo-
thalamic effect of excessive negative feedback sig-
nalling from leptin. This could be by continuous
stimulation of anorexigenic neuropeptides, such as
serotonin- and corticotropin-releasing factor; by
inhibition of the neuropeptide Y orexigenic net-
work, consisting of opioid peptides and galanin;
and by the recently identified melanin-
concentrating hormone, orexin and agouti-related
peptide. Such abnormalities in the hypothalamic
neuropeptide loop in tumour-bearing animals lead
to the development of CACS. Although neuropep-
tide agonists/antagonists are currently used only
in the treatment of obesity, they may also consti-
tute an effective strategy for the treatment of
CACS, particularly in combination with other
agents with different mechanisms of action [36,
37]. A study by our group [38] demonstrated very
low leptin levels associated with high levels of
inflammatory cy tokines in patients with
advanced-stage cancer, several of whom had sig-
nificant body weight loss.

The Role of Proinflammatory Cytokines in
Cancer Cachexia: Personal Studies

In a series of papers, we reported that the serum
levels of proinflammatory cytokines (IL-1α and β,
IL-6, and TNF-α) in cancer patients, especially in
advanced-stage disease, are higher than those of
healthy subjects [39–44]. In a study carried out on

29 advanced-stage cancer patients with tumours at
different sites, we found that serum levels of proin-
flammatory cytokines, particularly IL-6, were sig-
nificantly higher in cancer patients than in healthy
individuals and that serum levels of proinflamma-
tory cytokines inversely correlated with those of
leptin [45]. In addition, there was a direct correla-
tion between Eastern Cooperative Oncology Group
performance status (ECOG PS) and serum levels of
proinflammatory cytokines, i.e. IL-6 and TNF-α
serum levels of patients with ECOG PS 0–1 were
significantly lower than those of patients with
ECOG PS 2–3. More interestingly, serum levels of
proinflammatory cytokines correlated with patient
survival. Very high levels of proinflammatory
cytokines, particularly IL-6 (and low levels of lep-
tin) correlated with a short survival time. Analysis
of clinical response, survival, and serum levels of
proinflammatory cytokines/leptin showed that:
patients with very high levels of proinflammatory
cytokines and very low serum levels of leptin died
earlier of progressive disease and had very short
survival (measured from the time of cytokines/lep-
tin evaluation). Patients with intermediate serum
levels of proinflammatory cytokines and leptin
survived longer or are still alive with progressive
disease. Patients with higher levels of leptin and
lower levels of proinflammatory cytokines had the
longest survival and are still alive and in a clinically
objective response (complete response or partial
response) or stable disease.

Whether tumour- or host-derived cytokines act
by overruling the normal weight homeostasis in
CACS or through a different pathway remains to
be clarified. Since most authors, including us, have
failed to find high leptin concentrations in cancer
patients who lost body weight [46, 47], those with
AIDS [48], or the elderly [49], an alternative expla-
nation of CACS involves corticotropin-releasing
hormone (CRH) pathways. Several cytokines, such
as IL-1α, IL-6, and TNF-α, by increasing hypothal-
amic CRH gene expression, may activate the same
CRH pathway as the leptin-catabolic effector sys-
tem [50]. Considering that the leptin receptor is a
member of the class I cytokine receptor family,
and that leptin activates intracellular signal trans-
duction pathways common to many cytokines, it is
possible that some cytokines, such as the proin-
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flammatory ones, act as leptin-like factors and
mimic the effect of leptin, decreasing energy
intake and increasing energy expenditure [50].
Putting into correlation the serum values of proin-
flammatory cytokines with the patient clinical fea-
tures, we suggest that the former may offer a use-
ful surrogate marker of patient nutritional and
general performance status. Moreover, we consider
them predictive of patient survival.

In another study [38], we investigated the pres-
ence of a correlation between cytokines (and other
biological parameters such as CRP, leptin, and
antioxidant enzyme) and the clinically most
important indices, such as disease stage and ECOG
PS. A direct correlation between stage/ECOG PS
and serum levels of proinflammatory cytokines,
particularly IL-6 and CRP, was observed such that
the serum levels of IL-6 and CRP progressively
increased from stage II/ECOG 0–1 to stage
IV/ECOG 2–3. Patients at advanced stage and most
compromised PS had the highest levels of IL-
6/CRP and the lowest levels of leptin, IL-2, and
antioxidant enzymes. Thus, it can be hypothesised
that in this group of cancer patients the high levels
of proinflammatory cytokines severely impaired
the energetic and specific metabolic (i.e. glucose,
proteic, and lipid) balance [42, 43], thereby pre-
venting the physiological ability of the organism to
maintain body redox equilibrium by synthesising
the appropriate amount of antioxidant enzymes.

In one of our very recent papers we found that
high levels of proinflammatory cytokines and
increased oxidative stress may contribute to the
development of cancer-related anemia. We assessed
a population of previously untreated patients with
advanced epithelial ovarian cancer to evaluate
whether there was a correlation between hemoglo-
bin (Hb) and parameters of inflammation and
oxidative stress, stage of disease, and performance
status (PS). In 91 patients with epithelial ovarian
cancer and 95 healthy women matched for age,
weight, and height, levels of Hb, C-reactive protein

(CRP), fibrinogen (Fbg), proinflammatory
cytokines, leptin, reactive oxygen species (ROS),
and antioxidant enzymes were assessed at diagno-
sis before treatment.

The correlations between Hb, parameters of
inflammation and oxidative stress, stage, and PS
were evaluated. Hb levels were lower in patients
with advanced epithelial ovarian cancer than in
control subjects and inversely related to stage and
PS. Hb negatively correlated with CRP, Fbg, inter-
leukin 1β (IL-1β), IL-6, tumor necrosis factor α
(TNF-α), and ROS, and positively correlated with
leptin and glutathione peroxidase (GPx).
Multivariate regression analysis showed that stage
and IL-6 were independent factors determining Hb
values. This evidence suggests that anemia in
epithelial ovarian cancer is related to stage of dis-
ease and markers of inflammation [51].
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Introduction

Progressive atrophy of skeletal muscle in cancer
cachexia leads to reduced power output and weak-
ness (asthenia), resulting in reduced physical activi-
ty and a lower quality of life of the cancer patient.
Eventually, loss of respiratory muscle becomes so
extensive that function becomes significantly
impaired, resulting in death through hypostatic
pneumonia. Death normally occurs when patients
have lost about 35% of their ideal body weight.

Certain cytokines, such as tumour necrosis fac-
tor (TNF)-α, interleukins (IL)-1 and IL-6 and inter-
feron (IFN)-γ have been identified from experimen-
tal models of cancer cachexia as possible mediators
of the loss of muscle mass. However, clinical studies
in patients with advanced and terminal cancers of
various types have found no correlation between
circulating levels of these cytokines and weight loss
and anorexia [1]. It has been suggested that increas-
es in cytokines may be transient, but raised concen-
trations have been found in patients with other
types of cachexia, such as in septicaemia [2] and in
AIDS [3]. It has also been suggested that cytokines
have a local effect, and that they are elevated in tar-
get tissues without an increase in overall serum lev-
els. A characteristic of cytokines is that they inhibit
the enzyme lipoprotein lipase (LPL) in adipose tis-
sue, thus preventing triglyceride synthesis.
However, in a study by Thompson et al. [4], not only
were they unable to detect elevated serum levels of
TNF-α in cancer patients, but the total LPL activity
in adipose tissue, and the relative levels of mRNA
for LPL and fatty acid synthase were not signifi-
cantly different between cancer patients and con-
trols. This suggests that, although cytokines have
the potential to produce cachexia, and may well be
important in tissue wasting in some conditions,
such as sepsis and AIDS, they may not play a major
role in cancer cachexia. This necessitated the search
for alternative factors specific for cancer cachexia.

Alternative Models of Cachexia

Most of the studies that have identified cytokines as
important determinants in cancer cachexia have em-
ployed rat tumours. These tumours tend to grow rap-
idly, have a strong anorectic component, and may re-
quire large tumour masses before cachexia is appar-
ent. However, most human tumours grow slowly, can
produce cachexia in the absence of anorexia [5], and
the tumour mass does not normally exceed 5% of the
body weight. In human cachexia, there is also evi-
dence for a circulatory factor capable of inducing pro-
tein degradation in skeletal muscle in patients with
weight loss > 10% [6].

MAC16 is a chemically induced, transplantable
adenocarcinoma of the colon, that is passaged in in-
bred NMRI mice [7]. In male animals, weight loss oc-
curs when the tumour mass comprises more than
0.3% of body weight and reaches 30% when the tu-
mour represents just 3% of body weight [8]. Weight
loss involves a decrease in both carcass fat and skele-
tal muscle mass and is directly proportional to the
weight of the tumour. Weight loss occurs in the ab-
sence of anorexia, and is associated with the pres-
ence of circulatory factors capable of directly induc-
ing lipolysis in adipose tissue and protein degradation
in skeletal muscle [8]. This tumour is, therefore, very
similar to the metabolic component of human cancer
cachexia, and has been used extensively for the isola-
tion of tumour catabolic products, and for the evalu-
ation of potential anti-cachectic agents.

Isolation and Structure of Proteolysis-
Inducing Factor

Initial attempts to purify a lipid mobilising factor
(LMF) from the MAC16 tumour, using anion
exchange chromatography, revealed the presence of
a 24-kDa band on Western blotting, detected using
serum from mice bearing the MAC16 tumour [9].
Antibodies to the 24-kDa material were not present
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in the serum of mice bearing the MAC13 tumour,
which is histologically similar to the MAC16
tumour but which does not induce cachexia. A simi-
lar 24k-Da band on Western blots was detected
using serum from MAC16-tumour-bearing mice,
but not from those bearing the MAC13 tumour, in
the urine of patients with cancer cachexia. This
band was not present in Western blots of urine from
normal subjects. These results suggested that the
24-kDa material was closely associated with the
development of cachexia in mice and humans.

An antibody to the 24-kDa material was cloned
from hybridomas produced by the fusion of spleno-
cytes from mice bearing the MAC16 tumour and
mouse myeloma cells [10]. The cloned antibody was
used to isolate the 24-kDa factor by immunoaffinity
chromatography and reverse-phase hydrophobic chro-
matography [11]. The purified material was found to
be resistant to a range of proteolytic enzymes, but
fragmentation was achieved using both peptide-N-gly-
cosidase F and endo-α-N-acetylgalactosaminidase,
suggesting the presence of both N- and O-glycan
chains. Lectin blotting suggested the presence of Gal
β (1→4) N-acetylglucosamine units [10]. Further
structural studies revealed the 24-kDa material to be
a sulphated glycoprotein with a central polypeptide
core of Mr 4000, one O-linked sulphated oligosaccha-
ride chain of Mr 6000 and one N-linked oligosaccha-
ride chain of Mr 10 000, both containing N-acetylglu-
cosamine [12] (Fig. 1). The molecular mass of the 24-
kDa material was subsequently confirmed by MALDI-
TOF mass spectrometry, which showed a broad peak
in this region, which may have been due to the pres-
ence of multiple species arising from the microhetero-
geneity normally associated with the presence of gly-
coforms [13].

Examination of the sequence of the human
genome revealed that the gene for the polypeptide
core of this proteolysis-inducing factor (PIF) is
located on chromosome 12. Two peptides with
100% homology to PIF have been reported; an
antimicrobial peptide, called dermicidin, secreted
by sweat glands [14], and a neuronal survival pep-
tide, called Y-P30 [15]. Neither of these peptides are
glycosylated, and it is the oligosaccharide chains on
PIF that are responsible for its biological activity
[12]. Thus, neither of the homologous peptides
would be expected to produce the same biological
effects as PIF.

Tumours as Source of PIF

The 24-kDa factor was initially isolated from the
murine cachexia-inducing MAC16 tumour [11], but
it was also found to be present in the urine of
patients with carcinoma of the pancreas, breast,
ovary, lung, colon, rectum, and liver in whom the
rate of weight loss was ≥ to about 1 kg per month
[16]. Patients who were weight-stable or in whom
the rate of weight loss was < 1 kg month showed no
evidence for excretion, even though they had the
same tumour types. Subjects with weight loss asso-
ciated with conditions other than cancer, such as
sepsis, multiple injuries, major surgery, and sleep-
ing sickness, showed no evidence for urinary secre-
tion of the 24-kDa material, even though the rate of
weight loss was higher than in cancer patients.
Immunohistochemistry with the MAC16 mono-
clonal antibody showed that the 24-kDa material
was present in the cytoplasm of tumours of the gas-
trointestinal tract, and a correlation was obtained
between expression in tumours, detection in urine,
and weight loss in cancer patients [17]. RT-PCR
studies allowed the detection of PIF mRNA in
prostate carcinoma cell lines, in primary prostate
carcinoma tissue, and in its osseous metastasis [18].
In situ hybridisation showed that the mRNA was
localised only in the epithelial cells of the tumour
tissue, but not in the adjacent nonmalignant
prostate epithelial cells or stromal cells. It was also
present in the metastatic foci in bone, liver, and
lymph node. The central core protein was detected
in nine of 14 prostate carcinoma metastases, but not
in normal prostate tissue or in patients with organ-
confined tumours, and was present in nine of 19
urine specimens from prostatic carcinoma patients,
but not in 19 urine samples of noncachectic
patients, as previously observed [16, 17]. These
results demonstrate that prostate carcinoma cells
express the 24-kDa glycoprotein, that it is identical
to the factor originally found in the murine MAC16
tumour [11], and that its expression is associated
with disease progression and the development of
cachexia.

The 24-kDa factor is not only associated with
the development of cachexia in the MAC16 model,
but may also play a major role in other cachexia
models previously thought to involve cytokines.
Thus, IL-6 has been suggested to be the mediator of
cachexia in the murine colon 26 model, since serum
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levels of this cytokine appeared to correlate with
the development of cachexia [19], and administra-
tion of anti-IL-6 monoclonal antibody, but not anti-
TNF-α monoclonal antibody, attenuated the devel-
opment of weight loss and other parameters of
cachexia. However, other data [20, 21] raised doubts
as to whether IL-6 alone is responsible for cachexia
in this model. Two variants of the colon 26 tumour
were developed [22]: cachexia-inducing (clone 20)
and non-cachectic (clone 5). Serum IL-6 levels were
found to be elevated in mice transplanted with
either clone, suggesting that IL-6 alone is not
responsible for the development of cachexia.
However, mice transplanted with the clone 20 vari-
ant showed evidence for the 24-kDa factor in
tumour, serum, and urine, while mice transplanted
with the clone 5 variant showed no evidence for the
factor in tumour, serum, and urine [23]. These
results suggest that the 24-kDa factor acts together
with IL-6 to induce cachexia in colon 26 adenocar-
cinoma. Further evidence for the importance of the
24-kDa factor in the development of cachexia in
this model was the disappearance from tumour,
serum, and urine in mice bearing the clone 20 vari-
ant, concomitant with attenuation of cachexia
development after treatment with the fluorinated
pyrimidine nucleoside 5α-deoxy-5-fluorouridine.
This suggests that it should be possible to design
anti-cachectic drugs targeted to interfere with
biosynthesis of the 24-kDa factor.

Biological Effects of PIF

Since the 24-kDa glycoprotein was originally puri-
fied with LMF, it was thought that it may be a lipoly-
sis-inducing agent. However, it was found not to have
an effect on adipose tissue, but instead induced pro-
tein degradation in isolated skeletal muscle [12]. It was
therefore given the name proteolysis-inducing factor
(PIF), and is likely to be the serum factor previously
identified as inducing protein breakdown in skeletal
muscle [6].Biological activity was destroyed by prein-
cubation with peptide N-glycosidase F and α-N-acetyl-
galactosaminidase, but not by neuraminidase or
trypsin, suggesting that the N- and O-linked sulphat-
ed oligosaccharide chains are the biological determi-
nants [12].When administered intravenously to nor-
mal mice, PIF, isolated from either the MAC16 tu-
mour [11] or from the urine of patients with cancer

cachexia [16], produced about 10% weight loss over
a 24-h period without a reduction in food and water
intake. The cachectic action of PIF was completely
attenuated by pretreatment with the MAC16 mono-
clonal antibody, confirming that PIF from mice [11]
and humans [16] is immunologically identical. Body
composition analysis [16] showed that the majority of
the weight loss was due to a loss of lean body mass.
As in cancer cachexia, PIF produced a specific loss of
skeletal muscle, while there was little effect on viscer-
al protein reserves [24]. The decrease in lean body
mass was accounted for by an increase (50%) in pro-
tein degradation, and a decrease (50%) in protein
synthesis in gastrocnemius muscle [25].Protein degra-
dation was significantly decreased and protein synthe-
sis increased to control values in mice pretreated with
the monoclonal antibody.

A number of studies have shown that the pre-
dominant pathway mediating intracellular protein
degradation in cancer cachexia is the ubiquitin-pro-
teasome proteolytic pathway [24]. In mice bearing
the MAC16 tumour, there are increased levels of
ubiquitin-conjugated proteins and increased mRNA
levels for proteasome subunits and the 14-kDa
ubiquitin carrier protein E2 in skeletal muscle [24].
Administration of PIF to normal mice also caused
increased expression of the ubiquitin-proteasome
pathway in skeletal muscle, but not in visceral tis-
sues [26]. These effects were also seen in tissue cul-
ture when murine myoblasts [26] or myotubes [27]
were incubated with PIF for a 24-h period. The
same concentrations of PIF as those inducing total
protein degradation were also effective in inducing
proteasome expression.

These results suggest that PIF plays a pivotal
role in protein catabolism in cancer cachexia. Thus,
PIF was detected in the urine of 80% of patients
with pancreatic carcinoma, and these patients had a
significantly greater total weight loss and rate of
weight loss than patients whose urine did not con-
tain PIF [28].

In addition to its effects on skeletal muscle, PIF
is involved in hepatic gene expression [29].
Treatment of primary cultures of human hepato-
cytes and the human cell line Hep G2 with PIF acti-
vates the transcription factors nuclear factor-κB
(NF-κB) and signal transducers and activators of
transcription (STAT3), which result in the increased
production of IL-6, IL-8, and C-reactive protein
(CRP), and the decreased production of transferrin.
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Thus, PIF is likely to be involved in the proinflam-
matory response observed in cachexia.

PIF may also play other roles in tumour patho-
genesis outside the cachectic process. For example,
it may contribute to tumour metastasis by inducing
the expression of IL-8 and IL-6 in endothelial cells,
as well as the cell-surface adhesion molecules inter-
cellular adhesion molecule (ICAM)-1 and vascular
cell adhesion molecule (VCAM), while reducing
expression of the transmembrane proteoglycans
syndecan-1 and syndecan-2 [30].

The normal role of PIF is unknown, but it is
unlikely to be involved in normal cellular home-
ostasis, since mice transplanted with the MAC16
tumour produced antibodies to PIF [9]. Instead, the
normal role of PIF may be in embryonic develop-
ment, since PIF expression peaks in the mouse at
embryonic day 8.5, a stage that is crucial in the
development of skeletal muscle and liver [29]. In
addition, vascular development, in particular
umbilical arteries, also occurs at E8.5, and the
organisation of endothelial cells into vessels
requires cell-to-cell adhesion and thus cell-surface
proteins, such as cadherin and ICAM. Syndecan-1 is
also expressed at E8.5 and the decrease in its
expression induced by PIF [30] suggests a role in
development through the initiation of shedding of
the functioning ectoderm portion of syndecan,
allowing movement of the tissue to areas necessary
for growth and development. It is likely that PIF
production is shut off sometime before birth, but
that certain tumours regain the ability to synthesise
PIF through glycosyltransferases whose expression
is normally restricted to the embryonic period. It is
known that production of the polypeptide core of
PIF continues into the adult [14, 15], so it is less
likely that PIF expression is regulated through pro-
duction of the protein.

Mechanism of Muscle Protein Degradation by
PIF

The transcription factor NF-κB may also be impor-
tant in PIF-induced expression of the ubiquitin-
proteasome pathway in skeletal muscle, in addition
to its role in liver and endothelial cells [31]. In
murine myotubes that were used as a surrogate
model of skeletal muscle, PIF produced a transient
decrease in the cytosolic NF-κB inhibitor protein

IκBα. This was accompanied by increased nuclear
migration of NF-κB, at the same concentrations of
PIF as those inducing protein degradation, and
increased expression of the regulatory components
of the ubiquitin-proteasome proteolytic pathway.
Moreover, the PIF-induced increase in proteasome
activity was attenuated by the NF-κB inhibitor pep-
tide SN50, suggesting that NF-κB is involved in
increasing proteasome gene expression.

The mechanism for the activation of NF-κB has not
been fully delineated, but the first step appears to be
the release of arachidonic acid from membrane phos-
pholipids and its rapid metabolism to eicosanoids
[32]. PIF was shown to increase the expression of cal-
cium-independent cytosolic phospholipase A2 (PLA2)
at the same concentrations as those inducing protea-
some expression, and inhibitors of PLA2 inhibited the
induction of proteasome activity [33]. Of the
eicosanoids formed in response to PIF, only one, 15-
hydroxyeicosatetraenoic acid (15-HETE),a product of
the action of 15-lipoxygenase (15-LOX) on arachi-
donic acid, was capable of inducing protein degrada-
tion in murine muscle cells [32]. An inhibitor of 15-
LOX,2,3,5-trimethyl-6-(3-pyridylmethyl)-1,4-benzo-
quinone (CV-6504), was shown to be an effective in-
hibitor of cachexia in mice bearing the MAC16 tumour
[34], reflecting the importance of this pathway in
muscle atrophy. 15-HETE appears to be an important
intracellular signal for the induction of the ubiquitin-
proteasome proteolytic pathway by PIF [35].15-HETE
acts like PIF to stimulate degradation of IκBα and in-
crease nuclear binding of NF-κB. In addition, protea-
some activity, increased by addition of exogenous 15-
HETE to murine myotubes, is also attenuated by the
NF-κB inhibitor peptide SN50 [35].

The PIF-induced increase in protein degrada-
tion in muscle, but not the inhibition of protein
synthesis, is effectively attenuated by the polyunsat-
urated fatty acid eicosapentaenoic acid (EPA) [32].
EPA has been shown to inhibit the onset of cachexia
in mice bearing the MAC16 tumour, with a preser-
vation of lean body mass through a reduction in
protein degradation, but, as with PIF [32], without
an effect on protein synthesis [36]. The effect is spe-
cific for EPA and is not seen with other polyunsatu-
rated fatty acids. The action of EPA on muscle pro-
tein breakdown is achieved by down-regulation of
the increased expression of the ubiquitin-protea-
some pathway, with increased levels of the myofib-
rillar protein myosin [37]. EPA has been shown to
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be effective in attenuating further weight loss, and
stabilising body weight in weight-losing patients
with advanced pancreatic cancer [38]. This might
be expected if EPA attenuated protein degradation.
When EPA was administered together with a high-
protein supplement to stimulate protein synthesis,
patients with pancreatic cancer who were initially
losing weight at a rate of 2.9 kg per month showed
significant weight gain at both 3 (median 1 kg) and
7 weeks (median 2 kg) [39]. Moreover, body compo-
sition analysis showed that this weight gain was
entirely lean body mass. Thus, while nutritional
supplementation alone is ineffective in restoring
lean body mass [40], it becomes effective when
combined with an inhibitor of protein degradation.

EPA acts at several steps in the signalling cas-
cade induced by PIF in skeletal muscle (Fig. 2), lead-
ing to increased expression of the ubiquitin-protea-
some pathway. Thus, EPA reduces the release of
arachidonic acid in response to PIF and the conver-
sion to 15-HETE [32]. In addition, EPA blocks the
action of 15-HETE added exogenously to muscle
cells, suggesting that it acts at a further step in the
pathway [35]. EPA was shown to attenuate binding
of NF-κB in the nucleus by stabilisation of the NF-
κB/IkB cytoplasmic complex. The mechanism

behind this effect must involve the signalling steps
by which 15-HETE induces degradation of IκBα, by
inhibiting the phosphorylation process, which is
critical for IκBα degradation by the ubiquitin-pro-
teasome pathway.

The mechanism by which PIF induces expres-
sion of the ubiquitin-proteasome proteolytic path-
way in cancer cachexia may be the same in other
catabolic conditions. Thus, both EPA and the 15LOX
inhibitor CV-6504 attenuated the increased protein
degradation and expression of components of the
ubiquitin-proteasome pathway in soleus muscle of
mice after acute starvation [41]. These results sug-
gest that protein catabolism in starvation and can-
cer cachexia is mediated through a common path-
way, which is likely to involve a lipoxygenase
metabolite as a signal transducer.

Conclusions

PIF is a novel sulphated glycoprotein, secreted only
by cachexia-inducing tumours, that may play a
major role in muscle atrophy in cancer cachexia.
PIF may serve as an appropriate target for the
development of anticachectic agents.
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Introduction

During disease, a formidable biological fight
occurs between invading cells and the defending
host. As a consequence, both sides use all the avail-
able weapons to succeed: invaders will try to shut
off the host defence systems while the host will try
to isolate and destroy the invaders. Metabolic per-
turbations inevitably develop and, if the challenge
is prolonged over time, changes in body composi-
tion occur. Thus, cachexia could be considered as
‘collateral damage’ in the fight between invading
cells and the defending host.

Cachexia involves weight loss, particularly
from skeletal muscle and adipose tissue, anaemia,
and fatigue, and is frequently accompanied by
anorexia. It is pervasive among patients suffering
from chronic diseases, but it has been particularly
investigated during tumour growth. However, most
of the mechanisms triggering cachexia in cancer
appear to also be present in other catabolic states.
Thus, this chapter will focus on the changes in
lipid metabolism and the role of lipid mobilising
factor (LMF) in cancer states, but the biochemical
pathways described are reasonably the same as
those leading to fat loss in other chronic diseases.

Lipid Metabolism and Fat Loss in Cancer
Patients

The pathophysiology of cancer cachexia is multi-
factorial and involves many different mediators
producing various metabolic effects that could be
categorised as metabolic effects of the tumour on
the host, and metabolic effects of the host’s
response to the tumour [1]. As previously men-
tioned, cachexia is characterised by profound
changes in intermediary metabolism, particularly

in lipid metabolism. Fat loss is frequently observed
in cancer cachexia as well as in starvation, since
adipose t issue comprises 90% of adult fuel
reserves. Cachectic cancer patients show increased
glycerol and fatty-acid turnover compared to nor-
mal subjects [2]. Also, their fasting plasma glycerol
concentrations are higher, suggesting increased
lipolysis [3]. In healthy individuals, lipid mobilisa-
tion is suppressed by glucose administration. In
cancer patients, glucose infusion does not suppress
lipid mobilisation and fatty acid oxidation [4].
This phenomenon appears as an early event in
cancer patients, occurring even before weight loss
and cachexia develop [5].

Lipid Mobilising Factor

A series of clinical and experimental data have in-
dicated that the changes in lipid metabolism char-
acterising tumour growth are mediated by a LMF
produced by the tumour [6, 7]. This factor acts di-
rectly on adipocytes and stimulates lipolysis in a
cyclic-AMP (cAMP)–dependent manner by a mech-
anism similar to that of lipolytic hormones [8]. This
effect appears peculiar to LMF, since cytokines,
which are known to influence lipid metabolism, in-
hibit the clearing enzyme lipoprotein lipase [9].
This, in turn, prevents adipocytes from extracting
fatty acids from plasma lipoproteins for storage, re-
sulting in a net flux of lipid into the circulation.
However, the total lipoprotein lipase activity in the
adipose tissue of cancer patients and the relative
levels of the mRNA for lipase and fatty-acid synthase
do not differ from those of controls [10]. There is,
however, a twofold increase in the relative level of
mRNA for hormone-sensitive lipase, suggesting that
lipolysis is the major mechanism for lipid mobilisa-
tion in cancer cachexia.
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Todorov et al. isolated a LMF from a cachexia-
inducing murine tumour (MAC16) and from the
urine of patients with nonresectable pancreatic
carcinoma and weight loss [11]. The LMF was
characterised as a protein of 43 kDa that was
homologous with the plasma protein Zn-α2-glyco-
protein (ZAG) with respect to amino acid
sequence, electrophoretic mobility, and
immunoreactivity. Both the 43-kDa protein and
LMF stimulated adenylate cyclase in murine
adipocyte plasma membranes in a GTP-dependent
process and caused the release of glycerol from
isolated adipocytes [12]. Mice treated with LMF
decreased their body weight by losing carcass
lipid, without any effect on food or water intake,
but probably in relationship with increased energy
expenditure, since an increase in oxygen uptake by
interscapular brown adipose tissue (BAT) was also
observed. This increase is likely to be related to
changes in expression of uncoupling proteins
because [13] increased thermogenesis in BAT can
increase total energy expenditure and thus con-
tribute to tissue wasting. Supporting this reason-
ing, it has been demonstrated that the resting
energy expenditures of patients with lung and
pancreatic carcinomas were higher than those of
control subjects [14, 15].

In vitro studies showed that LMF-induced
lipolysis is attenuated by the β-adrenergic receptor
blocker propranolol [8], and propranolol was
shown to reduce the basal metabolic rate of cancer
patients [16]. These findings and the evidence
showing that LMF stimulates BAT oxygen con-
sumption indicates that a β3-adrenergic receptor
is involved in this action. β3-Adrenergic agonists
up-regulate uncoupling protein-1, leading to a net
increase in energy utilisation [17]. Resting energy
expenditure, whole-body oxygen uptake, and car-
bon dioxide production were found to be
increased in cancer patients with progressive
weight loss after β-adrenoreceptor blockage [18].
Therefore, it was concluded that wasting of body
tissues can be explained in part by increased β-
adrenoreceptor activity leading to elevated cardio-
vascular activity, and that production of LMF by
cachectic tumours accounts for the loss of body fat
and the increase in energy expenditure. This rea-
soning is supported by more recent evidence

showing that induction of lipolysis in murine
white adipocytes, and stimulation of adenylate
cyclase in adipocyte plasma membranes, by a
tumour-produced LMF, are attenuated by low con-
centrations of a specific β3-adrenoceptor antago-
nist [19]. Therefore, it appears that β3-adrenore-
ceptors are critical in mediating the metabolic
effects of LMF.

The molecular mechanisms underlying the
lipolytic effects of LMF have yet to be completely
elucidated. However, it has been shown that the
induction of lipolysis and formation of cyclic AMP
by LMF are up-regulated in adipose tissue of
cachectic mice bearing the MAC16 tumour. The
up-regulated response is due to a modification of
receptor number of guanine nucleotide-binding
protein (G-protein) expression. The G-proteins
involved in the adenylate cyclase pathway are
members of the Gs and Gi families, which stimu-
late and inhibit adenylate cyclase, respectively.
Adipocyte plasma membranes contain 2 Gs α-sub-
units and 2 Gi α-subunits, but not Go. A number of
stimuli control G-protein expression in adipose
tissue. LMF reduces membrane Gαi expression
and increases expression of Gαs, changes that
favour mobilisation of lipid stores from adipocytes
and hence facilitate host tissue catabolism [20].
Thus, tumours secreting LMF maximise the catab-
olism of adipose tissue by continuous production
of this lipolytic stimulus, together with increases
in Gαs/Gαi, which sensitise adipocytes to a range
of lipolytic stimuli. Very interesting, and promis-
ing on a therapeutic level, is the evidence that the
polyunsaturated fatty acid eicosapentaenoic acid
(EPA) inhibits both lipolysis and adenylate cyclase
stimulation by LMF via direct attenuation of the
action of LMF on G-protein expression in adipose
tissue [20].

LMF as Physiological Mediator of Lipolysis in
Adipocytes

Recent data suggest that LMF is produced not only
by tumour cells, but by adipose cells as well. As
previously mentioned, LMF was first purified from
a murine adenocarcinoma and from the urine of
patients with cancer cachexia [11]. This factor has
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been shown to be identical to ZAG, a 43-kDa pro-
tein originally isolated from human plasma.
Murine and human ZAG display 59% amino acid
sequence homology, but share up to 100% identity
in regions thought to be critical in lipid metabo-
lism. The powerful lipid-mobilising effects of ZAG
together with the secretory function of adipocytes
have led to the hypothesis that ZAG is produced
locally by adipose tissue and influences lipid
breakdown within the tissue. In a study of ZAG
gene expression and protein content in adipose
tissue that was aimed at testing this hypothesis,
Bing et al. found that ZAG is produced by murine
and human white adipose tissue, traditionally con-
sidered as the major site of energy storage, and in
BAT [21]. Furthermore, ZAG mRNA and protein
levels were markedly increased in the adipose tis-
sue of mice with cancer cachexia. It was therefore
speculated that ZAG serves as a unique protein
factor in the local modulation of lipid metabolism
and contributes particularly to the substantial
reduction of adiposity that occurs in cancer
cachexia. Finally, ZAG may also influence the pro-
duction of other adipokines since, according to a
very recent report, the protein stimulates the
expression of adiponectin in transfected 3T3-L1
cells [22].

LMF as a Pleiotropic Mediator

In addition to its well-established effects on lipid
metabolism, LMF appears to influence other meta-
bolic pathways. In an elegant series of in vitro
studies, it was shown that LMF increases muscle
mass by an increase in protein synthesis and a
decrease in protein catabolism [23]. The effect on
protein synthesis appears to arise from increases
in intracellular cAMP, possibly mediated through
stimulation of a β3-adrenergic receptor. Since LMF
was also found to stimulate protein synthesis in
tumour cells, it could be speculated that it func-
tions to increase overall tumour bulk without
affecting cellular proliferation.

Energy metabolism is profoundly deranged
during tumour growth. The mitochondrial uncou-
pling proteins (UCP)-1, -2, and –3 likely play
essential roles in energy dissipation and disposal

of excess lipid. As previously mentioned, in a
murine model of cancer cachexia, the expression
of uncoupling proteins is increased. Recent data
indicate that LMF could be involved in inducing
this up-regulation [24], and suggest that UCPs
utilise excess lipid mobilised during fat catabolism
in cancer cachexia.

Glucose metabolism is also affected by LMF.
Treatment of ex-breeder male NMRI mice with
LMF isolated from the urine of cachectic cancer
patients caused a significant increase in glucose
oxidation to CO2, compared with control mice
receiving phosphate-buffered saline [25]. Glucose
utilisation was elevated in brain, heart, BAT, and
gastrocnemius muscle. The tissue glucose meta-
bolic rate was increased almost threefold in brain,
accounting for the ability of LMF to decrease
blood glucose levels. LMF also increased overall
lipid oxidation. There was a significant increase in
lipid accumulation in plasma, liver, and white and
brown adipose tissue after administration of LMF.
These results provide further evidence that
changes in carbohydrate metabolism and loss of
adipose tissue, together with increased whole-
body fatty acid oxidation in cachectic cancer
patients, may arise from tumour production of
LMF.

An interesting question is whether there is any
survival advantage to tumours that produce cata-
bolic factors such as LMF. Tumours preferentially
use glucose rather than lipids as an energy source
due to the low oxygen tension. Since UCP-2 is
thought to be involved in counteracting oxidative
damage, if LMF induced UCP-2 expression in the
tumour, this may be important in detoxifying free
radicals, which are produced in excess during
cachexia. Many anticancer drugs, such as adri-
amycin, bleomycin, and mitomycin C, exert their
action through the generation of reactive oxygen
radicals, and induction of UCP-2 by LMF may pro-
tect tumour cells from their cytotoxic action. This
important issue was recently addressed experi-
mentally, and the results showed that LMF antago-
nises the antiproliferative effect of agents working
through a free-radical mechanism, which may
partly explain the unresponsiveness to chemother-
apy of cachexia-inducing tumours [26].
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Conclusions

There is a large bulk of evidence indicating that tu-
mour-derived LMF is critical in mediating, in part,
the changes in lipid, protein, glucose, and energy
metabolisms that characterise tumour growth, and
possibly other catabolic states, ultimately resulting in
cachexia. Since these metabolic effects occur early
during the disease, even before weight loss devel-
ops, there is an urgent need for early therapeutic in-

tervention aimed at preventing/counteracting the
detrimental consequences of LMF and other catabol-
ic mediators on nutritional status. Interestingly, EPA
appears to be effective in attenuating the metabolic
alterations induced by LMF. Even more interesting is
evidence showing that ZAG, an endogenous LMF,
may act as modulator of lipolysis under physiolog-
ical conditions, thus providing researchers in the
obesity field with a novel and potentially highly ef-
fective therapeutic target.
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Introduction

Weight loss is frequently seen in patients with
advanced cancer and has long been recognised to
be associated with decreased survival [1]. Cancer
cachexia is a complex syndrome depending on
cytokines, eicosanoids, and classical hormones,
and characterised by progressive weight loss with
depletion of host reserves of skeletal muscle and
adipose tissue. It is the net result of profound
metabolic changes that appear in patients with
advanced stages of cancer, and is characterised by
net breakdown of skeletal muscle and alterations
in fat and carbohydrate metabolism. Cachexia is
the most common paraneoplastic syndrome, and
is also referred to as the cancer anorexia-cachexia
syndrome, with features of anorexia, early satiety,
weakness, and fatigue.

Weight stability, or more precisely, stable body
composition indicates energy balance, in which
energy intake equals total energy expenditure.
Energy intake is usually characterised by the
macronutrient composition, i.e. the proportions of
protein, fat, carbohydrate, and alcohol. Energy
expenditure can be subdivided into components of
resting energy expenditure (REE), the thermic
effect of food (TEF), which represents the energy
cost of postprandial metabolism of food, and
activity-related energy expenditure (AEE) (Fig. 1).
Negative energy balance, leading to progressive
weight loss, can thus be attributed to changes in
energy intake, components of energy expenditure,
or both, and explained by metabolic alterations
and different mediators (Fig. 2). Both anorexia and
increased REE are common in progressive cancer,
although a large span in REE, from hypo- to
hypermetabolism, has been reported in malnour-
ished cancer patients [2]. Sustained hypermetabo-
lism over a long period of disease progression can

make a large contribution to negative energy bal-
ance and wasting if not compensated for by
increased energy intake – which is, however, quite
difficult in cancer patients. Hypermetabolism and
diminished energy intake due to anorexia may
thus constitute a vicious circle in the development
of cancer cachexia [3]. In addition, a variety of
metabolic derangements may contribute to the
progressive wasting of cancer. Such metabolic
changes may differ from those induced by volun-
tarily decreased energy intake or pure starvation.
In simple starvation, muscle mass seems to be pre-
served at the expense of body fat depots, which are
preferentially used to provide energy. In contrast,
relatively more muscle tissue than body fat is
assumed to be lost in the development of cancer
cachexia [4]. Such changes in body composition
may not be simply reversed by adequate energy
and nutrient provision, as is usually the case for
conditions of pure starvation.
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Energy Intake

Several factors may contribute to the decreased
intake of food in cancer patients. Anorexia, due to
the disease itself or its treatment, is commonly
recognised. Cancer patients may frequently suffer
from symptoms affecting the gastrointestinal
tract, for instance due to physical obstruction, con-
stipation, or malabsorption. The effects or conse-
quences of treatment by opiates, radiotherapy, or
chemotherapy may all explain decreased food
intake in the palliative care of cancer patients.
However, reports on the degree of anorexia do not
always indicate low intakes. Cohn et al. assessed
energy and protein intake in relation to lean body
mass in 22 oncology patients and found no differ-
ence from normal subjects, unless weight loss was
present [4]. Parkinson et al., in a study of the
effects of oral protein and energy supplements in
30 cancer patients, reported a mean intake of 1515
Kcal/day, corresponding to 25 Kcal/kg/day [5].
Simons et al. studied the effects of medroxyprog-
esterone acetate in 54 patients with advanced non-
hormone-sensitive cancer, and reported a higher
mean intake, about 2200 Kcal/day, corresponding
to 34 Kcal/kg/day [6]. In contrast, in an analysis of

energy balance in 100 lung cancer patients,
decreased intake was found in weight-losing
patients with acute-phase response  [7, 8]. Levine
and Morgan studied food selection in 10 hospi-
talised cancer patients with weight loss and
anorexia [9]. They found low energy intake (24
Kcal/kg/d), but the patients had maintained nor-
mal macronutrient composition despite cancer
anorexia compared with hospitalised control sub-
jects.

These results agree with our own observations
of low intake in 297 patients with advanced cancer,
mainly gastro-intestinal tumours [2]. Mean dietary
intake was below maintenance requirements (26
Kcal/kg/day) but the patients’ macronutrient com-
position was normal (Fig. 3). Weight loss of more
than 10% was present in 43% of our patients, and
elevated REE (> 110% of predicted) occurred in
48% of the patients. Dietary intake did, however,
not differ significantly between normo- and
hypermetabolic patients. Thus, weight loss was
apparently not accounted for by diminished
dietary intake, since absolute energy intake was
not different; in fact, intake per kg body weight
was higher in weight-losing patients than in
weight-stable patients, although it is always diffi-
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cult to normalise energy intake and expenditure in
weight-losing subjects. Food preferences did not
seem to be altered, since the proportion of dietary
protein, carbohydrate, and fat was generally the
same as in a general elderly population from the
same geographic area (Fig. 3). Also, Fordy et al., in
a study of 40 colorectal cancer patients with dis-
seminated disease, did not find differences in diet
composition between weight-stable and weight-
losing patients [10]. Thus, reduced dietary intake
has been repeatedly but not consistently reported
of in weight-losing cancer patients, though long-
term dietary intake may be difficult to assess pre-
cisely. The magnitude of reduced intake at the
beginning of weight loss is, however, not clear, but
diminished food intake cannot alone explain
weight loss in all cancer patients. Accordingly, our
own investigations indicated that REE was a more
powerful predictor of weight loss than energy
intake, based on multiple linear regression analy-
sis. Thus, other components of the energy balance
equation must be taken into consideration; dietary
induced thermogenesis, AEE, and the energy cost
of integrated metabolic and physiological home-
ostasis may all contribute to explain the variance
in weight loss of cancer patients during disease
progression, and thus the energy loss in substrate
cycling [11].

Energy Expenditure

Increased REE in cancer is frequent but not uni-
versally found in cancer patients with progressive
weight loss [12–14] (Fig. 4). Also, in studies of mal-
nourished cancer patients, a large span from hypo-
to hypermetabolism has been reported [15, 16]. It
would thus appear that cancer patients have a vari-
able response to underfeeding, some being able to
adapt appropriately to reduced REE for a period of
time, while others show hypermetabolism or insuf-
ficient adaptation, accounting for low activity lev-
els and anorexia. This would be in contrast to
uncomplicated starvation, in which adaptation
seems to occurs more effectively to reduced energy
intake. Patients with cancer in some particular
sites, such as lung and pancreas, may be more
prone to develop hypermetabolism, although there
are no clear-cut relationships to the type of tumor
[17, 18]. Animal studies of cancer cachexia have
suggested that there are changes in metabolic pat-
tern over time, with initial hypermetabolism fol-
lowed by hypometabolism preterminally [19]. Less
is known about longitudinal changes in REE in
cancer patients [17]. Jatoi et al. studied a small
group of lung cancer patients and found decreased
disease-free survival in eight hypometabolic com-
pared to nine hypermetabolic patients [20]. In our
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Fig. 3. Transectional information of daily caloric intake in cachectic weight-losing cancer patients in relationship to rest-
ing energy expenditure (REE) and caloric distribution among macronutrients (carbohydrates, fat, protein)



own longitudinal observations, about half of the
patients had elevated REE, defined as 110% or
more of predicted REE [2]. Increased energy
expenditure in cancer patients are significantly
related to systemic inflammation, in which
anaemia may attenuate the effectiveness of oxygen
transportation and thereby increase the energy
cost for circulatory homeostasis. However,
anaemia may also correlate with increased energy
consumption as a component of the acute-phase
response, evident by an increased erythrocyte sed-
imentation rate or increased C-reactive protein
levels [14]. In this context, it is noteworthy that
pain does not seem to be a universal explanation
to cancer cachexia in patients with solid gastroin-
testinal malignancy [21] (Fig. 5). Thus, it was pos-
sible to attenuate the increased REE in cancer
patients by β-blockade to slow down hyperactive
cardiovascular act iv ity mediated in part by
increased noradrenergic and adrenergic activity in
combination with elevated production of gluco-
corticoids [22, 23]. Thus, the classical hormone
system is activated during increased metabolism
and diminished food intake, together with
cytokines; this response is usually attenuated by
anti-inflammatory treatment [24]. Accordingly, it
is well-recognised that cyclooxygenase inhibitors
decrease inflammation in cancer patients and

thereby improve energy balance by positive effects
on both energy intake and production [24].
Another means to achieve this effect is to provide
fish oils, which probably alter cell-membrane com-
position and thereby decrease production of pow-
erful eicosanoids. Thus, it is conceptually possible
to attenuate elevated REE in cancer patients on
both the causative (cy tokines, hormones,
eicosanoids) and the effector (anaemia, hyperki-
netic circulation, anorexia) sides. One simple way
to improve energy balance would be to provide
energy in excess of resting needs. This may, how-
ever, influence other components of total energy
expenditure.

There have been few investigations of cancer
cachexia and the other components of the total
energy expenditure (TEE), i.e. TEF [25] and AEE
[26]. Physical activity levels, as determined by
questionnaires, was reported to predict
chemotherapy toxicity in older lung cancer
patients [27]. A study in 8 patients with advanced
lung cancer found that TEE was not increased
despite an increase in REE, indicating diminished
activity [28]. A recent study made the same obser-
vation: TEE was assessed by doubly-labelled water
in 24 patients with advanced pancreatic cancer.
REE was increased but TEE was not changed, indi-
cating decreased AEE [26]. During 8 weeks of
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Fig. 4. REE in transectional analyses
of weight-losing (WL) and weight-
stable (WS) cancer patients com-
pared to non-cancer patients with
and without weight loss (p < 0.01
among all groups). (Data from
[14])



treatment with a control nutritional supplement,
TEE, REE, and AEE were unchanged, but in
patients receiving a supplement enriched with
EPA, physical activity was increased [26]. Thus, low
physical activity levels may be an important fea-
ture of energy balance in cancer patients, which
may, in turn, affect functional performance and
quality of life.

Support of Energy Balance

The best way to improve energy balance is appar-
ently to control tumour progression, which attenu-
ates the metabolic abnormalities induced by the
tumour and/or tumour-host interactions. When
cure cannot be achieved, an obvious next option is
to increase nutritional intake by oral nutritional
support or artificial nutrition (Fig. 3). A number of
studies have tried to achieve this, particularly on a
short-term basis. However, few positive effects
were reported in terms of anthropometric meas-
ures, response rate to therapy, survival, or quality
of life. Parenteral nutrition is difficult to supply
over extended periods of time and may be associ-
ated with a number of complications. A number of
parenteral nutrition trials were carried out in the
1980s in cancer patients, who showed little benefit

but significant problems with infection complica-
tions. A position paper of the American College of
Physicians in 1989 stated that ‘parenteral nutri-
tional support was associated with net harm, and
no conditions could be defined in which such
treatment appeared to be of benefit’ [29]. This
statement was based on studies that appeared to
have design flaws and used nutritional regimens
regarded as suboptimal by current standards. The
disappointing results of stand-alone conventional
nutritional supplementation to cancer patients led
to a focus on the metabolic changes in cancer
cachexia, and attempts to manipulate the metabol-
ic alterations with a variety of pharmacological
agents.

Megestrol acetate and medroxyprogesterone
acetate have been extensively used and studied,
primarily as appetite stimulants in weight-losing
cancer patients. Several randomised trials in vari-
ous groups of weight-losing cancer patients
demonstrated increased appetite and also, less fre-
quently, improved dietary intake [6, 30]. While
weight loss may be attenuated or even reversed,
gain of lean tissue was not demonstrated; instead,
the weight gained tended to consist of fat and
water. At best, these agents may improve negative
energy balance but not reverse it. The metabolic
alterations in advanced cancer have many parallels
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Fig. 5. REE in weight-losing cancer
patients randomised to either 
β-blockade (propranolol), indo-
methacin,morphine,or placebo com-
pared to healthy individuals on 
β-blockade (propranolol), as de-
scribed by Hyltander et al. (Data from
[21])



to those seen in the chronic systemic inflammato-
ry response and appear, in some respects, to be dif-
ferent from the metabolic changes that occur in
pure starvation. Thus, strategies to counteract the
inflammatory response would seem to be optional.
Steroids have been widely used and have been
shown to improve appetite. However, steroids will
not reverse ongoing weight loss and muscle wast-
ing, and symptomatic benefits are often short-

lived and associated with a number of adverse
effects. Non-steroidal anti-inflammatory drugs
(NSAIDs) have been shown to reduce the acute-
phase protein response and REE and to preserve
body fat by support of food intake in patients with
advanced cancer on long-term treatment [24] (Fig.
6, 7). Thus, indomethacin stabilised performance
status and prolonged survival in a number of can-
cer patients [31]. Therefore, anti-inflammatory
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Fig. 6. Time-course changes of REE in
unselected cancer patients treated
with indomethacin (50 mg twice dai-
ly) compared to untreated cancer pa-
tients (p < 0.003). (Data from [32])

Fig. 7. Time-course changes of food
intake in unselected cancer patients
treated with indomethacin (50 mg
twice daily) compared to untreated
cancer patients (p < 0.0006). (Data
from [32])



treatment seems to have a role in palliative care of
cancer, although it is still difficult to predict
responders and non-responders.

Based on current knowledge of metabolism
and its control in weight-losing cancer patients, we
evaluated the effect of nutritional support in com-
bination with NSAID and erythropoietin treat-
ment in 309 patients with progressive cachexia due
to solid tumours, predominantly gastrointestinal
malignancy [32]. As-treated analysis demonstrated
that patients receiving nutritional support had
prolonged survival, accompanied by improved
energy balance, increasing body fat, and greater
maximum exercise performance. The results sup-
port the conclusion that nutrition is a limiting fac-
tor for outcome in a majority of cancer patients
with negative energy balance (Fig. 8), and treat-
ments targeted towards both diminished nutri-
tional intake and metabolic alterations are there-

fore effective. Accordingly, eicosapentaenoic acid
(EPA), which is an essential polyunsaturated fatty
acid of the n-3 class and present in relatively large
amounts in fish oil, has been shown to have anti-
inflammatory properties in doses of 2–6 g/day.
Pilot studies of EPA supplements administered to
pancreatic cancer patients have suggested promis-
ing results, with patients exhibiting improved
appetite and partial reversal of weight loss.
However, a larger controlled study could not
entirely replicate the results of the pilot studies,
although positive effects on weight, function, and
quality of life were shown to be related to plasma
concentrations of EPA [33]. Thus, the effect size
and usefulness of nutritional supplements with
EPA are still not clear, particularly regarding com-
pliance and compared to anti-inflammatory treat-
ment with conventional drugs.

Conclusions

The metabolic alterations in progressive cancer
have many parallels to other conditions with
chronic systemic inflammation, and differ in some
respect to the metabolic changes in pure starva-
tion. Artificial nutrition alone does not appear to
affect overall survival in advanced cancer, but
nutritional support in combination with treatment
targeted to the inflammation and subsequent
metabolic abnormalities seems to be of greater
value. Appetite stimulants can improve anorexia
and thereby also energy balance, but the duration
of the therapeutic effects is less impressive so far.
Thus, early-intervention therapeutic strategies
aimed at modulating mediators of the catabolic
response, such as cytokines and eicosanoids, in
combination with maintaining an adequate supply
of nutrients may be most rewarding.
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Fig. 8. The relationship between caloric intake and maxi-
mum exercise capacity in weight-losing cancer patients
(n = 419, p < 0.001)
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Introduction

Cancer cachexia (CC) is probably the most debili-
tating and life-threatening paraneoplastic syn-
drome. It is characterised by weight loss, anorexia,
asthaenia, loss of skeletal muscle protein, deple-
tion of lipid stores, and severe metabolic alter-
ations. CC syndrome is present in about 50% of
cancer patients, especially those with tumours of
the gastrointestinal tract and lung, and less fre-
quently in those with haematological malignan-
cies and other solid neoplasms, such as breast and
thyroid cancer. The majority of terminally ill can-
cer patients experiences CC, which accounts for
about 20% of cancer deaths. This figure translates
into approximately 2000000 deaths per year
worldwide [1].

The predominant phenotypic feature of CC is
the steadily progressive depletion of muscle mass,
which is not substantially reversible with any of
the currently available nutritional, metabolic, or
pharmacological approaches [2].

Muscle deplet ion reflects an imbalance
between the rates of protein synthesis and break-
down. Studies carried out in experimental models
as well as in human cancer have shown that muscle
atrophy may result from increased degradation,
reduced synthesis, or both. However, hypercatabo-
lism of muscle protein, in particular of the myofib-
rillar proteins actin and myosin, is the most
prominent feature, while changes in protein syn-
thesis seem to occur less frequently. Intracellular
protein degradation in skeletal muscle depends on
several proteolytic systems, namely, the acidic
lysosomal, the calcium-dependent, and the ATP-
ubiquitin-dependent pathways [3–5].

This chapter will focus on the role played by
the ATP-dependent ubiquitin/proteasome pathway
in the pathogenesis of muscle wasting of CC.

The Ubiquitin-Proteasome System

Proteins degraded by the ubiquitin/proteasome
system are first conjugated to multiple molecules
of ubiquitin, a 76-amino acid, 8.5-kDa residue that
is highly conserved and present in the cytoplasm
of all eukaryotic cells [6]. Ubiquitinated proteins
are degraded by the proteolytic 26s proteasome,
the catalytic core of which is the 20s proteasome, a
barrel-shaped particle consisting of four stacked
rings with seven subunits in each ring. This com-
plex and tightly regulated process takes place
through different steps (Fig. 1): (1) Ubiquitin is
activated in the presence of ATP by ubiquitin-acti-
vating enzyme (E1). (2) Activated ubiquitin is
transferred from E1 to ubiquitin-conjugating
enzyme (E2). (3) The carboxyl group of the acti-
vated ubiquitin is coupled to the amino-groups of
lysines in the protein substrates by ubiquitin-pro-
tein ligase (E3). Reiteration of the ubiquitin-conju-
gation reactions creates a chain of five or more
ubiquitins linked to each other and then to the
protein substrate. (4) The ubiquitinated proteins
are unfolded by a 19s complex located on the end
of the 20s core proteasome. (5) The unfolded pro-
teins are transported into the central chamber of
the 20s core proteasome, where the proteins are
cleaved by proteolytic sites located on subunits in
the inner rings. The proteins are cut progressively
into small peptides of six to twelve amino acids
that are subsequently released and rapidly hydrol-
ysed to amino acids by cytosolic exopeptidases. (6)
The release of ubiquitin from the substrate protein
makes ubiquitin available for recycling in the pro-
teolytic pathway [6].

Experiments using fluorogenic peptide sub-
strates and inhibitors have defined five activities
for the 20s proteasome: (1) a chymotrypsin-like
(CTL) activity that cleaves after large hydrophobic
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residues; (2) a trypsin-like (TL) activity that
cleaves after basic residues; (3) a post-glutamyl
hydrolase (PGP) activity that cleaves after acidic
residues; (4) an activity that cleaves preferentially
after branched-chain amino acids (BrAAP activi-
ty); (5) and an activity that cleaves after small neu-
tral amino acids (SNAAP activity).

E3 ubiquitin-protein ligases are currently
believed to be the key component of the conjuga-
tion apparatus that confers high specificity to the
system. The several hundreds of intracytoplasmic
ubiquitin-ligating enzymes, commonly designated
as E3s, can be broadly divided into two categories:
HECT (homologous to E6-AP C-terminus)
domain-containing E3s, and RING (really impor-
tant new gene)-finger-containing E3s [7]. A critical
role in activating proteolysis during atrophy has
been ascertained for only three of them, namely,
E3[α] and ligases encoded by the genes muscle

ring-finger protein-1 (MuRF-1) and muscle atro-
phy F-box protein (MAFbx), also called atrogin-1
[7] (see below).

The Role of the Ubiquitin/Proteasome
Pathway in Experimental Cancer Cachexia

The first evidence that the ubiquitin/proteasome
pathway plays a key role in muscle atrophy came
from the observation that, while inhibition of cal-
pain proteases and lysosomal proteases is respon-
sible for the 10–20% reduction in intracellular pro-
teolysis, ATP depletion produces much higher
degrees of protein breakdown inhibition [8]. The
availability of drugs specifically inhibiting protea-
some proteoly tic act ivit ies (i.e. proteasome
inhibitors, such as lactacystin, peptide aldehydes,
vinyl sulfones, and dipeptide boronic acid analogs)
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Fig. 1. The ATP-dependent ubiquitin-proteasome pathway. See text for details. UBI, ubiquitin molecule; E1, ubiquitin-acti-
vating enzyme; E2, ubiquitin-conjugating enzyme; E3, ubiquitin ligase



allowed for in vivo inhibition of proteolysis in
experimental models of diabetes, acidosis, sepsis,
and denervation atrophy. The results further con-
firmed the role of the ubiquitin/proteasome path-
way in physiological and pathological muscle pro-
tein degradation [9–11].

Upregulation of components of the ATP-ubiq-
uitin-dependent pathway has also been reported in
experimental models of CC. In 1994, Llovera et al.
[12] showed a 500% increase of ubiquitin gene
expression in the muscle of rats bearing the fast-
growing, cachexia-inducing AH-130 ascites
hepatoma. Similarly, Temparis et al. [13] showed
that mRNA levels for ubiquitin, 14-kDa E2, and
proteasome subunits C8-C9 increased in the tib-
ialis anterior muscles and correlated with the
enhancement of energy-requiring proteolysis in
Yoshida-sarcoma-bearing rats. Costelli et al. [14]
described a 650% increase in the mRNA for 2.4-kb
ubiquitin, and a 130% increase in the mRNA for
1.2-kb ubiquitin in the gastrocnemius muscles of
rats bearing the Yoshida hepatoma.

Animal models have also shown that muscle
proteasomal activity, as measured by the cleavage
of specific fluorogenic substrates, is significantly
increased in CC. Indeed, Costelli et al. [15] demon-
strated that at least CTL activity is significantly
increased (+246 ± 39% with respect to controls) in
the gastrocnemius muscle of AH-130 ascites-

hepatoma-bearing rats, giving the first demonstra-
tion that the previously documented modulations
of mRNA expression [12–14] are indeed reflective
of increased proteolytic activity. Those findings
further confirmed the suggestion that muscle
wasting in CC is, at least in part, a cytokine-driven
phenomenon and that pro-inflammatory
cytokines participate in the hyperactivation of
intracellular systems involved in protein degrada-
tion. In fact, anticytokine treatment with pentoxi-
fylline (a drug that inhibits TNF-α synthesis)
and/or with suramin (an anti-protozoal drug
blocking the peripheral act ions of several
cytokines, including interleukin-6 and TNF-α)
effectively reduced muscle protein loss by down-
regulating the activity of the ubiquitin/proteasome
system (Fig. 2) and calpains [15].

More recently, much interest has been devoted
to the role of two ubiquitin ligases specifically
expressed in striated muscle, namely, atrogin-
1/MAFbx and MuRF-1, in the pathogenesis of
muscle atrophy [16]. Overexpression of these ligas-
es was initially demonstrated in denervation/dis-
use-induced muscle atrophy [16], sepsis [17, 18],
and during starvation. [19]. Subsequently, using
cDNA microarrays, Lecker et al. [20] showed that a
common set of genes, termed atrogins, were
induced in muscles of fasted mice and in rats with
cancer cachexia, streptozotocin-induced diabetes
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Fig. 2. Proteasome-specific activity
in the gastrocnemius muscles of
AH-130 ascites-hepatoma-bearing
rats (AH-130) treated with pen-
toxyphilline (PTX), suramin (SUR),
or both (PTX+SUR). Data are
expressed as percent of controls ±
SD. *, p < 0.01 vs controls; **, p <
0.05 vs AH-130; ***, p < 0.01 vs
AH-130



mellitus, or uraemia. Among the strongly induced
genes, some, such as ubiquitin fusion proteins,
polyubiquitins, several proteasome subunits, and
ubiquitin ligases, were related to protein degrada-
tion. The concept that ubiquitin ligases play a piv-
otal role in muscle atrophy was confirmed by the
finding that mice knocked-out for atrogin genes
do not develop denervation/disuse-induced mus-
cle depletion [16].

The Role of the Ubiquitin/Proteasome
Pathway in Human Cancer Cachexia

Consistent with the observations in the experi-
mental model, Williams et al. [21] demonstrated
that mRNA levels for ubiquitin were approximate-
ly three times higher in rectus abdominis muscles
from patients with miscellaneous cancers than in
muscles from control patients. Moreover, the mus-
cle mRNA levels for the 20s proteasome subunits
were 300-400% higher than in healthy controls.

More recently, our group confirmed that the
muscle ubiquitin/proteasome system is hyperacti-
vated in humans bearing neoplastic diseases.
Indeed, ubiquitin mRNA expression was markedly
and significantly increased in muscle biopsies

obtained preoperatively in 20 patients undergoing
surgery for gastric cancer [22]. It is of interest that
ubiquitin mRNA overexpression was observed
even in patients reporting weight loss of < 5% of
the usual body weight (Table 1). Moreover,
patients with more advanced disease (i.e., in stage
III–IV) had the highest ubiquitin mRNA values.

In a subsequent study [23], Bossola et al. evalu-
ated proteasome-specific activities in intraopera-
tive rectus abdominis muscle biopsies obtained
from 23 patients undergoing laparotomy for gas-
tric cancer and 14 controls undergoing laparoto-
my for benign abdominal diseases (Table 2). The
authors showed that proteasome activity is signif-
icantly increased in the muscle of gastric cancer
patients (five-fold increase in CTL activity, and a
two-fold increase in PGP and TL activities). A
concomitant, significant overexpression of muscle
ubiquitin mRNA was also observed. Higher CTL
activity was associated with advanced disease
stage, weight loss, and hypoalbuminaemia, in
keeping with the previous observation that muscle
ubiquitin mRNA levels are influenced by tumour
stage [22]. CTL activity was higher in cancer
patients over 50 years old, though not in controls.
This difference suggests that ageing may substan-
tially alter the response to the catabolic stimuli
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Table 1. Muscle ubiquitin m-RNA expression and weight loss in gastric cancer patients. (Data from [22])

Group Ubiquitin m-RNA (arbitrary units ± SD)

Controls 1162 ± 132

Gastric cancer (weight loss 0–5%) 2338 ± 929a

Gastric cancer (weight loss 6–10%) 2581 ± 962a

Gastric cancer (weight loss > 10%) 2936 ± 756a

ap = 0.0005 vs controls

Table 2. Muscle proteasome chymotrypsin-like (CTL) activity and weight loss in gastric cancer patients. (Data from [23]) 

Group Proteasome CTL activity (nkatal × 10–3/mg protein ± SD 

Controls 67.5 ± 37.4

Gastric cancer (weight loss < 10%) 185.3 ± 112a

Gastric cancer (weight loss >1 0%) 621.6 ± 499b

ap < 0.0001 vs controls
bp < 0.003 vs weight loss < 10%



evoked by the tumour.
Taken together, the results of the two latter

clinical studies provide a number of interesting
insights into the pathogenesis of muscle wasting in
human cancer. First, they suggest a crucial involve-
ment of the ATP-dependent ubiquitin/proteasome
pathway in cancer-related muscle loss in humans.
Second, the observation that both ubiquitin mRNA
overexpression and increased proteasome prote-
oly tic activit ies occur even in patients with
insignificant or no weight loss strongly supports
the concept that the pathogenic mechanisms ulti-
mately leading to the phenotypic pattern of CC
operate early during the clinical course of human
neoplastic disease.

In 36 patients undergoing thoracothomy for
lung cancer, Jagoe et al. [24] demonstrated an
increase of skeletal muscle mRNA for cathepsin B
with respect to healthy controls. mRNA levels for
components of the ubiquitin/proteasome pathway
were also higher in lung cancer patients than in
controls, although the differences did not reach
statistical significance. However, it should be noted
that in Jagoe’s study the majority of patients were
in an early disease stage, while only nine out of 36
patients had advanced cancer.

Conclusions

There is accumulating evidence, in both the exper-
imental and clinical setting, suggesting an involve-
ment of the ATP-dependent ubiquitin/proteasome
system in the pathogenesis of muscle protein
degradation in cancer-related cachexia, as well as
in other types of muscle atrophy. Therefore, it is
reasonable to hypothesise that single or multiple
components of this finely regulated degradative
pathway may provide the target of pharmacologi-
cal, molecular or gene therapy.

Since hyperactivation of the ubiquitin/protea-
some system has been demonstrated to be an early
phenomenon, occurring even before the onset of
weight loss and muscle wasting, preventive and
therapeutic strategies for cancer cachexia must be
adopted soon after a cancer has been diagnosed.

Based on currently available knowledge, how-
ever, it is likely that other proteolytic pathways, i.e.
calpains and lysosomal proteases, also participate
in the complex machinery responsible for muscle
depletion in cancer - as well as in other acute and
chronic diseases. The interrelationships between
the ubiquit in/proteasome system and other
cytosolic proteolytic pathways, however, remain to
be fully elucidated.
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Table 3. Ubiquitin (Ub)-proteasome pathway in human cancer cachexia

Authors Year Type No. of Analysis Results
[reference] of cancer patients

Williams et al. [21] 1999 Miscellaneous 6 Ub mRNA 300 increase
20s proteasome 300-400% increase
subunitsm-RNA

Bossola et al. [22] 2001 Gastric 20 Ub mRNA 200% increase related 
to disease stage

Jagoe et al. [24] 2002 Lung 36 Ub mRNA Increases were not
E1 mRNA statistically significant
E2 mRNA
20s proteasome 
C2 subunit

Bossola et al. [23] 2003 Gastric 23 Ub mRNA 130% increase
Proteasome-specific 500% increase of CTL activity
activities 200% increase of PGP activity

200% increase of TL activity
CTL activity related to disease stage 
and nutritional status and age
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Introduction

Approximately 80% of patients with advanced-stage
cancer have cancer anorexia-cachexia syndrome
(CACS), in which one of the main manifestations is
malnutrition [1]. CACS is characterised by anorex-
ia, decreased food intake, tissue wasting, and body
weight loss. It is also associated with changes in
lipid, protein, and carbohydrate metabolism, lead-
ing to a decrease in fat and muscle mass, which
independently influence mortality in cancer
patients [2–5]. Anorexia and reduced food intake
occur during growth of the tumour, thus compro-
mising host defences which, in turn, detrimentally
influences outcome [1]. Reduced food intake and
malabsorption reduce energy intake, even though
energy expenditure is increased [6–8].

Body weight is regulated by a feedback loop,
involving peripheral signals from the gut, liver,
and fat. These signals provide nutritional informa-
tion via hormones and afferent vagal inputs to
integrated centres in the brainstem and hypothala-
mus, where monoaminergic and peptidergic neu-
rons integrate and transduce the information to
modulate food intake [9, 10]. Direct involvement of
the gastrointestinal (GI) tract or accessory diges-
tive organs by the tumour causes profound abnor-
malities in GI structure and function, thus affect-
ing nutrient digestion and absorption and leading
to malnutrition [11]. However, it is not immediate-
ly obvious why a non-GI malignancy, such as lung
cancer, affects GI structure and function thereby
contributing to malnutrition. In this chapter, we
review the relationship between non-GI malignan-
cies and malabsorption that leads to malnutrition,
weight loss, and cachexia.

Changes in the Gastrointestinal Tract

Diseases involving the GI tract contribute to
delayed gastric emptying (GE) and delayed small-
bowel absorption. Such diseases include linitis
plastica, pathologies of the small bowel, such as
ly mphomas, ly mphangectasia, sarcoidosis,
Whipple’s disease, celiac disease, viral enteritis,
and haemangiomas of the gut. These processes
influence malabsorption by lymphatic infiltration
of the mucosal and submucosal tissues. Less obvi-
ous aetiologies of delayed GE and malabsorption
include cirrhosis, psoriasis, ileitis, and ulcerative
colitis [12]. Human studies [13] document the
association of gastroparesis and abnormal small-
bowel function, which contribute to the malab-
sorption associated with non-GI tumours, which
ultimately leads to malnutrition and cachexia.
These GI processes are independent of tumour
site, size, or overt constitutional changes [14], but
are clinically manifested in advanced cancer, after
weight loss, following chemotherapy or abdominal
radiation [14].

As demonstrated schematically in Fig.1,
changes induced by non-GI malignancies are
mediated by several different mechanisms, includ-
ing cytokine release in response to host-tumour
interactions [1]. Cytokine release directly influ-
ences: (1) gut motility and absorptive function [15,
16]; (2) vagal-efferent innervation from the gut to
nuclei in the hypothalamus that respond to signals
generated by food intake and gastric motility [17,
18]; (3) GI hormones that regulate food intake, GE,
and absorption in the small intestine [19–21]; and
(4) immune function of the GI tract [22].
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Gastric Emptying

Gastric distension and delayed GE affect short-
term regulation of food intake leading to early
satiety without direct involvement of the GI tract
[23]. This is related to gastric stasis [8, 24]. Bruera
et al. reported prolonged GE in patients with
advanced cancer, which was improved with the
infusion of metoclopramide, which suggested the
involvement of a dopaminergic pathway [25, 26].
Shivshanker reinforced these findings in a report
describing significant delayed GE in cancer
patients that was also improved with metoclo-
pramide infusion [27]. GE was examined in our
laboratory using a model of anorexia in a methyl-
cholanthrene (MCA)-sarcoma-bearing rat. In these
animals, it generally takes 18–20 days to develop
anorexia and 28–30 days to develop profound
cachexia, leading to death [28-30]. We showed a
significant decrease in GE and small-bowel
absorption at the onset of anorexia. The cancer-
induced delay of GE may result from circulating
factors produced by the tumour or by the host’s
response to the tumours, as outlined schematically
in Fig. 1. GE is influenced by hormonal and nerv-

ous mechanisms [1, 31, 32], including cytokines,
neurotransmitters, peptides, GI hormones, and
nutrients. Interleukin (IL)-1, IL-6, tumour necrosis
factor (TNF)-α, and interferon (IFN)-γ, concentra-
tions are increased in cancer patients, and a role
for these mediators, singularly or synergistically,
has been proposed in this process [1, 3, 8]. These
cytokines influence GE both directly and indirect-
ly. Neuropeptides, such as corticotropin-releasing
factor (CRF) [33], and GI hormones, such as chole-
cystokinin (CCK) [33, 34], are also possible media-
tors of delayed GE in cancer patients. Each media-
tor affects GE through a series of highly complex
interactions. Given the correlation between malnu-
trition and poor clinical outcomes [1, 35], inhibi-
tion of cytokine activity may be an effective clini-
cal approach to improve nutritional intake.

Small Intestine

Creamer examined the structure of the mucosa of
the small intestine in five patients with malignan-
cy that arose outside the GI tract [36]. He conclud-
ed that ‘weight loss and ill health’ were associated
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with an abnormal small-intestinal mucosa. As
shown in Fig. 2, the changes were consistent with
atrophy, hypoplasia, and flattening of the mucosa.
Dymock et al., in1967, similarly reported atrophy
of the jejunal mucosa in six patients who had a
non-GI malignancy [13]. The mechanism for the
structural changes in the small intestine was not
clear and no definitive hypothesis was proposed.
However, based on these early clinical observa-
tions, it is apparent that the small intestine, espe-
cially the jejunal mucosa, was affected by the pres-
ence of a non-GI malignancy.

The factors identified to date that cause CACS
also induce cellular damage in the small intestine
and influence cellular function of the mucosa,
leading to malabsorption, loss of nutrient intake,
and, consequently, to further cachexia, which
affects the prognosis and quality of life. Intestinal
function can be examined by evaluating urinary D-
xylose excretion, vitamin B12 and folic acid
absorption, and stool fat excretion. D-Xylose excre-
tion reflects the absorption of monosaccharides
and is an ATP-dependent process [13, 37]. Stool fat
excretion reflects fat absorption, and folic acid
excretion represents the absorption of water-solu-
ble vitamins. D-Xylose is absorbed in the jejunum,
whereas fat is absorbed farther along the jejunum
and must first be emulsified by bile to render it
absorbable. Vitamin B12 is absorbed over a rela-
tively limited area of the terminal ileum [13, 37].

Figure 3 shows the data from 24 non-GI tract
cancer patients who were studied by Klipstein and
Smarth [38]. Other investigators [13, 14, 37] report-
ed similar results, although the magnitude and
range of the change varied widely in these uncon-
trolled observational studies, presumably influ-
enced by the stage of each tumour and the duration
of the patient’s symptoms. Nevertheless, the data
provide insight into the effects of non-GI tumours
on gut mucosal function. These results can be sum-
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Fig. 2. Photomicrographs of jejunal mucosa showing A normal appearance, B hypoplastic appearance, and C a flat
mucosa. (From [36])

Fig. 3. Absorption studies. Range of normal values is indi-
cated by stippled areas. (From [38])



marised as follows: D-Xylose absorption was
decreased, as was folic acid absorption although to
a lesser degree [38]; fat excretion was increased [13]
and vitamin B12 absorption ranged from normal to
decreased [37, 38]. Based on these data, one con-
cludes that the jejunum is the critical area of the gut
most affected by the influence of non-GI neoplasias.
Tests to assess limitations of absorption that are
done via the oral route or gavage may be adversely
influenced by delayed gastric motility. Impaired GE
delays the entrance of nutrients into the small intes-
tine, thereby potentially decreasing the relative rate
of absorption of different compounds for a given
time. The influence of gastric motility can be elimi-
nated if absorption studies are done using closed-
loop intestinal techniques.

Influencing Factors

Cytokines play a key role in the activation of the
immune system and inflammatory response seen
in anorexia [39, 40]. Most cytokines act predomi-
nantly through paracrine mechanisms, which sug-
gests that their involvement in cancer-related clini-
cal manifestations is mostly due to their local syn-
thesis within the organs. As shown in Fig. 1,
cy tokines modulate gastric motility and GE,
inhibiting food intake. Their effect on the GI sys-
tem is mediated directly or indirectly via the brain
through efferent signals from the autonomic nerv-
ous system [41]. Cytokines also induce the release

of hormones that act as physiological satiety sig-
nals, such as CCK, glucagon, insulin, and leptin. In
addition, cytokines activate cascades that induce
the production and release of other cytokines, and
their interaction with other peptides is also pivotal
[42, 43], e.g. NPY blocks cytokine-induced anorex-
ia, while cytokines block NPY-induced feeding
[44]. There are also reciprocal interactions among
cytokines, leptin, NPY, corticotropin-releasing fac-
tor (CRH), and glucocorticoids. Pro-inflammatory
cytokines, including IL-1, IL-6, and TNF-α, play an
important role in the aetiology of CACS [45-48].
These cytokines act directly on the hypothalamus
[49] and indirectly on hypothalamic monoaminer-
gic neurotransmitters [50] to reduce food intake
[47, 51]. There are specific receptors for cytokines
in the CNS and peripheral cytokines actively cross
the blood brain-barrier to activate the central
cytokine system [49]. Cytokines also act on several
GI hormones, neuropeptides, and monoamines to
delay gastrointestinal motility, and affect gastric
motility and intestinal function to induce malab-
sorption. Cytokines can induce anorexia by pro-
ducing early satiety, a phenomenon frequently
observed during CACS. This has been extensively
studied in our laboratory and, as shown in Fig. 7,
early satiety initially involves a greater reduction
in meal number than in meal size [52, 53].

Using our tumour-bearing-rat anorexia model,
we demonstrated that increased IL-1 in the CSF
inversely correlates with food intake [45] (Fig. 4),
while administration of an IL-1β receptor antago-
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Fig. 4. Significant negative correlation
between food intake and cerebrospinal
fluid (CSF) interleukin (IL)-1α concen-
trations in anorectic tumour-bearing
rats, suggesting a causal relationship
between CSF IL-1α and anorexia during
cancer. As the concentration of IL-1α in
CSF increased, food intake significantly
decreased. (From [ 45])



nist (IL-1ra) ameliorates anorexia [54] (Fig. 5).
Furthermore, we showed that administration of
recombinant human soluble TNF receptor in
anorectic tumour-bearing rats led to improvement
of food intake with amelioration of anorexia [46]
(Fig. 6). It has also been shown that the adminis-
tration of cytokines to rodents mimics the neuro-
logical manifestations observed in cancer patients
[49, 55, 56].

Elevated serum levels of IL-1 have been report-
ed in cancer patients [8]. IL-1 is one of the
cytokines produced by macrophages and lympho-
cy tes during acute and chronic pathological
processes [43, 49]. In an anorectic rat MCA sarco-
ma model, we demonstrated that IL-1 concentra-
tion in the CSF inversely correlates with food
intake [45], and the injection of recombinant
human interleukin-1α directly into the ventrome-
dial nucleus (VMN), a food intake regulatory area,
decreased food intake [47], while administration
of an IL-1ra increased food intake [54] (Fig. 5).
Furthermore, the administration of cytokines into
rodents mimicked the neurological manifestations
observed in cancer patients [45, ,49, 55, 56]. We

previously demonstrated that hepatic metabolism
of cytokines contributes significantly to food
inhibitory signals to the brain [49, 57] (Fig. 8).

Peripheral administration of IL-1β inhibits GE
of a solid nutrient meal or a non-nutrient solution
[58–60]. IL-1ra injected intravenously completely
abolishes the delay in GE induced by intravenous
IL-1β [15, 61]. Suto et al. [60, 61] also reported that
IL-1β-induced inhibition of GE mediated by brain
CRF pathways requires the prostaglandin path-
ways. Peripheral IL-1β induces PGE2 release in the
brain and activates the hypothalamic CRF path-
ways. CRF released endogenously by various stres-
sors or central injection of CRF acts in the par-
aventricular nucleus (PVN) and the dorsal motor
nucleus (DMN) of the vagus to inhibit gastric
motor function through autonomic pathways [62].
The delay of GE induced by intravenous IL-1β was
prevented by injection of ibuprofen, an inhibitor of
prostaglandin synthesis [59], and by intracisternal
injection of CRF antagonist, as shown in Fig. 9. IL-
1α also slows down GE and decreases food intake
[63] via significantly increased plasma CCK.
Pretreatment with CCK-A (peripheral type) recep-
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Fig. 5. Mean ± SE of food intake (g per 24 h) for each study group before and after IL-1 receptor antagonist (IL-1ra) injec-
tion. Data are presented as a function of ventromedial nucleus (VMN) microinjection day (day 0). Vertical line
Approximate time of VMN microinjection during day 0. Following injection of IL-1ra into the VMN of anorectic tumour-
bearing rats (TB-IL-1ra), food intake increased. Asterisk indicates significant differences between tumour-bearing rats
injected with bovine serum albumin (TB-BSA) and TB-IL-1ra groups. (From [54])



tor antagonist partially blocked the decrease in
food intake and slowed the GE rate by IL-1α [63].
However, there is a report that IL-1β directly
blocks the absorption ability of the small intestine.
Kreydiyyeh et al. [64] showed that IL-1β inhibited
the mucosal uptake of [14C] 3-O-methylglucose
and the intestinal Na+-K+ ATPase. They concluded
that the effect of IL-1β on hexose transport across
the brush-border membrane could be attributed to
its inhibitory effect on the Na+-K+ ATPase.

TNF-α is one of the representative cytokines
that induce CACS, and is also the original
‘cachectin’ [17, 65]. TNF-α is produced by blood
monocytes and tissue macrophages in response to
the tumour as well as by the tumour itself [66] (see
Fig. 4 in the chapter by Ramos et al.). TNF-α acts
directly on the CNS to produce its anorectic effect
by crossing the blood-brain barrier [67] and sup-
presses food intake in a dose-dependent manner
[68]. By contrast, injection of the soluble pegylated
analogue of TNF receptor increases food intake in
cancer anorexic rats [47]. Intravenous administra-
tion of recombinant TNF-α to rats decreases the
rate of intestinal glucose absorption [69], and
delays the rate of GE [18, 69, 70]. The nucleus of
the solitary tract (NST) in the medulla oblongata
is possibly one locus for TNF-α action to control
gastrointestinal function [70]. NST receives GI
afferents via the vagus and these inhibit DMN
stimulation of vagal input to the stomach. TNF-α
induces persistent gastric stasis by functioning as
a hormone that modulates intrinsic vago-vagal
reflex, as shown in Fig. 9 [18].

As shown schematically in Fig. 1, CCK is
involved in the functioning of the endocrine cells
in the upper small intestine, principally acting to
stimulate gallbladder contraction [71] and pancre-
atic secretion [72], and to delay GE after meals [73,
74]. CCK-induced anorexia is mediated via activa-
tion of afferent vagus nerve activity [75–77]. It has
been shown that subdiaphragmatic vagotomy
blocks the inhibitory effect of intraperitoneal
injection of CCK on food intake [78].
Intraduodenal nutrients stimulate the release of
CCK from the epithelial endocrine cells. CCK acts
on the vagal afferent neurons through CCK-A
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Fig. 6. Food intake in a tumour-bearing rat vs control. On
infusing tumour necrosis-α (TNF) inhibitor, food intake
improved by a significant increase with respect to meal
number and size. Plot symbols show means ± SE of A
food intake, B meal number, C meal size for the TNF
inhibitor and control (vehicle) groups. Asterisk indicates
significant differences (p < 0.01) between the two groups
for the entire study period. (From [49])
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Fig. 7. With the onset of anorexia, total and day/night food intake decrease, primarily via a decrease in meal number.
While there is an initial compensatory increase in meal size, this too eventually decreases, resulting in profound anorex-
ia. These and similar data suggest that meal number and meal size are regulated independently and are influenced inde-
pendently via cytokines. a Mean food intake, b meal number, c meal size on the last day of normal food intake (-3) and
for the first 3 days (-2, -1, 0) of anorexia during the day and night. Data for days +1 and +2 are also shown. (From [53])

A B

Fig. 8. Liver cytokine induction provides a reliable indication of peripheral immune activation. Analysis of both of these
components and their comparison with changes in the hypothalamus shed light on cancer anorexia. A IL-1β mRNA lev-
els in controls (open bars) or MCA tumour-bearing rats (closed bars). Values (means ± SE; n = 8 for each group) were
standardised to arbitrary units. CLL, cerebellum; HIP, hippocampus; HYP hypothalamus. * p ≤ 0.05 from pair-fed con-
trols. B Liver mRNA levels of IL-1RI, IL-1R AcP II, and IL-1 Ra in controls (open bars) or MCA-tumour-bearing (closed
bars) rats. Values (means ± SE; n = 8 for each group) were standardised to arbitrary units. * p ≤ 0.05 from pair-fed con-
trols. (From [49])

a b



receptors and signals are transported to the dorsal
vagal complex. The information is relayed to vagal
efferent neurons to induce gastric relaxation [33].
CCK may act either locally or via the circulation to
stimulate vagal afferent fibre discharge to regulate
the emptying of gastric content [79]. Injection of
IL-1 reduces food intake and GE in healthy ani-
mals via an increase in plasma CCK, and pretreat-
ment with CCK receptor antagonist partially
blocks this gastric stasis, suggesting that CCK
mediates IL-1α-induced anorexia (Fig. 9).

Convergent information suggests that CRF is
involved in the changes observed in GI motility
during stress exposure, which is a likely cause of
CRF-induced delayed GE and gastric stasis in can-
cer patients (Fig. 1).

CRF can induce stress-related responses,
including anorexia and anxiety-like behaviours
[80]. Hypothalamic CRF levels are higher in
tumour-bearing rats than in a pair-fed control
group, suggesting that the CRF system is activated
in cancer anorexia [81]. CRF injected into the cis-

terna magna or the lateral ventricle inhibits GE of
liquid and solid meals in various experimental
animals, including rats and mice [62, 82]. The
responsive brain sites for CRF to influence gastric
motor function are the PVN and the dorsoventral
centre (DVC) [62]. CRF antagonists such as α-heli-
cal CRF9–41 and astressin, when injected into the
CSF, blocked CRF-induced inhibition of GE, indi-
cating specific interactions with CRF receptors in
the brain [83].

Thus, IL-1β-induced inhibition of GR is medi-
ated by brain CRF pathways. CRF acts in the PVN
and the DMN of the vagus to inhibit gastric motor
function through autonomic pathways [60, 61].

Conclusions

Cancer anorexia-cachexia syndrome is a debilitat-
ing, life-threatening condition, and correlates with
poor outcomes and compromised quality of life.
Cachexia results from a functional inability to
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ingest sufficient amounts or to utilise nutrients,
which can be related to obstruction or malabsorp-
tion. Direct involvement of the GI tract with can-
cer interferes with digestion and nutrient absorp-
tion, and leads to malnutrition. The occurrence of
malabsorption in association with a cancer involv-
ing the GI tract is to be expected. But, as discussed
in this chapter (Fig. 1), non-GI malignancies,
including lung cancer, also affect GI structure and
function. We have reviewed the relationships
between cancer and malabsorption and referred to
our ongoing research findings, as well as data in
the literature, which provide a link between these
two factors. Morphologically, there is significant
atrophy affecting function so that malabsorption
occurs. The main mediators of this process are
cytokines. Elevated serum concentrations of IL-1,

IL-6, and TNF-α have been found in some, but not
all patients, and these cytokines seem to correlate
with the progression of tumour burden [84–86].
Cytokines act on several GI hormones and neu-
ropeptides, including CCK and CRF, acting via the
vagus to inhibit GI motility. These cytokines delay
GE but also act directly on the intestinal mucosa to
induce malabsorption.
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Introduction

A number of novel pathways and mediators con-
trolling food intake, body weight, and energy
expenditure have been identified using molecular
and genetic techniques [1, 2]. It is now accepted
that body weight is regulated by a feedback loop,
in which peripheral signals from the gut, liver, and
fat provide nutritional information via hormones
and afferent vagal input to integrated centres in
the brainstem and the hypothalamus. At these
sites, monoaminergic and peptidergic neurons
interact to integrate and transduce the incoming
signals, thereby modulating food intake [2]. In this
type of regulation, orexigenic and anorexigenic
neuromediators are in a constant balance to main-
tain homeostasis. In several clinical diseases, rang-
ing from inflammatory conditions such as obesity
to cancer, an imbalance among these neuromedia-
tors occurs, leading, respectively, to either hyper-
phagia, with an increase in food intake, or to
anorexia, with a decrease in food intake [3, 4].

Cancer anorexia represents a persistent and
pathological form of satiety. Cancer anorexia-
cachexia syndrome is observed in 80% of patients
with advanced-stage cancer, and it is one of the
most frequent causes of death [5]. The syndrome is
characterised by anorexia, decreased food intake,
tissue wasting, and body weight loss, associated
with a decrease in muscle mass and adipose tissue
[6]. The origin of this condition is multifactorial,
and several mediators, including cytokines, neu-
ropeptides, neurotransmitters, and tumour-
derived factors, play important interactive roles
[6–9].

In cancer anorexia, there is an initial reduction
in meal number followed by a reduction in meal
size (Fig. 1). This is similar to symptoms observed
clinically and, as we have demonstrated, in anorec-

tic tumour-bearing rats [10, 11]. This results in a
profound decrease in food intake and progressive
depletion of body stores and is among the major
causes leading to malnutrition and, eventually,
cachexia and death [5, 8]. The range of normal
body mass index (BMI) is 20.1–24.9. A reduction
in BMI in cancer patients to ≤ 18 causes a signifi-
cant catabolic process that negatively impinges on:
(1) quality of life, (2) the efficacy and benefits of
antineoplastic therapy, and (3) patients’ overall
post-operative complications and outcomes [12,
13]. Thus, anorexia worsens outcome directly,
because it is an independent negative prognostic
factor [14], and indirectly, because it contributes to
the development of malnutrition and cachexia. A
number of drugs have been tested to treat anorex-
ia; however, the results have been conflicting,
mainly because these types of drugs were initially
developed for other indications and then used, via
lateral administration, to treat debilitating condi-
tions. Thus, a strategic therapy based on data
derived from a direct mechanistic understanding
of the aetiology of cancer anorexia-cachexia is
lacking. To date, the pathogenesis of anorexia and
its onset remains a challenge awaiting full elucida-
tion because of the significant impact on patient
care and health care costs.

The Brain–Gut–Brain Axis in the Regulation of
Food Intake

The hypothalamic mechanisms regulating food
intake and energy metabolism occur via interaction
of the monoaminergic and the neuropeptidergic
systems at various levels in the nervous system. The
important components of these interactions
include: (1) early satiety signals from the gut
relayed via gastrointestinal afferent vagal fibres to
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the liver and the dorsovagal nuclei (visceral relay
nuclei) in the brainstem that project onto the hypo-
thalamus [16]; (2) effects of changing circulating
glucose, amino acid, and fatty acid concentrations
on the activity of nutrient-related neurons in vis-

ceral relay nuclei and hypothalamus [17]; (3) hor-
mone (ghrelin, cholecystokinin, polypeptide YY,
insulin, and leptin) signals acting on the dorsal
vagal complex and hypothalamus; hormones such
as cholecystokinin (CCK) can also send messages to
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Fig. 1. Pattern of changes in (a) food in-
take (g per 24 h), (b) meal number (meals
per 24 h), and (c) meal size (g/meal).
Anorexia developed 18 days after tumour
inoculation in tumour-bearing rats on
chow (TB-Chow). * p < 0.05 vs. non-tu-
mour-bearing chow-fed rats (NTB-Chow),
non-tumour-bearing rats fed ω-3 fatty
acids (NTB-ω-3 FA) and tumour-bearing
rats fed ω-3 fatty acids (TB-ω-3 FA). (From
[15])
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the brain via the gastric branch of the vagus nerve
[18]; (4) changes in neurotransmitters and peptides
in food-intake-related nuclei [19, 20], (5) control of
the hypothalamic-pituitary-adrenal axis and sym-
pathetic and parasympathetic output to immuno-
endocrine organs, including the gastrointestinal
tract, liver, adrenals, and pancreas; and (6) hypo-
thalamic mechanisms regulating thyroid function,
which is also important for energy expenditure [21].

Aspects of the gut-brain axis are discussed in
Chap. 9.8. Gut hormones (Fig. 2) regulating food
intake can be separated into short-term and long-
term mediators. The former mediators are meal-
related signals that act in accordance with the daily
circadian rhythm of food intake and participate in
a meal-to-meal control system. CCK and ghrelin
have been implicated in the short-term and long-
term (ghrelin) regulation of food intake, and have
opposite actions on appetite. CCK is released from
the gastrointestinal tract during eating and pro-
motes a sense of fullness that encourages the end of

the meal [23]. Ghrelin is an appetite-stimulating
hormone, blood concentrations of which rapidly
increase just before a meal. At the end of the meal,
ghrelin concentration falls rapidly, decreasing
appetite [24]. Apart from insulin, whose role and
actions are well defined, another long-term media-
tor of food intake is leptin, which is released into
the blood by adipocytes. Leptin has sustained
inhibitory effects on food intake and increases
energy expenditure. When blood leptin concentra-
tions decline, which occurs with a loss of adipose
tissue, sensory neurons in the brain stimulate an
increase in appetite [25]. Gut hormones, including
pancreatic polypeptide and polypeptide Y3–36 are
also involved in the intermediate-term regulation
of food intake. Pancreatic polypeptide (PP) pro-
duces a rapid and prolonged reduction in food
intake when injected peripherally while central
administration increase food intake in animal
models. Polypeptide Y3–36, which is secreted by
endocrine cells of the small bowel and colon [26,
27], inhibits food intake for up to 12 h in humans
and rodents [27]. Another well-known and well-
characterised peptide is neuropeptide Y (NPY),
which acts in the hypothalamus to increase food
intake. PP, polypeptide Y, and NPY increase food
intake when administered into the brain, while
peripheral administration of PP produces inhibito-
ry effects on feeding.

As shown in Fig. 3, the arcuate nucleus (ARC)
synthesises NPY and agouti-related peptide (AgRP),
which increase appetite. Adjacent neurons in the
hypothalamus produce melanocortin peptides,
which inhibit appetite. α-Melanocyte stimulating
hormone (α-MSH) is a tridecapeptide
melanocortin cleaved from pro-opiomelanocortin
that acts to inhibit food intake [28]. This co-
localisation has contributed to NPY, AgRP, and α-
MSH currently being among the most-studied pep-
tides. Immunohistochemical studies show a dense
population of neurons producing α-MSH in the
ARC, with projections to the dorsomedial nuclei,
the medial preoptic area, and the anterior hypothal-
amus [29]. A moderately dense population of fibres
also projects to the paraventricular nucleus (PVN),
the lateral hypothalamic area (LHA), the posterior
hypothalamus, and the central nucleus of the amyg-
dala.
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Fig. 2. Gut-brain hormonal axis. (Reproduced with per-
mission from [22])



Cancer Anorexia

Cancer anorexia is defined as the loss of the desire
to eat, and several factors are involved in its patho-
genesis. Anorexia and reduced food intake are
physiological responses prompted by the growing
tumour, and persistent anorexia compromises host
defences, which ult imately delays recovery.
Anorexia contributes to the development of mal-
nutrition and cachexia, since it reduces the oral
intake of calories, thus promoting skeletal-muscle
wasting [13].

In the methylcholanthrene-induced sarcoma
(MCA)-bearing Fischer rat, anorexia develops with
progression of tumour growth, so that a characteris-
tic feeding pattern is observed with the onset of
anorexia (Fig. 1, 11).A decrease in food intake occurs,
first via a decrease in meal number associated with
a simultaneous partial compensatory increase in meal

size that lasts for approximately 24–48 h. Thereafter,
meal size also decreases, and anorexia becomes ap-
parent and profound [30–33], leading ultimately to the
rats’ demise [32]. The decrease in meal size and the
resulting anorexia are mediated by the effects of cy-
tokine on the hypothalamus, which in turn influ-
ences gastric emptying [34]. The same feeding-pat-
tern changes are obtained in normal rats when inter-
leukin (IL)-1, alone or together with tumour necro-
sis factor (TNF), is peripherally infused [35, 36]. This
suggests a contributory role of cytokines in the patho-
genesis of cancer anorexia. Furthermore, we demon-
strated that IL-1α concentrations in CSF are inverse-
ly correlated with food intake in anorectic tumour-
bearing rats [37], while we and others reported the
presence of IL-1 receptors in both the ventromedial
nucleus (VMN) and the LHA [7, 38] and demonstrat-
ed the occurrence of IL-1-receptor mRNA expres-
sion in the hypothalamus in tumour-bearing rats [7].
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peripheral
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NPY/AgRP

POMC/CART

2nd order neurons

Arcuate Nucleus

Hypothalamus

Fig. 3. Peripheral signals reach the arcuate nucleus of the hypothalamus, where they interact with two neuronal popula-
tions that project to second-order neuronal signalling pathways. NPY/Agouti-related peptide (AgRP) neurons stimulate
food intake. Pro-opiomelanocortin (POMC)/cocaine and amphetamine-regulated transcript (CART) neurons inhibit
food intake. (From [13])



Cytokines in Cancer Anorexia

Cytokines play a key role in the activation of the
immune system and the inflammatory response
typical of the catabolic state [39–41]. Different
experimental approaches have demonstrated that
cytokines are able to induce weight loss. They ini-
tiate a cascade of events that ultimately leads to a
state of wasting, malnourishment, and eventually
death. A number of pro-inflammatory cytokines,
including IL-1, TNF-α, and interferon (IFN)-γ,
have been isolated in tumours, as shown in Fig. 4
[7]. These cytokines together with IL-6, leukaemia
inhibitory factor (LIF), and ciliary neurotrophic
factor (CNTF) are also implicated in the aetiology
of cancer anorexia-cachexia syndrome [6, 7].

A variety of tumours and peri-tumour cells
release these cytokines into the circulation [42].
Elevated serum concentrations of IL-1, IL-6, and
TNF- α occur in cancer patients and the concen-
trations of these cytokines correlate with tumour
progression [4, 42, 43]. Furthermore, peripherally
circulating cytokines stimulate receptors in the
liver, and cytokine induction in this organ pro-
vides a reliable indication of peripheral immune
activation [44]. At the same time, cytokines cross
the blood–brain barrier to activate CNS cytokine
systems via specific receptors in the brain (Fig. 5).
Cytokines acts directly on the hypothalamus [45]
and indirectly on hypothalamic monoaminergic
[46] neurotransmitters to induce a variety of
behavioural manifestations, including anorexia,

cognitive and motor deficits, decreased perform-
ance in verbal and visual-spatial memory tasks,
and poor motor coordination. These behavioural
manifestations are due to the effects of cytokines
on the hypothalamus, hippocampus, and cerebel-
lum (Fig. 6a, b) and are accompanied by whole-
brain and hypothalamic immunohistochemically
identifiable changes in monoaminergic and pep-
tidergic systems [7, 36, 48, 49].
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Fig. 4. Sample gel of RT-PCR product showing interferon
(IFN)-γ mRNA expression in the hypothalamus of control
(lane 1) and TB (lane 2) rats, as well as in the tumour tis-
sue (lane 3). (From [7])

Fig. 5. a Interleukin-1β (IL-1b), IL-1 receptor type I (IL-
1RI), IL-1 receptor accessory protein type I (AcP I), IL-1
receptor accessory protein type II (AcP II), transforming
growth factor-β1 (TGF-b1), and cyclophilin mRNA levels
in the cerebellum (CLL), hippocampus (HIP), and hypo-
thalamus (HYP). Male Fischer MCA sarcoma rats (+) or
controls (-). b AcP II, IL-1Ra, and actin mRNA levels in
the liver of MCA sarcoma rats (lanes 1–3) or controls
(lanes 4–6). Brain and liver tissue samples were collected
11 days after tumour-cell inoculation or in controls.
Levels of AcP I (membrane-bound), and AcP II (soluble
form) and IL-1Ra were not significantly changed in the
hypothalamus, hippocampus, and cerebellum. In contrast,
levels of AcP II and IL-1Ra mRNAs were significantly up-
regulated in the liver of TB rats compared to control.
(From [7])

a

b



Several hypothalamic nuclei working in an
integrated function are involved in the control of
food intake. Among the different brain nuclei and
areas, the VMH appears to play a major role in
both cancer and IL-1-induced anorexia. Evidence
from our laboratory showed that the functional
ablation of VMH, where mRNAs for both IL-1 and
IL-1 receptors are detected, reverses established
cancer anorexia [36]. More recent data indicated
that the intra-VMH injection of IL-1-receptor
antagonist (IL-Ra) significantly improves food
intake in anorectic tumour-bearing rats [50].
These data strongly support the concept that can-
cer anorexia is primarily mediated by the direct
action of IL-1 on the VMH.

Most cytokines act predominantly through
paracrine mechanisms, which suggests that their
involvement in cancer-related clinical manifesta-
tions is mostly due to their local synthesis within
the organs, such as in the brain. In a rat methyl-
cholanthrene (MCA)-induced tumour-bearing
model, we demonstrated that the IL-1 concentra-
tion in the CSF inversely correlates with food

intake [37], while administration of an IL-1β antag-
onist alleviates anorexia [50]. We also measured
specific components of the cytokine-induced
anorectic reaction and found: (1) production of
detectable levels of mRNA for the proinflammatory
cytokines IL-1β, TNF-α, and IFN)-γ by the tumour
tissue at the onset of anorexia; (2) significantly
increased levels of IL-1β and IL-1-receptor type 1
(IL-1RI) mRNA in the hypothalamus, cerebellum,
and hippocampus; (3) non-detectable changes in
anti-inflammatory IL-1Ra and TGF-β1 mRNA in
the regions of the brain studied; and (4) increased
levels of IL-1Ra and IL-1-receptor accessory pro-
tein type II (IL-1RI AcP II) in the liver of TB rats
(Fig. 5) [7]. These data are consistent with the sug-
gestion that cytokines, particularly IL-1β, play a
pivotal role in the inhibition of feeding by provid-
ing negative feedback on the hypothalamus [4, 7,
51]. It has been proposed that cytokines inhibit
feeding by mimicking the hypothalamic effect of
excessive negative feedback signalling via inhibi-
tion of the NPY/AgRP orexigenic network, as well
as by persistent stimulation of the pro-
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a b

Fig. 6. a IL-1β mRNA levels in controls (open bars) or MCA tumour-bearing rats (closed bars). Values (means ± SE; n = 8
for each group) were standardised to arbitrary units. CLL, cerebellum, HIP hippocampus, HYP hypothalamus. * p ≤ 0.05
from pair-fed controls. b Liver mRNA levels of IL-1RI, IL-1R AcP II, and IL-1 Ra in controls (open bars) or MCA tumour-
bearing rats (closed bars). Values (means ± SE; n = 8 for each group) were standardised to arbitrary units. * p ≤ 0.05 from
pair-fed controls. (From [7])



opiomelanocortin (POMC) anorexigenic pathway
[52]. Serotonin (5-HT) has also been demonstrated
to inhibit food intake, since in normal rats periph-
erally infused IL-1 increases brain tryptophan con-
centrations, probably facilitating competitive cross-
ing of the latter through the blood–brain barrier,
consequently increasing 5-HT synthesis [42, 53].
But, more importantly, IL-1 increases 5-HT release
by a physiological cascade, whereby the sum of its
cytokine and tryptophan determinants amplifies 5-
HT release [54]. Experimental data indicate 5-HT’s
influence via 5-HT1B receptors on magnocellular
hypothalamic nuclei during cancer anorexia devel-
opment, which may contribute to the decrease in
food intake in cancer patients [55–57].

Recent data suggest that hypothalamic seroton-
ergic neurotransmission is critical in linking
cy tokines and the melanocortin system.
Fenfluramine is a 5-HT agonist that was once
widely prescribed in the treatment of obesity to
suppress appetite. Fenfluramine increases hypo-
thalamic 5-HT concentrations, which in turn acti-
vate POMC neurons in the arcuate nucleus, thereby
inducing anorexia and reducing food intake [55,
57]. In contrast, cytokines, particularly IL-1, stim-
ulate the release of hypothalamic 5-HT [58]. Thus,
it could be speculated that, during tumour growth,
cytokines increase serotonergic activity, which, in
turn, persistently activates POMC neurons, leading

to the onset of anorexia and reduced food intake.
Our studies in anorectic rats show that after the
tumour is resected, food intake normalises (Fig. 7).
When this occurred, normalisation of the 5-HT1B

receptor and NPY expression in the hypothalamus
after tumour resection in tumour-bearing rats was
documented using immunocytochemical visuali-
sation of antigens and semi-quantitative image
analysis [59] (Fig. 8).

Since each anorexigenic cytokine family uses a
different transducing system, cytokine-induced
anorexia is a complex phenomenon that involves
many signalling pathways [60]. It is unlikely that
they represent separate and distinct pathogenic
mechanisms; rather, it appears that close interrela-
tionships exist among them.

Neuropeptides and Cancer Anorexia

Several approaches have been used to study the
role of neuropeptides in the regulation of eating
behaviour, including various animal models (e.g.
transgenic animals and gene-deletion models) and
physiological studies evaluating the response of
cannulated tumour-bearing animals to intracere-
broventricular or hypothalamic intranuclear injec-
tion of peptides and monoamines. Although these
studies provide further insight into the role of dif-
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Fig. 7. Food intake in tumour-bearing
rats (TB-R) and control groups
before and after tumour resection
and sham operation, respectively. In
the TB-R group, food intake
decreased with the onset of anorexia.
When rats were defined as anorectic,
tumours were resected, while their
controls underwent sham operation.
Food intake continued to be meas-
ured until it normalised in TB-R, at
which time rats in both groups were
killed to harvest their brains. (From
[59])
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Fig. 8. Immunocytochemical visualisation of serotonin (5-HT)1B receptors (a, b, e, f) and NPY immunoreactive fibers (c, d,
g, h) in the hypothalamus of control and tumour-resected rats. SO, supraoptic; PVm, magnocellular part of paraventricu-
lar nucleus; PVp, parvocellular part of paraventricular nucleus; OC, optic chiasm; Bar, 100 µm. (From [59])



ferent neuropeptides in cancer anorexia-cachexia
syndrome, our knowledge remains limited and
fragmented, making difficult the development of
targeted drug therapies for anorexia.
Neuropeptides involved in cancer anorexia can be
divided into orexigenic and anorexigenic. Among
the anorexigenic peptides, hypothalamic α-MSH is
thought to be of primary importance in the inhibi-
tion of feeding and body weight gain because it
induces anorexia primarily v ia the type 4-
melanocortin receptor (MC4-R). Stimulation of the
hypothalamic MC4-R appears to integrate periph-
eral signals that lead to anorexia, weight loss,

hypodipsia, and decreased locomotion during ill-
ness [60]. Central administration of MC4-R ago-
nists inhibits energy intake, increases energy
expenditure, and reduces body weight [62, 63],
whereas administration of MC4-R antagonists
leads to an increase in food intake. It has been
reported that weight loss and hypophagia induced
by sarcoma growth can be reversed and prevented
by the administration of the endogenous
MC3/MC4 antagonist, AgRP. The prevention of
tumour-induced hypophagia with early and
repeated AgRP injections resulted in maintenance
of normal food intake (Fig. 9) [61].
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Fig. 9. Agouti-related peptide (AgRP) administration prevents cachexia in sarcoma-bearing mice. a Daily food consump-
tion in sarcoma-bearing mice. Feeding can be restored in hypophagic mice, with the effect lasting for 2–3 days. Arrows
Days of injection of AgRP (2.5 nmol; *p < 0.01 vs wild-type control. b Daily food intake in sarcoma-bearing mice.
Injections given earlier in the course of the disease prevents hypophagia in tumour-bearing animals and produces
hyperphagia in sham-implanted controls. c Net weight change over 19 days. d Tumour burden showing that AgRP pre-
vents tumour-induced carcass weight loss (*p < 0.0001), without affecting final tumour mass. (From [61])
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NPY, one of the most potent orexigenic neu-
ropeptides, acts in the hypothalamus to stimulate
food intake. NPY neurons in the ARC synthesise
both NPY and AgRP, an endogenous melanocortin
antagonist (Fig. 3). NPY/AgRP neurons are known
to innervate and directly inhibit the function of
POMC neurons. Thus, the activation of NPY/AgRP
neurons inhibits melanocortin signalling at multi-
ple levels, making them a logical target for the
transduction of cachexigenic stimuli from the
periphery. Previous data from in a tumour-bearing
rat model indicated interactions between the

monoamine system and NPY, thus pointing to a
specific and integrated role for these neuromedia-
tors in the onset of cancer anorexia. The inhibition
of NPY orexigenic effects is associated with specif-
ic changes in 5-HT and dopamine (DA) concentra-
tions in the PVN, which, in turn, inhibits food
intake and thus promotes the onset of cancer
anorexia (Fig. 10a, b) [56]. Although the overall
effect of these signals on NPY neuronal function
remains controversial, studies have demonstrated
that the NPY feeding system is dysfunctional in
anorectic tumour-bearing rats [56].
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Fig. 10. a At the onset of
anorexia in TB rats, a signifi-
cant increase in 5-HT concen-
tration was measured in the
hypothalamic PVN. Values are
mean ± standard error. *p <
0.01 vs NTB rats; **p < 0.05 vs.
Pair-fed (PF) rats. b In con-
trast, a significant decrease in
NPY concentration was meas-
ured in the PVN. Values are
mean ± standard error. *p <
0.05 vs. NTB and PF rats.
(From [56])
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Omega-3 Fatty-Acid Diet

Our current understanding of the mechanisms
contributing to anorexia includes a critical role for
the hypothalamic monoaminergic system. Its dys-
function during tumour growth appears to be ini-
tiated by: (1) increased supply to the brain of tryp-
tophan, the amino acid precursor of 5-HT, result-
ing in an increase in hypothalamic 5-HT (Fig. 10a),
and (2) the increased production of cytokines that
exert their anorexic effect directly on the hypo-
thalamus (Fig. 6). The cytokines also increase the
uptake of tryptophan, further increasing the syn-
thesis of 5-HT in the hypothalamus and thus con-
tributing to anorexia. Since anorexia is mediated
by cytokines and omega-3 fatty acids (ω-3 FAs)
interfere with the synthesis of cytokines [64], the
anti-anorectic therapeutic benefits of ω-3 FAs have
been investigated.

Dietary factors modify the production and the
activity of cytokines [65]. In healthy human volun-
teers, dietary fish oil (rich in long-chain ω-3
polyunsaturated fatty acids) supplementation
inhibits in vitro production of IL-1 [65] and TNF-α
[64, 65]. Dietary supplementation with ω-3 FAs
also significantly reduces in vitro production of
IL-1β and TNF-α in healthy women and decreases
in vitro production of IL-1 from monocytes of
rheumatoid arthritis patients [65]. The inhibition
of cytokine production by ω-3 FAs is a long-last-
ing phenomenon, as the release of IL-1 α and IL-
1β, and TNF- α remains inhibited 10 weeks after
the end of the ω-3 FA supplementation [64]. The
production of cytokines returned to the pre-
supplementation level 20 weeks after the end of ω-
3 FA supplementation. Long-chain ω-3 or (n-3)
polyunsaturated fatty acids include eicosapen-
taenoic (EPA; C20: 5 n-3) and docosahexaenoic
(DHA; C22:6 n-3) acids. These are derived from
linolenic (C18:3 n-3) acid and undergo biological
transformation to eicosanoids, which alter the pro-
duction of inflammatory mediators, including
cytokines. Suppression of cytokine production
occurs by inhibiting the cyclo-oxygenase pathway,
and hence prostaglandin and leukotriene synthesis
[67]. In vitro, EPA is a potent suppressor of the
secretion of several cytokines, including IL-1, IL-2,
IL-6 and TNF-α, and it also inhibits T-cell prolifer-

ation [68]. EPA also competes for the incorpora-
tion of arachidonic acid into membrane phospho-
lipids and inhibits its conversion to prostanoids.

In addition to inhibiting the production of
cytokines, fish oil also diminishes the biological
activities of cytokines including: (1) the direct
anorexigenic effect induced by IL-1 [69] and TNF-
α [70]; and (2) the indirect effect of enhanced
amounts of tryptophan crossing the blood–brain
barrier [44]. Furthermore, in rodents, dietary ω-3
FAs inhibit the py rogenic and thermogenic
responses to IL-1 [71]. Preliminary studies report-
ed that a fish-oil-enriched diet significantly
inhibits tumour induced weight loss in animal
models and tumour-induced cachexia in humans
[72, 73]. Thus, the use of ω-3 FAs as an exploratory
tool helps to dissect the mechanism of the antici-
pated increase in food intake.

As mentioned above, we have shown that when
the tumour grows, food intake decreases, initially
by a decrease in meal number and then by a
decrease in meal size, manifesting the characteris-
tic-feeding pattern of cancer anorexia (Fig. 1A–C).
These findings correspond with clinical observa-
tions in anorexic cancer patients, who initially
decrease the number of meals they eat per day and
then subsequently are unable to eat a full meal, i.e.
they decrease their meal size. ω-3 FAs suppressed
the appearance, growth, and progression of the
tumour (Fig. 11) [73, 74], although the exact mech-
anism(s) by which this occurs is remains a subject
of investigation. Possible mechanisms include: (1)
reduced formation of eicosanoids derived from
arachidonic acid; (2) incorporation of EPA and
DHA into tumour membrane phospholipids,
which may alter membrane function, the kinetic
properties of enzymes responsive to receptor-
cytokine or receptor-hormone interactions [15]
and, in turn, cytokine activity; and (3) decreased
concentrations of vascular endothelial growth fac-
tor and, consequently, decreased tumour vascular
supply [75]. The inhibitory role of ω-3 FAs on vas-
cular smooth muscle cell (VSMC) proliferation
and therefore growth of blood vessels deserves
consideration. ω-3 FAs have both anti-thrombotic
and anti-atherogenic actions. These effects are
mediated by endothelial cells, which influence vas-
cular remodelling via modulating proliferation,
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cell death, and structural alteration in blood ves-
sels [76]. ω-3 FAs also influence vascular function
and inhibit vessel proliferation via EPA and DHA.
EPA inhibits VSMC proliferation [77], and DHA
triggers VSMC apoptosis, implicating a role for
these compounds in vascular remodelling [78].
Interestingly, the potency for this anti-proliferative
action has been reported to be greater for EPA
than for DHA [77]. Thus, that the ability of ω-3
FAs to suppress the appearance of the tumour and
its progression might be explained by the inhibi-
tion of VSMC proliferation, consequently leading
to a decrease in blood supply to the tumour.

Another interesting fact is that tω-3 FAs  also
act in the CNS. We have demonstrated that,
besides an increase in food intake, the administra-
tion of ω-3 FAs to anorectic tumour-bearing rats
leads to changes in the hypothalamic NPY, α-
MSH, and 5-HT. Using immunohistochemical
visualisation and semiquantitative image analysis,
we demonstrated that tumour-bearing rats fed a
diet r ich in ω-3 FAs (TB-ω-3 FA) showed
increased NPY immunoreactivity in many hypo-
thalamic nuclei, (i.e. ARC, PVN, and supraoptic
nuclei) and decreased α-MSH reactivity in the
ARC and in the magnocellular part of PVN.
Comparison of NPY immunostaining in different

hypothalamic nuclei of anorectic TB-ω-3 FA vs
tumour-bearing chow-fed rats revealed a marked
increase in some hypothalamic nuclei. Moreover,
NPY immunostaining was not uniform or equal in
different hypothalamic structures, and the most
intense increase of NPY occurred in the ARC.
Analysing the percent increase in staining associ-
ated with ω-3 FAs in the tumour-bearing condi-
tion, the greatest amount of change was observed
in the hypothalamic PVN, where staining
increased by 50% in magnocellular and 10% in
parvocellular nuclei. The most intense decrease in
α-MSH staining occurred in the ARC, with 64%
less immunoreactivity than in the ARC of tumour-
bearing rats on a chow diet. A similar decrease in
5-HT1B receptors occurred in supraoptic nuclei.
These findings support the hypothesis that, in a
sarcoma rat model of anorexia, ω-3 FAs lead to an
increase in food intake and prevent the tumour-
induced weight loss via hypothalamic up-regula-
tion of the orexigenic NPY and down-regulation
of anorexigenic α-MSH and 5-HT.

Studying the effects of ω-3 FAs on gene expres-
sion in the hypothalamus of tumour-bearing vs
non-tumour-bearing chow-fed rats led to prelimi-
nary data showing that up-regulation of TNF-α
and IL-1β occurs in the ARC of the former. This
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Fig. 11. Tumour appearance and
changes of tumour volume in
TB rats. Tumour appearance
occurred 100% (8/8) within 9
days after tumour inoculation
in TB-Chow rats; in TB-ω-3 FA
rats, tumour appearance
occurred 20% (2/8) within 9
days and 100% (8/8) on day 18
after tumour inoculation. *p <
0.05 vs TB-ω-3 fatty acid rats.
(From [15])



corresponds to our recent report showing that, in
the brain, anorexia is associated with up-regula-
tion of mRNAs for IL-1β and its receptor. This sug-
gests that IL-1β and its receptor play a significant
role in cancer-associated anorexia [7].

In TB-ω-3 FA, TNF-α and IL-1β expression in
the ARC was lower than in tumour-bearing chow-
fed rats (Table 1). These data, together with the
data summarised in Fig. 6, showing increased
mRNA in the hypothalamus, suggest that the effect
of ω-3 FAs in the presence of tumour is to suppress

pro-inflammatory cytokines, as evidenced by
decreased TNF-α and IL-1β in the ARC. As a result,
food intake is improved. NPY expression is
increased in the ARC by 215% and in PVN by
377%, preventing a decrease of food intake in this
group compared to tumour-bearing chow-fed rats.
These alterations in the hypothalamic pro-
inflammatory cytokines and neuropeptides sug-
gest that there are changes in food-intake regulato-
ry pathways in the brain in response to cancer that
ultimately result in anorexia.
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Conclusions

The development of cachexia is a common feature in
cancer patients, highly impinging on their quality of
life and life expectancy. The anorexia-cachexia syn-
drome is a complex metabolic disorder and several
hypotheses have been offered to explain its aetiolo-
gy. Interaction between the growing tumour and the
immune system leads to the release of cytokines,
which act in the hypothalamus and cause an imbal-
ance between the orexigenic and anorexigenic path-

Table 1. Gene expression profiles normalised to the baseline sample

NTB-Chow NTB-omega-3FA TB-Chow TB-omega-3FA

TNF-α
ARC 1.00 0.28 1.19 1.15
PVN 1.00 0.58 0.92 0.82

IL-1β
ARC 1.00 1.06 2.04 1.19
PVN 1.00 1.25 0.79 0.97

NPY
ARC 1.00 0.09 0.33 0.71
PVN 1.00 29.85 2.06 7.77

POMC
ARC 1.00 0.03 0.09 1.36
PVN 1.00 16.27 0.79 1.00

NTB-Chow, non-tumour-bearing chow-fed rats; FA, fatty acids; TB, tumour-bearing; TNF-a, tumour necrosis factor-α;
ARC, arcuate nucleus; PVN, paraventricular nucleus; IL-1b, interleukin-1β; NPY, neuropeptide Y; POMC, pro-opiome-
lanocortin

ways. An understanding of the pathogenesis of the
multifactorial syndrome of cancer anorexia and the
effects on this syndrome of a diet supplemented with
ω-3 FAs will provide insight into the mechanisms that
regulate feeding activity. Currently, no effective phar-
macological treatment exists to fully reverse anorex-
ia. Thus, a better understanding of the detailed mech-
anisms underlying the complex pathogenesis of hy-
pophagia and its metabolic dysregulation, which
lead to cachexia, is needed to develop new thera-
peutic approaches.
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Physiology

Melatonin (N-acetyl-5-methoxytriptamine) is the
best-known among the indoles produced by the
pineal gland (also called the epiphysis) according
to a circadian rhythm. The pineal gland is the reg-
ulator of photic and nonphotic effects of the sun;
indeed, it is the anatomical structure that coordi-
nates the body’s functions with the most impor-
tant environmental rhythm, that is the light/dark
rhythm. This fact may help us in understanding
the history of the pineal gland: ancient myths and
philosophic systems all over the world assigned a
significant role to this gland, with respect to the
health of the body and the spirit. Indeed, Cartesius
(Reneé Descartes) described the pineal gland as
the site of the soul. The Greek name given by
Vesalius to the pineal gland, epiphysis (επι =
above; φυσισ = nature), implies that it is the coun-
terpart of the hypophysis (υπο = below φυσισ =
nature), whereas effectively the physiological
activity of the pineal gland counterbalances that of
the hypothalamic-pituitary-adrenal (HPA) axis.

Melatonin targets are specific membrane recep-
tors located in the brain and in other tissues.
These receptors include the MT1 and MT2 recep-
tors and the nuclear receptors RZR/ROR-α [1–3].

Melatonin membrane receptors are G-protein-
coupled and thus regulated by cyclic-adenosine-
monophosphate (cAMP) and phosphoinositide
hydrolysis. MT1 receptors are mainly found in the
hypothalamus and kidney, whereas MT2 receptors
are expressed in the brain and retina. The two
receptors are reported to have different affinities.
Melatonin production occurs through the activa-
tion of enzymatic pathways and it peaks in the
dark period of the day. Concerning its physiology,
it is known that melatonin production starts in 1-
month-old newborns, is abundant in infancy, and

drops acutely in the puberty; it has therefore been
proposed that melatonin is a clock marking the
onset of puberty.

Pineal Gland and Cancer

In cancer patients, the function of the pineal gland
and the circadian secretion of pineal hormones are
frequently disrupted [4–8]. Animal and in vitro
models have shown that melatonin inhibits the
growth of several tumours, such as breast cancer
MCF7 [9, 10] and prostatic cancer [11, 12].
Chemical pinealectomy increased the growth of
experimental tumours in animals. Recent experi-
mental evidence in animal models of cancer
showed that exposure to light during the dark
phase of an alternating light–dark cycle suppresses
the synthesis of melatonin, increases fatty acid
metabolism, and promotes the growth of trans-
plantable murine liver tumours and human breast
cancer xenografts [13–15].

In humans, different authors have reported sev-
eral findings: (1) the total 24-h amount of mela-
tonin and its metabolites did not differ between
healthy subjects and breast cancer patients [16];
(2) pineal gland function and the circadian secre-
tion of pineal hormones in patients with solid
tumours was found to be disrupted [4–7]; (3)
accordingly, the risk of cancer was increased in
subjects with melatonin night-shift [17–19].

From an endocrinological view, these apparent-
ly contradictory finding could be explained if the
cancer-induced changes in the circadian pattern of
melatonin availability were manifested over a peri-
od of time > 24 h, i.e. just as different patterns of
cortisol incretion are characteristic of different
adrenal-gland diseases.

In fact, studies have demonstrated an increased
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cancer risk with alteration of melatonin incretion;
however while a relationship between alterations
of circadian amplitude or phase (time of melatonin
upswing) and cancer was observed, the average
amount of melatonin metabolites excreted in 24 h
did not change [20].

Cancer patients suffer from an imbalance of
several neurological and endocrine systems,
including the pineal/opioid system [21, 22].

Another role of the pineal gland is the regula-
tion of immune function [23]. Melatonin has been
well-proven to influence both natural and adaptive
immune activity; that is, cell-mediated immune
function and phagocytosis. Melatonin modulates
the response of immune cells to cytokines both in
vitro and in vivo. The down-regulation of immune
function in cancer is a major factor affecting the
overall survival of patients with advanced-stage
cancer. In this respect, although it is commonly
underestimated in the daily clinical management
of cancer patients, the role of melatonin in the
restoration of normal immune function of cancer
patients deserves further investigation. Melatonin
acts on immune function by different pathways:
through regulation of cy tokine secretion by
peripheral cells [24] and by central regulation of
neurotransmitters [25]. As in HIV patients, the
decrease in circulating lymphocytes is a poor
prognostic factor in all major types of cancers,
independent of better-known and ascertained
prognostic factors, such as tumour stage, disease
extension, and weight loss [26, 27]. Cancer-
associated immunodeficiency, as in HIV, is mainly
dependent on the inhibition of endogenous inter-
leukin (IL)-2 production [28–32]. Pineal gland
dysfunction has a role in cancer-associated
immunodeficiency [33]. Based on our experience
with cancer patients, the addition of melatonin to
IL-2 immunotherapy increases the rebound lym-
phocy tosis induced by IL-2 and exerts other
effects on haematopoiesis [34–38].

The activity of pineal indoles on immune regula-
tion suggests a major role for central nervous control
of immune pathways [39–42]; for example, melatonin
has been reported to have anti-inflammatory effects
[43, 44]. Indeed, pineal gland function may act on
several levels in the pathways leading to cancer-
associated anorexia-cachexia syndrome.

Cachexia and Melatonin

Cancer cachexia depends on derangements of
metabolic, endocrine, and immune functions.
Cachexia is a strong prognostic factor associated
with a poor prognosis [26], due, in part, to its asso-
ciation with an increased rest energy expenditure
(REE). The poor prognosis regarding overall sur-
vival induced by weight loss is the most important
demonstration that the metabolic, immune, and
endocrine alterations result ing from cancer
cachexia warrant the most effective treatment to
improve patient outcome.

Among the possible mediators involved in the
pathophysiology of cancer anorexia-cachexia, the
increased production of tumour necrosis factor
(TNF)-α has long been implicated [45] as one of
the major cytokines inducing wasting syndrome
and enhancing REE. Melatonin was demonstrated
to be able, both in vitro and in animals, to inhibit
the lipopolysaccharide-induced TNF production in
an endotoxic shock model [46]. In a preliminary
study [47], we found evidence of feedback systems
between the pineal release of melatonin and TNF
secretion; other studies on the clinical use of mela-
tonin in the palliation of symptoms suggested a
role for melatonin activity in the improvement of
the clinical conditions of patients with advanced-
stage cancer [48].

Dosing and Administration

Although a large number of pathophysiological
studies on the role of melatonin in several models
of disease have been published, our knowledge of
the pharmacology of melatonin in clinical settings
is still very poor. Earlier studies hypothesised or
calculated that the replacement of endogenous
hormone by synthetic melatonin would need dos-
ing between 0.5 and 2 mg in human adults,
although a clear-cut dosage has not yet been estab-
lished [49].

Most clinical studies so far have consisted of
the administration of empirical doses of mela-
tonin, ranging from 5 mg to 20 or 40 mg, derived
from extrapolations of data from animal studies.
In any event, dose-activity studies in cancer
patients are lacking as is a comparison of the dif-
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ferent routes of administration. This knowledge
gap may be due to the fact that melatonin recep-
tors have only recently been clearly identified. An
understanding of the function of these receptors is
fundamental to gaining insight into melatonin
action and the therapeutic administration of
exogenous melatonin, e.g. identifying the optimal
time-range of administration based on receptor
exposure [50]. Detailed studies of MLT receptors
will no doubt be critical for successful melatonin-
based treatment, in order to reproduce a therapeu-
tic physiological effect or to modify deranged
pathways that occur in certain diseases (i.e. the
decrease in REE).

Very recent studies on the use of melatonin as
an hypnotic drug in animals and humans found
that the pharmacological doses of melatonin that
were needed were very different from those
administered to improve sleep or for behaviour
modulation in neurological disturbances [51]. An
intravenous dose of 178 mg melatonin/kg was
reported to have the same effects as propofol at 5.4
mg/kg and of thiopental at 12.5 mg/kg [52].

Taking into account all of the above-cited data,

it is clear that much work remains to be done to
understand the activities, effectiveness, and the
failures, reported in studies on melatonin thus far.

Administration of Melatonin in Cancer-
Associated Cachexia

To investigate the in vivo relationships between
cancer cachexia, TNF, and melatonin, our
Institution carried out a randomised clinical trial
in 1994 in advanced-stage cancer patients with
progressive disease after standard treatment [53].

This randomised, open-label study enrolled 100
patients with metastatic solid tumours who had
not responded to previous conventional antitu-
mour treatment and/or who were not eligible to
receive other effective standard forms of treat-
ment. Exclusion criteria were malnutrition due to
difficult or impossible oral intake, i.e. intestinal
occlusion, need of parenteral nutrition and/or pro-
longed i.v. fluid infusion, and a diagnosis of a
tumours of the head and/or neck. Patients charac-
teristics are listed in Table 1. Patients provided
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Table 1. Clinical characteristics of metastatic untreatable patients receiving supportive care or supportive care and mela-
tonin (MLT) 20 mg/day in the evening

Supportive care Supportive care + melatonin

Study patients no. 51 49
Died from rapid progression 10 4
Evaluable patient no. 41 45
Male/female 27/14 29/16
Median age (yrs) 64 (39–74) 66 (41–76)
Karnofsky performance status (median) 60 (20–90) 60 (20–90)
Previous chemotherapy 39 43

Tumor types
Non-small cell lung cancer 13 14
Breast cancer 8 6
Colorectal cancer 6 7
Gastric cancer 4 6
Hepatocarcinoma 3 4
Pancreatic cancer 3 3
Unknown primary tumor 2 3
Cervix carcinoma 2 2

Dominant metastatic sites
Soft tissues 4 4
Bone 7 6
Lung 14 15
Lung + liver 3 4
Brain 2 3



informed consent and were stratified according to
tumour type and disease site. They were then ran-
domised to receive standard supportive care (con-
trol arm) or standard supportive care plus mela-
tonin (treated arm). Patients were considered
evaluable when observed for at least 2 months.

Standard supportive care included non-
steroidal anti inflammatory drugs and opioid
drugs for pain palliation. Steroids (dexamethasone
or methylprednisolone) were administered in case
of dyspnoea or hypotension (i.e. lung infiltration).
Melatonin was administered per os daily in the
evening, at 20 mg/day. The dose was chosen empir-
ically, based on the previous studies available at
the time.

Serum TNF levels were measured by RIA using
peripheral venous blood samples taken at baseline
and at monthly intervals of 3 months. Normal val-
ues of serum TNF were determined in a group of
40 age-matched healthy subjects and were 2–10
pg/ml (95% confidence limit).

Initial respiratory distress, diagnosed as a rapid
decline in arterial PO2, the presence of lung infil-
trates, but no congestive heart failure, as deter-
mined by ultrasound scan, occurred in 13 patients
(6 treated and 7 controls). Respiratory distress was
associated with lung lymphangitic metastases in
ten of 13 patients. Fourteen patients died due to
rapid disease progression (ten in the control arm,
four in the treated arm) and were not evaluable.
There were thus 86 evaluable patients, 41 in the
control group and 45 in the treated group, and
they were well-balanced  regarding the main prog-
nostic variables (tumour type, disease site, per-
formance status, age).

Clinical Findings

No adverse events associated with melatonin
administration were observed. On the contrary,
among patients with respiratory distress who
received melatonin, five out of six had improved
arterial PO2 with disappearance of lung infiltrates.
Rapid progression to death was observed in one of
six melatonin-treated but in seven of seven control
patients with respiratory distress (p < 0.05).

Weight loss > 10% vs baseline occurred in two of

45 patients in the treated arm (4%) and in 13 of 42
patients in the control group (32%) (p < 0.01). Mean
(± SE) weight loss in the control arm was 6 ± 2 kg vs
3 ± 1 kg in the treated arm (p < 0.001) (Fig. 1).

Concerning tumour progression, measured
according to WHO criteria, progressive disease
was observed in 37 of 41 control patients vs 24 of
45 patients in the melatonin group (90% vs 53%: p
< 0.05); no objective response was observed.

Serum TNF-a Levels

Cancer patients at baseline had serum levels of
TNF-α (mean ± SE) that were higher than in
healthy controls (41 ± 5 vs 6 ± 2 pg/ml: p < 0.001).
At baseline, no difference in serum TNF-α levels
was observed between the two study groups. In the
control group, mean serum TNF-α levels showed a
trend to increase compared to baseline (39 ± 3 vs
51 ± 5). Interestingly, TFN-α serum levels in the
treated group, assessed after 2 and 3 months of
melatonin administration, decreased significantly
(p < 0.05 at 2 months; p < 0.01 at 3 months) vs
baseline (Fig. 2).

Study Conclusions

According to the results of this independent study,
melatonin administration was effective in the inhi-
bition of cancer-associated wasting syndrome.
Noticeably, its clinical effect seems explainable by
the inhibition of serum TNF-α release, which
tends to increase in the natural course of advanced
cancer. The ability of melatonin to modulate the
inflammatory response in cancer patients seems to
overcome TNF-α-related activity; in other studies,
even those of non-cancer diseases, melatonin
inhibited the in vivo release of sIL-2R in serum
and decreased the erythrocyte sedimentation rate
(ESR). However, a larger, double-blinded, ran-
domised study is needed to definitively confirm
the effectiveness of melatonin in cancer cachexia;
unfortunately, so far, neither public nor private
sponsors have been interested in funding studies
into the therapeutic benefit of a low-cost treat-
ment involving a simple compound such as mela-
tonin.

540 Paolo Lissoni, Luca A. Fumagalli, Fernando Brivio, Gianstefano Gardani, Angelo Nespoli



Overview of Supportive Cancer Care with
Melatonin

The therapeutic potential of melatonin is wide-
ranging [54]. Evidence derived from clinical and
biological studies has supported our view that
melatonin administration should be considered as
hormone-replacement therapy aimed at the
restoration of the physiological circadian rhythm
in cancer patients. The cancer-associated disrup-
tion of circadian endocrine, immune, and neuro-
logic systems is still far from being understood
[55], although their prognostic impact on survival

has been well-demonstrated, as evidenced by stud-
ies showing that alterations of cortisol rhythm are
predictive of overall survival [56].

In cancer patients, the addition of melatonin to
standard treatments improved patient outcome in
chemotherapy-treated patients [57, 58] and in
those receiving hormone therapy [59, 60] or IL-2
immunotherapy [61, 62].

In chemotherapy-treated patients with
advanced-stage cancer [63–65] the addition of
melatonin decreased the rate of chemo-associated
toxicity. In our above-reported study, 250 advanced
cancer patients with poor clinical status (lung can-
cer: 104; breast cancer: 77; gastrointestinal tract
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neoplasms: 42; head and neck cancers: 27) received
melatonin (20 mg/day, orally every day) plus
chemotherapy, or chemotherapy alone.
Chemotherapy consisted of standard cisplatin
(CDDP) plus etoposide or gemcitabine alone for
lung cancer; adriamycin alone, mitoxantrone
alone, or paclitaxel alone for breast cancer; 5-FU
plus folates for gastrointestinal tumours; and 5-FU
plus CDDP for head and neck cancers. In the
groups of patients receiving concomitant adminis-
tration of melatonin, the frequency of chemo-
associated toxicities was significantly reduced. In
detail, the concomitant administration of mela-
tonin significantly reduced the frequency of

myelosuppression (p < 0.001), thrombocytopenia
(p < 0.05), neurotoxicity (p < 0.05), cardiotoxicity
(p < 0.05), stomatitis (p < 0.05), and asthaenia (p <
0.001). Leucopenia and anaemia were also less fre-
quent in the melatonin group, without, however,
statistically significant differences. While the inci-
dence of nausea and vomiting, diarrhoea, and
alopecia were not influenced by melatonin, both
overall survival time and objective tumour regres-
sion rate were significantly higher in patients con-
comitantly treated with melatonin (tumour
response rate: 42/124 vs 19/126: p < 0.001; 1-year
survival: 63/124 vs 29/126: p < 0.001).

The ascertained influence of melatonin in
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haematopoiesis through different pathways (direct
receptor interaction, cytokine production, or
monoaminergic stimulation of bone marrow) [66]
might explain at least some of its clinical effects on
the prevention of chemo-associated toxicities.
Moreover, melatonin could also protect from
chemo-associated toxicities by its proven anti-
oxidant and free-radical scavenger activities [67, 68].

Among the different effects on haematopoiesis,
the most relevant one seems the protective effect
on platelet (toxicity). The ability of melatonin to
increase platelet number is worth serious atten-
tion: noticeably, other pineal gland hormones such
as 5-methoxytryptamine, also seem to be involved
in thrombopoiesis [69, 70].

Other diseases, apart from cancer, are also char-
acterised by severe disruption of circadian pineal
rhythm, such as liver cirrhosis [71–74] and shock
[75]. Thus, it should be kept in mind that other func-
tions have been ascribed to the pineal gland besides
melatonin release; several indoles are increted ac-
cording to a circadian rhythm, but their functions are

still largely unknown [76–88] and their therapeutic
potential is far from being ascertained [88–90].

A wider vision and a deeper knowledge of the
regulation by the pineal gland of immune,
endocrine, and neurological systems will provide
new insights into treating human diseases. The rela-
tionships between psychic status and immuno-
endocrine functions should not be considered as
immaterial and unmeasurable; the human con-
science is neurochemically alive and active. As a
result, higher functions can be affected by diseases
but they can also be therapeutically restored, from
their immune basis [21, 22, 91–93] up to mood
modulation [21, 22, 55] and spiritual perception.
Whereas today’s clinical approach is mainly able to
provide advanced cancer patients with palliative
treatments, a further step in the evolution of science
and of medicine is needed to achieve the promise of
cancer cure. The application of our expanding
knowledge of neuroimmunoendocrinology to clini-
cal methodology and the clinical approach to treat-
ing cancer patients represents such a step.
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Introduction

The mechanism of loss of weight (cachexia),
appetite (anorexia), and strength (asthenia) of
most patients with advanced, incurable cancer
encompasses a complex combination of paraneo-
plastic primary anorexia-cachexia syndromes
(ACS). In addition, there are often secondary ACS
due to other complications of advanced cancer,
such as severe symptoms, disrupted function of
the gastrointestinal tract, and reduced physical
ability [1].

The complex [2], often contra-intuitive, multi-
dimensional [3], and fluctuating mechanisms of
ACS [4] may contribute to the distress [5]not only
of patients but also their partners. Distress is not
synonymous to the intensity of a certain symptom,
but it may be described as the perceived impact of
a health-related condition in the multidimensional
context of a patient’s life. The same symptom – its
kind, intensity, and impact – may cause different
forms of distress in different patients.

The palliation of distress becomes increasingly
important in the palliative care context, which
aims primarily at alleviating suffering caused by
incurable illnesses rather than curing diseases [6].
Besides the traditional endpoints of nutritional
interventions (such as body composition, body
mass index, nutritional intake, physical function,
eating-related symptoms, and survival), the assess-
ment of eating-related distress is an emerging,
additional endpoint of multidimensional nutri-
tional intervention in the palliative care context.
This chapter briefly reviews this new concept and
discusses the implications on nutritional coun-
selling.

Nutrition in the Palliative Care Context

The goal of palliation is to alleviate the suffering of
patients and their relatives that is caused by dis-
tressing symptoms and complications. Treatment
is based on active assessments that take into
account multidimensional (physical, psychologi-
cal; emotional, social, spiritual; existential) aspects
[6]. Palliative nutrition aims to primarily improve
subjective well-being of patients and their rela-
tives, rather than to improve weight or nutritional
intake per se (for further discussion of this con-
cept, see the chapter ‘Palliative Management of
Anorexia/Cachexia and Associated Symptoms’ ).

Symptom Assessment Close to the Patient’s
End-of-Life: Multidimensional Issues

Many symptoms related to nutrition can contribute
to distress. Examples of such distressing symptoms
include loss of appetite, chronic nausea, and taste al-
terations. However, these symptoms, when expressed
by patients with advanced-stage cancer, may also
have another meaning: the suffering associated with
a progressive terminal disease. Multidimensional is-
sues contribute to this form of suffering, including
physical, psychological, emotional, social, spiritual,
and existential issues. Patients may communicate
this complex experience by a sensation of hurt or
pain. Dame Cicely Saunders characterised this phe-
nomenon as ‘total pain’ [7]. Patients may not direct-
ly articulate their suffering, but tend instead to use
the ‘open door’ of pre-existing symptoms. This may
cause an amplification (i.e. increased intensity of
loss of appetite caused by suffering) [8] or mas-
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querading (i.e. loss of appetite or fatigue stands for
depressive symptoms or dyspnoea) [9] of symp-
toms. Since these and other symptom-specific phe-
nomena complicate assessment of the patient’s
symptoms, attempts have been undertaken to iden-
tify risk factors for increased or altered symptom ex-
pression that result in refractory symptoms. For
pain, the main risk factors include incident pain,
neuropathic pain, psychosocial suffering, substance
abuse, and impaired cognition [10]. A staging sys-
tem for pain is currently in the multi-centre evalu-
ation phase [11].

Eating-related symptoms may also carry a
more multidimensional meaning, one that reflects
the suffering. The concept of ‘total anorexia’ has
not been defined, although attempts have been
made to define ‘total pain.’ Likewise, a staging sys-
tem for eating-related symptoms, in order to iden-
tify refractory eating-related symptoms, has not
yet been developed.

Practically, assessments of eating-related symp-
toms in patients with progressive, terminal illness
should take into account multidimensional issues.
Examples of such distressing symptoms include
loss of appetite, fatigue, weakness, early satiety
(fullness), chronic nausea, taste alterations, and
shortness of breath [12]. In addition, a wealth of
other sensations and perceptions can contribute to
distress: perceived change of body image, social
withdraw from meals, feelings of guilt, helpless-
ness and powerlessness to fulfil caloric require-
ments, ‘terror’ of the scales (patients feel terrorised
by frequent weighing), perceived starving to death,
uncertainty about healthy food, and tensions in
relationship with partner(s). Finally, the conse-
quences of malnutrition may contribute to dis-
tress, such as wound sores, infections, and short-
ness of breath.

The Meaning of Eating in Terminally Ill
Patients: Importance of Carers

In patients suffering from terminal disease, such
as far-advanced and progressive cancer, the mean-
ing of eating shifts as death becomes close.
Gradual cessation of oral intake is part of the natu-
ral process of dying, and has been included as one

of the few key signs of diagnosing dying (in the
Liverpool pathway) [13]. Assessing nutritional sta-
tus in such patients concentrates increasingly on
eating-related distress and on the distress of their
carers. The research in this (difficult) field is still
scarce, with few systematic research or focused
review papers.

Mc Clement et al. observed three patterns of
family interactions with patients and health-care
providers around the issue of nutritional care in
the Palliative Care Unit setting [14]. The authors
used a qualitative systematic approach with
repeated interviews until saturation. The first pat-
tern was ‘fighting back.’ Family interactions were
driven by expectations to reverse anorexia and
cachexia, which were perceived as the cause, not as
a consequence of the terminal illness. Substantial
conflict between family members and health-care
providers was reported. The second pattern, ‘let-
ting nature take its course,’ was characterised by
desire-driven care. Nutrition was understood not
to stave off the inevitable and so family members
found other ways to care (‘being there,’ ‘simply
be’). They appreciated the opportunities to say
goodbye and to express feelings. In the third pat-
tern, ‘waffling,’ family members were ambivalent,
shifting between fighting back and letting nature
take its course. This pattern was observed in fami-
ly members with middle knowledge of the illness,
and the other patterns in those with good (nature)
and poor (fight) knowledge.

Meares et al. conducted semi-structured inter-
views with women primary caregivers of adult in-
home hospice patients with terminal cancer [15].
This systematic qualitative study summarises as
follows: ‘Shift in thinking: “eating is best” to “not
eating is best”.’ It reports seven elements related to
gradual cessation of oral intake: (1) the meaning of
food (cultural aspects, love, socialised role of food,
social situations, dinner hour); (2) the caregiver as
sustainer (knowledge of care-giving, difference of
emotion and intellect, vigilance, balance of respect
and concern in choice of action); (3) concurrent
losses (lived experience enmeshed, carer’s person-
al pain); (4) personal responses (patient eats to
please family); (5) ceasing to be–starved to death;
(6) being bereaved – the meaning now (meaning of
cooking changed, patient remembered by using
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the old, shared cooking ware); (7) paradox (waver-
ing pattern). This work did not specifically assess
caregiver eating-distress, but provided insights
regarding issues contributing to nutritional assess-
ment in terminal care.

Pool and Froggatt conducted a literature review
(no formal systematic methodology) that focused
on anorexia and cachexia in patients with
advanced cancer [16]. Anorexia seems to be a
greater concern to carers than to patients. The
preparation and serving food of is an expression
of love and caring. Carers keep the belief that
intake is necessary for survival, and retrospectively
(bereaved) perceive anorexia as very distressing
for the patient. Food plays a minimal role in com-
forting terminally ill patients, since they mainly do
not suffer from hunger. This chapter discusses the
importance of caregivers’ eating-related distress in
their coping with terminal illness.

Hughes and Neal focused their literature
review (no formal systematic methodology) on the
needs and wishes for food of patients with termi-
nal illness and described nine food-related behav-
iours [17]. These included: (1) food-practice deter-
minants: cultural, personal, social, situation, cash;
(2) nourishment; (3) expression of friendship; (4)
maintenance of interpersonal relationships; (5) to
promote and maintain social status; (6) as a way to
cope with stress and tension; (7) to influence the
behaviour of others; (8) religious and creative
expression; (9) ‘channel theory’: each household
has a gatekeeper. The above-reported findings
highlight the vast possible meanings of food and
may guide sensible counselling.

An ongoing study by Strasser, Cerny and
Kesselring explores elements of eating-related dis-
tress in patients with advanced cancer and cachex-
ia, and in their relatives (those present > 50% dur-
ing all meal times). It applies an inductive analytic
approach with constant comparisons to analyse
items appearing in ad verbatim transcripts of in-
depth interviews (focus groups with couples, sin-
gle patients, and widows). The preliminary find-
ings reveal the wide-ranging distress patterns
related to loss of appetite (disgust, taste changes,
fluctuating, unpredictable), inability to eat (pre-
dictable but fear of starving), loss of weight (diffi-

cult to control, eating and weight not linked), inse-
curity about what is healthy (adaptation, learning),
partnership (pressure, show caring by providing
food), social contacts (practical limitations,
changed normality), professionals (advice comes
from other sources), and fighting a losing battle
close to death. This (ongoing) study suggests: 1)
observing the living space of patients and rela-
tives; (2) provide team counselling for patients and
relatives; (3) understand that eating-related dis-
tress is multidimensional, with relevant existential
and social factors; (4) acknowledge that patients
and relatives are innovative, with a limited role for
professionals.

Assessment Instruments for Eating-Related
Distress

Assessment instruments for eating-related distress
have not been established, but are under develop-
ment, as discussed above [18].

Traditional instruments, such as the FAACT
(Functional Assessment of Anorexia/Cachexia
Therapy) for anorexia/cachexia, or widely used
quality-of-life instruments, such as the EORTC-
QlQ-c30, carry some items related to distress, but
they were not specifically developed for the pur-
pose of assessing distress. The FAACT [19], as an
example, asks at least three distress-related ques-
tions: ‘I am worried about my weight’ (item 3), ‘I
am concerned how thin I look’ (item 5), and ‘my
family or friends are pressuring me to eat’ (item
8). In the general section of the FACT, there is a
question regarding the impact of physical function
on social contacts (item 3). In the EORTC-QlQ-c30,
questions assessing interference with (physical)
function (items 6, 7) or social contacts (items 26,
27) may depict issues related to cachexia and
weakness, but not directly to eating. As a solitary
symptom, only the impact of pain on daily life
(item 19) is included in the EORTC-QLQ-C30, but
there are no items related to the impact of eating.
Only the presence and severity of eating-related
symptoms (item 5, help in eating; item 13, loss of
appetite; items 14, 15, nausea and vomiting; item
16, constipation) are assessed.
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Implications of Eating-Related Distress on
Nutritional Counselling

The eating-related distress of patients with
advanced, incurable cancer and of their partners
seems to encompass multidimensional and indi-
vidual issues potentially associated with different
mechanism of anorexia/cachexia.

An improved definition of eating-related dis-
tress may increase the quality of palliative cancer
care interventions focused on nutrition. In termi-

nal care, the cessation of oral intake needs to be
respected, also as a sign of the autonomy and dig-
nity of the patient. Likewise, the withdrawal of a
pre-existing artificial nutrition requires careful
communication, taking into account aspects of the
meanings of food, understanding of the dying
process, and issues of eating-related distress.

The importance of counselling and caring for
relatives of the dying patients needs to be empha-
sised, fostering alternative ways to express love
and compassion.
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Introduction

The management of cancer in the older person is
an increasingly common problem, as 60% of all
neoplasms occur in individuals age 65 and older
[1]. Aging is associated with a progressive decline
in life-expectancy, functional reserve, and social
resources, and an increased prevalence of comor-
bidity [2]. This process is highly individualised
and poorly reflected in chronologic age. The diver-
sity of the older population affects both clinical
practice and clinical research, and underlies the
main challenges of geriatric oncology. These
include the formulation of individual treatment
plans and of research protocols.

A classification of older individuals into groups
of similar life-expectancy and functional reserve is
key to the interpretation of the diversity of aging.
The first section of this chapter illustrates current
advances in geriatric assessment that may allow
such classification. Thereafter, common precau-
tions for the treatment of cancer in the elderly, and
the most urgent questions to be tested in clinical
trials are discussed.

Clinical Assessment of the Older Cancer
Patients

Questions Related to the Clinical Assessment of the
Older Person

Both in clinical practice and in clinical research,
the answer to three basic questions determines
whether an older person is a candidate for anti-
neoplastic treatment:
- Is the patient going to die with cancer or of

cancer?
- Is the patient going to live long enough to suf-

fer the consequences of cancer?

- Is the patient able to tolerate the treatment?
Relevant questions also concern reversible bar-

riers to treatment, including inadequate transporta-
tion, limited economic resources, and absence of a
home caregiver able to react in the presence of
emergencies, and additional risk factors, such as
malnutrition, polypharmacy, memory disorders,
depression, and poorly controlled comorbidity.

The Comprehensive Geriatric Assessment

Originally, the answers to these questions were
provided by a comprehensive geriatric assessment
(CGA), including function, comorbidity, cognition,
emotional, social and nutritional status, and med-
ication review [2–3]. Prior to its adoption in geri-
atric oncology, in general geriatrics, the CGA
reduced the risk of hospitalisation and of admis-
sion to adult living facilities [4] and may have
improved the survival of older individuals [5–6].
In geriatric oncology, the CGA has unearthed a
number of unsuspected conditions that might have
interfered with the treatment of cancer in the
majority of patients age 70 and older [7–9], has
provided an estimate of life-expectancy and of
treatment tolerance, and has allowed the institu-
tion of a common language in the description of
older individuals [2, 10]. Ongoing clinical studies
try to derive from the various elements of the CGA
an individualised index predicting life-expectancy
and risk of toxicity. Table 1 describes the basic ele-
ments of the geriatric assessment.

New Forms of Geriatric Assessment

New forms of geriatric assessment that have
emerged during the last 10 years include physical
function and laboratory tests. A common example
of the tests of physical function includes the ‘timed
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get up and go test’ [3]. A person is asked to get up
from an armchair, walk 10 feet, return, and sit
down again. A score of 1 is assigned to each one of
these three findings; use of the arms for getting
up, uncertain gait, and requiring more than 10 s to
complete the full activity. The higher the sum of
the scores, the higher is the risk of mortality and
functional dependence. Other tests with prognos-
tic value include handgrip and strength of the
lower extremities.

Laboratory tests that measured increased cir-
culating levels of interleukin (IL)-6 and D-dimer
were found to predict an increased risk of func-
tional dependence and mortality during the fol-
lowing 2 years in a population of home-dwelling
persons age 70 and older [11]. While controversy
lingers related to which cytokine best reflects
aging, current studies involving older individuals
should include at least an assessment of circulat-
ing levels of IL-6.

The Cardiovascular Health Study and the First Clinical
Classification of Older Individuals

The first classification of older individuals into
groups of different risks of mortality, hospitalisa-

tion, functional dependence, and disability was
validated in the Cardiovascular Health Study
(CHS) [12] on the basis of five simple assess-
ments (Table 2). More than 5000 individuals age
65 and older were followed for several years to
study the risk factors of cardiovascular diseases
in the elderly. At the time of enrollment, all sub-
jects underwent a complex geriatric assessment
that included the tests described in Table 2. After
3 and 7 years, it was clear that three groups of
patients of different mortality and risk of func-
tional dependence, hospitalisation, and disability
could be recognised: those without abnormal
tests (fit); those who had one or two abnormal
parameters (pre-frail), and those with three or
more abnormal parameters (frail). At a recent
consensus conference on frailty, it was agreed to
embrace this classification as a frame of reference
for future studies in older individuals. It appears
reasonable that this user-friendly cost-effective
assessment be adopted both in clinical practice
and clinical research involving older individuals
with cancer.

While the CHS classification represents a major
step toward a common language, several of its lim-
itations should be addressed:
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Table 1. Comprehensive Geriatric Assessment (CGA) and its implications

Functional status
Activities of daily (ADL) and instrumental Relation to life-expectancy, functional dependence
activities of daily living (IADL) and tolerance of stress

Comorbidity
Number of comorbid conditions and comorbidity indices Relation to life-expectancy and tolerance of stress

Mental status
Folstein mini-mental status Relation to life-expectancy and dependence

Emotional conditions
Geriatric Depression Scale (GDS) Relation to survival; may indicate motivation to 

receive treatment

Nutritional status
Mini-nutritional assessment (MNA) Reversible condition; possible relationship to survival

Polypharmacy Risk of drug interactions

Geriatric syndromes
Delirium, dementia, depression, falls, incontinence, Relationship to survival
spontaneous bone fractures Functional dependence
neglect and abuse, failure to thrive



- The definition of frailty involves a wide array
of functional status, from fully independent to
fully dependent. This wide scope limits use of
the CHS in clinical practice. Previous studies
have demonstrated that dependence in activi-
ties of daily living (ADLs) and instrumental
activities of daily living (IADLs), as well as
comorbidity scores and geriatric syndromes

are predictive of mortality and of chemothera-
py-related toxicity [13–14]. In clinical deci-
sions, these parameters should be maintained
to identify patients for whom symptom man-
agement only is preferred. A subclassification
of frailty into subgroups of different life-
expectancy and functional reserve is an urgent
research project (Fig. 1).
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Table 2. Assessment of older individuals in the Cardiovascular Health Study (CHS) 

Assessment Tests

Involuntary weight loss > 10 lbs during the previous year

Grip strength By hand dynamometer: decreased grip strength is considered a value within the lowest 
quintile for persons of the same body mass index (BMI), age and gender

Slow walk Time necessary to walk 15 feet; slow walk is considered a time within the highest quintile 
for persons of the same gender and height

Self-reported exhaustion Score of the answer to the following questions:
- I feel without energy
- I cannot get going
How often have you felt this way in the last 2 weeks:
0 = 1 day or less
1 = 2–3 days
2 = 3–4 days
3 = most of the times
A score of 2 or 3 denotes self-reported exhaustion

Low energy levels Present if a person has not performed any of the following activities during the past 2 weeks:
walking, mowing the lawn, raking, gardening, hiking, jogging, biking, exercise cycling, dancing,
aerobics, bowling, golf, single and double tennis, racquetball, callisthenics, swimming

CHS
CLASSIFICATION

FIT

STANDARD
TREATMENT

PRE-FRAIL
FRAIL

INDEPENDENT
ADL AND IADL
PS < 2
LOW
COMORBIDITY
SCORE

DEPENDENT
IADL
INTERMEDIATE
COMORBIDITY

DEPENDENT
ADL
HIGH
COMORBIDITY
SCORE
GERIATRIC
SYNDROMES

SPECIAL
PRECAUTIONS:
REHAB
DOSE REDUCTION
CAREGIVER

SYMPTOM
MANAGEMENT
ONLY

Fig. 1. Algorithm for the evaluation of
the elderly person prior to chemothe-
rapy



- The CHS did not address the reversibility of
frailty and pre-frailty, an extremely important
issue that should be examined in future stud-
ies.

- The CHS classification does not address the
influence of comorbidity, malnutrition, and
socio-economic situations on the management
of older cancer patients.
In conclusion, the CHS assessment represents a

minimal common denominator that should be
integrated with other measures, according to clini-
cal circumstances; in particular, the diagnosis of
frailty and pre-frailty should be seen as a red flag
for a more in-depth assessment.

Clinical Parameters of Special Interest in the Older
Cancer Patients

Among the comorbid conditions, anaemia and
depression occupy a special place, as they are often
reversible, easy to detect, and are associated with
increased morbidity and mortality [15–17]. In
light of recent studies demonstrating that haemo-
globin levels < 13 gm/dl are an independent risk
factor for death in women age 65 and older
[15–16], it appears reasonable to consider haemo-
globin levels < 13 gm/dl as indicative of anaemia
in men and in women. In addition to reticulocyte
count, a basic work-up should include iron, iron-
binding capacity, ferritin, soluble transferrin, B12,
folate levels, and creatinine clearance [15, 16]. In
addition to being a risk factor for death, anaemia
is a risk factor for functional dependence, cardio-
vascular diseases, complications of cytotoxic
chemotherapy, and possibly dementia [15].

Of the socio-economic conditions, the avail-
ability of a home caregiver is paramount [2]. A
home caregiver able to respond to an emergency
by providing transportation and care is recom-
mended for all older individuals and definitely for
those who are not ‘fit.’

With the advent of effective cancer treatment,
capable to produce prolonged remissions and even
cure, it has become very important to assess the
quality of long-term cancer sur vivorship.
Antineoplastic treatment, especially cytotoxic
chemotherapy, may cause long-term disability and
chronic morbidity, more often in older than in

younger individuals. In addition to health-related
quality of life, quality of survivorship may be
reflected in function, comorbidity, cognitive
integrity, emotional health, and general feeling of
well-being. Fatigue, the most common long-term
complication of cancer chemotherapy, may repre-
sent the main threat to the well-being of older can-
cer survivors [18–19].

The Estimate of Life-Expectancy

Short-term life-expectancy determines the institu-
tion of life-prolonging treatment, long-term life-
expectancy that of curative treatment. Simple and
reliable ways to calculate mortality risk, from which
life-expectancy may be derived, were described by
Walter et al. [20–21]. One-year mortality risk may
be estimated from a number of parameters (Table
3), such as gender, function, comorbidity, renal
function, and nutrition. A score is assigned to each
parameter, and the risk of mortality is calculated
from the sum of the scores. For long-term mortality,
life-tables may be used. The risk of mortality for
each age cohort is divided into quartiles, and the
geriatric assessment allows the assignment of
patients to the appropriate quartile.
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Table 3. Estimate of 1 year mortality

A. Scoring system

Risk factor Odd ratio p value Score

Male 1.4 (1.1–1.8) 0.01 1
ADL: 1–4 2.1 (1.6–2.8) < 0.0001 2
All 5.7 (4.2–7.7) < 0.0001 5

Comorbidity:
CHF 2.0 (1.5–2.5) < 0.001 2
Solitary cancer 2.6 (0.17–3.9) < 0.001 3
Metastatic cancer 13.4 (6.2–39) < 0.001 8
Creatinine > 3.0 1.7 (1.2–2.5) 0.01 2
Albumin 3.0–3.4 1.7 (1.2–2.3) 0.001 1
< 3 2.1 (1.4–3.0) < 0.001 1

B. Mortality risk according to the sum of scores

Score Mortality risk (%)

0–1 < 5
2–3 15
4–5 30–40
6+ 60–70



The Future of Geriatric Assessment

New insights in the biology of aging may suggest
more reliable evaluation instruments. So far, the
assessment of aging has been fragmented and lim-
ited to individual domains. The time may have
come for a more global vision of aging. According
to the most recent construct, aging involves a loss
of entropy and of fractality, in addition to and as a
consequence of the decline in functional reserve of
multiple organ systems [22]. Loss of entropy
means loss of ability to produce energy in excess,
loss of fractality means loss of rapid coordination
between different activities. Gait disturbance, in
the presence of normal muscular strength as well
as normal cerebellar and posterior column func-
tion, is perhaps the most typical manifestation of
the loss of fractality. These losses act in concert to
produce a progressive loss in the capacity of adap-
tation that eventually becomes incompatible with
independent life and ultimately with life itself.
Some simple measures of entropy have been pro-
posed. If validated in the clinical arena, this meas-
urements may provide a global estimate of aging
and of its reversibility.

Age and Tumour Biology

Aging may be associated with changes in tumour
biology [2]. In at least five conditions (Table 4), the
behaviour of the tumour and the prognosis of can-
cer change with the age of the patient [2]. Two
observations related to Table 4 are in order. First,
contrary to a common assumption that cancer in
older patients is generally more benign, cancer
may become more aggressive and more difficult to
control with age. Second, at least two mechanisms
may be involved in the pathogenesis of these
changes. If cancer is considered to be a plant, the
growth of the plant depends on the seed (the
tumour cell) and the soil (the tumour host).
Information related to the seed, such as the expres-
sion of the multidrug resistance gene (MDR-1) in
leukaemic myeloblasts, or the concentration of
hormone receptors and Her2/neu on breast cancer
cells are useful prognostic indicators that may
determine the management of cancer in individual
cases. Further insight into the biology of the seed
may be gained by studying the genome of the neo-
plast ic cell  by microarray techniques.
Unfortunately, there are currently no useful clini-
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Table 4. Neoplasms whose biology changes with age

Neoplasm

Acute myelogenous leukaemia (AML)

Non-Hodgkin’s lymphoma

Breast cancer

Ovarian cancer

Lung cancer

Biology change

Increased prevalence of disease resi-
stant to chemotherapy

Decreased duration of remission fol-
lowing chemotherapy

More indolent disease

Decreased response rate to chemothe-
rapy,duration of remission and survival

Presentation at earlier stages in older
individuals

Mechanism

Seed: increased prevalence of multi-
drug resistance expression in myelo-
blasts

Soil: increased concentration of IL-6
in the blood of older individuals
Seed: possibly

Seed: increased prevalence of hormo-
ne-receptor-rich well-differentiated
tumours
Soil: endocrine senescence and
immune senescence

Unknown

Possible seed: as lunge cancer deve-
lops preferentially in older ex-smo-
kers, it is reasonable to expect a more
indolent disease



cal parameters to assess the influence of the host
on tumour growth. Tumour–host interactions thus
appear to be an area of important future investiga-
tions in geriatric oncology.

Treatment-Related Considerations

Anti-neoplastic treatment may be local or sys-
temic: local treatment involves surgery and radia-
tion therapy, while systemic treatment consists of
hormonal therapy, cytotoxic chemotherapy, bio-
logical therapy, and targeted therapy.

Cancer Surgery and Aging

Although the risk of surgical complications seems
to increase with the age of the patient, elective sur-
gery appears reasonably safe at least up to age 80.
The only possible exception to this statement
involves total pneumonectomy, which is poorly
tolerated by patients age 70 and older [23–24]. Not
surprisingly, the main risk of age-related surgical
complications is seen with emergency surgery,
especially of the gastrointestinal tract for obstruc-
tion of the large bowel. The risk of septic death
may be two- to three-fold higher for patients age
70 and older than for the younger ones. This find-
ing emphasises the need for regular screening for
colorectal cancer, as early detection may avoid
emergency surgery in the majority of cases [2].

New developments in anaesthesia and in surgi-
cal techniques have rendered surgery safer for all
individuals, including the oldest old [2].

Radiation Therapy

Several large studies have demonstrated that the
majority of patients age 70 and older, and even
those over 80 may complete a full course of exter-
nal beam irradiation without undue toxicity
[25–27]. Special caution appears necessary in irra-
diating the chest and the pelvis, as the risk of
mucositis may increase with the age of the patient;
likewise, malnutrition should be prevented by
identifying patients at increased nutritional risk
and by assuring adequate gastrointestinal access
when oesophageal obstruction or severe dysphagia

are predictable. Brachytherapy, which spares nor-
mal tissues to a large extent, may be even safer
than external beam irradiation for older individu-
als, although three-dimensional simulation has
minimised the complications even of this form of
treatment.

It is not yet clear whether new radiation tech-
niques, such as hyper-fractionation or combined
chemo-radiation treatment, are as safe in individu-
als 70 and over as in younger ones.

Cytotoxic Chemotherapy

Aging is associated with changes in the pharmaco-
kinetics and pharmacodynamics of drugs, and
with increased vulnerability of normal tissues to
the complications of this form of treatment [28]
(Table 5).

While intestinal absorption declines with age,
this change does not seem to affect the bioavail-
ability of oral drugs, at least in individuals up to
age 80. This finding is important in view of the
recent development of a number of oral cytotoxic
agents, which may be particularly convenient for
older individuals due to home administration and
flexible and titratable doses. The volume of distri-
bution of water-soluble drugs declines with age,
due to a reduction in total body water and in
serum albumin. The AUC of drugs may not
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Table 5. Effects of age on the pharmacology of cytotoxic
chemotherapy

A. Pharmacokinetics
Reduced absorption
Reduced volume of distribution (Vd)
Reduced renal excretion
Reduced hepatic metabolism

B. Pharmacodynamics
Reduced rate of DNA repair
Reduced rate of intracellular drug metabolism

C. Increased vulnerability of normal tissues
Myelotoxicity
Mucositis
Cardiotoxicity
Peripheral and central neutoroxicity



change, but the peak concentration of these agents
is increased and the risk of toxicity enhanced as a
results of volume of distribution (Vd) alterations.
The effects of Vd changes may be ameliorated by
correction of anaemia, when this is present.
Several studies have shown that anaemia is an
independent risk factor for chemotherapy-induced
myelodepression [28], as many agents bind to red
blood cells; consequently, anaemia is associated
with increased concentration of circulating free
drug. A decline in the glomerular filtration rate
(GFR) is almost universal with aging, and may lead
to an increased half-life of cytotoxic compounds,
such as carboplatin, methotrexate, and bleomycin,
whose parent compounds are excreted through the
kidneys, and drugs that give origin to active or
toxic metabolites excreted from the kidneys. For
example, 80% of the activities of idarubicin and
daunorubicin are metabolised in the liver and
excreted from the biliary tract, but is due to renally
excreted alcohols. Likewise, cytarabine in high
doses gives origin to Ara-uridine, a metabolite that
is toxic to the cerebellum and is eliminated by the
kidney. Not surprisingly, the risk of cerebellar
complications increases in the presence of renal
insufficiency. It should be highlighted that in indi-
viduals age 60 and older the GFR may be reduced
despite normal concentrations of serum creati-
nine, because lean body mass may decline with
age. Marx recently compared different ways to cal-
culate GFR on the basis of gender, age, and serum
creatinine [29]. Compared with the gold standard
of radioactive EDTA excretion, the Cockroft-Gault
formula, which is commonly used, underestimated
the GFR when it was below 50 ml/min [29]. It
appears prudent to adjust the first dose of
chemotherapy to renal function as determined
according to this formula, with the provision that
in the absence of toxicity subsequent doses should
be increased to prevent the r isk of under-
treatment. Hepatic mass, hepatic circulation, and
the activity of P450 reactions decline with age, and
it is not clear how these parameters change the
pharmacology of antineoplastic agents in older
individuals. A number of studies failed to show
age-related prolongation of the half life of drugs
eliminated with the bile.

The repair of cisplatin-induced DNA adducts

in circulating monocytes is delayed in people age
70 and older, indicating that the capacity of DNA
repair declines with age, which may increase the
toxicity of cytotoxic agents in older individuals
[28]. Although the concentration and activity of
drug metabolising enzymes may decline with
aging, this possibility was never conclusively
demonstrated.

The risk and severity of myelotoxicity, especial-
ly of neutropaenia, increases with age [28–30]. In
three major cooperative groups, the ECOG, the
SWOG, and the International Breast Cancer Study
Group, age 65 and older was a risk factor for neu-
tropaenia. Likewise, a review of the management
in private practices in the USA of large-cell lym-
phoma with CHOP or CHOP-like combinations of
chemotherapy indicated that the incidence of neu-
tropaenia and neutropaenic infections almost dou-
bled in individuals age 65 and older. Of serious
concern is also the fact that hospitalisation for
neutropaenic infections was longer for older indi-
viduals, suggesting that neutropaenia is more
severe, more costly, more debilitating, and possibly
more lethal in elderly patients. Fortunately, at least
five randomised and controlled studies demon-
strated that filgrastim reduced by 30–50% the risk
of neutropaenia and neutropaenic infection, even
in patients age 65 and older (Table 6). An alterna-
tive strategy to prevent chemotherapy-related toxi-
city, a reduction of the doses of cytotoxic agents, is
not advisable, at least in the case of potentially
curable neoplasms, such as large-cell lymphoma,
breast cancer, and colorectal cancer, in the adju-
vant setting. In these conditions, dose reduction
has uniformly resulted in poorer survival and
higher recurrence rates.

The risk of dysphagia and diarrhoea, especially
from fluorinated pyrimidines, increases with age,
and in a few cases it has been lethal. At present,
there are no antidotes to this complication, but a
number of provisions may reduce the risk and the
severity of it. These include substitution of
capecitabine for intravenous fluorouracil or fluo-
rouridine, and early hospitalisation and fluid
replacement prior to the development of dehydra-
tion. Capecitabine is a pro-drug of fluorouracil
and is activated preferentially in neoplastic tissues,
thus minimising the exposure of normal tissues to
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the active compounds. A number of antidotes to
mucositis are currently undergoing investigation,
including keratinocyte growth factor and an oral
preparation of lysine.

While the risk of anthracycline-related car-
diotoxicity increases with age, this complication is
rare and no special provisions are recommended
for its prevention. Administration of doxorubicin
by continuous infusion has lessened the risk of
cardiomyopathy, but is cumbersome and expen-
sive, while prophylactic administration of dexra-
zoxane is associated with increased risk of mucosi-
tis and myelotoxicity, and might even protect the
tumour. Liposomal anthracyclines appear promis-
ing for minimising the toxicity of these com-
pounds, including cardiotoxicity, but experience
with these drugs is limited so far.

No antidotes are available for peripheral neu-
rotoxicity, beside substitution of neurotoxic agents
with less toxic compounds of equivalent activity,
such as carboplatin in lieu of cisplatin or taxotere
in lieu of taxol. In older individuals, peripheral
neurotoxicity may be disabling.

Cognitive disorders are among the most devastat-
ing geriatric syndromes. The concern that cognition
may be affected by cytotoxic chemotherapy has
emerged from a number of studies showing cognitive

compromise in peri-menopausal women with breast
cancer who received adjuvant treatment. At least in
part, this finding might have been a consequence of
chemotherapy-precipitated menopause. In any case,
the study of the cognitive effects of chemotherapy,and
their potential reversal is a major priority in the man-
agement of older cancer patients.

Of special interest to the management of older
cancer patients has been the development of new
drugs with low toxicity r isk. These include
capecitabine, vinorelbine, taxanes in low doses, gem-
citabine, and liposomal anthracyclines. These agents
may provide effective palliation of symptoms even
in patients who are frail, functionally dependent,
and with significant comorbidity.

Hormonal Therapy

Hormonal treatment is used for the management of
breast, prostatic, and endometrial cancer. In the case
of breast cancer, the main advances include the in-
troduction of aromatase inhibitors and of the estro-
gen antagonist faslodex.All aromatase inhibitors ap-
pear to be superior to tamoxifen, both in the treat-
ment of metastatic disease and in the adjuvant set-
ting.When compared to tamoxifen, these agents are
not associated with endometrial cancer, and have
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Table 6. Effectiveness of filgrastim in the elderly 

Author Number of patients Patients with neutropaenia (%) Patients with neutropaenic infection (%)

Zinzani et al. [31] 350
G-CSF 23 5
No GCSF 56 21

Zagonel et al. [32] 126
G-CSF 4.8 4.8
No G-CSF 27.7 15.6

Bertini [33] 90
G-CSF 22 2
No G-CSF 44 9.5

Osby  et al. [34] 455
G-CSF 62 31
No G-CSF 92 47

Doorduijn et al. [35] 411
G-CSF 20 20
No G-CSF 32 32

G-CSF, granulocyte colony-stimulating factor



reduced risk of deep-vein and arterial thrombosis,
hot flashes, and vaginal secretion. Of concern is the
observation that the nonsteroidal aromatase in-
hibitors letrozole and anastrazol seem to enhance the
risk of osteoporosis and bone fractures. The long-
term effects of these compounds on cognition and
serum lipids are unknown and cause some concerns,
especially for women with long life-expectancy. Al-
so, in the case of faslodex, the risk of endometrial
cancer and thrombosis is significantly reduced com-
pared to tamoxifen; while its effects on bones, lipids,
and cognition are unknown. Faslodex is active in
approximately 20% of patients whose cancer pro-
gressed whilst receiving tamoxifen. The role of this
agent in the adjuvant setting has not been clarified.

In the case of prostate cancer, the only recent ad-
vance has been the approval of abarelix, an LH-RH
antagonist for the management of life-threatening
metastatic disease, including impending urinary ob-
struction or spinal cord compression. The main ad-
vantage of this compound over LH-RH analogs is the
prevention of the initial testosterone spate and the
risk of tumour progression.

Biological Treatment

In addition to interferon (IFN)-α and IL- 2 at high
doses, whose use in older individuals is limited, an-
giogenesis inhibitors have emerged as forms of can-
cer treatment. Thalidomide, in combination with
decadron appears to be a safer and more effective
combination than melphalan and prednisone in the
initial management of multiple myeloma. A major
advantage of thalidomide in this setting has been
the sparing of haematopoietic stem cells, which are
destroyed by melphalan, thus allowing the possibil-
ity of high-dose chemotherapy and stem-cell rescue.

Targeted Therapy

New insights in tumour biology have allowed target-
specific metabolic processes that are essential to tu-
mour survival. Targeted therapy includes naked and
tagged monoclonal antibodies, and small molecules
inhibiting key enzymes, such as tyrosine phosphok-
inase (TPK), farnesyl transferase,and histone deacety-
lase. Targeted therapy spares normal tissues, and is
very promising for older individuals. Currently, ritux-

imab and trastuzumab, alone or in combination with
cytotoxic chemotherapy, have been proven effective
and safe in the therapy of B-cell lymphoma and breast
cancer, respectively.Likewise, the TPK inhibitor iman-
itib has improved the prognosis of patients with
chronic myelogenous leukaemia while ameliorating at
the same time the toxicity of standard treatment.Oth-
er promising compounds include radiotagged mon-
oclonal antibodies in the management of refractory
low-grade lymphoma.

Conclusions

The main challenges of geriatric oncology include:
- Assessment of the older person able to predict

life-expectancy, short- and long-term tolerance of
treatment.A comprehensive geriatric assessment,
including function, comorbidity, cognition, nutri-
tion, pharmacy, and social support, is still the
standard approach. Novel approaches, including
the use of CHS classification, and of laboratory
markers of aging promise to be more time- and
cost-effective and should be included in future
studies. Investigators should realise that this is an
evolving field, influenced both by new insight in-
to the biology of aging and by the medical and
cultural environment.

- The study of long-term survivors represents a pri-
ority, as this outcome is no longer unusual, even
for older individuals.Assessments of special inter-
est include functional independence, cognition,
emotional health, and overall quality of life.

- The influence of aging in the biology of cancer is
almost uncharted ground. More insight into this
field is essential for deciding which cancers rep-
resent a threat to a person’s survival and function.

- The development of antidotes to myelotoxicity
and of safer drugs has allowed more effective
treatment of cancer in older individuals. The
prevention of mucositis remains an important
priority.

- The integration of new forms of treatment with
more standard cytotoxic chemotherapy is one
of the major new challenges of oncology,
including geriatric oncology.
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SECTION 10
TREATMENT OF CANCER CACHEXIA



Mechanisms of Cancer-Related
Anorexia/Cachexia

The anorexia/cachexia syndrome is one of the
most common causes of death among patients
with cancer and is present in 80% at death [1]. The
term ‘cachexia’ derives from the Greek kakòs,
which means ‘bad’, and hexis, meaning ‘condition’.
The characteristic clinical picture of anorexia, tis-
sue wasting, loss of body weight accompanied by a
decrease in muscle mass and adipose tissue, and
poor performance status that often precedes death
has been named cancer-related anorexia/cachexia
(CAC) [2–5]. Since the 1980s, the previous con-
cepts explaining CAC were replaced by a more
complex insight, which stresses the interaction
between metabolically active molecules produced
by the tumour itself and the host immune
response. One of the main features of the cachectic
syndrome is anorexia, which may be so significant
that spontaneous nutrition is totally inhibited. The
pathogenesis of anorexia is most certainly multi-
factorial but not yet well understood. It seems to
be attributable, in part, to intermediary metabo-
lites (e.g. lactate, ketones, oligonucleotides) that
accumulate along an abnormal metabolic pathway,
or other substances released by the tumour itself
or by normal cells in response to the tumour [3].
However, anorexia cannot by itself account for the
complex organic alterations seen in CAC. Indeed,
nutritional supplementation alone cannot effec-
tively reverse the process of cachexia. An increased
resting energy expenditure may contribute to body
weight loss in patients with cancer and may
explain the increased oxidation of fat tissue. Futile
energy-consuming cycles, such as the Cori cycle,
may contribute to this increased energy demand.
Unlike starvation, body weight loss in patients
with cancer arises equally from loss of muscle and

fat, characterised by increased catabolism of skele-
tal muscle and decreased protein synthesis [6].
Catabolic factors capable of direct breakdown of
muscle and adipose tissue appear to be secreted by
cachexia-inducing tumours and may play an active
role in the process of tissue degeneration [6].

Metabolic Abnormalities

In addition to reduced food intake, important
abnormalities in carbohydrate, protein and lipid
biochemistry and metabolism and changes in
energy metabolism have been observed, which
may account for CAC.

The most important carbohydrate abnormali-
ties are insulin resistance, increased glucose syn-
thesis, gluconeogenesis and Cori cycle activity, and
decreased glucose tolerance and turnover. The
main pathological changes of protein metabolism
include increased protein turnover, muscle catabo-
lism, and liver and tumour protein synthesis, while
muscle protein synthesis is decreased. The main
abnormalities found in lipid metabolism are
enhanced lipid mobilisation, decreased lipogene-
sis, decreased lipoprotein lipase activity, elevated
triglycerides and decreased high-density lipopro-
teins, increased venous glycerol, and decreased
glycerol clearance from the plasma [5, 7, 8].

Proinflammatory Cytokines

Cancer-related anorexia/cachexia may result from
circulating factors produced by the tumour, or by
the host immune system in response to the
tumour, such as cytokines released by lympho-
cytes and/or monocyte/macrophages.

A number of proinflammatory cy tokines,
including interleukin (IL)-1, IL-6, tumour necrosis
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factor-α (TNF-α), interferon (IFN)-α and IFNγ,
have been implicated in the pathogenesis of
cachexia associated with human cancer. TNF-α
was first identified by Rouzer and Cerami [9] as a
specific circulating mediator of the wasting result-
ing from a chronic experimental infectious disease
and named cachectin, which was subsequently
found to be identical to TNF-α. However, data
from numerous clinical and laboratory studies
suggest that the action of cytokines, although
important, may not alone explain the complex
mechanism of CAC [10–13].

IL-1 and TNF-α have been proposed as media-
tors of the host’s response to inflammation [14].
Human IL-1 and TNF-α administered to healthy
animals produced significant reduction in their
food intake [15]. High serum levels of TNF-α, IL-2
and IFNγ have been found in patients or experi-
mental animals with cancer [16], and although IL-
6 levels appear to correlate with tumour progres-
sion in animal models [16], evidence has been pro-
vided to support a role for IL-6 as a cachectic fac-
tor in the development of cancer cachexia in an
animal model system [17]. Chronically elevated
levels of these factors, either alone or in combina-
tion, are capable of reproducing the different fea-
tures of CAC [17–20].

More direct evidence of a cytokine involvement
in CAC is provided by the observations that
cachexia in experimental animal models [12, 21,
22] can be relieved by administration of specific
cytokine antagonists. These studies revealed that
cachexia can rarely be attributed to any one
cytokine but rather is associated with a set of
cytokines that work in concert. These cytokines
seem to play central roles in both cachexia-related
inflammation and the acute-phase response [23].

Additional factors and mechanisms thought to
play a central role in CAC are the presence of a
chronic systemic inflammatory state, circulating
tumour-derived lipolytic and proteolytic factors,
increased futile energy-consuming cycles, such as
the Cori cycle, and a decreased food intake.

Circulating Tumour-Derived Catabolic Factors

In addition to chronic proinflammatory factors,
circulating factors, such as lipid-mobilising factors

(LMF), and proteolysis-inducing factor (PIF) may
play a role in the development of CAC. These are
tumour-derived catabolic factors acting directly
on adipose tissue and skeletal muscle, without
affecting food intake [24–28].

Systemic Inflammation

There is evidence that a chronic, low-grade,
tumour-induced activation of the host immune sys-
tem that shares numerous characteristics with the
‘acute-phase response’ found after major traumatic
events and septic shock is involved in CAC. Septic
shock is a situation characterised by an increased
production of cytokines [29, 30], high levels of cate-
cholamines, cortisol and glucagon [29, 31–33],
increased peripheral amino acid mobilisation and
hepatic amino acid uptake [29, 34], increased hepat-
ic gluconeogenesis and acute-phase protein produc-
tion [29, 35, 36], enhanced mobilisation of free fatty
acids [37] and increased metabolism [38]. The
acute-phase response is a systemic reaction to tis-
sue injury, typically observed during inflammation,
infection or trauma, characterised by the release of
a series of hepatocyte-derived plasma proteins
known as acute-phase reactants, including C-reac-
tive protein, fibrinogen, complement factors B and
C3, and by reduced synthesis of albumin and trans-
ferrin. An acute-phase response is observed in
patients with cancer. In fact, the cytokines IL-1, IL-6
and TNF-α are regarded as the major mediators of
acute-phase protein induction in the liver.
Unfortunately, the role played by acute-phase pro-
teins during cancer growth is still poorly under-
stood.

Decreased Food Intake

Malnutrition may be considered one hallmark of
cancer cachexia and it is associated with anorexia,
that is, loss of appetite and/or decreased food
intake. Appetite is a complex function resulting
from the contribution of peripheral and central
nervous afferents in the ventral hypothalamus.
Stimulation of the medial hypothalamic nucleus
inhibits feeding, while stimulation of the lateral
nucleus promotes food intake. Among peripheral
afferents, oral stimulation by pleasant tastes elicits
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eating, whereas gastric distention inhibits it.
There is evidence that proinflammatory

cy tokines such as IL-1, IL-6 and TNF-α are
involved in cancer-related anorexia and decreased
food intake, but these cytokines do not seem to be
the only mediators of CAC.

Since multiple factors are involved in the con-
trol of food intake, it is possible that there are also
many factors contributing to the tumour-associat-
ed anorexia. Indeed, anorexigenic compounds are
either released by the tumour into the circulation
or the tumour itself may induce metabolic changes
resulting in the release of such substances by host
tissues. Changes in tryptophan levels in patients
with cancer result in increased brain serotonin
synthesis and, thus, serotonergic activity, which
leads to reduced food intake. Other factors could
be involved in promoting the inhibitory afferents
to the hypothalamus by stimulating serotonergic
and catecholaminergic fibres, such as increased
lactate and fatty acid blood levels, both of which
are associated with tumour burden. Few controlled
clinical trials have investigated the incidence of
cancer-related reduction of food intake: this fact
may be because of the methodological difficulties
associated with human diet analysis and the need
for large patient and control groups.

Role of Leptin and Neuropeptides

Loss of body weight is a strong stimulus to food
intake in humans. Therefore, the presence of CAC
in patients with cancer suggests a failure of the
adaptive feeding response. A large amount of evi-
dence has been provided in the last few years on
the regulation of feeding and body weight. Leptin,
a recently found hormone produced by the
adipocyte ob gene, has been shown to be an essen-
tial component of the homeostatic regulation of
body weight. Leptin acts to control food intake and
energy expenditure via a neuropeptidergic effect
or molecules within the hypothalamus. Complex
interactions take place among the ner vous,
endocrine and immune systems inducing behav-
ioural and metabolic responses [38–44].

Proinflammatory cytokines, proposed as medi-
ators of CAC, may have a central role in long-term
inhibition of feeding by mimicking the hypothala-

mic effect of excessive negative feedback signalling
from leptin. This could be via continuous stimula-
tion of anorexigenic neuropeptides such as sero-
tonin- and corticotropin-releasing factor, as well as
by inhibition of the neuropeptide Y orexigenic net-
work consisting of opioid peptides and galanin,
and the recently identified melanin-concentrating
hormone, orexin and agouti-related peptide. Such
abnormalities in the hypothalamic neuropeptide
loop in tumour-bearing animals lead to the devel-
opment of CAC.

Although the present therapeutic use of neu-
ropeptide agonists/antagonists is obesity treat-
ment, this area could also be an effective target for
the treatment of CAC, particularly in combination
with other agents with different mechanisms of
action [45, 46].

A study by our group [47] demonstrated very
low leptin levels associated with high levels of
inflammatory cy tokines in patients with
advanced-stage cancer, several of whom had a sig-
nificant body weight loss.

Treatment of CAC

It is outside the scope of this chapter to review the
current standard clinical management of patients
with CAC. However, clinicians should consider the
need to address the patient as a whole before plan-
ning a comprehensive treatment plan for CAC,
including enteral and/or parenteral nutrition and
pharmacological treatment, that is the use of orex-
igenic (appetite stimulants), anticatabolic (and
anticytokine) and anabolic agents [48]. The man-
agement of CAC is challenging. This section exam-
ines therapies and drugs used in patients with
CAC, dist inguishing between those that are
unproven, which are briefly mentioned, and those
that have been proven to be effective or that are
currently under investigation, which are discussed
in greater detail.

Unproven or Ineffective Treatments

It was hoped that enteral or parenteral nutritional
support would circumvent cancer anorexia
cachexia and alleviate malnutrition. However, the
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inability of hypercaloric feeding to increase lean
mass, especially skeletal muscle mass, has been
repeatedly demonstrated [49].

Dietary counselling, positioning of a fine-bore
nasogastric tube and percutaneous gastrostomy
(i.e. enteral nutrition), and total parenteral nutri-
tion (TPN) are the possible options to counteract
CAC by increasing food intake. However, none of
these has proven to be effective.

Dietary counselling was reported to have no
effect [6]. Nasogastric tube feeding showed a body
weight increase in some studies [50] and a
decrease in whole body protein breakdown in
other studies [51]; however, the drawback to enter-
al tube feeding is the distress to the patients, espe-
cially in cases of long-term treatment [52].

Various systematic prospective studies that
have evaluated the potential benefit of TPN have
generally been disappointing [52–55]. Therefore,
its use is not recommended in unselected patients,
especially in view of the fact that TPN may itself
have significant complications. However, it may be
worthwhile further evaluating TPN in carefully
defined settings, possibly in conjunction with
other modalities such as synthetic progestagens or
anabolic steroids [56]. Indeed, parenteral nutrition
may facilitate administration of complete
chemoradiation doses for oesophageal cancer [53]
and may have beneficial effects in certain patients
with decreased food intake because of mechanical
obstruction of the gastrointestinal tract [57, 58].
Home parenteral nutrition can also be rewarding
for such patients. Enteral nutrition has the advan-
tages of maintaining the gut-mucosal barrier and
immunological function, as well as having low
adverse side-effects and low cost [57–59].

The effects of caloric intake on tumour devel-
opment and growth are still being debated [60]. A
clear benefit from nutritional support may thus be
limited to a specific, small subset of patients with
severe malnutrition who may require surgery or
may have an obstructing, but potentially therapy-
responsive tumour [1, 57, 61].

Cyproheptadine

Based on the evidence that CAC is associated with
increased serotonergic activity in the brain [62],

serotonergic blockade may be beneficial in reduc-
ing symptoms. One potentially interesting drug is
cyproheptadine, a histamine antagonist with antis-
erotonergic properties and an appetite-stimulating
effect. However, in a placebo-controlled clinical
tr ial, cyproheptadine only induced a slight
improvement of appetite without significant effect
on body weight [63]. Its clinical use is not recom-
mended, especially in view of its sedating effects.
No other serotonin antagonists have been investi-
gated in this patient population to date.

Hydrazine

Hydrazine inhibits hepatic gluconeogenesis in rats
by inhibiting the enzyme phosphoenolpyruvate-
carboxykinase [64]. However, three large, ran-
domised, placebo-controlled trials have failed to
observe any beneficial effect on appetite or body
weight in patients with cancer [65–67].

Metoclopramide

Metoclopramide has been the most extensively
used drug in patients with cancer for the preven-
tion and treatment of chemotherapy-induced eme-
sis and has yielded significant results [68]. As
many patients with cancer have symptoms of
delayed gastric emptying and gastroparesis that
might increase the incidence of early satiety and
negatively influence food intake [69–71], this pro-
kinetic agent has been extensively studied in these
patients. A recent randomised controlled trial
reported that controlled-release metoclopramide
every 12 hours was significantly more effective
than immediate-release metoclopramide every 6
hours [72]. At present, the effectiveness of other
prokinetic agents such as cisapride and domperi-
done needs to be demonstrated in randomised,
controlled clinical trials.

Cannabinoids (Dronabinol)

The active ingredient of marihuana, dronabinol
(∆-9-tetrahydrocannabinol, THC) is known to
have a positive effect on appetite, body weight and
chemotherapy-induced nausea [73].

566 Giovanni Mantovani 



Dronabinol was first used as an antiemetic in
patients with cancer; however, it was reported to
have significant neurological and adverse effects
including dizziness, euphoria and impairment of
cognitive functions. Currently there is only one
controlled trial comparing dronabinol vs mege-
strol acetate vs combination therapy in patients
with CAC. This trial showed that oral megestrol
acetate 800 mg/day provided superior anorexia
palliation compared with oral dronabinol 2.5 mg
twice daily, while combination therapy did not
appear to confer additional benefit [74].

In the past, two open studies [75, 76] demon-
strated some improvement in mood and appetite
with no significant change in body weight. In the
first study by Wadleigh et al. [75], with dronabinol
in patients with advanced cancer, a subjective
improvement in mood and appetite was observed
at the higher dose studied, but all patients had a
progressive body weight loss. In the second study,
Nelson et al. [76] observed improved appetite and
increased food intake using dronabinol 7.5 mg/day
but the effect on body weight was not reported. A
randomised controlled trial in patients with AIDS
showed similar results [77]. Moreover, the signifi-
cant adverse effects of this drug need to be taken
into account. These include somnolence, mental
confusion and cognitive status disturbances [77],
which may worsen the mental status of patients
with CAC, who are often receiving opioids and
other psychoactive drugs.

Drugs Commonly Used

Progestagens

Progestagens were the first agents used and are the
current first-line agents used in patients with CAC
for which there is a track record of clinical
research. An extensive amount of literature is
available in patients with cancer, with the use of
both megestrol and medroxyprogesterone.

Both drugs are synthetic progestagens that
were first used to treat hormone-sensitive tumours
[78, 79]. As a result of the observed body weight
gain and appetite stimulation, independent of
tumour response, in a number of patients receiv-
ing such therapy, several trials in the last two

decades have addressed the use of progestagens
for the management of CAC. The proposed mecha-
nism of action of progestagens in CAC has not
been completely elucidated. It may be related to
glucocorticoid activity making these drugs similar
to corticosteroids. Moreover, there is evidence that
progestagens may stimulate appetite via neuropep-
tide Y in the central nervous system (ventromedial
hypothalamus) [80]. Furthermore, they act, at least
in part, by down-regulating the synthesis and
release of proinflammatory cytokines, as shown by
several experimental and clinical studies, includ-
ing two of our studies [81, 82]. We have also previ-
ously published an overview of this topic [83].

In the first study [81], the effect of megestrol in
patients with CAC was evaluated to determine its
ability to increase appetite and body weight in
patients with head and neck cancer with
advanced-stage (III–IV) disease, treated with cis-
platin-based neoadjuvant chemotherapy. Eleven
male patients (mean age 57.8 years; range 43–69
years; Karnofsky performance status 90–100; body
weight decrease > 10% of the ideal or customary
body weight) were enrolled in the study. Ten
patients were treated with megestrol during
neoadjuvant chemotherapy and one was treated
with megestrol during definitive locoregional radi-
ation therapy administered at the end of primary
chemotherapy. Clinical parameters evaluated
before and after megestrol treatment included
clinical response to chemotherapy after three
cycles, body weight, appetite (using a visual ana-
logue scale calibrated from 0 to 10), Karnofsky
performance status, and quality of life (Spitzer’s
Quality-of-Life Index [QLI]). Serum levels as well
as in vitro production of IL-1−α and β, IL-2, IL-6,
TNF-α and sIL-2R were determined in patients
before and after megestrol treatment and were
compared with those of healthy individuals.
Megestrol (160 mg tablets) was administered at a
dosage of 320 mg/day during the interval between
chemotherapy cycles, starting from the third day
after the end of the cycle until the day before the
next cycle (days 8–21) for a total of three consecu-
tive cycles. During the cycles the dosage of mege-
strol ranged from 160 to 320 mg/day, based on
clinical response. Of the 11 enrolled patients, nine
(81.8%) were evaluable; two patients were not
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evaluable because of major protocol violations
(drug intake was < 90% of that scheduled). Except
for performance status, all parameters showed an
improvement following treatment with megestrol.
In particular, increases were observed in average
body weight (6.3 kg or 13.2%), appetite (by a score
of 2.4 or 38.6%), and Spitzer’s QLI (by a score of
2.4 or 36.2%). The serum levels of cytokines stud-
ied were significantly higher in patients before
megestrol treatment than in healthy individuals.
Serum levels of all cytokines, as well as IL-6 pro-
duction in vitro, decreased in patients after mege-
strol treatment. Our results strongly supported the
hypothesis that the beneficial therapeutic effects
of megestrol in patients with CAC may be due in
part to its ability to down-regulate the synthesis
and release of key cytokines involved in CAC.

The second study [82] addressed the question
of whether the other synthetic progestagen more
commonly used, medroxyprogesterone, at doses
that are pharmacologically active in vitro (0.1, 0.2
and 0.4 mg/l), was able to influence the in vitro
production and/or release of cytokines and sero-
tonin (5-hydroxytryptamine) in patients with
advanced-stage cancer. Ten patients with
advanced-stage cancer at different sites were
included in the study, which showed that the in
vitro production of IL-1, IL-6, TNF-α and sero-
tonin in these patients was significantly reduced in
the presence of medroxyprogesterone. The con-
centration of medroxyprogesterone used in this
study was within the range of plasma values seen
in patients receiving oral medroxyprogesterone
1500/2000 mg/day. As shown in Table 1, megestrol
has been the drug most widely studied for its
effect on CAC, with eight randomised, double-
blind, placebo-controlled trials [83–94], compared
with medroxyprogesterone (two placebo-con-
trolled studies) [95, 96].

Megestrol has shown a dose-related effect on
appetite, body weight gain and subjective sensa-
tion of well-being with oral dosages ranging from
160 to 1,600 mg/day, with an optimal dosage of
480–800 mg/day. However, because a dosage of 160
mg/day has demonstrated a significant effect, the
possible dose-related adverse effects of megestrol
and the increased costs of higher dosages, we rec-
ommend, in agreement with Gagnon and Bruera

[48] and on the basis of our experience, starting
treatment at a low dosage (160 mg/day) and regu-
lating the dose upwards according to clinical
response.

Some patients may require up to 320 mg/day
and a very few will respond only to 480 mg/day.

Medroxyprogesterone was used at dosages
ranging from 300 mg/day to 4000 mg/day. The
placebo-controlled study of Simons et al. [96] used
oral medroxyprogesterone 1000 mg/day and
reported a significant improvement of appetite
and body weight. We currently recommend a
medroxyprogesterone dosage of 1000 mg/day oral-
ly (equivalent to megestrol 160 mg/day). Most pub-
lished studies using megestrol or medroxyproges-
terone in patients with CAC have used tablets
rather than the oral suspension formulation.
However, oncologists are increasingly using mege-
strol or medroxyprogesterone oral suspensions in
their patients with malignancies because of
improved compliance and decreased cost [97].

Both megestrol and medroxyprogesterone may
induce adverse effects. These are an increased risk
of thromboembolic events, peripheral oedema,
breakthrough bleeding, hyperglycaemia, hyperten-
sion and Cushing’s syndrome [98–100]. However, it
is very rare that patients taking megestrol or
medroxyprogesterone have to stop the drug
because of adverse effects [84, 85, 87, 101].

As the bioavailability of megestrol acetate
directly affects its efficacy and safety, the formula-
tion was refined to enhance its pharmacokinetics.
Such efforts yielded megestrol acetate in a tablet
form, followed by a concentrated oral suspension
form, and, very recently, an oral suspension form
developed using nanocrystal technology.
Nanocrystal technology was designed specifically
to optimise drug delivery and enhance the
bioavailability of drugs with poor water solubility.
Megestrol acetate nanocrystal oral suspension has
been approved by the US FDA for the treatment of
cachexia in patients with AIDS; clinical trials in
patients with cancer cachexia will be carried out
very soon. Preclinical pharmacokinetic data sug-
gest that the new megestrol acetate formulation
has the potential to shorten significantly the time
to clinical response and thus may improve out-
comes in patients with anorexia-cachexia [102].
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Table 1. Summary of randomised, prospective, placebo-controlled trials of progestagens in patients with cancer-related
anorexia/cachexia

Dosage Duration of
treatment

Study
Design

No. of
patients

Results Adverse Effects Reference
Author

Megestrol
480 mg/day  1 wk pc, co 40 Improved appetite, caloric intake,

energy level, bodyweight, tricep
skinfold and calf circumference.

Mild oedema,
nausea (similar
to placebo)

Bruera E,
et al. 1990

800 mg/day 1.6 mo pc 133 Improved appetite, food intake,
bodyweight; less nausea , less
emesis compared with placebo

Oedema and
thrombo-
embolic events

Loprinzi CL,
et al. 1990

1600 mg/day 1 mo pc 89 Increased appetite, food intake,
greater change in prealbumin; no
change in athropometrics except
bodyweight; nutrition impact
symptoms improved vs no change
or worsening in placebo; no
differences in QoL, positive
response with crossover design

Oedema, DVT Tchekmedyian
NS, et al. 1992

240 mg/dy 2 mo pc 150 Bodyweight gain, increased
appetite score, fewer patients with
decreased performance status
compared with lacebo

Oedema, DVT
(no different
from Placebo)

Feliu J,
et al. 1992

160, 480
mg/day

12 wk pc 240 Improved appetite, mood and
overall QoL at both doses;
possibly less nausea, emesis
compared with placebo; sustained
improved QoL; increase in
prealbumin

None reported Beller E,
et al. 1997

480 mg/day 8 wk pc 55 Sample too small for significant
results

None reported Schmoll E,
et al. 1991

160 mg/day 6 wk pc 64 Maintained bodyweight and
nutritional parameters during
chemo/radiotherapy compared
with parameters deterioration in
placebo; QoL maintained with
megestrol

None reported Fietkau R,
et al. 1997

160, 480, 800,
1280 mg/day

66 days rc 342 Improved appetite, food intake
and bodyweight, decreased
nausea

None reported Loprinzi CL,
et al. 1993

480 mg/day 10 days pc, co 83 Improved activity, appetite and
well-being. No increase of
bodyweight

None reported Bruera E,
et al. 1996

480 mg/day 12 wk pc 38 No Increase of bodyweight None reported McMillan DC,
et al. 1994

160, 320
mg/day

1 mo rc 122 Increased appetite None reported Gebbia V,
et al. 1996

Medrossiprogesterone
300 mg/day 6 wk pc 60 Increased appetite, serum retinol

binding protein and serum
thyroid binding prealbumin

None reported Downer S,
et al. 1993

500 mg/day 12 wk pc 206 Beneficial effect on appetite at 6
and 12 wk; bodyweight gain with
medroxyprogesterone vs loss on
placebo; no other measurable
changes in QoL

None reported Simons
JPFHA,
et al. 1996

co, crossover; DVT, deep vein thrombosis; pc, placebo-controlled; QoL, Quality of Life; r c, randomise, controlled 
(no placebo)



Corticosteroids

Although several randomised, placebo-controlled
studies (shown in Table 2) demonstrated that cor-
ticosteroids, including dexamethasone, pred-
nisolone and methylprednisolone, induce a usually
temporary (limited to a few weeks) effect on
symptoms such as appetite, food intake, sensation
of well-being and performance status, none of
these studies showed a beneficial effect on body
weight. [103–107].

In addition, corticosteroids have an antiemetic
activity [108] and are able to reduce asthenia [103]
and to control pain [109]. Their mechanism of
action in CAC is not well understood, although the
inhibition of prostaglandin (PG) activity [110] and
the suppression of IL-1 [111, 112] and TNF [113]
production are the most well-recognised targets.
In view of the wide range of well-known adverse
effects and cautions to be advised with these
agents, they should be used in patients in the end-
stage phase of cancer with short expected survival,
with the attempt to improve quality of life without
affecting body weight.

The type, dosage and route of administration
of corticosteroids are not established, although low
dosages, less than 1 mg/kg of prednisone equiva-
lent, are recommended in clinical practice.

Anticytokine Approaches to CAC Treatment

Proinflammatory cytokines such as IL-1, IL-6, and
particularly, TNF-α have a prominent role in the

pathogenesis of CAC. The specific neutralisation of
these factors with antibodies in animal models of
cachexia suggests that an anticytokine approach is
worth pursuing, while taking into account that no
single cytokine is responsible for all abnormalities
found in CAC. However, in chronic human diseases
such as cancer, the long-term administration of
anticytokine antibodies could be of no practical
use. Pentoxifylline and thalidomide are two agents
with anticytokine activity currently being investi-
gated as therapy for CAC.

Anti-IL-6 Monoclonal Antibody

Currently, although the therapeutic impact on CAC
of anti-IL-6 monoclonal antibody (mAb) therapy
could be of clinical benefit in cancer patients, no
published clinical trial using this approach is yet
available [114].

Anti-TNF-a mAb

On the basis of experimental data on the ability of
anti-TNF-α mAb to neutralise the in vitro and in
vivo biological effect on TNF-α [115] and animal
studies carried out by Torelli et al. [116], a phase II
multicentre, randomised, double-blind, placebo-
controlled study evaluating the efficacy and safety
of anti-TNF-α mAb to treat CAC in 90 patients
with pancreatic cancer was carried out and com-
pleted in February 2006: the results are not yet
known.
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Table 2. Placebo-controlled trials of corticosteroids in cancer-related anorexia/cachexia [38]

Drug Dosage (mg) Route No. of
patients

Significant symptoms
outcomes

Effects on
bodyweight

Reference

Dexamethasone 0.75 or 1.5 qid PO 116 ↑ Appetite Ni                         [95]

Prednisolonea 5 tid PO  61 ↑ Appetite Ni                         [96]

Methylprednisolonea 16 bid PO  40 ↑ Pain Control
↑ Appetite, food intake
and performance status

Nil
Not
measured

[97]

Methylprednisolone 125 od IV 403 ↑ Quality of life Ni                         [98]

Methylprednisolone 125 od IV 173 ↑ Quality of life Ni                         [99]

a Crossover design
bid, twice daily; IV, intravenous; od, once daily; PO, oral; qid, 4 times daily; tid, 3 times daily;  , increase.↑



Pentoxifylline

Pentoxifylline is a methylxantine derivative
approved for the treatment of intermittent claudi-
cation, which was subsequently found to have anti-
inflammatory and immune-modulating effects
mediated by the inhibition of phosphodiesterase. It
has been shown to inhibit TNF-α production in
humans in response to experimentally adminis-
tered endotoxin [117]. Recent preliminary investi-
gations in patients with cancer have suggested a
potential role for pentoxifylline. Intravenous
administration of pentoxifylline in 14 patients
with cancer who had high serum TNF-α levels sig-
nificantly reduced the serum levels of this
cytokine [118]. However, a recent double-blind,
placebo-controlled trial of pentoxifylline therapy
in patients with CAC did not show a beneficial
effect on appetite or body weight [119].

Thalidomide

Thalidomide was first clinically introduced as a
sedative drug and in the 1960s it was withdrawn
from use because of its established teratogenic
effect. Thalidomide has complex immunomodula-
tory and anti-inflammatory properties. It has been
shown to down-regulate the production of TNF-α
and other proinflammatory cytokines, inhibit the
transcription factor nuclear factor kB, down-regu-
late cyclo-oxygenase-2 and inhibit angiogenesis. In
a recent randomised, placebo-controlled trial,
thalidomide was found to be well tolerated and
effective at attenuating loss of weight and lean
body mass in 33 patients with cachexia due to
advanced pancreatic cancer [120]. Randomised
clinical trials with thalidomide in patients with
CAC are awaited. That the mild sedative effect of
thalidomide may make it difficult to mask the
drug in placebo-controlled trials needs to be taken
into account [48].

Emerging Drugs

Non-steroidal Anti-Inflammatory Drugs

Non-steroidal anti-inflammatory drugs (NSAIDs)
are very widely used in patients with cancer for
the treatment of fever and pain. They act by

inhibiting PG production by the rate-limiting
enzymes known as cyclo-oxygenases (COX).
Because traditional NSAIDs inhibit both COX-1
and COX-2, these drugs induce adverse effects
such as gastrointestinal injury up to ulceration,
reduced appetite and consequent reduced body
weight: indeed, these drugs may be considered a
potential cause of anorexia in patients with cancer.

On the other hand, ibuprofen, an inhibitor of
the enzyme COX-1, was found to decrease C-reac-
tive protein [121], produce body weight gain [122]
and improve survival in patients with cancer [123].

The administration of indomethacin (50 mg
twice daily) to a heterogeneous group of advanced
cancer patients in a randomised controlled study
has been shown to be associated with a long
improvement in survival [123].

To date, no other studies on the beneficial
effects of NSAIDs in human CAC are available,
although placebo-controlled trials with these
drugs may be justified.

COX-2 Selective Inhibitors (Celecoxib, Rofecoxib and
Valdecoxib)

COX-2 is a bifunctional enzyme possessing both
cyclo-oxygenase and peroxidase act ivit ies.
Selective COX-2 inhibitors inhibit PG biosynthesis
(anti-COX-2 activity) but do not, or only partially,
affect the peroxidase activity of COX, which can
generate proximate carcinogens. In experimental
animals, selective inhibitors of COX-2 such as cele-
coxib reduce the formation of head and neck, col-
orectal, stomach, lung, breast and prostate
tumours. In addition to preventing tumorigenesis,
selective COX-2 inhibitors suppress the growth of
established tumours. A selective COX-2 inhibitor
was also observed to decrease the number and size
of metastases. In most studies, selective COX-2
inhibitors decrease the rate of tumour growth
rather than cause a reduction in tumour size
[124–126]. Therefore, significant preclinical evi-
dence strongly supports the potential role for these
inhibitors for the treatment of cancer.

Currently, the COX-2 inhibitors are being stud-
ied in clinical trials to confirm their role in the pre-
vention of cancer, particularly colon cancer [127],
and in combination with chemotherapy and radia-

10.1 The Current Management of Cancer Cachexia 571



tion therapy to prove their effectiveness in cervical
cancer, lung cancer and brain tumours [128].

Notwithstanding their potential interest also in
the treatment of cancer cachexia, some questions
have arisen on the clinical use of these agents be-
cause of their toxicity and particularly cardiovascu-
lar risks. For this reason, rofecoxib has been with-
drawn by the manufacturer. Another drug in this
class, valdecoxib, has shown an increased risk for
cardiovascular events in patients after heart sur-
gery. As regards celecoxib, in December 2004 the
National Cancer Institute stopped celecoxib (Cele-
brex) administration in an ongoing clinical trial in-
vestigating a new use of the drug to prevent colon
polyps because of an increased risk of cardiovascu-
lar events in patients taking Celebrex versus those
taking a placebo. Patients in the clinical trial taking
400 mg of Celebrex twice daily had a 3.4 times
greater risk of cardiovascular events compared to
placebo. For patients in the trial taking 200 mg of
Celebrex twice daily, the risk was 2.5 times greater.
The average duration of treatment in the trial was
33 months.A similar ongoing study comparing Cele-
brex 400 mg once a day versus placebo, in patients
followed for a similar period of time, has not shown
increased risk. Based on the currently available data,
the FDA has concluded in April 2005 that an increased
risk of serious adverse cardiovascular events appears
to be a class effect of non-steroidal anti-inflammato-
ry drugs (NSAIDs; excluding aspirin).The FDA has re-
quested that the package insert for all NSAIDs, includ-
ing Celebrex, be revised to include a boxed warning
to highlight the potential increased risk of cardiovas-
cular events and the well-described risk of serious,and
potentially life-threatening, gastrointestinal bleeding.
The FDA has also requested that the package insert for
all NSAIDs be revised to include a contraindication for
use in patients immediately after coronary artery by-
pass (CABG) surgery. Consequently, the inclusion of
celecoxib in clinical trials should be discouraged.

Melatonin

In a recent controlled trial in 100 patients with
metastatic cancer, melatonin was shown to reduce
significantly body weight loss [129]. Melatonin
may act by decreasing circulating levels of TNF
[130].

n-3 Fatty Acids

The supplementation of n-3 polyunsaturated fatty
acids has been shown to inhibit IL-1 and TNF-α
production through a blockade of the COX and
lipo-oxygenase pathways.

Eicosapentaenoic acid (EPA) is the main com-
ponent of this family and is found in large quanti-
ties in fish oil: at doses of 2–6 g daily it has been
shown to lower the production of proinflammato-
ry cytokines in healthy volunteers [131]. EPA is
also able to down-regulate the acute-phase protein
response [132, 133]. Its activity appears to be
mediated by a blockade of the effects of proteoly-
sis-inducing factor and lipid-mobilising factor
[134]. In a study in patients with colorectal cancer,
long-term treatment with EPA, docosahexaenoic
acid (DHA) and α-linolenic acid induced a signifi-
cant decrease in serum IL-1, IL-6, TNF-α and IFNα
levels [135]. Two recent studies by Wigmore et al.
[136, 137] reported the effects of n-3 fatty acid
treatment in patients with pancreatic cancer who
were losing weight. In the first study [136], oral
supplementation with fish oil capsules (12 tablets
per day, 18% EPA, 12% DHA) for 3 months led to a
significant median body weight gain of 0.3
kg/month compared to a previous body weight
loss of 2.9 kg/month. A significant reduction in
acute-phase protein production was also observed.
In the second study [137], 4 weeks of treatment
with EPA reduced the C-reactive protein through
the suppression of IL-6 production.

EPA has been shown to impair the growth of
tumour cell lines in vitro and slow down the
growth of experimental tumours in animal models
[138, 139]. EPA has been found to stabilise weight
in cachectic tumour-bearing mice independently
of any anti-tumour effect [144]. In uncontrolled
clinical trials with EPA or fish oil, a weight stabili-
sation was observed in weight-losing pancreatic
cancer patients [136, 141].

Fearon et al. compared a protein- and energy-
dense supplement enriched with n-3 fatty acids and
antioxidants with an isocaloric isonitrogenous con-
trol supplement for their effects on weight, lean
body mass (LBM), dietary intake, and quality of life
in 200 cachectic patients with advanced pancreatic
cancer. Intention-to-treat group comparisons indi-
cated that, at the mean dose taken (1.4 cans/day),
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enrichment with n-3 fatty acids did not provide a
therapeutic advantage and that both supplements
were equally effective in arresting weight loss. Post
hoc dose-response analysis suggests that, if taken in
sufficient quantity (> 1.5 cans/day), only the n-3
fatty acid-enriched energy- and protein-dense sup-
plement results in net gain of weight, lean tissue,
and improved quality of life [142].

A clinical trial using an EPA supplement vs
megestrol acetate vs both in 421 patients with can-
cer-associated wasting was carried out by the
North Central Cancer Treatment Group and the
National Cancer Institute in Canada and failed to
demonstrate an improvement of weight or appetite
with EPA supplement [143].

Recently, a phase III, double-blind, randomised
comparator study was carried out as a multicentre
multinational study to assess the benefit of a pro-
tein- and energy-dense supplement enriched with
n-3 fatty acids and antioxidants versus standard
nutritional product in 240 patients with stage IV
non-small-cell lung cancer. The primary end-point
was preservation of LBM. The patient accrual
ended at the beginning of 2005 and the results are
not yet known.

Further trials are required to examine the
potential role of n-3-enriched supplements in the
treatment of CAC.

b 2 Agonists

Clenbuterol is the most studied of the b2-adrener-
gic agonists. Treatment of tumour-bearing animals
with salbutamol, salmeterol and clenbuterol had a
positive effect on skeletal muscle mass, without
influencing tumour growth or food intake [144].

One controlled trial reported that clenbuterol
was able to improve muscle strength after
orthopaedic surgery. These drugs, which are able
to prevent or reverse muscle loss in sedentary peo-
ple, such as patients with cancer, are potentially
interesting and should be studied in clinical con-
trolled trials. Clenbuterol could be used clinically
in the treatment of patients with CAC.

In summary, the anabolic properties of b2-ago-
nists are well established with the therapeutically
relevant effects observed in animal models of cachex-
ia. In addition, enhanced sensitivity to b2-agonists

in cachectic subjects may suggest that b2-agonists
can be of importance in the treatment of CAC.

Anabolic Agents

Anabolic agents have the potential to improve
body composition by maintaining or improving
lean body mass. These agents include growth hor-
mone (GH), insulin-like growth factor (IGF)-1,
testosterone, dihydrotestosterone and testosterone
analogues.

Growth Hormone and Insulin-Like Growth Factor 

Strong positive effects on nitrogen balance and
protein mass have been demonstrated with GH in
different clinical situations [145]. Most of its ana-
bolic effects on protein synthesis are mediated by
IGF-1, produced by the liver [146]. In a study in 10
patients with cancer, GH administered for 3 days
increased plasma IGF-1 levels and decreased uri-
nary nitrogen losses; however, an improvement of
nitrogen balance was observed only in patients not
overtly cachectic [147]. The effects of IGF-1 in
patients with CAC have not been studied to date.

Anabolic Androgens

Anabolic androgens are synthetic derivatives of
testosterone with more anabolic effect and less
androgenic activity than testosterone itself.
Although in other wasting diseases the anabolic
steroids have shown a beneficial effect on body
weight muscle mass and performance status, very
few studies have been carried out to date in
patients with cancer. In a randomised, prospective
study in weight-losing patients with lung cancer,
chemotherapy with or without nandrolone
decanoate 200 mg weekly for 1 month was com-
pared and no significant difference was observed
in body weight loss between the study arms [148].

Branched-Chain Amino Acids

The anabolic properties of branched-chain amino
acids (BCAAs), and in particular of leucine, have
been known for many years, but only recently have
their molecular mechanisms been elucidated.
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Consistent experimental and clinical data indicate
that BCAAs, and particularly leucine and its
metabolite b-hydroxy-b-methylbutyrate, are highly
effective in preventing CAC by enhancing protein
metabolism and promoting appetite and food
intake [149].

Specific Anticancer Treatments

Specific anticancer treatments may be employed in
patients with advanced disease for palliation. In-
deed, for instance, oral fluoropy rimidine
tegafur/uracil prolonged survival and improved can-
cer cachexia in a colon-26-bearing murine cachexia
model by decreasing the plasma levels of both IL-6
and tumour PGE2. These findings suggest that tega-
fur/uracil, at a low-toxic dose, could be useful in pa-
tients with CAC and poor performance status [150].

Assessment of the Quality of Life

It is important that all the interventions used in
patients with CAC, i.e. nutritional, pharmacologi-
cal, supportive care, are not evaluated merely in
terms of objective medical (i.e. physical) parame-
ters, such as body weight gain, increased food
intake, etc., and that the assessment of any therapy
also takes into account the self-assessed patient
evaluation of treatment outcome, that is quality of
life (QoL). There are no published QoL question-
naires devoted to evaluating specific symptoms
present in patients with CAC. Different QoL ques-
tionnaires have been used in the different studies
addressing this issue. Simons et al. [96] utilised the
European Organisation for Research and Treatment
of Cancer Quality of Life Questionnaire C-30
(EORTC-QLQ-C30) [151], a widely used instrument
developed for use in patients with cancer; Rowland
et al. [152] used a patient-completed visual ana-
logue QoL unit scale; Bruera et al. [153] used the
Piper Fatigue Scale and the Functional Living
Index-Cancer. Recently we have introduced the EQ-
5D questionnaire in the QoL evaluation of cachec-
tic patients. It is a standardised instrument applica-
ble to a wide range of health conditions and treat-
ments, which provides a simple descriptive profile
and a single index value for health status. The EQ-

5D self-report questionnaire essentially consists of
two pages comprising the EQ-5D descriptive sys-
tem and the EQ-5D VAS. The EQ-5D descriptive
system assesses five dimensions of health: mobility,
self-care, usual activities, pain/discomfort, anxi-
ety/depression; each dimension comprises three
levels (no problems, some/moderate problems,
extreme problems) and a unique health state score
is defined by combining the level from each dimen-
sion. EQ-5D VAS records the respondent’s self-rated
health status on a vertical graduated (0–100) visual
analogue scale (http.www.euroqol.org/eq5d). It is
hoped that QoL questionnaires that specifically
address the most significant symptoms present in
patients with CAC will be designed and validated.

Conclusions

Cancer-related anorexia/cachexia is a complex phe-
nomenon, which involves a series of pathophysio-
logical mechanisms such as major metabolic
abnormalities, abnormal production and release of
tumour byproducts and host cytokines, chronic
activation and defective functioning of the host
immune system, leading to a final outcome of
‘cachexia’. Consequently, the management of CAC
is a complex challenge, which may address the dif-
ferent causes underlying this clinical event, requir-
ing clinicians to select for each individual patient
the most appropriate treatment on the basis of
known (e.g. serum cytokine level) or reasonably
hypothesised causative factors. In this review, we
have examined all the potential modalities of inter-
vention from nutritional to pharmacological
approaches, clearly distinguishing between
unproven, investigational and well-established
treatments. Among these latter there are progesta-
gens, presently to be considered the most effective
and well-tolerated drugs for CAC. Among the
investigational agents, there are drugs such as anti-
IL-6 mAb, anti-TNF-α mAb, thalidomide and for-
moterol, which acts on muscle mass and antagonis-
es protein wasting. Finally, the aim of treatment in
CAC should focus on symptomatic, subjective and
QoL endpoints rather than just on objective (nutri-
tional) ones, since patient survival is far beyond the
scope of this treatment setting [48].
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Background

Patients with cancer often suffer from progressive in-
voluntary weight loss, which is called cancer wasting.
Clinical features of this syndrome include anorexia,
early satiety, depletion of lean and fat body mass,
muscle weakness, fatigue and impaired immune
function. It occurs in 30–90% of cancer patients de-
pending on location, stage, type, grade, spread and
anticancer treatment [1]. Patients with cancer of
lung, pancreas, head-and-neck area and upper gas-
trointestinal tract often suffer from wasting [2–5].

Wasting among cancer patients is shown to be
associated with shorter survival time, increased
length of hospital stay, increased postoperative
complications, impaired immune function and
reduced quality of life [5–11]. In a recent study by
Andreyev et al., 1555 patients with gastrointestinal
cancer receiving chemotherapy were studied retro-
spectively [6]. Their results showed that patients
with weight loss had significantly increased
chemotherapy-induced toxicity and decreased
response to therapy, duration of therapy, perform-
ance status, survival and quality of life. In other
studies it is furthermore suggested that wasting is
the cause of death in up to 23% of cancer patients
[7, 9, 12, 13].

The progressive, involuntary weight loss seen is
cancer wasting is a complex, multifactorial syn-
drome, occurring through a variety of mechanisms
associated with the tumour, the host response to
the tumour, and its treatment [1, 14–17]. Although
the mechanisms are still not fully understood,
both reduced food intake and metabolic distur-
bances are thought to contribute to the develop-
ment of wasting [1, 14]. Metabolic disturbances
associated with cancer affect both energy expendi-
ture and the metabolism of protein, fat and carbo-
hydrate [1, 15].

A number of studies have assessed food intake
of cancer patients. Results show that both protein
and energy intake are reduced in these patients, and
can depend on tumour site and treatment [22].

Reduced food intake may be caused by sys-
temic effects of disease (anorexia, altered taste
and smell, early satiety, nausea or vomiting, pain),
local effects of the tumour (dysphagia, gastroin-
testinal obstruction) or psychological factors
(fear, anxiety, depression) [14, 23]. Furthermore,
anticancer treatment (both chemotherapy and
radiation therapy) induces several side-effects
such as anorexia, alteration in taste and smell,
fatigue or mucositis, which can decrease food
intake [1]. A variety of medications may interfere
with nutrition, by decreasing appetite and impair-
ing digestion and absorption of nutrients. Taste
alterations are reported in 15–100% of all cancer
patients, receiving different cancer treatments
[24–31]. Decreased taste or taste loss is reported
in 13–50% of cancer patients receiving different
treatments [25, 26, 28, 30] and seems to involve all
four taste modalities (sweet, salty, sour, bitter) [23,
30–33]. Due to taste alterations or taste loss, pref-
erence for foods or nutritional supplements may
also change.

Although it has been known since the begin-
ning of the history of medicine that wasting is
often associated with malignant disease, it was
only at the start of the century that the first inves-
tigations on nitrogen balance in cancer patients
began to be published [34–36].

The first systematic attempts at feeding cancer
patients parenterally or enterally date back to the
period 1949–1956, by Waddell and Grillo [37],
Bolker [38], Pareira et al. [39, 40], Terepka and
Waterhouse [41] and subsequently Watkin and
Steinfield [42].

Chapter 10.2

The Role of Artificial Nutrition Support in the Cancer
Patient 
Federico Bozzetti  



Effects of Nutritional Support on the
Nutritional Status

The rationale for using artificial nutrition (total
parenteral nutrition, TPN, or enteral nutrition, EN)
in cancer patients is primarily based on the
assumption that, although the final outcome of
cancer patients mainly reflects the prognosis of
the primary tumour, concomitant malnutrition
can affect survival by increasing the complications
of the oncological therapy, reducing tolerance to
these treatments and, in some cases, decreasing
both the length and the quality of survival.

This approach tends to parallel cancer wasting
with undernutrition, a concept that is partially
true, since reduced intake only partially accounts
for the onset and progression of wasting.
Nevertheless, the modern use of drugs or
nutriceuticals as agents capable of modulating the
production of cytokines involved in the mecha-
nisms of wasting would be ineffective if patients
were not metabolically supported by adequate pro-
vision of macronutrients.

The effects of TPN and EN on nutritional sta-
tus have been reviewed in previous publications
[43, 44] and are summarised in Tables 1 and 2. The
beneficial effects of TPN are more evident when
compared in controlled studies to a standard oral
diet (Table 3). It is noteworthy that there is a nutri-
tional benefit even when a vigorous nutritional
support is being administered to patients under-
going an oncological therapy (Table 4).

A number of studies have examined specific
protein kinetics response to TPN in malnourished
cancer patients. Whole-body protein turnover has
been shown to increase with TPN [45–48], but
whole-body protein synthesis has been reported
both to increase [49–51] and to decrease [48].
Whole-body protein catabolism has been reported
to decrease in cancer patients on TPN [48, 49]. Few
studies have investigated the two components of
protein kinetics, namely the muscle compartment
and the extra-muscle compartment. Shaw et al.
[50] have reported an increase in whole-body pro-
tein synthesis and in the fractional synthetic rate
of protein in muscle, with no change in whole-
body protein catabolism.

In our experience in severely malnourished

patients with gastric cancer [52], whole-body pro-
tein synthesis and catabolism did not significantly
change from ‘before’ to ‘during’ TPN, even when
the net balance moved from negative to positive.
In contrast, the skeletal muscle protein synthesis
as well as the protein synthesis rate increased sig-
nificantly, converting the net balance to a positive
value.

Generally it has been shown that TPN does not
increase the serum level of proteins, albumin [53,
54], transferrin, cholinesterase or ceruloplasmin.

As regards TPN and immunological response,
Monson et al. [55] have reported an increase of
lymphocyte blastogenesis and production of the
helper T lymphocyte lymphokine interleukin-2
after 7 days of a TPN regimen, but also a signifi-
cant impairment of basal natural killer and inter-
leukin-2-activated natural killer activity. In con-
trast, we published a study showing that a 10-day
course of TPN was able to restore to normal a
depressed basal or interleukin- or interferon-stim-
ulated natural killer activity in wasting cancer
patients [56].

Jeevanandam et al. [48] have shown that a 10-
day course of TPN containing 29 non-protein
kcal/kg/day + 1.6 g amino acid/kg/day significant-
ly decreased protein breakdown (by 50 and 59%)
and increased protein synthesis (by 21 and 33%) in
cancer and non-cancer patients, respectively, while
it increased protein turnover (by 15%) in cancer
patients only. The utilisation efficiency of infused
amino acids for synthesis of body proteins was
39% in both cancer and non-cancer patients.

Taken as a whole, the data indicate that TPN
and EN are usually able to prevent a further dete-
rioration of the nutritional state and may some-
times improve some metabolic indices. These out-
comes are probably dependent on the length of the
nutritional support, the biological aggressiveness
of the tumour and the effectiveness of the avail-
able oncological therapy.

It must be emphasised that even when the
nutritional benefit often seems to be limited to
maintaining a ‘status quo’, it does so in patients
who would otherwise be condemned to a progres-
sive chronic ‘auto-cannibalism’ without nutritional
support. However, the nutritional response of can-
cer patients is always more sluggish and limited
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than that of undernourished non-cancer patients
(Table 5).

Only a few studies, which were randomised [48,
57, 58], prospective and controlled [59], have com-
pared TPN and EN (Table 6). It appeared that TPN
was more effective than EN in promoting weight
gain [57], even though this gain may be simply due
to accrual of fat or water. Nevertheless, TPN was
able to maintain a better nitrogen balance and
plasma amino acid level [48, 57] and a positive bal-
ance of K, Na, Cl, P and Mg [59].

Burt’s 1983 study [46] did not find any differ-
ence between EN and TPN as far as protein whole-
body flux, protein synthesis and catabolism were
concerned. However, during the control (basal)
period, whole-body protein catabolism was uni-
formly and significantly higher than synthesis and
during the period of nutritional repletion through
EN or TPN the rate of whole-body synthesis tend-
ed to be greater than that of catabolism. In addi-
tion, during the period of nutritional support, the
percentage of nitrogen entering the metabolic pool
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Table 1.Effects of TPN on the nutritional status of cancer patients

Variable Response

Body weight Always increase 
Body fat Usually increase 

Muscle mass
Anthropometry No change or increase 
Urinary creatinine or 3-CH3-histidine No change or decrease 

Lean body mass
Nitrogen balance Always positive 
Total body nitrogen No change or increase 

Whole-body K Increase or no change 

Serum protein
Total protein No change 
Albumin Usually no change 

Transferrin Usually no change 

Prealbumin No change or increase 

Retinol-binding protein Usually increase or no change

Cholinesterase and ceruloplasmin No change 
Immune humoral response

IgA, C3, C4 No change 
IgG, IgM, IgA No change or sometimes increase 

Non-specific cellular response
Neutrophils, total lymphocytes
B, T lymphocytes
Helper T, suppressor T, chemotaxis No change 
Phagocytosis killing index
Natural killer No change or increase 



that was derived from catabolism of protein was
significantly decreased in both EN and TPN
groups.

The study by Dresler et al. [60] showed that
before nutritional repletion, the flux of nitrogen
entering the metabolic pool originated solely from
the breakdown of body protein and about 75% of
this flux was utilised in protein synthesis.
However, when an exogenous supply of amino
acids was introduced in cancer patients, utilisation
efficiency decreased to 58% during EN, and to
39–43% in cancer patients during TPN. Therefore
it appeared to be an advantage for the enteral
route in terms of utilisation for synthesis of body
proteins.

Overall, both EN and TPN tend to stabilise the
nutritional status and whole-body protein eco-
nomics and, depending on the type of metabolic
parameter that is adopted, TPN or EN appears to
be slightly more effective.

Effects of Nutritional Support on Clinical
Outcome

Effects of Nutritional Support in Cancer Patients
Submitted to Surgery

The rationale for perioperatively treating mal-
nourished cancer patients with artificial nutrition
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Table 2. Effects of EN on the nutritional status of cancer patients

Variable Response

Body weight Usually increase, sometimes no change 

Body fat Increase or no change 

Muscle mass
Anthropometry No change, sometimes increase 

Urinary creatinine or 3-CH3-histidine No change 

3-CH3-histidine efflux from the leg Decrease 

Tyrosine, AA and BCAA efflux No change 
from the leg

Lean body mass
Nitrogen balance Usually positive or equilibrium 

Total body nitrogen No change 

Whole-body K Increase or no change 

Serum protein
Total protein No change or increase 

Albumin Usually no change, sometimes increase or decrease 

TIBC, CHE, TBPA No change or increase 

Ceruloplasmin No change 

Immune humoral response
IgG, IgA, IgM, CH50 No change 
C3-C4, C3PA Increase 

Non-specific cellular response Increase or no change 

TIBC, total iron-binding capacity; CHE, cholinesterase; TBPA, thyroxine-binding prealbumin



mainly relies on the following assumptions: (1)
malnourished cancer patients are at higher risk of
postoperative complications (especially infec-
tions); (2) cancer malnutrition can be reversed
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Table 3. Nutritional effects of TPN versus a standard oral diet (SOD) 

Variable TPN SOD

Weight � or = = or �

N balance Positive Negative

Total body K = =

Urinary 3-methylhistidine � =

Total protein = or � = or �

Albumin = or � = or �

Transferrin � or = = or ��

CHE, RBP � �

TBPA = =

Ceruloplasmin, Fibrinogen, IgA = =

IgG, IgM, C3a � =

CHE, cholinesterase; RBP, retinol-binding protein; TBPA, thyroxine-binding prealbumin; �, increase; �, decrease; = no
change

Table 4. Effects of TPN and EN in cancer patients receiving chemotherapy or radiotherapy

Variable Type of nutrition Response

Body weight TPN Increase or no change
EN Increase or no change

Body fat TPN Increase

Muscular mass TPN Increase

Lean body mass
Nitrogen balance TPN Positive
Total body nitrogen TPN No change

Serum protein
Total protein
Albumin
Transferrin TPN No change
Retinol-binding protein

Immune humoral response
IgA, IgM TPN Increase

through the use of a nutritional support and con-
sequently the surgical risk can be reduced.

However, the value of the above statements is
limited, since malnutrition is not the only (and



also perhaps not the most important, except in
extreme cases) cause of surgical complications.
Cancer malnutrition can probably be reversed by
artificial nutrition but this is less easy and it takes
more time than in non-cancer patients. Moreover,
the length of the preoperative hospital stay has
been correlated with increased surgical infection
rates. Finally, we do not know whether the parame-
ters of nutritional assessment we use to define a
malnourished patient (weight loss, low serum
albumin, lymphocyte number, etc.) are the same
ones that are pathogenetically involved in the
defective defence of the host against the micro-
organisms, and consequently whether we should
aim at normalising them with artificial nutrition
before carrying out a surgical intervention on the
patient. Furthermore, it is a common experience
that the more severe the malnutrition, the more
advanced the stage of the tumour [62], so that the
chance of performing an explorative surgery that
makes useless the benefit of artificial nutrition is
magnified in severely malnourished patients.

Because of all these intrinsic difficulties, the
results of randomised clinical trials have been dis-
parate; only by pooling all these trials together, as
has been done in meta-analyses [63, 64], is it possi-
ble to find a statistically significant advantage in
terms of reduction of the complication rate in
patients receiving TPN, while reduction in mortal-
ity is dubious.

A review of 21 studies on preoperative artificial
nutrition in cancer patients revealed that 16 were
randomised clinical trials, but only six focused on
malnourished patients with gastrointestinal tract
cancers [65–70]. Two of these were non-ran-
domised studies involving patients with
oesophageal carcinoma who had metabolic [65]
and clinical benefits [68]. The other four studies
included a randomised clinical trial in patients
with gastrointestinal carcinoma, which showed a
reduction in septic complications only in those
patients who had weight loss > 10% [70], and three
[66, 67, 71] that showed no reduction in complica-
tions.
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Table 5. Response to TPN and EN in cancer versus non-cancer patients

Variable TPN EN
Cancer Non-cancer Cancer Non-cancer

Weight � �� � � or ��

Arm circumference

Triceps skinfold � � = or � �

Arm muscle area � �� � �

Creatinine-height index � �� � �

N balance + + + +

Total body K - - � �

Tyrosine balance - - = +

Albumin � �� � �

Prealbumin = = = =

Retinol-binding protein = = - -

Balance of:

Na + + - +

K + + - +

Cl + + - +

Mg + ++ - +

P + + + +

Ca = = + +  

��, strong increase;�, increase;�, decrease; = no change; +, positive; –, negative



The discrepancy in the results obtained by
these randomised studies involving TPN in the
pre- and postoperative periods [66, 67, 70] may be
related to the different lengths of preoperative
feeding (11 days, 3 days and > 5 days). For exam-
ple, the lowest rate of septic complications
occurred in the group that received preoperative

parenteral nutrition for the longest period of time.
Recently, a prospective randomised study

involving cirrhotic patients who were submitted to
wide hepatic resections for hepatocarcinoma
reported that preoperative nutritional support can
reduce postoperative complications [72], but the
control group was probably disadvantaged by the
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Table 6. Prospective studies on the metabolic effects of EN vs TPN [1–4] 

Nutritional parameter EN TPN p

Balance of:

N + +

P + More + 0.05

K - + 0.05

Na - + 0.05

Cl - + 0.05

Ca + -

Mg - + 0.05

∆ H2O + +

∆ Albumin No change +

∆ CHI + +

∆ TSF + +

∆ MMA +

N balance + after 7 days + after 1 day

Weight � 1% after 30 days � 6% after 30 days

Albumin � 7.4% � 6.3%

Glucose turnover rate � × 4 � × 4

Gluconeogenesis from alanine Suppressed Suppressed

Weight No change � 0.05

N balance No change � 0.03

Albumin � No change

Transferrin No change No change

Ceruloplasmin No change No change

TBK No change No change

3 Met-His No change No change

EN vs TPN (kg/day): 38 kcal and 0.9–1.2 vs 1.2–1.8 g AA [59]
EN vs TPN (kg/day): 63 vs 62 kcal and 2.1 vs 1.5 g AA [57]
EN vs TPN (kg/day): 49 vs 49 and 1.5–2 vs 2.5 g AA [46]

CHI, creatinine/height index; TSF, triceps skinfold; MMA, muscle mass area; TBK, total body potassium; 3 Met-His 3,
methylhistidine;�, increase;�, decrease; +, positive; -, negative
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We studied 90 patients with gastrointestinal
cancer and weight loss ≥ 10% and showed that pre-
operative TPN (10 days, calorie regimen at 1.5 ×
resting metabolic expenditure, kcal/N = 150/1, glu-
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Introduction

Involuntary weight loss and its end-stage manifes-
tation, the anorexia and cachexia syndrome, is a
frequent complication of cancer. The incidence of
weight loss varies both with the primary site of the
malignancy and its stage. At presentation, 15–48%
of cancer patients report weight loss, while more
than 80% of those with advanced disease note
involuntary weight loss [1]. A weight loss of as lit-
tle as 5% from premorbid weight predicts a poor
prognosis, particularly among patients with lym-
phoma, lung, breast or gastrointestinal malignan-
cies. Weight loss of less than 5% adversely impacts
survival, with the greatest effect seen in those
patients with good performance status [1].
Involuntary weight loss adversely affects quality of
life as well [2–4].

Curative therapy for the underlying malignan-
cy reverses cancer-related weight loss.
Unfortunately, for the majority of patients with
advanced disease, cure is not yet a possibility,
highlighting the need for effective interventions
for involuntary weight loss. The pathophysiology
of cancer-related weight loss is multifactorial. The
mechanism of weight loss varies with the primary
site, resulting from complex interactions between
decreased energy intake, lipolytic and proteolytic
factors produced by the tumour, hormonal abnor-
malities, and cytokine alterations in the context of
metabolic abnormalities that result in progressive
loss of skeletal muscle.

The challenge is to understand the pathophysi-
ology of cancer-related weight loss and the
anorexia and cachexia syndrome to the extent that
targeted therapies can be developed and utilised to
reverse this devastating complex. From a patho-
physiological point of view, pharmacological treat-
ments for cancer-related weight loss can be cate-

gorised as: (1) medications to treat symptoms that
interfere with caloric intake; (2) appetite stimu-
lants; (3) drugs that affect intermediary metabo-
lism or specific humoral inflammatory responses;
and (4) anabolic agents.

This chapter will focus on pharmacological
stimulants of appetite for the management of
cancer-related weight loss.

Anorexia occurs in up to 85% of patients with
advanced cancer, making it among the most com-
mon symptoms [5]. Identify ing and treating
reversible symptoms that contribute to anorexia,
such as nausea, bloating or depression, to name a
few, is the first step in the treatment of patients
with involuntary weight loss. The impact of
aggressive symptom control on energy intake has
not been prospectively evaluated, but symptom
control clearly improves caloric intake and quality
of life for some patients. Treatment of symptoms
alone, however, is often inadequate to maintain or
replenish weight and/or total body protein mass.

Caloric supplementation may seem a reason-
able approach to treat cancer-associated weight
loss. However, the striking differences between
starvation, an absolute lack of energy intake and
cachexia highlight the inadequacy of caloric sup-
plementation as a treatment for cancer-related
cachexia. In star vation, the body adapts by
decreasing energy expenditure and preserving
muscle mass relative to fat mass. In the setting of
involuntary weight loss and cancer, energy expen-
diture may remain elevated in spite of inadequate
energy intake, and skeletal muscle loss and fat
mass are progressively lost with relative mainte-
nance of visceral mass. Furthermore, clinical trials
of aggressive caloric supplementation, whether
parenterally or enterally, do not demonstrate sig-
nificant reversal of cancer-associated weight loss
for the majority of patients.
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Orexigenic Agents

Recognising the frequent link between decreased
appetite and weight loss, early clinical trials of
pharmacological inter ventions for cancer-
associated weight loss focused on orexigenic
agents. The best-studied agents include cyprohep-
tadine, corticosteroids, dronabinol and megestrol
acetate, alone and/or in combination.

Cyproheptadine

Cyproheptadine is an antihistaminic, antiseroton-
ergic agent approved in the USA for the treatment
of allergic disorders and in Europe, in geriatric
patients, for essential anorexia and in adolescents
for anorexia nervosa. Theoretically, cyprohepta-
dine decreases the cerebral production of trypto-
phan and serotonin, potential mediators of
anorexia. A randomised, double-blind, placebo-
controlled trial performed by the North Central
Oncology Group tested this hypothesis. Two hun-
dred and ninety-five patients with advanced can-
cer were randomised to receive either placebo or
oral cyproheptadine 8 mg three t imes daily.
Though well tolerated, cyproheptadine led to min-
imal improvements in appetite without a corre-
sponding increase in body weight [6].

Corticosteroids

Corticosteroids, an important palliative interven-
tion for patients with advanced cancer, stimulate
appetite. Multiple randomised, placebo-controlled
trials of corticosteroids, at a variety of doses and
schedules, have tested their appetite-stimulating
properties (Table 1) [7–11]. Corticosteroids consis-

tently improve appetite, though short-lived (4–8
weeks), without measurable increase in weight
gain. In general, treatment with corticosteroids is
associated with an improvement in overall sense of
well-being. They may be of particular benefit for
patients who have other steroid-responsive symp-
toms, such as nausea, asthenia or pain, particularly
bone or visceral pain.

Corticosteroids, however, have significant
potential for toxicity, which increases with the
total dose and duration of therapy. Prolonged use
of steroids produces progressive muscle wasting,
electrolyte imbalances and fluid retention. The
neuropsychiatric complications of steroids are var-
ied, and occasionally severe. Mild neuropsychiatric
symptoms are frequent, occurring in up to 50% of
patients [12]. Organic mood disorders and deliri-
um are the most severe neuropsychiatric toxicities
of steroids. These events generally occur within
the first two weeks of treatment and resolve with
dose reduction.

The most effective dose or formulation of
steroids for treatment of anorexia is unclear. As
noted above, multiple steroid formulations and
doses effectively stimulate appetite. Dexamethasone
is generally considered the steroid of choice
because of its limited mineral corticoid activity and
relatively low cost. Dexamethasone is best adminis-
tered as a single morning dose with breakfast to
avoid the insomnia associated with evening steroid
administration. Steroids are not indicated to treat
anorexia in patients with a survival anticipated to
be greater than 8 weeks. For patients with very
advanced cancer and limited survival, less than 2
months, corticosteroids may be an excellent therapy
choice for the palliation of anorexia. For bedridden
patients in particular, corticosteroids may be the
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Table 1. Corticosteroid trials

Author Steroid/dose Appetite Weight

Moertel [7] Dexamethasone 0.75–1.5 mg PO QID ≠ No change

Wilcox [8] Prednisolone 5 mg PO TID ≠ No change

Bruera [9] Methylprednisolone ≠ No change

Robustelli Della Cuna [10] Methylprednisolone ≠ No change

Popiela [11] Methylprednisolone 125 mg IV/day ≠ No change



best therapeutic option, as exacerbation of muscle
wasting is not of particular concern. Cortico-
steroids are also a particularly useful therapy con-
sideration for patients who require co-analgesia
with an anti-inflammatory agent (e.g., the patient
with painful bone metastases).

Cannabinoids

Dronabinol (delta-9-tetrahydrocannabinol), a syn-
thetic cannabinoid, has been used both as an
antiemetic (with potency similar to that of
prochlorperazine) and as an appetite stimulant in
patients with both HIV- and cancer-related weight
loss [13–17]. Appetite stimulation with dronabinol
treatment was suggested by data from phase II
studies in patients with cancer-related anorexia
[15]. In a 6-week, dose-ranging study, 30 patients
with advanced cancer received 2.5 mg of dronabi-
nol daily, 2.5 mg twice daily, or 5 mg once a day.
Weight loss continued in all treatment groups,
although the rate of weight loss was decreased
compared to baseline weight changes. Mood and
appetite were improved in patients who were treat-
ed with 5 mg daily.

The only randomised, placebo-controlled study
of dronabinol as an appetite stimulant was carried
out in patients with AIDS-related wasting [17]. One
hundred and thirty-nine patients were enrolled, 88
of whom (63%) were evaluable for efficacy.
Dronabinol 2.5 mg twice daily, as compared with
placebo, led to greater improvement in patient-
reported appetite (p = 0.01), a trend towards weight
gain after 6 weeks of treatment (+0.1 kg and -0.4
kg, respectively; p = 0.21), improvement in mood (p
= 0.005), and decreased nausea (p = 0.05). Forty-
three per cent of the dronabinol-treated patients, as
compared with 13% of the placebo-treated patients
(p < 0.001), experienced treatment-related toxici-
ties. Neurological toxicity, occurring in 35% of the
dronabinol-treated patients versus 9% of those
receiving placebo (p < 0.001), was the primary
basis for the difference in toxicity rates across the
study arms. Dose reductions were required by 18%
of the dronabinol-treated group for neurological
toxicity. Euphoria, dizziness, thinking abnormali-
ties and somnolence were the most frequent dose-
limiting toxicities.

After completion of the 6-week, randomised
study, patients were eligible to receive up to 1 year
of open-label dronabinol. Of the 90 patients for
whom data are available from the study extension,
patient-reported appetite stimulation was main-
tained for at least 6 months and was associated
with an increase in body weight of at least 2 kg in
39% of the patients. However, the lack of objective
measures of increased appetite (e.g., increases in
caloric intake) or evidence of weight gain in the
majority of dronabinol-treated patients suggests
limited usefulness of this agent.

Appetite stimulation by cannabinoids is highly
variable and does not generally translate into
weight gain. Toxicities are significant, particularly
in elderly patients, who appear more sensitive to
dronabinol’s neurological toxicity.

If a decision is made to prescribe dronabinol, it
has reasonably good tolerance at a dose of dronabi-
nol 2.5 mg three times daily. Elderly patients, how-
ever, should probably be started at a lower dose, 2.5
mg once daily, with escalation as tolerated.

Megestrol Acetate

Megestrol acetate is a synthetic, orally available
progestational agent used widely for the treatment
of hormone-responsive malignancies. With conven-
tional dose, 160 mg daily, megestrol acetate results
in stimulation of appetite and weight gain in about
30% of patients with advanced breast cancer [18].
In patients with cancer-related weight loss and 
hormone-insensitive tumours, a similar proportion,
25–30% of patients, report appetite stimulation and
weight gain with standard doses [18].

A phase I/II study of megestrol acetate
480–1600 mg daily in patients with advanced can-
cer observed a marked increase in appetite and
weight with treatment [19]. In fact, 81% of patients
enrolled on this tr ial gained 2 kg or more.
Multiple, randomised, placebo-controlled trials
have demonstrated significant appetite improve-
ment and weight gain with megestrol acetate ther-
apy in patients with advanced cancer (Table 2). A
randomised, double-blind, placebo-controlled trial
of megestrol acetate 800 mg daily in patients with
cancer-associated anorexia and cachexia was con-
ducted by the North Central Oncology Group [20].
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One hundred and thir ty-three patients with
advanced cancer were randomly assigned to mege-
strol acetate 800 mg or placebo for 3 months.
Megestrol acetate-treated patients reported greater
appetite (p = 0.003) and caloric intake (p = 0.009)
as compared to patients treated with placebo. A
weight gain of 15 pounds or greater over enroll-
ment weight was observed in 16% of patients
treated with megestrol acetate, as compared to 2%
of placebo-treated patients. Megestrol acetate-
treated patients experienced decreased nausea and
vomiting. No clinically significant toxicities were
observed and ascribed to treatment, with the
exception of mild oedema.

Bruera et al. reported a double-blind, placebo-
controlled, crossover trial of megestrol acetate 480
mg daily or placebo for 7 days [21]. Forty patients
with advanced, non-hormone-responsive tumours
and cancer-associated cachexia were enrolled.
Appetite, pain, nausea, depression, energy level,
and sense of well-being were assessed by patient
reports using a visual analogue scale, and nutri-
tional status, caloric intake and side-effects were
recorded. Megestrol acetate resulted in significant
improvement in appetite, caloric intake, nutrition-
al status and energy as compared to placebo. As in
previous trials, toxicity was minimal, consisting of
mild oedema in three patients and nausea in two.

High-dose megestrol acetate, 1600 mg daily, for
anorexia treatment was evaluated in 89 patients
with hormone-insensitive malignancies [22]. After 1
month of therapy, patients reported improvement
in appetite and food intake, as compared to those

receiving placebo. A three-item questionnaire
assessing appetite, food intake, and concern about
weight revealed a greater level of improvement in
all of these parameters with megestrol acetate treat-
ment as compared to placebo.

The improvement in appetite and weight gain
observed with megestrol acetate has been reported
across a range of dose levels. A randomised study
of megestrol acetate at doses of 160, 480, 800 and
1280 mg per day demonstrated a positive dose-
response effect between megestrol acetate dose
and patient-determined appetite and food intake
[23]. However, the highest dose tested, 1280 mg per
day, did not provide benefit over and above that
seen with the 800 mg per day dose. No statistically
significant differences in toxicity were observed
across treatment groups. Specifically, no dose-
related increase in either thromboembolic events
or oedema was reported.

Numerous studies of megestrol acetate for the
treatment of cachexia have consistently demon-
strated improvement in appetite and weight gain
[19–23]. However, the composition of this weight
gain, as evaluated by dual X-ray absorptiometry
and tritiated body water methodologies, is prima-
rily fat mass [24]. There is no significant increase
in total body water. The megestrol acetate trials in
patients with advanced cancer and cachexia have
by and large failed to show significant toxicity.
However, important endocrinological effects have
been reported.

Megestrol acetate has glucocorticoid effects,
which may result in depression of the pituitary
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Table 2. Cancer cachexia placebo-controlled trials of megestrol acetate (MA)

Author N MA Dose Appetite Weight

Loprinzi [20] 133 800 mg vs placebo � �
Mean = 1.4 kg
(MA group)

Bruera [21] 40 480 mg
(crossover trial) � �

Tchekmedyian [22] 89 1600 mg � �

N, number of patients



adrenal axis and exacerbation of glucose intoler-
ance [25–27]. When megestrol acetate is discontin-
ued, the patient should be closely observed because
of the potential for a steroid withdrawal syndrome.

A study of megestrol acetate in patients with
AIDS-related wasting demonstrated a drop in cor-
tisol levels to nearly undetectable levels in patients
in whom plasma megestrol acetate levels were
>150 ng/ml [28]. The frequency of endocrinologi-
cal toxicity appears related to total drug exposure:
higher doses over a more prolonged treatment
period lead to greater risk. In addition, in men, a
decrease in testosterone is routinely identified
after 1 week of therapy, even with doses as low as
megestrol acetate 160 mg daily. While no signifi-
cant differences in the incidence of thromboem-
bolic phenomena in the high-dose, placebo-con-
trolled studies of megestrol acetate have been
reported, concerns remain about this risk, particu-
larly in patients with metastatic adenocarcinoma
and its increased risk for thrombosis [19, 21, 23].

The ‘optimal’ dose of megestrol acetate for can-
cer-related weight loss is unclear. Megestrol
acetate, oral suspension, milligram for milligram is
approximately 10% more bioavailable than the
tablet formulation [29]. An intermediate dose of
megestrol acetate 400 mg daily, titrated up or
down based on response, is a reasonable starting
point. It is important to note, however, that 25% of
patients reach their maximum weight change after
6 weeks of treatment [30].

Combination Therapy

Combination therapy with megestrol acetate and
dronabinol offers no advantage over treatment
with megestrol acetate alone [31]. A randomised,
placebo-controlled study of megestrol acetate 800
mg and placebo, versus oral dronabinol 2.5 mg
twice daily and placebo, or both active agents,
enrolled 469 patients with advanced cancer and
weight loss. Megestrol acetate proved superior to
dronabinol as an orexigenic agent, and combina-
tion treatment offered no advantage over treat-

ment with megestrol acetate alone. Megestrol
acetate-treated patients reported greater appetite
improvement and weight gain, compared with
dronabinol-treated patients: 75% versus 49% (p =
0.001) for appetite and 11% versus 3% (p = 0.02)
for number with greater than 10% increase in
weight over baseline, respectively. An unblinded,
randomised study in patients with AIDS-related
weight loss, again comparing combination mege-
strol acetate and dronabinol to either agent alone,
demonstrated weight gain only in those patients
receiving megestrol acetate 750 mg daily, whether
alone or in combination with dronabinol [32].

Conclusions

In summary, megestrol acetate is the most potent
available orexigenic agent and leads to improve-
ment in quality of life for patients with advanced
cancer and weight loss. Unfortunately, in spite of
the significant weight gain observed with mege-
strol acetate treatment, the weight gain is predomi-
nantly due to an increase in fat mass and, there-
fore, unlikely to produce improvement in strength
or survival. A clear role for dronabinol is difficult
to define. Glucocorticoids are of greatest benefit
for patients with the most advanced cancer, partic-
ularly for those who are bed bound.

When considering treatment for patients with
anorexia and weight loss, the intervention for a
particular patient should be chosen based on the
patient’s treatment goals and prognosis. For the
patient with very limited survival (weeks), whose
primary goal is to increase the enjoyment of eat-
ing, either megestrol acetate or corticosteroids
may be useful. For the majority of patients, how-
ever, treatment is intended to improve oral intake,
weight, and ideally function. To achieve this, an
approach that combines an orexigenic agent with
an anabolic agent may be of greater benefit.
Further studies will be necessary to define new
agents as well as potential beneficial combina-
tions.
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Introduction

The focus of palliative care is illness-oriented, with
the main aim being to relieve suffering. In con-
trast, the disease-oriented approach aims to
improve the natural course of a disease and the
length of life. Caring for nutritional issues of
patients with advancing, progressive and terminal
illness improves when the nutritional interven-
tions focus on the effects of the illness on patients
and relatives, and do not target curative or disease-
oriented endpoints (such as weight, oral intake).
This brief chapter highlights the concept of pallia-
tive care, issues of palliative nutritional endpoints
and decision making, the potential importance of
treatment of symptoms and syndromes such as
constipation as causes for secondary anorexia/
cachexia, issues of palliative symptom and syn-
drome management, and terminal care.

Palliative Care Concept

The World Health Organization (WHO) recently
published an updated definition of palliative care,
which highlights the multidimensional approach,
multidisciplinarity, and its applicability earlier in
the course of the disease rather than in the termi-
nal phase only (Table 1) [1].

Palliation can also be understood as prevention
of unnecessary suffering. Proactive screening for
distressing symptoms and complications can begin
at the diagnosis of an advanced, progressive and
incurable disease, not just in the very terminal
phase. Specialist palliative care services, in associa-
tion with disease specialists [2], can provide assess-
ment and management of psycho-physical symp-
toms and socio-spiritual needs of patients during
the course of the illness and at the end of life [3].

Palliative Nutritional Endpoints and Decision
Making

A careful multidimensional evaluation is the basis
for treatment decisions for patients with advanced
illness, such as cancer, suffering from anorexia,
cachexia and related symptoms (see also Chp. 9.11
‘Eating-related Distress of Patients with Advanced,
Incurable Cancer and Their Partners’).

In order to prioritise anorexia/cachexia in the
present (and often rapidly fluctuating) context, the
patient should be assessed considering concurring
physical (anorexia, fatigue, asthenia, body image,
chronic nausea), psychological–emotional (anxiety,
worthlessness, anhedonia), social (meal-ritual,
express love through cooking) and spiritual–
existential (bread of life) symptoms and distress.

Chapter 10.4
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Table 1. WHO definition of palliative care

Provides relief from pain and other distressing symptoms

Affirms life and regards dying as a normal process

Intends neither to hasten nor to postpone death

Integrates the psychological and spiritual aspects of
patient care

Support system: help patients live as actively as possible
until death

Support system: help the family cope during the patient’s
illness and in their own bereavement

Uses a team approach to address the needs of patients
and their families, including bereavement counselling, if
indicated

Will enhance quality of life, may positively influence the
course of illness

Is applicable early in the course of illness, in conjunction
with other therapies that are intended to prolong life,
such as chemotherapy or radiation therapy, and includes
those investigations needed better to understand and
manage distressing clinical complications



The natural history of the disease and its complica-
tions need to be taken into account including the
actual and future disease-specific treatment
options and plans. Adequate communication skills
need to be applied in order to guide the patient and
the family within their coping style, cultural back-
ground, and preferences of decision making [4].
Further influencing factors include co-morbidities
and general conditions such as the living situation
of the patient and available social and financial
resources.

The subsequently developed comprehensive
management approach involves team interactions
and agreement with the patient and family about
treatment goals and meaningful outcomes. The
goals of the intervention may concentrate predom-
inantly on changes in body image, focus on
improvement of function, consist in the control of
a specific sy mptom (sensation of anorexia,
decreased food intake, chronic nausea), or aim to
improve overall quality of life.

These aspects of palliative care, the multidi-
mensional assessment, caring and treatment of
patients with advanced, progressive disease and
weight loss, may be insufficiently recognised by
focusing mainly on the influence of
catabolic–metabolic processes and pharmacologi-
cal and nutritional treatments. Relevant endpoints
of palliative nutritional interventions are individ-
ual priorities and may include primarily eating-
related symptoms such as loss of appetite, chronic
nausea, fullness or taste alterations, but also social
function (social withdrawal from meals, tensions
in the partnership), joy of eating (feelings of guilt,
powerlessness and helplessness to fulfil calorie
requirements, ‘terror’ of the weight scale (the dis-
tress caused by monitoring weight too closely),
uncertainty about healthy food), emotional issues
(eating-related distress), body image, physical and
role function (fatigue, weakness), or existential
issues (perceived starving to death). A helpful
intervention is the normalisation of the experience
and counselling patients and their relatives about
the causes of these endpoints.

Since palliative care concepts apply early in the
course of a disease, both palliative and curative
interventions are possible in a generally palliative,
or illness-oriented situation. The clear definition

about the goals of an intervention is important to
avoid both extremes: neglect and overactivity. The
focus on amount of intake, optimisation of nutri-
ents or weight is curative in nature, since it does
not aim to relieve primarily suffering. Treatment
of the sensation of loss of appetite, decreasing the
distress related to social interactions associated
with meals, is palliative in nature. However, the
optimal management of constipation leading to
(almost) complete reversal of anorexia, or stenting
the colon to improve bowel obstruction, aim to
relieve suffering but are curative in nature. In both
cases a pure palliative approach to relieve anorex-
ia, visceral pain, and nausea in constipation and
bowel obstruction would probably be of minor
quality in many patients.

With regards to the decision whether to pro-
vide artificial nutritional interventions in the pal-
liative care context, guidelines are not standard-
ised. This issue has recently been put on the agen-
da of the European Association of Palliative Care
(www.eapcnet.org).

As an example, a practical approach towards
providing nutritional interventions in patients
with advanced cancer may include the following
elements: (1) relative importance of a starvational
component (bowel obstruction [5, 6], radiotherapy
for head and neck cancers, intake, surgery [7, 8],
high-dose chemotherapy [9]); (2) probability of a
reversible inflammation (infection, treatment-
responsive cancer disease); (3) expected life
expectancy [10]; (4) integrity of the upper and
lower gastrointestinal tract; (5) goals of the nutri-
tional intervention and meaningful outcomes; (6)
dietary counselling (assessment of nutritional sta-
tus, dietary and educational needs, provision of
educational and nutritional supplements, alleviate
anxiety and conflict around patient’s inability to
consume what would normally be considered as
normal diet) [11]; (7) discussion of the option of
enteral nutrition in patients with a starvational
component and functioning bowel; (8) considera-
tion of parenteral nutrition for a selected patient
group (predominantly starvational component,
accurate estimation of life expectancy, a good
understanding of the individual indication, effects
and side-effects, the impossibility of using enteral
nutrition, after appropriate discussion with the
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patient and his or her family, psychological impact
of withdrawal of parenteral nutrition); (9) ethical
principles (autonomy [right to medically futile
treatment?], beneficience [does the intervention
really do more good than harm?], non-
maleficience [side-effects and complications of the
intervention] and justice [are the potentially high
treatment costs justified considering economical
limitations of the society?]).

Treatment of Symptoms and Constipation as
Causes for Secondary Anorexia/Cachexia

In patients with advanced, progressive, incurable
disease, the causes of anorexia, decreased oral
intake and loss of weight are complex. Besides the
primary (paraneoplastic) catabolic processes, a
number of important causes for loss of appetite or
weight may occur, such as severe symptoms (i.e.
pain, shortness of breath, depression), syndromes
(i.e. constipation, mucositis, bowel obstruction) or
prolonged bed rest [12]. Poor assessment of inter-
fering symptoms (see Chp. 9.11) by not acknowl-
edging risk factors for symptom expression and
insufficient symptom management (i.e. pain,
depression, social distress), or negligence of the
syndromes constipation [13] or sedation [14] can
lead to sub-standard management.

Palliative Symptom and Syndrome
Management

Eating-related symptoms encompass a wealth of
possible symptoms, which can be individually very
different in severity and predominance. Their
management follows multidimensional principles.

For palliative treatment of anorexia, the prog-
estins are still the most effective drugs, but with
limited effects on other nutritional endpoints. It
remains to be discussed with the patient, whether
the pure improvement of the sensation of appetite
is a meaningful endpoint considering the side-
effects and price. Corticosteroids are effective, but
only for a few weeks, then side-effects gain impor-
tance. Prokinetics are helpful for chronic nausea in
a subgroup of patients. Newer treatments have the

potential to change this map of limited evidence-
based treatment options.

Constipation often causes symptoms such as
anorexia, early satiety or nausea before it is per-
ceived as a symptom (feeling of incomplete evacu-
ation, fullness of the bowel, etc.). It needs to be
diagnosed as a syndrome (history, X-ray abdomen,
rectal examination), not as a symptom.

Terminal Care

Decrease of oral (nutritional) intake in terminal
patients can cause considerable psychosocial dis-
tress to patients and relatives, also with philosoph-
ical and religious connotations. Adequate educa-
tion and counselling addressing the anxiety of
family members that a relative is ‘starving to death’
is often important. Reframing families from the
concept that terminal cachexia from ‘starving to
death’ towards an understanding of the complex
catabolic abnormalities in cachexia is a useful
strategy (‘The administration of more food will
not result in additional fat or muscle synthesis
because of the generally irreversible underlying
abnormalities’). This reframing can decrease emo-
tional and social distress of patients and relatives
and can maintain the social benefits of meal times.

Adequate mouth care and small amounts of ice
chips or sips of cold beverages gain importance in
the terminal phase. Hypodermoclysis can be very
useful in maintaining adequate hydration at home
at little cost and with minimal invasiveness [15].

Conclusions

Palliative, multidimensional concepts of anorexia
and cachexia carry the potential to optimise quali-
ty of life of patients with advanced cancer until
death through: (1) establishing more targeted mul-
tidimensional interventions, (2) improved decision
making, and (3) research projects tailored to this
patient population testing several hypotheses, i.e.
eating-related distress, diagnosis and impact of
secondary anorexia/cachexia, multidimensional
individually targeted treatments, and specific
drugs.
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Introduction

Background

Cancer cachexia is a major symptom burden for pa-
tients with cancer. Cachexia occurs in up to one half
of all patients diagnosed with cancer [1] and is more
frequent in patients with lung and upper-gastroin-
testinal cancer. Cancer cachexia results from the in-
teraction of the host and the tumour. However, the
nature of this interaction is incompletely understood
[2–5], including the dynamics of the host response
(activation of the systemic inflammatory response,
metabolic, immune and neuroendocrine changes)
and those tumour characteristics or tumour-derived
products that influence expression of the syndrome
(e.g. proteolysis-inducing factor [PIF]). The relative
importance of individual mediators and pathways in
different patients or tumour types is unclear, as is the
reason why individuals with apparently similar tu-
mours should show considerable variation in their
tendency to develop cachexia. As ability to discrim-
inate the relative importance in vivo of different me-
diators improves, so too should the ability to devel-
op appropriately targeted therapy.

The aim of this chapter is to discuss the sup-
port of the cachectic cancer patient using the
pharmacological effect of a variety of nutrients in
addition to conventional pharmacological agents.
However, cachectic patients must first be identi-
fied, appropriate treatment selected and agreed
with patients, compliance maximised and ade-
quate follow-up put in place.

The Diagnosis of Cancer Cachexia and its
Implications

The hallmarks of cachexia are involuntary weight
loss, disproportionate skeletal muscle wasting and

anorexia/early satiety. However, not all patients
will conform to the stereotypical image of ‘cachex-
ia’; for example, they may still be technically over-
weight despite having lost a substantial mass of
lean tissue or they may be relatively weight-stable
despite significant physiological change.

Pre-treatment weight loss has long been identi-
fied as an important prognostic factor in oncology
[6] and the objective clinical consequences of
cachexia are profound – reduced survival, impaired
response to anti-cancer therapy, impaired immuni-
ty, lower performance status, increased symptoma-
tology, reduced physical activity, impaired quality of
life. It is important to identify potentially reversible
conditions that can exacerbate cachexia (e.g.
mechanical causes of inadequate nutritional intake,
malabsorption, metabolic disorders such as hyper-
calcaemia, and depression) and to manage ade-
quately other problems that may confront cancer
patients (e.g. pain, nausea, constipation and infec-
tion). Common treatment-related side-effects (e.g.
gastrointestinal sequelae of chemotherapy or radio-
therapy such as nausea, mucositis, diarrhoea, food
aversion) should also be anticipated. In addition,
there is a suggestion that some cytotoxic drugs may
themselves generate cachexia-like side-effects [7].

Hurdles to the Nutritional Management of Cancer
Cachexia

The therapy of cancer cachexia poses a real chal-
lenge to all who confront it. A holistic approach to
patient care that includes an assessment of social
and functional parameters in addition to the med-
ical and nutritional status of the patient is impor-
tant to maximise patient function and independ-
ence. This is likely to require structured, multidis-
ciplinary patient care, and attention to service
organisation and economic analyses may be need-

Chapter 10.5
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ed to support the introduction of cachexia thera-
pies into patient care. The routine formal assess-
ment of functional nutritional status is uncommon
in medicine but objective tools that can also guide
therapy are available [8]. Practical approaches to
cancer nutrit ion should be highlighted and
encouraged [9].

Cancer patients will see many different health
professionals and this is a challenge when it comes
to providing education about cachexia. In medi-
cine, nutrition has not always received the recogni-
tion it deserves and this has been acknowledged
for some time now [10]. Patients frequently access
biologically active complementary/alternative
medicines but there may not always be robust
information on their safety or efficacy and their
interaction with conventional therapy is often
incompletely understood [11, 12].

Physiological Disturbance in Cancer Cachexia – Targets
for Specialised Nutritional Therapy and
Pharmacological Intervention

Weight loss in cancer patients suggests an imbal-
ance in energy supply and demand. Energy expen-
diture (demand) in patients is largely governed by
their resting energy expenditure (REE) and the
energy expended on physical activity. Cancer
patients may be hypo- or hyper-metabolic and it is
possible that this may be influenced by tumour
type or the stage of illness. Cachectic cancer
patients may exhibit relative glucose intolerance
and insulin resistance and demonstrate increased
glucose and protein turnover. These metabolic
abnormalities may become more pronounced as
the disease progresses and are associated with an
energy cost.

An increase in the REE may not be reflected in
the patient’s total energy expenditure (TEE).
Physical activity is a variable quantity and may be
curtailed in ill patients (although the dynamics of
this relationship are not completely understood).
Such a reduction in physical activity is highly like-
ly to impact on patients’ function, independence
and quality of life. Furthermore, it may also exac-
erbate functional decline as inactivity is linked to
muscle atrophy. The other side of the energy bal-
ance equation is supply and, for a variety of rea-

sons (see below), many patients with cachexia may
have an inadequate nutritional intake.

Physiologically, the breakdown of body tissue
in cachexia reflects excessive catabolism and/or
inadequate anabolic activity. Persistence of these
changes may eventually be detrimental to the
patient’s function and overall well-being. Possible
mediators of catabolism are endogenous corticos-
teroids, PIF, lipid-mobilising factor (LMF) and
proinflammatory cytokines. Inadequate anabolic
activity might reflect an impaired response to ana-
bolic mediators such as anabolic-androgenic
steroids, growth hormone or insulin or an inade-
quate supply of energy and macro/micronutrients.
For many patients with advanced cancer, alleviat-
ing cachexia by tumour cure is unfortunately not
possible at this time. Therefore as the tumour per-
sists so will the physiological disturbance and it
seems likely that attempts to modulate cachexia
with conventional nutritional supplementation
alone will be unsuccessful.

Challenges in Treating Cancer Cachexia

Many single cachexia therapies have been tested in
isolation and have met with limited or no success.
It seems likely that a combination of therapies,
perhaps individualised according to pathophysio-
logical abnormalities, will ultimately be required
to modulate the cachectic process.

Whilst the focus on weight loss in cancer
cachexia is understandable (it is tangible, easy to
measure and related to ‘clinical outcomes’), it is
nevertheless possible that weight loss is an insen-
sitive marker for the physiological dysfunction
driving cachexia and that by the time a patient
manifests significant weight loss, the cachectic
process is firmly established and is likely to be
more difficult to slow or reverse. Furthermore, the
functional implications of focusing on weight gain
are unclear. Abnormalities in REE have now been
identified early in the disease process [13]. There
is a requirement for practical early markers of the
cachectic process in cancer patients as this group
of patients may in fact have the most to gain from
cachexia therapy.

Strategically, there is a need for consensus on
the research definition of cancer cachexia and for
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the identification of prognostic criteria that will
allow for meaningful stratification of the syn-
drome. While greater understanding of the molec-
ular pathophysiology of the syndrome will suggest
new therapeutic targets, there is also a clear need
to define appropriate criteria of therapeutic suc-
cess. The relevance of end-points currently applied
to cancer cachexia to both patients and
researchers also needs to be established. For exam-
ple, does weight gain mean longer sur vival,
increased response to anti-cancer therapy, better
functional status or improved quality of life?
Which body compartments should be targeted? Do
these compartments retain ‘normal’ functional
potential, for example, is cachectic muscle per-
formance or efficiency impaired? How should vari-
ous interventions (e.g. pharmacological and exer-
cise therapy [14–17]) be integrated? It will be
important to establish how cachexia therapy com-
bines and interacts with conventional anti-cancer
treatment. The intent of anti-cancer treatment is
frequently palliative. Therefore, patient-centred
end-points (e.g. function and ‘quality of life’) are
important.

Nutritional Therapy

Background

Patients with advanced cancer may have an inade-
quate nutritional intake and fail to increase appro-
priately their intake in response to increased rest-
ing energy demands [18]. Intake may be reduced
by ‘primary’ mechanisms induced by the cachexia
syndrome (and manifesting as anorexia or early
satiety) or may be ‘secondary’ to problems such as
mechanical gut obstruction or impaired swallow-
ing, nausea, constipation, depression, gastrointesti-
nal fungal infection and treatment side-effects
(e.g. opiates, antibiotics, chemotherapy, radiother-
apy). Such secondary problems should be proac-
tively sought and appropriately managed. In addi-
tion, the medical team should also be alert to the
risk of deteriorating nutritional status when
patients are hospitalised [19, 20].

The pathogenesis of ‘primary’ anorexia/early
satiety and the control of human appetite are
incompletely understood. At the present time,

cytokines (including interleukins 1β and 6 [IL-1β,
IL-6] and tumour necrosis factor-alpha [TNF-α]),
the balance of central neurotransmitters (e.g. sero-
tonin) and neuropeptides (e.g. neuropeptide Y)
and hormones (e.g. leptin and ghrelin) have all
been implicated [21].

As with any other intervention, the guiding
concept for nutritional intervention must be ‘first
do no harm’. There has been some concern that
nutritional support might promote tumour growth
[22–24]. In studying pharmaco-nutritional sup-
port it should be ascertained that the experimental
therapy itself or the means by which it is delivered
does not worsen patient outcome.

In supporting cachectic cancer patients, the
optimal intake of macro- and micronutrients
remains to be established and many patients
receive ‘conventional’ nutritional products. There
are several theoretical reasons why this may not be
optimal. These include the observations that sys-
temic inflammation increases the requirement for
certain amino acids [25] and that high-energy
phosphate compounds may be reduced in tumour-
bearing rats [26].

Conventional Nutritional Support

The broad aims of nutritional support for cachec-
tic cancer patients are to improve function and
well-being, to reduce morbidity and mortality and
to strengthen patients for further challenges that
may be imposed upon them. A number of trials
have studied conventional nutritional support in
cancer patients, several in patients receiving anti-
tumour therapy. These therapies may themselves
be regarded as ‘stressors’ that can continue for
weeks or months. Furthermore, many cancer inter-
ventions may exacerbate reductions in energy and
nutrient intake. Surgical patients may be fasted for
prolonged periods perioperatively and both
chemotherapy and radiotherapy may induce side-
effects such as anorexia, nausea, vomiting, mucosi-
tis, taste change or lethargy (depending of course
on the drugs being used and the location, treat-
ment volume and dose of radiotherapy) [27].
Current understanding as to how nutrition and
chemotherapy interact is incomplete [28–30].
Intuitively a nutritionally replete patient should do
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better but this has not been easy to demonstrate.
Early nutritional intervention studies focused

on using parenteral nutrition (PN) to increase
nutritional intake. Initial promising results were not
supported by later prospective studies [31]. There is
some theoretical evidence that nutritional therapy
can modulate chemotherapy [32, 33] but in trials of
patients undergoing chemotherapy PN does not
appear to increase survival, or to improve response
rates or toxicity. It may actually be associated with a
detrimental outcome and an increased risk of sepsis
[34, 35]. In studies where PN has been associated
with decreased survival, the spectre of nutrition-
induced tumour progression has been raised [36]. It
is generally agreed that PN should be reserved for
specific indications [31].

It is now appreciated that the gut plays an
important role in systemic immunity. In common
with other tissues, if the gut is not used it will atro-
phy and so this is the case with PN. Impaired gut
integrity and subsequent bacterial translocation
may be one important negative consequence of PN
and this may be exacerbated by cancer therapy (e.g.
radiotherapy or chemotherapy) or cancer-related
complications (e.g. bowel obstruction) [31]. The
oral/enteral route has advantages over PN as the gut
is used. It is also cheaper and (relatively) user-
friendly. Studies of oral nutrition in chemotherapy
patients have identified challenges in overcoming
systemic and gastrointestinal symptoms.
Nonetheless, increases in energy and protein intake
can be achieved but these have not been shown to
improve outcome [37, 38]. The energy and protein
density of an oral supplement may be important in
determining net benefit. In a recent study of nutri-
tional supplementation in treatment-naïve patients
with advanced pancreatic cancer (not receiving
cytotoxic therapy), the control arm received a high
protein and caloric-dense oral nutritional supple-
ment and patients’ weight loss was halted [39].

On current evidence it seems that, at best, con-
ventional oral nutritional supplementation may
stabilise weight in malnourished wasting patients
but that this may not be reflected by an improve-
ment in conventional outcomes. Assuming that the
outcomes are appropriate, why should this be?
Cancer can clearly induce profound physiological
dysregulation in susceptible individuals and

patients who develop cachexia may be unable to
use effectively the energy and nutrients provided
in conventional supplements. There are mixed data
concerning this matter. In a heterogenous group of
cancer patients it was suggested that PN was able
to increase both fat and lean body mass [40].
However, other investigators have suggested that,
while PN can promote net protein synthesis in
depleted non-cancer patients, it is unable to
achieve nitrogen equilibrium [41] in weight-losing
cancer patients. In addition cachectic patients may
synthesise protein less well from PN [42], and
standard PN may be insufficient to increase pro-
tein synthesis in weight-losing cancer and non-
cancer patients [43]. Some investigations have sug-
gested there is little difference between the
response of cancer and non-cancer patients to
artificial feeding [44, 45] while others have shown
a partial block to the accretion of lean tissue [46].

Despite being inconclusive, the data suggest
that at least a proportion of cachectic cancer
patients are unable to utilise effectively the nutri-
tion they ingest and research is now yielding sug-
gestions as to why this may be the case. For exam-
ple, one explanation for the difficulty in generating
increased lean body mass (muscle) is that inflam-
matory cy tokines are reprioritising nitrogen
metabolism to increase hepatic acute-phase pro-
tein synthesis at the expense of peripheral lean tis-
sues [47]. These metabolic challenges are com-
pounded by tumour-specific products (e.g. PIF),
which increase lean tissue catabolism at a time
when nutritional intake is reduced. However, even
if additional energy and nutrients alone can sta-
bilise weight, ongoing physiological abnormalities
and the overall symptom burden may preclude
substantial improvements in function, quality of
life or even prognosis.

Refining Oral Nutritional Support

For any oral nutritional supplement to be effective
it must be consumed and unfortunately patients
with advanced cancer frequently demonstrate
anorexia, early satiety and alteration in taste and
food preference. These obstacles to increasing oral
nutritional intake suggest that appetite and desire
for food will often need to be improved if an oral
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nutritional supplement is to have any chance of
benefit. This could be particularly important in
patients also receiving anti-cancer therapies,
which may further limit nutrit ional intake.
Gastrointestinal tract function may also be abnor-
mal and patients should be asked about their med-
ication (e.g. opiates) and symptoms of early sati-
ety/fullness. Of course, nutrition does not just
come as a supplement. Recognising eating as a
social activity and paying due attention to practi-
cal food issues such as the selection, storage,
preparation and timing of eating is an important
part of optimising nutritional intake.

Refining oral nutritional support has generally
involved adding specific nutrients at supra-physio-
logical levels in order to modulate metabolic or
immune function [48]. Thus the aim is to use
nutrients as drugs, hence the term pharmaco-
nutrition or ‘nutraceuticals’ [49]. However, the
composition of the complete nutritional matrix
including the macronutrients is also likely to be
important and requires to be optimised [50, 51].

Omega-3 Fatty Acids and Oral Nutritional Support

The eicosanoids are biologically active substances
that, in addition to other roles in malignancy, are
important mediators of the systemic inflammatory
response [52]. Their production can be modulated
by dietary polyunsaturated fatty acids (lipids),
particularly the omega n-6 and n-3 fatty acids.
Omega-6 fatty acids tend to produce highly
‘inflammatory’ eicosanoids, whereas those derived
from n-3 fatty acids are considerably less so [53].
Altering the balance of eicosanoids in v ivo
through the manipulation of dietary lipids may
therefore affect systemic inflammation. Although
there may be variation between individuals [54],
n-3 fatty acids appear to be able to reduce levels of
proinflammatory cytokines and C-reactive protein
[55]. They also modulate PIF-mediated ubiquitin-
proteasome proteolysis, possibly via the transcrip-
tion factor NF-κB [56–58] and influence hepatic
protein synthesis [47]. There is also some evidence
to suggest they may have anti-tumour activity
themselves [59, 60] and down-regulate the toxicity
of chemotherapy [61, 62].

Studies in cachectic pancreatic cancer patients

have suggested that, when given at doses 20–40
times the normal Western dietary intake, n-3 fatty
acids are well tolerated [63] and can stabilise
patients’ weight [64]. On the basis that successful
cachexia therapy has to address both metabolic
changes and reduced food intake, the combination
of a conventional oral nutritional supplement with
n-3 fatty acids and antioxidants was developed.
The recommended daily intake of two cans pro-
vides 620 kcal, 32 g protein and 2.2 g eicosapen-
taenoic acid (EPA).

This combination supplement has now been
tested in two large-scale randomised studies.
Intention-to-treat analysis of an 8-week treatment
period of cachectic patients with advanced pan-
creatic cancer (n = 200) showed no advantage
from a mean intake of 1.4 cans/day of the n-3-
enriched supplement when compared with an
isocaloric, isonitrogenous control. Both supple-
ments arrested weight loss to the same extent.
Mean n-3 intake was suboptimal, however, and
post-hoc analysis suggested that, in those patients
who did achieve the desirable supplement intake
(providing 2 g EPA/day), weight and lean tissue
increased and quality of life improved. In addition,
it seems that there may have been deviation in
reported EPA and supplement intake in the control
population, further complicating interpretation
[39]. A subgroup of patients underwent further
physiological study and, in those receiving the n-3-
enriched supplement, physical activity was signifi-
cantly increased [65]. Increased activity may be
particularly beneficial in cachectic patients as
inactivity is a risk factor for muscle atrophy [66].

A second large randomised study (reported in ab-
stract) compared the same supplement with mege-
strol acetate or a combination of the two in a het-
erogenous population [67]. The combination of an
appetite stimulant with the specialised nutritional
supplement seems logical and intuitively beneficial.
However, it was no better than megestrol acetate
alone. Finally, a study using fish oil capsules alone
showed no benefit from 2 weeks of n-3 fatty acid
supplementation in advanced cancer in comparison
with placebo [68]. However, it is possible that the
brevity and lack of conventional nutritional support
in this study may have affected the outcome.

Thus, while there is much in vitro and animal
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experimental evidence to support the use of n-3
fatty acids on an intention-to-treat basis, the case
for benefit from n-3 fatty acid supplementation
has not yet been proven. The major obstacle is oral
delivery of an adequate dose. Other remaining
questions include when in the disease course is the
best time to study the effect of n-3 fatty acids?
How can patients who may benefit from n-3 fatty
acids be identified? What is the optimum duration
of supplementation? How best can n-3 fatty acids
be delivered to the patient? What is the interaction
between n-3 fatty acids and anti-cancer therapies?
Should n-3 fatty acids be combined with other
agents (e.g. anabolic agents) and, if so, how? What
is the optimum clinical model with which to assess
their effects? In addition, the optimum macro-
micronutrient supplement mix to accompany n-3
fatty acids remains to be established.

Hydroxy-Beta-Methylbutyrate, Arginine and Glutamine

Hydroxy-beta-methylbutyrate (HMB) is a leucine
derivative, which, in common with arginine and
glutamine, may favourably modulate protein
turnover. The combination had already shown
activity in weight-losing patients with acquired
immunodeficiency syndrome [69] and has recently
been tested against an isonitrogenous non-
essential amino acid control supplement in
weight-losing cancer patients (n = 32). After 4
weeks of administration, patients receiving the
experimental supplement had increased their fat-
free mass (FFM) and weight and this net gain was
maintained to the end of the 24-week study.
Control patients lost weight and FFM. This combi-
nation awaits further study and characterisation
[70] in cancer cachexia, including its effects on
tumour growth [71, 72]. Its safety has recently
been assessed [73].

Additional Approaches

Glutamine is an amino acid with various physio-
logical effects (e.g. metabolic, immune and gut
integrity) and supplementation in cancer patients
has recently been reviewed extensively [74]. The
specific role of immune-modifying nutritional
supplementation in surgery has recently been

reviewed [75, 76]. There have been suggestions
that patients with upper gastrointestinal cancer
undergoing surgery may benefit from this
approach: however, further studies are needed to
characterise this intervention. Any role for using
‘probiotics’ as a therapy in cancer cachexia
remains to be established.

Pharmacological Therapy for Cancer Cachexia

Background

A plethora of disparate agents have been or are
being studied and some of the more common are
described. It is not possible to be exhaustive and
the reader is directed to recent literature [77–79].
The division of drugs into separate areas of activi-
ty may be somewhat artificial as many of them are
likely to act via several different pathways and
have multiple effects on the host. Key aims of inte-
grated pharmaco-nutritional support for cancer
cachexia are to optimise patient function and gen-
eral well-being, and to influence morbidity and
possibly survival with acceptable side-effects. In
order to achieve these aims, end-points need to be
clearly defined and understood: for example, what
do improvements in appetite or weight mean? Are
function or quality or life improved as a result? If
not, what is the meaning to patients of improve-
ments in these parameters? It is important to
realise that many studies in cancer cachexia thera-
py have been conducted in patients with far
advanced cancer. If there were to be a shift to the
earlier diagnosis of cachexia and initiation of
‘physiology-modifying therapy’, then the thera-
peutic ratio of agents may change. The optimum
combinations of pharmacological agents, ‘conven-
tional nutrition’ and nutraceuticals remain to be
established.

Appetite Stimulants

Progestational Agents

Megestrol acetate and medroxyprogesterone
acetate are synthetic progestagens that also have
some mineralocorticoid activity. Megestrol acetate
has been favoured and is one of the most studied
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therapies in cancer cachexia [80]. Originally used
as a therapy in hormone-sensitive tumours, the
observation that in a substantial number of
patients appetite and weight increased led to it
being studied in cancer cachexia [81]. It has been
widely promoted as a therapy for cachexia and
anorexia, although whether patient function or
quality of life is improved is less clear. Appetite can
be increased after only a short period of treatment
[82]. Improvements in well-being may also occur
in some patients without obvious changes in
nutritional status [83]. Although it has not been
assessed in all studies, there appears to be little
impact on lean body mass, which is currently
thought to be the most important body compart-
ment in modulating function. In fact, a detrimen-
tal effect on muscle has been demonstrated in eld-
erly males [84] and the weight gain seems largely
secondary to increased fat and some fluid [85].
This is consistent with observations in AIDS
patients [86, 87]. Megestrol acetate has also been
shown to induce male hypogonadism [88] and
there are theoretical reasons as to why this may
not be beneficial to cachectic cancer patients.

Although megestrol acetate may improve gen-
eral well-being [83], there is conflicting evidence
of its impact on quality of life [89–91]. Whilst the
progestagens seem to be quite well tolerated (it is
possible that in some cases this may reflect brief
study duration), there have been concerns over
increased risks of thromboembolic disease (TED).
There is also a possibility of adrenal suppression
in some patients [92, 93]. The interaction of prog-
estational agents with chemotherapy requires fur-
ther study [94] and the benefits of combining
them with other agents or resistance exercise
remain to be established. It is unclear how these
drugs exert their effects but they may modulate
cytokines [95], insulin-like growth factor [96], or
neuropeptides [97]. While it is not possible to
advocate the generalised use of these agents on the
available data, certain carefully selected patients,
particularly those with significant anorexia, may
benefit from them. The possible increase in TED
should inform patient selection and counselling.
The potential for tumour progression in some
patients should also be borne in mind [98].
Whether progestagens should be combined with

testosterone or specialised nutrition, for example,
remains to be determined, as does optimum dos-
ing and duration of therapy [99].

Corticosteroids

Several corticosteroids have been used in cancer
cachexia [100–102] with documented improve-
ments in mood and appetite. However, their
impact may not last beyond a few weeks and they
can cause substantial morbidity. While undesirable
effects such as increased protein catabolism,
myopathy and immune suppression will render
these agents unsuitable for many with cancer
cachexia, the risk/benefit ratio may be acceptable
in certain situations, in which case dexamethasone
is a reasonable choice.

Other Appetite Stimulants

Other appetite stimulants that have been investi-
gated include dronabinol [103, 104] and cyprohep-
tadine [105]. There is currently little evidence to
recommend the general use of these drugs.
Recommendations on the use of appetite stimu-
lants in oncology have been published recently
[106].

Anabolic Drugs

Anabolic-Androgenic Steroids and Other Anabolic Steroids

Anabolic steroids are analogues of testosterone
that can increase lean body mass [107, 108] and
increase weight and activity in hypogonadal males
[109, 110]. Although a proportion of cancer
patients may be hypogonadal [111], the role of
these drugs and how they should be combined
with other modalities (e.g. physical therapy, nutri-
tion and anti-inflammatory/anti-catabolic thera-
pies) in cancer cachexia is currently unclear. As
with other anabolic agents there has been some
concern that tumour growth may be promoted.
There has also been wariness of potential toxicity.
Once again, present data can lend support to
opposing points of view. In two contemporary
studies, oxandrolone was reported to improve
weight, lean body mass, performance status and
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quality of life [112, 113] but fluoxymesterone (an
anabolic corticosteroid) seemed unimpressive in a
trial comparing it with dexamethasone and mege-
strol acetate [114]. At the moment, these drugs
need further study to identify their place in treat-
ing cancer cachexia. In particular, it is unclear
which drugs are optimal and how they should be
administered (e.g. alone or in combination), which
route of administration is to be preferred, what
doses are optimal, what nutrients should be com-
bined with anabolic steroids and, if appropriate,
whether they should be integrated with physical
therapy.

Recombinant Human Growth Hormone

This is an anabolic agent that has been little stud-
ied in oncology [115], possibly in part due to con-
cerns over tumour growth promotion, although
these effects are still uncertain [116–119]. Its phys-
iological effects include increased fat metabolism
and enhanced protein synthesis and it has been
studied in HIV/AIDS wasting, where it  has
increased lean body mass and improved laborato-
ry exercise parameters [120]. Its role in cancer
patients is currently unclear.

Other Anabolic Drugs

This category of unproven drugs includes insulin
alone or in combination [121–123] and clenbuterol
[124, 125]. Myostatin is a powerful inhibitor of
skeletal muscle growth that may be a potential
therapeutic target [126].

Anti-cytokine and Anti-inflammatory Agents

Pentoxifylline and hydrazine sulphate both appear
to modulate TNF but contemporary evidence does
not support their use in weight-losing cancer
patients [127–130].

Thalidomide and melatonin [131–134] are two
agents for which there is some early evidence of
clinical benefit. Melatonin has been studied in
combination with chemotherapy and may modu-
late efficacy and toxicity [135]. Along with thalido-
mide it is a candidate for further study. Neither
agent can currently be recommended for routine

use in cancer cachexia. Although much of the
available evidence suggests that multiple pathways
are likely to be important, TNF has been afforded a
key role in cachexia. Antibodies to TNF are now
available and signal a further approach to cachexia
therapy. At this time their potential is unknown
[136–138].

Both progestagens and the polyunsaturated
fatty acid EPA [139] have anti-cytokine properties
and have been discussed above. EPA is also an
anti-inflammatory agent. Non-steroidal anti-
inflammatory drugs (NSAIDs) have been studied
alone and in combination with other drugs and
there are data to support a role for them in the
management of cachexia [140–143]. An NSAID
and progestagen combination has activity in
patients with advanced gastrointestinal cancer
with effects on weight and quality of life and the
combinat ion deser ves fur ther study [144].
Selective cyclo-oxygenase-2 (COX-2) inhibitors
may also modulate cachexia with an improved
side-effect profile over traditional NSAIDs but
they require further investigation [145–147].
While there is experimental evidence in tumour-
bearing animals that NSAIDs may beneficially
affect skeletal muscle mass [148], it is also impor-
tant to note that the interaction between inflam-
mation and muscle repair is incompletely under-
stood [149] and there are suggestions that the
COX-2 pathway is important in skeletal muscle
regeneration [150].

Macrolide antibiotics can reduce inflammation;
they may also have anti-tumour effects and modu-
late anti-cancer therapy [151–154] and they stimu-
late gastric emptying. Whether or not a possible
anti-cachexia effect is independent of antibacterial
activity is uncertain. This class of drugs has
already been used in small clinical tr ials of
advanced cancer and appears worthy of further
study [155, 156]. The cholesterol-lowering statins
also have anti-inflammatory activity, but did not
prevent muscle wasting in a rat model [157].

Additional Agents

Angiotensin-converting enzyme inhibitors are
currently under investigation in cancer cachexia.
They have a number of possible physiological
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effects including anti-inflammatory activity, sup-
pression of tumour growth, angiogenesis inhibi-
tion and beneficial effects on muscle function
[158, 159].

Adenosine 5’-triphosphate has been studied
with some evidence of benefit in patients with
advanced lung cancer [160, 161]. Another way of
increasing high-energy phosphate compounds
may be by supplementing with oral creatine. This
is recognised as having beneficial effects in certain
types of athletic performance (although there are
conflicting reports [162, 163]), and in a clinical
study of older men it improved their muscular
performance [164]. There have been some con-
cerns over safety, which has been reviewed recent-
ly [165].

Recombinant human erythropoietin (and dar-
bopoietin) may be used to overcome anaemia and
promote exercise capacity as part of an overall
strategy to improve performance [166–168].
However, it also has growth factor properties and
there have been recent concerns over possible
deleterious effects on tumours [169, 170].

Any therapeutic role for nitric oxide modula-
tion remains to be determined [171, 172].

Beta-blockers have been suggested as agents
that might modulate REE in hypermetabolic

cachectic patients. It is possible that this may in
part be mediated by the autonomic nervous system
[173–175]. These agents require further study [176].

Conclusions

Optimising nutritional therapy (including the
nutraceutical component), pharmacological thera-
py and other modalities (such as physical therapy)
and identifying effective combinations of these
remain a challenge in cancer cachexia. Similarly,
the means by which these diverse approaches
should be integrated into patient care and com-
bined with anti-tumour therapies remains to be
resolved. The efficient assessment of potential
therapies may benefit from regular horizon scan-
ning, prioritisation of therapeutic targets and
strategies for the rational selection of combina-
tions [147, 177, 178], the strengthening of ties with
other disciplines and cooperative studies.
Experience to date suggests that attempts at
obtaining consensus on the duration of clinical tri-
als, defining optimum end-points, standardising
assessment methods and trying to stratify patients
by predominant metabolic abnormalities may all
be worthwhile endeavours.
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Introduction

Cancer cachexia is a multifactorial, multifaceted
problem for which there is no uniform pathophys-
iological or clinical definition [1]. It is generally
accepted as a complex syndrome with several car-
dinal features, including anorexia, early satiety,
severe weight loss, muscle wasting, ischaemia,
anaemia and oedema [2]. The essential character-
istic that distinguishes cachexia from simple star-
vation is that the features of cachexia cannot be
readily reversed by nutritional support alone [3].

Cachexia appears even more complex when we
attempt to judge the success or failure of any pro-
posed therapy for its amelioration. The Food and
Drug Administration has recently indicated that,
in order for a treatment to be licensed for the
management of cachexia, there must be a docu-
mented improvement in both the nutritional and
functional status of a patient so treated [4]. But
what outcome variables should we measure to
assess this improvement?

Measures of Nutritional and Functional Status

Classically, nutritional status has been assessed by
simple measurements of body weight, body mass
index (BMI), anthropometry or body composition
(e.g. lean body mass [LBM], body cell  mass
[BCM]). More advanced methods of assessing
physiological/metabolic aspects of nutritional sta-
tus have also been advocated, including resting
energy expenditure (REE), muscle fatigue, immune
function and protein kinetics. Nutritional out-
comes that have been assessed in cachexia inter-
vention trials have included a variety of these
anthropometric/biochemical [5–8] and physiologi-
cal variables [8–10] (Fig. 1).

Clinically useful end-points to assay changes in
functional status have proved more controversial.
One basic method that simply relies on subjective
questioning of patients about current activities is
physician-assessed performance score (PS) (e.g.
the Karnofsky PS score or the World Health
Organization [WHO] PS score).

Objective techniques used to assess functional
status in cachexia intervention trials have included
treadmill tests [11, 12] and handgrip dynamome-
try [13]. Recently, spontaneous physical activity
has been proposed as a more useful index of
patient-orientated quality of life (QoL) [1]. This
proposition will be discussed later in this chapter.

The Challenge of Nutritional Intervention
Trials in Cancer Cachexia

In general, trials of clinical nutrition begin with
the observation that a particular disease and/or its
treatment are associated with adverse clinical out-
comes. It is also observed that, during the course
of this disease, patients demonstrate deteriorating
nutritional status. The hypothesis is then derived
that disease-related deterioration in nutritional
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status may contribute to the overall adverse clini-
cal outcomes. The challenge in clinical trials is to
develop a nutritional intervention of sufficient
efficacy that not only does the measured nutrition-
al status of patients improve significantly, but the
effect of this improved nutritional status on
adverse clinical outcomes can also be demonstrat-
ed (Fig. 2).

Reaching a Consensus on Primary Outcomes
for Cachexia Studies

Outcome measures are ‘the results of health care
processes’ [14]. They are a measure of change and
represent the difference from one point in time
(usually before an intervention) to another point
in time (usually following an intervention) [15].
Outcome measures should be standardised, with
explicit instructions for administration and scor-
ing [16].

When developing a primary outcome for stud-
ies in cachexia, it is crucial to remember that it
represents the outcome of prime importance. As
such, it should be a significant and relevant end-
point, which is clearly stated and defined. It should

also have a reasonable chance of being proven (c.f.
power analysis) by the proposed intervention trial.
In contrast, a surrogate outcome is an observation
marker that is believed to relate to the primary
end-point. It can be clinical, physiological, chemi-
cal or biological. Surrogate outcomes should be
easy to identify and should be a good proxy or
true predictor of the primary outcome.

The primary clinical outcome measures that
have been used in clinical nutrition trials include
variables that are either patient-, doctor- or service-
focused (Fig. 3). Patient-focused outcomes may
include QoL variables [17] or measures of patient
independence [18]. Doctor-focused outcomes
include measures of patient survival [19], the inci-
dence of complications [20] and the length of hos-
pital stay [21]. Service-focused outcomes include
assessments of the cost effectiveness of any new
treatment and the financial viability of the intro-
duction of such a treatment to medical practice
[22]. Unfortunately, the direct measurement of any
of these variables is often a difficult and costly
exercise. This problem, compounded by the multi-
ple potential confounding influences on such out-
comes, renders a trial of appropriate statistical
power dauntingly large, complex and expensive.
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This has often led investigators and pharmaceuti-
cal companies to abandon the direct measurement
of adverse clinical outcomes in favour of simpler,
cheaper studies. For example, if assessing the effi-
cacy of a new nutritional intervention, the tempta-
tion has been to focus on changing adverse nutri-
tional status and then to assume a direct relation-
ship between nutritional status and adverse clini-
cal outcomes, independent of the disease process.
This model, although less complex and therefore
less costly, is flawed as it leans towards the exami-
nation of surrogate end-points rather than impor-
tant primary outcomes. It also relies on an
assumption that is highly debatable! The failure to
address clinical end-points as primary outcomes
in cachexia trials has led to the current status quo
in which intervention studies have little impact on
clinical practice.

The Use of Outcome Measures: The Current
Status Quo

Recently, there has been considerable interest in
the potential therapeutic value of eicosapentaenoic
acid (EPA), an omega n-3 polyunsaturated fatty
acid with anti-inflammatory/anti-catabolic prop-
erties, for the treatment of cancer cachexia. A
series of clinical studies has been conducted to
assess the efficacy of EPA, and this body of litera-

ture provides a useful resource from which we can
review the current outcome measures reported in
cachexia trials. Table 1 documents the main out-
come variables measured in four of these studies
[5–8]. Immediately we can see that there is no con-
sensus as to which outcomes should actually be
included in a tr ial of anti-cachexia therapy.
Neither is there a standard methodology for
assessing these outcomes. For example, nutritional
status was assessed by two different methods:
change in either body weight or LBM. As can be
seen in Table 1, although change in body weight
was documented in all four studies, LBM was
measured in only two. Food intake was assessed
using either a 3-day diet diary or a linear analogue
scale to document self-reported appetite. It was
variably addressed in the different trials by differ-
ent methods. Patient function was assessed using
either self-reported physical function as part of a
QoL questionnaire, or physician-reported PS,
using the Karnofsky or WHO scales. It was vari-
ably documented by three of the trials, and it was
not addressed at all by one major study. Global
QoL and survival duration from the initiation of
treatment were documented by most of the stud-
ies, but not all. The obvious conclusions are that
uncertainty surrounds both the methodology of
assessing seemingly simple outcomes and the
question of which variables should be examined in
the first instance.
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The situation is equally confusing when we
consider the use of primary outcomes in these four
studies. Weight was used as the primary outcome
in two of the trials, LBM in another, and no pri-
mary outcome variable was stated in the fourth
study. Clearly there is no agreement concerning
the identity of the primary outcome variable in
cachexia intervention trials.

The Pros and Cons of Current Outcome
Measures

In the development of primary outcome variables
for future cachexia intervention studies, it is useful
to consider the relative advantages and disadvan-
tages of outcomes currently being used. If we con-
sider change in weight in the assessment of nutri-
tional status, it becomes obvious that the current
situation is inadequate to address the subtleties of
cachexia. Despite being the most intuitive of all the
outcomes currently employed, and perhaps the
simplest to measure in a sensitive, objective man-
ner, it remains difficult to determine exactly how
much weight gain is required in the individual
patient to be clinically significant, rather than sta-
tistically significant. Equally, total body weight
represents the sum of a variety of different body
compartments, and therefore documentation of a
change in weight does not identify the specific

nature of tissue lost or gained. This is particularly
relevant to the study of cachexia, a syndrome in
which patients may demonstrate a relative, if not
absolute, expansion of extracellular water space
[23]. The use of LBM as a primary end-point is
perhaps superior to body weight alone as it
reflects, at least to some degree, the functional
protein mass in the body. It can be estimated either
directly or indirectly by a variety of techniques,
including anthropometry, bioelectrical impedance
analysis, isotope dilution or dual-energy X-ray
absorptiometry (DEXA) [24, 25]. However, as LBM
is not a measure of a specific tissue mass, and also
includes the mass of the extracellular water space,
it is subject to some of the same criticisms as total
body weight. As a patient becomes more oedema-
tous, a change in LBM may be independent of the
protein content of that mass. Furthermore, the
functional significance of a change in lean tissue
mass is still not clearly established.

If we consider PS as an example of outcomes
used to assess functional status, the overall picture
is no clearer. PS tools have shown some value as
prognostic indicators [26], and attempts have been
made to validate such tools as global markers of
functional status [27]. However, despite growing
interest in the functional assessment of cancer
patients [28], it remains unclear exactly what PS
scores measure and how they relate to true levels
of patient activity. It has been suggested that PS
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Table 1. Outcome measures reported in recent eicosapentaenoic acid studies

Nutrition Intake Function Global Survival
Weight LBM Appetite FI PA PS QoL

Burns 2004 [5] √ - - - √ - - √
(n=43)

Jatoi 2004 [6] √ - √ - - - √ √
(n=429)

Bruera 2003 [7] √ √ √ √ - √ √ -
(n=60)

Fearon 2003 [8] √ √ √ √ √ √ √
(n=200)

LBM, lean body mass; FI, diet diary food intake; PA, self-reported physical function; PS, performance score; QoL, quality
of life



suffers from being too narrow a tool [29], and that
conventional PS scores are less informative in
older patients. There is therefore an overwhelming
need to develop new primary outcomes to assess
accurately the impact of cachexia therapies.

The Importance of Patient-Centred Outcomes

The real value of any cachexia intervention can
only be truly measured by assessing the day-to-day
impact on the individual patient, whether that be
an impact on QoL or patient independence. Over
the past 20 years, the importance of such patient-
centred outcomes has become evident. Studies
have shown that cancer patients receiving pallia-
tive care are interested not only in the quantity of
their remaining life, but also the quality. For exam-
ple, in a recent survey of patients with advanced
lung cancer, only 22% of patients chose palliative
chemotherapy, in preference to supportive care
alone, to benefit from the associated 3-month sur-
vival advantage [30]. In contrast, 68% of patients
chose chemotherapy if it substantially reduced
adverse symptoms without prolonging life.

QoL is a very complex issue to address. It is a
multidimensional construct that includes clinical,
psychological, physical, cognitive, emotional, spiri-
tual and social domains. It is therefore best meas-
ured using tools that assess multiple domains of
patient well-being [31–33], as well as common
symptoms of cancer and its treatment (e.g. pain,
nausea, fatigue). It is generally accepted that QoL
is a subjective phenomenon, which is best assessed
by the individual patient. Indeed, studies have
shown that considerable disparities exist between
concurrent ratings of QoL made by patients and
their physicians [34, 35]. Various attempts have
been made to develop a crude assessment of over-
all QoL, and these are generally known as global
QoL measurements [36]. However, when determin-
ing the impact of a nutritional intervention on
QoL, rather than measuring global QoL (which is
likely to be influenced by many other factors inde-
pendent of nutritional status [37]), it might be
more relevant to assay the intensity of a specific
symptom that is readily influenced by nutritional
status. The physical function of a patient is one

such proximal index of QoL that might be useful
in application to cachexia intervention trials [1]
(see later).

When Should the Primary Outcome Be
Assessed?

In general, cachexia intervention trials study
patients over a period of weeks, looking for a
change in either body composition, functional sta-
tus or a combination of the two. However, there is
no agreement regarding how long any interven-
tional study should be. To detect a measurable
change in body composition usually requires a
trial lasting 6–8 weeks. In the four EPA trials
examined above, the duration of the intervention
ranged from 2 to 12 weeks [5–8]. Assessment of
functional status may have an advantage, as it
tends to improve ahead of changes in body com-
position and therefore may be demonstrable over
a shorter timescale (e.g. days). However, no matter
which variable is selected as primary outcome,
cachectic cancer patients are generally so unwell
when entered into intervention trials that less than
50% are still assessable at 8 weeks from treatment
initiation [8]. This fact suggests that there is a
probable selective attrition of the patient popula-
tion, a problem that has not been adequately
addressed by refinement of trial methodology.

The Standard of Care in Cachexia Trials

When designing an intervention trial it is impor-
tant to bear in mind the hypothesis that the trial is
attempting to prove. Most commonly, an interven-
tion is compared with a placebo; the two cohorts
of patient subjects should otherwise receive the
same standard of care. However, the standard of
care pertaining to the general management of
cachexia remains currently undefined. The issue of
standardisation of care in cancer cachexia is a
complex field that can be divided into general
medical issues and specific issues. General medical
issues include patients’ pain, constipation, depres-
sion, fatigue, malabsorption and diabetes, to name
but a few. All must be adequately controlled if any
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effect of an anti-cachectic intervention is going to
be demonstrated in a consistent and controlled
manner. Equally, the concomitant use of oral sup-
plements, dietary advice, anti-inflammatory drugs,
exercise, appetite stimulants, anabolic agents or
treatments of anaemia must also be strictly regu-
lated and recorded, as these inputs may alter the
eventual outcome. If these elements are not care-
fully controlled, they may form a source of bias
and possibly contribute to the negative (or posi-
tive) outcome of any intervention trial.

Development of a Novel Profile of Cancer
Cachexia for Use in Trial Design

The likelihood of detecting a clinically significant
change in any outcome variable will be influenced
by the characteristics of the patients entered into
the trial. To reflect the complex nature of cancer
cachexia, a multifactorial profile of cachexia might
be a more sensitive method of characterising
patients who might then be entered into interven-
tion trials. We propose the inclusion of three pro-
file components: weight loss, reduced food intake
and the presence of systemic inflammation.

Weight Loss

Most clinical intervention trials in cancer cachexia
utilise the presence of 5% weight loss as the prin-
cipal entry criterion. However, it remains unclear
which aspects of the cachexia syndrome relate best
to function or prognosis. Evidently it would be
useful to develop a profile of cachexia that allows
one to target patients who, as a result of their
cachexia syndrome, are at most risk from adverse
function or prognosis. We have previously charac-
terised extensively the incidence of, and the mech-
anisms behind, the development of weight loss in
patients with unresectable pancreatic cancer [38,
39]. This patient population forms a useful para-
digm of cachexia due to the extremely high inci-
dence of weight loss and the almost uniform pat-
tern of wasting between patients [39]. In our stud-
ies, 85% of patients had lost a median of 14% of
their pre-il lness stable weight at diagnosis.
However, it is of interest to note that weight loss

alone is not an independent prognostic indicator
in this group of patients [40]. We have therefore
hypothesised that a more detailed and complete
profile of the cachexia syndrome might yield study
results that reflect the dominance of cachexia as a
causative agent in the adverse clinical outcome of
these patients. The markers of cachexia that we
believe to be important in these patients include
not only weight loss, but also reduced food intake
and the presence of systemic inflammation (serum
C-reactive protein [CRP] > 10 mg/l).

Reduced Food Intake

Anorexia and reduced food intake have long been
recognised as essential components of the cachex-
ia syndrome [41]. Indeed, anorexia is present in
15–40% of cancer patients at diagnosis [42].
However, difficulties in the accurate determination
of food intake by free-living human subjects have
hampered study of the contribution of reduced
food intake to overall wasting [43–45]. The issue is
complicated further by substantial inter-individual
variation in patient total energy expenditure
(TEE) [46, 47], and therefore food intake. One
interesting study examined the features of cachex-
ia that correlated with survival following a 4-
month follow-up of cancer patients undergoing
outpatient palliative care (n = 297) [48]. In this
patient group, weight loss and persistent hyperme-
tabolism were found to be significantly associated
with a shorter duration of survival. The baseline
nutritional intake of the patients at the start of the
study was 26 kcal/kg per day or approximately
1560 kcal/day. Dietary intake did not differ
between normo- and hypermetabolic patients and
it was not related to tumour type or gender.
Patients able to increase their energy intake
demonstrated a significant prolongation of sur-
vival. This study therefore identified a daily food
intake of greater than approximately 1500 kcal as a
significantly favourable prognostic variable.

The reason why 1500 kcal/day is an important
variable in determining patient well-being in
cachexia is apparent from recent studies of TEE
and its component parts. Using a combination of
doubly-labelled water (to measure TEE), and indi-
rect calorimetry (to estimate REE) in free-living
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human subjects, it is possible to measure the ener-
gy expended on physical activity. When REE is
expressed as a ratio in relation to TEE, this is
known as the physical activity level (PAL) (Fig. 4).
Recently, we demonstrated that, in patients with
advanced pancreatic cancer and weight loss, aver-
age TEE was 1700 kcal/day, average REE was 1400
kcal/day, and average food intake was 1500
kcal/day [49]. Thus, the net result was a persistent
negative energy balance of approximately 200
kcal/day per patient. Measured PAL (mean 1.24
[SD 0.04]) was much lower than that recorded in
healthy adults of similar age (mean 1.62 [SD 0.28])
[50]. These levels are comparable with those
observed in patients with spinal cord injury living
at home [51] or in patients with cerebral palsy
[52]. In this scenario, it seems that any increase in
physical activity towards normal levels would sim-
ply worsen the established negative energy bal-
ance. In contrast, any increase in food intake from
approximately 1500 kcal/day towards at least 1700
kcal/day would result in the restoration of positive
energy balance, which for self-evident, physiologi-

cal reasons, might well prolong the patient’s ulti-
mate duration of survival.

Systemic Inflammation

Over the past two decades, it has become apparent
that the presence of systemic inflammation is a
significant adverse prognostic factor in a variety of
major disease processes, including both athero-
sclerosis [53] and cancer [54], the two major caus-
es of mortality in western society. It has been
shown in a variety of tumour types (e.g. pancreatic
[54], gastric [55], oesophageal [56], colorectal [57],
non-small cell lung cancer [58], breast [59], renal
[60]) that the presence of systemic inflammation is
associated with a shortened overall duration of
survival. Moreover, the severity of such inflamma-
tion also correlates with survival duration [61]. It
has been shown in an animal model of cancer
cachexia [62], and to some extent in humans
[63–65], that proinflammatory mediators play a
dominant pathophysiological role. Patients with
systemic inflammation exhibit an elevated REE
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and a reduced food intake [38, 66]. Thus, both
sides of the energy balance equation are affected
by systemic inflammation in such a way as to max-
imise the negative net result. From both a mecha-
nistic and observational standpoint, it seems that
systemic inflammation is highly likely to be
important in the profile of a patient with cancer
cachexia.

Using the New Composite Cachexia Profile

Against this background we have recently exam-
ined whether the presence of weight loss, reduced
food intake and systemic inflammation describes a
patient population with both reduced nutritional
and functional status. As can be seen in Table 2,
indices of nutritional and functional status were
all significantly reduced if patients demonstrated
the composite profile of cachexia (i.e. weight loss,
reduced food intake and systemic inflammation).
Within this same patient cohort, the presence of
the composite cachexia profile was the single most
powerful predictor of adverse survival duration
(unpublished results). Thus, a patient demonstrat-
ing weight loss, reduced food intake and systemic
inflammation (Fig. 5) demands active therapy on
the basis that these features characterise a group
with particularly adverse function and prognosis.
The development of a clear mathematical model
demonstrating the importance of such features in
the cachexia syndrome marks a new level in our
ability to characterise the syndrome and may help
in the design of cachexia intervention trials.

Physical Activity as a Primary, Patient-Centred
Outcome in Cachexia Intervention Trials

Many cachexia intervention trials have focused
solely on changes in nutritional status as the pri-
mary end-point. However, regulatory authorities
are also interested in improving patients’ QoL [4].
An important domain of QoL that may be strongly
influenced by nutritional status is physical func-
t ion. To improve physical act iv ity in cancer
cachexia, a number of areas may be targeted (Fig.
6). LBM (the patient’s ‘engine’) may be maximised
either by size and/or by the efficiency of its func-

tion. Food intake (the patient’s ‘fuel’) may be max-
imised by increasing the total supply of macronu-
trients (more calories) and/or improving the ener-
gy quality/density of the food. Finally, medical,
nursing or physiotherapy staff may attempt to
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Table 2. Nutritional and functional patient characteristics
(n = 170), according to a multifactor definition of cancer
cachexia

≥ 10% weight loss
Cachexia definition < 1500 kcal/day
(all three criteria met) ≥ 10 mg/l CRP

No Yes p value
(n = 133) (n = 37)

Body composition
Lean body mass (kg) 44.3 39.6 0.003

Objective function

Grip strength (kg2) 27.9 22 < 0.001
KPS 76.3 67 < 0.001

Health status

EQ-5DVAS 58.9 43 < 0.001

Subjective function

EORTC: Physical function 69.1 53.3 < 0.001
EORTC: Dyspnoea 17.2 35.1 0.001
EORTC: Fatigue 47.7 69.1 < 0.001

Patients were required to fulfil all three criteria (weight
loss, dietary intake, elevated C-reactive protein [CRP]) of
the multifactor cachexia definition, and were studied for
differences in body composition and objective and sub-
jective indices of functional status.
KPS, Karnofsky performance score; EQ-5DVAS, visual ana-
logue scale rating of EQ-5D health-related quality-of-life
questionnaire; EORTC, the European Organization for
Research and Treatment of Cancer questionnaire

• Weight loss (10 or 15%)

• Food intake (< 1500 kcal/day)

• Systemic inflammation (CRP>10 mg/l)

Fig. 5. Key markers of cachexia. CRP, C-reactive protein



motivate the cachectic patient to mobilise, or
instruct the patient on how to utilise their limited
energy reserves more efficiently.

In a recent intervention trial, Moses and co-
workers demonstrated that the baseline PAL of
cachectic pancreatic cancer patients was very low
(with patients spending prolonged periods at rest
or in bed) [49]. Patients were randomised to
receive either an energy- and protein-dense oral
nutritional supplement, or the same supplement
enriched with a pharmacological dose of EPA. The
combined regimen was designed not only to
improve patients’ food intake but also to address
some of the underlying metabolic abnormalities
that contribute to the syndrome of cachexia (e.g.
systemic inflammation). Patients receiving the
conventional supplement did not demonstrate
increased PAL. However, PAL did increase signifi-
cantly in those patients receiving the combined
regimen, to values commensurate for sedentary
office workers [67]. This is one of the few ran-
domised studies that has used objective methodol-
ogy and shown that a nutritional intervention can

improve physical function in advanced cancer
patients.

Conclusions

Cachexia is a multidimensional problem, and
therefore the characterisat ion of cachect ic
patients must be performed in a fashion that
reflects this (i.e. includes weight loss, food intake
and systemic inflammation). In any intervention
trial of anti-cachexia therapy, the primary out-
come should be patient-focused. Physical activity
level is an example of one such health-related
quality-of-life variable that can be altered by ther-
apeutic interventions to cachexia. The testing of
novel therapeutic agents must be executed within
the context of a defined background of best sup-
portive care. Finally, future intervention trials in
cachexia must address the current lack of stan-
dardised and defined inclusion criteria and out-
come variables.
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Cachexia, Cachexia Therapy and Protein
Nutrition

A large fraction of patients with advanced cancer
develop cachexia [1], a wasting syndrome charac-
terised by anorexia, asthenia, and profound losses
of adipose tissue and skeletal muscle mass. The
association of cachexia syndrome with poor prog-
nosis, loss of functional status and poor quality of
life has motivated researchers to develop therapeu-
tic strategies for this problem [2].

One principle of cachexia therapy is based upon
the concept that cancer cachexia is, at least in part, a
form of malnutrition. Thus, total parenteral nutri-
tion may be provided in cases of complete gastroin-
testinal failure and enteral nutritional support
(delivered by nasogastric tube or percutaneous gas-
trostomy) is used to circumvent upper gastrointesti-
nal tract deficit, obstruction or injury. When oral
intake is ongoing, agents that promote spontaneous
food intake form the first line of support, such as
glucocorticoids [3], progestational agents [4–10]
and dronabinol [5, 6]. Dietary supplementation
approaches include the application of specific foods
or nutrients that may be deficient in patients capa-
ble of oral intake. The polyunsaturated n-3 fatty
acids derived from fish oils (either alone or incor-
porated in enteral formulae) have been the subject
of several recent clinical trials [11–14].

The current thinking on cachexia syndromes
places great emphasis on losses of body nitrogen
especially from skeletal muscle. Reduced nitrogen
balance in cancer cachexia results from a funda-
mental metabolic shift, which results in decreased
anabolism and increased catabolism; the simultane-
ous presence of both of these defects results in the
most rapid muscle atrophy. A multi-modal strategy
that stimulates protein synthesis, provides energy
and building blocks for net protein anabolism, and

normalises proteolysis, would be required for effec-
tive therapy. However, while the major focus of clin-
ical anti-cachexia therapy is the retention or gain of
lean body mass, the consideration of dietary protein
level and amino acid composition necessary to
these ends is surprisingly absent from the literature.
Although 20 or so anti-cachexia agents are current-
ly used in clinical practice or are under investiga-
tion [2], proteins and/or amino acids have barely
been considered. Only one study to date has used
amino acid therapy as a primary anti-cachexia
agent in cancer patients [15], and neither appetite
stimulants nor anabolic agents have been delivered
concurrently with a protein/amino acid supply
designed to fully realise their potential efficacy.
Considering the importance of lean body mass in
the minds of cachexia researchers, the lack of atten-
tion to protein nutrition seems inexplicable.

Dietary Intake of Proteins in Patients with
Cancer

The typical nutrient intakes of individuals with
advanced cancer have not been widely studied. This
would appear to be an important deficit, as it is
obvious that no anti-cachexia strategy is likely to be
entirely effective unless coupled with adequate
intake of essential nutrients, including proteins, and
any need for supplementation must necessarily be
considered in the context of the level of intake. A
couple of relevant citations on dietary intakes of
cancer patients may be found in the recent litera-
ture. Fearon (2003) reported the typical protein and
energy intake of patients with unresectable pancre-
atic cancer who completed 3-day dietary records
[16]. On average, total energy intakes were
1500–1600 kcal/day and protein intakes were 60–63
g protein/day, to provide an overall protein:energy
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(P:E) ratio of 0.040. These data are highly consistent
with our results (Hutton et al., unpublished obser-
vations) in a population of 96 patients with solid
tumours (mostly lung and gastrointestinal) with
advanced disease, who had average intakes of 1578
kcal and 63 g protein/day and a P:E of 0.040. Most
recently, Lundholm et al. presented selected intake
data on 309 patients with solid tumours mostly of
gastrointestinal origin, and the energy intake of this
group was 1600–1700 kcal/day: the protein intakes
were not reported [17].

What are the Dietary Protein Requirements of
Cancer Patients?

Dietary protein and amino acid requirements of
cancer patients have never been formally deter-
mined, and we have argued elsewhere that this is an
important deficit in the literature that would hope-
fully draw the attention of nutritional scientists
with appropriate expertise [18]. Methods for the
determination of human protein requirements con-
tinue to advance conceptually and technically, and
the subset of these that are minimally invasive
merit particular scrutiny for use, since patients with
advanced malignancy may not tolerate extensive or
invasive investigations. The indicator amino acid
oxidation approach has been extensively developed
for clinical use by Ball and co-workers [19, 20]. This
method is based on the principle that the oxidation
of an indicator amino acid is high when a test
amino acid is limiting for protein synthesis, and
that indicator oxidation decreases to reach a low
and constant value once amino acid requirements
are met [19, 21]. Using this technique, breath and
urine are the only samples required following the
consumption of diet with a varying amount of the
study amino acid and administration of the indica-
tor amino acid tracer [19, 21]. The indicator amino
acid oxidation technique has been used to deter-
mine amino acid requirements in healthy adults
and in individuals with metabolic disorders and has
found particular application in highly vulnerable
populations such as premature neonates and chil-
dren [19, 21].

The plasma amino acid response to an infusion
of an amino acid mixture is an indirect approach

that has also been used to identify the amino acids
that limit protein synthesis [22, 23]. This method is
based on the differential behaviour of infused
amino acids depending on whether the infusion
oversupplies or undersupplies amino acids relative
to requirements. If an amino acid is undersupplied,
its plasma concentration will not rise during an
amino acid infusion, because of its use for protein
synthesis. By contrast, infusion of an amino acid
that is already present at or above required
amounts, will result in a steep rise in its plasma
concentration. This approach has been used in
HIV/AIDS patients [22] and was also used to
manipulate parenteral amino acid formulation to
meet the specific needs of hospitalised patients in
an intensive care unit [23]. The linear regression of
plasma plateau concentrations of amino acids in
response to an amino acid infusion was used to
determine which amino acids were oversupplied or
undersupplied in each individual patient. A par-
enteral amino acid formulation that corrected these
imbalances was then given for 5 days and resulted
in improved nitrogen balance [23]. The identifica-
tion of limiting amino acids in cancer is an impor-
tant step in determining appropriate dietary supple-
ments that will promote lean tissue gain: however,
to date this has not been accomplished in cancer
patients.

Until such time as the amino acid requirements of
cancer patients are empirically determined, a suit-
able starting point might be the recommended pro-
tein requirements of healthy persons in the range of
ages of the average age of cancer diagnosis (65 years
in Canada) and average age of cancer death (69 years),
and thereafter to consider any factors that would tend
to alter protein requirements relative to that value.
Conventional dietary recommendations include pro-
tein intake for weight maintenance plus a factor for
disease. For example, the Clinical Guide to Oncology
Nutrition of the American Dietetic Association sug-
gests a protein intake of 1.0–1.5 g protein/kg body
weight per day [24], depending on patient, disease
and treatment factors. It has been a long-standing
convention to express protein intake as a constant
function of body weight (i.e. per kg of body weight):
however, Millward [25, 26] suggests that a nutrient
density (i.e. P:E ratio) may be more useful to provide
a basis for suggesting protein intakes.Based on the as-
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sumption that the energy requirement is the major de-
terminant of total intake, then if the protein require-
ment is expressed as a P:E ratio, the recommended in-
takes can be adjusted taking into account the factors
that impact on energy requirements such as age, gen-
der, body weight and activity level. The reader is re-
ferred to the work of Millward and Jackson [26] for
the full details underlying this concept.

If one were to accept the arguments presented
by Millward and Jackson, then a healthy 60- to 70-
year-old man or woman weighing 70 kg with a low
physical activity level of 1.5 times the basal metabo-
lism value would require a dietary P:E ratio of at
least 0.12 to maintain N balance. This might be con-
sidered to be a minimum amount, for the following
reasons. The calculations by Millward are based on
the assumption of energy balance, and do not take
into account that at low energy intakes amino acids
are diverted to energy-yielding reactions. The aver-
age energy intakes of advanced pancreatic cancer
patients are in the vicinity of determined basal
metabolic rate (22–25 kcal/kg body weight per day)
and thus a significant fraction of individuals are not
taking in enough energy even to match basal
metabolism requirements [16, 27]. Also, the defini-
tion used by Millward and Jackson for calculation
of the P:E ratio of sedentary persons is a physical
activity level of 1.5 times basal metabolism value
and there is evidence that the physical activity level
of advanced cancer patients is of the order of 1.25
[27]. Finally, no factor is added to these suggested
protein intakes for the presence of disease.

A Role for Aggressive Protein
Supplementation?

Based on the foregoing, it might be concluded that
dietary protein intakes in patients with advanced

cancer are largely insufficient. The protein intakes
in the population appear to be in the 60 g/day range
and the P:E ratio approximately 0.04. The approach
of the American Dietetic Association recommended
protein intakes would be up to 90–100 g/day. Taking
the approach of Millward and Jackson and the ener-
gy intakes of advanced cancer patients indicated
above (1600 kcal/day), then a P:E ratio of just 0.1
would correspond to about 150 g protein/day, and
this value is about 2.5-fold higher and 1.5 standard
deviations higher than the average protein intake of
typical cancer patient populations.

Aggressive protein supplementation remains to
be systematically tested in advanced cancer
patients. Eubanks-May et al. [15] produced the first
report of targeted amino acid supplementation in
patients with cancer cachexia. A population of
patients with solid tumours of mixed types were
randomised to daily treatment with 31 g of a mix-
ture of arginine, glutamine and a metabolite of
leucine or an isonitrogenous control containing ala-
nine, serine, glutamate and glycine. There is some
evidence to suggest that arginine, glutamine and
leucine (as well as some other amino acids) may be
limiting amino acids in the tumour-bearing state
[18]. Whether this mixture is ideal remains to be
established: however, the test group gained an aver-
age of 2.5 kg of lean body mass after 12 weeks of
supplementation, while patients on the control
treatment lost lean body mass. The reported gain of
lean body mass by amino acids alone in the absence
of any orexigenic or anabolic therapy also suggests
that protein intake per se may be limiting. These
results must be substantiated by larger and more
systematic studies of protein nutrition in cancer
patient populations and further supported by stud-
ies of requirements that will define the ideal amino
acid mixture needed to underpin successful cachex-
ia therapy.
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Introduction

Cachexia is pervasive among patients suffering from
chronic diseases, including cancer, liver cirrhosis and
chronic renal failure. The development of cachexia
dramatically impacts on the clinical course of the un-
derlying disease,by increasing morbidity and mortal-
ity, and impinging on patients’ quality of life. Also,
weight loss influences outcome by increasing drug-in-
duced toxicity and impeding completion of the ther-
apeutic schedule. Particularly in cancer patients,
weight loss is a reliable predictor for toxicity from
treatment and shorter survival [1].

Effective anti-cachexia therapies are needed.
Intuitively, the best possible approach is any that
may prevent or antagonise the molecular mecha-
nisms triggering the occurrence of wasting. Many
weapons of lean body mass destruction have been
discovered and characterised (e.g. cytokines, ubiq-
uitin-proteasome pathway, NF-kB, myostatins), but
many more may still be undiscovered. Their identi-
fication and the characterisation of their mutual
interactions are the goals of anti-cachexia research
for the next years, ultimately allowing our patients
to ‘brawny go where no one has gone before’.

A novel approach to the treatment of cachexia is
based on ameliorating one of its determinants,
anorexia. Anorexia, together with profound changes
in protein, lipid and glucose metabolisms, con-
tributes to the development of malnutrition and
eventually cachexia by significantly reducing energy
intake. Although restoring energy intake to normal
via appetite stimulants or artificial nutrition is not
associated with stabilisation or improvement of
lean body mass wasting, at least in cancer patients,
recent data seem to suggest that enhancing appetite
via modulation of brain neurochemistry, and par-
ticularly brain serotonin, may lead to preservation
of muscle mass [2].

Role of Brain Serotonin in Energy Intake
Control

A simplistic view of energy intake regulation is that
ingested nutrients are sensed at different levels of
the gastrointestinal tract, including the liver. This
information, together with that arising from adi-
pose tissue, is transmitted to the brain via a series
of routes (neuronal input, hormones, peptides),
and is integrated in the hypothalamus, where the
appropriate behavioural response is triggered.
Actually, the picture is far more complex, since the
hypothalamus consists of different areas and
nuclei, and within each of them a set of effectors
(neurotransmitters, neuromodulatory peptides and
transmembrane proteins) interact [3].

For several decades, hypothalamic serotonin
systems have been implicated in the suppression of
feeding [4]. Serotonin is a monoamine acting as
neurotransmitter and involved in different biologi-
cal responses. Although the exact role of serotonin
in the central regulation of food intake and body
weight still awaits further clarification, its involve-
ment in this process has been repeatedly con-
firmed. Now it is clear that serotonin acts in con-
junction with neuropeptides and peripheral hor-
mones to bring about physiological states such as
hunger, satiation and satiety [5]. Supporting this
view, it has been shown recently that fenfluramine,
a serotonergic drug, acts in the arcuate nucleus of
hypothalamus (the integrating centre receiving
information from the periphery) by stimulating a
specific neuronal population, the pro-
opiomelanocortin (POMC) neurons, which is a
critical circuit involved in mediating satiety under
physiological conditions [6].

Beside its role in influencing food intake, hypo-
thalamic serotonin appears also to impact energy
expenditure. In a recent report, Ohliger-Frerking
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et al. studied dorsal raphe nucleus serotonergic
neurons projecting to the hypothalamus to influ-
ence feeding [7]. They showed that the neurons
from obese Zucker rats exhibited both a larger
depolarisation and increased fir ing rate in
response to phenylephrine than did cells from lean
rats, thus suggesting that dorsal raphe nucleus
serotonergic neurons of obese rats have an
enhanced adrenergic drive. Furthermore, sero-
tonin reduces food intake and augments sympa-
thetic activity, thus promoting weight loss [8].

Role of Brain Serotonin in Disease-Associated
Anorexia

Considering disease-associated anorexia as a
pathological and persistent form of satiety, it is
intuitive to speculate that the pathogenesis of
anorexia could be related to a derangement of the
physiological mechanism mediating satiety. As a
consequence, much scientific effort has been
devoted to clarify the involvement of hypothalam-
ic appetite-suppressing circuits in the onset of
anorexia. Many studies have been conducted in
animal models of cancer anorexia, but it is reason-
able to translate the results obtained to other dis-
eases. Therefore, it appears that disease-associated
anorexia is related to the inability of the hypothal-
amus to respond appropriately to consistent
peripheral signals, primarily due to the hyperacti-
vation of the melanocortin system. This derange-
ment could be triggered by cytokines.

The mechanisms by which cytokines negatively
influence energy intake are currently under inves-
tigation. As proposed by Inui, cytokines may play a
pivotal role in long-term inhibition of feeding by
mimicking the hypothalamic effect of excessive
negative feedback signalling [9]. This could be
done by persistent stimulation of the POMC
anorexigenic pathway. Recent data suggest that
hypothalamic serotonergic neurotransmission
may be crit ical in linking cy tokines and the
melanocortin system [6]. Thus, it could be specu-
lated that during disease, cytokines increase hypo-
thalamic serotonergic activity, which in turn con-
tributes to persistent activation of POMC neurons,
leading to the onset of anorexia and reduced food

intake. In humans, the demonstration of the
involvement of brain serotonin in anorexia is more
difficult since serotonergic activity cannot be easi-
ly measured in vivo. Thus, the activity of the hypo-
thalamic serotonergic system is inferred by cere-
brospinal fluid (CSF) levels of tryptophan.

Tryptophan is the precursor of serotonin,
whose synthesis is strictly dependent on the avail-
ability of tryptophan [10]. In anorectic cancer
patients, plasma and particularly CSF concentra-
tions of tryptophan are increased when compared
to controls and non-anorectic cancer patients [11,
12]. After tumour removal, plasma tryptophan
normalises and food intake improves [13]. Similar
data have been obtained in patients with liver cir-
rhosis. In this clinical setting, the presence of
anorexia was associated with higher plasma levels
of tryptophan than in non-anorectic patients with
liver cirrhosis [14]. Also, brain tryptophan avail-
ability, which predicts brain tryptophan levels, was
higher in anorectic than in non-anorectic patients.
In uremic patients, persistently high brain sero-
tonin levels appear to be related to the onset of
anorexia and reduced food intake [15]. When con-
sidered together, these data suggest that brain
serotonin could represent a key factor involved in
the pathogenesis of cancer anorexia and thus pro-
vide an interesting therapeutic target.

Antiserotonergic Therapies Targeting
Anorexia and Cachexia

Disease-associated anorexia might be therapeuti-
cally approached by interfering with the neuro-
chemical events downstream of cytokine activa-
tion. Serotonergic hypothalamic neurotransmis-
sion represents a suitable example, and it is there-
fore tempting to speculate that by interfering with
hypothalamic serotonin release, food intake might
be improved. Hypothalamic serotonin synthesis
strictly depends on the brain availability of its pre-
cursor, the amino acid tryptophan [10]. An
increase of plasma and brain tryptophan levels,
leading to increased brain serotonergic activity,
has been demonstrated in different diseases and
linked to the presence of anorexia and reduced
food intake. Tryptophan crosses the blood–brain
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barrier via a specific transport mechanism shared
with the other neutral amino acids, including the
branched-chain amino acids (BCAA). Thus, by
artificially increasing the plasma levels of the com-
peting amino acids, a reduction of tryptophan
brain entry could be achieved, leading to a reduc-
tion of hypothalamic serotonin synthesis and
release, which in turn would result in amelioration
of cancer anorexia. To test this hypothesis,
tumour-bearing rats were fed with a BCAA-
enriched diet, and their feeding behaviour was
compared with that of tumour-bearing rats receiv-
ing an isocaloric, isonitrogenous standard diet.
The results obtained showed that BCAA-enriched
diet delayed the development of anorexia by 2 days
when compared to standard diet (unpublished
observations). To test further the clinical relevance
of BCAA, anorectic cancer patients were orally
supplemented with BCAA or placebo for 7 days,
while simultaneously recording their energy intake
[16]. Anorexia significantly improved after 3 days
of treatment only in cancer patients receiving
BCAA, leading to a significant improvement of
energy intake. These encouraging results must be
considered as preliminary, since they were
obtained in a small population during a short
study period, and need to be validated in larger
trials. However, they confirm the feasibility of
interfering with hypothalamic neurotransmission
to influence energy intake. Indeed, more fascinat-
ing results were later obtained in uremia and in
liver cirrhosis.

During chronic renal failure, derangements of
plasma amino acid profile occur and a reduction
of circulating levels of BCAA is frequently
observed. Interestingly, the reduction of plasma
BCAA is associated with the presence of anorexia
[17]. It is therefore tempting to speculate that by
supplementing uremic patients with BCAA, energy
intake and nutritional status can be improved.
Hiroshige et al. studied 44 elderly patients on
chronic haemodialysis [17]. Among them, 28
patients with low plasma albumin levels (< 3.5
g/dl) were classified as the malnourished group;
they also suffered from anorexia. The other 16
patients did not complain of anorexia and were
classified as the well-nourished group. Hiroshige
et al. then performed a 12-month, double-blind,

placebo-controlled study on the malnourished
group. Fourteen patients received daily oral BCAA
supplementation (12 g/day) or a placebo in ran-
dom order in a cross-over trial for 6 months.
Lower plasma levels of BCAA and lower protein
and caloric intakes were found in the malnour-
ished group as compared to the well-nourished
group. In BCAA-treated malnourished patients,
anorexia and poor oral protein and calorie intakes
improved within a month, concomitant with the
improvement of plasma BCAA levels over the val-
ues in well-nourished patients. After 6 months of
BCAA supplementation, anthropometric indices
(body fat percentage, lean body mass) showed a
statistically significant increase and mean plasma
albumin concentration increased from 3.3 g/dl to
3.9 g/dl. After changing BCAA for a placebo, spon-
taneous oral food intake decreased, but the
favourable nutritional status persisted for the next
6 months. In 14 patients initially treated with
placebo, no significant changes in nutritional
parameters were observed during the first 6
months. However, positive results were obtained by
BCAA supplementation during the subsequent 6
months, and mean plasma albumin concentration
increased from 3.2 g/dl to 3.8 g/dl. These data are
particularly important because they demonstrate
that BCAA supplementation results not only in
improved food intake but also in improved nutri-
tional status. Such encouraging results were repli-
cated also in cirrhotic patients.

A multicentre, randomised study comparing 1-
year nutritional supplementation with BCAA
against lactoalbumin or maltodextrins was recent-
ly performed in 174 patients [18]. Primary out-
comes were the prevention of a combined end-
point (death and deterioration to exclusion crite-
ria), the need for hospital admission, and the
duration of hospital stay. Secondary outcomes
were nutritional parameters, laboratory data and
Child-Pugh score, anorexia, health-related quality
of life, and need for therapy. Interestingly, treat-
ment with BCAA significantly reduced the com-
bined event rates compared with lactoalbumin.
The average hospital admission rate was lower in
the BCAA arm compared with control treatments.
In patients who remained in the study, nutritional
parameters and liver function tests were, on aver-
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age, stable or improved during treatment with
BCAA and the Child-Pugh score decreased. Also,
anorexia and health-related quality of life (SF-36
questionnaire) improved. In particular, anorexia
was reported in more than 50% of all cases and
was not different between groups. Its prevalence
decreased w ith BCAA from 52 to 25% and
remained unchanged with lactoalbumin and mal-
todextrins. Treatment groups did not score differ-
ently on SF-36 quest ionnaire at baseline.
Treatment with BCAA had a significant effect on
role limitat ion/physical, and other scales
improved significantly when compared with base-
line. Physical functioning and role limitation/emo-
tional also improved. No significant changes were
observed in subjects treated with lactoalbumin or
maltodextrins. Finally, there was a shift toward
better scoring of health only in subjects actively
treated with BCAA, with the percentage of patients
scoring health as poor decreasing from 19 to 3%.
Similarly, after 1 year of continuous treatment
with BCAA, the percentage of patients believing
that their health had improved during the preced-
ing 12 months had increased from 29 to 52%, and
the percentage believing that their health had
worsened had decreased from 43 to 18%.

When considered together, these data suggest
that the antiserotonergic approach to the treat-
ment of disease-associated anorexia is effective
and results in significant clinical outcomes, far
beyond mere increase of energy intake. The
observed improvement of nutritional status and
particularly of lean body mass could be explained
at least in part by the excitatory effects of sero-
tonin on hypothalamic melanocortin receptors [6],
whose function has been linked to cachexia [19].
By reducing brain serotonergic activity via BCAA,
it is conceivable that melanocortin receptors are
less activated, leading to reduced peripheral mus-
cle wasting. However, recent data suggest that
BCAA, and particularly leucine, may influence
muscle wasting by directly inhibiting intracellular
proteolytic factors.

Considering the role of brain serotonin in the
pathogenesis of disease-associated anorexia and
cachexia, antiserotonergic drugs might be as effec-
tive as BCAA in improving food intake and nutri-
tional status. However, this approach bears some

limitations. Firstly, antiserotonergic drugs must
target the specific serotonin receptor involved in
the pathogenesis of anorexia, the best candidate
for this role being the 5-HT(2C) receptor. The need
for selectivity may explain the failure of cyprohep-
tadine in the treatment of anorexia in cancer
patients (for review see [20]). Secondly, provided
that the given antiserotonergic drug selectively
targets 5-HT(2C) receptors, then it must reach the
hypothalamus in adequate concentrations to block
the receptors. This may be difficult to achieve, par-
ticularly if adequate brain concentrations are
reached only when using suprapharmacological
peripheral doses, which may lead to the develop-
ment of side-effects.

Promising and in early clinical trials is block-
ade of type 3 serotonergic receptors, which appear
more involved in mediating nausea and emesis
rather than in controlling energy balance [4].
Ondansetron is a type 3 serotonergic receptor
antagonist widely used in cancer patients in the
prevention and treatment of chemotherapy-
induced nausea and vomiting. Edelman et al. [21]
studied 27 patients with advanced cancer and
weight loss. Patients were not receiving antineo-
plastic treatment, but received oral ondansetron.
Unfortunately, weight loss continued, but after 1
month of treatment patients scored better on an
hedonic scale, suggesting that they were enjoying
food more. However, large and placebo-controlled
trials are needed to establish whether these posi-
tive results reflected a true orexigenic effect attrib-
utable exclusively to ondansetron, thus prompting
more interest in this class of drugs.

Role of Brain Monoamines in Disease-
Associated Anorexia-Cachexia

More data support a role for hypothalamic neuro-
transmission as an effective therapeutic target in
the treatment of anorexia. Using in vivo microdial-
ysis, Blaha et al. showed that intrahypothalamic
serotonin concentrations are increased in anorec-
tic tumour-bearing rats [22]. In the same study,
they also showed a more complex derangement of
hypothalamic monoaminergic neurotransmission,
since dopamine levels were also found to be
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depressed [22]. This evidence may give the neuro-
chemical explanation for the results obtained in
anorectic cancer patients, whose food intake has
been restored and quality of life improved by the
administration of dopamine (L-DOPA) at a dosage
ranging from 375 750 mg/day [23, 24]. Although
not obtained in prospective randomised clinical
trials, these data are very intriguing and further
support the ‘monoaminergic’ approach to the
treatment of anorexia.

The nitric oxide system and the production of
eicosanoids might be of importance for the patho-
genesis of disease-associated anorexia. Supporting
this view, animal and clinical studies show that
nitric oxide synthase and cyclo-oxygenase
inhibitors, including indomethacin, decrease
tumour growth and improve anorexia [25, 26].
However, evidence that nitr ic oxide and
eicosanoids act directly on cells in the central
nervous system is lacking. Also, the nitric oxide
mechanism may involve tumour growth and there-
by secondarily influence appetite. Finally, nitric
oxide and eicosanoid influences on appetite
appear related to serotonin metabolism [27, 28],
and the prostaglandin E2 receptor EP3 has been
identified on serotonergic neuronal cell bodies in
the raphe nucleus [29]. Thus, nitric oxide and
eicosanoid pathways could not be completely alien
from the cytokine-monoamine system.

Supplementation of BCAA as Anti-cachectic
Therapy

Beyond their prophagic effects, BCAA appear to
exert anti-catabolic effects by inhibiting intracellu-
lar proteolytic pathways. The anti-catabolic prop-
erties of BCAA, and in particular of leucine, have
been known for many years, but only recently have
their molecular mechanisms been elucidated.
Animal studies showed that a leucine-enriched
diet ameliorates protein content and body compo-
sition in an experimental tumour model [30].
These results appear to be mediated not only by
the increased stimulation of protein synthesis, but
also by the concomitant attenuation of protein
degradation [31]. Indeed, BCAA and leucine in

particular significantly influence the expression
and activity of the main intracellular proteolytic
pathway, i.e. the ubiquitin-proteasome system [31].
Further supporting the potentials of BCAA as anti-
cachectic agents, it has been demonstrated recent-
ly in vitro that β-hydroxy-β-methylbuty rate
(HMB), a leucine metabolite, is highly effective in
inhibiting proteolysis, its activity being similar to
that of a well-established anti-cachectic agent,
eicosapentaenoic acid [32].

These intriguing experimental results have been
successfully repeated in humans under different
catabolic conditions. Paddon-Jones et al. investigat-
ed the role of essential amino acid supplementa-
tion in reducing bedrest-induced muscle catabo-
lism [33]. It is important to note that the suggested
supplementation of essential amino acids included
a large daily dose of BCAA (approximately 18
g/day). After 28 days of bedrest, the fractional syn-
thetic rate of supplemented patients was higher
than that of the control group [33]. Also, lean leg
mass was maintained throughout the study period
only in the supplemented group [33]. Finally,
strength loss was more pronounced in the control
group than in the supplemented group [33].

To investigate, in a randomised controlled trial,
any benefit of the long-term administration of
BCAA in patients undergoing chemoembolisation
for hepatocellular carcinoma, Poon et al. decided
to supplement cancer patients with a low dose of
BCAA (11 g/day) for 1 year [34]. Data obtained
were then compared and showed a difference from
those obtained in the control group. Although the
interpretation of the results is limited by the
design of the study, which is not blind and place-
bo-controlled, hepatocellular carcinoma patients
receiving BCAA showed lower morbidity, higher
serum albumin and better quality of life than the
control group [34].

When considered together, these data suggest
that BCAA have significant anti-anorectic and
anti-cachectic effects, and their supplementation
may represent a viable intervention not only for
cancer patients, but also for those individuals at
risk of sarcopenia due to immobility or prolonged
bedrest consequent to trauma, orthopaedic or neu-
rological diseases.
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The Impetus Behind Studying and Treating
the Cancer Anorexia/Weight Loss Syndrome 

Experienced oncologists acknowledge that the
cancer anorexia/weight loss syndrome predicts a
shorter survival for patients with advanced, incur-
able disease. Several powerful, well-conducted
studies have borne out this clinical impression.
DeWys et al. focused on weight loss in a multi-
institutional, retrospective review of 3047 cancer
patients and observed that loss of more than 5% of
premorbid weight predicted an early demise [1].
This prognostic effect occurred independently of
tumour stage, tumour histology and patient per-
formance status. Weight loss was also associated
with a trend towards lower chemotherapy
response rates.

Anorexia carries this same prognostic effect.
Chang recently reviewed the predictive capability
of various cancer symptoms and found that, simi-
lar to weight loss, anorexia, or loss of appetite, also
predicts an early demise for the cancer patient [2].
Thus, the impetus for studying the cancer anorex-
ia/weight loss syndrome rests in part in the hope
that effective treatment will improve survival.

In addition to improving survival, there is
another rationale for investigating this syndrome.
Walsh et al. found that for patients with advanced
and incurable cancer, anorexia is one of the most
pervasive and bothersome symptoms at the very
end of life [3]. In their review of 1000 cancer
patients at the end of life, Walsh et al. found that
anorexia occurred in 60% of patients and ranked
third as the most troubling symptom, out-ranked
only by pain and fatigue. In addition, several stud-
ies have shown that weight loss is associated with a
decline in functional status. Finkelstein et al.
observed that recent weight loss of > 5% among
cancer patients was associated with a significant

decline in functional status, as assessed by patient
questionnaire data (p = 0.004) [4]. In lung cancer
patients, Sarna et al. found that weight loss was
associated with decreased functional status over a
30-week period [5]. Hence, the primary goals of
treating the anorexia/weight loss syndrome are to
improve both sur vival and quality of life in
patients with advanced, incurable cancer.

A Brief Overview of Current Treatment Options

To date, treatment attempts have yielded only
modest success. Trials that have evaluated caloric
supplementation have not shown this approach to
be meritorious. For example, in a randomised
study, Ovesen et al. found that cancer patients who
received nutritional counselling consumed more
calories, but that this additional consumption did
not yield improvements in tumour response rates,
survival or quality of life [6]. Similarly, several
clinical trials have investigated total parenteral
nutrition in chemotherapy-treated patients with
advanced cancer and have found that this inter-
vention, too, is ineffective. In fact, an analysis of
these studies with total parenteral nutrition
prompted the American College of Physicians to
issue a consensus recommendation that total par-
enteral nutrition not be given to advanced cancer
patients who are receiving chemotherapy [7].

Pharmacological agents have become the next
resort from a therapeutic and clinical trials per-
spective. Progesterones and corticosteroids have
been the most extensively studied but are limited
in their benefits at best (Table 1). For example,
megestrol acetate improves appetite in only
20–30% of cancer patients after subtracting a
placebo effect [8]. Placebo-controlled trials with
this agent demonstrate no improvement in sur-

Chapter 10.9

An Update on Therapeutics: The Cancer Anorexia/Weight
Loss Syndrome in Advanced Cancer Patients 
Aminah Jatoi, Karin F. Giordano, Phuong L. Nguyen



vival and no improvement in global quality of life.
To date, randomised, placebo-controlled trials with
corticosteroids, as well as other progestational
agents, have been equally disappointing. Thus,
there is a clear need to investigate other innovative
strategies.

A Brief Overview of Mechanisms To Explain the
Cancer Anorexia/Weight Loss Syndrome 

Recent strategies for treating the cancer anorex-
ia/weight loss syndrome have relied heavily on an
improved understanding of mechanisms of dis-
ease. How does cancer cause weight loss, debility
and anorexia? A variety of different mediators
have been described. Todorov et al. have discov-
ered a 24-kilodalton proteoglycan derived from
the MAC16 tumour line [9] and have labelled this
mediator proteolysis-inducing factor (PIF).
Although only a few studies have focused on PIF,
antibodies to this substance appear to prevent
weight loss in tumour-bearing animal models.
Clinical data suggest that PIF is specific to cancer-
associated wasting, as it is not found in cancer
patients without weight loss nor in patients who
are losing weight as a result of other diseases. To
our knowledge, no clinical studies that have specif-
ically focused on PIF inhibition have been report-
ed thus far.

In addition to this mediator, other mediators
that appear to play an active role in cancer-
associated anorexia/weight loss include tumour
necrosis factor-alpha (TNF-α), interleukin (IL)-1β,
IL-6 and ciliary neurotrophic factor [10–13]. The
former has received notable attention of late
because of animal studies that suggest inhibition
of TNF-α is associated with an improvement in
both appetite and weight. For example, Torelli et
al. observed that an agent that targets the p55 solu-
ble receptor improves appetite and attenuates

weight loss in tumour-bearing animals. TNF-α
spawns a variety of other events, such as activation
of the ubiquitin-proteasome system, and thereby
leads to lean tissue wasting [14].

From the standpoint of appetite, it appears that
the cancer patient’s hormonal milieu is altered in
the setting of the anorexia/weight loss syndrome.
For example, in a North Central Cancer Treatment
Group study in 73 advanced cancer patients with
the anorexia/weight loss syndrome, it appeared
preliminarily that neuropeptide Y, a potent orexi-
genic agent, was depressed [15]. Mean circulating
neuropeptide Y concentrations (± standard devia-
tions) were 466 pg/ml ± 161 pg/ml in cancer
patients compared to concentrations of 560 pg/ml
± 151 pg/ml in historical controls (p = 0.004).
Other hormone concentrations such as leptin and
cholecystokinin were no different between cancer
patients and controls. Nonetheless, this explorato-
ry study suggests that hormonal mechanisms may
be at work in causing anorexia in patients with
this syndrome.

Over the past few years, the medical literature
has drawn upon the above mechanisms in an
effort to yield potentially promising treatment
strategies. Some of these efforts, as well as the
mechanisms that have supported their further
study, are summarised below.

What’s New in the Clinical Management of the
Cancer Anorexia/Weight Loss Syndrome? 

Hormonal Therapy

Although the benefits of progestational agents and
corticosteroids have been modest, preliminary
investigations suggest that other hormonal inter-
ventions merit further testing (Table 2). First,
melatonin is secreted by the pineal gland and plays
an important role in neuroendocrine regulation.
Lissoni et al. examined the effects of melatonin in
100 patients with metastatic cancer. When admin-
istered at an oral dose of 20 mg/day, melatonin
appeared to stabilise weight [16]. Patients who
were receiving supportive care exclusively had
much higher rates of notable weight loss (10% or
more of baseline weight loss) (p < 0.01). The
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inflammatory cytokine TNF-α appeared to drop in
melatonin-treated patients, a finding that suggests
a potential mechanism of action to explain the
preliminary favourable weight effects seen with
the administration of this hormone [17]. In anoth-
er study performed by this same group, 70 patients
with advanced non-small cell lung cancer were
randomly assigned to receive cisplatin and etopo-
side versus this same chemotherapy combination
along with melatonin 20 mg/day [18]. A larger per-
centage of melatonin-treated patients manifested
weight stability. Taken together, these two studies
strongly suggest that melatonin qualifies for fur-
ther study in advanced cancer patients with weight
loss.

Another hormonal agent that has received
increasing attention in the treatment of this syn-
drome is oxandrolone. Von Roenn recently studied
this anabolic androgenic steroid in 37 cancer
patients. In a phase II study design, all patients
received oxandrolone 10 mg orally twice a day
[19]. This agent appeared to be well tolerated, and
this preliminary investigation suggested that
weight gain occurred in 84% of patients. An
increase in lean tissue occurred in half of these
patients who gained weight. Whether these prom-
ising results occur from general effects of this hor-
mone on altering the cancer patient’s hormonal
milieu with consequential repercussions on
appetite stimulation or from an entirely different
mechanism of action is unclear. Nonetheless, these
promising data led to a phase III trial that is near-
ing completion. Earlier studies had suggested that
other androgens, such as fluoxymesterone, were
not effective in treating the cancer anorexia/weight
loss syndrome [20]. However, von Roenn et al. have

presented animal data to show that oxandrolone is
far more specific in its androgen receptor binding
capability and therefore potentially more capable
of treating this syndrome. This more specific hor-
mone-receptor binding might explain the
favourable effects of oxandrolone and heightens
the anticipation of maturing phase III data.

Tumour Necrosis Factor-Alpha Inhibition

Thalidomide also deserves further investigation.
Promising trials in AIDS patients have led to fur-
ther investigation of this agent among cancer
patients. Thalidomide treatment has resulted in
weight gain and possibly maintenance of function-
al status in AIDS patients. Laboratory studies sug-
gest that this agent shortens the half-life of TNF-a
mRNA [21], although this drug has also demon-
strated dose-dependent, bi-directional regulation
of TNF-α.

Four studies in cancer patients are especially
noteworthy. First, Bruera et al. evaluated a cohort
of 72 cancer patients who received thalidomide
100 mg/night over 10 days [22]. Thirty-five
patients dropped out of the study as a result of
cancer-related morbidity. However, among the
remaining patients, the majority reported
improvement in insomnia (69%), nausea (44%)
and loss of appetite (63%). As many as 53% report-
ed an improvement in their overall sense of well-
being. A comparison of symptom improvement
between thalidomide-treated and historical mege-
strol acetate-treated patients suggests a trend in
favour of thalidomide: mean difference ± standard
deviation: -1.09 ± 2.67 versus 0.04 ± 1.71 for nau-
sea (p = 0.05); -2.21 ± 2.83 versus -1.03 ± 2.49 for
appetite (p = 0.073); and -1.65 ± 3.19 versus -0.61
± 1.42 for sense of well-being (p = 0.033), respec-
tively. This study was neither randomised nor dou-
ble-blinded, but its specific focus on quality of life
and symptom control strategies suggests that
thalidomide may be of benefit to cancer patients
independently of any potential antineoplastic
effects.

In a second study, Mahmoud et al. observed an
improvement in appetite with thalidomide 50–100
mg per day in 15 cancer patients [23]. Additionally,
in a third study, Boasberg et al. observed weight
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stability in15 cancer patients who were treated
with thalidomide 100–200 mg per day [24].

Finally, Khan et al. studied 11 patients with
unresectable oesophageal cancer [25]. All patients
were treated sequentially with an isocaloric diet
for 2 weeks followed by thalidomide 200 mg orally
daily. Among the ten evaluable patients, nine lost
weight. However, during the subsequent 2 weeks,
eight of these ten patients began to gain weight.
Body composit ion assessed with dual X-ray
absorptiometry indicated an augmentation of lean
tissue.

Despite such promising data, the routine use of
thalidomide for the cancer anorexia/weight loss
syndrome does not yet comprise the standard of
care. Thalidomide carries with it side-effects
including somnolence, rash, sensorimotor-periph-
eral neuropathy and constipation, as well as less
frequent side-effects including mood changes, dry
mouth, headache, nausea, oedema, dry skin, pruri-
tus, bradycardia, thyroid dysfunction and alter-
ations in serum glucose levels. Teratogenicity is
also a concern, although markedly less so in
patients with advanced cancer. Since part of the
goal of treating the cancer anorexia/weight loss
syndrome is improvement in quality of life, the
toxicity profile of any potential agent should be
well established and minimal before it is routinely
prescribed in this setting. Additionally, a large
phase III trial that demonstrates definite improve-
ments in quality of life and survival has not yet
been reported.

But the above promising data have spurred fur-
ther investigation into TNF-α blockade. The agents
etanercept and infliximab have been used exten-
sively for other medical indications, and the
underlying hypothesis behind recent clinical trials
is that these agents can be used to treat the cancer
anorexia/weight loss syndrome. Both are specific
inhibitors of TNF-α. The animal data from Torelli
et al., as alluded to above [14], specifically evaluat-
ed blockade of the TNF-α p55 soluble receptor and
demonstrated improvement in appetite and weight
in tumour-bearing animals. Currently, the North
Central Cancer Treatment Group is conducting
two large placebo-controlled trials with each of
these agents [26]. Preliminary results are anticipat-
ed by the year 2006.

Other Anti-inflammatory Agents

One of the most promising studies to look at anti-
inflammatory agents was a landmark trial from
Lundholm et al. [27]. In a placebo-controlled trial,
these investigators found that indomethacin
resulted in an improvement in sur vival in
advanced cancer patients with the anorexia/weight
loss syndrome. Since then, other studies have sug-
gested that non-steroidal anti-inflammatory
agents may play a role in treating this syndrome
[28]. Although direct antineoplastic effects may be
at work in achieving these benefits, the implication
that the cancer anorexia/weight loss syndrome is
mediated by inflammation suggests that these
agents might also be directly treating this syn-
drome. Further confirmatory clinical studies and
further mechanistic studies with these agents in
this setting are indicated.

Other Agents

Adenosine 5’-triphosphate (ATP), administered as
a continuous infusion over many hours appears to
show promise in patients with advanced non-small
cell lung cancer. The rationale for this approach is
two-fold. First, non-small cell lung cancer patients
manifest an increase in metabolic rate that leads to
wasted energy and subsequent weight loss. ATP is
a key energy source, and perhaps its administra-
tion may compensate for the depletion of energy
sources, although it remains unclear if intravenous
ATP enters the cell. Second, empiric data from ear-
lier trials with ATP suggested that this agent may
be enhancing weight stability in non-small cell
lung cancer patients. In an effort to test this agent
further for the cancer anorexia/weight loss syn-
drome, Agteresch et al. randomly assigned 58
patients to receive either ATP or no ATP [29]. The
study was not double-blinded, but a 0.2-kg
increase in weight was noted over a 4-week period
in the ATP-treated group. In contrast, a 1-kg drop
in weight occurred in the group that did not
receive ATP. In addition, strength and quality of
life were more favourable in the ATP-treated
patients. A promising agent, ATP deserves further
investigation in this setting.

Another agent that merits further investiga-
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tion, despite the fact that it has not yet been stud-
ied in cancer patients, is creatine. Commonly used
by ‘body builders’, creatine is about to undergo
active clinical investigation for the cancer anorex-
ia/weight loss syndrome. In a collaborative trial,
the North Central Cancer Treatment Group and
the National Cancer Institute of Canada are about
to open a phase III, placebo-controlled trial to
study this amino acid derivative. Although poten-
tial mechanisms of action have not been well char-
acterised, over 50 clinical trials have investigated
creatine supplementation in other disease settings.
Empiric observations suggest that creatine merits
testing in the clinical setting in cancer patients and
in aggregate can be summarised with the five fol-
lowing observations [30, 31]. First, creatine supple-
mentation is associated with weight gain, includ-
ing augmentation of lean tissue, in healthy individ-

uals. Second, creatine promotes athletic perform-
ance in healthy individuals. Third, individuals with
bulky musculature benefit less from creatine, an
observation that suggests why not all studies have
been totally consistent in finding improvements in
athletic performance and suggests that there is
perhaps merit in studying this agent in wasting
cancer patients. Fourth, the agent has been shown
to be relatively safe in healthy populations, with
the most commonly reported adverse event being
a mild, transient elevation of creatine after a load-
ing dose. Fifth, in other disease states, such as
McArdle’s disease and congestive heart failure, as
well as other muscle disorders, preliminary data
suggest that creatine may be beneficial for patients
with muscle wasting. Taken together, these prelim-
inary data imply that further study of creatine is
indicated in cancer patients.
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Introduction

For a long time the use of testosterone-derivative
drugs (nandrolone decanoate and others) has been
indicated for patients with cancer anorexia-
cachexia syndrome (CACS) on the basis of a truly
protein anabolic effect [1], but the above drugs
have a limited use because of some severe side-
effects (liver damage, endocrine effects).

More recently, the use of corticosteroids has
been proposed: nevertheless, none of the studies
on the effects of corticosteroids in CACS has
demonstrated a body weight gain, but only short-
lasting benefits in terms of appetite and sensation
of well-being, compared to a wide range of adverse
effects [2].

Mechanism of Action of High-Dose Progestins
in CACS

Our early experience (first half of the 1980s) has
clearly demonstrated that the use of ‘high’ doses
(i.e. more than 500 mg daily intramuscularly, IM or
orally, PO) of medroxyprogesterone acetate (MPA)
in the treatment of advanced breast cancer
patients can increase body weight in about 50% of
treated patients [3]. It was associated with a better
appetite and performance status and seemed to be
unrelated to a direct antineoplastic effect (Fig. 1,
top). Therefore, we assumed that high-dose MPA
had an anabolic effect, similar to that observed
with testosterone derivatives [1, 2]. Nevertheless,
some questions concerning the body weight

Chapter 10.10

Medroxyprogesterone Acetate in Cancer Cachexia
Giorgio Lelli, Benedetta Urbini, Daniela Scapoli, Germana Gilli

60%

48%

73%
65%

0
10
20
30
40
50
60
70
80

ASTHENIA ANOREXIA

IM
PO

49%

57%
62% 63%

0

10

20

30

40

50

60

70

HST NHST

>APPETITE
> WEIGHT

60%

48%

73%
65%

0
10
20
30
40
50
60
70
80

ASTHENIA ANOREXIA

IM
PO

49%

57%
62% 63%

0

10

20

30

40

50

60

70

HST NHST

>APPETITE
> WEIGHT Fig. 1. High-dose (≥ 500 mg/day)

medroxyprogesterone acetate in can-
cer patients. Top Subjective remission
in breast cancer patients. Bottom
Improvement in appetite/body weight
in hormone-sensitive tumours (HST)
or non-hormone-sensitive tumours
(NHST). (Modified from [3, 4])



increase arose from these observations:
1. Is it related to or independent from the anti-

tumour effect of MPA?
2. Is it based on a ‘true’ anabolic effect or a

steroidal effect?
3. To what extent is it due to fluid and electrolyte

retention?
The first question has been answered in a trial

on a group of 65 patients with non-hormone-
sensitive tumours, undergoing treatment with
2000 mg/day of MPA (Fig. 1, bottom): appetite
(anorexia) improved in 62% of patients, while
body weight increased significantly (more than
0.5 kg) in 63% [4].

In order to try to demonstrate a ‘true’ anabolic
effect, a group of 10 patients with advanced non-
hormone-sensitive cancer was submitted to treat-
ment with high-dose MPA (> 500 mg/day, PO or
IM) for 30 days. Before and after treatment,
anthropometric parameters (body weight, skin-
fold plicometry, muscular strength) and metabolic
parameters (protein, calories and nitrogen intake,
measured by dietary survey; urinary nitrogen
excretion measured by Kieldahl’s method, and
nitrogen balance) were registered. While anthro-
pometric parameters showed no significant

increase, except for muscular strength (24.4 kg
before, 29.1 kg after, p < 0.02), we clearly demon-
strated [5] a significant improvement in the nitro-
gen balance, protein and caloric intake (Fig. 2).
Finally, in another group of 10 advanced cancer
patients, no detectable effect on water and salt
metabolism was demonstrated [6] by the evalua-
tion of the exchangeable sodium pool with the
22Na method.

A possible explanation of the ‘true’ anti-cachec-
tic effect of this drug was found by some authors
[7, 8] who studied the influence of MPA adminis-
tration on the various pro-cachectic cytokines,
showing a down-regulatory effect on the synthesis
and release of interleukin (IL)-1, IL-2, IL-6, tumour
necrosis factor-α (TNF-α) and serotonin.

Side-Effects and Preferred Schedule of High-
Dose MPA

High-dose progestins are well tolerated (Table 1);
very rarely, the treatment must be interrupted
because of the appearance of severe side-effects.
Thromboembolic phenomena have been observed
employing the intramuscular route only. MPA
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should generally be avoided only in cases of
severe liver damage, previous ipercoagulability
status or severe hypertension [3, 6]. One possible
advantage of MPA over megestrol acetate (MA) is
that it can be given in an intramuscular depot for-
mulation in order to simplify the administration

for non-compliant patients and to maintain good
drug plasma levels [3]. Nevertheless, in patients
with a life expectancy of at least 4 weeks, the dose
level of 1000 mg daily orally should be considered
a ‘golden standard’, considering that following
oral administration MPA is rapidly, even if not
completely, absorbed, depending on the particle
size of the oral formulation, according to our
experience [3].

Controlled Trials on MPA

Placebo-controlled trials [9–13] on the effect of
MPA treatment on anorexia and body weight gener-
ally confirmed an improvement in both parameters
(Table 2). It is important to remark that in three
studies [9–11] MPA was administered during
chemotherapy, and that in the same studies an
improvement in quality of life was reported.
Nevertheless, in contrast with our previous experi-
ence, those authors [13] who analysed body compo-
sition demonstrated that the bulk of the weight gain
was due to increased body fat, while fat-free mass
was not significantly influenced by the treatment.
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Table 1. Side-effects of high-dose MPA (296 patients).
(Modified from [3])

Side-effect Percentage

Sweating 16%

Fine tremors 12.5%

Vaginal spotting 10%

Cushing face 8%

Cramps 7%

Gluteal abscess 7%a

Gastric intolerance 4%b

Insomnia 2%

Constipation 2%

Itching 1%

Thrombophlebitis 0.5%a

aBy IM route, bPO

Table 2. Random studies on MPA

Author (ref.) No. of patients Dose of MPA Results

Anorexia Body weight Other parameters

Downer [9] 60a 300 mg/day POb p = 0.015 p < 0.05 NC in:
(6 weeks) (6 weeks) PS, EN, mood

Kornek [10] 31a 500 mg/day POb 60% vs 43% +3 kg/12 weeks Improved QoL
(p = 0.06) (40% vs 14%, NS)

Neri [11] 279a 1000 mg/day PO NR p = 0.001 Improved PS

Simons [12, 13] 206 1000 mg/day POb p = 0.01 + 0.6 kg/12 weeks EN: p = 0.01
(12 weeks) (p = 0.04) FAT: p = 0.009

FFM: NC
REE: p = 0.009

aConcurrent chemotherapy, btablets
NC, no change; NR, not reported; NS, not significant; PS, performance status; EN, energy; FAT, fat mass; FFM, fat-free
mass; REE, resting energy expenditure; QoL, quality of life



Conclusions and Future Perspectives

The role of MPA in the treatment of CACS has
been the subject of many critical reviews [14, 15].
Nevertheless, the evaluation criteria of the above-
cited drugs are mainly based on the weight
increase and appetite stimulation. Therefore, a new
insight into the mechanism of action of MPA, MA
and other agents is urgently needed, because no
definitive answer yet exists to the question of the
true ‘anabolic’ effect of these drugs. Moreover,
there are no trials available comparing MPA and
MA, even if the efficacy of both drugs has been
demonstrated in several studies. Very recently [16],
the combination of MPA with other new agents, in
particular with the cyclo-oxygenase-2 (COX-2)

inhibitors, has been suggested as a way of amelio-
rating the efficacy of the treatment in cancer
cachexia.

In conclusion, we consider it mandatory that
studies on MPA, like on the other anabolic agents,
should continue with a better consideration of the
outcome results, possibly with a better under-
standing of body composition and cytokine levels
before and after treatment.
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Introduction

Over the past few years, many authors have
approached the problem of the treatment of can-
cer cachexia focusing on either the knowledge of
the main pathogenetic events, or the outcomes of
the treatment in terms of symptoms or improve-
ment in quality of life [1–8]. The relevance of clini-
cal investigations of cancer anorexia-cachexia has
epidemiological and clinical roots, considering
that it is very frequent in advanced and terminal
disease (up to 40% of patients with advanced dis-
ease, and more than 80% of terminal patients), and
that its clinical manifestations often represent a
source of great concern for both patients and rela-
t ives [1–5]. The clinical approach to cancer
anorexia-cachexia has been directed towards dif-
ferent targets, and it can be aetiological, patho-
genetic or symptomatic according to the attention
paid to tumour growth, the main pathogenetic
events, or the clinical behaviour of the syndrome.
However, it is mandatory to define both the biolog-
ical and clinical rationale of the different thera-
peutic options, and the outcomes of every thera-
peutic approach, using an evidence-based model.
There are two main questions concerning clinical
research in cancer anorexia-cachexia:
– Does a treatment exist that could act against

the main pathogenetic events and influence the
clinical outcome behaviour of cancer cachexia?

– What are the main outcomes of a treatment
against cancer cachexia, and are these out-
comes actually based on evidence-based tools? 
The need for an evidence-based palliative med-

icine represents one of the main topics of palliative
care, as it would be incorrect to avoid an evidence-
based model when making decisions in clinical
practice. On the other hand, methodologically cor-

rect clinical research can be hard in palliative care,
because of the peculiar characteristics of patients
with advanced or terminal disease. The treatment
of cancer cachexia with corticosteroids or prog-
estagens is based on a quite solid evidence of
activity. However, despite the large number of tri-
als supporting their use in clinical practice, some
aspects still remain undefined and deserve to be
looked at in more depth.

Biological Rationale of Medical Treatment of
Cancer Cachexia

Recently, many authors have investigated the dif-
ferent pathogenetic events responsible for the clin-
ical behaviour of cancer cachexia, and suggested a
role for both tumour cells and immuno-mediated
responses to tumour growth, as important events
in the pathogenesis of the syndrome [1, 7, 9–41].
Although the main pathogenetic events are not
fully understood and the relationship between
tumour factors and host inflammatory cytokines
still remains undefined, a role of different tumour
products and an immuno-mediated action of the
monocyte-macrophage system seem to be involved
in the pathogenesis of cancer cachexia (Fig. 1).
Besides the speculative value of the biological
knowledge about the role of host and tumour
cytokines, the efforts of clinical researchers have
been addressing the possibility of down-regulating
the pro-cachectic action of cytokines, favouring a
control of the clinical manifestations of the syn-
drome. To this end, progestagens and corticos-
teroids (and also non-steroidal anti-inflammatory
drugs, eicosapentaenoic acid, melatonin and
thalidomide) have been evaluated and proposed as
active options in the treatment of cachexia-related
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symptoms [24–26, 42–57]. Two considerations can
be made, coupling the biological dimension and
the clinical approach:
– Besides representing a pathogenetic treatment,

a treatment addressed towards one or more
steps in the pathogenesis of the clinical syn-
drome might also be considered a kind of ‘tar-
get treatment’ in palliative care [42–44, 46, 47]

– The different sites of action of the different
molecules might represent the starting point
for a poly-pharmacotherapy against different
steps in the same cascade [55–57].
The concept of a treatment designed on the

basis of the biological characterisation of the dis-

ease represents one of the main topics of modern
oncology, and some different models of clinical
research and clinical practice support the activity
and effectiveness of such an approach in the treat-
ment of solid and haematological cancers [58–66].
There are two fields that might represent an inter-
esting dimension in the pathogenetic approach to
the palliative treatment of cancer cachexia:
– The use of biological markers to select the

patients with the highest probability of
response to the treatment (predictive value of
the marker)

– The use of biological markers as surrogate end-
points of response.
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This kind of approach has recently been evalu-
ated in clinical research, and some preliminary
results seem promising, but it would be hasty to
state that the treatment of cancer cachexia as a
‘target approach’ is possible [57, 67]. Indeed, the
reasons limiting a ‘target approach’ are various,
and not well known. Besides the role of cytokines
(interleukin 1, interleukin 6, interferon gamma
and tumour necrosis factor alpha) in the patho-
genesis of cachexia, some other mechanisms might
play a pathogenetic role together with or instead of
the cytokine cascade, favouring a low activity of an
‘anti-cytokines’ approach, or a mechanism of
‘escape’ in some patients [1, 68]. However, the pos-
sible variables occurring in the ‘cytokine-mediat-
ed’ anorexia-cachexia syndrome probably repre-
sent one of the main reasons supporting a target
approach. An improvement in clinical results
might be achievable by selecting patients using
biological predictive factors of response, when we
are able to detect biological markers in daily clini-
cal practice [31–39, 42–44].

Outcomes of a Palliative Treatment of Cancer
Cachexia

Although a ‘target approach’ to cancer cachexia is
still too far off to be validated definitively, the
assessment of the outcome of a treatment repre-
sents an interesting field of investigation in clini-
cal practice. The definition of an outcome in pal-
liative medicine may be considered a general prob-
lem, but cancer cachexia represents one of the
most paradigmatic examples in this field of clini-
cal research. Some years ago, the consensus data of
the Outcomes Working Group of the American
Society of Clinical Oncology (ASCO) distinguished
the outcomes of a treatment into patient outcomes
(survival and quality of life) and cancer outcomes
(response rate), and gave higher priority to patient
outcomes [69]. Although the guidelines of the
working group did not strictly concern palliative
care, they can be translated into the palliative care
dimension, as similar documents have never been
produced for palliative care. It follows that quality
of life should be identified as the main patient out-
come, and quality-of-life assessment should repre-

sent the primary end-point of a trial in palliative
care. However, although quality of life can surely
represent the main end-point whenever an
improvement in survival is not reasonably expect-
ed, the way by which quality of life should be
assessed in clinical research and in daily clinical
practice is not yet well defined [70, 71]. Some pre-
liminary differences are worthy of being defined:
– The activity of a treatment defines if the treat-

ment could act
– The efficacy of a treatment defines how much a

treatment should act
– The effectiveness of a treatment defines if the

treatment actually acts in clinical practice [72, 73].
On the one hand, activity, efficacy and effec-

tiveness are strictly related to each other; on the
other hand, they are very different from a method-
ological point of view:
– The activity of a treatment is defined by phase

II trials
– The efficacy of a treatment is defined by phase

III trials
– The effectiveness of a treatment is defined by

phase IV trials.
Moreover, the main outcomes and the surrogate

outcomes of a medical approach should be defined
in clinical research, and the relationship between
main and surrogate outcomes represents an open
question not yet fully answered [74–79]. Indeed,
there are no definitive data distinguishing main and
surrogate end-points in quality-of-life assessment,
and the relationship between symptom control and
quality of life in an outcome analysis is still unclear.
Symptom assessment surely represents the core of
the validated instruments for quality-of-life assess-
ment, but it cannot represent by itself a validated
instrument for quality-of-life assessment. It follows
that symptom assessment can be an index of activi-
ty of a treatment, or a surrogate end-point of quali-
ty of life, but quality of life must be considered
either the main outcome of a treatment in palliative
care, or the main index of efficacy of the treatment
[74]. If we assume that symptom assessment repre-
sents an index of activity, and quality of life an
index of efficacy of a treatment, we can re-analyse
the clinical trials investigating corticosteroids or
progestagens in cancer anorexia-cachexia, revisiting
the results from an outcome point of view.
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Clinical Evidence of Activity, Efficacy and
Safety of a Palliative Treatment with
Corticosteroids or Progestagens in Cancer
Anorexia-Cachexia Syndrome

Much biological evidence supports the activity of
corticosteroids and progestagens in the treatment
of cancer anorexia-cachexia through the inhibition
of the cytokine cascade, which concurs with the
clinical manifestations of the syndrome [42–44].
However, although the role of progestagens and cor-
ticosteroids as pathogenetic treatments of cancer
cachexia is well defined, it may be interesting to
review the clinical role of the two categories of
drugs using an ‘evidence-based’ approach, and
focusing on the outcomes of the two treatments.
The first step is the definition of the levels of evi-
dence and the grading of the recommendations, as
identified by the main groups of research in clinical
oncology [80, 81]. Table 1 shows the levels of evi-
dence and the grading of the recommendations
used by the Italian Association of Medical Oncology
(AIOM), the European Society of Medical Oncology
(ESMO) and ASCO. Although an evidence-based
approach can be applied only in part to the particu-
lar dimension of palliative care, there are few

doubts about the need for an evidence-based pallia-
tive medicine. Consequently, we shall review the
outcomes of the palliative treatment with corticos-
teroids or progestagens against cancer cachexia
from an evidence-based point of view [82, 83].

Activity, Efficacy and Safety of Corticosteroids in
Palliative Treatment of Cancer Cachexia

Although many data support the use of corticos-
teroids in palliative care, their use is only support-
ed in part by evidence-based rules [84]. The two
main reasons for this limit are:
– The use of corticosteroids goes back to a ‘pre-

evidence-based’ era in medicine, and, like some
other old approaches, it could be assigned to a
kind of ‘traditional knowledge’ in medicine

– The ‘experience-based’ evidence of their use in
clinical practice (methodologically the oppo-
site of the ‘evidence-based’ approach) is so high
that it would be hard for their use not to be
considered as the ‘standard procedure’ in ‘evi-
dence-based’ confirmatory randomised trials.
Many interesting randomised clinical trials

support the use of corticosteroids in the treatment
of cancer cachexia [85–89]. Although the pivotal
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Table 1. Levels of evidence and grading of recommendations

Grading of recommendations Level of evidence Type of evidence

A I Evidence is obtained from meta-analysis of multiple,
well-designed, controlled studies. Randomised trials 
with low false-positive and low false-negative errors 
(high power)

B II Evidence is obtained from at least one well-designed 
experimental study. Randomised trials with high false-
positive and/or negative errors (low power)

III Evidence is obtained from well-designed, quasi experi-
mental studies such as non-randomised, controlled 
single-group, pre-post, cohort, time or matched case-
control series

C IV Evidence is from well-designed, non-experimental 
studies such as comparative and correlational descrip-
tive and case studies

D V Evidence is from case reports and clinical examples



trial of Moertel et al. dates back to 1974 [85], and
other important trials were published in the 1980s
[86–89], some considerations can be made
approaching the results from an outcome point of
view. All trials showed that corticosteroids (dex-
amethasone or prednisolone, or methylpred-
nisolone) induce a temporary benefit against dif-
ferent cachexia-related symptoms, improving the
appetite, food intake, sensation of well-being, and
performance status. Conversely, no trial demon-
strated an improvement in body weight. Moreover,
the trials of Robustelli della Cuna and Popiela [88,
89] approached the dimension of quality-of-life
assessment during the treatment, and tried to go
beyond symptom assessment in the outcome
assessment in palliative care. Besides these inter-
esting results detailed in Table 2, there is much evi-
dence that corticosteroids can act against some
other symptoms, that are related to, but not consti-
tutive of, cancer cachexia, such as asthenia, or nau-
sea and vomiting [90–93]. It follows that corticos-
teroids are very useful in some different condi-
tions of clinical practice, when cachexia coexists
with other syndromes such as asthenia, nausea
and vomiting, or dyspnoea. Such a versatility of
corticosteroids is only partially known from a
pathophysiological point of view. As concerns can-
cer cachexia, corticosteroids may be supposed to
act by inhibit ing the immune response and
cytokine cascade, and acting on the central nerv-
ous system. However, other characteristics can
partially counterbalance the data of activity. The
above-mentioned trials and some others reported
that the activity against cachexia-related symp-
toms is limited to a few weeks, and the relevant
side-effects (peptic ulcer, cataract, opportunistic
infections, glucose intolerance, myopathy) can
often make it difficult to use corticosteroids in
clinical practice. It follows that corticosteroids can
surely be considered an active and probably effica-
cious approach against cancer cachexia, but short-
ness of action and side-effects suggest their use is
limited to patients with advanced disease and
expected short duration of survival [8, 94]. Finally,
type, dosage and route of administration remain
ill defined, and low dosages (less than 1 mg/kg of
prednisone equivalent) seem recommendable in
daily clinical practice [8].
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Activity, Efficacy and Safety of Progestagens in
Palliative Treatment of Cancer Cachexia

The use of progestagens in the palliative treatment
of cancer cachexia has been largely investigated in
the past few years, and to date they represent the
treatment of choice [1–6, 8, 9, 94]. However, despite
the large amount of data about activity, efficacy
and safety of medroxyprogesterone acetate or
megestrol acetate [95–111], and the supposed
down-regulation of the cytokine cascade as their
main mechanism of action [42–44], some consid-
erations can be made. Unlike what has been
observed about the clinical evidence of efficacy of
corticosteroids in cancer cachexia, many ran-
domised trials support the efficacy of progesta-
gens, and two meta-analyses have been published
in recent years, demonstrating their palliative role
[95, 96]. Nevertheless, two issues are to be high-
lighted in the evaluation of the evidence of efficacy
of progestagens in cancer cachexia:
– Evidence suggests that progestagens can down-

regulate the cytokine cascade, but there are no
data supporting the role of cytokine dosage as
a predictive factor of response

– There is much evidence that progestagens can
improve appetite and weight gain in patients
with cancer cachexia, but the evidence is not
enough to relate such an improvement to an
improvement of quality of life.
In our systematic review of the literature, we

selected 15 randomised clinical trials published
before June 1999. All trials assessed the effect of
progestagens on body weight, and all trials but two
evaluated appetite improvement as an end-point of
the treatment. Although weight gain or appetite
improvement were evaluated differently in the dif-
ferent trials (the differences consisted in the time
or the method of assessment), a significant role of
progestagens was observed in both (Table 3).
Quality of life was assessed in nine trials [97–105],
but a positive role of high doses of progestagens
was observed in just two [101, 102] (Table 4). We
tried to understand the reasons for the lack of cor-
relation between weight gain or appetite improve-
ment and quality of life, and identified three possi-
ble factors:
– Insufficient sensitivity of the instruments used

for quality-of-life assessment (the instruments

used in the trials were not validated for the ter-
minal phase of neoplastic disease)

– Duration of the treatment and follow-up too
short to evaluate the impact of the treatment
on overall quality of life

– Secondary relevance of cancer cachexia in the
status of terminal or pre-terminal patients.
Another issue can help in understanding the

reasons for such a discrepancy in the outcomes of
the palliative approach with progestagens to can-
cer cachexia. Quality of life is probably the main
end-point of a therapeutic approach in palliative
care. Moreover, it represents a multidimensional
aspect of the patient’s life, and health-related qual-
ity of life is what we usually try to assess in clinical
research [114]. Symptom improvement is one of
the main domains in the health-related improve-
ment in quality of life, but it does not represent the
quality of life by itself. Likewise, symptom assess-
ment plays an important role in quality-of-life
assessment, but it cannot be considered the quali-
ty-of-life assessment by itself. It follows that symp-
tom assessment can be considered an index of
activity of a treatment against a clinical syndrome,
while health-related quality of life is the main
index of efficacy. Likewise, symptom assessment
can be assumed as a surrogate outcome of quality
of life, that should be assessed within, but not
instead of, quality-of-life assessment [74]. In any
case, to date progestagens represent the treatment
of choice of cancer cachexia, and they can be con-
sidered one of the most active options, but the
dosage of the treatment still remains undefined. In
an interesting (even though questionable) trial,
Loprinzi et al. tried to investigate the problem of
the most active dosage of megestrol acetate in can-
cer cachexia, comparing four doses in 342 patients
[106]. The patients were randomised to receive
oral megestrol acetate at doses of 160, 480, 800 and
1280 mg/day and were evaluated monthly for
response. The tr ial demonstrated a posit ive
dose–response effect on appetite stimulation, but
no significant effect on weight gain (only a trend
in favour of high doses was shown), without any
difference in the occurrence of side-effects. In par-
ticular, an improvement was observed up to 800
mg/day, while no further improvement was
observed for higher doses. Despite these interest-
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Table 3. Randomised clinical trials of progestagens in cancer cachexia

Author Number of patients Arms Outcomes Level of evidence
(Table 1)

Bruera et al. [97] 84 MA 480 mg vs placebo Weight gain II
Improve appetite 

De Conno et al. [98] 42 MA 160 mg vs placebo Weight gain II
Improve appetite 

Simons et al. [99] 206 MPA 1000 mg vs placebo Weight gain I
Improve appetite 

Vedell et al. [100] 150 MA 160 mg vs MA 480 mg vs placebo Weight gain I
Improve appetite 

Beller et al. [101] 240 MA 160 mg vs MA 480mg vs placebo Weight gain I
Improve appetite

Improve quality of life 

Kornek et al. [102] 31 MPA 500 mg vs placebo Weight gain II
Improve appetite

Improve quality of life 

Rowland et al. [103] 243 MA 800 mg vs placebo Weight gain I

Tchekmedyian et al. [104] 89 MA 1600 mg vs placebo Weight gain II
Improve appetite 

Westman et al. [105] 255 MA 320 mg vs placebo Weight gain I
Improve appetite 

Feliu et al. [107] 150 MA 240 mg vs placebo Weight gain I
Improve appetite 

Schmoll et al. [108] 91 MA 480 mg vs MA 960 mg vs placebo Weight gain II
Improve appetite

Downer et al. [109] 60 MPA 300 mg vs placebo Weight gain II
Improve appetite 

Loprinzi et al. [110] 133 MA 800 mg vs placebo Weight gain I
Improve appetite 

Neri et al. [111] 279 MPA 1000 mg vs placebo Weight gain I

Bruera et al. [112] 40 MA 480 mg vs placebo Weight gain II
Improve appetite

Jatoi et al. [113] 469 MA 800 mg vs DBN 5 mg vs Weight gain I
MA 800 mg + DBN 5 mg Improve appetite

Improve quality of life 

MA, megestrol acetate; MPA, medroxyprogesterone acetate; DBN, dronabinol



ing and methodologically correct results, on the
basis of pharmacoeconomic considerations the
authors suggested starting with lower doses of
megestrol acetate, reserving higher doses to resist-
ant patients. Some consideration can be made in
this regard:
– There is a positive correlation between out-

come and dosage (at least up to 800 mg/day),
and this methodologically correct result could
be applied to clinical practice. Moreover, the
lack of a dose-related incidence of side-effects
reinforces the conclusions of the trial for a clin-
ical application

– The considerations of the authors regarding a
clinically non-significant (although statistically

significant) difference in the outcomes in the
four arms, though questionable, is reasonable.
It follows that it might be acceptable from a
clinical point of view to start with lower doses
of megestrol acetate (160 mg/day), reserving
higher doses for resistant patients

– The use of a cost-minimisation analysis (that
needs comparable outcomes to be applied
among the different hypotheses) is quite incor-
rect and unfit for this kind of application.
The trial of Loprinzi et al. correctly approaches

the problem of the proper dose of megestrol
acetate, and suggests a correct instrument to guide
clinicians in daily clinical practice. Conversely, the
final considerations may be considered correct
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Table 4. Randomised clinical trials with quality of life as end-point

Author Number Arms Quality-of-life Results
of patients assessment

Bruera et al. [97] 84 MA 480 mg Functional living No differences in quality-
vs placebo index – cancer of-life assessment

De Conno et al. [98] 42 MA 160 mg Therapy impact No differences in quality-
vs placebo questionnaire of-life assessment

Simons et al. [99] 206 MPA 1000 mg EORTC-QLQ-C30 No differences in quality-
vs placebo questionnaire of-life assessment

Vedell et al. [100] 150 MA 160 mg vs Seven linear analogue No differences in 
MA 480 mg vs placebo self-assessment scales quality-of-life assessment

Beller et al. [101] 240 MA 160 mg vs Six linear analogue Improvement in overall
MA 480 mg vs placebo self-assessment scales quality of life of

patients treated with MA

Kornek et al. [102] 31 MPA 500 mg Functional living Improvement in overall 
vs placebo index – cancer quality of life of patients 

treated with MPA

Rowland et al. [103] 243 MA 800 mg Visual analogue quality- No differences in quality-
vs placebo of-life scale of-life assessment

Tchekmedyian 89 MA 1600 mg 29-item, patient-rated No differences in quality-
et al. [104] vs placebo linear analogue scale of-life assessment

Westman et al. [105] 255 MA 320 mg vs placebo EORTC-QLQ-C30 No differences in quality-
of-life assessment

Jatoi et al. [113] 469 MA 800 mg vs DBN FACT-cachexia Improvement in quality-
5 mg vs MA 800 mg + DBN 5 mg of-life assessment 

for MA or MA + DBN

MA, megestrol acetate; MPA, medroxyprogesterone acetate; DBN, dronabinol



from a clinical and biological point of view, but
incorrect from a pharmacoeconomic point of view,
because of the improper use of a pharmacoeco-
nomic analysis in a setting that does not require
such considerations.

Finally, all data in the literature indicate that
high doses of progestagens are usually safe, and
serious side-effects are not frequent in clinical
practice [8, 9, 95–112]. Both medroxyprogesterone
acetate and megestrol acetate increase the risk of
thromboembolic events, peripheral oedema,
breakthrough bleeding, hyperglycaemia, hyperten-
sion and Cushing’s syndrome, but patients taking
high doses of progestagens have to stop the treat-
ment sporadically because of the occurrence of
serious side-effects [8].

Corticosteroids or High Doses of Progestagens: The Best
Choice in Clinical Practice?

In the previous paragraphs we have reviewed the
evidence supporting the use of corticosteroids or
progestagens in the treatment of cancer anorexia-
cachexia, supplying either the evidence of activity
and efficacy (if any), or the limits of their use in
clinical practice. The next step is the evidence-
based analysis of the reasons for selecting one
approach rather than another in clinical practice.
Most reviews suggest some assumptions that are
worthy of critical analysis:
– The effect of corticosteroids against cachexia-

related symptoms is generally fast but short,
usually limited to a few weeks. Moreover, the
serious side-effects frequently occurring in
chronic treatments limit their indication to
patients with advanced disease and short
expected survival [8, 9]

– The relative latency of action and the higher
activity and safety of progestagens in compari-
son with corticosteroids make them the treat-
ment of choice for patients with an expected
survival greater than 3–4 weeks. This assump-
tion is supported by either clinical or pharma-
coeconomic considerations, as corticosteroids
cost less than progestagens [8, 9, 94].
Loprinzi et al. analysed the different profile of

corticosteroids (dexamethasone), progestagens
(megestrol acetate) and anabolic corticosteroids

(fluoxymesterone) in a trial involving 496 patients
with cancer cachexia, randomly assigned to these
three treatment options [115]. The results are
interesting:
- Fluoxymesterone induced a significantly lower

appetite enhancement and did not have a
favourable toxic profile

- Megestrol acetate and dexamethasone induced
similar appetite enhancement and similar
changes in non-fluid weight status, with a non-
significant trend favouring megestrol acetate
for both parameters

- Dexamethasone had more corticosteroid-type
toxicity and a higher rate of drug discontinua-
tion than megestrol acetate, because of toxicity
and/or patient refusal

- Megestrol acetate had a higher rate of deep
venous thrombosis than dexamethasone.
To understand better when and why to choose

corticosteroids or progestagens in clinical prac-
tice, the data of Loprinzi merit integration with
those reported by De Conno et al. in a randomised,
placebo-controlled trial comparing the clinical
response of megestrol acetate and placebo in 42
patients evaluated at 7 and 14 days after beginning
the treatment [98]. Appetite improvement started
significantly earlier in patients treated with mege-
strol acetate than in those receiving placebo. It fol-
lows that both these trials may modify, at least in
part, the current clinical habit reported by qualita-
tive review literature:
– Both progestagens and corticosteroids can act

against cachexia-related symptoms in the early
and late phases of the disease

– The actual clinical advantage of progestagens is
the lower occurrence of serious side-effects
and the lower rate of discontinuation of the
treatment

– Although the cost of corticosteroids is lower
than that of progestagens, a correct analysis of
cost minimisation (assuming an equal effect
between dexamethasone and megestrol acetate,
as reported by Loprinzi et al. [115]), which
includes either the pharmaceutical costs or
those for the treatment of side-effects, seems to
favour progestagens as the treatment of choice
in cancer cachexia.
On the basis of these observations, progestagens

10.11 Progestagens and Corticosteroids in the Management of Cancer Cachexia 661



should be considered as first-choice treatment in
cancer cachexia, whereas the use of corticosteroids
should be limited to patients with short life
expectancy, because of their worse safety profile.

Conclusions

Cancer anorexia-cachexia syndrome represents a
relevant problem in the treatment of patients with
advanced neoplastic disease. In the past few years,
many authors have investigated the mechanisms
underlying the clinical manifestations of the syn-
drome and its relevance in terms of quality of life.
Much evidence supports the role of corticosteroids
and progestagens in the treatment of the syn-
drome, and there are guidelines that address the
choice in daily clinical practice. Nevertheless, some
dimensions remain undefined and merit further
investigations. A crucial, open question is the defi-
nit ion of the treatment in clinical practice.
Although the identification of primary and surro-
gate outcomes in palliative care is not limited to
cancer cachexia, it is important to observe that a
palliative treatment against cachexia, even though
able to improve cachexia-related symptoms, prob-
ably does not improve patient quality of life.
Likewise, our ‘evidence-based’ knowledge is often
based on surrogate end-points of clinical efficacy.
These limits do not allow us to state that corticos-
teroids or progestagens are effective therapeutic
options in the palliat ive approach to cancer

cachexia, although a lot of evidence supports a
high activity of both of them (and particularly of
progestagens). Many efforts must be made to
define better the outcomes of the palliative treat-
ments, and the recovery of quality of life as the
main outcome in palliative care, as well as the
inclusion of symptom improvement in a compre-
hensive quality-of-life assessment, will be the chal-
lenge of the next years. To date, corticosteroids,
and mostly progestagens, are the most active
options in the treatment of cancer cachexia, and
they have to be considered the standard options
for the next clinical trials. Two possible scenarios
may be suggested for the dimension of future clin-
ical trials:
– A ‘biological’ characterisation of the patients

based on the identification of predictive mark-
ers of response. The outcomes might be
improved by selecting the patients to be treated
on the basis of the predictive value of response
to a particular treatment

– A review of clinical outcomes in palliative care,
focusing on ‘health-related’ quality of life as
well as on symptom improvement, as a better
approach to patients and their relatives in the
latter stages of the patient’s life.
At present, clinical evidence of activity sup-

ports the use of progestagens as the standard
option in the treatment of cancer cachexia, and
starting from such an evidence base we should
continue to improve our knowledge on the out-
come research in cancer cachexia.
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Introduction 

Cyclo-oxygenase-2 (COX-2) is an enzy me
catalysing the synthesis of prostaglandins (PGs)
from arachidonic acid. Cells contain genes coding
for two isoforms of COX (COX-1 and COX-2).
COX-1 is expressed constitutively in most tissues
and appears to be responsible for the production
of PGs that mediate normal physiological func-
tions, such as maintenance of the integrity of the
gastric mucosa and regulation of renal blood flow.
In contrast, COX-2 is undetectable in most normal
tissues: it is induced by cytokines, growth factors,
oncogenes and tumour promoters, and it con-
tributes to the synthesis of PGs in inflamed and
neoplastic tissues [1]. COX-2 is induced in many
human tumours and is associated with aberrant
angiogenesis in a number of pathological settings,
especially those involving inflammation. It has
been well demonstrated that dysregulation of
COX-2 expression correlates with development of
gastrointestinal cancers. Several studies reported
that COX-2 expression is increased in human col-
orectal adenocarcinomas: it has been detected in
80–90% of colorectal adenocarcinomas and in
40–50% of premalignant adenomas [2]. Several
studies suggest that COX-2, by inducing PGE2 syn-
thesis, contributes to the development of certain
types of tumour [3, 4]. PGs appear to be impor-
tant in the pathogenesis of cancer because they
affect mitogenesis, cell adhesion, immune surveil-
lance and apoptosis [5–8]. Cancers such as cancer
of the head and neck, breast, lung and colon form
more PGs than the normal tissues from which
they arise [9–11].

COX-2 Selective Inhibitors (Celecoxib,
Rofecoxib and Valdecoxib)

Cyclo-oxygenase-2 is a bifunctional enzyme pos-
sessing both cyclo-oxygenase and peroxidase activ-
ities. Selective COX-2 inhibitors inhibit PG biosyn-
thesis (anti-COX-2 activity) but do not, or only par-
tially, affect the peroxidase activity of COX, which can
generate proximate carcinogens. In experimental
animals, selective inhibitors of COX-2 such as cele-
coxib reduce the formation of head and neck, col-
orectal, stomach, lung, breast and prostate tumours.
In addition to preventing tumorigenesis, selective
COX-2 inhibitors suppress the growth of established
tumours. A selective COX-2 inhibitor was also ob-
served to decrease the number and size of metas-
tases. In most studies, selective COX-2 inhibitors de-
crease the rate of tumour growth rather than cause
a reduction in tumour size [12–14].

Therefore, significant preclinical evidence
strongly supports the potential role for these
inhibitors in the treatment of cancer. Currently, the
COX-2 inhibitors are being studied in clinical tri-
als to confirm their role in the prevention of can-
cer, particularly colon cancer, and in combination
with chemotherapy and radiation therapy to prove
their effectiveness in cervical cancer, lung cancer
and brain tumours [15].

Notwithstanding their potential interest also in
the treatment of cancer cachexia, some questions
have arisen on the clinical use of these agents
because of their toxicity and particularly cardio-
vascular risks. For this reason, rofecoxib has been
withdrawn by the manufacturer. Another drug in
this class, valdecoxib, has shown an increased risk
for cardiovascular events in patients after heart
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surgery. As regards celecoxib, in December 2004
the National Cancer Institute stopped celecoxib
(Celebrex) administration in an ongoing clinical
trial investigating a new use of the drug to prevent
colon polyps because of an increased risk of car-
diovascular events in patients taking Celebrex ver-
sus those taking a placebo. Patients in the clinical
trial taking 400 mg of Celebrex twice daily had a
3.4 times greater risk of cardiovascualr events
compared to placebo. For patients in the trial tak-
ing 200 mg of Celebrex twice daily, the risk was 2.5
times greater. The average duration of treatment in
the trial was 33 months. A similar ongoing study
comparing Celebrex 400 mg once a day versus
placebo, in patients followed for a similar period
of t ime, has not shown increased risk.
Consequently, the Food and Drug Administration
(FDA) issued an alert on December 17, 2004
(http://www.fda.gov/bbs/topics/news/2004/NEW01
144.html). Based on the currently available data,
FDA has concluded in April 2005 that an increased
risk of serious adverse CV events appears to be a
class effect of non-steroidal anti-inflammatory
drugs (NSAIDs) (excluding aspirin). FDA has
requested that the package insert for all NSAIDs,
including Celebrex, be revised to include a boxed
warning to highlight the potential increased risk of
CV events and the well described risk of serious,
and potentially life-threatening, gastrointestinal
bleeding. FDA has also requested that the package
insert for all NSAIDs be revised to include a con-
traindication for use in patients immediately post-
operative from coronary artery bypass (CABG)
surgery. Consequently the inclusion of celecoxib in
clinical trials should be discouraged.

COX-2 Inhibitors in Cancer Cachexia

Experimental Evidence

Additionally, it has been suggested that the COX-2
inhibitors could have a potential role in counter-
acting cancer cachexia [16].

Indeed, there is increasing evidence that
eicosanoids such as PGs have a role in the develop-
ment of cachexia. Review of the literature showed a
study from as early as 1975 demonstrating that in-
domethacin (a non-steroidal anti-inflammatory,

NSAID) was able to inhibit levels of urinary PGE2

metabolites and this reduction correlated with re-
duced serum hypercalcaemia [17], a condition often
associated with cachexia. Prostaglandin release is a
component of the signalling cascade in skeletal mus-
cle protein turnover in vitro, which suggests these
agents may play a role in pathologies of muscle ca-
tabolism, and therefore wasting (for review see [18]).
Aside from direct effects on muscle biology, PGs can
also regulate the expression of proinflammatory cy-
tokines, such as interleukin-6 (IL-6) and tumour
necrosis factor-α (TNFα) [19]. NSAIDs have been
shown to block the protein catabolic effects of serum
from cachectic mice [20] and have been reported to
prevent muscle protein breakdown in some tumour-
bearing rats, with no observed increase in food intake
[21], although this observation does not seem to be
universally confirmed [22].

Selective COX-2 inhibitors such as celecoxib
have been demonstrated to have potent anti-
tumour (prevention) and growth inhibitory effects
in preclinical tumour models [23–28]. Davies et al.
[16] observed in numerous models that tumour-
bearing animals treated with COX-2 inhibitors
retained body weight and overall health compared
with vehicle-treated animals. This held true even
when treated tumours eventually exceeded the size
in which vehicle-treated animals had to be sacri-
ficed. The same authors have conducted specific
studies in two tumour models where cachexia is
apparent to explore the possible effects of COX-2
inhibition on tumour-induced wasting. It was
observed that acute treatment of severely cachectic
tumour-bearing animals with the COX-2 inhibitor
celecoxib maintained or reduced serum calcium
levels and produced a rapid and significant weight
gain (reversal of weight loss) compared with
tumour-matched vehicle-treated animals. In one
model, this also correlated with reduced circulat-
ing IL-6 observable as early as 24 h after initiation
of treatment. These data suggest that COX-2-
derived PGs can mediate cachexia and further sug-
gest a possible benefit for the use of celecoxib in
the treatment of tumour-induced wasting.

In an experimental model in mice, COX-2
inhibitors have been found to result in preserved
food intake and maintenance of body weight during
inflammation [29]. The COX-2 inhibitor meloxicam
was capable of directly antagonising the process of
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muscle catabolism in cancer cachexia of mice
induced by proteolysis-inducing factor [30].

Okamoto studied the effects of the COX-2
inhibitor Zaltoprofen on the cachectic symptoms
of the rodent ‘sickness behaviour’ model, which is
superimposable on cancer cachexia, and obtained
an improvement in the loss of body weight [31].

Clinical Evidence

As for human studies, short-term administration of
the NSAID ibuprofen reduced hypermetabolism and
acute-phase response in patients with colon cancer
and pancreatic cancer, suggesting an anti-cachectic
benefit via lowering energy expenditure [32–34].
Another study by Lundholm et al. found a survival
advantage from indomethacin treatment among late-
stage cancer patients, although cachexia was not
specifically addressed [35].A prospective study com-
paring megestrol acetate versus megestrol
acetate/ibuprofen was recently done in gastrointesti-
nal cancer patients [36]. Of those evaluable at 12
weeks (38%), there was a decrease in weight (medi-
an 2.8 kg) in the megestrol acetate/placebo group
compared with an increase (median 2.3 kg) in the
megestrol acetate/ibuprofen group. There was also an
improvement in the EuroQol-EQ-5D quality-of-life
scores of the latter group.

However, chronic use of traditional NSAIDs is
not widespread in cancer patients due to concerns
about inhibition of COX-1 activity and possible
adverse effects on mucosal (especially gastroin-
testinal) and haematological tissues, particularly
in the context of chemotherapy. The discovery of
the inducible form of COX-2 and subsequent
development of selective COX-2 inhibitors raises
the possibility of safely reducing tumour-mediated
PG levels, which may lead to control of some
aspects of cachexia.

In a retrospective case-control analysis per-
formed on a database of material collected consec-
utively, Lundholm et al. found that weight-losing
untreated cancer patients had elevated resting
energy expenditure compared to undernourished
non-cancer patients. This difference became sig-
nificantly reduced by long-term indomethacin
treatment. Heart rate was correspondingly
decreased, while systolic blood pressure increased

following indomethacin treatment of cancer
patients. Total body fat was more preserved, while
lean body mass was uninfluenced by long-term
indomethacin administration to cancer patients.
All these beneficial effects were parallel to a
decrease in systemic inflammation (C-reactive
protein, erythrocyte sedimentation rate) in cancer
patients on indomethacin. Systemic inflammation
and resting energy metabolism predicted weight
loss in progressive cancer. These data support the
concept that COX treatment may offer beneficial
metabolic effects to weight-losing cancer patients
by attenuation of rest ing metabolism and
improved appetite due to decreased systemic
inflammation [37].

A very recent study was reported by Cerchietti
et al. [38]. The aim of this study was to ameliorate
some of the cachectic symptoms in a homoge-
neous group of lung adenocarcinoma patients
using a multitargeted therapy. Fifteen patients
with evidence of cancer anorexia-cachexia syn-
drome (CACS) were studied. CACS was defined as
the presence of weight loss, anorexia, fatigue, per-
formance status ≥ 2 and acute-phase protein
response. Patients received medroxyprogesterone
acetate (MPA, 500 mg twice daily), celecoxib (200
mg twice daily), plus oral food supplementation
for 6 weeks. After treatment, 13 patients either had
stable weight (± 1%) or had gained weight. There
were significant differences in improvement of
body weight-change rate, nausea, early satiety,
fatigue, appetite and performance status. Patients
who had any kind of lung infection showed higher
levels of IL-10 compared to non-infected patients
(p = 0.039). The results suggest that patients with
advanced lung adenocarcinoma, treated with MPA,
celecoxib and dietary intervention, might have con-
siderable improvement in certain CACS symptoms.

Moreover, the results of animal studies have
demonstrated that, as well as decreasing the pro-
duction of cytokines, the consumption of n-3 fatty
acids can also reduce cancer-induced cachexia via a
mechanism suppressing arachidonic acid produc-
tion. The mechanism by which n-3 fatty acids act is
to suppress the production of arachidonic acid from
linoleic acid by competing more successfully than
linoleic acid for the activity of the ∆5 and ∆6 desat-
urases [39].
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Cancer Cachexia 

Cachexia is characterised by accelerated loss of
adipose tissue and skeletal muscle in the context
of a chronic inflammatory response [1–3]. It is a
common complication of advanced cancer [4].
About half of all cancer patients suffer from this
syndrome, which is among the most debilitating
and life-threatening complications [5]. The key
feature of this syndrome is weight loss, but other
symptoms, such as anorexia, fatigue, vomiting and
anaemia, and accelerated malnutrition with deple-
tion of whole-body lipid and protein stores are
frequently observed. Cancer cachexia contributes
to immobility, a propensity to infection, shortened
duration of survival, and overall decreased quality
of life [6].

Cachexia may be responsible for one third of
cancer deaths, independent of tumour burden or
metastases, and therefore is a critical factor to
consider when initiating treatment modalities for
this population [7]. Patients with cancer cachexia
often have specific problems that lead to a reduc-
tion in nutritional intake. However, nutritional
supplements alone cannot correct cachexia. In a
meta-analysis of published trials, patients under-
going total parenteral nutrition while receiving
chemotherapy showed decreased survival, a poor-
er tumour response, and significant increases in
infectious complications [8].

Earlier chapters in this book have presented
strong evidence in support of the hypothesis that
there is a causal relationship between the proin-
flammatory cytokine tumour necrosis factor-α
(TNF-α) and cancer cachexia. Proinflammatory
cytokines can become pathogenic when dysregu-
lated in malignant disease [9, 10].

In vitro tests, animal experiments and epi-
demiological studies have important roles in iden-

tifying associations between biological factors,
but they may not provide credible mechanistic
explanations; because of unknown effects of con-
founding factors, they may not establish causa-
tion. How should association data be interpreted
and reported, and how might they direct progress
in the management of cancer cachexia? The value
of association data derives from their roles in
helping to design prospective, controlled investi-
gations to test the strength of the associations and
the hypotheses underlying biological causation
[11]. The factors that confound the interpretation
of association studies can be elucidated via care-
fully designed, stringently conducted clinical tri-
als. We will improve our understanding of clinical
trial results as we increase knowledge of the cellu-
lar and molecular biology of cancer, cancer
cachexia, and the inter-related signalling pathways
that may be modulated by biological agents such
as monoclonal antibodies.

The definitive treatment of cancer cachexia is
removal of the causative tumour. When curative
resection is not possible, systemic medical inter-
ventions are indicated but none has been success-
ful. An optimal therapeutic agent would target the
agonistic pathways of both the causative tumour
and the consequent dysregulated metabolism of
the wasting syndrome. Orexigenic agents, corti-
costeroids, progestational and anabolic agents
have been investigated clinically, but, unfortunate-
ly, they provide only slight benefit, and upon com-
pletion of the studies, nutritional parameters
return to baseline.

There are four approved drug products for the
treatment of cachexia: oxandrolone, dronabinol,
megestrol acetate and grow th hormone.
Oxandrolone, an anabolic steroid, is used to pro-
mote weight gain and offset protein catabolism.
Dronabinol and megestrol acetate were approved
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initially for the anorexia associated with human
immunodeficiency virus (HIV)/acquired immun-
odeficiency syndrome (AIDS) and since have been
used to treat anorexia associated with cachexia.
Growth hormone has been shown to produce a
positive change in lean body mass in clinical tri-
als. However, these drug products have not been
studied intensively in cancer patients, and none
has been approved for cancer cachexia [12, 13].

Patients with pancreatic cancer have among
the highest incidence of weight loss of any group
of patients w ith cancer, w ith approximately
80–90% losing weight during the course of their
illness [14, 15]. In pancreatic cancer patients the
onset of cachexia usually is long before the
tumour is diagnosed. Erosion of skeletal muscle is
a major contributory factor in the poor prognosis
of these patients, often leading to hypostatic
pneumonia and respiratory failure. The depletion
of lean body mass limits their ability to tolerate
cytotoxic regimens, both in dose and duration
[16]. Arresting the syndrome of cachexia should
have great clinical impact in pancreas cancer [17].

TNF-a and Cancer Cachexia

The pathogenesis of cancer cachexia has not been
fully elucidated. However, numerous cytokines
produced by activated lymphocytes, monocytes,
macrophages and/or tumour cells, including TNF-
α, interleukin (IL)-1, IL-6 and interferon (IFN)-α,
have been implicated as mediators of the syn-
drome [18–21].

TNF-α was originally named ‘cachectin’ when
identified as a circulating mediator of wasting in
an animal model of chronic parasitic infection
[22, 23]. In subsequent studies it was found that
continuous infusions of TNF-α in rats resulted in
the development of anorexia, loss of body weight,
protein, lipid and cell mass, leading to death
[24–26]. Oliff et al. established an animal model
using a tumour cell line that continually produced
low concentrations of TNF-α. When this cell line
was transplanted into nude mice, 80% of the ani-
mals developed severe, progressive weight loss
and ultimately died with the pathological and his-
tological character ist ics of cancer-induced

cachexia [19].
Llovera et al. found that implantation of the

Lewis lung carcinoma in gene knockout mice defi-
cient in TNF-α demonstrated a different pattern
of wasting compared to tumour-implanted wild-
type mice [27]. In the knockout mice, protein
degradation occurred at a lower rate and the ubiq-
uitin-proteasome system was activated to a lesser
degree. These observations suggest that TNF-α
mediates the excessive wasting of lean tissue in
cancer. In another study, Llovera et al. found that
TNF-α led to a doubling of expression of ubiqui-
tin genes in skeletal muscle [26]. This finding sup-
ports the critical role of the ubiquitin-proteasome
system in the destruction of most skeletal muscle
proteins in a variety of wasting conditions [1].

Through a series of in vitro and in vivo experi-
ments in mice, Guttridge et al. found that TNF-α
interferes with the muscle repair process by sup-
pressing MyoD expression. This suppression is
mediated by the activation of the transcription
factor NF-κB [28]. MyoD is essential for skeletal
muscle differentiation and for repair of damaged
tissue, and it may be particularly important for
the replenishing of wasted muscle [29].

Serum TNF-α levels are not always detectable
in cancer patients with cachexia and their correla-
tion with weight loss has not been demonstrated
consistently. The inability to detect circulating
cytokines is attributed to their low rate of produc-
tion, their short half-life and rapid clearance from
plasma, or their localised paracrine production
[30]. However, it has been reported that TNF-α is
intermittently or discontinuously detectable in
patients with gastrointestinal cancer and that its
levels correlate with the severity of weight loss
[31]. The serum level of TNF-α was significantly
higher in patients with advanced-stage cancer
than in healthy individuals [32]. A significant
inverse correlat ion was show n between the
detectability of serum TNF-α levels and serum
albumin levels, haemoglobin levels, body mass
index, and performance status in 110 patients
with prostate cancer [33]. In this study, patients
with elevated serum TNF-α levels had a signifi-
cantly shorter median time of survival than did
patients in whom serum TNF-α was undetectable.

Falconer et al. demonstrated that the sponta-
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neous production of TNF-α by isolated peripheral
blood mononuclear cells (PBMCs) was signifi-
cantly greater in pancreatic cancer patients even
though circulating TNF could not be detected in
the same patients [34]. A study in patients with
pancreatic cancer showed that more patients with
metastatic disease had detectable serum levels of
TNF-α compared to those with non-metastatic
disease. Patients with detectable serum TNF-α
levels had significantly lower body weight and
body mass index, lower haematocrit and haemo-
globin values, and lower serum total protein and
albumin levels compared to those with unde-
tectable TNF-α levels [35].

Over the past 20 years, following its initial dis-
covery, a growing body of evidence has identified
TNF-α as a key mediator in the pathogenesis of
cachexia syndrome. Thus, it is a rational hypothe-
sis that blocking the effects of TNF-α may delay
or stop the progression of cancer cachexia.

Anti-TNF-a Treatment of Cancer Cachexia

Several studies have demonstrated the role of
anti-TNF-α treatment in animal models of
cachexia. Sherry et al. studied the effect of anti-
TNF-α immunoglobulin treatment in C57B1/6
mice bearing a methylcholanthrene-induced sar-
coma that produced TNF-α . The anti-TNF-α
treatment resulted in a significant reduction of
weight loss, protein loss and fat loss. It was con-
cluded that neutralising endogenous TNF-α pro-
duction with antibodies offers the potential to
reduce tissue wasting associated with neoplastic
disease [36].

An animal study testing the ability of TNF-α
antibody blockade to ameliorate cachexia in nude
mice bearing xenografted human melanoma
A375S2 tumours was performed by Centocor Inc.
[37]. The murine antibody A2 (mA2), an anti-
human TNF-α antibody (murine version of inflix-
imab) and chimeric V1q (cV1q), an anti-mouse
TNF-α antibody, were used to treat tumour-bear-
ing animals. The combination of anti-human
TNF-α (mA2) and anti-mouse TNF-α (cV1q) sig-
nificantly inhibited weight loss in human
melanoma tumour-bearing animals compared to

control antibody-treated animals. These findings
indicate that TNF-α participates in weight loss in
human melanoma tumour-bearing animals and
that antibody blockade of TNF-α activity attenu-
ates tumour-induced cachexia in this model.

Siegel et al. (1995) evaluated the ability of the
anti-TNF-α monoclonal antibody infliximab to
neutralise the in vitro and in vivo biological
effects of TNF-α . It was found that repeated
administration of infliximab to transgenic mice
that constitutively express human TNF-α achieved
significant weight gain and prevented subsequent
mortality compared with the control group [38].

Torelli et al. (1999) examined food intake and
body weight among tumour-bearing rodents
treated with a dimeric, pegylated 55-kDa TNF-α
inhibitor. Tumour-bearing rodents received either
active agent or vehicle alone. Mice that received
the TNF-α inhibitor consumed more calories ad
libitum over a 1-week period than those receiving
only vehicle. The mice that received the TNF-α
inhibitor had an increase in body weight [39].

Anti-TNF-α treatment has shown therapeutic
effect in the treatment of cachexia associated with
Trypanosoma cruzi infection [40], AIDS and/or
tuberculosis [2, 41].

A pilot  study of ant i-TNF-α therapy in
patients with myelofibrosis with myeloid meta-
plasia reported that etanercept, a soluble TNF-α
receptor fusion protein that blocks TNF activity,
can palliate constitutional symptoms such as
drenching night sweats, profound fatigue, and
unintentional weight loss. Improvements were
seen in seven of seven patients with unintention-
al weight loss, and 10 of 20 patients with fatigue
[42].

A prospective clinical study in rheumatoid
arthritis (RA) showed evidence that anti-TNF-α
therapy was associated with weight gain in 40 of
46 patients (87.5%). Thirty of these patients
received intravenous infliximab (3 mg/kg) at
weeks 0, 2, 6, and then every 8 weeks, and 16
patients received subcutaneous etanercept 25 mg
twice weekly. Mean follow-up t ime was 10.7
months. The mean initial weight was 70.1 kg and
the mean final weight was 73.3 kg, corresponding
to a mean weight gain of 3.2 kg [43].
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Anti-TNF-a Therapy and Malignancy

There are many fascinating paradoxes in biology;
one is that the cytokine protein TNF-α can pro-
mote cancer progression when produced endoge-
nously and chronically at physiological levels with-
in the tumour microenviroment, but can be cyto-
toxic to cancer cells when delivered in pharmaco-
logical doses in controlled settings, such as isolat-
ed limb perfusion [44, 45]. Thus, there can be con-
cern that anti-TNF-α therapy could promote
growth of existing cancer by blockade of a protein
that possibly could be inducing tumour necrosis.
There is evidence to counter this concern.
Progressing tumours have evaded immune control
for years and the inflammatory response to
tumour-induced tissue injury, ineffectual in elimi-
nating the neoplasia, may have become converted,
as it were, to serve as a source of paracrine growth
factors for malignant cells. The role of TNF-α as a
tumour promoter has been reported [9, 46–48].
TNF-α was implicated in tumour growth in a
murine model by the observation that TNF-α
knockout mice are highly resistant to the induced
generation of skin tumours. The presence of func-
tional TNF-α has no effect on DNA mutation rates
or tumour initiation, but instead profoundly influ-
ences tumour promotion. TPA was shown to
induce TNF-α in skin keratinocytes of wild-type
mice. The production of activating protein-1 (AP-1)
transcription pathway-induced gene products such
as granulocyte-macrophage colony-stimulating 
factor (GM-CSF), matrix metalloproteinase (MMP)-
3 and MMP-9 is important for the tumour-promot-
ing effect. Anti-tumour effects were observed fol-
lowing pharmacological intervention with a neu-
tralising anti-mouse TNF-α antibody.

A number of studies have indicated that
cytokines such as TNF-α may contribute to the
pathogenesis of both solid and haematological
malignancies and paraneoplastic complications [9,
49–51]. TNF-α can function as a growth factor for
hairy cell leukaemia cells and multiple myeloma
cells, or as a progression factor for B cell
leukaemia [52–55]. Anti-TNF-α antibody treat-
ment has been shown to lower tumour burden in
hairy cell leukaemia [56]. Preclinical studies of
pancreatic carcinogenesis indicated that supra-

physiological levels of TNF-α have cy totoxic
effects on tumour cells, but at physiological levels,
TNF-α can stimulate pancreatic cancer cell growth
via growth factor and growth factor receptor
upregulation [57].

Anti-TNF-α therapy with infliximab in humans
does not alter the number or function of cells
potentially involved in tumour surveillance,
including T cells, NK cells, B cells, monocytes and
macrophages [58–60]. The action of infliximab is
specific to TNF-α; infliximab does not cross-react
with lymphotoxin-α (TNF-β), thus avoiding any
potential tumorigenic complications from inhibit-
ing lymphotoxin-α [61].

Potential Risks of Anti-TNF-a Therapy 

Infliximab is a chimeric (human–murine) IgG1κ
monoclonal antibody with an approximate molec-
ular weight of 149100 daltons, in the pharmacolog-
ical class of selective immunosuppressive agents. It
is composed of human-constant and murine-vari-
able regions and binds specifically to human TNF-
α with an association constant of 10-10 M (Fig. 1).
Infliximab has a well-documented safety profile
throughout clinical development and in post-mar-
keting safety surveillance for the approved indica-
tions of Crohn’s disease and RA [62–65].

However, the potential impact of immunosup-
pressive, anti-TNF-α treatment on the develop-
ment of infections, autoimmunity, underlying can-
cer, and any new malignancy must be monitored
closely in any proposed study. The biological basis
of concern pertaining to immunosuppression war-
rants heightened vigilance and consideration of
the benefit-to-risk ratio when prescribing anti-
TNF therapies.

Because of the adaptive, protective purpose of
inflammation, pharmacological inhibition of this
proinflammatory cytokine could have adverse
effects in the host, unrelated to the target disease
of the anti-TNF-α therapy. The risk of reactivation
of latent tuberculosis is addressed in the prescrib-
ing information for infliximab [66]. Pre-emptive
systemic antifungal therapy is recommended for
patients receiving infliximab for treatment of
graft-versus-host disease [67]. Smith and Skelton
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reported cases of squamous cell carcinoma (SCC)
that became evident and grew rapidly during an
initial period of etanercept therapy for RA [68].
The tumours may have been present, but occult
and controlled, prior to disruption of immunologi-
cal control. Etanercept could disable innate anti-
tumour surveillance by blockade of both lympho-
toxin α, and the direct cytotoxic effects of TNF-α
and/or by inhibition of the TH1 cytokine pattern
and impairment of cytotoxic T cells. All cases of
SCC were in chronically UV-damaged, actinic skin
predisposed to tumorigenesis by long-term, low-
level production of TNF-α. No new SCCs devel-
oped in patients who continued treatment for more
than 1 year, suggesting prolonged anti-TNF-α
therapy could be preventive of cutaneous malig-
nancies.

Pharmacovigilance data on etanercept, inflix-
imab and adalimumab were reviewed by the FDA
in 2003, with a focus on lymphoproliferative dis-
ease in patients treated with these anti-TNF-α

agents, relative to the rate expected in populations
with immune-mediated diseases [69]. The poten-
tial role of TNF-α-blocking therapy in the long-
term development of malignancies is not known. A
prospective study of 18 572 RA patients treated
with anti-TNF-α therapy plus methotrexate
reported an increased standard incidence ratio
(SIR) compared to patients not receiving
methotrexate or biologics, but confidence intervals
overlapped for all treatments [70]. Patients with
highly active disease and/or chronic exposure to
immunosuppressant therapies may have several-
fold higher risk for development of lymphoma,
thus caution should be exercised when considering
use of anti-TNF-α agents in patients with a history
of malignancy or who develop malignancy during
treatment.

The FDA reported on the risks of histoplasmo-
sis [71], lymphoma [72], and/or listeriosis [73].
The Mayo clinic reviewed the safety of infliximab
in 500 Crohn’s patients treated with infliximab
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[74]. The biological basis of concern warrants
heightened vigilance and consideration of the 
benefit-to-risk ratio when prescribing anti-TNF
therapies.

The role of TNF-α in cisplatin-mediated renal
injury was demonstrated in a mouse model.
Treatment of animals with TNF-α synthesis
inhibitors or anti-TNF-α antibodies prevented
kidney damage in the model [75].

TNF-α appears to play a complex role in side-
effects of radiotherapy as well and anti-TNF-α
treatments may be useful in their management
[76, 77]. TNF-α is also a known activator of osteo-
clasts [78] and mediator of neuropathic pain [79].
An intriguing pair of clinical cases in which etan-
ercept was used to treat refractory metastatic bone
pain suggest that anti-TNF-α agents may be useful
to control cancer pain [80]. The potential value of
anti-TNF-α agents in these debilitating conditions
presents broad opportunities to improve cancer
care.

Objectives for a Clinical Trial

There is concordance of opinion amongst physi-
cians, clinical scientists and regulatory health
authorities on the value of multicentre, ran-
domised, controlled clinical trials, with adequate
statistical power and preferably double-blinded, to
determine the true effects of an intervention with
therapeutic intent. To evaluate treatment of a com-
plex syndrome such as cachexia, rather than a dis-
tinct or singular abnormality, those design fea-
tures may be considered requisite. Restrictive pro-
tocol eligibility criteria and stratification on prog-
nostic factors must be used to limit the impact of
various co-morbidities, concomitant medications,
patient histories and physicians’ treatment pat-
terns and skills. Patients with eating disorders,
infections, maldigestion, malabsorption or diar-
rhoea, adrenal or thyroid diseases should be
excluded. Efforts to limit disparities among the
patients may reduce confounding variables but
also will limit the validity of generalisations about
the results from the ‘sample’ studied to the wider
population with cancer cachexia. End-points
should be assessed frequently so that time-to-

event estimates may be as precise as possible.
In some situations, prospective, controlled tri-

als could be unethical because some patients
would need to be al located to study groups
hypothesised to be less beneficial than other
groups. Early-phase clinical studies that precede
evidence of clinical efficacy must be based upon
strong evidence from animal and laboratory stud-
ies that demonstrate the predicted effects with
acceptable toxicity. By adding the experimental
treatment or placebo to the standard treatment for
the disease, all randomised patients can receive
ethical and appropriate medical care while the
potential added benefit of the investigational
treatment can be evaluated objectively. The poten-
tial adverse effects and/or interactions of the com-
bined therapies must be assessed.

Treatment of cancer cachexia with the anti-
TNF-α monoclonal antibody infliximab is being
investigated in a multicenter, randomised, double-
blind, and placebo-controlled study. The therapeu-
tic goals of anti-TNF-α treatment in patients with
cancer cachexia are to inhibit the systemic inflam-
matory response and catabolic processes, with
intent to improve patients’ physical functioning,
nutritional health and overall quality of life.
Thereby, ultimately and most importantly, survival
may be prolonged, and with such quality as to be
worth prolonging.

Cancer cachexia involves systemic manifesta-
tions and multiorgan, multisystem pathological
consequences of TNF-α produced by the tumour
and by activated immune cells throughout the
patient. This implies widely distributed and/or
high levels of TNF-α in metabolically (catabolical-
ly) active tissues, and intra/peri-tumoral. The
doses and schedule of infliximab will define the
pharmacokinetic profile in a metabolically dysreg-
ulated population of patients with cancer cachexia.
The pharmacokinetic, pharmacodynamic and clin-
ical results may suggest an effective dose and
schedule of anti-TNF therapy.

Adult patients with previously untreated, surgi-
cally unresectable, locally advanced or metastatic
adenocarcinoma of the pancreas, who have experi-
enced involuntary weight loss of ≥ 10% compared
to their stable weight before illness, or loss of 5%
body weight within 90 days, are being treated.
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Weight loss should be documented, if possible, not
only self-reported. The overall goals are to evaluate
the safety and efficacy for treating cachexia when
infliximab is administered concomitantly with
standard gemcitabine chemotherapy, and to pro-
vide a basis for the selection of a functional (or
performance) end-point, representative of clinical
benefit in the context of a debilitating syndrome of
wasting.

The primary objective of the study is to evalu-
ate the effects of treatment on a critical hallmark
of cachexia, the patients’ loss of lean body mass.
Lean body mass is a biologically rational end-
point and logical target measure for the efficacy
assessment of anti-TNF-α therapy. Loss of meta-
bolically active lean tissue, including skeletal/res-
piratory muscle, is associated with worsened per-
formance status, a higher incidence of infections
and toxicities due to chemotherapy, progressive
impairment of function, dependence on care-
givers, and markedly decreased survival time.
Clinical evidence of preservation of lean body
mass in these cancer patients would provide proof
of the concept that blocking the actions of TNF-α
systemically with infliximab can inhibit the prote-
olytic pathways of cachexia.

Major secondary objectives of the study are to
evaluate the safety of infliximab in a concomitant
regimen with gemcitabine, time to tumour pro-
gression, survival, quality of life and tumour
response. Additionally, this study will evaluate the
feasibility and value of a basic physical perform-
ance end-point, the 6-minute walk test (American
Thoracic Society guideline) [81], as a measure of
clinical benefit.

The potential impact on the underlying cancer
of combining anti-TNF-α antibody with
chemotherapy is not known. Could the anti-
tumour activity of the chemotherapy be impaired
by interference with its mechanism of action or by
alteration of its metabolism and pharmacokinet-
ics? If possible, reliable and appropriate animal
models should be used in experiments to test for
interactions. Researchers must understand the bio-
chemical pathways of the anti-tumour chemother-
apy and any plausible biological rationale for
interference by the anti-cytokine immunotherapy.
Thus, in this study the time to tumour progression

is monitored closely as both a measure of efficacy
and of safety. An independent, unblinded, safety
monitoring committee oversees the study and reg-
ularly reviews safety data. The committee consists
of two medical oncologists, a bioethicist and a
statistician. Should there be unexpected evidence
of accelerated progression of cancer, or exacerba-
tion of complications in patients treated with gem-
citabine plus infliximab, compared to patients
treated with gemcitabine plus placebo, the active
combination regimen could be considered unsafe.
Conversely, evidence of longer median time to
tumour progression in the patients treated with
the active combination would support the hypoth-
esis that blocking the effector functions of endoge-
nous TNF-α with antibody may inhibit the tumour
growth.

Until completion of the study and analyses of
all the results, the primary and major secondary
end-points are considered of equal importance.
Evaluated together, they should provide decisive
knowledge of the biological effects and clinical
benefit of infliximab added to standard chemother-
apy in pancreas cancer patients (Fig. 2, 3).
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Fig. 2. Inter-related outcomes or endpoints that contribute
to overall assessment of benefit to a cancer patient



Assessing the Overall Benefit to the Patient

The impact of a monoclonal antibody blocking
and neutralising TNF-α on the symptoms and
physical functioning of cancer patients with
cachexia is not known. An approach exploring the
convergence of clinical and patient-reported out-
comes can be used to clarify the clinical benefit of
an anti-TNF-α therapy [82–84].

Biological cancer therapies are particularly
appropriate for the tr iangulation approach
because their side-effect profiles are markedly less
adverse than cytotoxic chemotherapies. Therefore,
assessments of symptoms and functioning are less
influenced by treatment toxicities. The lower toxic-
ity profile of biologics offers advantages to regula-
tory authorities as well as healthcare providers [83,
85]. The association of upregulated cytokines, par-
ticularly TNF-α, with cancer symptom develop-
ment is reliable [86–88]. The results of studies of

anti-TNF-α, as monotherapy or in combination
with other anti-cancer agents, should be integrated
tightly to clarify the biological mechanism of
action, assess overall treatment effects by both
objective and subjective measures, explore end-
points important to regulatory agencies and
providers of care [85, 89–91] and define clinically
meaningful differences in measures of patient-
reported outcomes.

Genomic and proteomic signatures someday
soon may allow individualisation of anti-cancer
therapy with accurate, pre-treatment identification
of patients who will respond to targeted therapies.
Until that time, the success of a clinical trial will
continue to depend on the following factors: careful
selection of the scientific question to be answered, a
restricted focus on that question, the validity of the
trial end-points, the clinical relevance and practi-
cality of the trial design and the rigour with which
the investigators adhere to the protocol.
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FAACT = Nutritional Health Questionnaire

FACIT-F = Fatigue Questionnaire

BPI = Brief Pain Inventory

SF-36 = Medical Outcomes Study Questionnaire

Direct Clinical Measure

Indirect Clinical Measure

PRO Measure

Fig. 3. Multiple methods and instruments used to assess clinical benefit. PRO, patients reported outcomes
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Introduction

Cancer-related anorexia-cachexia syndrome
(CACS) is a complex syndrome characterised by
progressive weight loss with depletion of host
reserves of skeletal muscle and, to a lesser extent,
adipose tissue, anorexia, reduced food intake, poor
performance status and quality of life that often
precedes death [1]. At the time of diagnosis, 80%
of patients with upper gastrointestinal cancers and
60% with lung cancer have already experienced
substantial weight loss [2]. The prevalence of
cachexia increases from 50 to > 80% before death
and in > 20% cachexia is the main cause of death
[2]. CACS results from the interaction of the host
and the tumour. However, its nature is incomplete-
ly understood [3–6], including the dynamics of
host response (activation of systemic inflammato-
ry response, metabolic, immune and neuroen-
docrine changes) and those tumour characteristics
or tumour-derived products that influence expres-
sion of the syndrome (e.g. proteolysis-inducing
factor, PIF). The relative importance of individual
mediators and pathways in different patients or
tumour types is unclear, as is the reason why indi-
viduals with apparently similar tumours should
show considerable variation in their tendency to
develop cachexia.

CACS is the net result of profound metabolic
changes characterised by breakdown of skeletal
muscle and abnormalities in protein, fat and car-
bohydrate metabolism, alongside changes in ener-
gy metabolism. Circulating factors produced by
the tumour, or by the host immune system in
response to the tumour, such as cytokines released
by lymphocytes and/or monocytes/macrophages,
tumour-derived PIF and lipid-mobilising factor

(LMF) play a crucial role among the causal factors.
Moreover, a chronic systemic inflammatory state
induced by a low-grade tumour-sustained activa-
tion of the host immune system with the produc-
tion of eicosanoids and acute-phase reactants
takes place during CACS and in turn contributes to
its progression and worsening.

Among proinflammatory cy tokines, those
mainly involved include interleukin (IL)-1, IL-6,
tumour necrosis factor (TNF)-α, interferon (IFN)-
α and IFN-γ [7–11]. They may act with a central
role in long-term inhibition of feeding by mimick-
ing the hypothalamic effect of excessive negative
feedback signalling from leptin.

Several mechanisms may lead to oxidative
stress (OS) in cancer patients. The first, altered
energy metabolism, may account for symptoms
such as anorexia/cachexia, nausea and vomiting
that prevent a normal nutrition and thereby a nor-
mal supply of nutrients such as glucose, proteins
and vitamins, leading eventually to accumulation
of free radicals that are known as reactive oxygen
species (ROS), such as hydroxyl radicals, superox-
ide radicals, and others.

The second mechanism is a non-specific chron-
ic activation of the immune system with an exces-
sive production of proinflammatory cytokines,
which in turn may increase the ROS production
[12]. Indeed, a chronic inflammatory condition
associated with increased OS has been suggested
as one of the triggering mechanisms behind the
tumour-induced immune suppression [13].
Recently, several studies have reported that the
chronic inflammation that occurs in patients with
advanced cancer may be attributable to OS, which
can adversely affect the immune functions. Indeed,
free oxygen radicals produced by macrophages
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were able to inhibit non-specific and tumour-spe-
cific cytotoxicity and down-regulate signal mole-
cules [14–17]. Therapeutic interventions aimed at
protecting the immune system in cancer patients
from OS-induced cell damage may enhance their
immune competence.

A third mechanism may be the result of the use
of antineoplastic drugs: many of them, particular-
ly alkylating agents and cisplatin, are able to pro-
duce an excess of ROS and therefore lead to OS
[18]. Several studies have shown that chemothera-
py and radiation therapy are associated with
increased formation of ROS and depletion of criti-
cal plasma and tissue antioxidants [19].

Thus, the hypothesis may arise that the body
redox systems, which include antioxidant enzymes
and low molecular weight antioxidants, may be
dysregulated in cancer patients and that this imbal-
ance might enhance disease progression. Regarding
the mechanisms linking OS and cachexia in cancer,
the following evidence has been provided: (a) in a
murine model of muscle wasting and cachexia,
TNF-α has been shown to induce OS and nitric
oxide synthase; moreover, TNF-α-induced cachexia
could be prevented with the antioxidants D-α-toco-
pherol or the nitric oxide synthase inhibitor nitro-
L-arginine [20]; (b) an enhanced protein degrada-
tion is seen in skeletal muscle of cachectic mice
given TNF-α, which seems to be mediated by OS:
there is some evidence that this may be a direct
effect and is associated with an increase in total
cellular ubiquitin-conjugated muscle proteins [21];
(c) a high rate of glycolytic activity and lactate pro-
duction is commonly seen in the skeletal muscle
tissue in practically all catabolic conditions, includ-
ing cancer [22–25].

CACS/OS has been dealt with comprehensively
in a number of our previous papers and the fol-
lowing evidence has been provided: (1) a clinically
significant OS takes place in advanced cancer
patients, as shown by increased levels of ROS and
decreased levels of glutathione peroxidase (GPx)
[26, 27]; (2) CACS is very frequent in advanced dis-
ease and it is associated with high levels of proin-
flammatory cytokines [12, 28, 29]; (3) both CACS
and OS alone and in combination are highly pre-
dictive of clinical outcome and survival [29]; (4)
the antioxidant agents α-lipoic acid (ALA), carbo-

cysteine lisine salt and vitamins A, C and E admin-
istered to cancer patients alone or in combination
were able to reduce ROS levels and increase GPx
activity, while reducing serum levels of proinflam-
matory cytokines, i.e. they were effective on OS
[27]; (5) ALA and N-acetyl cysteine (NAC) were able
to correct in vitro the most significant functional
defects of peripheral blood mononuclear cells isolat-
ed from advanced-stage cancer patients, i.e. the
defective response to anti-CD3 mAb and the defec-
tive membrane expression of CD25 and CD95 [30].

Many single therapies against CACS and OS
have been tested in isolation and have met with
limited or no success. It seems likely that a combi-
nation of therapies, addressed to the different
pathophysiological targets, will be required to
fight the cachectic process.

Aim of the Study

The aim of the present study was to test the effica-
cy and safety of an integrated treatment based on
a pharmaco-nutritional support, antioxidants and
drugs, all administered orally, in a population of
advanced cancer patients with CACS/OS. The effi-
cacy was assessed in terms of clinical response,
improvement of nutritional/functional variables,
changes in laboratory variables (indicators of
CACS/OS) and improvement of quality of life
(QL). The interim results of the study have already
been published [31] and the final results will be
published in May 2006 [32].

Patients and Methods

Study Design

An open non-randomised phase II study was
designed according to the Simon two-stage design
for P1 – P0 = 0.20: considering P0 (i.e. non-effective
treatment) as a total response of ≤ 40% of patients
and P1 (i.e. effective treatment) as a total response
of at least 60% of patients, the treatment should be
considered effective if at least 21 out of 39 patients
are ‘responders’. The study was approved by the
Ethical Committee of the Policlinico Universitario,
University of Cagliari, and written informed con-
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sent was obtained by all patients prior to inclusion
in the study.

Patient Eligibility 

Inclusion criteria were as follows: 18–80 years; his-
tologically confirmed tumour of any site at
advanced stage, especially cancers inducing early
cachexia (head and neck and gastrointestinal can-
cers); loss of at least 5% of their ideal (or pre-ill-
ness) body weight in the last 3 months (early ‘clini-
cal’ or overt cachexia); and/or with abnormal val-
ues of proinflammatory cy tokines, ROS, and
antioxidant enzymes predictive of the onset of
clinical cachexia; any antineoplastic therapy with
curative or palliative intent (chemotherapy or hor-
mone therapy) or supportive care; life expectancy
of > 4 months.

Exclusion criteria were: pregnancy; significant
comorbidities; mechanical obstruction to feeding;
medical treatments inducing significant changes
of patient metabolism or body weight.

Treatment Plan 

The integrated treatment consisted of the follow-
ing:
– Diet with high polyphenol content (300

mg/day) obtained by alimentary sources or
supplemented per os by tablets (one tablet
Quercetix, Elbea Pharma, Milan, Italy)

– Antioxidant treatment: ΑLA (Tiobec, Laborest,
Nerviano, Milan, Italy) 300 mg/day per os plus
carbocysteine lysine salt (Fluifort, Dompè,
Milan, Italy) 2.7 g/day per os plus vitamin E
(Sursum 400, Abiogen Pharma, Pisa, Italy) 400
mg/day per os plus vitamin A 30 000 IU/day per
os plus vitamin C 500 mg/day per os

– Pharmaco-nutritional support per os (ProSure,
Abbott Laboratories, North Chicago, IL, USA)
enriched with n-3 fatty acids (eicosapentaenoic
acid [EPA] 1.1 g and docosahexaenoic acid 0.46
g, 310 kcal per can): two cans/day

– Progestagen: medroxyprogesterone acetate
(MPA; Provera, Pfizer, Milan, Italy) 500 mg/day
per os

– Selective cyclo-oxygenase (COX)-2 inhibitor
Celecoxib (Celebrex, Pfizer) 200 mg/day per os.

The polyphenols have been included for their
high activity as antioxidants [33]: among them, the
quercetin is the most effective. The objective of the
oral pharmaco-nutritional supplement is to inte-
grate the energetic/proteic intake with the supple-
mentation of n-3 fatty acids, which are able to
inhibit cytokine production (TNF-α). Treatment
with MPA has been proven to inhibit the cytokine
production and to act positively on patient cen-
estesis [34]. The selected antioxidant treatment
has been shown to be effective in reducing blood
levels of ROS and increasing blood levels of physi-
ological antioxidant enzymes in a series of our
previous articles [26, 27, 30]. The COX-2 selective
inhibitor Celecoxib has been chosen for its ability,
shown both in experimental and clinical studies, to
inhibit cancer-related inflammatory mediators
(prostaglandin E2), angiogenesis, and therefore
cancer progression: clinical data in the treatment
of CACS have been published recently [35].

The treatment duration was 4 months: this was
considered adequate both to exploit its effects and
to meet patient compliance.

Study End-Points

The end-points of the study were efficacy and safe-
ty. The following were efficacy variables: (a) clini-
cal, (b) nutritional/functional, (c) laboratory and
(d) QL.

The following changes of variables after treat-
ment compared to before were considered signifi-
cant for response to treatment:
(a) Clinical variables. Objective clinical response

(RECIST): an improvement or at least disease
stability starting at minimum from stable dis-
ease [36]. Performance status (PS) according to
ECOG scale [37]: an improvement of 1 unit.

(b) Nutritional/functional variables. Body weight:
an increase of at least 5%. Lean body mass
(LBM) by bioimpedentiometry: an increase of
at least 10%. Appetite evaluated by visual ana-
logue scale ranging from 0 to 10: an increase of
at least 2 units. Resting energy expenditure
(REE: kcal/day) by indirect calorimetry (calcu-
lated only in a subset of patients): a decrease of
at least 10%. Grip strength by dynamometer:
an increase of at least 30%.
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(c) Laboratory variables. Serum levels of proin-
flammatory cytokines (IL-6 and TNF-α): a
decrease of at least 25%. Serum levels of leptin:
an increase of at least 100%. Blood levels of
ROS by FORT test: a decrease of at least 80–100
FORT units. Evaluation by photometer of the
erythrocyte levels of the antioxidant enzyme
GPx: an increase of at least 2000 units (or 50%).

(d) Evaluation of QL by the following question-
naires: European Organization for Research
and Treatment of Cancer (EORTC) QLQ-C30
version 3: an increase of at least 25% of the
score. Euro QL EQ-5D: an increase of at least
25% of the scores of both EQ-5Dindex and EQ-
5DVAS. Multidimensional Fatigue Symptom
Inventory-Short Form (MFSI-SF) [38]: a
decrease of at least 25% of the score.
Timing of evaluation of above variables. The

clinical, nutritional/functional, laboratory and QL
variables were evaluated before treatment and at 1,
2 and 4 months.

Criteria for Considering Patients as ‘Responders’, ‘High
Responders’ or ‘Non-responders’

The patients were considered as ‘high responders’
if the following changes occurred after treatment:
– Improvement of clinical response plus

improvement of PS, or improvement of clinical
response plus stability of PS, or stability of
clinical response plus improvement of PS

– Improvement of at least three nutritional/func-
tional variables with stability of the other vari-
ables

– Improvement of three or more laboratory vari-
ables (including at least proinflammatory
cytokines and ROS) independently from the
changes of the other variables

– Improvement of the scores of (at least) two or
more QL questionnaires and no worsening of
the others.

The patients were considered as ‘responders’ if the
following changes occurred after treatment:

– No change or even slight worsening of the clin-
ical response, which, however, does not reach
progressing disease (PD) plus no change of PS
< 2 or improvement of PS ≥ 2

– Improvement of at least three nutritional/func-

tional variables plus stability of one and wors-
ening of one, or improvement of at least three
plus stability of the other two, or improvement
of at least two plus stability of the other three

– Improvement of at least two laboratory vari-
ables (including at least proinflammatory
cytokines and ROS) independently from the
changes of the other variables

– Improvement of the scores of at least one QL
questionnaire with no change of the others or
worsening of no more than one.
All patients who did not meet the above crite-

ria were considered ‘non-responders’.

Methods

Evaluation of LBM by Bioimpedentiometry

The impedance measurements were conducted
with a bioelectric impedance analyser series 101
(using the standard four-electrode arrangement at
800 mA and 50 kHz). Body composition data
analysed by the bioelectric impedance analyser are
derived from correlations of resistance (R) and
reactance (Xc). During the bioelectric impedance
analyser measurement, the subjects lay supine
with arms and legs angled outward so that the
medial surface of the limbs did not touch the rest
of the body. For conventional whole-body meas-
urement, the electrodes are placed between the
hand and the foot of the dominant side.

REE by Indirect Calorimetry

The REE includes the basal energy expenditure
plus the energy required for eating, minimal phys-
ical activity, and thermogenic effect of food. We
used a Deltatrac metabolic monitor (Datex
Ohmeda, Helsinki, Finland) that evaluates oxygen
consumption and carbon dioxide production by
applying the Harris-Benedict formulas.

Assessment of Serum Levels of Proinflammatory Cytokines
and Leptin

Proinflammatory cytokines (IL-6 and TNF-α)
were evaluated by ELISA assay using monoclonal
antibodies for two different epitopes of the
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cytokine molecules. The absorbance of the sample
was analysed by a spectrophotometer at 450 nm.
Serum leptin levels were determined with an
ELISA assay using a monoclonal antibody specific
for human leptin. The absorbance was measured
by a spectrophotometer at 450 ± 10 nm. More
details about the techniques are reported in our
previous studies [28, 29].

Blood levels of ROS were determined using the
FORT test: the radical species produced by the reac-
tion, which are directly proportional to the quantity
of lipid peroxides present in the sample, interact
with an additive (phenylenediamine derivative),
which forms a radical molecule evaluable by spec-
trophotometer at 505 nm (Form CR 2000, Callegari,
Parma, Italy). Results are expressed as FORT units,
where 1 FORT unit corresponds to 0.26 mg/l of
H2O2 [39]. Erythrocyte levels of GPx were measured
by photometer using a commercially available kit
(Ransod, Randox Lab, Crumlin, UK).

Statistical Analysis

The benefit obtained by treated patients was evalu-
ated using the paired Student’s t test or Wilcoxon
ranks test when appropriate (baseline vs post-
treatment values).

Correlations between changes of LBM and clin-
ical (PS), nutritional/functional (appetite, grip
stength), laboratory variables (IL-6, TNF-α, leptin,
ROS and GPx) and QL questionnaires were tested
using two-sided Spearman’s ranks correlation
analysis, using Bonferroni’s correction for multiple
tests. Moreover, the same correlations were made
between changes of fatigue and changes of the
above-cited variables. Significant relationships
would have been examined by multivariate linear
regression analysis. Significance was determined
at 5%, 1% and 0.1% levels, two-sided.

Results

Patients

From July 2002 to January 2005, 39 patients com-
pleted the treatment and all were evaluable. Patient
clinical characteristics are listed in Table 1.

Study End-Points 

Efficacy

Clinical variables. Objective response was evalu-
ated in all 39 patients: after treatment 16 patients
improved (six patients changed from PD to stable
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Table 1. Patient clinical characteristics

No. %

Patients enrolled 39

Male/female 23/16
Age
       Mean  ±  SD:         58.9 ± 9.1
       Range:                           42–78

Weight
       Mean  ±  SD:      55.8 ± 10.5
       Range:                          36–76
BMI
       Mean  ±  SD:        21.8 ± 4.4
       Range:                    14.4–32.1

       BMI < 18.5
       BMI 18.5–25
       BMI 25–30

9
25
 5

23.1
64.1
12.8

Weight loss before study entry
       > 10%
      5–10%
       < 5%

5
9
3

12.8
23.1
7.7

Tumour site
      Head and neck
      Lung
      Ovary
      Breast
      Stomach
      Pancreas
      Liver
      Kidney
      Uterine sarcoma

17
 8
 3
3
2
2
2
1
1

43.6
20.5
7.7
7.7
5.1
5.1
5.1
2.6
2.6

Stage
    IIIA
    IV

1
38

2.6
97.4

ECOG PS
       0
       1
       2

2
27
10

  5.1
69.2
25.7

BMI, body mass index; ECOG PS, Eastern Cooperative
Oncology Group Performance Status



disease [SD] and ten patients changed from PD to
part ial response [PR] or complete response
[CR]), seven patients remained unchanged (SD)
and 16 patients worsened to PD. PS remained
unchanged (0 or 1) in 22 patients, PS remained 2
in four patients, whereas it improved (from 2 to
1) in seven patients and worsened in six patients.
PS was assessed by the same clinician for all
patients at all times to minimise reporters’ inher-
ent bias.

Nutritional/functional variables. The results are
reported in Table 2 and Fig. 1. The body weight
increased significantly from baseline as well as the
LBM and appetite, while the grip strength did not
show significant changes. A decrease of REE at the
end of treatment was found in two of five patients
studied.

Laboratory variables. The results are reported
in Table 2 and Figs 2 and 3. Proinflammatory
cytokines IL-6 and TNF-α decreased significantly,
while leptin increased significantly. ROS and GPx
showed a trend toward a decrease and increase,
respectively, but the changes were not significant.

Quality of life variables. The QL variables are
reported in Table 3. Overall QL, and in particular
EORTC-QLQ-C30 as well as EQ-5DVAS and fatigue,
improved after treatment.

Correlations between changes of LBM and clini-
cal (PS), nutritional/functional (appetite, grip
strength), laboratory (IL-6, TNF-a, leptin, ROS and
GPx) and QL variables. A significant negative rela-
tionship was found only between LBM and IL-6
changes (Table 4). Therefore, multivariate regres-
sion analysis was not performed.

Correlations between changes of fatigue and
clinical (PS), nutritional/functional (appetite, grip
strength) and laboratory (IL-6, TNF-a, leptin, ROS
and GPx) variables. No significant relationship was
found (Table 5).

Safety

Overall, the treatment was quite well tolerated by
patients. No patient complained of serious adverse
events nor was withdrawn from the study due to
toxicity. One patient interrupted MPA after 2
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Table 2. Nutritional/functional and laboratory variables evaluated after 1, 2, and 4 months of treatment on 39 patients

Variable Baseline After 1 month p
value

After 2 months p
value

After 4 months p
value

Body weight (kg) 55.1 ± 10 56.5 ± 10.5 0.001 56.4 ± 9.7 0.036 57 ± 9.8 0.031

LBM (kg) 38 ± 9 38.9 ± 9 0.059 39.4 ± 8.9 0.045 39.7 ± 8.7 0.024

Grip strength (kg) 28.0 ± 10.4 27.8 ± 9.5 0.879 27.9 ± 9.3 0.673 28.1 ± 9.5 0.827

Appetite 5.5 ± 2.5 6.6 ± 2.2 0.005 6.8 ± 1.9 0.001 7.0 ± 1.6 0.004

IL-6 (pg/ml) 12.5 ± 9.9 8.8 ± 8.7 0.002 7.5 ± 8.6 0.003 7.4 ± 8.5 0.007

TNFa  (pg/ml) 22.2 ± 16.6 19.5 ± 16 0.204 15.8 ± 13 0.020 14 ± 11.7 0.015

Leptin (ng/ml) 5.9 ± 6.1 8.9 ± 10.6 0.008 10.2 ± 13.3 0.031 13.6 ± 13.3  <
0.001

ROS (FORT U) 468.5 ± 97.2 436.6 ± 92.5 0.033 437.7 ± 89.6 0.087 444.1 ± 93.6 0.162

GPx (U/l)             8206.6 ± 2322.3       8339.3 ± 2411.8       0.726      8295.9 ± 2314.1      0.848         8849.2 ± 2629         0.211

Data are reported as mean ± standard deviation. Significance was considered for p < 0.05, as calculated with Student’s t
test for paired data (post-treatment values vs baseline values). Significance for IL-6, TNF-α and leptin was calculated
using Wilcoxon ranks test. LBM, lean body mass; IL-6, interleukin-6; TNF-α, tumour necrosis factor-α; ROS, reactive oxy-
gen species; GPx, glutathione peroxidase
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Fig. 1. Body weight and LBM values after
1, 2 and 4 months of treatment com-
pared to baseline. The body weight and
LBM are shown in kilograms (kg). * p ≤
0.01; ** p < 0.05, as calculated by
Student’s t-test for paired data (post-
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Fig. 2. Serum levels of TNF-α (pg/ml),
IL-6 (pg/ml) and leptin (ng/ml) after 1,
2 and 4 months of treatment compared
to baseline. * p ≤ 0.01; ** p < 0.05, as
calculated by Wilcoxon ranks test
(post-treatment data versus baseline)
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Fig. 3. Blood levels of GPx and ROS after
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baseline)
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Table 3. Quality of life variables assessed after 1, 2 and 4 months of treatment in 39 patients

Questionnaire Baseline After 1 p value After 2 p value After 4 p value
month month month 

EORTC QLQ-C30 65.9 ± 16.3 72.4 ± 15.6 0.008 71.8 ± 14.6 0.020 70.9 ± 14.6 0.044

EQ-5Dindex 0.50 ± 0.4 0.58 ± 0.4 0.175 0.56 ± 0.4 0.340 0.59 ± 0.4 0.114

EQ-5Dvas 49.4 ± 21.4 58.9 ± 22.7 0.016 58.6 ± 20.6 0.015 58.7 ± 19.4 0.009

MFSI-SF 20.1 ± 22.1 14.4 ± 20.3 0.125 11.8 ± 17.2 0.022 10.8 ± 14.4 0.004

The global QL score for each questionnaire is reported as mean  ± SD. For EORTC QLQ-C30, EQ5Dindex and EQ-5Dvas
the increasing score corresponds to improvement of quality of life, while for MSFI-SF the decrease of QL score corre-
sponds to amelioration of fatigue. Significance was considered at p < 0.05, as calculated with Student’s t test for paired
data (post-treatment values vs baseline). EORTC QLQ-C30, European Organization for Research and Treatment of Cancer
QLQ-C30; EQ-5D, Euro QL-5D, MFSI-SF Multidimensional Fatigue Symptom Inventory-Short Form

Table 4. Correlation between LBM changes and changes of
clinical (ECOG PS), nutritional/functional (appetite, grip
strength), laboratory (IL-6, TNF-α, leptin, ROS, GPx) and
quality of life variables

Spearman’s r p  value

Clinical variables  

ECOG PS -0.09 0.568  

Nutritional/functional variables    

Appetite 0.08 0.664  

Grip strength 0.01 0.949  

Laboratory variables    

IL-6  -0.40 0.013  

TNF-α -0.17 0.321  

Leptin  0.26 0.121  

ROS  0.11 0.529  

GPx  0.05 0.747  

QL questionnaires    

EORTC QLQ-C30 0.17 0.303

EQ-5Dindex 0.02 0.913

EQ-5Dvas 0.28 0.097

MFSI-SF 0.21 0.271

The results show a significant correlation between LBM
changes and IL-6 levels. In contrast, the changes of other
variables did not show a significant correlation with LBM
changes. Correlation analysis was performed by
Spearman rank correlation test. Results were considered
significant at p < 0.05. ECOG PS, Eastern Cooperative
Oncology Group Performance Status; IL-6, interleukin-6;
TNF-α, tumour necrosis factor-α; ROS, reactive oxygen
species; GPx, glutathione peroxidase; EORTC QLQ-C30,
European Organization for Research and Treatment of
Cancer QLQ-C30; EQ-5D, Euro QL-5D; MFSI-SF,
Multidimensional Fatigue Symptom Inventory-Short
Form

Table 5. Correlation between MFSI-SF score changes and
changes of clinical (ECOG PS), nutritional/functional
(LBM, appetite, grip strength) and laboratory (IL-6, TNF-
α, leptin, ROS, GPx) variables

Spearman’s r p value

Clinical variables

ECOG PS 0.10 0.582

Nutritional/functional variables

LBM 0.21 0.271

Appetite -0.16 0.410

Grip strength -0.22 0.276

Laboratory variables

IL-6 -0.21 0.275

TNF-α 0.23 0.221

Leptin -0.10 0.622

ROS 0.31 0.103

GPx -0.07 0.728

Correlation analysis was performed by Spearman rank
correlation test. Results were considered significant at p <
0.05. ECOG PS, Eastern Cooperative Oncology Group
Performance Status; LBM, lean body mass; IL-6, interleu-
kin-6; TNF-α, tumour necrosis factor-α; ROS, reactive
oxygen species; GPx, glutathione peroxidase



months because of deep-vein thrombosis in the
leg. So far, the treatment has been demonstrated to
be safe without significant side-effects and
achieved an optimal compliance by patients as
assessed by count of both tablets/cans returned.

Assessment of ‘Responders’ and ‘Non-responders’

At the end of the study, 22 out of 39 patients were
responders (17 ‘responders’ and five ‘high respon-
ders’), while the minimum required was 21 out of
39: therefore the treatment was effective. It should
be taken into account that, as already reported in
Sect. ‘Patients and Methods’, the response criteria
were arbitrary, although they were carefully built
up by us.

In our study we have used two different types
of statistical evaluation: the first assessed the treat-
ment efficacy comparing the mean ± standard
deviation values of the different variables before
and after treatment and the second in terms of
patient ‘responders’ and ‘non-responders’.

The second evaluation was used for the final
assessment of the treatment efficacy in accordance
with the Simon two-stage phase II design selected
for this study.

Discussion

Cancer-related anorexia-cachexia and oxidative
stress are two of the most important features of
advanced cancer and are both predictive of a poor
patient clinical outcome, i.e. survival. Moreover,
the resulting malnutrition and the loss of LBM
worsen the quality of life mainly by negatively
affecting the patient’s physical activity and also
impair recovery by decreasing tolerance to therapy
and increasing complications. Thus far, attempts at
correcting CACS with enteral nutrition with naso-
gastric tube or percutaneous gastrostomy, or total
parenteral nutrition, have generally been disap-
pointing [40–44]. Likewise, attempts at drug thera-
py for CACS with a variety of agents have had lim-
ited success: consequently, we have tried to select
an innovative approach that was at the same time
based on a solid background and feasible in an
outpatient setting. In the present phase II study, we

used multiple feasible and potentially effective
tools available against CACS/OS to test their effica-
cy: if positive results are obtained, we will proceed
with a randomised phase III study.

The present study demonstrates that the treat-
ment administered was effective in inducing a sig-
nificant increase not only of total body weight but
rather LBM: indeed, the body weight increase (1.9
kg) was almost completely sustained by a parallel
increase of LBM (1.7 kg). This should translate
into a parallel improvement in functioning, as sug-
gested by our preliminary unpublished results
obtained by physical activity assessment with
appropriate equipment, and therefore QL.

The decrease of IL-6 after treatment was the
only variable significantly correlated with LBM.
This finding further strengthens the role of proin-
flammatory cytokines in the pathophysiology of
CACS/OS. The increase of leptin after treatment
confirms its inverse association with proinflam-
matory cytokines, which has been already report-
ed in several of our previous papers [28, 29].

The QL improved significantly after treatment:
this was particularly relevant for fatigue. However,
it it worth noting that there was no correlation
between changes of fatigue and changes of any of
the other variables studied.

Two points are to be considered on the sample
patients included: (1) the tumour site was relative-
ly heterogeneous, so preventing the likelihood of
numerous dropouts inherent to rapidly progres-
sive tumours with very poor prognosis, such as
pancreatic cancer ; (2) more than half of the
patients were in the range of normal body weight
(BMI < 25), i.e. were not overtly cachectic, though
almost half of them had a significant loss of body
weight as compared to pre-illness body weight.

We shall now try to explain how the different
components of our treatment may have acted on
the different targets involved. The first compo-
nents were several antioxidant agents selected on
the basis of our and others’ previous experimental
and clinical evidence of activity, administered
both through alimentary sources and/or supple-
mentation. The second component was a pharma-
co-nutritional support or ‘nutraceutical’ enriched
with n-3 fatty acids, which appear to be able to
reduce levels of proinflammatory cytokines [45],
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modulate PIF-mediated ubiquitin-proteasome
proteolysis, possibly via the transcription factor
NF-kappaB [46–48] and influence hepatic ‘acute-
phase’ protein synthesis [49]. There is also some
evidence to suggest they may have anti-tumour
activity themselves [50, 51] and down-regulate the
toxicity of chemotherapy [52, 53]. Studies on
cachectic pancreatic cancer patients have suggest-
ed that, when given at doses 20–40 times the nor-
mal western dietary intake, n-3 fatty acids are well
tolerated [54] and can stabilise patients’ body
weight [55]. On the basis that a successful cachexia
therapy has to address both metabolic changes
and reduced food intake, the combination of a
conventional oral nutritional supplement with n-3
fatty acids and antioxidants was developed. The
recommended daily intake of two cans provides
620 kcal, 32 g protein and 2.2 g EPA. This combina-
tion supplement has recently been tested in two
large-scale randomised studies. In the first overall
randomised trial, LBM did not change significant-
ly [56] in a patient population in which compli-
ance with the experimental supplement averaged
1.4 cans/day, while in a substudy the administra-
tion of the supplement enriched with EPA was
associated with an increase in physical activity,
which may reflect improved quality of life [57].
Increased activity is particularly beneficial in
cachectic patients, as inactivity is a risk factor for
muscle atrophy [58]. The second study compared
the same supplement with megestrol acetate or a
combination of the two: however, the combination
was not better than megestrol acetate alone [59].
Thus, while there is much in vitro and animal
experimental evidence to support the use of n-3
fatty acids, the case for benefit from their supple-
mentation has not yet been proven definitively. The
major obstacle is oral delivery of an adequate dose:
in addition, the optimum macro-micronutrient 
supplement mix to accompany n-3 fatty acids
remains to be established.

It is worth noting that in our study, 66.6% of
patients consumed two cans/day and the mean
consumption was 1.5 cans/day: the probable rea-
sons why LBM increased significantly in our study
compared with results obtained by Fearon [56]
where it did not, were the better compliance of our
patients to pharmaco-nutritional supplement and

the longer duration of treatment (4 months vs 8
weeks).

The third component of our treatment was the
synthetic progestagen MPA, which is currently the
only approved agent in Europe as well as the most
widely used against CACS: it has been shown to be
successful to a certain extent in reversing body
weight loss, although this occurs as a result of an
increase in fat mass and water retention rather
than the preservation of LBM [60, 61]. The reason
to have included MPA in our treatment approach
was, apart from the above-cited indications, its
ability, which was demonstrated for the first time
in one of our experimental studies, to down-regu-
late the production and/or release of proinflam-
matory cytokines as well as serotonin, both heavily
involved with CACS [34]. However, in administer-
ing MPA, the increased risk of thromboembolic
events, peripheral oedema, breakthrough bleeding,
hyperglycaemia and hypertension must be taken
into account, which therefore entails a careful
patient selection. The dosage of MPA we have used
(500 mg/day) is in the mean range of the currently
recommended dosages and in our hands it has
been shown to be safe: indeed, only one patient
had to discontinue MPA due to leg deep-vein
thrombosis.

The rationale for including COX-2 inhibitors is
reported in Sect. ‘Patients and Methods’.
Notwithstanding their potential interest also in the
treatment of cancer cachexia, some questions have
arisen recently on the clinical use of these agents
because of their toxicity and particularly cardio-
vascular risks. It is to be noted that at the dosage
(200 mg/day) and for the time duration (4 months)
used in our study, the treatment is to be consid-
ered completely safe (http://www.fda.gov/bbs/top-
ics/news/2004/NEW01144.html). In a recent study
by Cerchietti et al. [35], 15 patients with evidence
of CACS received MPA 500 mg twice daily, celecox-
ib 200 mg twice daily plus oral food supplementa-
tion for 6 weeks: an increase of body weight was
observed as well as an improvement in fatigue,
appetite and performance status.

Among the potentially useful agents not used
in this study, anti-TNF-α monoclonal antibody is
now under approval in the USA for the treatment
of CACS: a multicentre randomised clinical trial to
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test its effectiveness in cachectic pancreatic cancer
patients has recently completed patient accrual.

The methodological issues to be considered
aside from the combined approach used in the
present study include the best way to assess the
degree of CACS, its appropriate characterisation
by measuring all possible contributing factors (a
‘CACS staging system’) and the best ways to assess
caloric intake, nutrition status, patient functioning
and well-being. Considering that both CACS and
OS are clinically relevant in terms of their impact
on both patient QL and survival, the search for a
potentially effective treatment on both these end-
points must be considered critical among the not
yet available oncological treatments with a high
impact.

It is also to be taken into account that the treat-
ment tested is simple, easy to administer, based
mainly on alimentary sources, relatively low-cost
pharmaco-nutritional support and low-cost drugs:
therefore, it  may be considered as having a
favourable cost-benefit profile while achieving an
optimal patient compliance.

The results of the present study are very
encouraging, although they should be considered
with some caution taking into account that this is
an uncontrolled study.

Based on the results reported above, a phase III
randomised study was started in February 2005 as
a multicentre trial involving 10–12 Italian oncolo-
gy departments, with the aim of testing the safety
and efficacy of an integrated approach of CACS/OS
to improve both objective clinical symptoms such
as LBM and subjective symptoms such as func-
tioning and QL. The study has been approved by
the Ethical Committee of the Policlinico
Universitario, University of Cagliari, Italy and each
patient has to sign an informed consent before
study entry.

The patient eligibility criteria are the same as
those of the phase II study: patients 18–80 years
old, with histologically confirmed advanced-stage
tumour of any site, especially cancers inducing
early cachexia (head and neck and gastrointestinal
cancers) who have lost at least 5% of their ideal (or
pre-illness) body weight in the last 3 months (early
‘clinical’ or overt cachexia), and/or with abnormal
values of proinflammatory cytokines, ROS and

antioxidant enzymes, predictive of the onset of
clinical cachexia, treated either with antineoplastic
therapy (chemotherapy or hormone therapy) or
supportive care or off-treatment, with a life
expectancy of more than 4 months.

Exclusion criteria are the following: severe
uncontrolled comorbidities, mechanical obstruc-
tion to feeding, concomitant medical treatments
that induce a significant change of body weight
and metabolism (such as corticosteroid treat-
ment), diabetes, female patients of childbearing
age, positive history of thromboembolic events.

Eligible patients are to be randomised to the
following five arms of treatment. Polyphenols (300
mg/day) + antioxidant agents, including ALA 400
mg/day per os + carboxycysteine 2.7 g/day per os
(or mesna 1800 mg/day per os) + vitamin E 400
mg/day per os + vitamin A 30 000 IU and vitamin
C 500 mg/day per os, are administered to all
patients. The following are added to each arm:

Arm 1: Medroxyprogesterone acetate 500
mg/day per os;

Arm 2: Pharmaco-nutritional support contain-
ing EPA and docosahexaenoic acid (DHA), high-
calorie, high-protein content, two cans/day;

Arm 3: L-Carnitine 4 g/day;
Arm 4: Thalidomide 200 mg/day;
Arm 5: Medroxyprogesterone acetate + phar-

maco-nutritional support + L-Carnitine + thalido-
mide.

The treatment duration is 16 weeks.
The aim of the phase III study is to evaluate the

efficacy of each arm of treatment for the following
key variables:
– Clinical: Objective clinical response, PS by

ECOG/Karnofsky, progression-free survival
– Nutritional/functional: LBM, grip strength by

dinamometer, a detailed evaluation of daily
activity and the corresponding energy expen-
diture assessed by a physical activity meter

– Laboratory: Proinflammatory cytokines IL-6,
TNF-α and leptin

– Quality of life: EORTC QLQ-C30, EQ5Dindex and
EQ5Dvas; fatigue by MFSI-SF.

The key variables have to be evaluated before
treatment and at 4, 8, 16 and 24 weeks.

Hypothesising a difference between arms of
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20%, considering an alpha-type error of 0.05 and a
beta-type error of 0.20, 95 patients will be enrolled
for each arm. The comparison between arms for
the key end-point parameters will be made using
the ANOVA test or the Kruskall-Wallis test for
non-parametric variables. Survival (overall sur-
vival and progression-free survival) will be evalu-
ated starting from the date of enrollment in the
study using the Kaplan-Meier method. Moreover,
the benefit obtained by the patients enrolled in
each arm following the treatment will be evaluated
using the paired Student’s t test or Wilcoxon
signed rank test when appropriate (pre-treatment
vs post-treatment values). Significance will be

determined at 5%, 1%  and 0.1% levels (e.g. chi-
square test, two-sided).

The study is ongoing and up to May 2006 82
patients have been enrolled. The end of accrual is
scheduled for the beginning of 2007.

We are confident that this study will be suc-
cessful in improving both objective clinical symp-
toms such as LBM and subjective symptoms such
as functioning and QL.

The ultimate goal should be that of translating
the results obtained in advanced cancer patients
into a prevention trial in a population of individu-
als at risk of developing CACS/OS.
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SECTION 11
TREATMENT OF CACHEXIA IN THE ELDERLY



Treatment of Weight Loss and Cachexia in the
Elderly

Numerous studies have shown that weight loss is
associated with an increase in mortality [1–4].
Treating weight loss in the elderly can ameliorate
many medical conditions. For example, rehabilita-
tion time following post-hip fractures has been
shown to decrease with nutritional supplementa-
tion [5]. In hospitalised geriatric patients, nutri-
tional supplementation resulted in improvement in
serum protein, nutritional status, and decreased
mortality [6]. In a subset of geriatric inpatients, low
serum albumin with weight loss predicts those
patients at highest risk for dying during the subse-
quent 2 years [7]. Riquelme and Torres et al. [8]
carried out a multivariate analysis of risk and prog-
nostic factors in community-acquired pneumonia
in the elderly and found that age by itself was not a
significant factor related to prognosis. Among the
significant risk factors, only nutritional status is
amenable to medical intervention. In the cachectic
elderly, medical, cognitive, and psychiatric disor-
ders may diminish self-sufficiency in activities of
daily living (ADL), thus reducing the quality of life
and increasing the frequency of secondary proce-
dures, hospitalisations, and need for skilled care [2,
9]. The understanding of the pathophysiology of
geriatric cachexia has increased and has resulted in
effective and safe nutritional measures.

Physiological Causes of Weight Loss in the
Elderly

The regulation of food intake changes with age
and involve mechanisms that are complex and
multifactorial, making the treatment of weight loss
more challenging. Weight loss and poor food

intake in the elderly may be due to the following
[10, 11] (Tables 1, 2):
1. Changes associated with normal aging

(reduced basal hunger, decreased gastric emp-
tying time, failure to adjust food intake after
periods of overfeeding or underfeeding)

2. Endocrine disturbances (hyperthyroidism,
hyperparathyroidism, hypoadrenalism)

3. Medications (theophylline, lithium, digoxin,
chemotherapy agents for cancer treatment,
antibiotics, and many other medications that
distort normal smell and taste perception)

4. Dementia and related behavioural disturbances
5. Psychiatric problems (depression, anorexia

nervosa, alcoholism, late-life paranoia)
6. Gastric, intestinal, and related problems (swal-

lowing disorders, missing dentures, pain, mal-
absorption, diarrhoea, constipation)

7. Systemic-disease-related dysphagia (strokes,
Parkinson’s disease, achalasia, scleroderma)

8. Dysgeusia (age-related decline in taste and
smell)

9. Chronic diseases (chronic obstructive pul-
monary disease, congestive heart failure,
rheumatoid arthritis, HIV, cancers)

10. Dysfunction (inability to feed oneself, limited
income, poor eyesight, poor diet)

11. Infections (acute and chronic diseases, HIV,
gastritis, cholecystitis).
The Council for Nutritional Strategies in Long-

Term Care has developed an algorithm for the
assessment of undernutrition in long-term care
settings. This algorithm was published in a supple-
ment to the Annals of Long-Term Care, 2004, and
addresses the diagnosis of weight loss. The first
step in the management of weight loss in the eld-
erly is to attempt to identify and treat any specific
underlying treatable or contributing conditions
(e.g. endocrine diseases, medication, polypharma-
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cy, depression, dentition, constipation, dehydration
diarrhoea, systemic diseases, infections, and social
support for providing food and feeding). However,
Kayser-Jones et al. found that a lack of attention to
individual food preferences, inadequate staffing,
and a lack of feeding assistance were major factors
accounting for weight loss in the elderly [12].

These are some of the important issues that need
to be addressed first.

Nutritional Supplementation

Rolls and Dimeo found that even healthy elderly
men consumed significant less baseline energy com-
pared to young men [13–16]. Roberts et al. found that
healthy elderly men had both a short-term (7 weeks)
and a long-term (6 months) impairment in adjust-
ing their food intake after an episode of either over-
feeding or underfeeding. Encouraging the elderly to
take in extra food (with verbal prompts, physical as-
sistance, or appetite stimulants) at mealtime over a
period of 4–6 weeks, then allowing them to eat at
their own volition could promote weight gain. Since
the elderly are not able to adjust their food intake af-
ter a period of overfeeding for at least 6 months,
they will continue exceeding their eating needs and
thus, increase weight [14–16]. The elderly men in
the study did not decrease food intake even after
they were given supplements before meals. As a re-
sult, they obtained 10–30% extra energy from the
‘preload’ (supplements) and still were able to take in
their usual amount of food at mealtime. Providing an
energy-dense nutritional supplement 30–90 min be-
fore a meal can thus increase energy intake in elder-
ly people.

McCrory et al. found that a wide variety of
sweets, snacks, condiments, and high-carbohydrate
entrees coupled with a smaller variety of vegeta-
bles promoted long-term increase in energy intake
and body fat [17]. Providing nutritional supple-
ments consisting of a wide variety of sweets and
carbohydrates may be helpful as the second step
for the treatment of weight loss. In addition, loss of
taste and smell are common in the elderly, and
medications and medical conditions play a major
role in taste losses and distortions [18]. Thus, the
use of flavour-enhanced food has a corresponding-
ly positive effect on food intake.

Resistance at meal times in demented patients
is widely reported [19],and behavioural distur-
bances play a role in low body weight and weight
loss in demented patients [19]. Providing feeding
assistance and using feeding assistants may pro-
mote intake in the demented population [20].
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Table 1. Causes of involuntary weight loss in the elderly;
the 9 ‘D’s’. (Adapted from [11])

Dysgeusia

Dentition

Dysphagia

Depression

Drugs

Dementia

Diseases

Diarrhoea (malabsorption)

Dysfunction

Table 2. Treatable causes of malnutrition (‘meals on
wheels’). (Adapted from [10])

M Medication effect

E Emotional problems (depression)

A Anorexia tardive (nervosa, alcoholism)

L Late-life paranoia

S Swallowing disorders

O Oral factors (e.g., poorly fitting dentures, caries)

N No money

W Wandering and other dementia related behaviours

H Hyperthyroidism, hypothyroidism, hyperparathy-
roidism, hypoadrenalism

E Enteric problems (malabsorption)

E Eating problems (inability to feed oneself)

L Low-salt, low-cholesterol diets

S Stones, social problems (e.g., isolation, inability to
obtain preferred foods)



Tube Feeding

Tube feeding has been indicated in persons with
neuromuscular diseases (with impaired swallow-
ing or gag reflex), postoperative patients, individu-
als who are unable to eat, and patients using venti-
lators. Feeding-tube-associated side effects include
aspiration, diarrhoea, and vomiting [21].
Numerous studies have been aimed at determining
the benefits of tube feeding [22]. Mitchell et al.
found no evidence that tube feeding prolonged
survival, especially if dysphagia is the main indica-
tion [23]. Only a small subset of nursing-home res-
idents benefit from tube feeding [23].

Parenteral Nutrition

Parenteral nutrition can be given to the elderly
immediately after acute disease if they are inca-
pable of taking in adequate calories or fluid for a
short period of time [24]. This must be only a tem-
porary measure and cannot be sustained for more
than a few weeks. Peripheral parenteral nutrition
only provides a limited amount of calories and the
infusion site has to be changed frequently; thus, its
benefit is restricted [25, 26].

Pharmacological Interventions

The effects of nutritional support on the preven-
tion and treatment of cancer and AIDS cachexia
have been extensively investigated [27–33].
However, nonselective nutritional support with
total parenteral nutrition (TPN) or percutaneous
endoscopic gastrostomy (PEG)-tube insertion,
with their associated complications, has failed to
provide benefit [34].

Understanding the role of cytokines in mediat-
ing cachexia in cancer and AIDS may also provide
new insights into nutritional therapy and pharma-
cotherapy for the treatment of geriatric cachexia
[35–38].

Pharmacological treatment agents for cachexia
can be divided into five categories: (1) appetite
stimulants, (2) direct cytokine inhibitors, (3) ana-
bolic amino acids, (4) indirect cytokine inhibitors,

and (5) miscellaneous agents as metabolic stimu-
lants or supplements (Table 3).

Treatment with Appetite Stimulants

Megestrol Acetate

Megestrol acetate (MA) is a synthetic derivative of
a naturally occurring progestational agent and is
similar to progesterone. MA treatment of patients
with cancer increases appetite and non-fluid
weight gain in a dose-dependent manner, and is
well-tolerated in patients with advanced malignant
diseases [39–44].

Von Roenn et al. found that treating patients
with MA for AIDS-related anorexia/ cachexia not
only increased weight, but also improved body
image, sense of well-being, and pleasure from eat-
ing [45–47]. The Food and Drug Administration
(FDA) has approved the use of MA for the treat-
ment of anorexia, cachexia, and/or an unexplained
significant weight loss in patients with a diagnosis
of AIDS. A few studies have shown that treating
cachexia in the elderly with MA improved quality
of life and weight gain [48–51]. Lambert et al.
found that MA appears to have an anti-anabolic
effect on muscle size, even when combined with
testosterone replacement. Resistance exercise
attenuated this reduction in muscle mass [52].

Although the mechanism(s) by which MA pro-
motes weight gain is unknown, Hamburger et al.
suggested that it either blocks tumour necrosis
factor (TNF) or reverses the effects of TNF by
inducing adipocyte differentiation [53]. Reitmeier
and Hartenstein found that MA increases body
weight by increasing fat and body cell mass rather
than by fluid retention [54]. Beck and Tisdale [55]
reported that the weight gain associated with MA
can be blocked by co-treatment with TNF-α in
NMRI mice.

It is not surprising that progesterone plays an
important role in nutritional status. Lapp and
Thomas found, for example, that higher proges-
terone concentrations are common in late preg-
nancy and result in decreased interleukin (IL)-6
levels to 40–50% of controls [56].

Mantovani et al. [57–60] reported that the
appetite, weight, and sense of well-being of cancer
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patients improved with MA. In addition, cytokine
levels in these patients decreased with MA treat-
ment, but not with chemotherapy alone. They
[57–60] also found that medroxyprogesterone
acetate reduces the in vitro production of pro-
inflammatory cytokines (IL-1, IL-6, TNF-α, and
serotonin) from peripheral mononuclear cells of
cancer patients. Yeh et al. observed a correlation
between cytokine levels, nutritional status, and
appetite in patients treated with MA [38, 61]. By
contrast, in a 6-week trial of MA, Loprinzi et al. did
not find evidence that MA down-regulates IL-6 in
patients with cancer-associated anorexia and
weight loss [62]. McCarthy et al. [63] showed that
MA stimulates food and water intake, and this
effect may involve neuropeptide Y (a potent feed-
ing-stimulating substance). In another animal
study, Costa et al. [64] demonstrated that MA stim-
ulation of appetite may involve calcium channels
in the ventromedial hypothalamus.

Although prolonged use of MA appears to be
safe, therapy with this drug can result in clinical
manifestations of glucocorticoid-like activity [65].
Studies of the effects of long-term administration
of MA have shown that it may cause venous
thromboembolism, hyperglycaemia, secondary
adrenal suppression, and adrenal insufficiency
[66–75]. Short-term administration (12 weeks) of
MA in a preliminary pilot study of geriatric nurs-
ing-home residents with cachexia (69 patients)
revealed the drug to be safe and without apparent
evidence of adrenal suppression [48, 51].

Dronabinol

The use of dronabinol (a cannabinoid derivative)
has been reported anecdotally to lead to weight
gain and appetite stimulation [76, 77]. Volicer et al.
[78] found that dronabinol treatment increased
the body weight of Alzheimer’s patients. Morley et
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Table 3. Possible pharmacological treatment agents for geriatric cachexia

Appetite stimulant Direct cytokine inhibitors Indirect cytokine-inhibitors
(metabolic stimulants)

Dronabinol Pentoxifylline Testosterone

Megestrol acetate Thalidomide Anabolic steroids
N-3 fatty acids Growth hormone
Fish oil Insulin-like growth factor-1
Monoclonal antibodies against specific cytokines
N-acetylcysteine
Specific cytokine-receptor antagonists

Anabolic amino acids Miscellaneous

Ornithine oxoglutarate Cyproheptadine

Branched-chain amino acids Hydralazine sulfate

Glutamine and arginine Creatine
Melatonin
β-Blockers 
NSAID/COX inhibitors
ACE inhibitors 
Ghrelin
Anandamide
Ponalrestat

ATP

Cyclic plasma perfusion

Other cytokine-related substances  

ACE, angiotensin-converting enzyme; ATP, adenosine 5’-triphosphate; COX, cyclooxigenase; NSAID, non-steroidal anti-
inflammatory drug



al. [50] suggested that dronabinol has a particular-
ly good profile for persons with anorexia who are
at the end of life. The drug should initially be
given at a low dose (2.5 mg) in the evening. The
dose should be increased to 5 mg per day if no
improvement in appetite is seen after 2–4 weeks.
Jatoi et al. found that MA provided superior
anorexia palliat ion among advanced cancer
patients compared with dronabinol alone and
combination therapy did not appear to confer
additional benefit [79]. Dronabinol has been used
by HIV patients and approved by the FDA as an
appetite st imulant and anti-emetic in these
patients [76, 80, 81]. The main side effects are
euphoria, somnolence, sedation, fatigue, and hallu-
cinations [78]. Effects such as sedation, dizziness,
and hallucinations make the drug less ideally suit-
ed for the geriatric population.

Indirect Cytokine Inhibitors (Metabolic Stimulants)

Anabolic Agents and Testosterone

The use of anabolic drugs, such as methyltestos-
terone, oxandrolone, and stanozolol, has been
explored in clinical trials with cachectic AIDS
patients. Studies showed that nandrolone
decanoate decreases the weight loss associated
with cancer and HIV [82–84]. The main side
effects were masculinisation, fluid retention, and
hepatic toxicity [83, 85–87]. The efficacy of nan-
drolone decanoate unknown in geriatric patients.
However, Batterham and Garsia studied the effects
of nandrolone decanoate and MA in HIV patients
with weight loss and concluded that both drugs
resulted in an increase in fat-free mass greater
than that obtained with dietary counselling alone
[82]. Oxandrolone has been studied for treating
weight loss in patients with HIV infection, cachec-
tic chronic obstructive pulmonary disease (COPD)
patients, and cancer patients with weight loss [35,
88–96]. Earthman et al. found that oxandrolone
therapy in HIV infection improves weight, quality
of life, and lean body mass, with minimal adverse
effects [97].

Testosterone has been used as a treatment for
cachexia and weight loss in HIV patients with pos-
itive results concerning weight and gain of lean

muscle mass, but with unknown clinically mean-
ingful changes in muscle function and disease out-
come in HIV-infected men [98–102]. Morley et al.
safely administered testosterone to older men with
hypogonadism and noted an increase in the upper-
arm strength of this population [52, 103]. Dolan et
al. found that testosterone administration
increased muscle strength in low-weight HIV-
infected women and suggested that it may be a
useful adjunctive therapy to maintain muscle
function in this group of patients [104, 105].

In elderly men, an additional problem associat-
ed with the use of testosterone-like drugs might be
an exacerbation of prostate cancer, which would
therefore limit its use.

Growth Hormone and Insulin-Like Growth Factor-1

Growth hormone (GH) and insulin-like growth
factor (IGF)-1 stimulate amino-acid uptake and
protein synthesis in muscle and improve myocyte
proliferation and differentiation in animal studies
[106, 107]. The FDA recently granted accelerated
approval for a form of recombinant human GH
(rhGH) to treat AIDS wasting. Preliminary reports
from Schambelan and co-workers in AIDS
patients have all been positive [108–112]. The
combined GH and IGF-1 doses used in studies in
adult males with HIV-associated weight loss had
mixed results in producing a sustained anabolic
response [113–120]. In fact, after trauma, the anti-
catabolic action of rhGH is associated with a
potentially harmful decrease in muscle glutamine
production and increased mortality [116]. Use of
the rhGH for elderly pat ients w ith a low
somatomedin C or IGF improved lean muscle
mass, but not functional ability. Moreover, fre-
quent side effects were seen [121]. Morley and co-
workers [122] demonstrated that rhGH, which is a
very expensive therapy, led to nitrogen retention
and weight gain in malnourished older patients.
The effects of GH may be mediated through IGF-
1. However, the combination of GH and IGF-1 did
not result in consistent appetite stimulation [123].
Peripheral oedema, hyperglycaemia, carpal tunnel
syndrome, and gynecomastia were the major
adverse effects.
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Anabolic Amino Acids

Ornithine Oxoglutarine

Brocker et al. randomised 194 elderly patients at
two centres to ornithine oxoglutarine (OrnOx) or
placebo and noted improved appetite and weight
gain in the group of convalescing, ambulatory
patients who received the drug [124]. OrnOx works
by increasing amino acid and insulin levels; there-
fore, a major side effect may be hypoglycaemia.

Glutamine and Arginine

Glutamine is one of the most abundant amino
acids in the body. It is important for maintaining a
healthy immune status, protein metabolism, and
gastrointestinal mucosal integrity [125–128].
Arginine has been shown to stimulate the immune
system, enhance wound healing, and decrease the
rate of tumour growth. Several prospective, ran-
domised, double-blind studies in cancer and HIV
patients found positive weight gain after supple-
menting patients’ diets with glutamine and argi-
nine [129–134]. Since glutamine is an essential
nutrient for cell growth, its exogenous supplemen-
tation might be used by rapidly growing tumour
cells in patients with cancer. This, in turn, may
lead to increased levels of pro-inflammatory
cytokines that, in turn, may exacerbate cachexia
[135]. The efficacy of glutamine in treating geri-
atric cachexia is unknown.

Branched-Chain Amino Acids

Other attempts at improving anorexia with nutri-
tional substrates such as branched-chain amino
acids (BCAA), which have been used in TPN, are
still under investigation. BCAA can compete with
tryptophan (the precursor of serotonin in the cen-
tral nervous system, thus reducing serotonin pro-
duction and increasing food intake [136]. Tayek et
al. found that BCAA-enriched formulas improved
albumin synthesis and may favourably influence
protein metabolism in cancer cachexia [137]. Once
again, the efficacy of BCAA in the geriatric setting
is unknown.

Direct Cytokine Inhibitors

Patients with advanced HIV infection or those
with opportunistic infections have elevated TNF-α
levels, and there is a correlation with the develop-
ment of wasting [138, 139]. Pharmacological
manipulation of TNF-α regulation has been pro-
posed as a means of stabilising or reversing the
wasting process.

Pentoxifylline

Pentoxifylline decreases TNF-α production by
suppressing TNF-α mRNA transcription [140].
Studies using pentoxifylline to treat cancer- and
HIV-associated cachexia demonstrated that it did
not improve appetite, weight, or sense of well-
being [141–143]. It may have even have an adverse
effect on the course of opportunistic infections.
Sathe and Sarai [144, 145] found that pentoxi-
fylline treatment led to impairment in TNF-α
secretion and, thereby, increased the mycobacterial
load in macrophages of AIDS patients with dis-
seminated Mycobacterium avium-intracellulare
complex infection. Gastrointestinal disturbances
were among the major adverse effects. The failure
of pentoxifylline in the HIV-induced cachexia trial
does not rule it out as a possible agent for cachexia
treatment in the elderly, but its potential effective-
ness is less likely.

Thalidomide

Thalidomide also decreases TNF-α production by
increasing degradation of TNF-α mRNA [146]. It
reduces serum C-reactive protein and IL-6 [147].
Reyes-Teran et al. [148] carried out a double-blind,
placebo-controlled study with 23 HIV-infected
wasting patients and found a significant weight
gain and improved Karnofsky scores in the
thalidomide-treated group. There was no signifi-
cant change in viral load and absolute CD4+ cells
count. However, 29% of the treatment group devel-
oped a rash. Other well-known side effects are
peripheral neuropathy, somnolence, and constipa-
tion. Vivid memories of thalidomide-induced ter-
atogenicity several decades ago make it very diffi-
cult to revive this medication for general use. The
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exact role of thalidomide in the treatment of can-
cer and cancer cachexia in the elderly remains to
be elucidated [149, 150].

N-3 Fatty Acids and Fish Oil

N-3 fatty acids, mainly from fish oils, interfere
with the cyclooxygenase (PGE2 production) and
lipooxygenase metabolic pathways. They also
inhibit cytokine synthesis and activity [151, 152].
Dinarello [153] and Endres [154] found that N-3
fatty acids improved food intake in rats with IL-1-
induced anorexia. Tisdale and Dhesi also reported
that using omega-3 fatty acids stopped the weight
loss in an experimental cachexia model [155].
While the role of N-3 fatty acids in the treatment
of cancer cachexia remains unclear [156], their
potential role in the treatment of cancer cachexia
is promising [157, 158].

N-Acetylcysteine

This compound is effective in replenishing deplet-
ed glutathione levels and regulates levels of pro-
inflammatory cytokines, such as TNF, IL-1, and IL-
6 [159]. N-Acetylcysteine may therefore be of clini-
cal benefit in the treatment of cachexia [159].

Miscellaneous Agents

Cyproheptadine

Cyproheptadine is both an antihistamine and an
antiserotonergic reagent. It is effective in treating
selected groups of children with anorexia and,
reportedly, affects central appetite centres. Yet, the
results of clinical trials in cancer patients have
been disappointing [160]. The side effects of seda-
tion and dizziness make this drug less likely to be
used in the geriatric population. Moreover, its effi-
cacy is unproven despite its widespread usage in
this group of patients.

Hydrazine Sulfate

Hydrazine sulfate is an inhibitor of gluconeogene-
sis. Clinical trials in cancer patients, however,

failed to show benefit in cancer cachexia [161,
162]. The efficacy of hydrazine sulfate in the geri-
atric population has not been studied.

Melatonin

Melatonin down-regulates TNF levels. In a ran-
domised trial of 100 patients with metastatic can-
cer [163], Lissoni et al. showed that melatonin,
given at a dose of 20 mg orally every evening,
resulted in a statistically significant decrease in
TNF levels in patients treated with study drug
compared to the placebo group. Of even more
interest was the fact that the melatonin-treated
patients had significantly less weight loss. Its use
in geriatric cachexia remains unknown.

Creatine

Creatine is a physiologically active substance
required for muscle contraction. The proper
amount of creatine phosphate in the muscle allows
high rates of adenosine resynthesis; therefore, it
plays a vital role in the performance of high-
intensity exercise. Creatine supplementation has
not consistently been shown to enhance perform-
ance in exercise tasks, but it may increase per-
formance in situations in which the availability of
creatine phosphate is important [164, 165–168].
Short-term creatine supplementation appears to
increase body mass in young males, although the
initial increase is most likely water weight. Long-
term creatine supplementation, in conjunction
with physical training involving resistance exer-
cise, may increase lean body mass [169–171]. Its
use in geriatric cachexia is not yet known.

β-Blockers

Wasting in cancer patients is multifactorial, but is
caused, at least in part, by increased β(1)- and
β(2)-adrenoceptor activity, as well as elevated
basal metabolic rate and altered host metabolism
[172–174]. Weight gain in response to β-blocker
therapy in the hypertensive population may be
attributable to decreased resting energy expendi-
ture, inhibition of lipolysis, and decreased insulin
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sensitivity [175, 176]. β-Blocker therapy has also
been shown to reverse excess protein catabolism
after severe burns and may increase skeletal mus-
cle mass [176–178]. Hryniewicz et al. were able to
partially reverse cachexia by β-adrenergic-recep-
tor blocker therapy in patients with chronic heart
failure [179]. β-Blocker treatment potentially pre-
vents further weight loss in cachectic geriatric
patients [180]; however, there may be an exacerba-
tion of sick sinus syndrome in some of these
patients.

NSAIDs/COX Inhibitors

Cachexia has also effectively been attenuated by
cyclooxygenase-2 (COX-2) inhibitor treatment in
established animal cancer models [181–184], and
this class of drugs may play an important role in
cachexia treatment [185, 186]. A study of cachectic
cancer patients in Sweden who were given
indomethacin found a significant prolongation in
their survival compared to placebo-treated
patients [187].

Angiotensin-Converting-Enzyme (ACE) Inhibitors

Body wasting is a clinical feature of a variety of
chronic illnesses like congestive heart failure.
Treatment of cardiac cachexia with ACE inhibitors
has been found to be somewhat successful [188,
189]. The potential role of these inhibitors in the
treatment of cachexia is promising but is still
under investigation in cancer and HIV-infected
patients.

Ghrelin

Ghrelin, an endogenous ligand for the GH secreta-
gogue receptor, was recently identified in the rat
stomach. Ghrelin exhibits gastroprokinetic activity
with structural resemblance to motilin in addition
to potent orexigenic activity through its action on
hypothalamic neuropeptide Y (NPY) and Y(1)
receptor; this effect was lost after vagotomy [190].
Peripherally administered ghrelin blocked IL-1β-
induced anorexia and produced positive energy
balance by promoting food intake and decreasing

energy expenditure [190]. Ghrelin, which is nega-
tively regulated by leptin and IL-1β, is secreted by
the stomach and increases arcuate NPY expres-
sion, which in turn acts through Y(1) receptors to
increase food intake and decrease energy expendi-
ture. Gastric peptide ghrelin may, thus, functions
as part of the orexigenic pathway downstream
from leptin and is a potential therapeutic target
not only for obesity, but also for anorexia and
cachexia [190].

Anandamide

Hao et al. reported a possible role of the endo-
cannabinoid anandamide on modulating the
behavioural and neurochemical consequences of
semi-starvation in an animal study. They found
that low-dose anandamide (0.001 mg/kg) could
improve food intake and cognitive function.
Anandamide-treated mice consumed 44% more
food each day. The hypothalami of these animals
contained significantly increased concentrations
of norepinephrine, dopamine, and 5-hydrox-
ytryptamine (5-HT). In the hippocampus, anan-
damide significantly increased norepinephrine
and dopamine, but decreased 5-HT. The fact that
low-dose anandamide improved food intake, cog-
nitive function, and reversed some of the neuro-
transmitter changes caused by diet restriction
suggests its possible use in the treatment of
cachexia [191]. Phase II studies in humans have
yet to be done.

Ponalrestat

Lipoprotein lipase (LPL) is a key regulatory
enzyme responsible for the hydrolysis of triglyc-
eride (TG)-rich lipoproteins. The reduction in LPL
activity is observed in tumour-bearing animals
and cancer patients with cachexia, suggesting an
involvement of LPL in inducing cancer cachexia
[192]. Kawamura et al. demonstrated that tumour-
induced cachexia in mice is inhibited by ponalre-
stat [193–195]. This suggests that ponalrestat, a
LPL-activating agent, has a therapeutic potential
for the treatment of cachexia, although no human
trials have been conducted.
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Adenosine 5’-triphosphate (ATP)

Cancer cachexia is associated with elevated lipoly-
sis, proteolysis, and gluconeogenesis. ATP infusion
has been found to significantly inhibit loss of body
weight, fat mass, and fat-free mass in patients with
advanced lung cancer [196]. Agteresch et al. found
that regular infusions of ATP inhibited loss of
body weight and improved quality of life in
patients with non-small-cell lung cancer (NSCLC)
[196]. ATP treatment was associated with a signifi-
cant increase in survival in the subgroup of
weight-losing patients with stage IIIB NSCLC
[197].

Cyclic Plasma Perfusion

Anaemia-inducing substance (AIS) is a protein of
approximately 50000 molecular weight that is
secreted by malignant tumour tissue and depress-
es erythrocyte and immunocompetent cell func-
tions. Ishiko and et al. reported enhanced AIS
activity and lipolytic activity as the tumours grew
and suggested that AIS is one of the substances
involved in the enhanced lipolytic activity seen in
advanced-tumour-bearing rabbits [198]. AIS can
be removed by cyclic plasma perfusion adsorption
in animal studies [198, 199]. This mode of treat-
ment resulted in reduced muscle wasting and
increased lean body mass, and induced angiogene-
sis in the adipose tissue in tumour-bearing rabbits
[200, 201]. No human trials have been reported.

Other Cytokine-Related Substances

Interleukin-1 receptor agonist A, IL-15, and Decoy
nuclear factor κB [202, 203] have been employed to
reverse cancer cachexia in animal models with
some success. IL-15, which is known to favour
muscle-fibre hypertrophy, antagonised enhanced
muscle-protein breakdown in a cancer cachexia
model [203]. The alterations in protein-breakdown
rates induced by IL-15 were associated with an
inhibition of the ATP-ubiquitin-dependent prote-
olytic pathway and resulted in a preventive effect
on muscle-protein wasting [203, 204]. The nuclear
factor-κB (NF-κB) family of transcription factors
is involved in multiple cellular processes, including

cytokine gene expression, cellular adhesion, cell-
cycle activation, apoptosis and oncogenesis.
Suppression of NF-κB results in attenuation of
cancer cachexia in a mouse tumour model
[205–207]. All studies involving cytokine-related
substances showed improved food intake, but no
single agent alone was able to reverse all the
changes seen in the tumour-bearing state.
Combinations of drugs, such as a PGE2 inhibitor
with an anti-cytokine antibody, or IL-15 gene
transfer and anti-IL-6 antibody, or substances that
act upon more than one pro-inflammatory
cytokine, may be needed to augment the anti-
cachectic effect.

Conclusions

Weight loss is associated with increased mortality
and is a major problem in the geriatric population.
Feelings of well-being and the pleasure derived
from eating positively affect the quality of life of
older individuals. The connection between eating
and good health has been understood for hun-
dreds of years and transcends all  cultures.
Furthermore, it is understood that when the elder-
ly stop eating, their death is imminent. The first
step in management of elderly weight loss is to
attempt to identify and treat any specific underly-
ing treatable or contributing conditions. Providing
an energy-dense nutritional supplement 30–90
min before a meal can increase energy intake in
elderly people. Use of flavour-enhanced food also
has a positive effect on food intake. Providing
feeding assistance and using feeding assistants
may promote food intake in demented patients.

A better understanding of the role of pro-
inflammatory cytokines in mediating cancer- and
HIV-induced cachexia may provide an explanation
for geriatric cachexia and the increased levels of
negative regulatory cytokines, as well as possible
pharmacological treatment for this condition.
Overlapping physiological activities make it unlike-
ly that a single substance is the sole cause of cachex-
ia. Several different cytokines produce the same
response. The potential involvement of IL-6, TNF-α,
IL-1, serotonin, PGE2, and other cytokines (IL-10,
IL-4, IL-15) in the pathophysiology of ageing,
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chronic diseases, and wasting calls for research on
ways to suppress the secretion, dysregulation, or
downstream effects of these compounds.

Anti-cytokine antibodies have been used to
reverse cancer cachexia in animal models with
some success. Studies showed improvement in food
intake, but no single antibody alone was able to
reverse all the changes seen in the tumour-bearing
state. Combination studies, such as those that com-
bined a PGE2 inhibitor with an anti-cytokine anti-
body or IL-10 gene transfer and an anti-IL-6 anti-

body, have demonstrated augmentation of the anti-
cachexia effect. Further investigation with specific
nutritional manipulations, and the administration
of specific steroids, neuropeptides, and peptide
hormones are promising. Further research will be
needed to fully evaluate the safety and efficacy of
these interventions and to determine what their
effect is in the treatment of geriatric cachexia.
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Introduction

Cachexia is defined as physical wasting with loss
of muscle mass and weight that is caused by dis-
ease [1]. It is common for elderly individuals who
have disease to exhibit cachexia. Additionally, mus-
cle mass loss is characteristic of the conditions of
frailty and sarcopenia. Sarcopenia is the age-relat-
ed loss of muscle mass [2]. Physical frailty has
been characterised by Fried et al. [3] as a condi-
tion that results from reduced strength, reduced
gait velocity, reduced physical activity, weight loss,
and exhaustion. Clearly, sarcopenia and frailty
could be classified as cachectic conditions because
they are associated with muscle mass loss. This
chapter will describe the causes of sarcopenia,
treatment of sarcopenia, causes of cachexia in eld-
erly individuals, and treatment of cachexia in eld-
erly individuals.

Causes of Sarcopenia

Aging, Protein Synthesis, and Protein Breakdown

There is a reduction in muscle mass as one ages,
with detectable changes occurring after the age of
50 [4]. This loss of muscle mass is related to
reduced protein synthesis with age, increased pro-
tein breakdown, or a combination of the two.
Based on recent results [5], it appears that basal
protein synthesis is similar between young and
old. Earlier research [6–10], however, suggested
that protein synthesis is reduced in the elderly
compared to the young. Recent results using the
microdialysis approach to examine the release of
3- methylhistidine into the interstitial fluid suggest
that skeletal muscle protein breakdown is substan-
tially elevated in old relative to young [11]. The

causes of these changes in protein metabolism
with age have not been completely elucidated but
potential causative factors are discussed below.

Denervation

Aging is associated with a reduction in α-motor
neurons or denervation and concomitant reduc-
tion in muscle strength [12]. The effect of denerva-
tion on skeletal muscle is to reduce protein synthe-
sis and, to a greater extent, increase muscle protein
degradation [13]. This increase in muscle protein
degradation as a result of denervation occurs pri-
marily through the ATP-dependent ubiquitin-
proteasome pathway [14].

Reduction in Testosterone, Growth Hormone, and IGF-1

It is clear that a reduction in the testosterone con-
centration in healthy young individuals will result
in a loss of fat-free mass and muscle strength [15].
It is also well-known that there is a reduction in
testosterone of at least 1% per year after the age of
50 in normal healthy men [4]. Furthermore, it has
been reported that reduced testosterone concen-
trations are related to reduced fat-free mass,
appendicular skeletal muscle mass, and muscle
strength in elderly individuals [16–19].
Additionally, growth hormone decreases with age.
This results in a reduction in fat-free mass and an
increase in visceral fat mass in the abdominal
region [20–22]. An additional manifestation of the
reduction in growth hormone is a reduction in cir-
culat ing insulin-like grow th factor (IGF)-1.
Statistically significant inverse correlations have
been observed between increasing age and IGF-1
concentrations [23]. It is believed that the effects of
growth hormone on fat-free mass and fat mass are
mediated through IGF-1. Thus, a decline in the cir-
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culating concentration of this growth factor would
be expected to reduce muscle mass.

Elevation in Proinflammatory Cytokines

Normal aging is associated with an increase in
the proinflammatory cytokines interleukin (IL)-6
and tumour necrosis factor (TNF)-α [24] and a
reduction in muscle mass. Therefore, it is possible
that the elevation in proinflammatory cytokines,
which can induce proteolysis in skeletal muscle,
may contribute to the decline in muscle mass
with age. Visser et al. [25] reported that IL-6 and
TNF-α concentration were inversely related to
muscle mass and muscle strength in 3075 elderly
individuals. Furthermore, Greiwe et al. [26]
reported that TNF-α in muscle is elevated in frail
elders and that resistance training decreased the
resting TNF-α concentration. It has also been
demonstrated that IL-6 and IGF-1 and their inter-
action were significant predictors of handgrip
strength and muscle power [27]. IGF-1 was an
independent predictor of muscle function only in
subjects in the lowest IL-6 tertile, suggesting that
the effect of IGF-1 on muscle function depends
on the IL-6 level [27]. Payette et al. [28] reported
that the IL-6 concentration was a significant pre-
dictor of sarcopenia in women age 72–92. Thus,
these findings, taken collectively, suggest that ele-
vations in proinflammatory cytokines, namely IL-
6 and TNF-α, are related to sarcopenia.

Inadequate Protein Intake

There are relatively recent data to suggest that the
intake of protein at the RDA (0.8g/kg/day) is insuf-
ficient to maintain muscle mass in the elderly [29].
Additionally, in young people it was found that the
myosin content, represented by type IIX fibres, was
51% lower in individuals who ingested protein at a
rate of ~0.6 g/kg/day than in individuals who con-
sumed protein at a rate of ~1.5 g/kg/day [30]. The
diets were isoenergetic and 4 weeks in length.
Thus, it appears that inadequate protein intake can
result in muscle mass losses in the elderly and in
the young. Moreover, it appears that elderly indi-
viduals do not ingest adequate amounts of protein,
as ~33% of men and women over the age of 60 eat

less than 0.8 g/kg/day and ~15% eat less than 0.6
g/kg/day [31].

Inadequate Energy Intake

It is clear that in many elderly individuals there is
a reduction in appetite. According to data from the
US Department of Agriculture, a large proportion
of the elderly do not meet the recommended level
of dietary energy intake [32]. Hughes et al. [33]
reported that over 9.4 years elderly individuals
who lost weight also lost fat-free mass. Specifically,
a loss of 1 kg of body weight was associated with a
loss of 0.32 kg of fat-free mass in men and of 0.22
kg in women. Thus, from these studies it appears
that inadequate voluntary energy intake is a con-
tributing factor to the process of sarcopenia.

Apoptosis

There is some evidence that at least some of the
loss of muscle fibres in aging that contributes to
sarcopenia is due to apoptosis [34–36]. However,
the time course and magnitude of the effect of
apoptosis in aging human muscle, in vivo, is
unknown.

Interventions to Reverse Sarcopenia

Resistance Exercise Training

Resistance exercise training, which involves exer-
cises with high loads (~80% of maximal force gen-
erating capacity) and low repetitions (≤ 8–10 repe-
titions), is a potent stimulator of muscle mass
accrual [37, 38] and muscle strength gains [39–42]
in the elderly. One way in which muscle mass is
increased is by an increase in muscle protein syn-
thesis. Yarasheski et al. [10] reported that 2 weeks
of resistance training in the elderly increased mus-
cle protein synthesis by 153%. From 16 studies in
which men and women performed resistance
training (8–12 weeks), the range for the increase in
strength was 15.6–134%, with the mean being 58%
improvement and the median for the increase in
strength being 52.6% [43]. Improvements in
strength occur via an increase in the ability to
activate the muscles maximally (increased motor-
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unit recruitment and increased motor-unit firing
rates) and to an increase in muscle size. During the
first 8–12 weeks of resistance exercise training, the
increase in the ability to activate the muscles plays
a much greater role in increasing strength than the
increase in muscle size. After ~12 weeks of resist-
ance training, the increase in muscle size is the
predominant mechanism for the increase in mus-
cle strength [44].

Besides increasing muscle strength, it is clear
that resistance exercise training can improve phys-
ical function in the elderly, such as improving gait
speed, stair climbing speed, and the ability to rise
from a chair. This is important as these are the
functional activities that are impaired by sarcope-
nia.

The duration of resistance training studies is
relatively short, typically ~12 weeks. One question
that arises is how long do the strength improve-
ments persist after cessation of a resistance exer-
cise training program? Trappe et al. [45] found an
increase in strength of 53% and an increase in
muscle mass of 7% as a result of 12 weeks of resist-
ance training (3 days per week) in elderly men.
During 6 months of detraining (absence of train-
ing), there was a reduction in strength of 11% and
muscle mass decreased by 5%. However, resistance
training just 1 day per week for 6 months after the
training phase, using the regimen employed dur-
ing the training phase, resulted in maintenance of
muscle strength and mass. Thus, the gains made
during resistance training studies are relatively
short-lived but can be maintained by infrequent
training sessions.

Testosterone Replacement

Data from the Baltimore Longitudinal Study on
Aging (890 men), suggested that 20% of the men
over 60 years of age, 30% over 70 years, and 50%
over 80 years were hypogonadal, as defined by a
total testosterone level < 325 ng/dl (11.3 nmol/l),
[46]. It is widely believed that total testosterone
declines 1% per year after the age of 50 years [4].
Thus, the decline in testosterone follows a time
course similar to the decline in muscle strength
and muscle mass. Many individuals believe that it
is the decline in testosterone over time that results

in a reduction in muscle mass and muscle
strength, and that by administering replacement
doses of testosterone these parameters can be
restored.

Morley et al. [47] studied 37 men aged 69–89
years old. Twenty-six of the men had a mean total
testosterone level of < 272 ng/dl. They were
administered 200 mg of testosterone enanthate
every 2 weeks for 3 months. Alternating cases was
the method used to assign subjects to treatment or
placebo groups. The authors reported a nine-fold
increase in bioavailable testosterone and a signifi-
cant increase in right-hand muscle strength. Sih et
al. [48] reported that 12 months of testosterone
replacement (biweekly injections of 200 mg) in
hypogonadal elderly men resulted in a significant
increase in bilateral grip strength. Bhasin et al.
[49] examined the effects of 10 weeks of testos-
terone replacement (100 mg/week) on body com-
position and strength in seven hypogonadal men
aged 19–47 in an open-labelled non-randomised
study. By day 15, serum testosterone had increased
from 71.9 to 509 ng/ml. After 10 weeks, there was
an 8.8 % increase in fat-free mass, an 11% increase
in triceps cross-sectional area, and a 7% increase
in thigh cross-sectional area. Strength on the
bench press increased by 22% and that on the
squat exercise by 45%. The caveat from the study
of Bhasin et al. [49] is that these men had extreme-
ly low testosterone concentrations (mean = 71.9
ng/ml). As described above, the investigators from
the Baltimore Longitudinal Study on Aging used a
testosterone concentration of < 325 ng/l as the cut
off for hypogonadism [46]. Thus, because the
testosterone concentration was so low in the study
of Bhasin et al. [49], and presumably muscle mass
and muscle strength were extremely low, the
response of these parameters to the administra-
tion of 100 mg testosterone/week may have been
greater than that seen in other investigations.
Brodsky et al. [50] studied testosterone replace-
ment (3 mg/kg every 2 weeks) in hypogonadal
men (total testosterone < 200 ng/ml). They report-
ed a 15% increase in fat-free mass and a 13%
increase in appendicular muscle mass. Tenover
[51] used a double-blind randomised controlled
trial to study the effects of testosterone replace-
ment (100 mg/week; 3 months) in men age 57–76
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who had low or borderline low serum testosterone
(≤ 13.9 nmol/l; 400 ng/dl). A small (3%) increase in
lean body mass and no change in grip strength
were reported. In an open-labelled trial without a
control group, Urban et al. [52] administered 100
mg of testosterone per week over 4 weeks to elder-
ly men with a serum testosterone concentration of
≤ 480 ng/dl. Significant increases in strength in the
hamstrings and quadriceps of both legs were
observed. In contrast to the positive benefits
observed in most studies, Snyder et al. [53] report-
ed that, despite a 70% increase in testosterone con-
centration over 36 months in men over the age of
65 (using a testosterone patch), there was no sig-
nificant improvement in muscle strength despite a
significant increase in lean body mass. Thus, from
these data it appears that testosterone replacement
is likely an effective intervention for reversing sar-
copenia. However, whether it is a better and/or
safer alternative than resistance training remains
to be determined.

Other Potential Anabolic Interventions to
Reverse Sarcopenia

Other Androgens

Dehydroepiandrosterone

Welle et al. [54] reported that the administration of
5.5 mmol dehydroepiandrosterone (DHEA)/day
for 4 weeks had no significant effect on body
weight or lean body mass, as measured via two
methods. Furthermore, there was no effect of
DHEA on resting metabolic rate, total energy
expenditure, or the rate of incorporation of leucine
into muscle protein. Morales et al. [55] gave 50 mg
DHEA/day of over 6 months to men and women
age 40–70 and found an increase in the bioavail-
ability of IGF-1. In a subsequent study [56], the
same authors examined the effects of 6 months of
treatment of 100 mg of DHEA to men and women
age 50–65 years. In men, there was a 15% increase
in knee muscle strength and a 13.9% increase in
lumbar back strength but no improvement in
women. Flynn et al. [57] administered 100 mg
DHEA/day to men age 60–84 for 9 months, but
found no significant change in lean body mass or

fat mass. The reason for the discrepancy in results
is unknown. However, it appears that the adminis-
tration of DHEA produces equivocal findings with
regard to body composition and muscle strength;
it is therefore not recommended as an efficacious
treatment for sarcopenia.

Growth Hormone and IGF-1

There are three studies that compared growth hor-
mone (GH) administration with resistance train-
ing (RT) to RT alone. Yarasheski et al. [58] had
men with low serum IGF-1 age 67 years complete
16 weeks of resistance training with GH adminis-
tration or RT alone. They found no differences in
the increase in the rate of vastus lateralis protein
synthesis or isotonic and isokinetic strength
between groups. Fat-free mass increased more in
the RT + GH group than the RT group but this was
attributed to an increase in non-contractile pro-
tein and fluid retention. Hennessey et al. [59] also
reported no effect of GH administration with RT
relative to RT alone with regard to strength
improvements in elderly individuals (age 71.3
years). Strength improved by 55.6% in the GH +
RT group and 47.8% in the RT alone group. Of
possible importance, however, was the increase in
the proportion of type II muscle fibres seen in the
RT + GH group, as type II fibre atrophy and loss
are observed in older individuals. Lange et al. [60]
found no beneficial effect of RT + GH on muscle
mass or strength relative to RT alone in individu-
als 74 years of age. They did find, however, similar
to the findings of Hennessey et al. [59], a signifi-
cant increase in the myosin heavy chain IIx iso-
form. Thompson et al. [61] reported improvements
in indicators of anabolic changes in elderly women
given IGF I and/or GH when these substances were
administered for 4 weeks. However, there were side
effects of these treatments such as joint
swelling/pain, headaches, lethargy, and bloated-
ness. Sullivan et al. [62] studied the effects of com-
bined GH and IGF-1 administration on under-
nourished frail elderly patients. Due to the many
side effects, four out of the 13 subjects had to be
withdrawn from the study. Brill et al. [63] exam-
ined the administration of testosterone, GH, or a
combination of GH + testosterone on muscle
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strength and functional status (30 m walk time
and stair-climbing ability). There were no
improvements in isokinetic strength but improve-
ments in the 30-m walk and stair-climbing ability
as a result of the experimental treatments were
observed. Blackman et al. [64] examined the
effects of 26 weeks of testosterone, GH, or a combi-
nation of the two on strength and VO2max (a
measure of maximal aerobic exercise capacity).
While there was a significant increase in muscle
strength and VO2max as a result of testosterone
and GH administration, many side effects were
reported. Svensson et al. [65] reported that 5 years
of GH administration led to a persistent increase
in isometric, concentric isokinetic knee flexor
strength, and grip strength. They did not report
any side effects.

These studies, taken together, suggest that GH
or IGF-1 administration is of little benefit for
increasing muscle mass or strength in elderly indi-
viduals. The combination of testosterone replace-
ment and GH administration may be somewhat
efficacious, but the side effects associated with GH
administration suggest that the potential benefits
are not worth the risks.

Causes of Cachexia in Elderly Individuals

Compounding the effects of sarcopenia in many
elderly individuals are disease states or acute ill-
nesses that can lead to accelerated muscle mass
loss and a state of cachexia. Acute illness appears
to result in the loss of weight and muscle mass
very rapidly whereas cachexia caused by chronic
disease is a much slower process (unpublished
observations). Among the chronic illnesses causing
cachexia are chronic heart failure (CHF), chronic
obstructive pulmonary disease (COPD), and can-
cer. The causes of cachexia in CHF appear to be
elevations in TNF-α, IL-6, norepinephrine, epi-
nephrine, and cortisol. Furthermore, anabolic
stimuli, such as IGF-1 and DHEA, are reduced in
CHF patients [66]. A potential causative factor in
these humoral changes is tissue hypoxia [66]. In
non-obese CHF patients, inadequate energy and
protein intake are observed [67]. A common find-
ing of COPD is an increase in resting energy

expenditure. It has been reported that increased
levels of IL-6, IL-8, TNF-α, and C-reactive protein
are associated with increased resting energy
expenditure [68, 69]. However, nutritional inter-
ventions to offset the increased resting energy
expenditure have been of scarce benefit.
Additionally, low levels of circulating IGF and
testosterone are also prevalent in COPD [70].
Evidence suggests that elevated proinflammatory
cytokines exert their catabolic effects via the ATP-
dependent ubiquitin-proteasome pathway for
muscle proteolysis [71, 72]. It is also believed that
proinflammatory cytokines also act by causing the
production of reactive oxidative species in skeletal
muscle [73]. It appears, as in CHF, that hypoxaemia
is the trigger for the humoral changes observed in
COPD, causing increased proinflammatory
cytokines, decreased anabolic hormones, and
increased reactive oxygen species leading to
increased oxidative stress [74]. Also, apoptosis has
been implicated in the muscle wasting of COPD
[75]. With regard to cancer, it appears that the
reduction in food intake is not able to explain all
of the weight loss that occurs with cancer [76]. A
reduction in protein synthesis due to amino acids
being used for synthesis of acute-phase proteins
has been suggested [76]. As in CHF and COPD, ele-
vations of proinflammatory cytokines are thought
to play a role in the cachexia of cancer [76].
Additionally, with cancer, there is release of lipid
mobilising factor and proteolysis-inducing factor
from the tumour [76]. Proinflammatory cytokines
activate the ATP-dependent ubiquitin-proteasome
pathway in COPD [74] and cancer [76] but proba-
bly not in CHF [77]. Also, apoptosis in muscle has
been shown in CHF [77] and COPD [75].
Proteolysis-inducing factor has also been implicat-
ed in muscle apoptosis in cancer [78].

Treatment of Cachexia Caused by Disease

Chronic Heart Failure

Exercise Training

Gielen et al. [79] reported that 6 months of aerobic
exercise training reduced skeletal-muscle TNF-α
by 37%, IL-6 by 42%, and IL-1β by 48% in muscle;
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inducible nitric oxide synthase was reduced by
52%. These adaptations clearly favour a reduced
inflammatory response, which in turn should
result in reduced cachexia. Pu et al. [80] examined
the effect of 10 weeks of progressive resistance
training on muscle-related changes in CHF. They
found non-significant trends for increases in type
I and type II muscle fibre areas and a 43.4%
increase in muscle strength. Although these inves-
tigators did not measure intramuscular cytokine
or growth factor concentrations, they did see
improvements in functional tests, such as a 13%
improvement in the 6-min walk test and signifi-
cant improvements in treadmill exercise time to
exhaustion. Thus, it appears that aerobic and
resistance exercise are very effective interventions
to reduce the effects of cachexia in CHF patients.

Other Interventions To Reduce Cachexia in Chronic
Heart Failure

Anker et al. [81] examined the effects of
angiotensin-converting-enzyme (ACE) inhibitors
on cachexia in CHF patients. These investigators
reported that administration of these agents
resulted in a reduction in weight loss in these indi-
viduals. The proposed mechanism is that ACE
inhibitors increase catecholamine levels and
improve endothelial function, such that blood flow
to muscle is maintained and apoptosis, tissue dam-
age, and oxidative stress are prevented by reducing
ischaemia, and maintaining nutrient delivery to
the muscle. Supporting this concept are data from
Adigun and Ajayi [82], who found that the combi-
nation of enalpril (an ACE inhibitor)-digoxin-
diuretic resulted in increased upper-arm and mid-
thigh circumferences in individuals with CHF. To
our knowledge, there are no studies evaluating
nutritional supplementation in CHF.

Chronic Obstructive Pulmonary Disease

Testosterone and Anabolic Steroids

Yeh et al. [83] administered oxandrolone (10 mg,
twice/day) for 16 weeks to individuals with COPD-
induced weight loss. At week 16, they found that
seven of 11 subjects had gained weight and the

mean gain in fat-free mass was 3.24 kg. Ferreira et
al. [84] administered 250 mg of testosterone at
baseline and gave 12 mg of stanozolol a day for 27
weeks. Nine out of 10 subjects that received testos-
terone/stanozolol gained weight (+ 1.8 kg) while
the control group lost 0.4 kg. Lean body mass
increased in the treated group as did arm- and
thigh-muscle circumference. There was no change,
however, in the 6 min walk distance or maximal
exercise capacity. Creutzberg [85] administered
nandrolone decanoate (ND) every 2 weeks for 8
weeks and found a greater increase in fat-free
mass and cellular mass in the ND group, but mus-
cle function, exercise capacity, and health status
were similar in the ND and control groups. Thus, it
appears from these data that the administration of
androgens is efficacious in the treatment of the
cachexia caused by COPD.

Nutritional Support

Saudny-Unterberger [86] administered nutritional
support (10 kcal/kg/day) over 2 weeks in COPD
patients who were admitted for an exacerbation of
their disease. Forced vital capacity increased in the
treatment group by 8.7% whereas it decreased by
3.5% in the control group. There were no changes
in handgrip strength or respiratory muscle but
there was a trend towards an improvement in gen-
eral well-being. No measures of body weight or
fat-free mass were made. Creutzberg et al. [87]
characterised the factors that appeared to be relat-
ed to non-response to a nutritional intervention
(extra 500–750 kcal/day) in individuals with
COPD. They reported that the systemic inflamma-
tory response (serum TNF-receptor 55, and intra-
cellular adhesion molecule), aging and relative
level of anorexia were associated with the non-
responsiveness to nutritional intervention. In an 8-
week pulmonary rehabilitat ion program,
Creutzberg et al. [88] evaluated the administration
of two or three liquid nutritional supplements a
day, with a mean intake provided by the supple-
ments of 2812 ± 523 kJ/24 h, on body composition
and function in individuals with COPD. An
increase in body weight of 2.1 kg and of fat-free
mass of 1.1 kg was reported. Handgrip strength
increased by 1.2 kg and peak power output on a
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cycle ergometer increased by 7 Watts. As a part of
this study, it was also reported that glucocorticoid
treatment reduced the anabolic response to nutri-
tional supplementation. Steiner et al. [89] studied
the effects of nutritional supplementation (570
kcal of a carbohydrate-rich supplement/day) and
endurance walking on body composition in 85
COPD patients. They reported that individuals
who performed endurance walking and received
the supplement had no increase in lean body mass
but there was an increase in lean body mass in
those that received the supplement alone. Weisberg
et al. [90] administered 800 mg of the progesta-
tional appetite stimulant megestrol acetate to
COPD patients. They gained 3.2 kg of body weight
but most of it was body fat. Additionally, the
weight gain resulted in a reduction in the distance
walked in the 6-min walk test. From these studies,
it is unclear whether an increase in energy intake
alone is adequate to attenuate or reverse cachexia
associated with COPD.

Nutritional Support and Anabolic Steroids

Schols et al. [91] studied 217 patients with COPD
over 8 weeks in three groups: nutritional supple-
mentation (420 kcal), nutritional supplementation
and anabolic steroids (25 mg ND for women and
50 mg for men biweekly), and placebo. Low-inten-
sity aerobic exercise was performed by all groups.
There was a significant increase in arm-muscle
circumference in the combined anabolic steroids
and nutritional support. Maximal inspiratory
mouth pressure increased in both treatment
groups in the first 4 weeks but after 8 weeks only
the combined treatment group was different from
placebo. Thus, it appears that it is efficacious to
combine anabolic steroids and nutritional supple-
mentation for the treatment of cachexia related to
COPD.

Miscellaneous Treatments for Cachexia Caused
by Aging, CHF, and COPD

Omega-3 Fatty Acids

High doses of the omega-3 fatty acid eicosapen-
taenoic acid (EPA), in combination with energy

supplementation, have been shown to be beneficial
in attenuating the weight loss associated with pan-
creatic cancer [92, 93]. This appears to occur by an
inhibition of the ATP-dependent ubiquitin path-
way for muscle proteolysis [94] and by decreasing
the increase in resting energy expenditure induced
by the acute-phase response [95]. However, there
have been no trials of EPA in treating the weight
loss associated with aging, CHF, or COPD.

Thalidomide

TNF-α plays a significant role in many chronic
inflammatory diseases and thalidomide acts to
reduce concentrations of TNF-α by degrading the
TNF-α mRNA [96]. Thalidomide has been shown to
be successful in the treatment of cachexia associat-
ed with HIV infection [97, 98]. There is one report
of thalidomide use in CHF [99]. In that study, CHF
patients were given 200 mg of thalidomide for 6
weeks. Plasma TNF-α concentrations were reduced
by 43% and left ventricular ejection fraction
increased by 31% in these patients. Thus, thalido-
mide would appear promising as an anti-cachectic
agent. No trials have been reported to date using
thalidomide to treat COPD or age-related cachexia.

Etanercept

Etanercept (Enbrel) is fusion protein that reduces
the bioactivity of TNF-α. It has been used effec-
tively and safely to reduce the disease progression
of rheumatoid arthritis [100]. Two studies in CHF
patients (RENAISSANCE and RECOVER [101])
examining the efficacy of etanercept have been
conducted. Both found no beneficial effect of this
drug. Studies have not been conducted with this
drug in COPD or age-related cachexia.

Pentoxifylline

This drug has been used routinely in treating
peripheral vascular disease [102] and acts to
reduce TNF gene transcription [103]. More recent
data [104] suggest that pentoxifylline ultimately
reduces whole-body proteolysis in chronically
uraemic patients. It has also been shown to
improve pulmonary gas exchange in COPD
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patients but its effect on cachexia in these patients
is unknown. Furthermore, there have been no clin-
ical trials evaluating this agent in CHF or aging.

Creatine

Creatine is an amin oacid derivative found in rela-
tively large quantities in meat. It has been used in
the last ~10 years to improve exercise capacity in
tasks that are brief but of high-intensity. Creatine
acts to increase muscle phosphocreatine levels [105]
and may increase the rate of phosphocreatine
resynthesis [106]; both of these effects result in
improved, brief, high-intensity, intermittent exercise
capacity [105]. Additionally, a combination of crea-
tine ingestion and resistance exercise training has
been shown to result in greater muscle-mass gains
than resistance training alone in young individuals
[107]. Creatine administration has been combined
with resistance training in the elderly, with one
investigation finding no effect [108] and others
finding improvements in lean body mass and
strength [109, 110]. Thus, further investigation as to
the potential anabolic actions of creatine and resist-
ance training in older adults is warranted.

There is one report of creatine supplementa-
tion being used in patients with heart failure.
Andrews et al. [111] reported that creatine inges-
tion by such patients significantly increased mus-
cle endurance. Whether or not long-term creatine
ingestion combined with resistance training atten-
uates cachexia in CHF requires further investiga-
tion. No studies have been carried out to examine
the effects of creatine administration in COPD.

N-Acetylcysteine

This non-specific antioxidant has been shown to
delay fatigue in humans by reducing oxidative
stress [112], but other studies have found no effect
[113, 114]. A recent report, however, suggests that
N-acetylcysteine can decrease the circulating TNF-
α concentration and augment strength gains in
elderly individuals [115]. There have been no
reports of using this antioxidant in CHF or COPD
but, because these conditions are considered to be
inflammatory in nature and inflammatory condi-
tions cause the production of reactive oxygen
species, N-acetylcysteine may be a therapeutic
option.

Conclusions

Sarcopenia, or the age-related loss of muscle mass,
is a consequence of normal aging. This process,
however, may be attenuated and possibly reversed
by resistance training and/or androgen replace-
ment. Adequate protein intake and energy intake
may also be useful in the attenuation of sarcope-
nia. Cachexia, the loss of weight and muscle mass
as a result of disease, can be the result of acute ill-
ness or chronic diseases such as CHF, COPD, or
cancer. Cachexia may be attenuated by aerobic or
resistance exercise training, anabolic drugs, nutri-
tional energy supplementation, various anti-
cytokine drugs, or anti-catabolic/anabolic nutri-
tional supplements. Clearly further research is
warranted in the treatment of sarcopenia and
cachexia.
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Introduction

The causes of significant weight loss in older per-
sons are: (1) anorexia/starvation, (2) sarcopenia,
(3) cachexia, and (4) dehydration. Thus, the first
step in management of weight loss is to make the
diagnosis. Depression, which is the most common
cause of weight loss in older persons [1, 2], can be
treated with antidepressants, which can also
reverse weight loss, but monoamine oxidase
inhibitors and mirtazapine (Remeron) appear to
have specific orexigenic effects. The management
of cachexia in older persons is extraordinarily
complex, and involves both treatment of the
underlying disease and specific nutritional thera-
py. Similarly, severe anorexia, often due to
cytokine excess, must be treated.

When older persons lose weight, simple
approaches like making sure that they can carry
out activities of daily living, such as shopping,
food preparation, and feeding, are the basic start-
ing point for appropriate management. Other
strategies to increase food intake by the elderly
include the use of taste enhancers [3], eating with
a companion [4], and, in nursing homes, enhanc-
ing the environment [5].

Specific treatments for conditions causing
weight loss are given in Table 1. In persons with
sarcopenia, resistance exercise is the treatment of
choice. Testosterone increases muscle mass and
strength in older men with sarcopenia [6, 7]. It
should be recognised that in older persons a ratio
of blood urea nitrogen (BUN) to creat inine
greater than 10:1 commonly occurs due to bleed-
ing from the gut, renal deterioration, and conges-
tive heart failure. Therefore, the BUN:creatinine

ratio is a poor measurement of dehydration in
older persons.

Older persons with weight loss should receive a
multivitamin supplement. In a meta-analysis by
the Cochrane Collaboration [8], caloric supple-
mentation was shown to produce a small increase
in weight and to decrease mortality. When caloric
supplements are given between meals, the total
number of calories ingested is higher than in the
absence of such supplements [9].
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Table 1. Specific treatments for conditions causing weight
loss in older persons

Condition Treatment

Depression Antidepressants or electrocon-
vulsive therapy

Late-life paranoia Low-dose anti-psychotics

Dysphagia Consider altered consistency 
of food, but remember that 
this may decrease quality of life;
enteral feeding

Hypercalcaemia Consider hyperparathyroidism

Hyperthyroidism Radioactive iodine

Bacterial overgrowth Antibiotics

C. difficile diarrhoea Mitronidazole or antibiotics

Helicobacter pylori Antibiotics plus protonics

Pancreatic insufficiency Enzyme replacement

Pheochromocytoma Surgery



Enteral Feeding

In general there are three indications for enteral
feeding [10]: (1) patients with neuromuscular dis-
ease may have impaired swallowing or gag reflexes;
(2) patients with hypermetabolic states, such as
those induced by cancer or cachexia, may be unable
to meet their nutritional needs by eating alone; (3)
patients who are unable to eat, such as those who
are ventilator-dependent, postoperative, or have
tumours of the upper gastrointestinal tract.

In the elderly, the most common indication for
enteral feeding is dysphagia with frequent aspira-
tion. The only absolute contraindication to enteral
feeding is mechanical obstruction of the gut.
Enteral feeding is preferred over parenteral feed-
ing because it maintains the functional and struc-
tural integrity of the gastrointestinal tract, is more
physiological, easier to use, and costs less. There is
controversy over whether enteral nutrit ion
improves the outcome of older persons with
dementia who are losing weight [11–15].

There are three approaches to use enteral feed-
ing. The first and most common is to use enteral
feeding as the sole source of nutrition. A second
approach is to use it to supplement oral intake, and
the third is to combine enteral and parenteral
nutrition.

Access to the gut can be achieved by nasogas-
tric, nasointestinal, percutaneous gastric, or percu-
taneous jejunal routes. Percutaneous gastrostomy
is the preferred route when enteral feeding is
expected to last longer than four weeks.
Nasogastric tubes are not preferred over the long
run because they are uncomfortable. Longer tubes
that cross the pylorus into the duodenum or
jejunum offer few advantages for reducing compli-
cations or improving nutrition. These tubes obvi-
ate the advantage of the stomach as a reservoir,
require an infusion pump, and are frequently dis-
lodged. Most oral medications cannot be used with
percutaneous jejunal tubes, which are usually sur-
gically inserted at the time of laparotomy. They are
often used when upper gastrointestinal problems
exist, or in patients in whom aspiration is a major
problem.

Feedings can be administered intermittently or
continuously. Intermittent feedings are more con-
venient for the nursing staff, do not require infu-

sion pumps, permit more patient mobility, better
simulate normal eating patterns with fasting peri-
ods, and may be more physiological [16].
Disadvantages include diarrhoea, vomiting, and
possibly a higher risk of aspiration pneumonia.
The average volume of intermittent feedings
should be between 240 and 400 ml. The gastric
residual should be checked before each feeding,
and if greater than 200 ml for a nasogastric tube or
100 ml for a gastrostomy tube, the patient should
be monitored closely. If a patient has not been fed
in the last five days, feedings should begin as low-
volume, continuous flow at a rate of 25–50 ml/h.
Residual volume in the stomach should be moni-
tored every 2–4 h, and feeding halted if the resid-
ual volume exceeds 1.5 times the hourly rate.
When caloric needs have been met, feedings can
be switched to intermittent.

Complications of Enteral Feeding

In the largest study, the overall complication rate
was 11.7% [17]. Of these, 6.2% were gastrointesti-
nal, 3.5% were mechanical, and 2 % were metabolic.

Mechanical Complications

Nasogastric tubes carry a higher risk of self-
extubation and patient discomfort. Mechanical
displacement of a gastrostomy tube may also
occur. The tube can only be replaced 3 weeks or
longer after the original placement, as the tract is
still immature before that. An attempt at replace-
ment can be made within 6–12 h after the event,
but otherwise the patient should be referred to a
specialist. Mechanical clogging has only been
observed with the use of premixed formulas (e.g.
Pulmocare, Ensure, Ensure Plus, Osmolite, and
Enrich).

Pulmonary Complications

A previous study found that 19% of nasogastric
tube placements were not in the stomach or duode-
num [18]. In elderly patients and in patients with-
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out an intact gag reflex, pneumothorax, pleural pen-
etration, empyema, and bronchopleural fistula may
occur. The placement of the tube should not be
determined by insufflation over the stomach as this
is frequently misleading; instead, placement should
be confirmed radiologically.

Aspiration is the most serious pulmonary com-
plication of tube feedings. As many as 40% of
deaths associated with tube feedings result directly
from aspiration pneumonia [19, 20]. Risk factors
for aspiration include diabetes, pancreatitis, vago-
tomy, malnutrition, decreased gag reflex, a change
in the level of consciousness, and gastric retention.
Gastric retention can be treated with a low-fat for-
mula or a prokinetic agent, such as metoclo-
pramide. Formula-associated risks include high-
nutrient-density formulas [21], hypo- and hyper-
osmolar solutions [22], and cold formulas. With
long-term use, aspiration occurs in 44% of patients
with nasogastric tubes and in 56% of patients with
gastrostomy tubes. Duodenally placed tubes are
not better than gastrostomy tubes. Jejunal tubes
placed distal to the ligament of Treitz are not gen-
erally thought to prevent aspiration. One study
that reviewed the literature regarding the use of
enteral feeding to prevent aspiration concluded
that there is no evidence to support that approach
in a conscious patient with neurological dysphagia
[23, 24]. The authors of the review suggested using
tube feedings only in patients with recurrent
pneumonia, with extremely uncomfortable cough
during meals, or with an impaired level of con-
sciousness.

Gastrointestinal Complications

Diarrhoea was the most frequently reported gas-
trointestinal complication, but there are conflicting
explanations as to its cause. Osmolarity, rate of
delivery, H2 blockers, antibiotics, and fibre content
have all been suggested. The association between
H2 blockers and diarrhoea might be due to the
development of bacterial overgrowth when the gas-
tric pH exceeds 4. Sorbitol-containing drugs are
often overlooked as a cause of diarrhoea. When
significant diarrhoea occurs Clostridium difficile
colitis should be ruled out first. Several studies

have shown that there is no effect when the osmo-
larity is varied between 145 and 430 mOsm [25] or
when the formula composition is changed [26].

Metabolic Complications

Hyperglycaemia, hypercapnia, electrolyte abnor-
malities, and re-feeding syndrome are metabolic
complications that can occur with enteral feeding.
Complications are seen more often in diabetics
and in patients receiving formulas with high
caloric density. In diabetics, the use of hyperosmo-
lar formulas can lead to hyperosmolar nonketotic
coma. High carbohydrate concentrations may
increase respiratory quotients and increase carbon
dioxide production. Re-feeding syndrome is char-
acterised by dehydration, hypernatraemia, hyper-
chloraemia, and azotaemia. Its most common
cause is the use of high-protein formulas with low
water intake. This syndrome is seen among severe-
ly malnourished patients, such as alcoholics, when
potassium and phosphorus requirements are high
because of the intracellular shift that occurs when
nutrients are replenished.

Parenteral Feeding

Parenteral feeding may be helpful during acute
hospital admissions in older persons. Often, only a
small number of calories are ingested by the elder-
ly during hospitalisation, either due to the under-
lying disease or to medical interventions. We have
found peripheral parenteral nutrition to be a par-
ticularly useful method to supplement calories,
and with minimal side effects. In malnourished
older persons, parenteral vitamin supplements
may decrease delirium. Nonetheless, in general,
providing calories through the gut is preferable to
using parenteral feeding, except for very short
periods of time.

Orexigenics

Numerous appetite stimulants have been used in
older persons. There is no evidence that cyprohep-
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tadine can enhance appetite. Dronabinol (a syn-
thetic tetrahydrocannabinol) produces an increase
in hunger and possibly a mild increase in weight
gain in older persons [27]. Because of its analgesic
and anti-nausea properties and the general feeling
of well being it produces, dronabinol is an excel-
lent drug for palliative care.

The use of anabolic steroids in older persons is
controversial. Testosterone enhances muscle mass,
but there are no controlled trials on the use of ana-
bolic steroids, such as oxandrolone, by older per-
sons. Moreover, anabolic steroids can cause liver
dysfunction.

Megestrol acetate or medroxyprogesterone
acetate are the orexigenic drugs of choice.
Megestrol produces weight gain in older persons
[28, 29], most likely by cytokine inhibition [29]. We
recommend its use in all persons with elevated C-

reactive protein. The major side effects of mege-
strol are a small increase in the incidence of deep-
vein thrombosis, a decline in cortisol production,
and male hypogonadism.

An overview of orexigenic treatment for the
elderly is given in Table 2. Table 3 lists anticy-
tokine agents that may be useful to treat cachexia.

Conclusions

As weight loss is a marker for mortality in older
persons, aggressive treatment is essential. Tables 4
and 5 review our guidelines for the treatment of
weight loss in nursing home residents [30]. There
is a need for controlled trials to more clearly delin-
eate the appropriate management of weight loss in
the elderly.
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Table 2. Orexigenics available for management of anorexia

Megestrol acetate or medroxyprogesterone

Dronabinol

Oxoglutarate

Cyproheptadine

Anabolic steroids, e.g., nandrolone, testosterone,
oxandrolone

Table 3. Anticytokine agents

Progestagens

Thalidomide

Pentoxiphylline

NSAIDs

Eicosapentaenoic acid

Cytokine antibodies

Soluble cytokine receptors

NSAIDs, non-steroidal anti-inflammatory drugs
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Table 4. Clinical guide to prevent and manage malnutrition in long-term care. The information in this table is aimed at
nursing staff, dietary staff. and dietitians, and follows the strategy evaluate, document, and treat

Dysphagia/aspiration

Clinical Guide to Prevent and Manage Malnutrition in Long-Term Care
FOR NURSING STAFF AND DIETARY STAFF AND DIETITIANS (EVALUATE, DOCUMENT AND TREAT)

Involuntary 5% weight loss in 30 days or 10% in 180 days or less
or

BMI≤21
or

Resident leaves 25% or more of food uneaten at two thirds of meals 
(Assess over 7 days, based on 2000 cal/day)

Put on weekly weight monitoring program/
Proceed with documentation utilizing Nursing Nutritional Checklist

Inform physician/dietitian

Food/environmental considerations

Needs feeding assistance
Meal time assistance, restorative dining program

Swallowing evaluation/food consistency change,
thickened liquids, special feeding program,

enteral/parenteral feeding

Document reason

Between-meal liquid calorically dense supplements

Consider other treatment options, e.g. hospitalize or palliative care

Suggestions for family:
• Visit at meal time
• Help feed
• Discuss alternate food sources
• Review food preferences
• Recommend favorite foods or 

comfort foods
• Discuss quality of life issues and

treatment goals

• Stop therapeutic diet
• Food preferences (e.g., ethnic)
• Consistency changes based on

assessed needs
• Offer meal substitutes
• Snacks (between meals and HS)
• Medications not given at meal time
• Supplements not given at meal time
• Food served at proper temperature
• Food palatability (consider taste

enhancers)
• Encourage family involvement 

in feeding
Other:
• Taste/sensory changes
• Ill-fitting dentures, missing teeth
• Motor agitation, tremors, wandering

• Surroundings quiet and calm, 
comfortable

• Positive dining room atmosphere
• Well lighted
• Caregivers are friendly and polite
• Residents are happy with the meals

and meal service
• Staff directs conversation to resident at

meal time
• Dining room service not rushed
• Assistance encouraged
• Prompt service and assistance
• Compatible companions

Caloric-dense foods 
Exercise program for appetite stimulation

Checklist for nurse to provide 
physician/dietitian: Physician considerations:

Food considerations: Environmental considerations:

This is a tool to assist in 
compliance. This is not an endorse-
ment of the HCFA mandated criteria.

It should be noted that because 
malnutrition in long-term care is 

multifactorial, any treatment that is
initiated should be monitored for 

efficacy, and nursing interventions
should proceed simultaneously 

with medical interventions.

• Temperature
• Constipation
• Fecal impaction
• Drug list
• Mood/behavior
• Food/fluid intake
• Vomiting/nausea
• Indigestion
• Skin condition
• Swallowing problem

• Appetite assessment
• Infection – UTI, 

URI, GI 
• Pain
• Albumin < 3.4 g/dL
• Cholesterol < 160

mg/dL
• Hgb<12 g/dL
• Serum 

transferrin<180*

• Albumin
• Complete blood count
• Blood urea nitrogen
• Creatinine
• Hemoglobin
• Hematocrit
• Serum transferrin
• Cholesterol
• Consultation by dietitian
• Consult Clinical Guide for

Physicians, Pharmacists,
and Dietitians

Check hydration status
minimum 1500 cc fluid/day unless contraindicated

(For tube feeding patients, approximately 75% 
of the total tube feeding volume should be considered free fluid)

Quality indicator conditions:
• Fecal impactions, Infection (UTI, URI, pneumonia, GI)

• Tube feeding, decline in ADL’s or pressure ulcer on low risk resident

* Included in MDS

Tr igger  Condi t ions

The American Dietetic Association supports the Clinical Guide to Prevent and Manage Malnutrition in Long-Term Care.
Representatives from the American Dietetic Association were instrumental in its development.

These Guidelines were developed by the Council for Nutrition. 
A special committee of The Gerontological Society of America (GSA) served as critical reviewers and provided input and modification of the final Guidelines. 
While GSA does not endorse specific clinical measures, we support the principles underlying these Guidelines and their potential to improve nutrition in the nursing home.

While presented for simplicity as a linear
guide in two parts, many of the suggestions

can be done simultaneously, and the order in
which this approach is taken can be varied

dependent on individual resident needs.

Council for Nutrition

CL
INICAL STRATEGIESIN

LTC

▲
▲

▲▲▲▲▲▲▲

▲
▲

▲
▲
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Table 4. continue

Nursing Nutritional Checklist (for use in Care Planning)
The American Dietetic Association supports the Nursing Nutritional Checklist (for use in Care Planning).
Representatives from the American Dietetic Association were instrumental in its development.

This Nursing Nutritional Checklist (for use in Care Planning) was developed by the Council for Nutrition.
A special committee of The Gerontological Society of America (GSA) served as critical reviewers and provided input and modification of the final Checklist. 
While GSA does not endorse specific clinical measures, we support the principles underlying this Checklist and its potential to improve nutrition in the nursing home.

Problem List (check all that apply) Suggested Action Plan (check when completed)

●● 1. Patient has ≥ 5% involuntary weight loss in 30 days? ●● 1-4 .  Monitor weight weekly.
Continue to step #5 on problem list

●● 2. Patient has ≥10% involuntary weight loss in 180 days or less.
●● 3. BMI is ≤ 21. (703 x weight in lbs/height in inches2 or

weight in kilograms/height in meters2)
●● 4. Resident leaves 25% or more food on tray? (in last 7 days)

5. Quality Indicators — Does patient have: 5. 
●● A. Fecal impaction in last 7 days ●● A. Implement bowel program
●● B. Infection (UTI, URI, Pneumonia, GI) in last 7 days ●● B. Get physician order for U/A
●● C. Tube feeding ●● C. Contact dietitian for assessment
●● D. Functional ADL decline ●● D. Consider OT/PT assessment
●● E. Development of pressure ulcer in low risk patient ●● E. Implement skin program
●● 6. Patient takes in ≤1500cc fluid/day for the last 7 days? ●● 6. Develop systematic plan to ensure adequate fluid intake 

Is patient on fluid restriction? (e.q., 300 mL with meals and 240 mL between meals)
●● 7. Available labwork completed in the last 30 days: ●● 7. Notify physician of values

Hgb __________________ Albumin__________________
Hct ____________________ Cholesterol ______________
Serum WBC ____________ U/A:
Sodium ________________ Urine WBC ______________
Potassium ______________ Spec. Gravity ____________
Glucose ________________ Leuk. Esterase __________
BUN __________________ Other____________________
Creatinine ______________

8. Nursing assessment of physical/psychological problems 8. 
●● A. Skin (pressure ulcers and skin tears) ●● A. Implement skin program
●● B. Presence of fever (2º above baseline) ●● B. Implement facility protocol
●● C. Presence of diarrhea ●● C. Implement facility protocol
●● D. Presence of constipation ●● D. Implement facility protocol
●● E. Takes drugs other than multivitamins/minerals ●● E. Contact pharmacy consultant for drug review
●● F.  Symptoms of depression/anxiety ●● F. Evaluate for depression/anxiety (short geriatric mini depression scale)
●● G. Loss of usual appetite ●● G. Implement care plan to increase appetite
●● H. Presence of nausea/vomiting ●● H. Implement facility protocol
●● I. Presence of dysphagia/choking ●● I. Contact dietitian for evaluation
●● J. Ill-fitting dentures, missing teeth, periodontal disease ●● J. Contact dentist or dental technician
●● 9. Not satisfied with food currently offered ●● 9. Stop therapeutic diets and provide preferred

(for example, ethnic preferences) foods/food substitutions
●● 10. Patient needs meal time assistance ●● 10. Provide timely, polite assistance during dining

●● Provide tray set up
●● Provide partial assistance/supervision (evaluate resident/staff

ratio and supervision by licensed professional staff)
●● Provide total assistance (consider resident/staff

ratio and supervision by licensed professional staff)
●● Consider training staff to provide meal time assistance

●● 11. Patient has motor agitation, tremors, or wanders ●● 11. Consider OT evaluation
●● Provide meal time assistance
●● Provide self-help feeding devices
●● Offer finger foods

●● 12. Presence of environmental distractions or meal time ●● 12. Minimize environmental distractions
environment concerns ●● Provide compatible companions

●● 13. Inadequate lighting in the dining room ●● 13. Evaluate location in dining room
●● 14. Patient needs 30–60 minutes to eat ●● 14. Implement dining program, e.g. special area to eat for impaired 

residents or two meal time sessions
●● 15. Patient is unable to tolerate current food consistency ●● 15. Contact dietitian for texture screen
●● 16. Supplements are given at meal time ●● 16. Give liquid supplements in a pattern that optimizes nutrient intake
●● 17. Medications are given at meal time ●● 17. Contact pharmacist for appropriate administration time
●● 18. Impaired visual acuity ●● 18. Assure resident is wearing clean glasses at meal time

●● Provide meal time assistance (see #10)
●● 19. Impaired hearing ●● 19. Ensure that hearing aid is in place and working at meal time
●● 20. Patient has a decline in taste and smell ●● 20. Season foods

●● Serve food at proper temperature

●● When problem list is completed, contact physician, dietitian and pharmacist as appropriate with suggested action plan.

Completed by: ______________________________________________________________ Date: __________________________________
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Table 5. Clinical guide to prevent and manage malnutrition in long-term care. The information in this table is aimed at
physicians, pharmacists, and dietitians, and follows the strategy evaluate, document, and treat

Tr igger  Condi t ions

Clinical Guide to Prevent and Manage Malnutrition in Long-Term Care

Treat cause

Cancer or other terminal illness* Advance directives

Document reason

Consider alternate feeding routes
(such as NG, PEG, PPN)

Geriatric Depression Scale (see Appendixes A and B) 

Consider treatable causes
(MEALS ON WHEELS)

Consider orexigenic drugs
(appetite stimulants)

Consider irreversible causes

Consider other treatment options, e.g. hospitalize or palliative care

Treat depression

Review drugs Stop drugs that cause anorexia
or substitute where possible

Consider hydration status 
minimum 1500cc fluid/day
(Unless contraindicated)

Consider quality indicator conditions for 
cause or related conditions

Assess laboratory data

If acute decrease in food intake, consider delirium, 
acute illness and/or pain

Consider:
•  Serum albumin <3.4g/dL
•  Cholesterol<160 mg/dL
•  Hgb<12 g/dL
•  Serum transferrin<180*
* Included in MDS

•  Fecal impactions
•  Infection (UTI, URI, pneumonia, GI)
•  Tube Feeding
•  Decline in ADL’s or pressure ulcer

on low risk resident

Treat cause

Involuntary 5% weight loss in 30 days or 10% in 180 days or less
or

BMI≤21
or

Resident leaves 25% or more of food uneaten at two thirds of meals 
(Assess over 7 days, based on 2000 cal/day)

Put on weekly weight monitoring program

FOR PHYSICIANS, PHARMACISTS, AND DIETITIANS (EVALUATE, DOCUMENT AND TREAT)

This is a tool to assist in compliance. This is not an 
endorsement of the HCFA mandated criteria. 

It should be noted that because malnutrition in long-term care 
is multifactorial, any treatment that is initiated should be 
monitored for efficacy, and nursing interventions should 

proceed simultaneously with medical interventions.

Evalute and treat 
as appropriate

* Improving appetite or giving acceptable nutrition can
be helpful to the resident and family

Reversible Causes of Protein-Energy Malnutrition in Nursing Homes: 
The “MEALS ON WHEELS” Mnemonic*

M edications (eg, digoxin, theophylline, antipsychotics) 
E motional problems (depression) 
A norexia tardive (nervosa)/Alcoholism 
L ate-life paranoia 
S wallowing disorders 

O ral problems 
N osocomial infections (tuberculosis, Helicobacter pylori, Clostridium difficile) 

W andering and other dementia-related behaviors 
H yperthyroidism/hypercalcemia/hypoadrenalism
E nteric problems (malabsorption) 
E ating problems 
L ow-salt, low-cholesterol diets 
S tones (cholelithiasis)

While presented for simplicity as a linear guide in two parts, many of the suggestions can be done simultaneously, and the order in
which this approach is taken can be varied dependent on individual resident needs.

Treat cause

*Source: Morley JE, Silver AJ. Nutritional issues in nursing home care. Ann Intern Med 1995; 123:850-859.

The American Dietetic Association supports the Clinical Guide to Prevent and Manage Malnutrition in Long-Term Care.
Representatives from the American Dietetic Association were instrumental in its development.

These Guidelines were developed by the Council for Nutrition.
A special committee of The Gerontological Society of America (GSA) served as critical reviewers and provided input and modification of the final Guidelines. 
While GSA does not endorse specific clinical measures, we support the principles underlying these Guidelines and their potential to improve nutrition in the nursing home.
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SECTION 12
A GLOBAL PERSPECTIVE FOR THE TREATMENT OF CACHEXIA



Introduction

Cachexia is frequently observed in a number of
different chronic illnesses. Although a final com-
mon pathway has not yet been established, a num-
ber of features have been recognised irrespective
of underlying aetiology. These aspects of the dis-
ease include activation of the immune system,
muscle wasting through the ubiquitin-proteasome
pathway and endothelial dysfunction. Targeting
these aspects of cachexia involves downstream sig-
nalling of proinflammatory cytokines, proteasome
inhibition and possibly the use of 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitors (statins). Apart from their cholesterol-
lowering features, the latter class of drugs has
recently been shown to improve endothelial dys-
function, to induce endothelial progenitor cells,
and to have anti-inflammatory properties. These
features have recently been termed pleiotropic
effects of statins. It is therefore tempting to specu-
late that cachectic patients will benefit from treat-
ment with stat ins, and possibly also from
immunosuppression per se.

Proteasome-Dependent Protein Degradation

Cachexia is frequently accompanied by elevated
levels of proinflammatory cytokines [1–5]. Indeed,
tumour necrosis factor-α (TNF-α) appears to play
a key role in the development of this perturbation
[6]. TNF-α was first described in 1975 and termed
cachectin for its ability to induce weight loss and
anorexia in mice [7]. This syndrome, however, was
reversed when the injection of TNF-α was discon-
tinued. In chronic heart failure, for example, which
often leads to cardiac cachexia, TNF-α leads to
reduced peripheral blood flow [8], increased apop-

tosis [9] and lower skeletal muscle mass [10, 11].
Moreover, proinflammatory cytokine activation
relates to prognosis in chronic heart failure inde-
pendently of whether cachexia is present or not
[12, 13]. Other proinflammatory mediators, such as
interleukin (IL)-1β and IL-6, also appear to con-
tribute to both the development and the progres-
sion of cachexia [14]. Interestingly, the latter
cytokine is the most potent mediator to induce the
acute-phase response [15]. Maintaining the acute-
phase response requires an excess of essential
amino acids, which yields loss of body proteins
[16]. Since skeletal muscle accounts for almost half
of the body protein mass, this compartment is
intensively affected.

The predominant pathway of protein turnover
and degradation in eukaryotic cells is the ubiqui-
tin-proteasome pathway (Fig. 1). The impact of
protein degradation through this pathway has
been demonstrated in vivo for cachexia in AIDS
[17], sepsis [18], cancer [19] and renal failure [20].
Interestingly, cytokine signals, such as TNF-α, IL-1
and IL-6 stimulate the ubiquitin-proteasome path-
way in muscle [21–23]. It is still a matter of debate
whether these signals act directly or whether they
are secondary to the influence of cytokine-induced
glucocorticoids [24]. The finding that protein
degradation by the proteasome does not yield free
amino acids but peptides suggests that a number
of other factors may also be important in the regu-
lation of muscle protein breakdown [25].

Proteasome Inhibitors

Protein degradation by the proteasome complex
represents a potential target for therapeutic inter-
ventions. Indeed, proteasome inhibitors have been
available since 1994. The first clinical data from
phase I studies became accessible in 2002. Four
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classes of proteasome inhibitors have been
described so far [26, 27]:
1. Peptide aldehydes primarily inhibit the chy-

motrypsin-like activity of the proteasome,
which is one of its specific proteolytic sites.
Removing the peptide aldehyde restores the
proteolytic activity.

2. Lactacystin and its active derivative β-lactone
are more specific, but irreversible inhibitors of
the proteasome. They act as pseudosubstrates
that are covalently bound to one of the sub-
units of the proteasome [28].

3. Vinyl sulfone has been shown to inhibit the
proteasome complex irreversibly in a similar
manner to lactacystin [29]. In a human lym-
phoma cell line prolonged inhibition of the
proteasome by vinyl sulfone led to the appear-
ance of cell variants with a distinct proteolytic
system [29].

4. Dipeptide boronic acid analogues have been
shown to block proteasome activity via

reversible binding to its active sites. Indeed,
bortezomib (also known as PS-341) from this
class of proteasome inhibitors is the only such
drug that has been used in clinical trials so far. A
phase I study in 43 patients with different types
of advanced solid tumour malignancies showed
a safe and reasonable treatment regimen with
this substance [30]. Side-effects were diarrhoea
and sensory neurotoxicity, both of which are
dose-limiting toxicities. Unfortunately, the
authors did not report differences in body
weight before and after treatment. Another
study revealed that in vivo administration of
bortezomib induced proteasome inhibition in a
time-dependent manner and that the inhibition
was also related to both the dose in milligrams
per square meter of body surface area and the
absolute dose of bortezomib [31]. This study
also revealed that patients treated with borte-
zomib require careful monitoring of electrolyte
abnormalities and late toxicities [31].
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Fig. 1. Muscle wasting in man. An unknown stimulus, possibly TNF-α binding to its receptors, causes ubiquitin binding to
myofibrils. These proteins are then directed to the proteasome complex. The proteasome releases peptides, which are fur-
ther broken down to free amino acids by yet unidentified mechanisms. Several proinflammatory cytokines are known to
induce proteasome activity while proteasome inhibitors block it



More recent work has illustrated the role of
bortezomib in relapsed, refractory multiple myelo-
ma [32]. In this multicentre, open-label, non-
randomised phase II trial, 202 patients were enrolled
and received 1.3 mg of bortezomib per square meter
of body surface area twice weekly for up to eight
cycles. The response rate was 35%. Myeloma protein
became undetectable in seven patients, and in 12
patients myeloma protein was detectable only by
immunofixation. Therefore, the authors of this study
conclude that bortezomib is active in patients with
relapsed multiple myeloma that is refractory to con-
ventional chemotherapy [32].

Peptide aldehydes, lactacystin and β-lactone
have been shown to block up to 90% of the degra-
dation of abnormal proteins and short-lived pro-
teins in the cell [29]. Unfortunately, it is not possi-
ble to block specifically myofibril degradation in
skeletal muscle.

Targeting Intracellular Signal Transduction

Nuclear factor-κB (NF-κB) is one of the principal
transcription factors to transduce TNF-α signals
into the cells. Moreover, it also activates gene tran-
scription of cytokines, acute-phase response pro-
teins, and cell adhesion molecules [33]. The com-
plex interactions of NF-κB and other transcription
factors are responsible for the inhibition and
enhancement of certain genes. However, a coinci-
dent activation of several transcription factors is
generally regarded necessary for maximal gene
expression [34].

NF-κB was first described in 1986. It was so
named because of being necessary for
immunoglobulin kappa light chain transcription
in B cells [35]. NF-κB is a heterodimer consisting
of two subunits, which are, in unstimulated cells,
bound to an inhibitory protein IκB. Therefore, it is
kept in an inactivated form in the cytoplasm with
its nuclear localisation signal being masked [36].
Once activated, IκB is phosphorylated and rapidly
degraded in the ubiquitin-proteasome pathway.
The free NF-κB complex can translocate into the
nucleus, where NF-κB binds to κB DNA sequences
(NF-κB responding elements).

Several approaches appear promising when

targeting the intracellular signal transduction of
TNF-α. Thus, IκB degradation, NF-κB transloca-
tion, or NF-κB DNA binding may be useful targets.
In fact, genetic overexpression of IκB blocks NF-
κB-dependent processes. Fumar acid, which blocks
the nuclear translocation of NF-κB, has a high
anti-inflammatory capacity [37]. Most recently,
activation of NF-κB by overexpression of a IκB
phosphorylating kinase has been shown sufficient-
ly to block myogenesis, thus illustrating the link
between NF-κB and cachexia development [38].
However, complete inhibition of NF-κB has proven
detrimental; knockout studies targeting the major
subunits of NF-κB show severe immunodeficiency
in mice, which was lethal in some cases [39].

Immunosuppressive Substances

Immunomodulatory Cytokines

Some cytokines possess immunosuppressive prop-
erties. The most important such substance is IL-
10, which was first described in 1989 as a cytokine
synthesis inhibitory factor [39]. It has been sug-
gested that IL-10 is a natural dampener of the
immune response [40]. Binding of IL-10 to its
receptor activates different tyrosine kinases. IL-10
potently suppresses the production of TNF-α,
IL-1β and IL-6, which finally inhibits the onset of
the acute-phase response [42]. In human cachexia
a potential benefit of IL-10 treatment has not been
investigated so far, although it has proven clinical-
ly beneficial in several immunological disorders
[43, 44]. Over the past few years, five proteins have
been discovered, which show 20–28% amino acid
identity to IL-10 [45]. These proteins, like IL-10,
belong to the family of class 2 cytokines. They
have recently been termed IL-19, IL-20, IL-22,
IL-24 and IL-26, respectively [45]. However, the
physiological role of these substances has not yet
been identified convincingly.

Transforming grow th factor-β (TGF-β) is
another cytokine with immunosuppressive fea-
tures [46]. It has an essential role in the develop-
ment, homeostasis and repair of nearly all tissues.
The principal action of TGF-β is the inhibition of
leukocyte activation. However, TGF-β is also capa-
ble of stimulating the synthesis and secretion of
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extracellular matrix proteins. Moreover, it blocks
TNF-α and IL-6 production from lipopolysaccha-
ride (LPS)-st imulated whole blood [47].
Interestingly, TGF-β injection into mice yields pro-
gressive suppression of erythropoiesis, which was
associated with both increased plasma levels of
TNF-α and progressive cachexia [48]. A similar
study in nude mice found that the injection of
more than 2 mg/day TGF-β led to generalised
intestinal fibrosis and cachexia, although this was
not accompanied by elevated TNF-α levels [49].
This is grounds to apprehend that TGF-β applica-
tion is detrimental in cachectic patients.

IL-4 and IL-13 are closely related, and both
affect the morphology, surface receptor expression
and cy tokine synthesis of monocy tes and
macrophages. Both cytokines inhibit the produc-
tion of IL-1β, IL-6, IL-8 and other proinflammato-
ry cytokines in models of ex vivo stimulated
monocytes [68]. IL-4 has been found to protect
from the development of cachexia in a model of
IL-4 knockout mice following infection with
Schistosoma mansoni [50]. Indeed, the magnitude
of weight loss was significantly increased com-
pared to uninfected IL-4 knockout mice and wild-
type mice. Therefore, it is not surprising that the
mortality of the IL-4 knockout mice was also
increased [50].

Glucocorticoids

Glucocorticoids freely penetrate cell membranes,
and after entering the target cell they bind to a
cytosolic glucocorticoid receptor. This receptor
eventually ser ves as a transcription factor.
However, the anti-inflammatory action of these
substances is not strictly dependent on DNA bind-
ing of the hormone–receptor complex. Moreover,
glucocorticoids also activate other transcription
factors, such as NF-κB [51], and it appears that
side-effects are mostly attributable to the transac-
tivating characteristics of glucocorticoid receptors
that require DNA binding.

Glucocorticoids are widely used in the treat-
ment of inflammatory and immune diseases for
their ability to suppress immune activation.
Interestingly, they seem to relieve anorexia and
asthenia [52]. Glucocorticoids have also been

found to stimulate food intake in patients with
cancer cachexia [52]. However, most studies have
shown a limited effect of up to 4 weeks on symp-
toms such as appetite, food intake, well-being and
performance [53, 54]. Unfortunately, these studies
failed to show beneficial effects on body weight.
One of the key mechanisms of glucocorticoid
action might be the induction of IκB synthesis [55,
56]. Furthermore, IκB might be able to remove
actively NF-κB from its DNA binding site. Another
mode of glucocorticoid action involves direct 
protein–protein interaction [57]. Transcription
factors such as NF-κB seem to bind to glucocorti-
coid receptors in the cy tosol [45].
Proinflammatory genes may therefore be sup-
pressed due to masking of transactivating
domains. Dexamethasone, for example, is a potent
synthetic glucocorticoid. Indeed, it blocks TNF-
α/IL-1-dependent induction and translocation of
NF-κB [58]. Not surprisingly, dexamethasone also
inhibits the LPS-induced activation of NF-κB [47].
However, the application of glucocorticoids for the
treatment of cachexia remains controversial. The
most important issue is that prolonged use may
lead to weakness and osteoporosis, diabetes and
even delirium.

Calcineurin Inhibitors

Calcineurin inhibitors are immunosuppressive
substances largely used after transplantation and
during the course of certain autoimmune disor-
ders. The most important drugs from this class of
agents are the nephrotoxic cyclosporin A and
tacrolimus. They pass freely through cell mem-
branes. Tacrolimus is more potent than
cyclosporin A. Unfortunately, both cyclosporin A
and tacrolimus share a narrow range between sub-
therapeutic and toxic plasma concentration, and
therefore frequent drug monitoring is required
[59].

Cyclosporin A is a small peptide of fungal ori-
gin. Its major targets are T cells [60], whose
cyclophilins are strongly bound. Cyclophilins are
involved in protein folding. Cyclosporin–
cyclophilin complexes inhibit calcineurin. This, in
turn, yields inhibition of both activation and
nuclear translocation of NF-AT, which is involved
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in IL-2, IL-4 and TNF-α transcription [61]. The
actions on other cell types are less well under-
stood, although cyclosporin appears to be able to
inhibit the proteasome in murine macrophage cell
lines. In these cells, cyclosporin A has also been
found to suppress LPS-induced IκB degradation.
Therefore, inhibition of proteasome activity seems
to be the mechanism by which cyclosporin A pre-
vents NF-κB activation [62, 63]. These data are in
keeping with other reports that showed a dose-
dependent inhibition of IL-1β and TNF-α produc-
tion in an animal model [64]. Other workers have
confirmed these data using U937 monocyte cells,
in which cyclosporin A reduced the secretion of
IL-1β, IL-6, IL-8 and TNF-α [65]. In human alveo-
lar macrophages, cyclosporin A was able to inhibit
the production of IL-8 and TNF-α as well [66]. A
further study demonstrated that cyclosporin A
injected into rats with inflammation-induced
cachexia prevented the sustained loss of body
weight and adipose tissue [67].

Tacrolimus (FK506) shares some of the actions
of cyclosporin A. It is a macrolide antibiotic, which
mainly inhibits T-cell activation via association
with calcineurin. Tacrolimus binds to FK506-bind-
ing protein (FKBP), and the FKBP–calcineurin
complex inhibits NF-AT activation [68]. Similar to
cyclosporin A, tacrolimus has been shown to
reduce TNF-α production by certain cell types
[69], although this does not appear to be its princi-
pal mode of action.

Sirolimus is not a calcineurin inhibitor per se.
It is, like tacrolimus, a macrolide antibiotic [70],
but it acts at a later stage at inhibiting T-cell prolif-
eration [71]. Sirolimus also binds to FKBP,
although the sirolimus–FKBP complex does not
inhibit calcineurin. Sirolimus failed to affect the
LPS-stimulated TNF-α production in a whole
blood model [72].

Statins

Statins are the drugs most often prescribed to treat
hypercholesterolaemia. The mechanism by which
this class of drugs blocks cholesterol biosynthesis
is competitive inhibition of HMG-CoA reductase
(Fig. 2). This enzyme catalyses the rate-limiting

step in cholesterol biosynthesis in the liver and
other tissues. Indeed, statins bind to HMG-CoA
reductase at nanomolecular concentrations. This
leads to the displacement of the natural substrate
(HMG-CoA), which itself binds at micromolar
concentrations [73]. Blocking the enzyme leads to
a significant reduction in plasma low-density
lipoprotein (LDL) levels. In general, LDL levels are
reduced by another 7% with each doubling of the
dose [74]. However, it has become clear that lipid
reduction alone cannot entirely account for the
benefits of statin therapy.

Statin Development and Classification

In search of a substance that lowers plasma choles-
terol levels, Endo et al. tested more than 6000 fungi
species, which finally, in 1973, led to the discovery
of ML-236B [75]. ML-236B was subsequently
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Fig. 2. Cholesterol biosynthesis. The rate-limiting step of
this pathway is 3-hydroxy-3-methylglutaryl-CoA (HMG-
CoA) reductase activity. Statins competitively inhibit this
enzyme. Intermediates from cholesterol biosynthesis are
used as attachments to different proteins and enzymes.
CoA, coenzyme A; PP, pyrophosphate



termed mevastatin; however, due to its severe side-
effects, it never reached the market. Nevertheless,
mevastatin is still frequently used in in vitro stud-
ies. Lovastatin (mevinolin) was the first statin to
be approved by the Food and Drug Administration
(FDA) in 1987. Currently, lovastatin, simvastatin,
pravastatin, fluvastatin and atorvastatin are avail-
able (Fig. 3). The new substance, rosuvastatin, was
approved by the FDA in August 2003. Pitavastatin,
as a very recent addition to the group, is currently
available in Japan only. Statins are well tolerated
and generally considered safe. Cerivastatin, howev-
er, was withdrawn from the market in August 2001,
because it had the highest incidence of the overall
rare side-effect rhabdomyolysis, and it is assumed
to be involved in a total of 52 deaths worldwide
[76]. Early data suggested that cholesterol reduc-
tion with statins may cause an increase in the inci-
dence of cancer [77]. Furthermore, experimental
data suggested that statins could increase the
occurrence of several types of cancer in rodents
[78]. However, data from a meta-analysis [79] and
a recent analysis from the Scandinavian
Simvastatin Survival Study (4S) have helped large-

ly to dispel this concern. In fact, in the 4S data
there was no difference in mortality from and inci-
dence of cancer between the simvastatin and the
placebo group 10 years after study termination
[80].

Statins are currently subdivided according to
different characteristics, such as their chemical
structure (open ring vs closed ring structure),
their origin (synthetic vs natural, the latter being
derived from fungal fermentation), and their solu-
bility (hydrophilic vs lipophilic, Fig. 3). Lipophilic
statins would be expected to penetrate cell mem-
branes more effect ively, thus elicit ing more
pleiotropic effects [81]. However, the evidence sug-
gests otherwise, because hydrophilic statins and
lipophilic ones appear to share the same pleiotrop-
ic activity. Furthermore, only statins with an open
ring structure inhibit HMG-CoA reductase and
lead to a decrease in plasma cholesterol. Statins
with a closed-ring structure must undergo
metabolisation to an open ring structure before
activity is initiated, although these substances may
still confer pleiotropic effects before metabolisa-
tion occurs.
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Fig. 3. Chemical structure and classification of statins. Statins are subgrouped according to their origin (natural vs syn-
thetic), their chemical structure (open vs closed ring) and their solubility (lipophilic vs hydrophilic). See text for details



Statin-Mediated Effects on Inflammatory Markers

Several clinical trials have shown that statins
reduce plasma levels of the acute-phase reactant
C-reactive protein (CRP). In a population of 5742
patients enrolled in a randomised, double-blind,
placebo-controlled trial of lovastatin in the pri-
mary prevention of acute coronary events, Ridker
et al. found that lovastatin reduced the median
level of CRP by 14.8% (95% confidence interval:
12.5–17.4%, p < 0.001) as compared to the placebo
group during the first year of treatment [82]. This
effect was unrelated to any change in lipid levels.
This finding was still significant in a group of 1702
men and women with no prior history of cardio-
vascular disease [83]. After 24 weeks of double-
blind, placebo-controlled treatment, pravastatin
reduced median CRP levels by 16.9% in this cohort
(p < 0.001 vs placebo). In a similar study, atorvas-
tatin and pravastatin were recently found to
reduce CRP levels significantly among 3745
patients with acute coronary syndromes within 30
days of initiation [84]. Atorvastatin 80 mg once
daily was more effective than pravastatin 40 mg
once daily at 30 days (median CRP level: 1.6 vs 2.3
mg/l, p < 0.001) and 4 months (1.3 vs 2.1 mg/l, p <
0.001). Interestingly, the achieved CRP and LDL
levels were independent of each other.

Early data from a study in six adults with
hypercholesterolaemia indicated that pravastatin
treatment over 7 weeks decreases LPS-stimulated
production of TNF-α (from 25.3 ± 11.7 ng/ml at
baseline to 17.6 ± 7.1 ng/ml, p = 0.028) and IL-6
(from 100.0 ± 56.2 ng/ml to 72.2 ± 51.0 ng/ml, p =
0.046) in vitro [85]. Several other workers have
since confirmed the capability of statins to attenu-
ate proinflammatory cy tokine activation in
patients with visceral obesity [86], coronary artery
disease [87, 88], acute coronary syndromes [89],
idiopathic dilated cardiomyopathy [90], and in
heart transplant recipients [91]. Although the
overall trend points toward a decrease in TNF-α
and IL-6 production under statin therapy, some
studies provided neutral results regarding these
markers [86, 89].

Effects on Re-endothelialisation

Statins have been shown to decrease neointimal
thickening in models of carotid injury [92, 93] and
also to reduce clinical events and angiographic
restenosis after coronary stent implantation [94].
These effects were attributed to inhibition of
smooth muscle cell proliferation [95]. However,
recent research has provided insights into the pro-
found effects of statins on endothelial cell func-
tion. Simvastatin and pravastatin have been
demonstrated to activate phosphorylation of the
protein kinase Akt in human umbilical vein
endothelial cells [96]. Akt is involved in endothe-
lial cell survival and blood vessel development
[97]. It also protects cardiomyocytes from apopto-
sis [98] and activates endothelial nitric oxide pro-
duction [99, 100]. Daily intraperitoneal simvastatin
injection led to enhanced Akt signalling in the
ischaemic rabbit limb after femoral artery resec-
tion. This led to a highly significant promotion of
capillary formation after 40 days of treatment
(simvastatin: 253 ± 23 capillaries/mm2 vs control:
163 ± 9 capillaries/mm2, p < 0.01) [96]. Another
study confirmed the role of Akt [101]. In this
study, serum starvation was used to induce apop-
tosis in cultured endothelial progenitor cells.
Simvastatin reduced the percentage of apoptotic
cells from 24 ± 5% to 6 ± 1% (p < 0.02), which was
mediated by Akt signalling [101].

On the other hand, statins appear directly to
mobilise bone marrow-derived endothelial pro-
genitor cells. Atorvastatin, for example, has recent-
ly been shown to increase the number of circulat-
ing endothelial progenitor cells in vivo during 4
weeks of follow-up in 15 patients with coronary
artery disease [102]. Indeed, statin treatment was
associated with a 1.5-fold increase in the number
of circulating cells after 1 week, and this was fol-
lowed by sustained increased levels to threefold
throughout the 4-week study period (p<0.05)
[102]. In a study conducted in 34 male Sprague-
Dawley rats, simvastatin treatment produced dose-
dependent accelerated re-endothelialisation of bal-
loon-injured arterial segments [103]. After 2
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weeks, the re-endothelialised area of statin-treated
rats was 12.3 ± 1.8 mm2 (66.6 ± 9.9%) of the total
denuded area. In contrast, the re-endothelialised
area in the no-statin group measured 5.4 ± 1.1
mm2 (31.6 ± 5.9%) of the denuded area (p < 0.01)
[103].

Statin-Mediated Effects on Proteasome-Dependent
Protein Degradation

A recent report has demonstrated a role of statins
in the inhibition of proteasome-dependent protein
degradation [104]. Indeed, mevastatin induced
degenerative changes and reduced the viability of
terminally differentiated murine neuroblastoma
cells by inhibiting proteasome activity. Pravastatin,
however, having an open ring structure, affected
neither the degeneration and viability of these
cells nor their proteasome activity.

Statin-Mediated Effects on Endothelial Function

The vascular endothelium is an important source
of mediators, which maintain an antithrombotic
surface, regulate vascular tone, modulate inflam-
matory responses, and inhibit proliferation of vas-
cular smooth muscle cells [105]. Nitric oxide (NO)
is the most important such mediator. It is constitu-
tively produced by endothelial nitric oxide syn-
thase (eNOS). Statins have recently been found to
improve the availability of NO, which leads to an
improved endothelial function [106]. Some effects
appear to be attributable to the inhibition of cho-
lesterol biosynthesis. Indeed, substrates down-
stream from mevalonate in the synthesis cascade
supply a number of metabolic pathways [106, 107].
Geranylgeranyl-pyrophosphate is one such sub-
strate, which serves as a lipid attachment to Rho,
the latter being a GTP-binding protein. This pro-
tein coordinates a number of different cellular
responses by interacting with downstream targets
[108]. Rho is involved in stress fibre formation
[109], monocyte adhesion and transmigration
through the endothelium [110, 111]. Moreover,
statins appear to have antioxidant properties,
which also improve endothelial function.

Atorvastatin, for example, has been shown to up-
regulate the expression of catalase at both the
mRNA and protein level in cultured rat aortic vas-
cular smooth muscle cells [112]. These findings
have to be seen in light of the fact that statins have
been shown directly [113] (and indirectly
[114–116]) to induce eNOS transcription and
activity.

Thalidomide

Thalidomide was first synthesised by Kunz in 1954
[117] and it took some years until its teratogenic
effects became apparent. Therefore, thalidomide is
now mostly known for its tragic associations.
Indeed, malformation of the unborn can be
induced by a single dose of the drug [83]. The sub-
stance was initially developed as a sedative.
However, thalidomide has been used over the past
years in the treatment of erythema nodosum lepro-
sum, a serious complication of leprosy thought to
be mainly mediated by TNF-α [118]. Indeed,
thalidomide has been shown to inhibit selectively
the production of TNF-α by LPS-stimulated human
monocytes in vitro, leaving other proinflammatory
cytokines such as IL-1β and IL-6 unaltered [119].
This effect seems to be mediated by selective TNF-
α mRNA degradation [120]. Other modes of action
have lately been described, which include upregula-
tion of IL-2, IL-4 and IL-5 secretion, inhibition of
mitogen-stimulated peripheral mononuclear cells
and the enhancement of T-cell responses. Some
amino-substituted thalidomide analogues seem to
have fewer side-effects and a greater potential to
suppress TNF-α than the unsubstituted drug. Only
recently, thalidomide has been suggested as a ther-
apy for chronic heart failure, which frequently
leads to cardiac cachexia [121]. In fact, thalidomide
has been used to improve restlessness and nausea
in patients with advanced cancer, being also useful
to improve appetite [122, 123]. In a placebo-con-
trolled study in patients with acute pulmonary
tuberculosis, either human immunodeficiency
virus positive or negative, thalidomide led to sig-
nificant weight gain [124].
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Conclusions

Both a dramatic decrease in appetite and an
increase in metabolism of fat and lean body mass
play a critical role in the development of cachexia.
However, a final common pathway has not been
established so far, but it appears that TNF-α is part
of this pathway. Several therapeutic approaches
have been discussed over the past several years.
Immunomodulation and immunosuppression seem
to be promising techniques to target several aspects
of this perturbation. Moreover, the pleiotropic
effects of statins comprise immunomodulatory
aspects, and some statins have been shown to

decrease proinflammatory cytokine activation.
Clinical data on the usefulness of statin application
in cachexia are not yet available. However, some
very early data were disappointing. In this study,
hepatoma-bearing cachectic rats were treated with
simvastatin, but the drug failed to prevent muscle
wasting [125]. The pleiotropic effects of statin treat-
ment are still promising, however, and it might be a
matter of choosing the right drug and, of course,
the right dose in the right patient. Indeed, very low
doses of statins, which do not lower plasma choles-
terol, may still confer pleiotropic effects. Future
research will hopefully elucidate the impact of
statins in cachexia.
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