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Sarkopenie, Hyperkatabolismus und
Altern

Summary Sarcopenia is a constant in
aging. Observed over long periods, it
can reach 1% per year. But it is such a
tenuous phenomenon that it cannot be
observed over short periods at steady
state. The aging phenomenon mainly
hits fibers, Type II but on aged muscle
thin, normal, and hypertrophic fibers
cohabit with sclerosis and fat increases.

Sarcopenia is difficult to study, due
to the lack of simple clinical, biochem-
ical, or imaging measures. Anthropo-
metric data are largely dependent on
water content. DEXA gives better in-
formation on appendicular muscle loss.
Measures of strength analyze func-
tional outcomes of sarcopenia.

Sarcopenia appears largely multi-
factorial. Hormonal changes, e.g., drop
in growth hormone, menopause, and
andropause, explain impaired protein
synthesis. Disuse (sedentary, bed rest)
may explain chronical protein lysis.

But the main factors for muscle lysis
imply life events and occurring dis-
eases.

Cytokines (IL6, TNF alpha) and
stress hormones (cortisol) induce quick
protein lysis in muscle. Rapid and in-
tensive successive aggressions during
life cannot be compensated by slowed
synthesis.

Harmful consequences of sarco-
penia explain many disabilities of old
age: loss of strength, inducing itself
loss of mobility, falls, equilibrium dis-
orders, poor ADL; loss of nutritional
reserves (protein and glycogen) impair-
ing capacities of immune response.
Muscle loss spoils vital functions as
respiration.

Treatment remains rather limited to
resistance exercise. Although, these
results are thin, they are the only ones
to be validated in all the elderly even
the frail or the old. However it is not
efficient during the evolution of an in-
flammatory process. The powerful ac-
tion of cytokine and cortisol on muscu-
lar hypermetabolism must be incited
for early treatment of any infectious or
inflammatory event. Nutritional sup-
plementation has no efficiency in the
absence of malnutrition and without
exercise.

Although mobility impairments
mainly due to sarcopenia are the first
cause of disablement in the elderly, we
lack information on etiology, evolu-
tion, and measurement of sarcopenia.

We also lack controlled therapeutical
studies.

Key words Muscle loss – metabolism
– consequences – unanswered ques-
tions

Zusammenfassung Sarkopenie – 
d. h. der alternsgängige Verlust von
Muskelmasse und Muskelkraft – ist
eine Konstante des Alterns. Über län-
gere Zeitspannen beobachtet, kann sie
etwa 1% pro Jahr ausmachen. Sie ver-
läuft aber so schleichend, daß man sie
bei kurzen Beobachtungszeiten nicht
erkennen kann.

Dieser Prozeß betrifft vorwiegend
Typ-II-Muskelfasern. Dennoch findet
man in alter Muskulatur neben dünnen
atrophischen auch normale und hyper-
trophische Fasern mit Sklerose und
vermehrtem Fettgehalt.

Sarkopenie ist schwierig zu objekti-
vieren, denn es fehlt an entsprechenden
einfachen klinischen, biochemischen
und bildgebenden Verfahren. Anthro-
pometrische Daten hängen im weiten
Bereich vom Wassergehalt des Gewe-
bes ab. DEXA vermittelt hier bessere
Informationen. Messungen der Mus-
kelkraft untersuchen primär die funk-
tionellen Folgen der Sarkopenie.

Sarkopenie imponiert als ein multi-
faktorielles Geschehen. Hormonale
Änderungen – nämlich Abnahme des
Wachstumshormons. Meno- und And- Z
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Introduction

Muscle loss is the most constant marker of aging (1, 2). This
loss is common to all mammals. The decline of muscle mass
reaches 40 % from 20 to 70 y (3), parallel with the decline of
muscle strength: 30–50 % from 30 to 80 y (4). This decline
concerns mainly postural muscles either in experimental ani-
mals (rats) or in man. Even in older athletes who are physi-
cally active, this decline is present (5).

No other organ shows such an age-linked deterioration. In
spite of its importance and its universality, this deficiency is
the least studied phenomenon of aging.

We have no satisfactory answers on the main questions con-
cerning age associated muscle loss: is this loss avoidable? Can
it be reversible? What is the quota of muscle lost in age asso-
ciated symptoms and disabilities? What is the role of different
etiological factors for aging itself, disease, malnutrition, or dis-
use?

Different aspects of muscle loss

Semantic classifications have been discussed. Sarcopenia was
suggested (6, 7) as the age specific loss of muscle mass and
muscle strength. Each year after 50 y a loss of about 1 % of
muscle mass (8) and 1% of muscle strength is observed, but
the loss begins after 25 years of age. This regular, slow phe-
nomenon could be directly age related. But, if it is a constant
phenomenon, its speed differs greatly in individuals. It is too
slow and tenuous to be observed in an experimental longitu-
dinal survey over a few years. There is no data to demonstrate
clearly that it is a regular process relying only on time.

Roubenoff (6) suggested to keep the word “wasting” for
unintentional loss of weight, with decrease of fat mass, but
also of fat free mass, as observed in starvation at any age or in
the geriatric failure to thrive (9). But how are we to distinguish
difference between age related sarcopenia and wasting due to
inadequate diet, so common in the elderly?

Roubenoff (7) also made the proposition to keep the word
“cachexia” for the cytokine mediated loss of body cell mass,
as observed in intensive care medicine. This cachexia is a fre-
quent situation in geriatrics due to Senile Systemic Inflam-
matory Response Syndrome (10, 11). In cachexia, muscular
water infiltration associated with water retention will mask
muscle mass loss. However after recovery from the inflam-
matory process, how can we differentiate residual muscle loss
from age related sarcopenia? During the life cycle, with such
definitions, the association of “cachexia” and “wasting” with
sarcopenia is unavoidable and we can keep the word “sar-
copenia” for the different aspects of age related muscle loss.

Age related sarcopenia is associated with modification of
muscle constitution (12, 13). The number of fibers II b (gly-
colytic) and II a (oxydo-glycolytic) are decreased, but the
number of fibers I (oxidative) remain the same. So in biopsies
a relative increase of density of fibers I (related with en-
durance) appears. Another modification is the increase of thin
fibers and atrophic fibers. Normal fibers remain and hyper-
trophied fibers result likely from comensatory mechanisms
(14). So the heterogeneity of fibers is one of the main modifi-
cations due to age. As there is no renewal of muscle fibers, ex-
ercise can only increase hypertrophic fibers.

Collagen fibrosis is observed between fibers. The fat con-
tent of muscle increases during aging, but we have no data on
fat content of the muscle in very old individuals. These mod-
ifications are accompanied by loss of muscle mass and loss of

426 Zeitschrift für Gerontologie und Geriatrie, Band 32, Heft 6 (1999)
© Steinkopff Verlag 1999

ropause – erklären eine verschlechterte
Proteinsynthese. Inaktivität verschiede-
ner Ursachen kann eine chronische
Proteolyse erklären. Aber die Haupt-
faktoren des Muskelschwundes liegen
in Lebensereignissen und in abgelaufe-
nen Krankheiten.

Zytokine (IL 6 TNF-alpha) und
Streßhormone (Cortisol) bewirken eine
schnelle Proteolyse im Muskel. Rasche
und wiederholte intensive Störungen
können infolge einer verminderten
Proteinsynthese nicht kompensiert
werden.

Die negativen Auswirkungen der
Sarkopenie erklären viele Nachteile
des Alterns: Verlust von Kraft – die zu
einem Mobilitätsverlust führt –, Stürze,

Gleichgewichtsstörungen, Verminde-
rung der ADL, Verlust von Protein und
Glykogen mit negativen Rückwirkun-
gen auf die Immunkompetenz. Muskel-
abbau kann außerdem vitale Funktio-
nen wie z. B. die Atmung negativ be-
einflussen.

Behandlung durch konsequentes
Training bleibt wenig wirksam. Den-
noch sind diese Ereignisse die einzigen
bisher als sicher wirksam geltenden
Maßnahmen bei allen Älteren, sogar
bei Gebrechlichen und Hochbetagten.
Sie helfen aber nicht bei Infektionen
oder Entzündungen. Und die intensive
Wirkung von Zytokinen und Choleste-
rol auf den muskulären Hyperkatabo-
lismus muß zu einer möglichst frühen

Behandlung von jeglichen Infekten
oder Entzündungen anspornen.

Eine ausgewogenere Ernährung
bleibt bei Fehlen von Mangelernährung
und ohne konsequentes Training ohne
Effekt.

Obgleich Mobilitätsstörungen als
Folge von Sarkopenie die erste Ur-
sache der Behinderungen im Alter sind,
fehlen uns Kenntnisse über deren Ätio-
logie, Entwicklung oder Meßbarkeit.
Und es mangelt auch noch an kontrol-
lierten therapeutischen Studien.

Schlüsselwörter Muskelschwund –
Stoffwechsel – Konsequenzen – offene
Fragen



strength. But there is large heterogeneity between muscles
both in man and rats. Postural muscles, as quadriceps, are
more concerned. So it cannot be accepted without proof that
“sarcopenia” is only related to the aging process, and not also
with metabolic or disuse resistance processes.

Metabolism and physiology of aging muscle

Myofibrillar proteins are in permanent renewal (15, 16). Dur-
ing growth, synthesis predominates on lysis. During aging, that
is during adulthood, lysis predominates in synthesis. But this
reversion of metabolism after maturation can be observed only
over long periods. This very tenuous phenomenon is not per-
ceptible over a one year period (decrease of 1% per year over
20 y) (1). For instance, the postprandial synthesis is the same
in young and old. So it is impossible to say if sarcopenia is a
continuous phenomenon, or if it is a result of periods of lysis,
equilibrium, and compensatory synthesis. The end outcome of
muscular loss may be due to the absence of renewal of mus-
cular fibers. A loss fiber cannot be always compensated by the
hypertrophy of another one. Succession of accelerated lysis
(inflammation, inactivity) and incomplete repairs is more
likely than a very slow, regular chronic process. The natural
evolution over long periods remains muscle loss (16).

The role of muscle is to give mobility. Muscular strength
is the tool of efficiency for the muscle. Strength is a function
of muscular mass, but also of its metabolism, mainly its
capacity to generate ATP and to hydrolyze ATP (17, 18). The
glucolytic routes are altered through the decrease of fiber II b.
The oxidative capacity could be altered by reduced blood
flow. So any decrease of blood flow reduces muscular
strength; poor capillarization, immobility, arthritis are direct
factors for low strength and sarcopenia. In active elderly, the
muscular capillarization is the same as in the young and better
than in sedentary elderly (19, 20).

Measure of muscle loss (21)

Clinical knowledge on age related sarcopenia is poor in spite
of the fact that skeletal muscle is the largest organ in the body.
This is mainly due to the difficulties for measuring sarcope-
nia. There is no accepted, universal, simple method to score
sarcopenia.

Clinical methods

Clinical examination gives pertinent information, but not
measures (as concave aspects of anterior face of thighs). An-
thropometry (22) (triceps thickness, middle-arm circumfer-
ence is biased by water content). A functional aspect of mus-

cle loss may be appreciated by hand-grip strength measure,
walking speed test, and knee extension strength (23). These
elementary functional mobility tests are not used enough in
daily clinical geriatric practice; in fact there is only very
limited information on these in the 80 y.o. (24).

Imagery and physical methods

● Computerized tomography(CT) gives a precise assessment
of muscle mass.
● Dual energy X-ray absorptiometry(DEXA) (25) is likely
the more precise, the less invasive way to estimate muscle
mass. This method also allows one to follow evolution of the
global muscle mass. However, it is a better tool for investi-
gating muscle mass in malnutrition, as the  main protein re-
serve of the organism, than to measure muscle function.
● Muscle echographyis an interesting new method. It has
been used to follow day by day cachexia in intensive care
units. It can be used also in geriatrics to follow aging associ-
ated sarcopenia, inflammatory cachexia (muscle infiltrated by
water), and wasting due to starvation (26). Another advantage
of muscle echography is the possibility of using it at the
patient’s bed.
● Bioelectrical impedance.This noninvasive method deter-
mines the relative proportion of fat to lean tissue, that is
mainly muscle (22).
● Biochemistry. There is no simple blood test to measure mus-
cle mass; however creatine excretion is related to muscle
mass. 3-Methyl histidine excretion is also a classical marker.
● Diverse research methodshave been described: biopsy,
kalium distribution (27), infrared spectography (28). They
cannot be used in clinical practice. The more powerful and
quite noninvasive tool is magnetic resonance spectography.
This imagery can give morphological, biochemical, and pre-
cise metabolic data (29).

Baumgartner proposed defining sarcopenia as appendi-
cular skeletal mass (kg) (needs DEXA evaluation)/height
(meters × 2). Age sarcopenia is defined by a ratio two stand-
ard deviations beneath that of young controls (25).

Mechanisms of sarcopenia in the elderly

Sarcopenia is the result of intricate external and internal fac-
tors.

Internal factors

Among the internal factors, we must consider:
● Genetics.We cannot compare the elderly with their parents,
only with their children. Muscle mass of an octogenarian is re-
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lated to the muscle mass the subject had when he was twenty
years old. This mass has seen a life lasting decrease. As a
young adult the future octogenarian inherited the muscle mass
from the genome and added, or not, exercise built muscle
mass to this “basic” muscle.
● Hormonal factors.Insulin is a strong inhibitor of proteoly-
sis. In day to day regulation, insulin action is the same in
young and old.
● Growth hormone(GH). Decline of muscle mass parallels the
decline of growth hormone secretion (30, 31). Growth hor-
mone effects are mediated by insulin growth factor (IGF1)
(32). Experimentally, overexpression of the IGF1 gene pro-
tects against sarcopenia (33). A local production of IgF1 and
IGF-BP1, IGF-BP6 is observed in muscle (32). Then, a syn-
thesis promoting role is likely but age variations are not yet
proven. If the GH control of muscle mass is obvious, it is not
sufficient or direct. GH alone does not restore muscle synthe-
sis in men (29).
● Sexual hormones.Estrogens decrease proteolysis. Estrogens
are also included in regulatory loops. Lack of estrogen in-
creases action of cytokines (see below) (34). Substitutive hor-
monal treatment during menopause partially protects from
sarcopenia (34). Testosterone (35) is a strong protector against
proteolysis. Testosterone decrease with age is not constant;
however when this decrease appears, sex hormones binding to
globulines increase (3).
● Cortisolhas a double role during aging. It is mainly a factor
of proteolysis in the young, but of decreased proteosynthesis
in the old (18). Both factors lead to sarcopenia. Corticosterone
produced in sepsis and inflammation induces rapid muscle ca-
tabolism and potentializes TNF alpha actions (7, 36).
● DHEA is decreased in the elderly, in function of their
activity (18). It seems to act in muscle mass. However, does it
have direct action on muscle, or is its action mediated by go-
nadal hormones (35)? Or are high DHEA-S levels and main-
tained muscle mass both related with activity? Thus, hor-
monal clocks may play a role in age related sarcopenia, but
hormonal factors are also important factors for disease asso-
ciated “cachexia”. Hormonal changes are influenced by life
events (such as biological stress) and are powerful actors of
hypermetabolism and muscle mass consumption.
● Immunological aging.Increase of IL6 is a classical mani-
festation of aging. This cytokine acts as a factor of hyper-
metabolism and proteolysis (cf infra).
● Neurological factors.A relative loss of motor neurons with
age has been observed. When a muscle fiber is no longer in-
nervated any more, atrophy happens, and the fiber disappears
(37). However, the reverse is also a factor of neurological
aging. The loss or the deactivation of sensitive proprioceptive
fibers in the muscle (inactivity) provokes alteration of the spa-
tial position sense. Thus, multifactorial internal factors may
contribute to induce age related sarcopenia.

External factors

● Role of diseases.During life, different diseases interfere
with muscle mass through various mechanisms: nutrition,
clinostatism and rest, cytokines, hormonal secretions; these
factors can also act independently without patent illness. Even
if the period of action is short, not every muscle fiber loss can
be reverted. Voluntary exercise of readaptation may lead only
to a compensatory hypertrophy of some fibers.
● Nutrition. Classically, muscle metabolism needs protein in-
take following the recommended dietary allowances (RDA)
(38). In fact only very severe protein deficiency may decrease
muscle mass, muscle protein synthesis, and muscle repairs
(6), if there is no caloric restriction: only severe starvation
may lower muscle mass. However, the elderly need more pro-
tein than the young for proteosynthesis (39), then for muscle
synthesis. But as muscle mass is reduced, the RDA remains
the same. Some amino acids (ex: alpha cetoglutarate) may in-
crease muscle protein synthesis. During the normal aging
process, sarcopenia inversely correlates (2, 6) with fat mass
(which also decreases with severe starvation). Under nutrition
does not seem a main factor in “physiological” aging sar-
copenia. Better activity correlates with better appetite and
food intake: muscle activity protects from undernutrition (40).
● Cytokines.Mainly chronic diseases (10, 11) are associated
with a high production of cytokines as heart failure, bed rest,
diabetes, any tissue resorption, sepsis, ischemia, etc. Among
disorders of aging, the main data about cytokines concern IL6
which shows a large increase in these pathological circum-
stances (41) and to a lesser extent TNF alpha, a potent factor
(36) of muscular proteolysis and anorexia.

A biochemical syndrome due to cytokine (IL1, IL6, TNF
alpha) hypersecretion has been described as “systemic in-
flammatory response syndrome” (SIRS) (10, 11). This fre-
quent condition, due to sepsis from cell destruction or suffer-
ing, associates clinical symptoms (fever, polypnea, tachycar-
dia, low blood pressure) and biological symptoms (low albu-
min, high CRP, neutrophilia, etc.) (42). Rapid muscle loss
(masked by water retention) appears as a constant symptom
of this syndrome. SIRS in a less active form is a frequent con-
dition in the elderly (11). In the elderly, low albumin and/or
high CRP are good markers of IL6 and TNF alpha production
(43, 44), and so of active muscle loss and cachexia.
● Clinostatism.Experimental absence of gravity (space flight
or bedridden status) induces muscle loss different of age re-
lated sarcopenia; type I fibers are also decreased (14). In
sedentary humans, bed rest is a factor of muscle loss (14).
Muscle needs to contract against a resistance. After long du-
ration bed rest, only exercise against resistance may restore
strength and muscle mass (45, 46).

The mechanisms of muscle loss due to inactivity are not
perfectly understood and are probably multifactorial. Absence
of feedback may accelerate the loss of neuronal motor plates
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(14, 37). The mechanichal constraint seems to be necessary
for good functioning of the muscle (cf space medicine). Thus,
any muscular inactivity leads to muscle loss. Furthermore, in-
activity seems associated with higher cytokine production and
increase of muscle catabolism. So a vicious circle appears: de-
crease of activity leads to the loss of muscle strength and
mass, which induces a reduction of activity. May sarcopenia
only worsen?
● Muscle injury.Muscle injury is easier on a muscle made frail
by disuse, disease, or excessive use (5). Muscle injury and
partial repair (fibrosis, motor neuron loss, fiber loss, and
compensatory hypertrophy of remaining fibers) also belong
here.

Consequences of sarcopenia

Sarcopenia is one of the main age associated disabilities (47).
More centenarians have gait disorders than cognitive dis-
orders.
● Strength.The most direct consequence of sarcopenia is the
loss of muscular strength (48–50), likely the earliest and the
most common handicap due to aging. Strength loss induces
gait disorders, falls (48, 51), and decreased activities of daily
life (ADL) (52).
● Equilibrium. Muscle loss due to muscle rest without
mechanical constraint induces a loss of proprioceptive sensi-
bility and alters spatial representation of the body (51). So-
called post-fall syndrome is largely explained by this sensitive
deficiency, a “side effect” of sarcopenia.
● Bone metabolism.Bone metabolism and density are func-
tions of muscular insertions and muscular mechanical con-
straint (53). Sarcopenia participates significantly in senile
osteoporosis. Physical inactivity worsen bone loss, severe
osteoporosis, and fractural risk. Muscle strength and mobility
(linked to sarcopenia) appear to be good predictors for sur-
vival of 75–84 y.o. people (54).
● Fractures.Hip fracture risk is more closely associated with
reduced muscle strength and mass than with body mass or fat
(55).
● Vital functions.The Diaphragm is not protected against sar-
copenia. Hiatal hernia due to weakness of diaphragm muscle
is probably the more prevalent digestive disorder of the
elderly. But when diaphragm and other respiratory muscles
are unable to answer increased O2 needs, this leads to respira-
tory failure (2). Also defecation needs contraction of di-
aphragm and abdominal wall muscles. Sarcopenia is a factor
for transit disorders in the elderly. Fever and shivering are the
ways for organisms to increase body temperature, a factor for
struggling against infectious germs. In the elderly with sar-
copenia, the normal febrile answer cannot be obtained, due to
lack of muscle reserves (56).
● Blood flow. Peripheral arteriolar flow depends on blood

needs of peripheral tissues. Inactivity, immobilization, or any
absence of use of muscle may decrease capillary and arterio-
lar circulation (19, 20). Sarcopenia and immobilization are
risk factors for critical ischemia in the elderly with arte-
riosclerosis. These small arteries are very sensitive to any
lowering of peripheral blood flow.
● Nutrition. Muscles represent the main protein and glycogen
reserves of the body, the main component of lean mass. Con-
sequently, the sarcopenic elderly lose functional reserves of
amino acids and of glycogen. This is a factor for decreased
basal metabolism (56) and decreased glucose tolerance (57).
But the main outcome is the inability to cope with a new dis-
ease. Under a critical level of sarcopenia, the elderly cannot
mobilize any more amino acids and glucose to synthesize the
tools of an inflammatory response (2, 7). We do not know how
to calculate this critical degree of sarcopenia.
● Biological markers.Sarcopenia induces false values for
creatinine clearance, even taking in account the classical age
correction formulae (as Cockroft formula). In very sarcopenic
patients with low protein intake, classical formulae overesti-
mate renal clearance. In contrast in elderly with good muscu-
lar mass and high protein intake, clearance is underestimated.
Clinically relevant is that sarcopenic patients are more ex-
posed to renal iatrogenic risks.

Unanswered questions on sarcopenia

Sarcopenia explains numerous age associated disorders,
mainly limited mobility and lack of nutritional reserves.
These consequences severely impair the quality of life of all
elderly.

In recent years the knowledge about sarcopenia has in-
creased greatly, but as always, better knowledge pointed out
new questions:
● Is there a feedback mechanism from muscle to GH?
● Are muscular growth factors only hormonal?
● May muscle satellite cells be used for muscle regeneration?
● We know only a little about the cytokine activities on prote-
olysis and glycogenolysis, but what are the regulatory feed-
back loops?
● Why the discrepancies between different muscles in aging
and why are postural muscles more affected? Is it due to aging
or to age associated disuse (excess of clinostatism)?
● Why is there such a difference between cardiomyocytes (hy-
pertrophy) and appendicular muscle myocytes (atrophy: is at-
rophy due to age inactivity and hypertrophy to age associated
compensatory mechanisms)?
● What threshold of strength is critical for function? How can
it be scored?
● What threshold of muscle mass loss is critical for life?
● Is the decrease of muscle protein synthesis pre- or post-
transcriptional? This may give directions for therapy.
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We lack clinical longitudinal studies in sarcopenia; we also
lack reproducible clinical, biological or image markers for
sarcopenia.

The present knowledge on sarcopenia in the elderly is not
sufficient to establish a validated nosologic classification of
sarcopenia. Only this nosography may permit the validation
of therapeutical protocols. The most constant and common
consequence of aging remains largely a “terra incognita”.

What we can do?

Therapeutical approaches remain limited to a small number of
studies on limited cohorts, with controversial results.

Physical exercise

The benefits of exercise are well proven, but in fact very
limited. Endurance exercise (3) increases aerobic capacities,
but has no effect on protein synthesis. It improves capillari-
zation and oxidative capacities (58).

Resistant exercises increase strength (59) and volume (not
number) of fibers II, has a very limited positive (60) effect on
muscle mass (3, 8), is effective even in the frail elderly (61)
and nonagenarians (62), and in disabled nursing home resi-
dents (1). Even simple walking (63) increases equilibrium and
strength. But in all studies the effects are a function of inten-
sity of exercise and are labile: they disappear if exercise is not
pursued. Exercise in patients with an evolutive disease is
always unsuccessful (1). It cannot be efficient in patients with
cytokines production and hypermetabolism.

So if exercise seems a good way to maintain activity of
daily living, mobility and some degree of fitness, is it not
sufficient to preserve muscular mass nor to entirely restore it.
The only validated therapeutics on which some consensus is
observed is for preventive exercise.

Nutritional therapy

Elderly need more protein/kg than the young for metabolic
equilibrium (64). However, protein supplementation is bene-
ficial only if there is a large deficiency on protein intake (65).
Protein supplementation alone does not increase muscle mass
in sarcopenia (60). Protein supplementation, plus exercise,
does not do significantly better than exercise (3). There is no
data on creatine supplementation in the sarcopenic elderly. No
athletic supplementation had been tested in the elderly. Thus,
the nutritional track remains rather uncertain. The only propo-
sition we can make is to please respect RDA for proteins in
the elderly (healthy or diseased); they are the same as RDA
for adults (65).

Drugs

There is not any validated data giving sufficient evidence on
the treatement of sarcopenia in the elderly. However two
tracks are being tested.

Hormonal therapy

Growth hormone (GH)increases muscle mass but not strength
(it increases the water content of muscle). 30 % of the patients
develop adverse effects (66, 67). So if GH does not seem to
be the answer to all hopes, parallel ways are expertized:
growth hormone releasing factors and association GH-IGF1
(30).

DHEAhas been proposed as the panacea for prevention of
aging. Among the results to confirm this, the increase of mus-
cle mass has been reported. A randomized study is being held
currently.

Gonadal hormones.Estrogen substitutive therapy is a log-
ical treatment for preventing in women acceleration of mus-
cle loss due to menopause. The main studies have not studied
muscle until recently (34). Testosterone and androgens are an
attractive and logical track in men with andropause (35), but
we do not know how to avoid the prostatic risk. Treatment
with derivates of progesterone have shown activities on treat-
ing cachexia of AIDS. There is no geriatric trial. 

Hormonal therapycould be proposed in subjects showing
a deficient or low level of circulating hormones. That is the
case in menopause and in andropause. But it is difficult to
define what is normal, or what are low levels of GH, IGF1 or
DHEA-S in the elderly. Levels are not only associated with
age but mainly with health and activity status. In the frail, dis-
eased, malnutrished inactive elderly, hormonal levels of the
GH-IGF1 axis or of DHEAE-S are “normally” lower than in
the healthy elderly; what is first: the egg or the hen? Will hor-
monal supplementation be active if hormonal deficiency is a
consequence?

Perhaps future studies will be made on the doping of ath-
letes. When a product is sufficiently safe and efficient for ath-
letes to build more muscle without side effects, it will be ur-
gent to test it in elderly sarcopenia.

Anticytokines

Cytokines play a major role in sarcopenia, either physiologi-
cal or pathological. However, anticytokines (anticytokines re-
ceptors (68), cytokines receptors, Thalidomide, Pentoxi-
fylline, Etanercept) have not been used except on an experi-
mental level in sarcopenia. Today no evidence supports any
anti-oxydative therapy (69).

Today, the therapeutical consensus in sarcopenia in the el-
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derly is rather limited: to do resistance and endurance exer-
cise, to follow protein RDA, to treat as early as possible any
inflammatory disease, and to limit bed rest. These are rather
poor, but simple and inexpensive recommendations. If more
elderly followed them, there would be fewer disabled elderly.

Conclusion

Regulation of muscle mass remains largely unknown. There
is a preeminence of intermittent inflammatory and stress fac-
tors in muscle proteolysis (cytokines and cortisol). So we can
expect circadian factors in muscle synthesis (GH, sex hor-
mones, insulin) rather than a continuous phenomenon. This
can lead to the following hypothesis: during life acute events
the organism uses muscle as a reserve and consumes muscle

mass. The repair phenomena take longer. The differential
speed explains this long-term process of muscle loss. Inactiv-
ity and disuse slow recovery; action against resistance is
needed for muscle metabolism.

The lack of knowledge needs to be corrected through more
research: clinical, on measures of sarcopenia and on syn-
dromes of hypermetabolism factors for accelerated muscular
aging; epidemiological longitudinal studies on evolution of
sarcopenia; and pathophysiological studies on hormonal in-
flammatory and clinostatic approaches of sarcopenia. 

But the emergency remains the therapeutical approach. To
give back mobility to frail elderly is to offer them a better
quality of life. We must recall that sarcopenia and its conse-
quences on mobility are the first health problem of aging be-
fore dementia. Dementia hits some of the elderly, but sar-
copenia hits all of them.
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