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Preface

Obesity has reached epidemic proportions all over the world. In the last 25 years, 
epidemiological research and national surveys confirm this tendency.

From children to older adults, much attention has been given to this health prob-
lem by researchers, politicians, the media, and the public. In fact, obesity is the most 
common chronic disorder in the industrialized societies, with an important impact 
on individual lives as well as on health economics (medical expenses, lost income 
as a result of disability, and complications of adult obesity), and therefore, obesity 
has already become a major factor in health care planning systems.

There is also controversy regarding the role of the different identified determi-
nants, the importance of the components necessary for successful prevention and 
management of obesity weight loss, and the strategies to address common barriers, 
which need to be changed.

Most reports agree that a lack of physical activity plays a role in obesity, while 
dieting (in particular unhealthful and repeated) may actually contribute to obesity 
and eating disorders. Psychological issues (e.g., anxiety, depression and other mood 
disturbances, body image disturbance, social stigma) are considered important in 
determining obesity and/or in making it more difficult to treat. The genetic basis of 
obesity has been studied analyzing the role of different gene products and through 
the increasing knowledge of the role of different neuropeptides, hormones, and their 
receptors, suggesting that approximately 50 % of the tendency toward obesity is 
inherited.

Currently, many actions with a correct planning of diet and exercise have been 
proposed to prevent obesity. While these procedures might have some benefit at an 
individual level, they have made only little impact on halting the rise of obesity at a 
national level. This may be due, at least in part, to the significant differences in 
existing services among nations.

Moreover, many advices and programs are offered to the public. There is consen-
sus among all that programs centered on nutritional intervention, physical activity, 
and cognitive behavioral therapy are considered vital to improve the quality of life 
and to reduce the comorbidity, disability, and mortality of obese individuals. 
However, the best way to combine these interventions between them and with other 
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methods of treatment (e.g., pharmacological approach, bariatric surgery) is still 
under discussion. Similarly, methods of managing health services in tackling obe-
sity, comorbidity, and disability are still under debate.

In this book, the authors’ contributions address the spectrum of the multidisci-
plinary approach to obesity, ranging from physiological characteristics to epidemi-
ology and to clinical characteristics. Metabolism and endocrinological aspects of 
obesity are faced in depth, considering the role of thyroid, adrenal, and ovarian 
functions, the interaction between obesity and osteoporosis or sarcopenia, and the 
role of obesity in glucose or lipid metabolism. Clinical aspects are considered, start-
ing from the multidimensional evaluation (clinical, nutritional, functional, and psy-
chological) through the different interventions (therapeutic education and 
psychotherapy, nutritional counseling and dietetic intervention, physical activity 
and training prescription, prescription medications, bariatric and reconstructive 
plastic surgery, and nutritional-metabolic-psychological rehabilitation) up to the 
interdisciplinary management of obesity.

Finally, the book provides an up-to-date review about advances made in the mul-
tidisciplinary approach to obesity from the clinical statement to treatment. Involving 
experts in nutrition, endocrinology and andrology, exercise and sports medicine, 
psychiatry and bariatric surgery, the multidisciplinary approach that should charac-
terize the clinical care of the obese patient is promoted.

The experts involved in this project have made every effort to produce manu-
scripts rich in basic research and evidence-based medicine contents underlining the 
importance of a translational approach “from the bench to the bedside” facing per-
spectives from multiple disciplines and the multilayered treatment issues involved 
in the care of obese patients.

The book is therefore useful to physicians, scientists, postgraduate students, and 
students of various disciplines dealing with obesity.

Rome, Italy� Andrea Lenzi
� Silvia Migliaccio
� Lorenzo Maria Donini

Preface
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1.1	 �Overview of Adipose Tissue

The adipose organ has been traditionally classified into white (WAT) and brown 
adipose tissue (BAT). WAT is the storage organ of energy in the form of lipids, 
whereas BAT regulates body temperature by producing heat via the expenditure 
of stored energy. The morphology of white and brown adipocytes is reasonably 
different, because these lipids are organized in a unique droplet in white adipocytes 
(unilocular) and in many droplets in brown adipocytes (multilocular) [1]. Another 
feature that differs in the morphology of these two cell types is the presence of 
numerous large mitochondria in brown adipocytes. These latter are also characterized 
by the expression of uncoupling protein 1 (UCP1), the protein able to uncouple oxida-
tive phosphorylation from ATP synthesis, resulting in the production of heat [2].

Interestingly, UCP1 immunoreactive brown adipocytes are present in all depots 
of the adipose organ [3]. These adipocytes are also named “beige” [4] or “brite” 
(brown in white) [5], and their origin is debated [6]. These brown/beige/brite cells 
in WAT are derived from precursor cells that could be different from classical brown 
adipocytes and are closer to the white adipocyte cell lineage [7]. However, in 
response to certain stimuli, these adipocytes can be activated into cells having 
BAT-like phenotype, as demonstrated by the expression of UCP1 and other BAT-
like genes [8]. This process, named browning response, is a transdifferentiation 
program from white-to-brown phenotype, and it will be discussed below.

Although the presence of adipocytes in the bone marrow is well recognized, the 
role of these cells has been recently better defined. Traditionally, marrow adipocytes 
were described as passive cells, occupying space not required for hematopoiesis or 
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bone formation [9], but it has been finally documented that these cells have an active 
role in the bone marrow microenvironment. Hence, marrow adipose tissue (MAT) is 
considered a type of adipose tissue, holding different features from white and brown 
adipose tissue. At birth, the bone marrow is mostly hematopoietic (the red marrow), 
but, throughout life, it is progressively transformed to fatty yellow marrow [10]. 
Therefore, the marrow adiposity expansion is age related in both genders [11]. The 
earliest fatty conversion of the human marrow begins at birth, accelerates between 
4 and 8 weeks of age, and reaches full fatty conversion after 1 year [12]. MAT 
continues to accumulate in the appendicular skeleton from distal to proximal until 
age of 20–25, and, throughout life, gradual MAT formation continues in the axial 
skeleton [13]. Although in young subjects the content of marrow fat appears higher 
in men than women [14], this trend is reversed in elderly subjects, so that older 
women have higher bone marrow adiposity [15]. This age-related increases in 
marrow fat content are defined hypertrophy, if depends on increased size, or 
hyperplasia, if depends on increased number of adipocytes in the marrow. As 
physiological role, MAT serves as a local storage for energy. In pathological conditions, 
such as in state of calorie restriction and anorexia, although there is a considerable 
reduction in the volume of WAT, the amount of MAT appears strongly increased [15]. 
For long time, MAT has been considered a negative regulator of bone formation. Hence, 
MAT accumulation are correlated with osteoporosis and osteopenia [16]. Despite 
these correlations, it is unclear whether excessive MAT could directly influence 
bone metabolism or the bone loss occurring provokes changes in the marrow micro-
environment that indirectly influence MAT formation.

A fourth type of adipocyte has recently been characterized in mouse subcutaneous 
fat depots during pregnancy and lactation, when the adipose portion of the mammary 
gland gradually disappears and an extensive development of milk-secreting lobuloal-
veolar epithelial glands appears. These newly formed epithelial cells, called pink 
adipocytes, derive from a direct transdifferentiation of white adipocytes into milk-
secreting epithelial cells (adipo-epithelial transdifferentiation) [17]. The formation 
of pink cells is reversible, and, following end of lactation, they revert into white 
adipocytes, restoring the adipose component of the mammary gland [17, 18].

1.2	 �The Anatomy of the Multi-depot Adipose Organ

White and brown adipocytes have different morphology and functions, but numerous 
studies have shown that, in several locations, both cells cohabit together, forming 
the multi-depot adipose organ [19]. These depots are located in the subcutaneous 
space (subcutaneous depots) or close to organs located in the trunk (visceral depots).

The anterior subcutaneous depot is mainly located in the upper dorsal area at the 
level of the scapulae. It is composed by interscapular, subscapular, axillary, and 
cervical depots [20]. The posterior subcutaneous depot is located primarily in the 
lower ventral part of the body, and it is also formed of different parts: dorsolumbar, 
inguinal, and gluteal depots. The truncal or visceral depots are contained in the 
mediastinum and abdomen. All truncal depots are intimately associated with the 
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aorta. Furthermore, in females, it has been also described another anatomical form 
of fat called the abdominopelvic depot, which comprises perirenal, periovarian, 
parametrial, and perivesical fat [3, 20]. Of note, the subcutaneous tissue in female 
mice has been found infiltrated by ramified epithelial ducts ending in five symmetri-
cal pairs of nipples. Therefore, it can be considered as part of mammary glands 
subcutaneous depots [21, 22].

Pericardic, omental, mesenteric, and subcutaneous depots are characterized by 
the presence of lymphatic tissue [23]. All adipose depots are associated with 
specific nerve-vascular peduncles [24], enabling the connection with the nervous 
system in order to respond to physiological and environmental stimuli. Most of 
nerve fibers in contact with adipocytes express tyrosine hydroxylase (TH), the 
enzyme marker of noradrenergic fibers [24]. When mammals are exposed to tem-
peratures below thermoneutrality, the sympathetic nervous system is activated 
because thermogenesis is required. This implies the action of norepinephrine on 
beta-3 adrenoreceptors, which promotes the molecular pathway for thermogenesis 
in brown adipocytes [2]. Interestingly, patients affected by pheochromocytoma, a 
norepinephrine-secreting tumor of the adrenal gland, show increased amount of 
BAT detectable by positron emission tomography (PET) [25]. Moreover, elegant 
data have shown that the density of TH-expressing nerve fibers is much higher in the 
brown adipose tissue than in white, and the density of these fibers increases during 
cold exposure, as well as increase the number of brown adipocytes [26]. Therefore, 
adipose tissues exposed to cold temperature appear browner and more innervated 
than those exposed to a warm environment.

In contrast, aging seems to have an opposite effect on white and brown fat 
balance. Thus, experiments performed in rats demonstrated an increase in the 
number of white adipocytes in the anterior subcutaneous depot correlated with the 
increase of age and with a concomitant progressive reduction in the number of 
brown adipocytes [27]. In agreement with this, human studies showed that BAT 
seems to be replaced by WAT in elderly [28]. Interestingly, cold exposure restores 
the numbers of brown adipocytes to the levels of young animals [29], and similar 
effects have been found in humans [30].

Large white adipocytes are mainly present in subcutaneous depots, whereas 
small white adipocytes are mostly located in visceral depots [31]. Brown adipocytes 
in visceral depots are mainly found near the aorta. Because beige/brite adipocytes 
were recently defined [32], brown adipocytes are termed classical or constitutive 
brown adipocytes to distinguish them from brown-like cells in WAT. Constitutive 
brown fat is predominantly located around interscapular, paravertebral, and perire-
nal sites. The most classical brown fat depots reside subcutaneously between the 
shoulders and can be easily excised. In contrast, perirenal BAT is difficult to remove 
without removing the kidney. Small areas of interscapular BAT could also reside in 
the supraclavicular region [33]. Conventionally, BAT was thought to be restricted to 
the neonatal and early childhood periods [33]. However, PET scanning analysis has 
showed the presence of active BAT in adult humans, particularly in the upper trunk, 
such as cervical, supraclavicular, paravertebral, pericardial, and to a certain extent, 
in mediastinal and mesenteric regions [34].

1  Anatomy and Physiology of Adipose Tissue
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1.3	 �Adipose Cell Differentiation

The formation of WAT begins shortly after birth. Mesenchymal stem cells become 
adipoblasts and afterward differentiate into preadipocytes. The primary phase of 
adipogenesis is characterized by the proliferation of preadipocytes, which move 
forward into mitosis until they reach growth arrest. At this point, if preadipocytes 
exit the cell cycle, they change their morphology and accumulate cytoplasmic 
triglycerides, gaining characteristics of mature adipocytes and loosing the ability to 
divide [35]. Both white and brown adipocytes originate from the mesoderm, 
but they derive from different precursor cells. Mesenchymal stem cells can be 
committed to either a Myf5-negative adipogenic and osteoblastogenic lineage 
(white adipocytes) or to a Myf5-positive myogenic lineage (brown adipocytes) [36]. 
Although the adipocytes originate from two different lineages, the differentiation of 
adipocytes shares common transcriptional pathway involving CCAAT/enhancer-
binding proteins (C/EBPs) [37].

In white adipocytes, once differentiation is active, the cAMP response element-
binding protein becomes phosphorylated and then induces the expression of C/
EBP-β [38]. The mitogen-activated protein kinase and GSK3β phosphorylate 
C/ EBP-β, which leads to dimerization of C/EBP-β, thus inducing a DNA-binding 
domain. The binding of C/EBP-β to DNA allows preadipocytes either to reenter the 
cell cycle or to increase levels of transcripton factors C/EBP-α and peroxisome 
proliferator-activated receptor-γ (PPAR-γ) [37]. PPAR-γ is crucial to promote lipid 
and glucose metabolism and insulin sensitivity of adipocytes.

BAT develops before birth because it plays role in protecting newborn against 
cold. The differentiation of brown preadipocytes into mature brown adipocytes is 
positively and negatively controlled by bone morphogenetic protein (BMP)-7 [39] 
and myostatin [40], respectively. C/EBP-β and PR domain containing 16 (PRDM16) 
have been shown to act as key transcriptional factors in the differentiation of brown 
adipocytes [41]. Thus, when PRDM16 was suppressed in brown precursor cells, 
the cells differentiated into skeletal muscle cells. Likewise, myoblasts in which 
PRDM16 was ectopically expressed are able to transdifferentiate into brown fat 
cells [41]. The fate of BAT from the myogenic lineage depends on transcriptional 
complex formed between PRDM16 and C/EBP-β [42] that induces the expression 
of peroxisome proliferator-activated receptor gamma coactivator-1 alpha (PGC-1α) 
[43], which in turn regulates mitochondrial biogenesis and oxidative metabolism 
[44, 45]. Furthermore, C/EBP-β is a key transcriptional activator that leads to UCP1 
expression, inducing the thermogenesis process [42].

1.4	 �Transdifferentiation Process

The white adipose depots have the ability to switch between energy storage and 
energy expenditure. Thus, in specific physiologic conditions, white adipocytes 
transform into brown adipocytes to contribute to thermogenic needs [46].

G. Colaianni et al.



7

As mentioned above the beige/brite cells in WAT are derived from precursor 
cells that are different from classical brown adipocytes. These depots can shift from 
a WAT phenotype to a BAT-like phenotype showing morphology, gene expression 
pattern, and mitochondrial respiratory activity quite identical to those of classical 
BAT [47]. This induction of the brown adipocyte-like phenotype in WAT is called 
browning response [7]. Understanding the molecular mechanisms of this process is 
taking great relevance for human health since it could be used for developing thera-
peutic strategies to prevent the excessive formation of white adipocytes, in favor of 
increasing amount of brown adipocytes. The strongest inducer of beige/brite cells 
activation is cold exposure via several molecular mechanisms. This conversion is 
principally mediated by the sympathetic nervous system through the beta3AR 
because it has been shown that browning response can be induced by the adminis-
tration of beta3AR agonists [48] and, additionally, beta3AR knockout mice do not 
respond to the browning transdiffrentiation [8].

Transcription factors such as PPAR-γ, its coactivator 1 alpha (PGC-1α), C/EBP 
beta, and PRDM16 seem to play key roles in regulation of the browning program [43]. 
The thiazolidinediones, a group of PPAR-γ activator agents, are synthetic ligands 
used to control glycemia [49], and they have proved effective in transforming WAT 
into BAT-like tissue in mice, rats, and dogs [50–52]. PGC-1α, originally described 
as a cofactor of PPARγ, is inducible by cold exposure in BAT [53]. Furthermore, 
human white adipocytes transfected with PGC-1α express UCP1, the marker gene 
of brown adipocytes [54]. C/EBPβ and PRDM16 are powerful inducers of the 
brown phenotype of fat cells. They form a molecular complex that is essential for 
the brown differentiation of mesenchymal stem cells. Hence, transplantation of skin 
fibroblasts, in which C/EBPβ and PRDM16 were ectopically expressed, gave rise to 
functional BAT [42]. Moreover, PRDM16 transgenic expression in all adipose tis-
sues induced browning of WAT, particularly in subcutaneous fat, enhancing energy 
expenditure and suppressing weight gain in high-fat diet [55].

Fibroblast growth factor 21 (FGF21) is a growth factor produced by the liver and 
BAT under the control of sympathetic nervous system [56]. It has been recently 
shown that FGF21 acts in an autocrine/paracrine manner to increase expression of 
UCP1 and other thermogenic genes in fat tissue through the β-Klotho receptor [57]. 
FGF21 modulates this process by enhancing PGC-1α protein levels in adipose tis-
sue [58]. Conversely, transforming growth factor beta (TGF-beta) negatively affects 
the browning process. Thus, the absence of smad3, a downstream molecule of TGF-
beta signaling, induces white-to-brown conversion with positive metabolic response 
on glucose levels in diet-induced obese mice [59]. BMP7 stimulates a full program 
of brown adipogenesis through PRDM16 and PGC-1α activation and promotes 
commitment of mesenchymal progenitors to a brown adipocyte lineage. Furthermore, 
adenoviral-mediated expression of BMP7 in mice induces significant increases in 
BAT that consequently enhances energy expenditure and reduces weight gain [39].

Cold exposure is not the unique stimulus triggering the browning process. 
Interestingly, a recently discovered hormone called irisin, which is produced by 
skeletal muscles during physical exercise, has been proven to be a potent inducer of 
white-to-brown conversion both in vitro and in vivo [60].

1  Anatomy and Physiology of Adipose Tissue
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The ability to transform itself according to the need of more energy consumption 
is defined as plasticity of white adipose tissue. However, this extraordinary plasticity 
is not solely related to the browning response. During pregnancy and lactation, all 
subcutaneous depots of the adipose organ can turn into mammary glands [22]. 
During pregnancy, white adipocytes lose their lipid content, acquire epithelial features, 
and form glandular structures able to produce and secrete milk. Following lactation, 
part of the epithelial component of the gland converts into adipocytes, allowing 
recovery of the adipose component in the subcutaneous depot [22].

The adipose cell plasticity and ability to adapt to environmental stimuli, modifying 
their phenotype, satisfy important physiological needs of the organism. These 
new insights in the adipocyte biology establish that these cells have a multipotent 
differentiation potential in vitro [61] and in vivo [22].

1.5	 �Adipokines and Cytokines

Considerable evidence shows that molecules secreted by adipose tissue play a key 
role in metabolic homeostasis, and their deficiency, caused by massive adiposity or 
adipocyte dysfunction, leads to obesity or several obesity-related pathologies. 
Therefore, adipose tissue is considered an endocrine organ whose action on target 
tissues depends on the location of fat depots and may differ according to its functional 
state. The full understanding of adipose tissue secretome might provide significant 
insights into the functions of the most important metabolic regulator of the body. 
Leptin is one of the most potent adipokines in metabolic regulation. It controls body 
weight by signaling sense of appetite or satiety to hypothalamus, which produces 
neurotransmitters that adapt food intake and energy expenditure. Leptin also regulates 
hepatic lipogenesis by suppressing fatty acid synthesis pathway [62] and improves 
muscle fatty acid oxidation [63]. Adiponectin is the most abundant secreted adipo-
kine. It enhances insulin sensivity and partially reverse insulin resistance in obese 
mice [64]. Currently, researches for treatment of obesity-induced inflammation 
and insulin resistance are exploring strategies to increase adiponectin levels or 
adiponectin receptor activities [65].

Tumor necrosis factor alpha (TNFα) was the first cytokine identified in the adi-
pose tissue of obese mice. This cytokine is involved in obesity-induced insulin 
resistance because it interferes with insulin signaling and blocks insulin actions 
[66]. The adipose TNFα pool is produced by macrophages and other immune cells. 
Interleukin 6 (IL6) is the other pro-inflammatory cytokine whose expression level 
increases in the adipose tissue of obese mice and patients, but its role in glucose 
metabolism has not been fully determined. Mice lacking IL6 develop obesity and 
insulin resistance, which can be rescued by central injection of IL6 [67] suggesting 
that this interleukine is required for the maintenance of whole-body glucose metab-
olism and metabolic homeostasis.
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Obesity is considered one of the leading health issues and is becoming a global epi-
demic that is rising worldwide [1]. Overweight and obesity depend on the unbalance 
between energy intake and expenditure, and there is no doubt that food intake is 
controlled by internal signals [2]. Since food and then energy intake is a behaviour, 
it must be mediated by the brain. Although many different regions of the brain have 
been shown to be involved in the control of daily intake, several studies have demon-
strated that two main regions, the ventromedial hypothalamus (VMN) and the lateral 
hypothalamus (LH), are critically involved in the control of food intake and body 
weight [2]. The dual-centre hypothesis in the central control of energy balance origi-
nates from the first observations performed more than six decades ago with specific 
brain regions damage and stimulation experiments. On the basis of these studies the 
“satiety centre” was located in the ventromedial hypothalamic nucleus (VMN), since 
lesions of this region caused overfeeding and excessive weight gain, while its electri-
cal stimulation suppressed eating. On the contrary, damage or stimulation of the lat-
eral hypothalamus (LH) elicited the opposite set of responses, thus leading to the 
conclusion that this region represented the “feeding centre” [3, 4]. The subsequent 
expansion of our knowledge of specific neuronal subpopulations involved in energy 
homeostasis has replaced the notion of specific “centres” controlling energy balance 
with that of discrete neuronal pathways fully integrated in a more complex neuronal 
network [5].

The advancement of our knowledge on the anatomical structure and the function 
of the hypothalamic regions reveals the great complexity of this system. In this brief 
overview, we will focus on the knowledge of the main central and neurohormonal 
mediators involved in the control of energy balance and their possible role in the 
pathophysiology of obesity.
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2.1	 �Control of Energy Metabolism by Circadian Clocks

In the vast majority of living organisms, synchronous oscillations of biological 
parameters can be detected, most of them paralleling the night and day, sleep and 
waking, rest and activity and feeding and fasting cycles. This is an intrinsic charac-
teristic of each cell of the body to coordinate and integrate all the metabolic, hor-
monal, immune, neurological and many other functions of the body with the 
environmental daily, monthly or yearly rhythmic oscillation and cycles. This finely 
tuned mechanism in humans and all other living organisms involves an intrinsic 
machinery that tracks time in approximately 24-h cycles being controlled by a series 
of genes that are down- and upregulated in a closely coordinated feedback loop. The 
importance of the circadian clock in the control of energy metabolism has been 
clearly demonstrated, but the detailed mechanisms are far to be elucidated. The 
complexity of mammalian circadian system is explained by the presence of multiple 
cellular clocks located in the different tissues. In the hierarchical organization, 
the master regulator is the suprachiasmatic nuclei (SCN), which synchronizes the 
downstream organs and tissue clocks using neuronal, endocrine and metabolic 
signalling pathways that influence the molecular machinery of cellular clocks. 
Disruption in this synchronization may contribute to the development of diseases 
such as obesity. This disruption could arise from insensitivity of the suprachiasmatic 
nucleus and the pineal clock to sense the light and release melatonin according to 
the circadian cycle. Peripheral hormones as ghrelin, leptin, insulin, corticosteroids 
and adrenalin affect or are affected by the master clock and a reciprocal alteration 
could result in a disruption of the coordinated cycling of the metabolic control dur-
ing the day. Moreover metabolic fuels as glucose, fatty acids, amino acids, lactate 
and ketone bodies could act as signals having deep influence in the right functioning 
of the central clock which in turn could influence peripheral organ metabolism 
throughout specific neuronal connections. In order to understand the clock systems, 
a useful distinction in three major steps could be taken into account both at the 
cellular and at the systemic level: (1) the input to the system, (2) the intrinsic mecha-
nisms linked to the clock function and (3) the output system. The clock mechanism 
consists of two main parts: (1) a transcriptional–translational feedback loop (TTL) 
consisting of a positive and a negative branch and (2) oscillating post-translational 
modification of gene products in the TTL, which regulate degradation and/or nuclear 
localization of these proteins. The positive and negative branches are intertwined 
via clock protein-driven nuclear receptors and their interactions with period circa-
dian protein homolog 2 (PER2), a component of the negative limb. Per2 is an inte-
gral component of a glucocorticoid regulatory pathway involving peripheral clock 
selectively required for some actions of glucocorticoids. A metabolic oscillator is 
driven by the TTL and feeds back on it via SIRT1 which stands for sirtuin (silent 
mating type information regulation 2 homolog) 1, an enzyme that deacetylates 
proteins that contribute to cellular regulation. The promoter elements in clock- 
controlled genes (CCGs) are regulated either directly or indirectly. (1) Direct regu-
lation via Circadian Locomotor Output Cycles Kaput (BMAL/CLOCK) functions 
as an essential activator of downstream elements in the pathway critical to the 
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generation of circadian rhythms by binding at E-boxes or via the nuclear receptors 
REV-ERB and retinoic acid receptor-related orphan receptors (RORs), which are 
involved in many physiological processes, including regulation of metabolism, 
development and immunity as well as the circadian rhythm, by binding at RORE 
elements and (2) Indirect regulation via binding of clock-regulated circadian tran-
scription of proline- and acidic amino acid-rich basic leucine zipper (PAR-B-ZIP) 
transcription factors like Dbp (D-element-binding protein) on D-elements or via 
protein–protein interactions between period circadian protein homolog 2 (PER2) 
and nuclear receptors at nuclear receptor elements (NREs) such as ROREs [6]. 
The light–dark cycle is for sure one of the major determinant of the circadian 
clock. Light signals are directly conveyed to three units in the brain: (1) centres 
which control timing, such as the SCN and pineal gland; (2) centres devoted to the 
metabolic integration, such as the subparaventricular zone (sPVZ); and (3) cen-
tres which control rewarding, such as the habenula (HB). Light sensing and the 
subsequent neuronal messages are indirectly transmitted from the SCN which in 
turn projects to areas devoted to the metabolic integration including the paraven-
tricular nucleus (PVN), sPVZ, dorsomedial hypothalamus (DMH) and arcuate 
nucleus (ARC). The pineal gland also transmits light information to the 
HB. Anorexigenic signals as leptin and orexigenic signals as ghrelin primarily 
affect the ARC, which is important for the metabolic integration of feeding sig-
nals, and the ventral tegmental area (VTA), which is important for the integration 
of reward. The centres important for metabolic and reward integration exchange 
information with each other and can affect the SCN and pineal gland timing cen-
tres. Light and feeding signals combine and contribute to motor coordination and 
activity [7]. It is therefore well defined that circadian programming mechanisms 
regulating food intake are crucial in maintaining energy homeostasis [8] and that 
the development of most of the metabolic disorders could be due to clock genes 
disruption [9].

2.2	 �The Arcuate Nucleus

The arcuate nucleus (ARC) is one of the most important brain regions involved in 
the control of energy homeostasis. It is located in the mediobasal hypothalamus, 
adjacent to the floor of the third ventricle. Neurons in the ARC express receptors for 
a variety of hormones known to affect food intake, such as leptin, cortisol, oestro-
gen, progesterone and growth hormone [10], and the permeability of blood–brain 
barrier of this part of the brain [11] allowing the passage of these signalling mole-
cules into the brain. Moreover the ARC, like other hypothalamic nuclei (dorsome-
dial hypothalamic nucleus [DMH], paraventricular nucleus [PVN], VMH and LH), 
contains neurons that are thought to represent the central glucose sensor element 
[12], but their action may also be affected by other circulating metabolites, such as 
FFA [13]. Then the ARC may be viewed as a “metabolic sensor”, since it receives 
and integrates endocrine and metabolic information arriving from periphery con-
cerning the body nutritional and energetic status.
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The ARC houses a number of neurons which can be differentiated on the basis 
of their signalling molecule expression. A first population of cells co-express two 
neuropeptides which have been strongly implicated in the control of food intake and 
energy homeostasis that are NPY and AgRP [14]. Two other important signalling 
molecules, POMC and CART, are co-localized in a distinct, but adjacent, subset of 
ARC neurons [15].

2.3	 �Neuropeptide Y

NPY is a 36 amino acid orexigenic peptide with many other endocrine and behav-
ioural effects [16]. It belongs to the pancreatic polypeptide (PP) family, and it is 
considered the most abundant neuropeptide in the brain [17], the ARC nucleus 
being the major hypothalamic site of NPY expression. A dense projection is 
directed to the PVN, but other less dense projections are directed into other nuclei 
[18]. PVN also receive afferent NPY-containing fibres from catecholaminergic 
nuclei in the brainstem [19]. NPY is also released locally in the ARC and regulates 
the NPY/AgRP neurons in a ultrashort loop feedback acting on NPY-Y2/NPY-Y4 
receptors [20].

Four different NPY receptors have been recognized in human named NPY-Y1, 
NPY-Y2, NPY-Y4 and NPY-Y5 that are widely distributed in the hypothalamus 
[21]. Selective receptor antagonists and the administration of antisense oligonucle-
otides directed against the different Y receptor subtypes were recognized to inhibit 
both NPY-induced food intake and the abnormalities of feeding behaviour present 
in genetically obese animal models [22] although conflicting results have been 
obtained with other experimental approaches using different putative selective 
antagonists [23].

2.4	 �Neuropeptide YY

Neuropeptide YY (PYY) belongs to the NPY and PP family [24]. It is 70 % identi-
cal to NPY in mammals, and it was first identified as a gastrointestinal hormone, but 
it has subsequently been found to occur in neurons. Peptide YY3-36 (PYY3-36) is 
released from the gastrointestinal tract postprandially in proportion to the calorie 
content of a meal [25].

In contrast to the well-established functions of NPY, the role of PYY in the 
nervous system remains obscure. Experiments carried out in humans by intravenous 
injection of physiological doses of PYY3-36 lead to a significant reduction of 
appetite and food intake. All these data taken together lead to hypothesize that the 
elevation of PYY3-36 observed after a normal meal may act through the ARC Y2 
receptor to inhibit feeding, thus suggesting at that time the existence of a new 
important gut–hypothalamic axis as demonstrated successively (see below).
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2.5	 �Agouti-Related Protein

Agouti-related protein (AgRP) is a peptide with orexigenic properties [26], which 
mRNA and protein can be found in virtually all NPY-expressing cells of the ARC, 
but not in any other brain region [18]. As with NPY, AgRP synthesis is increased in 
response to leptin deficiency and during fasting and is inhibited by leptin treatment 
[17]. The icv AgRP administration, as well as the overexpression of AgRP in trans-
genic mice, stimulates feeding and induces obesity, and its expression is signifi-
cantly elevated in genetic models of obesity in mice [27]. AgRP is thought to 
influence feeding by blocking the action of α-MSH at the melanocortin receptors 
MC4 and possibly MC3 [28]. However, AgRP’s orexigenic action is still potent at 
long term after melanocortin receptor blockade, indicating the existence of alterna-
tive mechanisms for its orexigenic action.

2.6	 �Pro-opiomelanocortin

Pro-opiomelanocortin (POMC) is the precursor of a number of peptides, including 
α-MSH and ACTH. It is expressed in the ARC, and many of its effects on energy 
balance appear to be mediated by α-MSH, which exerts its action by binding to 
members of a family of melanocortin receptors [29]. In rodents, stimulation of MC3 
and MC4 receptors suppresses feeding behaviour, whereas binding of these recep-
tors with synthetic ligands stimulates eating [30]. Moreover the POMC-null mutant 
mice progressively develop obesity [31], which can also be obtained by targeted 
deletion of melanocortin receptor gene MC3 and MC4 [32]. In humans abnormali-
ties in both the MC4-R gene and the POMC gene are associated with severe obesity 
[33] indicating that tonic signalling by MC4 receptor limits food intake and body fat 
mass. The deletion of the MC3-R gene leads to a different phenotype, having the 
mutant mice a weight close to the wild-type animals but an altered body composi-
tion characterised by an increased fat mass and reduced lean mass. Thus, contrary 
to what is observed in the MC4-deficient mice, the obesity due to MC3 receptor 
gene deletion results more from altered metabolism and energy partitioning than to 
feeding changes. Current available data suggest that MC3 and MC4 receptors have 
different nonredundant functions in energy homeostasis. As a matter of fact, mice 
lacking both types of receptors are more obese than the MC4-R-deficient mice, 
showing therefore additive effects of the two deletions.

2.7	 �Cocaine- and Amphetamine-Regulated Transcript

Cocaine- and amphetamine-regulated transcript (CART) is a anorectic factor, which 
is produced in the ARC but also in the PVN, dorsomedial (DMN) and other 
hypothalamic nuclei [34] and inhibits feeding when administered icv. Hypothalamic 
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CART peptide and mRNA levels are decreased in fasted rats, genetically obese  
ob/ob mice, which are leptin deficient, and fa/fa Zucker rats, characterized by a 
defective leptin receptor [35]. CART is co-expressed with POMC in a subpopula-
tion of neurons in the ARC and distributed to the LH, PVN and preganglionic 
sympathetic neurons in the thoracic spinal cord. These neurons respond directly to 
circulating leptin, and it is possible that CART and POMC mediate the inhibitory 
effect of leptin on food intake.

A majority of both NPY/AgRP and POMC/CART neurons co-express leptin 
receptors. NPY/AgRP neurons are inhibited by leptin and activated by low leptin 
levels. Similarly these neurons seem to be activated also by insulin deficiency [36], 
and insulin receptors have been found to be highly concentrated in the ARC [37]. 
On the contrary, conditions characterized by insulin or leptin deficiency inhibit 
POMC and CART expression in the ARC, while the administration of these hor-
mones can prevent or reduce these neuropeptide responses [38]. Taken together, 
these data indicate that the ARC represents a major site for transducing peripheral 
adiposity signals, such as leptin and insulin, into a neuronal response.

2.8	 �Neurotransmitters and Peptides Mediating Appetite 
Stimulation

Urocortins are a family of CRH-related peptides identified in humans, rodents and 
other mammalian species. The administration of urocortin into the PVN decreases 
feeding [39]. Urocortin III distribution in the brain differs from that of CRH and 
includes the VMH, lateral septum and other areas known to express high levels of 
CRH-R2, suggesting that urocortin III is the endogenous ligand for this receptor in 
these areas [40].

TRH, apart from its role in pituitary–thyroid axis, inhibits feeding and drinking 
when injected icv; its metabolite cyclo(His-Pro) produces a long-lasting reduction 
in food intake and body weight in rats [41]. The NPY-TRH connection is thought to 
be mediated through the Y1 receptor, and it has been shown that icv NPY adminis-
tration can decrease plasma levels of thyroid-stimulating hormone, which links 
TRH with the thyroid hormones [42].

Orexins A and B are encoded by the same gene and produced in the same regions 
by a population of neurons separate from MCH. Icv injection of orexin stimulates 
feeding, and its gene expression increases in response to fasting and leptin defi-
ciency [43]. On the contrary, icv administration of orexin A had no effect on body 
weight in rats [44]; moreover genetic ablation of orexin-sensitive neurons in mice 
caused late-onset obesity despite a decrease in food intake [45]. These results may 
be explained by the observation that orexin A, beyond its stimulation on food intake, 
increases oxygen consumption and energy expenditure, thus preventing weight gain 
[46]. Glucose, another signal that is essential in initiating and terminating feeding 
[47], also appears to regulate orexin neuronal activity since orexin neurones are 
stimulated by falling blood glucose levels but are inhibited by feeding-related 
signals, such as signals from the gut as well as a rise in blood glucose [48].
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GABA stimulates carbohydrate-rich food intake after injection in the PVN 
through interaction with GABA-A receptors [49] and benzodiazepines, which are 
agonists of GABA, beyond their action on anxiety, increase food consumption by 
potentiating taste palatability of food [50].

2.9	 �Neurotransmitters and Peptides Mediating Appetite 
Suppression

Neurotensin, which is produced in the ARC, PVN and DMN, inhibits food intake 
after icv injection. Leptin stimulates neurotensin synthesis in the hypothalamus; 
moreover genetically obese ob/ob mice and fa/fa rats exhibit a decreased neuroten-
sin expression, suggesting that neurotensin could mediate, at least in part, the ano-
rectic effect of the ob gene product.

Bombesin-like peptides include gastrin-releasing peptide (GRP), neuromedin B 
(NMB) and glucagon-like peptide (GLP)-1. Either peripheral or central administra-
tion of bombesin-like peptides inhibits food intake by acting on satiety [51]. This 
effect appears to be mediated through three different receptors: the GRP receptor, 
the NMB receptor and the bombesin receptor subtype 3 (BRS-3). These receptors 
share about 50 % amino acids sequence identity but show different affinities for the 
bombesin-like peptides [52].

2.10	 �The Cannabinoid System

Epidemiological evidence reporting an orexigenic activity of cannabinoids and the 
insights into the molecular mechanisms underlying cannabinoid action have sug-
gested a role for this neuromodulatory system in the pathophysiology of obesity. 
The observation that exogenous cannabinoid derivatives may influence food intake 
was extensively studied in the 1970s [53]. However, the demonstration in the 1990s 
of the existence of a new class of endogenous ligands and of specific receptors 
binding to cannabinoids led to a substantial advancement of the knowledge of this 
new pathway of regulation of food intake and other central and peripheral func-
tions. Exogenous cannabinoids act by binding two specific receptors, cannabinoid 
receptor 1 (CB1), abundantly expressed in brain areas involved in feeding behav-
iour [54], and cannabinoid receptor 2 (CB2) which is mostly expressed in cells of 
the immune system.

The endogenous cannabinoids. The most common endogenous ligand binding to 
cannabinoid receptors are anandamide and 2-arachidonoyl glycerol [55], which are 
produced within the brain by the phospholipid precursor N-arachidonoyl phospha-
tidylethanolamine by the action of a phospholipase D. Anandamide binds with a 
higher affinity to CB1 and is present at highest concentration in the hypothalamus, 
cortex, thalamus and cerebellum of different species including humans. Other 
endogenous ligands for CB1 and CB2 are docosatetraenoyl ethanolamide, di-homo-
γ-linolenoyl ethanolamide and 2-arachidonyl glyceryl ether. Interestingly all these 
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compounds are polyunsaturated fatty acid derivatives. Anandamide and CB1 are 
present in the hypothalamus in centres known to regulate food intake and body 
weight regulation.

Extensive data are available on the effects of cannabinoids on food intake in 
animals. Anandamide administration was demonstrated to induce overeating in 
rodents, and this effect was mediated by CB1 receptors [56]. A specific CB1 recep-
tor antagonist (SR141716) has been previously synthesized reducing food intake in 
rats, mice and marmosets. This effect was selective for sweet food, sucrose and 
ethanol. Interestingly SR141716 inhibition of food intake was present also in NPY-
stimulated food intake, thus indicating a neuronal pathway independent from the 
hypothalamic NPYergic neuronal circuit [57].

Hypothalamic endocannabinoids are elevated in leptin signalling-deficient 
rodents (ob/ob and db/db mice, fa/fa rats), while leptin administration in normal 
and ob/ob mice reduces anandamide and 2-arachidonoyl glycerol [58]. Moreover 
knockout mice for CB1 receptor eat less food than wild-type littermates. Taken 
together, available data on exogenous and endogenous cannabinoids administration, 
knockout model and endocannabinoid regulation in experimental obesity is strongly 
suggestive for a role of this biological system in the regulation of feeding behaviour, 
and an effective antagonist of the CB1 receptor has been recently marketed for obe-
sity treatment although it has been successively retired due to its side effects.

2.11	 �Signals from Gastrointestinal Tract

Nutrient ingestion stimulates secretion of numerous gastroenteropancreatic hor-
mones into the bloodstream that regulate digestive function. However, it has been 
proposed that these hormones may play a role also as feedback regulators of meal 
ingestion and in particular of meal size.

Cholecystokinin (CCK) is present in the brain and the endocrine cells of the 
duodenum and jejunum. It is released into the bloodstream in response to the pres-
ence of food in the intestinal lumen. In addition to its actions on gastrointestinal 
system, several experimental evidences in different species show that CCK admin-
istration reduces food intake [59]. However, the inhibition of food consumption 
induced by CCK seems to be limited to the reduction of meal size without any 
significant effect on daily food intake and body weight. Two CCK receptors have 
been identified. Type A CCK receptor is more abundant in peripheral tissues 
including pancreas, pyloric sphincter and afferent vagal fibres but is present also 
in CNS structures. Type B CCK receptors are widely distributed throughout the 
brain. Type A receptor inhibition, but not type B, prevents the satiety action of 
administered CCK and increases basal food intake in rats by inhibiting the action 
of endogenous CCK [60].

Peripheral CCK administration appears to promote satiety by both inhibition of 
gastric emptying, that indirectly activates vagal afferent signals, and direct activa-
tion of a vagal afferent pathway driving to the hypothalamic effector pathways 
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through specific CCK receptors present on vagus nerve fibres. Both these mecha-
nisms require the integrity of the vagus nerve [61].

Ghrelin is a gastrointestinal peptide with a peculiar structure characterized by an 
octanoic acid chain esterified on a serine residue. It is synthesized in the stomach, 
intestine, placenta, pituitary and hypothalamus. Ghrelin binds to a specific trans-
membrane G-protein linked receptor of 366 amino acids belonging to the rhodopsin 
family [62]. Circulating ghrelin mainly derives from the stomach, and its plasma 
concentration is influenced by acute and chronic changes in nutritional state [63]. 
A postprandial reduction of ghrelin is observed in humans, and infusion of ghrelin 
leads to short-term increase in hunger [64], thus suggesting that ghrelin inhibition 
shortly after a meal may be responsible for meal cessation. Moreover in obese 
humans, ghrelin is markedly reduced compared to lean subjects, but it is not further 
inhibited by feeding [65]. Low ghrelin levels in human obesity exclude that fat excess 
is determined by an increased activity of this orexigenic pathway. It is of interest that 
diet-induced weight loss, but not weight loss obtained by gastric surgery, increases 
ghrelin thus suggesting a link between the persistence of low ghrelin levels and the 
more effective and prolonged weight loss after gastric bypass surgery [66]. In sum-
mary, available data suggest that ghrelin is an orexigenic signal starting in the stom-
ach and acting on CNS by activating hypothalamic effector mechanisms that induce 
eating and a positive energy balance although other studies are needed in order to 
better clarify the role of ghrelin in the pathophysiology of human obesity.

Glucagon-like peptide-1 (GLP-1) is a gut hormone secreted after food intake. 
This hormone greatly increases glucose-stimulated insulin secretion while inhibit-
ing glucagon production [67]. It is also synthesized in the NTS and released in the 
PVN and DMH. It has anorexigenic effects after central administration; it also has 
some important role in the regulation of glucose homeostasis. The majority of these 
actions are probably mediated by the GLP-1 receptor (GLP-1-R). However, data 
coming from GLP-1-R-knocked-out mice are consistent with a minor role of 
GLP-1 in the control of satiety [68].

Glucagon-like peptide-2 (GLP-2) is a newly discovered anorectic hormone that 
is expressed in the NTS and released in the DMH [69]. It is co-secreted with GLP-1 
from enteroendocrine cells in the small and large bowels. GLP-2 secretion is regu-
lated by food nutrients, mainly fat and carbohydrates, and targets receptors in the 
gastrointestinal tract, from the stomach to the colon. The major known actions of 
GLP-2 are mucosal growth (especially in the proximal bowel, increasing villous 
height and crypt cell proliferation and inhibiting apoptosis in both the crypt and 
villous compartments) and increase of the uptake of intestinal nutrients [70]. GLP-2 
also increases mesenteric blood flow, thus providing another mechanism to facili-
tate digestion and absorption of nutrients [71].

GLP-2 may also influence food intake since icv administration of GLP-2 reduces 
food intake in rats [72] although to date, studies in humans have not demonstrated a 
decrease in food intake after peripheral GLP-2 administration [73]. The clear demon-
stration of GLP-2R expression in the nonrodent brain is still lacking, and then the role 
of this hormone in the central regulation of food intake is still under consideration.
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2.12	 �Signals from Adipose Tissue

Leptin. Several years ago, Coleman and Hummel first hypothesized the existence 
of a humoral factor, produced by adipose tissue, involved in the monitoring of 
lipid stores and regulation of body weight. The discovery of leptin then confirmed 
the theory of the so-called “adipostatic model”. Leptin is synthesized mainly in 
the adipose tissue at levels proportional to body fat content and enters the CNS 
via a saturable process [74]. Leptin role in energy homeostasis is critical, since 
the genetic deficiency of either leptin or its receptor causes profound hyperpha-
gia, morbid obesity and several neuroendocrine and metabolic abnormalities both 
in rodents and in humans. Leptin receptors are expressed by brain neurons 
involved in energy intake. Neuronal targets for leptin have been identified in the 
ARC, VMN, DMH and other brain regions [75]. Leptin receptors are also 
expressed in many peripheral tissues, implying that the role of leptin is much 
broader than that of a circulating satiety factor [76]. The dramatic effects of leptin 
administration to ob/ob mice raised expectations that human obesity might also 
be a leptin-deficient state, and so that the exogenous administration of the hor-
mone might be effective in the treatment of the disease as demonstrated succes-
sively [77]. However, most obese subjects have increased leptin levels, indicating 
that obesity is a leptin-resistant state in the majority of cases. A leptin receptor 
defect caused by a mutation, similar to that described in some rodent models of 
obesity, was found in obese members of two unrelated families [78], but the fre-
quency of similar mutations in the general population is thought to be very low. 
Other potential mechanisms of leptin resistance include impaired transport into 
the brain and defective intracellular leptin signalling. Saturable transport of leptin 
through the blood–brain barrier may be a rate-limiting step [79]; however, brain 
leptin transport appears to be saturated even at the low leptin levels found in lean 
individuals [80].

Insulin was the first hormonal signal to be implicated in the control of body 
weight by the CNS, acting there to reduce energy intake [81]. Insulin receptors are 
expressed by brain neurons involved in energy intake, and the administration of 
the  pancreatic hormone directly into the brain reduces food intake, whereas its 
deficiency does the opposite [36]. These effects appear to be mediated, at least in 
part, by NPY, since insulin suppresses NPY mRNA expression, while its deficiency 
has been associated with increased hypothalamic NPY levels [82]. Finally the 
disruption of the brain insulin receptor gene produced a modest but significant 
increase in food intake and body weight in mice [83].

Glucocorticoids exert a permissive effect on feeding and adiposity, as confirmed 
by the presence of hyperphagia and obesity in Cushing’s syndrome and anorexia in 
Addison’s disease. Moreover most experimental obesities in rodents are associated 
with hypercorticism and prevented by adrenalectomy [84]. The effects of glucocor-
ticoids on food intake could be mediated by orexigenic peptides, such as NPY, and 
there is significant overlap in neuronal targets of glucocorticoids, leptin and insulin, 
raising the possibility that these hormones act in a coordinated fashion to regulate 
feeding and energy balance [85]. Indeed glucocorticoids enhance leptin production 
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both in vitro and in vivo [86]. Moreover glucocorticoids can act at the CNS level by 
reducing the anorectic action of leptin [87] inducing a relative leptin resistance, 
which in turn may be responsible for the fat deposition observed in hypercorticism. 
On the other hand, leptin seems to regulate glucocorticoid levels by directly inhibit-
ing cortisol release, but the existence of a feedback between leptin and glucocorti-
coids in humans has not been demonstrated [88].

Sex steroids are able to influence food intake, body weight and composition, as 
well as leptin production; conversely sex steroid are related to body fat. Androgens 
stimulate appetite and increase lean mass, while oestrogens tend to decrease feeding 
and body weight. Oestrogen deficiency in rats causes impaired central leptin sensi-
tivity and increased hypothalamic NPY production [89]. Sex steroid effects are 
probably mediated through the regulation of the synthesis of neuropeptides such as 
NPY, POMC and MCH in similar hypothalamic targets as leptin [90].

Pro-inflammatory cytokines, such as tumour necrosis factor- α (TNF-α), inter-
leukin (IL)-1 and IL-6, which are produced in response to infections and cancer, 
have been implicated in anorexia and wasting syndrome associated with these 
conditions. These cytokines can be transported from periphery to the CNS across 
the blood–brain barrier, where they can act on neuronal pathways and modulate 
eating behaviour and energy balance [91]. Moreover TNF-α can directly induce ob 
gene expression in rodents as well as in man [92]; furthermore IL-1 seems to 
increase leptin levels both directly and through the increase of the hypothalamus–
pituitary–adrenal axis activity [93]. IL-6 is expressed both in adipose tissue and in 
hypothalamic nuclei that regulate body composition. Mice lacking the gene encod-
ing for IL-6 develop mature-onset obesity, altered carbohydrate and lipid metabo-
lism, increased leptin levels and decreased responsiveness to leptin treatment. Icv, 
but not ip, IL-6 administration was able to increase energy expenditure, partly 
reversing obesity [94].

Ciliary neurotrophic factor (CTNF), a neurocytokine, decreases body weight 
and fat depot by inhibiting food intake and increasing energy expenditure [95]. As 
for leptin, CTNF acts through the Jak–STAT signal transduction pathway; however, 
hypothalamic targets of CTNF differ from those of leptin [96].

2.13	 �Monoamine Neurotransmitters

Aminergic neurotransmitter systems provide important targets for drug treatment of 
obesity. However, these pathways exert ambiguous effects on food intake and their 
role is complex.

Noradrenaline is synthesized in dorsal vagal complex and locus ceruleus. These 
areas project to the spinal cord, hypothalamus, thalamus and cortex. In some of 
these neurons and particularly in those projecting to the PVN, noradrenaline is co-
localized with NPY. Like NPY, icv administration of noradrenaline increases food 
intake and weight gain [97]. Moreover noradrenaline levels in the PVN of ob/ob 
mice are elevated, suggesting that leptin may inhibit its release in this brain area, as 
confirmed by in vitro studies using rat hypothalamus [98, 99].
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Dopamine signalling is thought to play a relevant role in the regulation of food 
intake, since pharmacological depletion or genetic disruption of its synthesis deeply 
alters food intake [100, 101], even if the interpretation of these finding is compli-
cated by motor impairments associated with dopamine deficiency. Mesolimbic 
dopamine pathways seem to contribute to the “rewarding” aspects of palatable 
foods [102], while dopamine signalling in the hypothalamus seems to inhibit food 
intake [3].

Serotonin (5-HT) is synthesized in the dorsal raphé nucleus (DRN) and is distrib-
uted to the PVN, VMN and other forebrain regions [112]. It inhibits eating in spon-
taneously feeding and food-deprived animals. 5-HT agonists reduce body weight in 
humans by suppressing appetite and increasing energy expenditure, probably acting 
at the 5-HT2C receptor subtype level [103].

2.14	 �Nutrient Sensing in the Hypothalamus

In addition to hormones and neurotransmitters, the brain also directly responds to 
nutrients, such as glucose, fatty acid and amino acids. Within specific hypothalamic 
nuclei, subsets of neurons with specific neurobiological phenotypes are responsive 
to nutrients that act as signalling molecules to engage a complex set of neurochemi-
cal and neurophysiological responses, thereby regulating energy intake.

Brain glucose sensing. Two different glucose-responsive neurons have been 
described within the hypothalamus depending on the effect of altered glucose 
concentration: glucose-excited (GE) neurons, abundant in the lateral hypothalamus 
(LH), and glucose-inhibited (GI) neurons which are more abundant in the ventro-
medial hypothalamus (VMH) [104]. Different nutrient-sensing mechanisms and 
intracellular signal transduction pathways have been implicated in the ability of 
nutrient-sensing neurons to monitor the amount of available fuel in the body. ATP 
production and the associated changes in the ADP/ATP ratio have long been consid-
ered as the main metabolic signals of nutrient availability although other mecha-
nisms have been suggested in the last years [98, 105].

Brain lipid sensing. Despite the fact that the brain does not use fatty acids (FA) 
as a major fuel source, there is growing evidence that FA metabolism within dis-
tinct hypothalamic regions can function as a sensor for nutrient availability. It has 
been previously shown that FA, particularly long-chain FA, activate LH neurons 
[106] and modify neuronal firing rate in ARC [107]. However, the idea that 
increases in brain FA levels act as a satiety signal to inhibit feeding contrasts with 
the fact that plasma FA levels do not rise substantially after food ingestion but rise 
significantly during fasting [108]. Another problem concerning the view of FA 
directly acting on neurons as a satiety signal is the fact that the vast majority of FA 
oxidation in the brain occurs in astrocytes rather than neurons [109]. So there must 
be a mechanism by which alterations in astrocyte FA metabolism can provide a 
signal to neurons. Hypothalamic glia responds to increases in extracellular glucose 
levels through an increase in glycolytic ATP production, which induces lactate 
release from astrocytes [110], and hypothalamic lactate sensing has been shown to 
regulate food intake [111].
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Brain amino acid sensing. Recent data demonstrate that ARC neurons can also 
sense changes in amino acid availability and implicate this sensing in the regulation 
of energy balance. Leucine administration into the mediobasal hypothalamus 
reduces food intake, both through a rapid reduction in meal size and a longer-term 
reduction in meal number, leading to a reduction in body weight gain [112]. This 
effect is blunted by rapamycin, a pharmacological inhibitor of the serine–threonine 
kinase mammalian target of rapamycin (mTOR) [113], a protein kinase activated by 
states of positive energy balance that is expressed in POMC and AgRP neurons in 
the ARC, where they respond to insulin, leptin and nutrient levels and exert potent 
effects on feeding and energy balance [114].

�Conclusions

The survival of higher organisms depends on the ability to efficiently acquire, 
use and conserve energy. Humans and other mammals have developed complex 
mechanisms to ensure a constant supply of energy for cellular functions in an 
attempt to fight against the periods of energy deprivation. Like other biological 
parameters, body weight is usually maintained within a narrow range of varia-
tions for long time periods. To ensure the stability of this parameter, calories 
intake must equal energy needs, and even small environmental reduction in 
energy availability, food intake and body weight may be perceived as an emer-
gency situation that activates a wide spectrum of events teleologically directed to 
the survival of the individuals and of the species. The anatomical and functional 
structure regulating feeding behaviour evolved in an energy-deficient environ-
ment. Therefore, at present time the great and easily available quantity of food 
present in the western countries may be considered an abnormal situation in 
evolutionary terms, and the immense complexity of these mechanisms adapts 
poorly to these conditions, explaining at least in part the overwhelming increase 
in the prevalence of obesity in our population. The complete understanding of all 
pathophysiological mechanisms regulating energy metabolism in human will 
lead to the discovery of new medical approaches to treat obesity and related 
diseases.

References

	 1.	Caballero B (2007) The global epidemic of obesity: an overview. Epidemiol Rev 29:1–5
	 2.	Koopmans HS (2004) Experimental studies on the control of food intake. In: Bray GA, 

Bouchard C (eds) Handbook of obesity. Marcel Dekker Inc, New York, pp 373–425
	 3.	Anand BK, Brobeck JR (1951) Hypothalamic control of food intake in rats and cats. Yale 

J Biol Med 24:123–130
	 4.	Elmquist JK, Elias CF, Saper CB (1999) From lesions to leptin: hypothalamic control of food 

intake and body weight. Neuron 22:221–232
	 5.	Schwartz MW, Woods SC, Porte D Jr et al (2000) Central nervous system control of food 

intake. Nature 404:661–671
	 6.	Albrecht U (2012) Timing to perfection: the biology of central and peripheral circadian 

clocks. Neuron 74:246–260
	 7.	Peek CB, Ramsey KM, Marcheva B et al (2012) Nutrient sensing and the circadian clock. 

Trends Endocrinol Metab 23:312–318

2  Regulation of Energy Intake



26

	 8.	Bechtold DA, Loudon ASI (2013) Hypothalamic clocks and rhythms in feeding behaviour. 
Trends Neurosci 36:74–82

	 9.	Hatori M, Vollmers C, Zarrinpar A (2012) Time-restricted feeding without reducing 
caloric intake prevents metabolic diseases in mice fed a high-fatdiet. Cell Metab 
15:848–860

	 10.	Baskin DG, Breininger JF, Schwartz MW (1999) Leptin receptor mRNA identifies a sub-
population of neuropeptide Y neurons activated by fasting in rat hypothalamus. Diabetes 
48:828–833

	 11.	Broadwell RD, Brightman MW (1976) Entry of peroxidase into neurons of the central and 
peripheral nervous systems from extracerebral and cerebral blood. J Comp Neurol 
166:257–283

	 12.	Muroya S, Yada T, Shioda S (1999) Glucose-sensitive neurones in the rat arcuate nucleus 
contain neuropeptide Y. Neurosci Lett 264:113–116

	 13.	Williams G, Bing C, Cai XJ (2001) The hypothalamus and the control of energy homeostasis: 
different circuits, different purposes. Physiol Behav 74:683–701

	 14.	Hahn TM, Breininger JF, Baskin DG et al (1998) Coexpression of AgRP and NPY in fasting-
activated hypothalamic neurons. Nature Neurosci 1:271–272

	 15.	Khachaturian H, Lewis ME, Haber SN et al (1984) Proopiomelanocortin peptide immunocy-
tochemistry in rhesus monkey brain. Brain Res Bull 13:785–800

	 16.	Tatemoto K (1982) Neuropeptide Y: complete amino acid sequence of the brain peptide. Proc 
Natl Acad Sci U S A 79:5485–5489

	 17.	Allen YS, Adrian TE, Allen JM et  al (1983) Neuropeptide Y distribution in the rat brain. 
Science 221:877–879

	 18.	Bai FL, Yamano M, Shiotani Y et  al (1985) An arcuate-paraventricular and -dorsomedial 
hypothalamic neuropeptide Y-containing system which lacks noradrenaline in the rat. Brain 
Res 331:172–175

	 19.	Sawchenko PE, Swanson LW, Grzanna R et  al (1985) Colocalization of neuropeptide Y 
immunoreactivity in brainstem catecholaminergic neurons that project to the paraventricular 
nucleus of the hypothalamus. J Comp Neurol 241:138–153

	 20.	Broberger C, Landry M, Wong H et al (1997) Subtypes Y1 and Y2 of the neuropeptide Y 
receptor are respectively expressed in pro-opiomelanocortin- and neuropeptide-Y-containing 
neurons of the rat hypothalamic arcuate nucleus. Neuroendocrinology 66:393–408

	 21.	Herzog H, Hort YJ, Ball HJ et al (1992) Cloned human neuropeptide Y receptor couples to 
two different second messenger systems. Proc Natl Acad Sci U S A 89:5794–5798

	 22.	Schaffhauser AO, Stricker-Krongrad A, Brunner L et al (1997) Inhibition of food intake by 
neuropeptide Y Y5 receptor antisense oligodeoxynucleotides. Diabetes 46:1792–1798

	 23.	Kanatani A, Fukami T, Fukuroda T et al (1997) Y5 receptors are not involved in physiologi-
cally relevant feeding in rodents. Regul Pept 71:212–213

	 24.	Tatemoto K, Carlquist M, Mutt V (1982) Neuropeptide Y: a novel brain peptide with struc-
tural similarities to peptide YY and pancreatic polypeptide. Nature 296:659–660

	 25.	Pedersen-Bjergaard U, Host U, Kelbaek H et al (1996) Influence of meal composition on 
postprandial peripheral plasma concentrations of vasoactive peptides in man. Scand J Clin 
Lab Invest 56:497–503

	 26.	Hagan MM, Rushing PA, Pritchard LM et al (2000) Long-term orexigenic effect of AgRP-
(82-132) involve mechanisms other than melanocortin receptor blockade. Am J Physiol 
279:R47–R52

	 27.	Ollman MM, Wilson BD, Yang YK et al (1997) Antagonism of central melanocortin recep-
tors in vitro and in vivo by agouti-related protein. Science 278:135–138

	 28.	Fong TM, Mao C, MacNeil T et al (1997) ART (protein product of agouti-related transcript) 
as an antagonist of MC-3 and MC-4 receptors. Biochem Biophys Res Commun 
237:629–631

	 29.	Cone RD, Lu D, Koppula S et al (1996) The melanocortin receptors: agonists, antagonists, 
and the hormonal control of pigmentation. Recent Prog Horm Res 51:287–317

R. Vettor et al.



27

	 30.	Benoit SC, Schwartz MW, Lachey JL et al (2000) A novel selective melanocortin-4 receptor 
agonist reduces food intake in rats and mice without producing aversive consequences. 
J Neurosci 20:3442–3448

	 31.	Yaswen L, Diehl N, Brennan MB et  al (1999) Obesity in the mouse model of pro-
opiomelanocortin deficiency responds to peripheral melanocortin. Nature Med 5:1066–1070

	 32.	Huszar D, Lynch CA, Fairchild-Huntress V et al (1997) Targeted disruption of the melano-
cortin-4 receptor results in obesity in mice. Cell 88:131–141

	 33.	Krude H, Biebermann H, Luck W et al (1998) Severe early-onset obesity, adrenal insufficiency 
and red hair pigmentation caused by POMC mutations in humans. Nature Gen 19:155–157

	 34.	Koylu EO, Couceyro PR, Lambert PD, Ling NC et al (1997) Immunohistochemical localiza-
tion of novel CART peptides in rat hypothalamus, pituitary and adrenal gland. J Neuroendocr 
9:823–833

	 35.	Kristensen P, Judge ME, Thim L et al (1998) Hypothalamic CART is a new anorectic peptide 
regulated by leptin. Nature 393:72–76

	 36.	Sipols AJ, Baskin DG, Schwartz MW (1995) Effect of intracerebroventricular insulin 
infusion on diabetic hyperphagia and hypothalamic neuropeptide gene expression. Diabetes 
44:147–151

	 37.	Baskin DG, Wilcox BJ, Figlewicz DP et al (1988) Insulin and insulin-like growth factors in 
the CNS. Trends Neurosci 11:107–111

	 38.	Schwartz MW, Seeley RJ, Woods SC et  al (1997) Leptin increases hypothalamic pro-
opiomelanocortin mRNA expression in the rostral arcuate nucleus. Diabetes 46:2119–2123

	 39.	Spina M, Merlo-Pich E, Chan RK et al (1996) Appetite-suppressing effects of urocortin, a 
CRF-related neuropeptide. Science 273:1561–1564

	 40.	Li C, Vaughan J, Sawchenko PE et al (2002) Urocortin III-immunoreactive projections in rat 
brain: partial overlap with sites of type 2 corticotrophin-releasing factor receptor expression. 
J Neurosci 22:991–1001

	 41.	 Inui A (2000) Transgenic approach to the study of body weight regulation. Pharmacol Rev 
52:35–61

	 42.	Härfstrand A, Fuxe K, Agnati LF et  al (1986) Studies on neuropeptide Y-catecholamine 
interactions in the hypothalamus and in the forebrain of the male rat. Relationship to neuro-
endocrine function. Neurochem Int 8:355–1376

	 43.	Sakurai T, Amemiya A, Ishii M et  al (1998) Orexins and orexin receptors: a family of 
hypothalamic neuropeptides and G protein-coupled receptors that regulate feeding behavior. 
Cell 92:573–585

	 44.	Yamanaka A, Sakurai T, Katsumoto T et al (1999) Chronic intracerebroventricular adminis-
tration of orexin-A to rats increases food intake in daytime, but has no effect on body weight. 
Brain Res 849:248–252

	 45.	Hara J, Beuckmann CT, Nambu T et al (2001) Genetic ablation of orexin neurons in mice 
results in narcolepsy, hypophagia, and obesity. Neuron 200130:345–354

	 46.	Wang J, Osaka T, Inoue S (2001) Energy expenditure by intracerebroventricular administra-
tion of orexin to anesthetized rats. Neurosci Lett 315:49–52

	 47.	Griffond B, Risold PY, Jacquemard C et  al (1999) Insulin-induced hypoglycemia increases  
preprohypocretin (orexin) mRNA in the rat lateral hypothalamic area. Neurosci Lett 262:77–80

	 48.	Cai XJ, Widdowson PS, Harold J et al (1999) Hypothalamic orexin expression: modulation 
by blood glucose and feeding. Diabetes 48:2132–2137

	 49.	Stratford TR, Kelley AE (1997) GABA in the nucleus accumbens shell participates in the 
central regulation of feeding behavior. J Neurosci 19:121–131

	 50.	Berridge KC, Pecina S (1999) Benzodiazepines, appetite, and taste palatability. Neurosci 
Biobehav Rev 37:735–740

	 51.	Merali Z, McIntosh J, Anisman H (1999) Role of bombesin-related peptides in the control of 
food intake. Neuropeptides 33:376–386

	 52.	Fathi Z, Corjay MH, Shapira H et  al (1993) BRS-3: a novel bombesin receptor subtype 
selectively expressed in testis and lung carcinoma cells. J Biol Chem 268:5979–5984

2  Regulation of Energy Intake



28

	 53.	 Johansson JO, Jarbe TU, Henriksson BG (1975) Acute and subchronic influences of 
tetrahydrocannabinols on water and food intake, body weight and temperature in rats. Life 
Sci 5:17–27

	 54.	Gonzalez S, Manzanares J, Berrendero F et al (1999) Identification of endocannabinoids and 
cannabinoid CB(1) receptor mRNA in the pituitary gland. Neuroendocrinology 70:137–145

	 55.	Devane WA, Hanus L, Breuer A et al (1992) Isolation and structure of a brain constituent that 
binds to the cannabinoid receptor. Science 258:1946–1949

	 56.	Williams CM, Kirkham TC (1999) Anandamide induces overeating: mediation by central 
cannabinoid (CB1) receptors. Psycopharmacol 143:315–317

	 57.	Arnone M, Maruani J, Chaperone F et al (1997) Selective inhibition of sucrose and ethanol 
intake by SR141716, an antagonist of central cannabinoid (CB1) receptor. Psycopharmacol 
132:104–106

	 58.	Di Marzo V, Goparaju SK, Wang L et  al (2001) Leptin-regulated endocannabinoids are 
involved in maintaining food intake. Nature 410:822–825

	 59.	Gibbs J, Young RC, Smith GP (1973) Cholecystokinin decreases food intake in rats. J Comp 
Physiol Psychol 84:488–495

	 60.	Moran TH, Ameglio PJ, Schwartz GJ, McHugh PR et al (1992) Blockade of type A, not type 
B, CCK receptors attenuates satiety actions of exogenous and endogenous CCK.  Am J 
Physiol 262:R46–R50

	 61.	Moran TH, McHugh PR (1988) Gastric and non-gastric mechanisms for satiety action of 
cholecystokinin. Am J Physiol 254:R628–R632

	 62.	Howard AD, Feighner SD, Cully DF et al (1996) A receptor in pituitary and hypothalamus 
that functions in growth hormone release. Science 273:974–977

	 63.	Ariyasu H, Takaya K, Tagami T et al (2001) Stomach is a major source of circulating ghrelin, 
and feeding state determines plasma ghrelin-like immunoreactivity levels in humans. J Clin 
Endocrinol Metab 86:4753–4758

	 64.	Tschop M, Wawarta R, Riepl RL et al (2001) Post-prandial decrease of circulating human 
ghrelin levels. J Endocrinol Invest 24:RC19–21

	 65.	Tschop M, Weyer C, Tataranni PA et al (2001) Circulating ghrelin levels are decreased in 
human obesity. Diabetes 50:707–709

	 66.	Cummings DE, Weigle DS, Frayo RS et al (2002) Plasma ghrelin levels after diet-induced 
weight loss or gastric bypass surgery. N Engl J Med 346:1623–1630

	 67.	Meeran K, O’Shea D, Edwards CM et al (1999) Repeated intracerebroventricular administra-
tion of glucagon-like peptide-1-(7-36) amide or exendin-(9-39) alters body weight in the rat. 
Endocrinology 140:244–250

	 68.	Valassi E, Scacchi M, Cavagnini F (2008) Neuroendocrine control of food intake. Nutr Metab 
Cardiovasc Dis 18:158–168

	 69.	Estall JL, Drucker DL (2006) Glucagon-like Peptide-2. Annu Rev Nutr 26:391–411
	 70.	Lund A, Vilsboll T, Bagger JI et al (2011) The separate and combined impact of the intestinal 

secretion in type 2 diabetes hormones, GIP, GLP-1, and GLP-2, on glucagon. Am J Physiol 
Endocrinol Metab 300:E1038–E1046

	 71.	Bremholm L, Hornum M, Henriksen BM et  al (2009) Glucagon-like peptide-2 increases 
mesenteric blood flow in humans. Scand J Gastroenterol 44:314–319

	 72.	Lovshin J, Estall J, Yusta B et al (2001) Glucagon-like peptide (GLP)-2 action in the murine 
central nervous system is enhanced by elimination of GLP-1 receptor signaling. J Biol Chem 
276:21489–21499

	 73.	Sorensen LB, Flint A, Raben A et  al (2003) No effect of physiological concentrations of 
glucagon-like peptide-2 on appetite and energy intake in normal weight subjects. Int J Obes 
Relat Metab Disord 27:450–456

	 74.	Zhang Y, Proenca R, Maffei M et al (1994) Positional cloning of the mouse obese gene and 
its human homologue. Nature 372:425–432

	 75.	Ahima RS, Saper CB, Flier JS et  al (2000) Leptin regulation of neuroendocrine systems. 
Front Neuroendocr 21:263–307

R. Vettor et al.



29

	 76.	Tritos NA, Mantzoros CS (1997) Leptin: its role in obesity and beyond. Diabetologia 
40:1371–1379

	 77.	Grasso P (2011) Novel approaches to the treatment of obesity and type 2 diabetes mellitus: 
bioactive leptin-related synthetic peptide analogs. Recent Pat Endocr Metab Immune Drug 
Discov 5:163–175

	 78.	Clement K, Garner C, Hager J et al (1996) Indication for linkage of the human OB gene 
region with extreme obesity. Diabetes 45:687–690

	 79.	Schwartz MW, Peskind E, Raskind M et al (1996) Cerebrospinal fluid leptin levels: relation-
ship to plasma levels and to adiposity in humans. Nature Med 2:589–593

	 80.	Ahima RS, Osei SY (2001) Molecular regulation of eating behavior: new insights and pros-
pects for therapeutic strategies. Trends Mol Med 7:205–213

	 81.	Woods SC, Lotter EC, McKay LD et al (1979) Chronic intracerebroventricular infusion of 
insulin reduces food intake and body weight of baboons. Nature 282:503–505

	 82.	Cusin I, Dryden S, Wang Q et al (1995) Effect of sustained physiological hyperinsulinaemia on 
hypothalamic neuropeptide Y and NPY mRNA levels in the rat. J Neuroendocrinol 7:193–197

	 83.	Bruning JC, Gautam D, Burks DJ et al (2000) Role of brain insulin receptor in control of 
body weight and reproduction. Science 289:2122–2125

	 84.	Bray GA, York DA (1979) Hypothalamic and genetic obesity in experimental animals: an 
autonomic and endocrine hypothesis. Physiol Rev 59:719–809

	 85.	Dallman MF, Strack AM, Akana SF et al (1993) Feast and famine: critical role of glucocorti-
coids with insulin in daily energy flow. Front Neuroendocrinol 14:303–347

	 86.	Bradley RL, Cheatham B (1999) Regulation of ob gene expression and leptin secretion by 
insulin and dexamethasone in rat adipocytes. Diabetes 48:272–278

	 87.	Jeanrenaud B, Rohner-Jeanrenaud F (2000) CNS-periphery relationships and body weight 
homeostasis: influence of the glucocorticoid status. Int J Obes 24(Suppl 2):S74–S76

	 88.	Malendowicz LK, Macchi C, Nussdorfer GG et  al (1998) Acute effects of recombinant 
murine leptin on rat pituitary-adrenocortical function. Endocrinol Res 24:235–246

	 89.	Ainslie DA, Morris MJ, Wittert G et al (2001) Estrogen deficiency causes central leptin insen-
sitivity and increased hypothalamic neuropeptide Y. Int J Obes 25:1680–1688

	 90.	Mystkowski P, Schwartz MW (2000) Gonadal steroids and energy homeostasis in the leptin 
era. Nutrition 16:937–946

	 91.	Plata-Salaman CR (1998) Cytokine-induced anorexia. Behavioral, cellular, and molecular 
mechanisms. Ann N Y Acad Sci 856:160–170

	 92.	Fawcett RL, Waechter AS, Williams LB et al (2000) Tumor necrosis factor-alpha inhibits 
leptin production in subcutaneous and omental adipocytes from morbidly obese humans. 
J Clin Endocrinol Metab 85:530–535

	 93.	Langhans W, Hrupka B (1999) Interleukins and tumor necrosis factor as inhibitors of food 
intake. Neuropeptides 1999(33):415–524

	 94.	Wallenius V, Wallenius K, Ahren B et al (2002) Interleukin-6-deficient mice develop mature-
onset obesity. Nature Med 8:75–79

	 95.	Gloaguen I, Costa P, Demartis A et al (1997) Ciliary neurotrophic factor corrects obesity and 
diabetes associated with leptin deficiency and resistance. Proc Natl Acad Sci U S A 
94:6456–6461

	 96.	Bjorbaek C, Elmquist JK, El-Haschimi K et al (1999) Activation of SOCS-3 messenger ribo-
nucleic acid in the hypothalamus by ciliary neurotrophic factor. Endocrinology 
140:2035–2043

	 97.	Leibowitz SF, Roossin P, Rosenn M (1984) Chronic norepinephrine injection into the hypo-
thalamic paraventricular nucleus produces hyperphagia and increased body weight in the rat. 
Pharmacol Biochem Behav 21:801–808

	 98.	Oltmans GA (1983) Norepinephrine and dopamine levels in hypothalamic nuclei of the 
genetically obese mouse (ob/ob). Brain Res 273:369–373

	 99.	Brunetti L, Michelotto B, Orlando G, Vacca M et al (1999) Leptin inhibits norepinephrine and 
dopamine release from rat hypothalamic neuronal endings. Eur J Pharmacol 372:237–240

2  Regulation of Energy Intake



30

	100.	Salamone JD, Mahan K, Rogers S (1993) Ventrolateral striatal dopamine depletions impair 
feeding and food handling in rats. Pharmacol Biochem Behav 44:605–610

	101.	Szczypka MS, Rainey MA, Kim DS et al (1999) Feeding behavior in dopamine-deficient 
mice. Proc Natl Acad Sci U S A 96:12138–12143

	102.	Pothos EN, Creese I, Hoebel BG (1995) Restricted eating with weight loss selectively 
decreases extracellular dopamine in the nucleus accumbens and alters dopamine response to 
amphetamine, morphine, and food intake. J Neurosci 15:6640–6650

	103.	Nonogaki K, Strack AM, Dallman MF et  al (1998) Leptin-independent hyperphagia and 
type  2 diabetes in mice with a mutated serotonin 5-HT2C receptor gene. Nature Med 
4:1152–1156

	104.	Oomura Y, Yoshimatsu H (1984) Neural network of glucose monitoring system. J Auton Nerv 
Syst 10:359–372

	105.	Levin BE (2006) Metabolic sensing neurons and the control of energy homeostasis. Physiol 
Behav 89:486–489

	106.	Oomura Y, Nakamura T, Sugimori M et al (1975) Effect of free fatty acid on the rat lateral 
hypothalamic neurons. Physiol Behav 14:483–486

	107.	Wang R, Cruciani-Guglielmacci C, Migrenne S et al (2006) Effects of oleic acid on distinct 
populations of neurons in the hypothalamic arcuate nucleus are dependent on extracellular 
glucose levels. J Neurophysiol 95:1491–1498

	108.	Ruge T, Hodson L, Cheeseman J et al (2009) Fasted to fed trafficking of fatty acids in human 
adipose tissue reveals a novel regulatory step for enhanced fat storage. J Clin Endocrinol 
Metab 94:1781–1788

	109.	Escartin C, Pierre K, Colin A et al (2007) Activation of astrocytes by CNTF induces meta-
bolic plasticity and increases resistance to metabolic insults. J Neurosci 27:7094–7104

	110.	Pellerin L (2003) Lactate as a pivotal element in neuron-glia metabolic cooperation. 
Neurochem Int 43:331–338

	111.	Lam CK, Chari M, Wang PY et al (2008) Central lactate metabolism regulates food intake. 
Am J Physiol Endocrinol Metab 295:E491–E496

	112.	Blouet C, Jo YH, Li X et al (2009) Mediobasal hypothalamic leucine sensing regulates food 
intake through activation of a hypothalamus-brainstem circuit. J Neurosci 29:8302–8311

	113.	Cota D, Proulx K, Smith KA et  al (2006) Hypothalamic mTOR signaling regulates food 
intake. Science 312:927–930

	114.	Minokoshi Y, Alquier T, Furukawa N et  al (2004) AMP-kinase regulates food intake by 
responding to hormonal and nutrient signals in the hypothalamus. Nature 428:569–574

R. Vettor et al.



31© Springer International Publishing Switzerland 2015
A. Lenzi et al. (eds.), Multidisciplinary Approach to Obesity:  
From Assessment to Treatment, DOI 10.1007/978-3-319-09045-0_3

S. Maggi (*) • M. Noale • F. Limongi • G. Crepaldi 
CNR-Neuroscience Institute, Aging Branch-Padova,  
Via Giustiniani 2, 35128 Padova, Italy
e-mail: Stefania.maggi@in.cnr.it; Marianna.noale@in.cnr.it 

L. Busetto 
Department of Medicine, University of Padova,  
Via Giustiniani 2, 35128 Padova, Italy
e-mail: Luca.busetto@unipd.it

3Obesity: Definition and Epidemiology

Stefania Maggi, Luca Busetto, Marianna Noale,  
Federica Limongi, and Gaetano Crepaldi

3.1	 �Introduction

In the recent years, obesity has received considerable attention as a major health 
risk, to the point that some scientists have predicted that it could become responsi-
ble for reversing the current trend of increasing life expectancy [1]. Indeed, obesity 
is the most prevalent form of malnutrition in the industrialized countries, and it is 
rapidly becoming highly prevalent also in the developing world. It is considered a 
multifactorial condition, caused by a complex interaction between the environment, 
genetic predisposition, and human behavior.

The relevance of obesity as a risk factor for medical conditions is very well 
appreciated; it is now considered as a major contributor to the global burden of 
disease and disability, because it is linked to various disabling conditions, such 
as heart disease, diabetes, hypertension, stroke, certain cancers, osteoarthritis, 
and respiratory abnormalities, and to several digestive diseases, including gastro-
esophageal reflux disease (GERD) and its complications, colorectal polyps and 
cancer, and liver disease (e.g., nonalcoholic fatty liver disease, cirrhosis, and 
hepatocellular carcinoma) [2]. Moreover, it has been reported that obesity is 
associated with an increased risk of death, although the relation of BMI catego-
ries with mortality has been the subject of much controversy, because epidemio-
logic studies have found linear, U-shaped, or J-shaped relationship between BMI 
and total mortality [3].
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3.2	 �Definition

Many definitions of overweight and obesity have been proposed over time for 
adults. According to the World Health Organization, overweight and obesity are 
defined as abnormal or excessive fat accumulation that presents a risk to health. 
A crude population measure of overweight and obesity is the body mass index 
(BMI), a person’s weight (in kilograms) divided by the square of his height (in 
meters). BMI (kg/m2) is used in epidemiology and in clinical practice to define 
underweight, normal weight, overweight (pre-obesity), and obesity [4]. However, 
BMI is not a biological trait, but a calculated value based on body weight. The 
use of BMI as a proxy for adiposity, the true determinant of the obese state, may 
be misleading, given that body weight is the sum of individual organs and tissues 
and therefore it includes adipose tissue, skeletal muscle mass, and organs mass. 
Moreover, BMI does not convey any information on fat distribution (e.g., vis-
ceral fat accumulation and fatty infiltrations in individual organs) that is now 
considered an important determinant of metabolic and cardiovascular risk [5]. 
On the other hand, current reference methods for the direct measurement of fat 
mass (underwater weighing, total body densitometry) or total and regional adi-
pose tissue volumes (CT or MRI) are costly and not applicable in large epidemio-
logic investigations or in routine clinical practice.

On a population level, a strong positive correlation between BMI and overall 
body fat content has been extensively reported [6]. However, this can mask sig-
nificant variations in the relationship between BMI and adiposity on an indi-
vidual level. For instance, the body fat content of a healthy subject with a normal 
BMI value (24 kg/m2) has been demonstrated to vary from 8 % to 38 % in men 
and from 30 to 44 % in women [7]. This large variability implies that an indi-
vidual subject may have a BMI corresponding to an obese state having both a 
low fat-free mass and a substantial fat accumulation or having a large skeletal 
muscle mass and normal fat mass. This latter condition typically occurs in ath-
letes, in which high BMI may simply reflect increased muscle mass, which does 
not have anything to do with obesity and associated diseases. Even at an epide-
miologic level, the poor performance of BMI as a marker of adiposity is empha-
sized by the large differences in percentage body fat observed between men and 
women having the same BMI level. In particular, women are characterized by a 
higher percentage of body fat than men, and by a different distribution, with 
higher subcutaneous rather than visceral adipose tissue [8]. Ethnic factors 
should also be taken into consideration. A BMI of 20–25 kg/m2, which would be 
considered normal and healthy within a Caucasian population, corresponds to 
an elevated body fat content and is associated with an increased disease risk in 
other ethnic groups, and particularly in Asian populations. This observation 
prompted the WHO to adopt different cutoff points for overweight and obesity 
in people of Asian origin (Table 3.1) [9].
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3.3	 �Prevalence Rates and Trends

The prevalence of obesity around the world is monitored by the WHO through the 
Global Database on BMI that gathered data from surveys or population studies, 
where weight and height are measured or self-reported [10].

In 2008, 35 % of adults aged 20+ were overweight and 11 % were obese (meaning 
that 205 million men and 300 million women were obese). The worldwide prevalence 
of obesity had nearly doubled since 1980 (10 % of men and 14 % of women were 
obese in 2008, compared with 5 % for men and 8 % for women in 1980). The preva-
lence of overweight and obesity was highest in the WHO Regions of the Americas 
(62 % for overweight in both sexes and 26 % for obesity) and lowest in the WHO 
Region for Southeast Asia (14 % overweight in both sexes and 3 % for obesity). In the 
WHO Region for Europe, for the Eastern Mediterranean, and for the Americas, over 
50 % of women were overweight; for all three of these regions, roughly half of over-
weight women are obese (23 % in Europe, 24 % in the Eastern Mediterranean, 29 % 
in the Americas). In all WHO regions, women were more likely to be obese than men, 
and in the WHO regions for Africa, Eastern Mediterranean, and Southeast Asia, 
women had roughly double the obesity prevalence of men (Fig. 3.1).

The prevalence rates of overweight and obesity increase with income level of 
countries up to upper middle income levels. The prevalence of overweight in high 
income and upper middle income countries was more than double that of low and 
lower middle income countries. For obesity, the difference more than triples from 
7 % obesity in both sexes in lower middle income countries to 24 % in upper middle 
income countries. Women’s obesity was significantly higher than men’s, with the 
exception of high income countries where it was similar.

The current epidemic of obesity has been reported in most, but not all, regions of 
the world.

The more recent US data are from the National Health and Nutrition Examination 
Survey, 2011–2012. More than one-third (35  %) of adults were obese and the 

Table 3.1  The classification of weight category by BMI

Classification BMI (kg/m2) general cutoff points
BMI (kg/m2) cutoff points for Asian 
populations

Underweight <18.5 <18.5

Normal range 18.5–24.9 18.5–22.9

Pre-obese 25.0–29.9 23.0–27.4

Obese class I 30.0–34.9 27.5–32.4

Obese class II 35.0–39.9 32.5–37.4

Obese class III ≥40.0 ≥37.5

Source: Adapted from WHO [4, 9]
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prevalence of obesity was higher among middle-aged adults (40 %). The overall 
prevalence rates of obesity did not differ by gender, but they differ within ethnic 
groups: for example, among non-Hispanic black adults 57 % of women were obese, 
compared to 37 % of men. The highest prevalence rate of obesity was among non-
Hispanic black adults (48 %), the lowest among non-Hispanic Asian adults (10.8 %). 
The prevalence of obesity among adults did not change between 2009–2010 and 
2011–2012. In the early 1960s, the prevalence of obesity was 11 % among men and 
16 % among women, and it changed relatively little until 1980. Data from NHANES 
II (between 1976 and 1980) and NHANES III (between 1988 and 1994) demon-
strate that the prevalence rates of obesity increased considerably, to about 21 % in 
men and to about 26 % in women. By 2003–2004 the prevalence had increased to 
almost 32 % in men and 34 % in women [11].

Overall, most countries have rising trends of obesity. Only 2 of the 28 countries 
in the Global Database on BMI showed a falling trend in the prevalence of obesity 
in men (Denmark and Saudi Arabia), and 5 of the 28 countries showed a falling 
trend in the prevalence of obesity in women (Denmark, Ireland, Saudi Arabia, 
Finland, and Spain) [10].

However, the secular trend on the prevalence of obesity must be considered with 
caution: a continuous variable, such as body weight, is used to classify dichotomous 
variables, such as obesity and overweight. This could imply that an average modest 
weight gain might lead to a relevant increase in the incidence of overweight and 
obesity. However, in the USA it has been reported that the average increase of BMI 
has been very relevant, changing from 25.6 in 1976–1980 to 27.9 in 1999–2004 in 
men and from 25.3 to 28.7 in women, respectively (this corresponds to an increase 
of more than 7 kg in weight for men and women of average heights) [12].

Overweight and obesity lead to adverse metabolic effects on blood pressure, 
cholesterol, triglycerides, and insulin resistance. Risks of coronary heart disease, 
ischemic stroke, and type 2 diabetes mellitus increase steadily with increasing 
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body mass index (BMI). Raised body mass index also increases the risk of sleep 
apnea, musculoskeletal disease, infertility, dementia, and cancer of the breast, 
colon, prostate, kidney, endometrium, and gall bladder. Recent analyses show that, 
in spite of advances in cardiovascular prevention and treatment, it is likely that the 
overall health burden associated with excess body weight will increase over time, 
particularly through an increasing prevalence of all other more disabling condi-
tions associated with it [2].

Many epidemiologic studies report a U-shaped relationship between total mor-
tality and BMI, with significant increased mortality at either extremes of BMI, but 
lower mortality in the overweight category [13]. The relation between overweight 
and total mortality is controversial, because some studies report an inverse relation-
ship, but methodological issues might be responsible for this “obesity paradox,” for 
example, reverse causality, given that elevated mortality rates at low BMI might be 
due to weight loss associated with occult or preexisting diseases, to smoking, or, in 
older population, to the development of frailty. Moreover, potential over-controlling 
by adjustment for weight-related conditions (such as diabetes and hypertension) 
might mislead and decrease the association of BMI and mortality [14, 15]. A recent 
long-term prospective study of older men indicates that a good overall health prog-
nosis is associated with maintaining normal weight over the life course. It also dem-
onstrates that age is an effect modifier in the association between overweight and 
risk of death and disability: midlife overweight is associated with a higher mortality 
rate, whereas in late life, the associations become more complex. Those who lose 
weight after being overweight in midlife not only have a higher risk of death but 
also have a higher risk of developing frailty and incident mobility-related disability 
in late life [16]. One important consideration is that higher BMI values may also be 
due to higher lean body mass, and a further indication comes from the Cardiovascular 
Health Study, where in men and women 65+, higher waist circumference was 
related to higher mortality risk, after controlling for BMI, while high BMI was asso-
ciated with lower mortality, when controlling for waist circumference, probably 
because it represented the protective effect of lean mass [17]. During recent years, 
the obesity paradox has been a popular topic in the research of chronic diseases, 
such as cardiovascular disease, diabetes, and cancer. The suggestion that overweight 
or obesity could have beneficial effects may even have raised questions about the 
need for weight control programs. However, as reported in recent studies, the appar-
ent paradox may be due to relatively short follow-up times and, especially, the 
inability of most studies to account for weight trend during the life course.

Weight should be rigorously controlled since birth. A study comparing data from 
large nationwide surveys has shown that the combined prevalence of obesity and over-
weight in children was high in the USA (25 %), moderate in Russia (16 %), and low 
in China (7 %) [18]. Previous studies indicate that in many developed countries chil-
dren obesity has reached levels similar to those in the USA and that it is increasing in 
developing countries (e.g., in Brazil it has tripled from 1970 (4 %) to 1990 (14 %)). To 
the contrary, recent trend seems to stabilize in US children, and this might be due to 
the aggressive campaign against obesity and unhealthy dietary patterns. Data from 
other countries have shown a decline or stabilization of obesity levels, especially in 
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children. For example, in Germany a study found a significant decline in overweight 
or obesity in children aged 4–7 years and a stabilization in children from 8 to 16 years 
of age, between 2004 and 2008 [19]. An Italian survey (Okkio alla salute) shows that 
22.2  % of children aged <14  years are overweight, while 10.6  % are obese, with 
higher percentages in the southern regions. However, in Italy, as well as in the USA, 
prevalence seems to be stabilized in the very recent years [20].

In conclusion, we believe that the high prevalence rate of overweight and obesity, 
in spite of stabilized trends observed in the recent past in some developed countries, 
has to be considered with great concern, particularly in children. A high percentage 
of obese children and adolescents nowadays present complications which, until a 
decade ago, characterized only adulthood: insulin resistance, type 2 diabetes, dys-
lipidemia, hepatic steatosis, hypertension, that sometimes cluster in the metabolic 
syndrome, and all of them are associated to cardiovascular events, cancer and pre-
mature death as an adult. [21]. Obese children are also at higher risk of precocious 
puberty, polycystic ovary syndrome, nighttime sleep apnea, orthopedic complica-
tions, and psychological and social disturbances [22]. Nor should it be forgotten that 
obese children have a higher probability of becoming obese adults [23].

3.4	 �Determinants of Obesity

Environmental factors are likely to be major contributors to the obesity epidemic, 
together with biological predisposition. It is certain that obesity develops when 
there is a positive imbalance between energy intake and energy expenditure, but the 
relative contribution of these factors is poorly understood. Evidence supports the 
contribution of both excess energy intake and decreased energy expenditure in 
determining obesity:

	1.	 Dietary data from four consecutive NHANES studies, consisting of 39,094 
adults in the USA, have shown that the temporal trends in the increase of the 
quantity and energy density of foods consumed by adults parallel the increasing 
prevalence of obesity in the US population [24].

	2.	 Data from the Central Statistical Office show that car ownership and television 
viewing, proxy measures of physical inactivity, closely parallel the rising trends 
in obesity in England [25].

	3.	 Using data from NHANES, Dietz et al. demonstrated that the prevalence of obe-
sity increased by 2 % for each additional hour of television viewed [26].

	4.	 There is also evidence that the relative availability and price of different food 
products affect food consumption [27] and that the built environment, such as 
quality of local parks, affects the level of physical activities in a community [28].

These findings not only emphasize the impact of environmental factors on the 
obesity epidemic but also indicate that policies affecting the availability of high-
caloric-density food, the cost of fruits and vegetables, and the built environment 
may contribute to the alarming prevalence rates of overweight and obesity.
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In addition to environmental factors, there is genetic predisposition to obesity, and there 
is growing evidence that common genetic variants or single-nucleotide polymorphisms 
(SNP) may play an important role in the obesity epidemic. These SNPs have modest 
effects on an individual susceptibility to common forms of obesity, but due to their high 
frequency, they can have a large contribution to obesity on the population level [29].

Body size often is associated with socioeconomic status. However, the magni-
tude and the direction of the association tend to differ by level of economic develop-
ment, sex, and race/ethnicity. In less-developed countries, higher weight may be 
associated with wealth and high income, and there may be a positive association 
between socioeconomic status and body size for both men and women. Historically, 
in many contexts, greater body size, including tallness, increased muscularity, and 
increased fatness, has symbolized power, dominance, wealth, or high social stand-
ing. For men in developed countries, height is associated positively with socioeco-
nomic status, but weight and BMI tend to be weakly, if at all, associated with 
socioeconomic status. For women in developed countries, however, weight and 
BMI have a strong inverse association with socioeconomic status [18].

3.5	 �Summary and Conclusions

The prevalence of obesity has increased dramatically in the last decades in both 
adults and children, with evidence of possible recent stabilization, according to data 
from the USA and also from Italy [19, 20]. Nevertheless, the prevalence rates con-
tinue to be greater than one-third of the population, and, therefore, the Healthy 
People 2020 goal is not met yet [30]. The reduction of the prevalence rate of obesity 
is a public health priority. The epidemic of obesity is not limited to developed coun-
tries but has been documented in several regions worldwide, with the prevalence of 
obesity rising in most countries. Obesity is affected by a complex interaction between 
the environment, genetic predisposition, and human behavior. It is associated with an 
increased risk of numerous chronic diseases, from diabetes and cancers to many 
digestive diseases and to disability and death. In addition, the obesity epidemic rep-
resents a heavy burden on the economy with its massive healthcare costs. The prob-
lem of overweight and obesity has therefore emerged as one of the most pressing 
global issues that we will continue to face during the next several decades and 
demands attention from the healthcare community, researchers, and policy makers.

To fight the global obesity epidemic is a public health priority, and population-
based, social, and environmental approaches should be developed.
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4.1	 �Introduction

The prevalence of both obesity and thyroid disorders is fairly elevated among the 
general population. This fact, together with the well-known action of thyroid 
hormone on energy expenditure, has contributed to generate the belief that there is 
a pathogenic link between fat accumulation and undetected thyroid function 
deficiency. The relationships between serum thyroid hormones, body weight, and 
feeding have been intensively investigated over the last decades. The aim of this 
chapter is to review relevant studies on the reciprocal interaction between the 
hypothalamo-pituitary-thyroid axis and adipose tissue, to verify scientific evidence 
over implausible beliefs.

4.2	 �Thyroid Hormone and Adipose Tissue

Thyroxine (T4) is the major secretory product of the thyroid gland and may be consid-
ered a precursor of the active form of the hormone 3,5,3′-triiodothyronine (T3) that is 
mainly produced in peripheral tissues by 5′-deiodination of T4 [1]. Thyroid hormone 
synthesis and release are controlled by the thyroid-stimulating hormone (TSH), secreted 
by the anterior pituitary gland. T3 acts directly on the pituitary and hypothalamus to 
regulate TSH production through a classical negative feedback loop [2].

Thyroid hormone significantly contributes to the phenotype of mature adi-
pocytes, by regulating important transcription factors and genes involved in the 
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process of adipocyte differentiation. In vitro studies on cell cultures often require 
the presence of T3 in the milieu, as a factor that promotes the transformation of 
preadipocyte into mature adipocyte. T3 has a permissive effect on lipogenesis, 
by inducing the activity of genes involved in the triglyceride synthesis, thus dis-
playing a trophic effect on the white adipocytes. Furthermore, T3 stimulates the 
lipolytic action induced by catecholamines, by increasing the sensitivity and the 
expression of the β-adrenergic receptor [3]. Thyroid hormone also exerts a relevant 
function in brown adipocytes (BA), by enhancing the mitochondrial biogenesis 
and the uncoupling protein 1 (UCP-1) activity. Within BA, T3 produced from T4 
by type 2 deiodinase (D2) increases the expression of UCP-1 both directly and 
by potentiating the effect of the adrenergic system [1]. The adrenergic system, on 
this hand, acts with a positive feedback by stimulating D2 activity and therefore 
increasing T3 intracellular levels. UCP-1 is localized in the inner membrane of 
mitochondria and uncouples proton transport across the membrane, thus dissipat-
ing the electrochemical gradient under the form of heat. In homoeothermic species, 
T3 has acquired a critical role in temperature homeostasis, sustaining approxi-
mately 30  % of the resting energy expenditure [4] and regulating the so-called 
adaptive (facultative) thermogenesis. During cold exposure or overfeeding, the 
thyroid hormone-activating D2 increases the generation of T3 in BA and promotes 
heat production [5]. Mice lacking thyroid hormone receptors exhibit decreased 
basal metabolic rate, decreased body temperature, and cold intolerance [6]. The 
impact of facultative thermogenesis on body weight regulation in humans remains 
an intriguing area of investigation that has received a great deal of attention after 
the demonstration that BA activity is impaired in obese subjects and significantly 
enhanced by cold exposure [7–9]. It is worth mentioning that human fat depots 
previously classified as “brown” were recently shown to be mainly composed of 
“beige adipocytes,” a newly described cell lineage characterized by a phenotype 
that is intermediate between white and brown fat [10]. The physiological relevance 
of this findings remains to be fully elucidated.

4.3	 �The Interaction Between Nutrition and Thyroid 
Hormones

The nutritional status has to be carefully considered when interpreting the results 
of thyroid function tests in obese or overweight subjects [11]. A caloric deficit is 
characterized by a reduction of T3 and a concomitant increase of reverse (r) T3 in 
the bloodstream. By converse, the production rate of T3, but not that of T4, is 
significantly increased during overfeeding and may explain the increased serum 
levels of T3  in some obese cohorts compared to controls. Thus, examination of 
patients at different caloric intakes, either while overeating or when on a hypocalo-
ric diet, could account for discrepant results of serum thyroid hormones. Consistent 
evidence has been provided that thyroid hormone and deiodinases regulate feeding 
by acting at the central nervous level. In rodents, T3 administration in the 

G. Ceccarini et al.



45

hypothalamus increases appetite and may favor body weight gain in the long 
term. At this site T3 exerts a negative feedback on the expression of type 4 melano-
cortin receptor [12], a critical mediator of the anorectic effects of leptin [13]. 
Furthermore, fasting increases glial D2 activity and local T3 production in the arcu-
ate nucleus. This favors excitability of NPY/AgRP orexigenic neurons [14] and 
promotes hyperphagia following food deprivation.

4.4	 �Leptin Regulation of the Hypothalamo-Pituitary-
Thyroid Axis

Several endocrine factors produced and secreted by the white adipocytes are 
involved in fuel homeostasis. Among them, leptin, a 16 kd proteic hormone, is one 
of the most important long-term regulators of body weight, acting through the 
inhibition of food intake and promotion of energy expenditure and locomotor 
activity [15, 16]. The principal site of leptin action is the central nervous system and 
particularly the arcuate nucleus (ARC) of the hypothalamus. Besides the ARC, 
leptin receptors have been found both in the pituitary and in the TRH-secreting 
neurons of the paraventricular nucleus (PVN) [17].

Reduction of serum leptin, which occurs after prolonged fasting, plays a main 
role in the neuroendocrine adaptation to reduced caloric intake (amenorrhea, altered 
sympathetic tone, etc.), and it is associated with a downregulation of the 
hypothalamo-pituitary-thyroid axis.

Direct and indirect evidence suggests that leptin has a regulatory action on 
TSH secretion: (1) circadian rhythms of TSH and leptin are superimposable [18]; 
(2) subcutaneous administration of leptin to normal-weight subjects significantly 
blunts the fall of TSH secretion induced by fasting [19]; and (3) leptin administration 
to obese patients at physiological doses can partially reverse the fall of circulating 
thyroid hormones, which occurs during chronic caloric restriction [20]. A number 
of studies have investigated the effect of thyroid hormones on serum leptin [21], but 
evidence supporting a regulatory action of thyroxine or triiodothyronine on leptin is 
overall modest.

TSH receptors are expressed on the adipocytes [22], and the administration of 
recombinant human TSH can induce the release of leptin [23]. These findings 
suggest an in vivo activity of the TSH receptor in white adipocytes, although the 
related pathophysiological implications remain to be established. Interestingly 
enough, TSH receptors are also expressed also on brown adipocytes. This suggests 
that in hypothyroid subjects TSH might stimulate thermogenesis and counteract the 
drop of body temperature [24].

In summary, the decrease of serum leptin due to fat mass reduction is a signal 
capable of inhibiting the hypothalamo-pituitary-thyroid axis, by acting at the 
hypothalamic (PVN) level through inhibition of both TRH expression and secretion. 
This is likely an ancestral mechanism aimed at saving energy during periods of 
food shortage.
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4.5	 �Thyroid Function Assessment in Obese Subjects

A recent review has assessed the relationship between serum TSH and body mass 
index (BMI) in euthyroid subjects [25], by analyzing the abundant literature accumu-
lated on this topic over the last decade. Among the 29 selected studies, 18 reported a 
positive correlation between measures of adiposity and serum TSH. Some of these 
are large population studies including unselected obese and normal-weight individu-
als; other studies are focused on obese cohorts compared to control groups. It is 
important to underline that the described association between BMI and TSH is for 
TSH values that are within the normal reference range. Still, this observation raises 
the question if minimal thyroid function alterations may predispose to weight gain.

It is our opinion that this is not the case, as suggested by several lines of evi-
dence. Firstly, the results of longitudinal studies showing a parallel increase of both 
TSH and BMI do not necessarily indicate that individuals with higher TSH levels 
do gain weight over time [26, 27], but TSH values might simply follow body weight 
changes [27]. Secondly, epidemiological studies have shown that women affected 
by undiagnosed subclinical hypothyroidism did not present with increased BMI if 
compared to euthyroid controls [28]. Thirdly, TSH serum levels tend to normalize 
after weight loss (obtained either through hypocaloric diet or bariatric surgery) [29, 
30]. These observations taken together suggest that the slight increase of TSH 
observed in obese patients (isolated hyper-thyrotropinemia) may be an adaptive 
response of the hypothalamo-pituitary-thyroid axis to weight gain. Experimental 
evidence in the rodent model, showing a 3.7-fold increase of serum TSH after feed-
ing with a high-fat diet, is in line with this view [31]. Data regarding the circulating 
concentrations of thyroid hormones in obese subjects are less univocal because of 
the serum levels of T3, which are reported increased, unchanged, or decreased, 
while T4 is generally reported low/normal [32–35]. These inconsistencies may be 
ascribed to the heterogeneity of the study populations that include people with vari-
able caloric intakes, various degrees of obesity, and different distribution of body fat.

Overall, the causes responsible for the increased levels of serum TSH in obese 
patients are still a matter of debate. To offer a valid explanation, we have to consider 
that an expansion of the fat mass is usually associated with an increase of the lean 
mass that, in turn, would produce an accelerated turnover of thyroid hormone. The 
increased rate of thyroid hormone disposal would be the primary event promoting 
an activation of the hypothalamo-pituitary-thyroid axis, aimed at maintaining serum 
thyroid hormones within the euthyroid range. This succession of events would 
eventually produce low to normal serum T4 and slightly increased TSH, while 
serum T3 will remain mainly related to the current nutritional status of the 
individual.
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4.6	 �Thyroid Structure in Obesity

Ultrasound studies indicate that in obese patients, the thyroid volume is larger than 
in nonobese subjects and it positively correlates to the amount of lean body mass 
rather than to body weight [32]. After weight loss, a reduction of the thyroid volume 
can also be observed [33]. Studies in obese children or adults showed a prevalent 
hypo-echogenic pattern at thyroid ultrasound, which was not related to thyroid 
autoimmunity [36, 37]. A clear association between obesity and autoimmune 
thyroid diseases has not been demonstrated to date, and ultrasound, a useful aid for 
diagnosing thyroid autoimmune diseases, shows unfortunately poor diagnostic 
accuracy in patients with morbid obesity.

Obesity has been reported as a risk factor for the development of multinodular 
goiter [38]. However, several limitations apply to the available studies, such as the 
small number of the population samples as well as biases in the selection of patients 
and controls. Similarly, systematic reviews of prospective observational studies 
showed a positive association between BMI at diagnosis and the risk of developing 
differentiated thyroid cancer [39]. A recent cross-sectional study indicates that BMI is 
a significant predictor of thyroid cancer in women but not in men [40] although this 
observation needs to be confirmed. The mechanisms theoretically responsible for the 
increased susceptibility to the development of goiter or thyroid cancer may be identi-
fied in the increased serum level of TSH (a growth factor for thyroid cells and a pre-
dictor of malignancy in thyroid nodules [41]), insulin, or additional growth factors.

4.7	 �Thyroid Function Alterations and Energetic Metabolism

Hyperthyroidism is usually (85 % of the cases) associated with a variable decrease 
of body weight [42]. During long-lasting hyperthyroidism, a decline of lean and fat 
mass associated with an increase in total energy expenditure is observed [43–45]. 
The extent of these phenomena depends upon the severity of the thyrotoxic state, 
the length of exposure to the excess of thyroid hormone, and possibly the age of the 
patient. The magnitude of weight loss is also related to the degree of compensatory 
hyperphagia; when the increased caloric intake exceeds the augmented energy 
expenditure, a paradoxical weight gain in thyrotoxic patients may be observed. The 
correction of hyperthyroidism is usually associated with an increase of body weight, 
but the changes of body composition during the recovery phase may differ among 
various patients. The putative risk predictors for the development of obesity after 
correction of hyperthyroidism are listed in Table  4.1. It is worth noting that the 
excessive body weight gain after treatment of hyperthyroidism is independent of the 
treatment modality: surgery, radioiodine, or antithyroid drugs [46].

Weight gain associated with overt hypothyroidism is a frequent complaint, being 
reported in over 50  % of patients [47], although of moderate extent [48]. 
Hypothyroidism and the related weight gain are frequently a theme of conversation 
between patient and physician who should be able to offer precise notions while 
dismissing myths. In overt hypothyroidism, the alterations in body weight reflect 
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both the accumulation of body fat [49, 50], due to decreased resting energy expen-
diture and reduced physical activity, and the increase of body water [51], consequent to 
diminished capacity of excreting free-water [52] and increased tissue content of 
glycosaminoglycans [51]. Hypothyroidism is also associated with a worsening of 
the metabolic profile: increased total and LDL cholesterol and lipoprotein(a), arte-
rial medio-intimal thickness, and reduced HDL levels. Thus, thyroid function 
screening in obese and overweight subjects is recommended because, although 
hypothyroidism is unlikely to be the cause of the weight excess, correction of 
concurrent hypothyroidism is a prerequisite to restore the metabolic efficiency, to 
warrant an adequate compliance to lifestyle changes, and to improve the cardiovas-
cular risk. Indeed, in spite of adequate substitution with L-thyroxine, hypothyroid 
patients experience only a modest weight loss following thyroid hormone adminis-
tration [43, 53], and the excretion of excess body water, rather than reduction of the 
fat mass, accounts for most of the weight reduction [54]. When calculating the 
appropriate L-thyroxine needs, ideal body weight (not actual body weight) should 
be considered. Our experience gained by employing dual-energy x-ray absorptiom-
etry to assess body composition in normal-weight, overweight, and obese subjects 
provided evidence that lean body mass is the best predictor of the daily require-
ments for L-thyroxine in hypothyroid patients [54]. In that study, the L-thyroxine 
daily dose necessary to suppress TSH levels reflected the different proportions of 
lean mass over the total body weight, and it was approximately 2.1 mcg/kg of body 
weight in normal-weight subjects, while it was only 1.63 mcg/kg in obese subjects. 
From these observations, the concept originates that thyroid hormones are mainly 
degraded in the lean compartment (including the muscles, liver, and skin), whereas 
fat is poorly involved in their metabolism.

It is our opinion that when no primary cause of hypothyroidism is found, the 
isolated elevation of serum TSH, which is likely secondary to obesity itself, should 
not be treated with L-thyroxine since the positive repercussions (if any) of this 
therapy on the patient’s health have never been demonstrated.

Table 4.1  Possible 
conditions predisposing to 
excessive weight gain after 
treatment of hyperthyroidism

Preexisting overweight or obesity

Familiar predisposition to obesity

Duration of hyperthyroidism

Extent of weight loss during hyperthyroidism

Inadequate or late correction of hypothyroidism 
following treatment of hyperthyroidism

Concurrent therapies (steroids, beta-blockers, etc.)

Prolonged physical inactivity
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4.8	 �Thyroid Hormone in the Treatment of Obesity

The history of the pharmacological treatment of obesity is constellated by disap-
pointment. Thyroid hormone has been largely employed in the past years with the 
purpose to increase the energy expenditure and reduce the fat mass. An exhaustive 
meta-analysis of the literature has evaluated the effectiveness of T3 and/or T4 
administration in euthyroid obese patients under caloric deprivation regimens [55]. 
Results of this work showed poor efficacy in terms of weight loss during most of T3 
or T4 regimens. Furthermore, subclinical thyrotoxicosis and increased urinary 
nitrogen excretion were reported when T3 was employed at pharmacological doses. 
Thyroid hormone derivatives are potential candidates in the search for new aids 
capable of selectively increasing energy expenditure and promoting stable weight 
loss, without relevant side effects. A modulation of different isoforms of thyroid 
receptor-mediated pathways is a promising strategy for treating lipid disorders, 
hepatic steatosis, atherosclerosis, type 2 diabetes, and possibly obesity itself [56]. 
Selective agonists of thyroid hormone receptors have been recently employed, but 
clinical trials are required to evaluate their risk-to-benefit profile.

As a general concept, the search for a weight-lowering agent that generates a 
negative energy balance by increasing the caloric output should take into careful 
consideration that any stimulatory effect on resting energy expenditure may be 
counteracted by simultaneous effects at various sites (e.g., increased appetite, accel-
erated lipogenesis, and/or increased protein wasting), which could minimize or 
even neutralize the postulated beneficial outcome.
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5.1	 �Introduction

In the past years, a growing body of evidence showed that obese subjects with vis-
ceral adiposity have decreased growth hormone (GH) secretion [1], in analogy with 
adult patients with organic GH deficiency (GHD), a well-recognized acquired clini-
cal entity commonly due to hypothalamic pituitary disorders and/or their treat-
ments, such as surgery and radiotherapy. Of interest, GH replacement therapy in 
adult GHD can reduce visceral adipose tissue, with minimal alterations in total body 
weight. This evidence supports the hypothesis that regulation of the GH/insulin-like 
growth factor (IGF)-1 axis and the state of the adipose tissue depots are closely 
related [2].

Although generally reversible after sustained weight loss, the low GH status 
in obesity is associated with increased prevalence of cardiometabolic risk factors 
[1] and detrimental alterations of body composition [3]. Thus, the low GH status 
in obese subjects might be included in the maladaptive endocrine-metabolic 
changes accounting for heterogeneity in metabolic phenotype among equally 
obese subjects.
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This chapter aims at investigating the complex relationships between obesity and 
GH/IGF-1 axis and at discussing the main benefits of GH treatment in the manage-
ment of obesity.

5.2	 �Effects of the GH/IGF-1 Axis on Adipose Tissue

GH is secreted in a pulsatile manner reflecting the integrated regulation by 
GH-releasing hormone (GHRH), somatostatin (SS), and GH-releasing peptides. A 
number of central and peripheral peptides involved in the control of food intake 
and energy expenditure, including adiponectin, ghrelin, and leptin, participate to 
the regulation of GH secretion. GH and IGF-1 have major anabolic action on mus-
cle and lipolytic effects on adipose tissue [4]. Some of the GH effects on adipose 
tissue are exerted directly, via its receptor. Other effects, such as the stimulation of 
preadipocyte proliferation, differentiation, and survival, are produced by upregula-
tion of IGF-1 secretion, the anabolic GH mediator mainly produced by the liver in 
response to GH stimulation. GH affects directly adipocyte metabolism by inhibit-
ing the lipoprotein lipase and by increasing the hormone-sensitive lipase activity 
through the activation of the β-adrenergic receptor. By these effects, GH stimulates 
the preferential oxidation of lipids, directing the energy from metabolic processes 
towards the synthesis of proteins. In addition, GH downregulates the expression of 
11βHSD1 (11β-hydroxysteroid dehydrogenase type 1), the enzyme that amplifies 
the action of glucocorticoid in visceral adipose tissue by stimulating the conversion 
of inactive dehydrocorticosterone to active corticosterone. Moreover, GH modu-
lates the expression of lipid droplet proteins, such as CIDE-A (cell-death-inducing 
DFF45-like effector), and the secretion of adiponectin, thus promoting a more 
favorable peripheral adipose tissue distribution. More recently, the evidence that 
GH differentially regulates the NF-kB activity in adipocytes and macrophages sug-
gests a modulating role for GH on chronic inflammation involved in obesity-asso-
ciated insulin resistance [5]. IGF-1 is integrated in the IGF regulatory system 
consisting of IGFs (IGF-1 and IGF-2); type I and type II IGF receptors; regulatory 
proteins, including IGF-binding proteins (IGFBP-1–6); and the acid-labile subunit 
(ALS) [6]. IGF-1 circulates within the intravascular space as part of a ternary com-
plex with ALS and IGFBP-3, the predominant plasma-binding globulin regulated 
by GH concentration, constituting both a reservoir and a carrier system for IGF-1. 
Free IGF-1, which accounts for less than 1 % of the total circulating IGF-1, is 
responsible for the bioactivity on target tissues. IGF-1 also has metabolic actions 
on its own in regulating lipolysis, proteolysis, and insulin resistance as part of the 
IGF-1/insulin system. In particular, a “fine-tuning” of IGF-1 signaling cascade, 
especially the IRS-1/PI3K/Akt pathway, is critical for proper adipogenesis [7]. 
Besides GH, many other different factors, primarily age, gender, body composi-
tion, nutritional-driven components, and glucose homeostasis, have been reported 
to affect IGF-1 metabolism [8]. The interaction between GH/IGF-1 axis and adi-
pose tissue can be viewed as part of the overall regulation of feeding and fasting in 
order to maintain an adequate body weight and body composition.
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5.3	 �Effects of Adipose Tissue on Somatotropic Axis

Despite a normal pituitary function, in obese individuals the endogenous GH 
secretion is markedly reduced compared to age-matched controls [1]. In particu-
lar, the reduction in the half-life of GH is associated with the reduction in both 
frequency and amplitude of GH secretory bursts and the increase in metabolic 
clearance rate; moreover, the severity of the secretory defects is proportional to 
the degree of obesity. The pathophysiological mechanism responsible for the low 
GH secretion in obesity is probably multifactorial. The inhibitory role of high 
circulating free fatty acid (FFA), as commonly seen in obese individuals, is sup-
ported by the restoration of GH release after the administration of the antilipolytic 
agent acipimox [9]. This evidence indicates that high circulating FFA might be 
responsible for a low GH status via the derangement of a classical endocrine feed-
back loop between GH and FFA released by GH-induced lipolysis. Similarly, 
orlistat, a gastrointestinal lipase inhibitor, is effective in inducing a weight-inde-
pendent increase in GH peak, IGF-I levels, and IGF-I/IGFBP-3 ratio along with 
reduction in postprandial FFA [10]. Of interest, the acute reduction in circulating 
FFA induced by acipimox significantly increases the stimulated GH secretion 
only in obese individuals without organic GHD [11]. Besides FFA, a chronic state 
of SS or insulin excess, increased leptin levels, as well as overeating per se and a 
deficient ghrelin secretion, probably contribute to the impaired GH secretion.

Total IGF-1 concentrations could be normal or low in obesity [12], with 
reduced circulating levels of IGFBP-3 and ALS [13]. Differences in the assay 
methods across the studies might be responsible for this variability, but different 
peripheral mechanisms might contribute to reduce IGF-1 levels in obesity, such as 
hyperinsulinemia and chronic inflammation associated with obesity [14]. In par-
ticular, adipose tissue, as source of proinflammatory mediators, might directly 
affect the IGF-1/IGF-binding protein system by reducing IGF-1 bioactivity [15]. 
On the other side, increased free IGF-1 levels, namely, bioactive IGF-1, linked to 
blunted IGFBP-1 and IGFBP-2 levels due to the hyperinsulinemia and high 
IGFBP proteolysis activity, might be responsible for the negative feedback on 
somatotroph cells [16]. Actually, about 10 % obese individuals present with an 
overlap in the association of both reductions in peak-stimulated GH and low 
IGF-1 levels [17], where this concordance depicts the poorest condition of GH 
secretion. Of interest, IGF-1 levels commonly increase along with the normaliza-
tion of GH secretion in obese individuals after weight loss [12]. The hypothetical 
maladaptive mechanisms likely involved in the etiopathogenesis of obesity-related 
alterations in GH/IGF-1 axis are shown in Fig. 5.1.

5.4	 �The Challenge to Diagnose Low GH Status in Obesity

It is of great practical importance to differentiate organic GHD versus obesity-
related decrease in GH secretion as body fat and nutritional status are the main 
confounding factors in the interpretation of biochemical tests commonly used in the 
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diagnosis of GHD [18]. Considering the pulsatile nature of GH secretion, the diag-
nosis of GHD would require multiple sampling to obtain a 24-h integrated GH pro-
file. IGF-1 and IGFBP-3 are nonpulsatile GH target hormones, and IGF-1 levels <2 
standard deviation below the age-matched mean, in a well-nourished adult with 
pituitary disease, are a strong evidence for significant GHD. However, a provocative 
test of GH reserve is required for many adult patients with suspected GHD. The 
assessment of the GH secretion is commonly performed using pharmacological 
challenges such as the insulin tolerance test (ITT) or the GHRH+arginine. The latter, 
using the effect of arginine in potentiating the response to GHRH via inhibition of 
hypothalamic release of somatostatin, is currently considered the favorite diagnostic 
tool due to its high specificity and sensitivity, as well as tolerability. While BMI 
specific cutoff points for the diagnosis of severe GHD has not yet been available for 
ITT, GHRH+arginine is the only test for which BMI-dependent variability of GH 
responsiveness has been investigated [19]. In particular, appropriate GH cutoff in 
adults with BMI >30 kg/m2 is considered 4.2 μg/L [20]. Using this new cutoff value 
of the GHRH+arginine test, about one third morbidly obese individuals presented 
with a low peak GH [2]. In addition, waist circumference adds per se predictive 
information to the determination of GH response, independent of BMI [21]. The 
adipose tissue effects on GH secretion have also been confirmed in healthy adoles-
cents with normal stature during transition period [22], although appropriate cutoff 

Visceral adipose tissue

↑ leptin
↓ adiponectin
↑ cytokines

GH
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GHRH

IGF-1

Liver
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Insulin resistance
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Fig. 5.1  The hypothetical maladaptive mechanisms likely involved in the etiopathogenesis of 
obesity-related alterations in GH/IGF-1 axis. The elevation of circulating FFA, adipokines, and 
cytokines induced by increased visceral adipose tissue depot responsible for insulin resistance at 
the liver, skeletal muscle, and pancreatic levels is also able to markedly affect the normal feedback 
control system operating in GH/IGF-1 axis. The “functional” low GH/IGF-1 axis, in turn, might 
act on body composition by inducing unfavorable changes in body composition similarly to those 
observed in GHD, thus contributing to worsen the insulin resistance state and the associated meta-
bolic sequelae. SS somatostatin, GHRH growth hormone-releasing hormone, GH growth hormone, 
IGF-1 insulin-like growth factor-1, FFA free fatty acids
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values for overweight/obese adolescents are still missing. In Table 5.1 are reported 
cutoff values of peak GH after different stimulation tests according to BMI. The 
main criticism to GH stimulation testing in obesity is that this functional hyposo-
matotropism is fully reversed by weight loss and might cause misleading diagnosis 
of GHD [23], especially in view of a possible expensive unjustified treatment with 
GH. Whatever might be the central and peripheral mechanisms linking adipose tis-
sue and low GH status, this condition, albeit functional, serves as a vicious circle 
that is reinforced with further accumulation of visceral adipose tissue. Thus, beyond 
the issue to erroneously classify obese individuals’ low peak GH as really GH defi-
cient, a low status of GH/IGF-1 axis, especially when the low GH secretion is paral-
leled by low IGF-1 levels, is however responsible for unfavorable changes in body 
composition and increased cardiovascular risk profile, similarly to those observed in 
organic GHD [24]. This hypothesis is in line with recent reports suggesting that low 
IGF-1 levels are linked to the pathogenesis of type 2 diabetes, metabolic syndrome, 
cardiovascular disease, and chronic inflammation [25, 26].

5.5	 �Metabolic Consequences of Low GH/IGF-1 Status 
in Obesity

The low GH/IGF-1 axis status is associated with a different obesity phenotype. In 
particular, obese individuals with blunted peak GH showed a significantly different 
body composition compared with normal responder counterpart, with the highest 
values of BMI, waist circumference, waist-to-hip ratio, and fat mass, and the lowest 
fat-free mass [1, 2, 12]. A similar association is found in patients with Prader-Willi 
syndrome (PWS), the most common known genetic cause of marked obesity char-
acterized by multiple endocrine dysfunctions, including a reduced GH secretory 
capacity, who presented with changes in body composition that are worse than those 
observed in obese subjects with comparable BMI. In this respect, it is conceivable 
that the unfavorable changes in body composition associated with the low GH/
IGF-1 status contribute to worsen the obesity-related metabolic sequelae, amplify-
ing the cardiometabolic risk profile in the subset of obese individuals with low GH 

Table 5.1  Cutoff values of peak GH after GHRH +arginine according to BMI

First author (Ref.) Age BMI Cutoff values (μg/L)

Corneli et al. [20]a Adults <25 kg/m2 <11.5

25–30 kg/m2 <8.0

>30 kg/m2 <4.2

Colao et al. [19]a Adults <25 kg/m2 11.8

25–30 kg/m2 8.1

>30 kg/m2 5.5

Perotti et al. [22] Transition period >85th percentile <19
aAccepted by The Endocrine Society Clinical Practice Guideline on Evaluation and Treatment of 
Adult Growth Hormone Deficiency (GHD) [18]
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status. Accordingly, obese individuals with reduced GH secretion have increased 
cardiovascular disease risk factors, including dyslipidemia, chronic inflammation, 
and increased carotid intima-media thickness, and increased prevalence of meta-
bolic syndrome [1, 27]. In addition, low peak GH has also been reported to be 
associated with increased intramyocellular and intrahepatic lipid content in pre-
menopausal obese women, further suggesting the contribution of low GH status in 
the development of insulin resistance and other complications of the metabolic syn-
drome [28]. The cardiovascular risk profile increases when there is concordance 
between reductions in peak-stimulated GH and low IGF-1 levels in the same patient 
[17]. Thus, there may be different degrees of impairment of GH/IGF-1 axis in obe-
sity. Further evidence on the effect of the low GH status in obesity is provided by 
the studies evaluating the effectiveness of GH treatment in obese individuals.

5.6	 �Effectiveness of GH Treatment in Obesity

A number of clinical trials have assessed the efficacy of recombinant human (rh) 
GH as adjuvant therapy in association with a standard weight loss program for 
unselected obese adults [1]. The major issues in evaluating rhGH treatment in obe-
sity are the limited number of participants, the lack of placebo control, the short 
duration of the treatments, and the doses used. A recent comprehensive meta-
analysis by Mekala et al. [29] has evidenced that rhGH treatment leads to decrease 
in total fat mass, visceral adiposity, and increase in lean body mass, even if without 
resulting in significant weight loss. Along with these little, albeit significant, 
changes in body composition, plasma lipid profile is improved, with decreases in 
total cholesterol and LDL cholesterol. In addition, no significant changes in markers 
of adiposity, such as leptin or adiponectin, are reported. In short-term studies, fast-
ing plasma glucose and insulin increase transiently during the first few weeks of GH 
treatment, whereas improvements in glucose metabolism are observed only in long-
term studies. In particular, significant beneficial effects on fat mass and glucose 
metabolism are observed in the studies reporting a longer mean duration of treat-
ment (>12 weeks) compared to the short-term studies. This evidence is likely due to 
the longer lap of time required to evidence the insulin-sensitizing effects due to the 
reduction in visceral adipose tissue and the increase in IGF-1 levels. Accordingly, 
similar beneficial effects of GH treatment have been reported in obese type 2 dia-
betic patients with poor glycemic control [30]. Alternatively, GH treatment might 
act through decreased 11βHSD1 activity in visceral adipose tissue, increased glu-
cose transport in the skeletal muscle, the major site of glucose disposal mediated via 
the IGF-1 receptor, increased proportion of insulin-sensitive type I muscle fibers, or 
increased capillarization in the skeletal muscle. There is no general agreement on 
the effective dose of rhGH in obese individuals. Many trials used relatively higher 
doses of rhGH compared with those recommended for adult GHD.  Indeed, low 
doses that normalize age-related IGF-1 levels are more likely to minimize the num-
ber of dose-related side effects and the unfavorable effects on glucose metabolism, 
such as GH-induced hyperinsulinemia, which may oppose the lipolytic effect of 
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GH. This observation suggests that a careful investigation of GH/IGF-1 axis might 
be mandatory in the evaluation of obese individuals to be assigned to rhGH treat-
ment. In this respect, it should be conceivable to limit the therapy to only subjects 
with reduced GH secretory capacity, in relation to their worse cardiometabolic risk 
profile, and for a period of time sufficient to obtain the spontaneous recovery of GH/
IGF-1 axis, if any, along with weight loss. The adverse events most commonly 
reported are hypertension, arthralgia, paresthesia, and peripheral edema; more 
recently, an increased severity of obstructive sleep apnea in abdominally obese men 
during GH treatment likely due to the GH-induced increase of measures of neck 
volume has been reported [31]. Of interest, either the beneficial effects on body 
composition and cardiovascular risk or the side effect of altered glucose tolerance 
returns to pretreatment levels after GH withdrawal. Finally, GHRH analogues 
increasing endogenous GH secretion, such as tesamorelin [32], have recently evi-
denced to be efficacious in improving body composition without adversely affecting 
glucose metabolism, while studies on GH fragments with predominant antilipolytic 
activity have not yet yielded convincing results.

5.7	 �GH/IGF-I Axis and Bariatric Surgery

Bariatric surgery currently provides the only long-term control of obesity, resulting 
in major weight loss and weight maintenance. Up to now, very few well-designed 
clinical trials have been performed to scientifically investigate the GH/IGF-1 axis 
following bariatric procedures. Bariatric surgical techniques can be separated in 
malabsorptive procedures, such as biliopancreatic diversion (BPD), and restrictive 
procedures, such as laparoscopic adjustable gastric banding (LAGB) or sleeve gas-
trectomy, with a growing variety of procedures using one or both of these tech-
niques over the years, such as the Roux-en-Y gastric bypass (RYGB). Among the 
postsurgical endocrine changes, those related to the GH/IGF-I axis have been poorly 
investigated. Stimulated GH secretion significantly increases after BPD [33]. Partial 
recovery of GH secretion is also observed after RYGB [34]. Although with some 
discrepancy [35, 36], postoperative IGF-1 secretion shows a long-lasting impair-
ment, similarly to that showed after nonsurgical weight loss, presumably linked to 
the catabolic state induced by BPD [37] and RYGB [38]. Yet, in a prospective study 
6 months after LAGB, when the initial catabolic state should have already been 
overcome, about 20 % obese women are found to be both GH and IGF-1 deficient 
and another fifth have IGF-1 levels still below the normal range calculated accord-
ing with age normative ranges [13]. Interestingly, excess of weight loss (EWL) and 
fat mass loss are higher in patients who normalize their GH/IGF-1 axis after surgery 
than in those who do not [39]. Thus, the question arises as whether persistent fail-
ures of the GH/IGF-1 axis might negatively influence the outcome of bariatric sur-
gery. Indeed, percent decrease of waist circumference, EWL, and fat mass is greater 
in obese individuals with normal preoperative GH secretion and IGF-1 levels, sug-
gesting that the evaluation of GH/IGF-1 axis might be useful to predict the indi-
vidual postoperative outcome [39].
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Considering the effectiveness GH therapy to preserve fat-free mass in catabolic 
conditions, such as hypocaloric diets and wasting conditions, the possible favorable 
influence of the rhGH replacement treatment in preventing loss of fat-free mass dur-
ing the early postoperative period in morbidly obese females with persistent low 
GH/IGF-1 status after LAGB has been investigated [40]. Indeed, patients treated 
with rhGH present with the same amount of EWL as those who do not, but in the 
former the weight loss is mainly due to fat mass loss, with a significant sparing of 
lean body mass. The beneficial effects of GH treatment are also accompanied by 
improvements of lipid profile and insulin sensitivity.

�Conclusions

Obesity and GH/IGF-1 axis exhibit multiple and bidirectional relationships. The 
low GH status in obese adults, albeit functional and almost reversed by weight 
loss, is responsible for anthropometric and metabolic alterations favoring vis-
ceral obesity and increasing cardiometabolic risk profile. In this respect, the 
functional low GH status in obese individuals might be part of the multiple mal-
adaptive endocrine changes involved in the pathogenesis of their obesity. This 
hypothesis generates the following considerations. Firstly, the different GH/
IGF-1 axis status might be one of the mechanisms responsible for the heteroge-
neity in the obese phenotype. Secondly, preoperatively testing the GH/IGF-1 
axis in obese patients might be useful to predict the individual postoperative 
outcome. Thirdly, the impairment of the GH/IGF-1 axis might be the rationale to 
consider GH as an adjunctive treatment in the subset of obese individuals with 
reduced GH secretory capacity and low circulating levels of IGF-1, in relation to 
their worst cardiometabolic risk profile, with particular regard to those patients 
who are candidates for bariatric surgery. This evidence might be of particular 
relevance in obese patients considering the protective effect of IGF-1 against 
cardiovascular disease, atherosclerosis, and diabetes.
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6Adrenal Function and Obesity

Laura Proietti Pannunzi, Cecilia Motta, 
and Vincenzo Toscano

6.1	 �Hypothalamus–Pineal–Adrenal Axis  
and Glucocorticoid Functions

Cortisol production by the adrenal cortex (zona fasciculata and zona reticularis) is 
stimulated and controlled by adrenocorticotropic hormone (ACTH), itself subject to 
the action of pituitary secretagogues; among these, the most powerful are corticotrophin-
releasing hormone (CRH) and antidiuretic hormone (ADH). Cortisol inhibits ACTH 
secretion by a negative feedback that acts on pituitary and hypothalamic levels [1].

In their turn, hypothalamic centers receive stimulatory signals from the central ner-
vous system; the whole is regulated by a complex interaction of several systemic and 
paracrine factors, such as adrenergic, serotoninergic, and dopaminergic systems, cells in 
the vascular wall, and immune system, in a way that is not completely understood [2].

All these settings lead to ACTH and cortisol secretion, which occurs in a pulsa-
tile manner and with a circadian rhythm, resulting in a diurnal profile characterized 
by high cortisol activity in early morning hours and low cortisol activity in the 
afternoon and evening [3]. The hypothalamic–pituitary–adrenal (HPA) axis has a 
central role in maintaining homeostasis in several regulatory systems, by the inte-
gration through hypothalamic centers of numerous environmental factors.

The HPA axis is regulated by a feedback system that controls the cortisol secre-
tion in order to avoid its excessive production, which might cause, especially in the 
long term, severe damage; this setting takes place through glucocorticoid receptors 
(GRs), which are located in different areas of the central nervous system, particu-
larly in the hippocampus.

Cortisol secreted into the circulation is then metabolized in the peripheral target 
tissues by two different enzymes: 11-β-hydroxysteroid dehydrogenase (11-β-HSD) 

mailto:l.pannunzi@yahoo.it
mailto:dott.cecilia.motta@gmail.com
mailto:vincenzo.toscano@uniroma1.it


64

type 1, which transforms cortisone into cortisol, and 11-β-hydroxysteroid dehydro-
genase type 2, which transforms cortisol into the less active cortisone. 11-β-HSD2, 
which is thought to protect tissues from a cortisol excess, has been described to be 
found in the kidney, adipose tissue, liver, and muscle [3].

The effects of cortisol are exerted through the GR–hormone complex that inter-
acts with some genes. The effect obviously depends on both the amount of active 
cortisol and on the receptor density; the concentration of active cortisol depends on 
which type of 11-β-HSD is present in the tissue. The transformation of cortisol to 
cortisone and back leads both to the modification of the locally active hormone 
concentrations and to changes in circulating levels of cortisol [3].

Cortisol is also irreversibly inactivated by 5-α and 5-β reductases, enzymes that 
convert ring A of the hormone, which is then excreted through the bile [3].

Glucocorticoids, insulin, growth hormone, cytokines, and stress seem to be all 
involved in the regulation of these enzymes [4].

Glucocorticoids play an important role in the regulation of metabolic homeosta-
sis, initiating a broad range of actions on various organs [5, 6]. Metabolic effects of 
glucocorticoids are well known and can be summarized as:

•	 Inhibition of glucose uptake in peripheral tissues
•	 Stimulation of gluconeogenesis
•	 Increase of blood glucose and insulin in the postabsorptive phase
•	 Altered post-receptor insulin function, reducing insulin signaling via stimulation 

of oxygen species production and oxidative stress [1] (Fig. 6.1)

Fig. 6.1  Actions of adrenal hormones from Roberge [6]
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6.2	 �Effects of Glucocorticoids on Adipose Tissue

Glucocorticoids have a number of very important functions. Their involvement to 
contrast stressor agents or situations is known for many years, although not com-
pletely elucidated.

Recent studies showed that obesity cannot be explained just as a mechanism of 
cause–effect, but many factors and conditions can contribute to its pathophysiology. 
In this regard, physiological and pathophysiological stresses have a significant long-
term impact. In fact, in a stressful situation, GCs are secreted through the CRH 
pathway, and these elevated levels of CGs seem to stimulate appetite, increasing 
feeding and consequently producing obesity [7]. GCs play an important role in lipid 
uptake. It has been demonstrated that GC receptor is expressed in adipose tissue and 
its density in visceral adipose tissue is higher than in other adipose deposits [8]. 
Visceral adipose tissue has been associated to cardiovascular disease [9]. Veilleux 
et al. showed an increased accumulation of visceral adipose tissue in humans with a 
higher 11-β-HSD1 activity, increased lipolysis, and increased levels of lipoprotein 
lipase (LPL) activity [10]. Moreover, Morton et al. demonstrated that 11-β-HSD1-
deficient mice were resistant to diet-induced visceral obesity [11]. Taken together, 
all these data can suggest that there is an irrefutable correlation between GCs and 
visceral adipose tissue; anyway, the underlying mechanisms are not completely 
elucidated.

The action of GCs on fatty acid metabolism is very complicated and can be 
explicated through the beta-adrenergic pathway, where cAMP is usually the first 
target of investigation. The action of GCs can be shared in the short term and long 
term. At short term, GC infusion enhances the release of non-esterified fatty acids 
from the adipocytes through the activation of a particular type of LPL, hormone-
sensitive lipase [12]. Long-term effects, instead, were mediated by the regulation of 
the transcription of specific gene target including HSL, ATGL, and perilipin (cf. 
Table 6.1).

Bjorntorp has demonstrated that GCs determine the activation of LPL with con-
sequent increase of visceral adipose deposit [3].

However, in literature there are many different evidences about the pathway of 
GCs on lipolysis, but often they are in contrast with each other; a summary of the 
previous studies is reported in Table 6.1.

6.3	 �Effects of Glucocorticoids on the Differentiation 
of Adipose Tissue

Since several years, it is known that glucocorticoids stimulate lipolysis; people with 
glucocorticoid excess usually present increased fat deposits. The increased appetite 
sense and the lipogenic effect of the associated hyperinsulinemia caused by the high 
levels of GCs may explain this contradiction. Anyway, the relationship between 
adipogenesis and glucocorticoid hormones is very complex.

In the last 15 years, many new knowledge about the adipose tissue have been dis-
covered. In fact, adipose tissue is discerned in visceral and subcutaneous fat. The 

6  Adrenal Function and Obesity



66

relationship between human fat topography and metabolic syndrome was investigated 
at molecular level, and an important role of glucocorticoid hormones was found.

In vitro studies were performed to explain the pathway of differentiation from 
stem cell to adipose tissue. Significant differences of adipocyte differentiation were 
found between human and rodent culture cells [13].

In rodent preadipocyte cell lines, the addition of glucocorticoid in the first 48 h 
(expansion clonal phase) to the calf serum showed a stimulatory effect. This effect 

Table 6.1  Summary of previous studies investigating the effects of GCs on lipolysis

Article Adipose model Dose/type of GC Duration Lipolysis
Suggested 
mechanisms

Fain et al. Isolated 
parametrial 
adipocytes; 
high-fat–fed 
rats

Dexamethasone 
0.016 μg/mL 
(0.04 μmol/L)

4 h ↑ FFA 
release

Altered 
transcription

– – – – ↔ glycerol 
release

–

Fain et al. Isolated 
parametrial 
adipocytes; rat

Dexamethasone 
0.1 μg/mL (2.5 
μmol/L)

4 h ↔ glycerol ↔ cAMP

Lamberts 
et al.

Isolated 
epididymal 
adipocytes; rat

Dexamethasone 
0.1 μg/mL (2.5 
μmol/L)

4 h ↔ glycerol ↔ cAMP

Samra et 
al.

In vivo human Hydrocortisone 
1.5 μmol/L

Acute IV 
infusion

↑ overall 
NEFA 
release

↑ LPL activity

– – – – ↓ NEFA 
venoarterial 
difference in 
abdominal

↑ peripheral 
lipase activity

– – – – – ↓ visceral lipase 
activity

Ottosson 
et al.

Isolated 
subcutaneous 
human

Hydrocortisone 
1 μmol/L

3 days ↓ basal 
lipolysis

↓ Production or

– – – – – ↑ elimination of 
cAMP

– – – – – ↓ β-adrenergic–
stimulated 
lipolysis

Campbell 
et al.

3T3-L1 
adipocytes

Corticosterone 
1–100 μmol/L

48 h ↑ glycerol 
release

↑ HSL and 
ATGL 
transcription

– – – 48 h ↓ glycerol 
release

↓ cAMP activity

Adapted from [31]
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has been attributed to a direct stimulation of C/EBPδ transcription, repression of the 
pref-1, an antiadipogenic preadipocite factor and to the depletion of a specific sub-
cellular pool of histone deacetylase 1 (HDAC1) [13, 14].

In human primary preadipocyte differentiation, the action of GCs is limited to 
the first 48 h and determines an increased level of transcription factors and adipo-
genic markers such as C/EBPα that is not present in rodent cells [15] (Fig. 6.2).

This early elevation does not reflect an increase in mRNA levels; in a second 
moment, elevated levels of C/EBPα and PPARγ are observed, and at this time, they 
are correlated to the mRNA levels. At day 2–4, mRNA levels of both molecules 
remain elevated, but protein expression of the only C/EBPα starts to decline despite 
the high mRNA levels. These observations could explain a different role in adipo-
cyte maturation of PPARγ vs. C/EBPα, with a predominant role for PPARγ in 
mature adipocyte [13].

In vivo studies were also performed. Part of literature indicates that cortisol in 
humans and corticosterone in mice stimulate the adipogenesis; in fact, in obese 
mice, adrenalectomy decreases the rate of body weight gain, but this effect is com-
pletely reversed when the animals are treated with corticosterone [16].

Many theories have been hypothesized to explain the mechanisms at the basis of 
visceral obesity.

Of course, increased secretion of glucocorticoid is associated to obesity; anyway, 
cortisol levels are not elevated in idiopathic obesity suggesting an increased metab-
olism of glucocorticoid hormones.

Adipogenic gene expression

C/EBPα

KLF7
KLF2

KLF15
KLF5
KLF6
KLF9

C/EBPβ
C/EBPδ

GSK3β
MAPK

GATA2
GATA3

SREBP1c
CREB
EPAS1
STAT5a
BMAL1

M
itotic

clonal
expansion

Term
inal

differentiation

PPAR γ

Fig. 6.2  Transcriptional regulation of adipocyte differentiation from [14]
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Some authors suppose that in obesity there is an increased local active glucocor-
ticoid concentration and that this determines a peripheral amplified activation of its 
receptors.

Other authors presume a pivotal role of 11-β-HSD type 1.
Disorders of this enzyme were found in obese models. In fact, 11β-HSD is 

impaired in obese rats and an increased local activity in visceral fat was found. The 
consequence of this hyperactivity is a higher concentration of active glucocorticoid 
responsible for visceral fat increase [17]. In the same manner, it could be speculated 
that in human an increased activity of 11-β-HSD plays a role in visceral obesity and 
metabolic syndrome.

GCs may contribute to obesity in many ways. It has been demonstrated that GCs 
regulate the appetite center through direct and indirect actions. Although an acute 
stress condition seems to suppress appetite sense, the GCs released in the hours and 
days after the event play a feeding role. However, recent studies have also demon-
strated that, in humans, high levels of cortisol are related to the amount of ingested 
food 1 h after the injection of CRH and the amount of food is directly correlated to 
the cortisol peak.

Several studies have examined the possible interactions of GC target molecules 
and their mechanism on the appetite center. Various molecules have been invoked:

	1.	 Neuropeptide Y (NPY) and agouti-related peptide (AgRP) [the gene expression 
of these molecules is upregulated in the arcuate nucleus by an increase of AMP-
activated protein kinase signaling through GC stimulus] [18].

	2.	 Leptin, whose sensitivity to the brain is reduced in the presence of high levels of 
GCs [18], can also act through the pancreatic stimulation of insulin, which has 
an intricate role in the regulation of the sense of hunger [19].

	3.	 Ghrelin, whose levels increase during stress, resulting in increased release of 
CRH. The CRH therefore could act both in a direct way and in an indirect way 
through the stimulation of noradrenergic fibers at the level of the paraventricular 
nucleus (PVN). However, this theory has yet to be validated. Lastly, it has been 
hypothesized that a chronic stress could determine a rise of the ghrelin signaling 
with subsequent increase of food intake.

6.4	 �Glucocorticoid Hormone Variations in Obesity

The well-known metabolic effects of glucocorticoids have stimulated interest in the 
possible role of alterations of the HPA axis in primitive obesity [1].

Ever since 1963, Schteingart et al. showed an increased production of cortisol in 
obese subjects; later it became clear that alterations of cortisol in obesity were 
mostly characterized by an increased production of this hormone associated with a 
parallel increase in its metabolic clearance, therefore with normal or even low levels 
of serum cortisol concentrations [1, 3, 20]. These alterations are significantly more 
evident with visceral distribution of fat. Some studies have measured salivary 
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cortisol in obese subjects finding both increased and reduced basal concentrations: 
these discrepancies are probably due to a different degree of activation of the HPA 
axis, which in turn could depend on environmental stress [1, 3] (Tables 6.2 and 6.3).

It is well known that cortisol secretion or production and urinary cortisol excretion 
are regularly increased in obesity; the reasons for this elevated turnover are only partially 
understood: the increased cortisol secretion may be influenced by lean body mass, by an 
HPA axis hyperactivity, and by alterations in the hormone’s metabolism [22].

Numerous studies have examined the urinary output of urinary free cortisol and 
cortisol metabolites (17-ketogenic steroids), and their excretion rates are frequently 
elevated in obese subjects, particularly in those with visceral obesity [3].

Pasquali et al. showed that daily urinary free cortisol excretion rates were one- to 
sixfold higher in women with abdominal body fat distribution than in women with 
peripheral body fat distribution and in controls [21]. Many of these studies, however, 
do not consider the fact that obese subjects have an increased body mass and surface 
area; some studies have therefore applied a correction factor (for body surface or to 
calculate lean mass, estimated by using creatinine’s output values), and cortisol excre-
tion has been found to be elevated by some authors but not by all [3, 20, 23].

ACTH and cortisol response to physiological and pharmacological stimuli is 
thought to be impaired in subjects with visceral obesity: it has been described that 

Hormone Obesity

Basal cortisol Normal

Metabolic clearance of GCs Increased

Synthesis and production of GCs Increased

GC production in adipose tissue Increased activity  
of 11β-HSD type 1

Free urinary cortisol Normal/increased

Basal ACTH Normal

Number of ACTH secretory pulses Increased

Amplitude of ACTH secretory 
pulses

Decreased

17-OH corticosteroids Increased

Table 6.2  Modifications 
 of the HPA axis in the obese 
subject

Hormone Obesity

Cortisol after CRH (and AVP) Increased

ACTH after CRH (and AVP) Increased

Cortisol after ACTH Increased

Cortisol after hypoglycemia Increased

ACTH and cortisol after stress Increased

Cortisol after meal Increased

HPA axis sensitivity to an increase in the 
noradrenergic tone

Increased

Cortisol suppression after dexamethasone Normal/decreased

Table 6.3  Modification  
to adrenal stimulation test in 
obese subject
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the percentage increase in ACTH and cortisol after administration of CRH alone or 
in combination with vasopressin is significantly greater compared to that of subjects 
with peripheral obesity and lean controls [1, 23, 24]. However, not all studies are in 
agreement: in some of these, plasma cortisol and ACTH response to CRH did not 
differ from obese and lean subjects [25]. In addition a normal cortisol suppression 
after dexamethasone administration is supported by numerous studies, with only 
few exceptions [20, 22, 25–27].

Several studies provided direct evidence of an increased cortisol metabolism rate 
in obesity. As discussed above, 11-β-HSD2 has been found in the kidney and also in 
adipose tissue; hence, if there is a large cortisol inactivation systemically, due to the 
elevated body fat mass in obesity, the HPA axis is expected to increase the hormone 
secretion, to compensate for the higher cortisol degradation and to maintain normal 
free cortisol blood levels; there is a realistic possibility that the increased cortisol 
secretion described in obese subjects would be a consequence of its elevated periph-
eral inactivation. However, this mechanism of parallel changes in metabolic clear-
ance and HPA axis activity has not been observed in all obese subjects [3, 22].

11-β-HSD1 activity, which reactivates cortisone to active cortisol, also appears to be 
altered in obesity; numerous studies found an increase in 11-β-HSD1 mRNA and activ-
ity in subcutaneous and omental adipose tissue in human obesity, and this has been 
associated with BMI, body fat percentage, waist circumference, and insulin resistance 
[22, 25, 28]. Furthermore, in studies conducted on animals, it has been reported that 
mice overexpressing 11-β-HSD1 selectively in adipose tissue develop visceral obesity, 
insulin resistance, and hyperlipidemia [29]. 11-β-HSD1 activity could thus result in the 
development of a local hypercortisolism; this alteration potentially leads to an increased 
adipocyte differentiation and increased secretion of free fatty acids [1].

Some authors found that the activity of 5-α and 5-β reductases, enzymes that irre-
versibly inactivate cortisol, is associated with obesity, in particular with BMI, waist 
circumference and waist–hip ratio, and fat mass-related insulin resistance [22, 30].

References

	 1.	Chiovato L, Magri F (2006) Modificazioni del sistema endocrino nei soggetti obesi. In: 
Pinchera A, Bosello O, Carruba MO (eds) Obesità e sistema endocrino. Mediserve, Milano, 
pp 189–205

	 2.	Chrousos GP, Gold PW (1992) The concept of stress and stress system disorders. Overview of 
physical and behavioral homeostasis. JAMA 267:1244–1252

	 3.	Bjorntorp P, Rosmond R (2000) Obesity and cortisol. Nutrition 16:924–936
	 4.	Andrews RC, Walker BR (1999) Glucocorticoids and insulin resistance: old hormones, new 

targets. Clin Sci 96(5):513–523
	 5.	Schoneveld OJ, Gaemers IC, Lamers WH (2004) Mechanisms of glucocorticoid signalling. 

Biochim Biophys Acta 1680:114–128
	 6.	Roberge C, Carpentier AC, Langlois MF et al (2007) Adrenocortical dysregulation as a major player 

in insulin resistance and onset of obesity. Am J Physiol Endocrinol Metab 29:E1465–E1478
	 7.	De Vriendt T, Moreno LA, De Henauw S (2009) Chronic stress and obesity in adolescent: 

scientific evidence and methodological issue for epidemiological research. Nutr Metab 
Cardiovasc Dis 19:511–519

L. Proietti Pannunzi et al.



71

	 8.	Rebuffè-Scrive M, Brönnegard M, Nilsson A et al (1990) Steroid hormone receptors in human 
adipose tissue. J Clin Endocrinol Metab 71:1215–1219

	 9.	Bjorntorp P (2001) Do stress reactions cause abdominal obesity and comorbidities? Obes Rev 
2:73–76

	10.	Veilleux A, Rhéaume C, Daris M et  al (2009) Omental adipose tissue type 1 11 beta-
hydroxysteroid dehydrogenase oxoreductase activity, body fat distribution, and metabolic 
alterations in women. J Clin Endocrinol Metab 94:3550–3557

	11.	Morton NM, Paterson JM, Masuzaki H et al (2004) Novel adipose tissue-mediated resistance 
to diet-induced visceral obesity in 11 beta-hydroxysteroid dehydrogenase type 1-deficient 
mice. Diabetes 53:931–938

	12.	Slavin BG, Ong JM, Kern PA (1994) Hormonal regulation of hormone-sensitive lipase activity 
and mRNA levels in isolated rat adipocytes. J Lipid Res 35:1535–1541

	13.	Tomlinson JJ, Boudreau A, Dongmei W et al (2006) Modulation of early human preadipocyte 
differentiation by glucocorticoids. Endocrinology 174:5284–5293

	14.	Moreno-Navarrete JM, Fernandez-Real JM (2012) Adipocyte differentiation. In: Symonds ME 
(ed) Adipose tissue biology. Springer, New York, pp 17–38

	15.	Cao Z, Umek RM, McKnight SL (1991) Regulated expression of three C/eBP isoforms during 
adipose conversion of 3 T3-L1 cells. J Biol Chem 253:7570–7578

	16.	Shimomura Y, Bray GA, Lee M (1987) Adrenalectomy and steroid treatment in obese (ob/ob) 
and diabetic (db/db) mice. Horm Metab Res 19:295–299

	17.	Livingstone DE, Kenyon CJ, Walker BR (2000) Mechanism of dysregulation of 11 beta-
hydroxysteroid dehydrogenase type 1in obese Zucker rats. J Endocrinol 167:533–539

	18.	Strack AM, Sebastian RJ, Schwartz MW et al (1995) Glucocorticoids and insulin: reciprocal 
signals for energy balance. Am J Physiol 268:R142–R149

	19.	Spencer SJ, Tilbrook A (2011) The glucocorticoid contribution to obesity. Stress 14:233–246
	20.	Schteingart DE, Gregerman RI, Conn JW (1963) A comparison of the characteristics of increased 

adrenocortical function in obesity and Cushing’s syndrome. Metabolism 12:484–497
	21.	Pasquali R, Cantobelli S, Casimirri F et al (1993) The hypothalamic-pituitary-adrenal axis in obese 

women with different patterns of body fat distribution. J Clin Endocrinol Metab 77(2):341–346
	22.	Mussig K, Remer T, Maser-Gluth (2010) Brief review: glucocorticoid excretion in obesity.  

J Steroid Biochem Mol Biol 121:589–593
	23.	Murphy BPE (1968) Clinical evaluation of urinary cortisol determinations by competitive 

protein-binding radioassay. J Clin Endocrinol Metab 28:343–348
	24.	Simkim-Silverman LR, Wing RR (2000) Weight gain during menopause. Is it inevitable or can 

it be prevented? Postgrad Med 108(47–50):53–56
	25.	Rask E, Olsson T, Soderberg S et al (2001) Tissue-specific dysregulation of cortisol metabo-

lism in human obesity. J Clin Endocrinol Metab 86(3):1418–1421
	26.	Duclos M, Gatta B, Corcuff JB et al (2001) Fat distribution in obese women is associated with 

subtle alterations of the hypothalamic-pituitary-adrenal axis activity and sensitivity to gluco-
corticoids. Clin Endocrinol 55(4):447–454

	27.	Jessop DS, Dallman MF, Fleming D, Lightman SL (2001) Resistance to glucocorticoid feed-
back in obesity. J Clin Endocrinol Metab 86(9):4109–4114

	28.	Desbriere R, Vuaroqueaux V, Achard V et al (2006) 11 beta-hydroxysteroid dehydrogenase 
type 1 mRNA is increased in both visceral and subcutaneous adipose tissue of obese patients. 
Obesity 14(5):794–798

	29.	Masuzaki H, Paterson J, Shinyama H et al (2001) A transgenic model of visceral obesity and 
the metabolic syndrome. Science 294(5549):2166–2170

	30.	Fraser R, Ingram MC, Anderson NH et al (1999) Cortisol effects on body mass, blood pres-
sure, and cholesterol in the general population. Hypertension 33(6):1364–1368

	31.	Peckett AJ, Wright D, Riddell MC (2011) The effects of glucocorticoids on adipose tissue lipid 
metabolism. Metabolism 60:1500–1510

6  Adrenal Function and Obesity



73© Springer International Publishing Switzerland 2015
A. Lenzi et al. (eds.), Multidisciplinary Approach to Obesity:  
From Assessment to Treatment, DOI 10.1007/978-3-319-09045-0_7

C. Lubrano (*) • L. Gnessi 
Department of Experimental Medicine, Section of Medical Pathophysiology,  
Food Science and Endocrinology, Sapienza University of Rome,  
Viale del Policlinico 155, Rome 00161, Italy
e-mail: carla.lubrano@uniroma1.it; Lucio.gnessi@uniroma1.it 

S. Migliaccio 
Department of Movement, Human and Health Sciences, Unit of Endocrinology,  
Foro Italico University, Largo Lauro De Bosis 15, Rome 00195, Italy
e-mail: silvia.migliaccio@uniroma4.it

7Ovarian Function and Obesity:  
PCOS, Menopause

Carla Lubrano, Lucio Gnessi, and Silvia Migliaccio

7.1	 �Ovarian Function and Energy Metabolism

Energy metabolism and fertility in women are tightly connected and reciprocally 
regulated to meet the need to feed a developing embryo, forcing metabolic path-
ways to adapt to this reproductive request [1]. The female body composition, char-
acterized by higher fat mass, and the propensity to weight gain might be the 
consequence of evolutionary adaptations that enable reproduction in food-scarce 
environments [2]. The regulatory mechanisms linking food availability and repro-
ductive function take into account the variable energy demands at each stage of the 
reproductive cycle (menstrual cycles, pregnancy, and lactation). Reproductive dis-
orders can lead to changes in metabolic function, and similarly, metabolic disorders 
can underlie changes in reproductive function. All the signals about nutritional sta-
tus are integrated at hypothalamic levels in the arcuate nucleus which regulates both 
ovulation and energy homeostasis; in fact, sensors of energy status in this nucleus 
direct the synthesis of gonadotropins in the pituitary by regulating, through kiss-
peptin neurons, the activity of gonadotropin-releasing hormone (GnRH) neurons 
located in the preoptic area, in relation to individual’s metabolic status [3–5]. 
Moreover, estrogen signaling potentiates leptin sensitivity [6]. The overall effects of 
increased estrogen signaling are induction of an anorexigenic response and fat 
redistribution to subcutaneous rather than to visceral depots.
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The concentration of various circulating estrogen metabolites such as estra-
diol, estrone, estriol, and their ratio varies and depends on fertility status [7]. 
The high degree of reciprocal control of energy sensing and reproduction is 
implemented through estrogen receptor (ER) α and ERβ as the nexus between 
these two functions [8]. Accordingly, the set of genes controlled by ERα and 
ERβ might substantially change in response to different concentrations and 
ratios of estrogens. Hence, in the same target tissue, the intracellular activity of 
ERs might vary at each reproductive stage or during the menstrual cycle, lead-
ing to an alternate activation of pathways that control energy metabolism. 
Indeed, liver ERs can be activated by nutritional signaling molecules (such as 
amino acids and IGF-1), as well as gonadal hormones, and can regulate liver 
production of both apoB and IGF-1. Moreover, dietary intakes of amino acids 
can also regulate fertility [9]. ERα and ERβ are expressed in all tissues relevant 
to glucose metabolism, including the adipose tissue [10], skeletal muscle, and 
pancreas [11]. In pancreatic β cells, estrogens have an antiapoptotic action; 
repress both lipid biosynthesis and the accumulation of fat, preventing lipotox-
icity; and directly stimulate insulin biosynthesis [12], but sex hormones coun-
teract the effects of insulin in the periphery [13]. Insulin resistance (IR) is 
related to abdominal obesity, and in women, it is often inextricably linked with 
ovarian dysfunctions, leading to clinical manifestations across the entire female 
reproductive life. Specifically, obesity in women manifests as early menarche, 
subfertility, polycystic ovary syndrome (PCOS), and symptomatic menopause 
and increases the risk of breast cancer. In fact, the cessation of ovarian function 
is linked with obesity as menopause precipitates abdominal weight gain and the 
associated adverse metabolic derangements. Overall, obese women with super-
imposed reproductive alterations may be considered to be at high risk for further 
progression to metabolic syndrome (MetS), type 2 diabetes mellitus (T2DM), 
and potentially cardiovascular diseases (CVD). These patients can then be tar-
geted for early screening, lifestyle optimization, and the prevention of the sub-
sequent metabolic derangement [14] (Fig. 7.1).

7.2	 �Subfertility and Obesity

Adipose tissue is an endocrine organ and has a role in the metabolism of sex ste-
roids. Central obesity in women appears to impair reproduction even in the absence 
of PCOS.  Potential mechanisms of subfertility in obese women include IR with 
hyperinsulinemia, which stimulates ovarian androgen production, as well as 
increased peripheral aromatization of androgens. Altogether, these events may 
modify gonadotropin secretion pattern altering follicular development [15]. In sub-
fertile couples, it has been shown that the probability of spontaneous pregnancy 
declined linearly with the women’s body mass index (BMI) [16]. These data suggest 
that obesity per se may impair reproduction in women.
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7.3	 �Age of Menarche and Obesity

It is well known that sexual maturation depends on total body fat and tends to occur 
earlier in overweight and obese girls. Women who experienced early menarche have 
higher BMI in adult life compared to the late-maturing girls; data from animal and 
human studies suggest that leptin may be the link between total body fat and the 
onset of menarche [17]. This association between earlier menarche and adult obe-
sity may be considered as the beginning of the interaction between body weight, 
metabolism, and reproduction which persists throughout the female reproductive 
life; earlier age of menarche, in fact, increases the risk of adult T2DM, and this 
appears to be mediated by greater adult adiposity [18].

7.4	 �PCOS and Obesity in Adult Women

PCOS is the most frequent ovarian disorder in premenopausal women (6–10 %), 
and obesity is a common feature of this endocrinopathy (present in 20–69 % of 
patients) [19]. PCOS is a heterogeneous disorder characterized by multiple endo-
crine disturbances, and its underlying causes are likely to be both genetic and envi-
ronmental. It is possible that this condition begins prenatally, and the consequences 

PCOS
menopause

infertility

Obesity
metabolic syndrome

diabetes

Insulin resistance
Altered ovarian function/

Altered energy metabolism

Fertility
reproduction Body weightEstrogen receptors α and β

amino acids
estrogens

IGF-1

Fig. 7.1  Reciprocal regulation of energy metabolism and ovarian function in order to guarantee a 
metabolic status tuned to reproductive needs. The alteration of one or both of these compartments 
may lead to metabolic and/or reproductive diseases
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extend past in the reproductive years, with multigenerational impact [20]. The fun-
damental pathophysiologic defect in PCOS is not known, but changes in insulin 
action, gonadotropin dynamics, as well as ovarian and steroidogenic defects have 
all been shown to contribute to the disorder.

According to the ESHRE (European Society of Human Reproduction and 
Embryology)/ASRM (American Society for Reproductive Medicine) consensus 
and to the evidence-based clinical practice guidelines of an Endocrine Society-
appointed task force [21], PCOS can be diagnosed in a woman presenting with two 
out of three of the following features:

	1.	 Clinical and/or biological hyperandrogenism
	2.	 Chronic anovulation
	3.	 Presence of polycystic ovaries (PCO) on ultrasound [22]

During the physical examination, it is important to assess the cutaneous mani-
festations (hirsutism, acne, alopecia, acanthosis nigricans, and skin tags), using 
grading systems that minimize the subjectivity of the evaluations, and to record 
BMI and waist circumference, as visceral obesity worsens the severity of the 
PCOS phenotype and increases the incidence of PCOS-related metabolic risk 
factors. A 2-h oral glucose tolerance test using a 75-g oral glucose load is also 
recommended to screen for impaired glucose tolerance (IGT) andT2M, and 
rescreening within 5 years is suggested. Different phenotypes such as “ovulatory 
PCOS” and “nonhyperandrogenic PCOS” have received much criticism and 
probably represent less severe forms. Women with PCOS face a lifetime of repro-
ductive and metabolic risk, but the focus of attention has been on fertility, which 
remains a challenge for many women with this condition. Reduced fertility, how-
ever, seems to be present only in the presence of oligo-ovulation or anovulation, 
but there is no clear data of the fertility of patients with PCOS who have normal 
ovulatory function. IR is recognized to be the key pathophysiological element of 
PCOS and a significant contributor to its reproductive and metabolic complica-
tions [23, 24]. PCOS patients often display other indices of cardiovascular risk 
such as dyslipidemia, high serum homocysteine, and inflammatory markers 
(serum TNF and IL-6) [1]. They also present clinical features of premature ath-
erosclerosis such as impaired pulse wave velocity, increased carotid intima-
media wall thickness, presence of carotid plaque, and increased coronary artery 
calcification [25, 26]. Despite the prevalence and health implications of PCOS, 
clinical gaps exist including delayed diagnosis, inconsistent management, inad-
equate support for lifestyle change, and limited attention to psychological and 
metabolic features. Intervention was needed to improve awareness, patient expe-
rience, early diagnosis, self-management, complication screening, and treatment 
across reproductive, metabolic, and psychological features [27].
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7.5	 �Insulin Resistance, Androgens, and Abdominal Obesity

Increased serum insulin stimulates ovarian androgen production and also reduces 
sex hormone-binding globulin (SHBG) production in the liver further increasing 
serum levels of free bioavailable androgens. Apart from reproductive (anovulation) 
and cosmetic (acne, alopecia, and hirsutism) consequences of elevated serum andro-
gens in women, hyperandrogenemia can increase abdominal obesity, which in turn 
further aggravates existing IR. Preadipocytes are known to have androgen receptors, 
and high androgen levels have been shown to induce selective IR in cultured adipo-
cytes. Conversely, adipokines secreted by the intra-abdominal adipose tissue may 
also promote ovarian androgen production. TNF may directly stimulate prolifera-
tion and steroidogenesis in the rat theca cells and is involved in the apoptosis and 
anovulation in the rat’s ovary. Additionally, intra-abdominal fat tissue has been 
shown to express several enzymes involved in the metabolism of androgens which 
may further contribute to the hyperandrogenism in women with PCOS [28].

7.6	 �Endocrine-Disrupting Chemicals (EDCs), PCOS, 
and Obesity

Recently, there has been interest in whether EDCs in the environment, particularly 
bisphenol A (BPA), may contribute to the disorder. A growing body of research 
documents the effects of EDCs on the differentiation of adipocytes and the central 
nervous system circuits that control food intake and energy expenditure [29]. In 
parallel, interest has grown in epigenetic influences, including maternal program-
ming, the process by which the mother’s experience has permanent effects on 
energy-balancing traits in the offspring [30]. In animal models, exposure to BPA 
during the perinatal period dramatically disrupts ovarian and reproductive function 
in females. BPA also appears to have obesogenic properties, disrupting normal met-
abolic activity and making the body prone to overweight. In humans, cross-sectional 
data suggest that BPA concentrations are higher in women with PCOS than in repro-
ductively healthy women, but the link of causality has not been established, and 
additional work is needed to understand the mechanisms by which EDCs may con-
tribute to PCOS as well as the critical periods of exposure, which may even be 
transgenerational [31].

7.7	 �PCOS and Obesity in Adolescents

The use of diagnostic criteria established during the consensus conference held in 
Rotterdam in 2003 is recommended in adults, whereas in adolescent and perimeno-
pausal and postmenopausal women, the diagnostic criteria for PCOS have not been 
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validated [32]. Of particular concern is that many of the features considered to be 
diagnostic for PCOS may evolve over time and change during the first few years 
after menarche. Nonetheless, attempts to define young women who may be at risk 
for development of PCOS are pertinent since associated morbidity such as obesity, 
IR, and dyslipidemia may benefit from early intervention. Some suggest that even 
using the strictest criteria, the diagnosis of PCOS may not be valid in adolescents 
younger than 18 years. In addition, evidence does not necessarily support that lack 
of treatment of PCOS in younger adolescents will result in untoward outcomes 
since features consistent with PCOS often resolve with time [33].

7.8	 �Menopause and Obesity

Age-dependent cessation of ovarian functions is associated with a disruption of 
metabolic homeostasis and consequent inflammatory reactions that trigger the onset 
of metabolic, cardiovascular, skeletal, and neurologic pathologies. Recent data 
show that obese menopausal patients are not protected from osteoporosis [34, 35]. 
With menopause, estradiol levels decrease markedly, although estrone levels remain 
at reproductive level. In adipose tissue, estrogens increase subcutaneous fat deposi-
tion in lower body areas and decrease lipolytic activity, and when estrogen signaling 
decreases, the subcutaneous fat redistributes to visceral areas and increases hepatic 
fat deposition [36, 37]. These phenomena can be reversed by the administration of 
hormone replacement therapy (HRT) that might aid the restoration of metabolic 
homeostasis and highlight the pathogenic mechanisms underlying the disordered 
energy metabolism associated with human ovarian dysfunction. Furthermore, PCOS 
is common among reproductive-aged women (8–10 %). Although the medical and 
metabolic consequences of PCOS are well described in young women, its impact on 
female reproductive senescence and the menopausal transition is poorly understood 
[38]. Randomized controlled clinical trials should be carried out to better evaluate 
the long-term effects of oral contraceptives or HRT in women. The use of contra-
ceptives can deteriorate glucose tolerance; however, low estrogen doses when 
administered orally can improve tolerance. Recent evidences suggest that genistein 
aglycone and phytoestrogens may act beneficially on surrogate cardiovascular risk 
markers in postmenopausal women and on bone loss [39–41].

7.9	 �Non-pharmacological Treatment of PCOS-Related 
Obesity

Lifestyle modification studies to reduce IR in obese women with PCOS are limited 
by small numbers, lack of controls, and variable methodologies used to evaluate 
IR. Small reductions in weight (∼5 % body weight) have led to positive clinical 
improvements, but long-term dietary restriction is generally difficult to maintain, 
while specific dietary recommendations lack evidences. Beneficial effects of exer-
cise in women with PCOS have been proved: a 3-month structured exercise training 
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program caused significant improvement in cardiopulmonary functional capacity, 
IR, and BMI and after 6 months even restored ovulation [42]. Young patients show 
very good compliance to lifestyle modifications (unlike adult women), and loss of 
body weight can result in a spontaneous resumption of menstrual cycles. There are 
very few data on different kinds of diets (Mediterranean, hyperproteic) and on the 
role of physical exercise alone in not obese PCOS patients.

7.10	 �Pharmacological Treatment of PCOS-Related Obesity

Considering the reciprocal interactions between pathways that control fertility and 
energy metabolism and the key roles of molecules such as estrogens and IGF-1 in 
these pathways, these new data could challenge current therapeutic strategies—
amelioration of metabolic disorders, for example, might become an important goal 
of hormone replacement therapy (HRT) in menopausal obese women. Women with 
PCOS, however, frequently present a number of risk factors that could be absolute 
or relative contraindications to the use of a contraceptive pill. Insulin sensitizers 
have been used to control body weight gain in patients with PCOS, and most of the 
data demonstrate that metformin surely improves insulin sensitivity and show evi-
dences of benefit on parameters of MetS (reduction of blood pressure and low-
density lipoprotein cholesterol) [43]. The effects of other insulin sensitizers such as 
glitazones have also been evaluated in patients with PCOS [44]. Treatment with 
orlistat, a potent inhibitor of gastric and pancreatic lipase which impairs digestion 
of dietary fats, combined with hypocaloric diet apart from decreasing body weight 
also led to a reduction of serum insulin and androgen levels in obese PCOS patients 
[45]. The new guidelines [31] do not recommend the use of inositols, thiazolidine-
diones, or statins, considering that the latter may improve chronic inflammation and 
lipid profile but impair insulin sensitivity in women with PCOS [46], and suggest 
the use of metformin only in women with glucose intolerance. Metformin is well 
known to improve the ovarian response to clomiphene citrate, improve the likeli-
hood of mono-ovulatory cycles and lower the risk of ovarian hyperstimulation syn-
drome [47]. Common sense also suggests using metformin in young patients with 
PCOS who do not require immediate infertility treatment [48].

7.11	 �Bariatric Surgery in the Treatment of PCOS-Related 
Obesity

Bariatric surgery should only be advocated to morbidly obese individuals after care-
ful evaluation of the risk-to-benefit ratio. According to the current National Institute 
of Health clinical recommendations, surgical treatment of obesity should be consid-
ered when BMI is greater than 40 or greater than 35 in patients with a high-risk 
obesity-related condition following failure of other treatments for weight control 
[49, 50]. Results from uncontrolled studies assessing the effect of bariatric surgery 
in morbidly obese women with PCOS reported sustained weight loss and complete 
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resolution of all features defining PCOS, including hirsutism, hyperandrogenism, 
menstrual irregularity, anovulation, and improved menstrual cyclicity as well as 
natural conception [51].

7.12	 �Breast Cancer and Obesity

The main risk factors for breast cancer are associated with reproductive status, 
genetic, lifestyle, ethnicity, and anthropometric characteristics [52, 53]. In particu-
lar, overweight and obesity have been clearly associated with an increased overall 
risk of breast cancer. These associations appeared to be extremely consistent for 
postmenopausal breast cancer, but there is still controversy on their impact on the 
risk of premenopausal breast cancer. An inverse association between BMI and the 
risk of premenopausal breast cancer, with a 50 % reduction in risk among obese 
women and an 8 % reduction in risk per 5 kg m−2 increase in BMI, has been reported. 
A recent meta-analysis shows that obesity (BMI) is predictive of an adverse clinical 
outcome in both premenopausal and postmenopausal breast cancer and that  
(Waist to Hip Ratio) WHR and height are associated with a small increase of this 
risk. Overall, this analysis suggests that WHR as a marker of the intra-abdominal 
(central) fat has a positive impact on the risk of breast cancer [54].
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8.1	 �Introduction

Obesity and osteoporosis are important widespread health problems which lead to 
high prevalence of both mortality and morbidity [1, 2]. Obesity has always been 
known and recognized as a risk factor for metabolic and cardiovascular diseases, 
however a protective factor for bone loss and osteoporosis. Age-related changes in 
body composition, metabolic factors, and hormonal levels, accompanied by a 
decline in physical activity, may all provide mechanisms for the propensity to lose 
muscle mass, gain fat mass and, also develop bone loss [3].

Obesity is due to an imbalance in which energy intake exceeds energy expenditure 
over a prolonged period. Several environmental, nutritional, and hormonal factors 
appear to influence body weight. For instance, postmenopausal women often 
show increased body weight, and are often affected by hypertension, dyslipidemia, 
diabetes, and cardiovascular disease, but they have always been considered 
protected against osteoporosis [4].

Osteoporosis is a bone metabolic disease characterized by a decrease in bone 
strength, due to a reduction in both bone quantity and quality, leading to an increased 
risk of developing spontaneous and traumatic fractures [5]. The rate of bone loss in 
adults reflects the interaction between genetic and environmental factors, which 
also influence the extent of bone acquisition during growth, known as peak bone 
mass [6]. Soon after menopause, a process of bone loss begins in women, due to 
increased bone resorption, exerted by osteoclasts, which overcomes bone formation 
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acted by osteoblasts [7, 8]. Moreover, osteoblast function declines with aging 
also in men [8]. Traditionally, osteoporosis has been regarded as a condition only 
associated with fracture and skeletal disability in old age, but recent studies demon-
strate that bone mineral density (BMD) appears to be a better long-term predictor of 
death than blood pressure and cholesterol [9]. Further data published in the last 
decades indicated that low BMD is a strong and independent predictor of all-cause 
mortality including cardiovascular ones [10].

Body fat and lean mass are correlated with BMD, with obesity apparently exerting 
protection against bone loss [11]. The pathophysiological role of adipose tissue in 
skeletal homeostasis probably resides in the role that several adipokines play in 
bone remodeling through effects on either formation or resorption. Since the 
demonstration that bone cells expressed several specific hormone receptors, the 
skeleton has long been considered an endocrine target organ [12]. Additionally, 
more recent observations have shown that bone-derived factors such as osteocalcin 
and osteopontin might affect body weight control and glucose homeostasis suggesting 
a possible role of bone tissue as an endocrine organ itself with the presence of a 
potential feedback between the skeleton and other endocrine organs [13].

Thus, the cross talk between fat and bone likely constitutes a homeostatic 
feedback system in which adipokines and molecules secreted by bone cells repre-
sent the link of an active bone-adipose axis. However, the mechanism(s) by which 
all these events occur still remain(s) unclear.

8.2	 �Fat and Bone Correlation: Evidence-Based Observations

In the last decades, the association between obesity and osteoporosis has been actively 
investigated. Extensive data have shown that total body fat was positively related to 
BMD, an important and measurable determinant of fracture risk; that high body 
weight or body mass index (BMI) are correlated with high BMD; and that the decrease 
in body weight leads to bone loss in white women but not in white men [14].

Although these data indicate that obesity exerts a protective effect on bone tissue, 
some more recent studies have described an opposite event [15]. In particular, 
evidences suggest an inverse relationship between obesity and osteoporosis depending 
on how obesity is defined. In fact in the studies where obesity is defined on the basis 
of BMI or body weight, it appears to act as protective factor against bone loss and 
fractures; however, if obesity is considered as percentage of body fat and distribu-
tion, it becomes a risk factor for osteoporosis and fractures [16].

Our group has recently demonstrated that a population of obese subjects had 
significant skeletal alterations. In particular, the subdivision of the population into 
three different groups upon BMI status showed a slightly different BMD pattern 
among groups: overweight subjects (BMI > 25 < 30) did not show any modification 
in skeletal health, while obese and severely obese subjects (BMI > 30) had a signifi-
cant alteration in their BMD levels [17]. Subsequently, we have demonstrated that 
in obese men and women, there is a significant inverse correlation between trunk fat 
and BMD [18, 19]. Moreover, data published by Blum et al. in a premenopausal 
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women population demonstrated that high amount of fat mass is negatively associated 
with bone mass [20]. Thus, all these data suggest an important role of fat distribution 
as much as total fat mass itself, confirmed in a recent study on healthy postmeno-
pausal women by Kim et al. in which body weight was positively related with BMD 
and low risk for vertebral fractures, whereas percent of body fat and waist circum-
ference were related to a low BMD and to a higher risk for vertebral fractures [21].

Finally, several lines of evidence from environmental factors and medical interventions 
support an inverse correlation between fat and bone mass: physical exercise 
increases bone mass while reducing fat mass [22]; supplementation with calcium 
and vitamin D appears beneficial for the prevention of both osteoporosis and 
obesity [23]; estrogen replacement therapy in postmenopausal women improves 
both lean and bone mass and reverses menopause-related weight gain [24]; 
gonadotropin-releasing hormone agonists and glucocorticoids increase both osteo-
porosis and obesity [25]; some antidiabetic drugs, which interfere with PPARγ and 
thus with adipocytes differentiation, appear to influence significantly skeletal 
homeostasis and fracture risk [26].

8.3	 �Fat and Bone Correlation: From Basic Observations 
to Potential Mechanisms of Interaction

Several potential mechanisms have been proposed to explain the complex relationship 
between visceral white adipose tissue (VAT) and bone. VAT was long viewed 
as a passive energy reservoir, but since the discovery of leptin and following 
identification of other adipose tissue-derived hormones and serum mediators, fat 
has been considered an active endocrine organ which modulates energy homeosta-
sis [27–29]. All these molecules affect human energy homeostasis and might as well 
be involved in bone metabolism, contributing to the complex relationship between 
adipose and bone tissues.

Leptin is the most important adipocyte-derived hormone and its effect on bone 
remodeling is complex: both negative and positive action on BMD have been 
reported in humans [27]. Adiponectin, in contrast to leptin, decreases in obese and 
diabetic subjects and increases after weight loss. Human osteoblasts express 
adiponectin and its receptors, and in vivo and in vitro studies show that adiponectin 
increases bone mass [28].

Resistin may play a role in bone remodeling, as it is expressed in bone marrow 
mesenchymal stem cells (MSCs), osteoblasts, and osteoclasts, but its effect on bone 
is still unclear [29].

VAT also secretes various inflammatory cytokines, such as interleukin-6 (IL-6) 
and tumor necrosis factor-α (TNF-α), well recognized as osteoclastogenesis and 
resorption-stimulating factors [30, 31].

Furthermore, adipocytes and osteoblasts originate from a common progenitor, a 
pluripotential MSC, which has an equal propensity for differentiation into either 
adipocytes or osteoblasts (or other lines) under the influence of several cell-derived 
transcription factors [32].
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This process is complex, suggesting significant plasticity and multifaceted 
mechanism(s) of regulation within different cell lineages. One potential mechanism 
of regulation is the Wnt signaling pathway which inhibits adipogenesis and 
promotes osteogenesis [33, 34]. New experimental tools, such as gene microarrays, 
are being used to document the relationship of classical steroid hormones to bone 
and fat formation in marrow. One study has examined the skeletal phenotype of 
mice (SAM-P/6) deficient in both thyroid receptors α and β. These mice showed 
increased mRNA levels for adipocyte specific genes, increased bone marrow 
adipocyte numbers, and reduced trabecular and total bone mineral density [35]. 
Duque et al. found that vitamin D treatment inhibited adipogenesis and enhanced 
osteogenesis in the SAM-P/6 mice, demonstrating a coordinated induction of 
osteoblastogenic genes and a reduction of adipogenic genes after vitamin D 
treatment, which stimulates not only bone formation but also bone resorption [36].

Overall, these recent findings support the inverse relationship between adipo-
genic and osteogenic differentiation in the bone marrow microenvironment, which 
is mediated, in part, through cross talk between the pathways activated by steroid 
receptors, the PPARs, and other cytokines and paracrine factors [37].

Finally, other factors, such as total caloric intake, type of nutrients, alcohol 
consumption, oxygen tension, and cellular redox pathways influence bone marrow 
adipogenesis despite osteoblastogenesis, showing that the bone marrow MSC 
may consider multiple differentiation pathways during its lifetime and, indeed, 
may dedifferentiate and transdifferentiate in response to changes in the microenvi-
ronment [8].

�Conclusions

Obesity and osteoporosis are major global health problems with an increasing 
prevalence and high impact on mortality and morbidity. Even though previous 
several data indicate that high body weight and BMI are protective factors against 
osteoporosis, an increasing number of evidence show conflicting results regard-
ing this issue, suggesting that obesity might actually interfere with bone health. 
Thus, a specific and careful characterization of skeletal metabolism and further 
studies evaluating skeleton modifications might be useful in obese subjects.
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9.1	 �Introduction

Sarcopenic obesity is a condition that is characterized by age-related loss of muscle 
mass and function (i.e., sarcopenia) concomitant with increases in regional or total 
body adiposity (i.e., obesity). Sarcopenic obesity is a critical public health issue that 
underlies two important problems: the rising prevalence of obesity in Western and 
developing countries and the increasing life span of humans [1–4]. The changes 
in body composition that occur as a result of the aging process and with obesity 
represent a common ground where sarcopenic obesity develops [3]. Body composition 
progressively changes with age. These changes begin around the third decade of 
life and accelerate in later life. A number of studies have now demonstrated a pro-
gressive loss of lean body mass in the elderly that is simultaneously accompanied 
by an increase in fat mass. These changes typically occur while body weight and 
body mass index (BMI) remain relatively stable [5–10].
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While sarcopenic obesity is often considered a condition of aging, there is sub-
stantial evidence now that suggests that this condition can manifest at earlier ages. 
One of the more significant findings emerging from the literature is that sarcopenia 
may be present in relatively young obese subjects [11]. In line with the hypothesis 
that obesity produces low-grade inflammation and hormonal changes affecting mus-
cle function and metabolism, obese young people could have similar changes as the 
elderly and meet the criteria for the diagnosis of sarcopenic obesity [5–11]. Factors 
such as being sedentary and having an unhealthy diet may lead to the development of 
phenotypic aspects of sarcopenic obesity in these younger subjects [8–10]. Chronic 
inflammation induced by obesity is thought to be a pivotal element that may influ-
ence the additional depletion of muscle mass in the overweight/obese [3, 7].

Both sarcopenia and obesity are linked to functional impairment [12, 13]. 
Sarcopenia is independently associated with a reduction in muscle strength and 
impairment in physical performance [12, 14]. Likewise, a wealth of studies have 
also demonstrated that obesity detrimentally affects physical function and is con-
nected with the onset of physical disabilities [5, 15]. When coupled with sarcopenia, 
the presence of obesity worsens functional status and exacerbates physical disabil-
ity [5, 16]. Currently, although sarcopenic obesity represents a serious public health 
concern, evidence supporting effective strategies for its management is relatively 
scarce. Furthermore, a universal consensus for its diagnosis, as well as its treatment, 
does not yet exist [17, 18].

9.2	 �Definition of Sarcopenic Obesity

Diagnostic criteria for sarcopenic obesity are not universally established, and different 
definitions are currently available. Hence, the prevalence of sarcopenic obesity 
ranges from 2.75 % to over 20 %, depending on the criteria used for the diagnosis 
and the methods of body composition assessment used [9, 16].

In a recent systematic review summarizing the state of the science regarding the 
current literature about sarcopenic obesity [19], 26 studies examining more than 
23,000 subjects were considered. In all of the studies examined, except one, the 
definition of sarcopenic obesity was based on the co-occurrence of obesity and 
sarcopenia. To define the obesity component, various obesity parameters were used 
including BMI, fat mass, and visceral fat area, either as single parameters or in 
association with other adiposity measures. To define sarcopenia, several different 
parameters were used including appendicular skeletal muscle mass standardized for 
height or weight, cross-sectional muscle area at the quadriceps level, muscle 
strength, and/or muscle/fat-free mass indices [13].

In our view, a definition of sarcopenia based on a reduction in muscle mass in 
“absolute” terms is limited in obese subjects and does not accurately describe the 
picture in terms of functional outcome. Initially, at least in younger obese subjects, 
increases in fat mass are accompanied by increases in muscle mass [20–23]. These 
increases in mass enable the body to maintain, for a relatively long time, reasonable 
metabolic control and a satisfactory physical efficiency. The ratio between real lean 
body mass and ideal lean body mass may represent an even more useful indicator of 
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sarcopenia. According to existing literature concerning body composition in adults 
and healthy humans, the percentage of body weight that consists of lean mass is, 
respectively, 85 % for men and 75 % for women. A number of studies have also 
suggested that in obese subjects, excess body weight is not only made of fat mass 
but includes a certain amount of muscle mass that approximately corresponds to 
25 % of the excess body weight [22–26]. In fact, a relative and not an absolute 
reduction of muscle mass is sufficient to trigger reduced functional performance.

The methods and tools used for the assessment of body composition, as well as 
the choice of functional indicators, represent another important issue in the identifi-
cation of sarcopenic obese subjects. In research settings, computed tomography (CT 
scan) and magnetic resonance imaging (MRI) have been used for estimating muscle 
mass or fat mass. These techniques, and to a lesser extent, dual-energy X-ray 
absorptiometry (DXA), are considered to be very precise imaging systems able to 
separate fat from other soft tissues in the body. However, high cost and limited 
access to equipment in some facilities and concerns about radiation exposure limit 
the use of these whole-body imaging methods for routine clinical practice. 
Bioimpedance analysis (BIA) may represent a valid alternative to these methods in 
clinical practice as it is inexpensive, easy to use, and readily reproducible. BIA 
results, obtained under standard conditions, have been found to correlate well with 
gold standard techniques [27].

The choice of threshold values is also critical in properly identifying sarcopenic 
obese subjects. Cutoff points depend on the measurement technique chosen and on 
the availability of reference studies. Similarly to what happens for bone mineral 
density, a normative population (healthy young adults) needs to be used, with cut-
off points at two standard deviations below the mean reference value. In the litera-
ture, the diverse threshold values and methods adopted by different authors 
makes it difficult to compare studies. This represents a significant limitation, given 
that different intervention procedures need to be compared in research fieldwork, 
as well as in clinical practice. Thus, it is important to verify the outcomes of these 
different intervention procedures. Further epidemiological data are needed in order 
to obtain good reference values for populations in different countries and for dif-
ferent ethnicities.

A final major obstacle in the creation of a reasonable definition for sarcopenic 
obesity is whether the definition of sarcopenic obesity should be based only on a 
criterion of body composition (i.e., reduced muscle mass or lean body mass and 
increased fat mass) or one that also includes functional criteria. Normally, obesity 
(one aspect of sarcopenic obesity) is defined using only fat mass or BMI. However, 
reduced fat-free mass along with muscle strength and functional impairment are 
used to define sarcopenia. In the case of sarcopenia, functional measurements are 
required for diagnosis. In the consensus by Cruz-Jentoft et  al., the European 
Working Group on Sarcopenia in Older People (EWGSOP) [28] recommends 
considering the presence of both low muscle mass and low muscle function (strength 
or performance). Using this method, EWGSOP further classifies conceptual stages 
as “pre-sarcopenia,” “sarcopenia,” and “severe sarcopenia.” In the case of sarcopenic 
obesity, it is likely that the same logical pathway should be followed, even if no 
study presently hypothesizes a diagnosis of sarcopenic obesity in this manner. 
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So far, only a simple evaluation of body composition has been used to define 
sarcopenic obesity. An implementation of this definition with muscle strength and 
functional parameters will probably be more useful in clinical practice. A wide 
range of tests is available for physical performance evaluation, particularly in the 
elderly population, including the Short Physical Performance Battery (SPPB), gait 
speed, the 6-min walk test, and the stair climb power test [29]. By including func-
tional information, this definition will be more responsive to the patient’s clinical 
status and to the severity of the disease. This is important as an increase in fat mass 
together with the deterioration of lean body mass (with possible fatty infiltration) 
may lead to a progressive worsening of functional parameters, such as aerobic 
capacity, muscle strength, walking speed, and ability to maintain balance. Moreover, 
using this definition will also make it easier to track the course of the nutritional and 
rehabilitation treatment and to identify outcomes to be achieved.

9.3	 �Biology of Sarcopenic Obesity

In the case of sarcopenic obesity, the augmentation of lean body mass in parallel 
with fat mass represents a protective mechanism allowing the obese individual to 
sustain increased fat mass. This avoids, at least in the early phases of the process, 
the onset of metabolic and functional impairment during fat accumulation and a 
reduction in lean body mass (due to the aging process, inflammation, poor diet 
leading to rapid weight loss, or inactivity) that may cause a precocious onset of 
disability in obese subjects [8, 9]. In obese adults, an imbalance between lean 
mass, excess body fat, and total body size occurs earlier than in normal-weight 
individuals [8, 9]. This imbalance results in disproportionate ratios between the 
remaining conserved lean mass and excess fat mass, thereby creating a situation 
where body weight exceeds that which the lean mass can support. The pathogenetic 
and functional role of sarcopenia in obese elderly subjects, as well as in younger 
obese adults, still remains to be fully clarified [11].

Weight cycling is also known to exert deleterious effects on body composition 
and sarcopenic obesity, particularly among elderly subjects. Weight cycling can 
result in a greater loss of lean body mass during the weight-loss phase. Often when 
weight is regained lean mass is not conserved [6]. Hunter et al. [30] found that after 
dieting and weight loss, premenopausal women regained limb body mass, while 
trunk lean mass was not restored. The researchers hypothesized that the mechanism 
explaining the reduction of resting energy expenditure, the basis of the potential 
adipose tissue increase after dieting, was a consequence of the mass depletion from 
highly metabolically active tissue. On the other hand, in a more recent paper [13], 
young overweight and obese men and women who regained weight did not see 
negative effects in terms of body fat distribution and composition of lean body 
mass. It is clear from the literature that further research is needed examining weight 
cycling and its effect on body composition, especially in younger obese subjects.

Inadequate dietary protein intake may also influence sarcopenic obesity. Current 
recommendations for protein intake [31] were determined based on studies 
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performed in healthy individuals. These requirements may not be adequate when 
considering a complex condition such as sarcopenic obesity. Studies have shown 
that protein requirements in the elderly may not be adequate to maintain or prevent 
muscle loss [32]. Future studies are needed to address the question of what is a 
reasonable dietary protein intake to satisfy the nutritional requirements for sarcope-
nic obese subjects. Careful consideration should be made to increase protein intake 
while maintaining or reducing total calorie intake.

9.4	 �Sarcopenic Obesity, Physical Performance, Disability, 
and Quality of Life

Using a recently developed tool (TSD-OC) specifically designed to assess 
disability level in obese subjects [33], we investigated the relationship between 
sarcopenic obesity and performance. The TSD-OC test is composed of 36 items 
divided into seven sections (pain, stiffness, activities of daily living and indoor 
mobility, housework, outdoor activities, occupational activities, and social life), 
and in the validation study, the TSD-OC test was found to be significantly cor-
related to functional assessment (6MWT), handgrip strength and quality of life 
parameters (SF-36 questionnaire). Our results (not yet published) highlight that 
the presence of sarcopenia in obese subjects was associated with a worse TSD-OC 
test score. This finding is consistent with data presented in a recent study by 
Baumgartner, pointing out the coexistence of low physical capacity and sarcope-
nic obesity [5].

While evidence supports the synergistic pathological action exerted by obesity 
and sarcopenia, it is still a matter of debate which of the two components (increased 
fat mass or reduced lean body mass) in sarcopenic obesity is better correlated with 
disability. Some studies have concluded that excess body fat was a stronger con-
tributor to physical function impairment than sarcopenia [30, 34]. However, Davison 
et al. [14] did not demonstrate any association between sarcopenia and functional 
limitations; instead, mobility impairment was related to percentage of body fat and 
BMI. Similarly, Cawthon et al. [35] found that adipose tissue and performance 
status were more closely related to disability than lean body mass. Some of this 
debate is depicted in the U-shaped relationship between BMI and physical limita-
tions [36]. Our data suggest that the correlation is stronger for lean body mass and 
especially for the real lean body mass/ideal lean body mass ratio. In a recent paper 
[18], the authors hypothesized that disability caused by sarcopenia and sarcopenic 
obesity was related to the amount of adiposity or body weight bearing per unit of 
muscle mass (total body fat to lower limb muscle mass ratio). Our finding of 
increased disability in obese subjects with sarcopenia confirms that the sarcopenia, 
in the context of obesity, may be better defined as a “relative” sarcopenia. Despite 
the appearance that muscle mass is conserved, it probably is not enough in propor-
tion to the total body mass to prevent the onset of functional impairment and 
disability. Moreover, fat infiltration of muscles, known as “myosteatosis” [11], 
could also be responsible for deteriorated muscle function in obese individuals.
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9.5	 �Treatment of Sarcopenic Obesity

There are numerous potential approaches to consider in terms of treatment for 
sarcopenic obesity. Even though weight loss is beneficial in obese subjects in terms 
of reducing metabolic and cardiovascular risk [37], the concomitant changes in 
body composition that occur during caloric restriction create additional concerns for 
the maintenance of good functional status and physical performance. Especially in 
obese older adults, obesity-related disability tends to worsen because of the decline 
of lean mass with aging [5]. Even in younger subjects, a reduction in body weight 
consists of loss of both fat mass and lean body mass. The literature suggests that a 
decrease in lean body mass can range from 15 % of total body weight in the case of 
a mild energy restriction to as much as 50–70 % during semi-starvation [38]. Despite 
a reduction of body weight, diet combined with exercise has been shown to result in 
a minor decrease of fat-free mass when compared to diet alone. Intentional weight 
loss through diet alone was shown to deteriorate muscle mass particularly among 
the elderly [39, 40]. A number of other studies have shown that exercise has 
additional benefits in preserving or minimizing loss of lean mass during diet-
induced weight loss [34]. In these studies, both aerobic and resistance activities, or 
their combination, appear to be effective in limiting muscle loss during dieting and 
preserving physical function. However, contrary to these findings, Hunter et  al. 
demonstrated that resistance training, but not aerobic exercise, was able to conserve 
lean body mass and strength following weight loss [30]. Also, in a study by Hays 
et  al. on sedentary older obese subjects [41], a dietary intervention based on fat 
restriction but not energy deficit resulted in beneficial effects on body weight and fat 
mass reduction that were greater than an ad libitum diet combined with exercise.

Evidence regarding macronutrient manipulation (e.g., fat restriction) and con-
ventional caloric restriction in terms of weight loss and its effects on body 
composition in the context of sarcopenic obesity is lacking. To date, only one 
study on older overweight and obese men who underwent exercise training only 
reported significant weight loss as well as body fat percentage reduction without 
altering lean body mass. Interestingly, the positive body composition changes 
achieved in this study were also accompanied by an increase in resting salivary 
testosterone levels. Testosterone has been demonstrated to be related to increased 
levels of physical activity and greater aerobic capacity. Decreasing testosterone 
levels in aging men have been found to be associated with changes in body 
composition in late life [36]. Hence, further studies should be initiated in order to 
identify the type of exercise intervention that is most appropriate for the treatment 
of sarcopenic obesity.

Evidence concerning the effects of protein supplementation on body composition 
in sarcopenic obesity is scarce. In a study by Coker et al. [42], whey protein and 
essential amino acid supplementation promoted a greater body fat loss in sarcopenic 
obese elderly subjects during intentional weight loss. A higher skeletal muscle 
protein fractional synthetic rate, when compared to intact protein from sodium and 
calcium caseinate, may have accounted for this difference due to the energy cost of 

L.M. Donini et al.



95

protein synthesis. The study also reported a sparing effect on lean mass. The high 
leucine content in whey protein may be responsible for increased fat loss and 
retained lean mass in younger, non-sarcopenic obese subjects [43]. The anabolic 
effect of whey protein, as a source of leucine, has consistently been demonstrated 
on muscle in healthy subjects and in older individuals [44–46].

As mentioned previously, in aging males, testosterone levels have been found to 
be associated with changes in body composition in late life [36]. Conversely, in 
women, hormonal changes (less estrogen activity) during menopause make 
women more prone to develop sarcopenia [47]. Isoflavone supplementation 
(phytoestrogens) in peri- and postmenopausal women appears to increase lean body 
mass, most likely by stimulating estrogen receptors ER-α and ER-β and increasing 
estrogen activity. The hormonal effect exerted by phytoestrogens may also be 
relevant on muscle tissue beyond the simple augmentation of dietary protein intake. 
Soy isoflavones may be responsible for changes in insulin, IGF-1, and IGFBP-3, 
and promoting increases in fat-free mass [48]. It should be noted, however, that in a 
study by Choquette et al. [49], as well as in a similar study carried out in normal-
weight women [50], neither an interaction nor an additive effect was reported 
between isoflavones and exercise on body composition. Directly administering sex 
hormones has been shown to improve lean body mass [51]. This is likely due to the 
positive influence of sex hormones on muscle anabolism [47, 52]. In obese 
postmenopausal woman, the administration of sex hormones could represent a 
beneficial treatment for counteracting changes in lean and fat mass related to 
menopause. This avenue of treatment, however, should only be pursued after care-
fully evaluating the additional risks and benefits of such a treatment.

Understanding the nature of age-related changes in hormone levels may aid in 
the design of additional therapeutic targets for future interventions. However, phar-
macological attempts, other than sex hormone replacement therapy, to reverse man-
ifestations of sarcopenic obesity are sparse. In a study conducted by Shea et al. [53], 
it was demonstrated that in overweight and obese older nondiabetic men undergoing 
weight loss, pioglitazone (a diabetic medication) increased the loss of abdominal 
visceral fat and resistance training attenuated thigh muscle loss. This result was not 
observed in women, illustrating that gender differences should also be accounted for 
in future trials exploring potential benefits of PPAR-ɣ agonist on body composition 
in sarcopenic obese subjects [54, 55].

9.6	 �Summary

While sarcopenic obesity continues to be an important public health concern, there 
are numerous challenges that exist in its assessment and treatment. The biggest 
challenge continues to be the lack of a standard clinical definition. In spite of these 
challenges, research continues to provide insights into the disease process and 
its relationship to physical disability and frailty. Studies examining a variety of 
treatment options are being be conducted.
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10Obesity and Testicular Function

Alessandro Ilacqua, Davide Francomano, 
and Antonio Aversa

10.1	 �Pathophysiology of Testicular Dysfunction 
with Relation to Adipose Tissue Excess

Testosterone deficiency syndrome (TDS) is becoming recognised as an increasingly 
common problem in the ageing male population. The European Male Ageing Study 
(EMAS) reports prevalence rates of 3.2 % in older men aged 60–69 and 5.1 % in 
those aged 70–79, based on a combination of a single morning testosterone after 
excluding those already diagnosed and treated for TDS or pituitary abnormalities 
[1]. Erectile dysfunction (ED), loss of morning erections and low sexual desire are 
the three most common symptoms likely to predict low testosterone (T) levels, but 
other important symptoms are often associated (Table 10.1). Low serum T is more 
common in men with type 2 diabetes mellitus (T2DM), metabolic syndrome (MetS) 
and cardiovascular disease (CVD) than in the general population, and this relation-
ship is independent from the presence of obesity [2, 3]. Also, male obesity is associ-
ated with a reduction of testicular function mainly due to secondary hypogonadism 
(SH) [4, 5]. The prevalence of SH in T2DM was estimated to be 29  % (range 
25–40 %), with a higher prevalence of 50 % when obesity and T2DM coexist [6, 7]. 
Several studies suggest that men who were obese at baseline and at follow-up, either 
if measured by body mass index (BMI) or by central obesity (waist–hip ratio or 
waist circumference), exhibit a greater decline of total and free T compared to men 
who were never classified as obese [8], mainly because of higher amounts of vis-
ceral fat [9]. Visceral adiposity is associated with elevated concentrations of insulin 
(hyperinsulinaemia), C peptide and glucose intolerance, which are negatively cor-
related to total and free T levels [10, 11]. The link between obesity and (decreased) 
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SHBG is mainly explained by the effects of obesity-induced insulin resistance, 
resulting in higher insulin levels (compensatory hyperinsulinaemia) that subse-
quently suppresses hepatic production of SHBG [12, 13] that would then result in 
reduced delivery of T to the peripheral tissues and increased availability of free T as 
a substrate for aromatase to convert into oestradiol. Male obesity is associated with 
increased aromatase activity within adipocytes [14], and oestradiol in turn exerts a 
negative feedback effect on LH secretion from the pituitary [15]. This may in turn 
worsen obesity and promote increased fat mass that represents a vicious circle per-
petuating the hypogonadal state thus resulting in a reduction in muscle mass and an 
increase in the volume of visceral fat [16]. Another mechanism that mediates 
obesity-related effects on the male hypothalamic–pituitary–testicular axis (HPT) is 
influenced by increased plasma leptin levels that exert a direct negative action on 
LH/hCG-stimulated testicular androgen production and decrease Leydig cell 
responsiveness to gonadotrophin stimulation [17]. Increased levels of leptin may 
therefore play an important role in the pathogenesis of male obesity secondary 
hypogonadism (MOSH) [18]. Inflammatory mediators, such as C-reactive protein 
(CRP), have been demonstrated to contribute to the suppression of the HPT function 
and to the development of male SH, and the presence of inflammatory mediators 
may also worsen insulin resistance thus contributing to the development of benign 
prostate hyperplasia [19, 20] (Fig. 10.1).

10.2	 �Male Obesity Secondary Hypogonadism  
and Associated Metabolic Disturbances

Emerging data suggest that bone mass, energy metabolism and reproduction may 
be coordinately regulated. There has been a growing interest towards the non-
classical effects of 25-hydroxycholecalciferol 25(OH)D (vitamin D), based on 
the presence of its receptors in tissues other than the bone, gut and kidneys [21]. 
Furthermore, several studies have suggested the involvement of vitamin D in the 
pathogenesis of CVD, cancer and MetS [22–24]. The association of low vitamin 
D levels and MetS is more pronounced in overweight and obese than in 

Table 10.1  Signs and 
symptoms associated with 
testosterone deficiency 
syndrome

Loss of libido

Erectile dysfunction

Sarcopenia

Low bone mass

Depressive thoughts

Fatigue

Loss of body hair

Hot flushes

Loss of vigour
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normal-weight individuals [25]. A recent study confirmed the lowest vitamin D 
concentrations and the highest prevalence of vitamin D deficiency in T2DM 
patients with hypogonadism, particularly in those with SH [26]. Several mecha-
nisms have been proposed to explain the role of vitamin D in the pathogenesis of 
insulin resistance, and adiponectin has been proposed as a major player with its 
strong association with impaired glucose tolerance, independent from adiposity 
[27]. Adiponectin and glucose homeostasis are both correlated to osteocalcin 
(OSCA) levels, an osteoblast hormone linked to vitamin D metabolism [28]. 
Interesting animal studies suggest that bone may be a positive regulator of male 
fertility and that this action may be mediated through OSCA, via binding to a 
specific receptor present on Leydig cells that favours T biosynthesis. OSCA-
deficient mice show a decrease in testicular, epididymal and seminal vesicle 
weights and sperm count, and Leydig cell maturation appears to be halted in 
absence of OSCA [29]. Androgens favour periosteal bone formation in men and 
maintain trabecular bone mass and integrity by inhibiting IL6 production [30]. 
Also, they stimulate the proliferation of osteoblast progenitors and the differen-
tiation of mature osteoblasts by decreasing osteoclast formation and bone resorp-
tion, via increased production of osteoprotegerin by osteoblasts [31]. The net 
result of these functions leads to an accrual in bone formation [32]. In agreement 
with animal data, our group has recently demonstrated an association between 
visceral fat mass, insulin sensitivity, OSCA and T levels in ageing males that are 
significantly correlated with skeletal health. In this view, OSCA may be consid-
ered a new important marker of metabolic and gonadic function, other than the 
well-established function as marker of bone remodelling [33].

MOSH*

REDUCTION OF MUSCLE MASS
DECREASED RESISTANCE EXERCISE
IMPAIRED WALKING BEHAVIOR

(SARCOPENIA?)

* Male Obesity Secondary Hypagodism
** Cardiovacular Risk

LIVER STEATOSIS
FAILURE OF LIPID HOMEOSTASIS

SHBG
INFLAMMATORY MARKERS

DECREASED GH/IGF-1 AND
THYROID HORMONES

ACTIVITY

LOSS OF LIBIDO
ERECTILE DYSFUNCTION

BENIGN PROSTATIC HYPERPLASIA

BONE REMODELLING

OSTEOPENIA/OSTEOPOROSIS

DECREASED OSTEOCALCIN

INSULIN- RESISTANCE

ADIPOKINES

STORAGE OF VITAMIN D

AROMATASE ACTIVITY

LEPTIN

INCREASED CVR**
• DYSLIPIDEMIA
• DIABETES / METABOLIC SYNDROME
• ENDOTHELIAL DYSFUNCTION

DECREASED VITAMIN D
SYBCLINICAL HYPERPARATHYROIDISM

Fig. 10.1  Relationship between endocrinometabolic disturbances, obesity and testicular function
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10.3	 �Obesity or Hypogonadism: Which Comes First?

The cause–effect relationship between obesity, insulin resistance, MetS, T2DM and 
TDS remains unclear. Data from the Massachusetts Male Aging Study showed that 
lower levels of total T and SHBG were predictive of the development of the MetS, 
particularly in men with BMI <25 kg/m2 [34]. By contrast, other data suggests that 
the MetS is an independent risk factor for hypogonadism in middle-aged men, and 
relative T deficiency appears to be a marker, rather than the cause of MetS or T2DM 
in older men [35]. Recently we demonstrated that in hypogonadal men with MetS, 
TRT improves body composition and insulin sensitivity independently from diet and 
physical exercise [36]. Follow-up for 2 years in these men demonstrated also a sig-
nificant reduction of cardiovascular risks (CVRs) without any serious adverse event 
[37]. However, it is not clear whether after TRT withdrawal there is a stabilisation of 
clinical patterns associated with CVR over the time and recovery from hypogonad-
ism. We then investigated whether TRT combined with diet and physical exercise is 
better than diet plus physical exercise alone in achieving a reduction of CVR in a 
cohort of severely obese male subjects and whether T withdrawal was able to main-
tain outcomes evaluated. In this study, we demonstrated for the first time that TRT is 
beneficial on cardiac function in severely obese patients and that withdrawal is not a 
good prevention strategy for reducing CVR. The new protective effects of T on endo-
thelial function and its inverse relationship with epicardial fat thickness clearly sug-
gest that T reduction plays a critical role in the pathogenesis of cardiac dysfunction 
associated with obesity [38]. If male hypogonadism remains clinically unrecognised 
or underinvestigated, this can subsequently lead to significantly higher morbidity and 
mortality. Therefore, it is important that this condition is managed appropriately with 
TRT along with weight reduction and lifestyle changes [39]. However, encourage-
ment of weight reduction alone (without TRT) cannot be endorsed and recommended 
as an effective treatment for SH and its associated sequelae, unless clear evidence is 
produced to demonstrate this. On the basis of our studies, we believe that TDS may 
be antecedent to visceral fat accumulation in ageing men, and in fact, once TRT is 
withdrawn, many of the advantages determined by TRT are lost in the short term thus 
suggesting that T decline comes first instead of being the consequence of central 
obesity. In conclusion, the available data suggest that hypoandrogenism may repre-
sent an early marker for glico-metabolic disturbances that may progress to MetS or 
T2DM and may in turn contribute to vicious cycle maintaining visceral obesity and 
its associated metabolic and andrologic disturbances.

10.4	 �Treatment of Male Obesity in the Presence 
of Hypogonadism

Generalized symptoms and signs of androgen deficiency vary depending on age 
of onset, duration and severity of the TDS. When severe obesity occurs, T serum 
level below 3.45 ng/mL (12 nmol/L) should be considered pathognomonic of TDS 
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as stated by International Guidelines and clinical questionnaires [40]. The 
Endocrine Society Guidelines recommend measurement of T levels in men with 
T2DM and endorse the early prescription of TRT in hypogonadal men with ED 
[41] especially because of the reduced success rate of phosphodiesterase type 5 
(PDE5) inhibitors. Interestingly, in obese men with ED who do not respond to 
treatment with PDE5 inhibitors alone, the addition of T is recommended and even 
makes PDE5 inhibitors redundant in a number of cases. The use of a PDE5 inhibi-
tor before T normalisation may be recommended until time-course effects on 
penile erection are achieved [42] keeping in mind that its efficacy is reduced 
because of low T levels [43].

In men with ‘severe’ TDS (total T less than 8 nmol/l), significant improvements 
in ED and sexual desire are expected. In symptomatic men with ‘moderate’ TDS, 
men falling within the ‘grey area’ (total T between 8 and 12 nmol/l or 180 and 
250 pmol/l for free T), a trial of 3–6 months is also recommended. A target level 
of 15–21 nmol/l for total T during TRT is suggested [44]. Recent evidence sug-
gests that long-term T treatment of obese diabetic men with low T levels produces 
important clinical benefits for up to 6  years [45]; improves glycaemic control, 
lipid profiles and bone mineral density [46]; and may prove useful in reducing 
CVR. Similar results were reported in a controlled study by our group [47], sug-
gesting that TRT therapy ameliorates MetS components, MOSH and CVR with-
out prostate adverse events [48]. Accurate evaluation of absolute contraindications 
(Table 10.2) and regular follow-up is needed in patients receiving TRT, as poten-
tially androgen-dependent adverse events may occur suddenly (Table 10.3). The 
primary aim of TRT is to alleviate the clinical symptoms of TDS. Careful moni-
toring of changes in the clinical manifestations of T deficiency should therefore 
be an essential part of every follow-up visit. Effects of TRT on sexual drive may 
already appear after 3  weeks of treatment and reach a plateau at 6  weeks. 
Improvements in ED and ejaculation may require up to 6 months. Effects on qual-
ity of life and also on depressive mood may become detectable within 1 month, 
but the maximum effect may take longer [42]. In severely obese men, TRT appears 
to be a promising treatment leading to persistent results on body composition and 
cardiac performance than lifestyle changes alone. In addition, attrition rates with-
out T supplementation seem to be higher and lead to poor adherence to diet and 
physical exercise in the long term.

Table 10.2  Absolute 
contraindications against 
testosterone treatment

Prostate cancer

PSA >4 ng/ml

Male breast cancer

Severe sleep apnoea

Male infertility

Haematocrit >50 %

Severe lower urinary tract symptoms due to benign prostatic 
hyperplasia
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11Obesity and Glucose Metabolism

Nicola Napoli and Paolo Pozzilli

Obesity is associated with multiple metabolic alterations that are risk factors for 
glucose homeostasis abnormalities, cardiovascular diseases, and nonalcoholic fatty 
liver disease [1–4]. It is believed that insulin resistance in the adipose tissue, liver, 
and skeletal muscle is crucial in the pathogenesis of these metabolic abnormalities 
[5, 6]. Adipocytes are key regulators of whole-body energy homeostasis, and altered 
adipose tissue glucose metabolism is also an important cause of insulin resistance 
and metabolic function [7]. Adipose tissue contributes to the development of 
obesity-related glucose abnormalities through excessive release of free fatty acids 
(FFA), adipokines, cytokines, and macrophage infiltration [8].

11.1	 �Epidemiological Link

Prevalence of glucose metabolic alterations has been reported to be related to grades 
of BMI or waist circumference. It is estimated that for every 1 kg increase in weight, 
the prevalence of diabetes increases by 9 % [9, 10]. According to NHANES, two-
thirds of T2D patients in the United States have a BMI >27 [11] with a prevalence 
of diabetes that ranges from 2 % among subjects with BMI of 25–29.9 to 13 % in 
those with a BMI greater than 35 [12].

Epidemiological studies show that overweight subjects (BMI 25–30) present a 
2.62 increased risk of developing diabetes (CI 2.18–3.16). This risk increases 
linearly with BMI in obese subjects, with a relative risk of 5.1 (CI 4.34–6.1) for 
subjects belonging to the classes I and II of obesity (BMI 30–40) that is doubled 
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(RR 11; CI 8.61–14.04) for those belonging to the class III of obesity (BMI > 40). 
At the same time, the probability of developing diabetes increases with physical 
inactivity at any BMI [13].

Abdominal fat mass is highly correlated to the risk of diabetes as well, and 
according to some studies, increase in waist circumference correlate with diabetes 
in a greater manner than BMI [14, 15].

When weight gain is achieved at a young age, the risk of developing diabetes is 
even worsened with an increased risk that is directly correlated to the amount of 
weight gained [9, 16, 17]. Studies show that in patients aged 35–60, the risk of dia-
betes is three times greater in those who gained 5–10 kg since the age of 18–20 
compared to those who had a stable body weight [9, 10].

Physical exercise represents a protective factor: inactive subjects are at risk of 
insulin resistance and impaired glucose tolerance regardless of BMI [13]. Incidence 
of diabetes and cardiovascular mortality is in fact lower in those who are aerobically 
fit across a range of body adiposity [18, 19]. Ethnicity may play also a crucial role 
since the risk of developing diabetes is higher for Southeastern Asians than 
Caucasians for matched BMI [20].

11.1.1	 �Metabolically Normal Versus Abnormal Obesity

Obesity is associated with metabolic abnormalities like insulin resistance, T2D, and 
other cardiometabolic complications. However, not all obese develop complica-
tions, and about 25 % are considered “metabolically normal obese” (MNO). These 
subjects are metabolically healthy and present normal insulin sensitivity and ≤1 
cardiometabolic abnormality [21–23]. “Metabolically abnormal obese” (MAO) are 
those subjects with similar body fat like MNO but with higher visceral and liver fat, 
abnormal insulin sensitivity inflammatory profile, and other cardiometabolic com-
plications [21–25]. Importantly, MNO subjects are protected from metabolic abnor-
malities, and recent findings show that up to 11 years of follow-up do not present an 
increased risk of developing diabetes compared to lean subjects. On the contrary, 
MAO subjects have 4–11-fold increased relative risk to develop diabetes. As 
reviewed by Bonet, protective factors in MNO subjects include increased capacity 
for storing fat in adipose tissue, decreased de novo lipogenesis in liver, lower vis-
ceral adiposity, increased circulating adiponectin, decreased proinflammatory cyto-
kines, and macrophage infiltration into adipose tissue [26].

However, recent data reveal also a possible role of the immune system. In an 
elegant study, Fabbrini et al., has shown that adipose tissue from MAO subjects had 
three to tenfold increase in numbers of T-helper 17 and Th22 compared with MNO 
and lean subjects. MAO subjects also had increased plasma concentrations of IL-22 
and IL-6. Importantly, IL-17 and IL-22 inhibited uptake of glucose in skeletal mus-
cle isolated from rats and reduced insulin sensitivity in cultured human hepatocytes. 
In other words, MAO individuals may have a peculiar immune asset with highly 
expressed Th17 and Th22 cells, which produce cytokines that cause metabolic dys-
function in the liver and muscle in vitro [27].
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11.2	 �Pathophysiological Link

11.2.1	 �FFA

Obese subjects present an increased FFA release from adipose tissue that is consid-
ered an important cause of insulin resistance, impairing the ability of insulin to stimu-
late muscle glucose uptake and suppressing hepatic glucose production [28–31]. 
Experimental models show that high plasma FFA concentrations cause insulin resis-
tance in skeletal muscle [30], while their reduction improves skeletal muscle insulin 
sensitivity [32, 33]. However, the pathogenesis of skeletal muscle insulin resistance in 
obese people is complex. Data from Klein’s group have found that the overall rate of 
FFA release during both postabsorptive and simulated postprandial states accounted 
for less than half of the variability in skeletal muscle insulin sensitivity, indicating that 
other factors must be involved [8]. Studies from the same group have revaluated the 
possible role played by excessive rates of adipose tissue triglyceride lipolysis on the 
onset of skeletal muscle insulin resistance. Authors suggest that other mechanisms 
may be involved and metabolic dysfunction may be caused by a redirection of plasma 
FFA trafficking away from adipose tissue and toward skeletal muscle and subsequent 
alterations in fatty acid metabolism within the skeletal muscle itself [8].

Complex mechanisms involving mTOR, protein kinase C, and alteration of 
GLUT-4 translocation have been proposed and rely on increased deposition of fatty 
acid metabolites in myocytes. Other involved pathways include enhancement of 
inflammation through the activation of nuclear factor kappa B (IkB) mediated by 
PKC or by increased production of reactive oxygen species. IkB activation may 
impair insulin-induced glucose uptake via mTOR-mediated serine phosphorylation 
of IRS1 [29, 34, 35].

Other proteins regulating triglyceride distribution like lipin 1 have been studied, 
showing that knockout mice for the lipin 1 gene are lipodystrophic and insulin resis-
tant [36, 37]. Lipin 1 expression in the liver and adipose tissue is inversely related 
to insulin resistance and increases after weight loss, playing an antiinflammatory 
effect and enhancing TG esterification [38].

11.2.2	 �Genetics

Obese phenotype is the result of a gene–environment interaction that in turn influ-
ences the development of glucose metabolism abnormalities. It is estimated that 
genetics may account only for the 40 % of the variance of body mass while environ-
mental factors related to increased energy intake and sedentary lifestyle play a main 
role [39]. In obesity, genetic traits do not follow the simple Mendelian inheritance, 
and monogenic causes of obesity and insulin resistance are rare. Therefore, current 
scientific research has been mostly focused on single nucleotide polymorphisms 
(SNPs), but the large number of genes potentially involved has complicated the deter-
mination of genetic influence on the final phenotype. GWAS studies have allowed the 
discovery of new candidate genes and potential new metabolic pathways.
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�FTO
FTO gene (fat mass and obesity-associated gene) which represented a breakthrough 
for the strong correlations with obesity and T2D obtained in different ages and ethnic 
groups. The FTO gene has emerged 450 million years ago and is located on chromo-
some 16q12.2, spanning for nine exons [40]. FTO encodes for a 2-oxoglutarate-dependent 
nucleic demethylase that is mostly expressed in the brain, in a hypothalamic area that 
regulates energy balance. Recent studies have revealed FTO to be a member of the Fe 
(II)- and 2-oxoglutarate (2OG)-dependent oxygenase superfamily, involved in fatty 
acid metabolism, DNA repair [41], energy homeostasis [40, 42], nucleic acid demeth-
ylation, and regulation of body fat masses by lipolysis [43].

In particular, the A allele of rs9939609 SNP of the FTO gene is strongly associ-
ated with increased BMI, type 2 diabetes, and obesity. Other metabolic abnormali-
ties in obesity are associated with FTO SNPs like higher fasting insulin, triglycerides, 
lower HDL cholesterol, waist circumference, and weight [5, 11–13]. The following 
studies have shown that the rs9939609 SNP of the FTO gene is also associated with 
morbidly obese patients (BMI > 40) [1], high concentration of fat cells [2], and 
increased fat cell lipolysis. The association of FTO variants with T2DM and BMI 
has been clearly identified in white European populations [44] while results have 
not been consistent in Asians and in other ethnic groups [45–47].

�FABPs
Intracellular fatty acid-binding proteins (FABPs) belong to a multigene family 
involved in obesity and glucose abnormalities. FABPs are expressed in the liver, 
intestine, and heart and are thought to participate in the uptake, intracellular metab-
olism, and/or transport of long-chain fatty acids.

Most studies associated with this gene have been focused on the Ala–›Thr (G–›A) 
substitution in exon 2 showing that subjects bearing the Thr allele had increased 
BMI, percent body fat, and plasma triglycerides [48]. Other studies have found that 
FABP2 Ala54Thr variants present increased risk of atherosclerosis and diabetes 
because of decreased insulin sensitivity, increased rate of lipid oxidation, increased 
fasting insulin concentration, and increased triglyceride-rich lipoprotein [49–52].

�PPAR-γ
Adipogenesis is under the control of the master regulator PPAR-γ. PPARs are tran-
scriptional regulators that form part of the ligand-activated nuclear hormone recep-
tor superfamily [53]. The substitution of alanine for proline at codon 12 of PPAR-γ 
and the risk for obesity and T2DM have been widely studied [54]. A meta-analysis 
conducted by Ludovico found that the alanine polymorphism conferred signifi-
cantly greater protection against T2DM among Asians than Caucasians [55].

11.2.3	 �GLUT4

GLUT4 is the major insulin-responsive glucose transporter and has a central role in 
systemic glucose metabolism [56–59]. Insulin resistance is characterized by the 
downregulation of GLUT4 in adipose tissue, but not in the muscle, the major site of 
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insulin-stimulated glucose uptake. Animal models where adipose-specific GLUT4 
is overexpressed show an improved glucose homeostasis [59]. On the contrary, 
when adipose-specific GLUT4 is knocked out, mice have insulin resistance and 
type 2 diabetes.

Previous work from Kahn’s group has shown that adipose GLUT4 expression 
regulates systemic insulin sensitivity [58, 59] indicating that adipocytes are capable 
of sensing and coordinating responses to changes in glucose availability. From a 
recent study conducted by Herman, it is clear that adipose tissue ChREBP has a key 
role in integrating adipocyte and whole-body metabolic function and this may be 
mediated by transcriptional regulation of the potent ChREBP-b isoform [60].

11.2.4	 �Oxidative Stress

Obesity and diabetes are associated with increased oxidative stress [61, 62]. A low-
grade inflammation present in obesity and the abnormal activation of resident mac-
rophages in the adipose tissues increase the levels of reactive oxygen species (ROS). 
A main source of ROS is the increased exposure of target the tissue to inflammatory 
cytokines such as IL-1, TNF, and IL-6 which are increased in obesity. ROS may also 
directly regulate the activity of transcription factors, such as NF-κB, thus control-
ling proinflammatory gene expression [63]. Moreover, dysglycemia frequently 
observed in obesity is associated with increased release of ROS by enhanced 
NADPH oxidase activity [61].

Previous data have shown that uric acid (UA) concentration is a strong predictor 
for developing diabetes in obese subjects [64], and a strong correlation between 
serum UA and insulin resistance in subjects with a metabolic syndrome has been 
found [65, 66],

Based on these data, Fabbrini et  al. have investigated the effect of a marked 
decrease in serum UA levels in obese subjects. Interestingly, subjects with high serum 
UA levels had 20–90 % greater nonenzymatic antioxidant capacity (NEAC) but lower 
insulin sensitivity (40 %) and levels of markers of oxidative stress (30 %) than sub-
jects with normal UA. Acute UA reduction caused a 45–95 % decrease in NEAC and 
a 25–40 % increase in levels of systemic and muscle markers of oxidative stress [67].

However, the increase in oxidative stress did not have a significant effect on 
insulin sensitivity. According to authors, these findings demonstrate that circulating 
UA is a potent antioxidant and may play a protective mechanism to prevent sys-
temic oxidative damage by free radicals [67].

11.2.5	 �Inflammation and Adipokines

Both animal models and data from human studies have clearly shown that obesity is 
characterized by an increased release of TNFα and in general by a chronic low-grade 
inflammation, which is responsible for the metabolic dysfunction [68]. Obesity is 
also associated with increased adipose tissue macrophage infiltration [69, 70] in 
conjunction with a switch in macrophage population from an anti-inflammatory to 
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a proinflammatory state [71]. In this complex scenario, data from animal models 
indicate also that hepatic T lymphocytes may also have an important role in obesity-
related adipose tissue inflammation and metabolic dysfunction [72].

�Adiponectin
Exclusively produced by fat tissue, adiponectin circulates in much higher concen-
trations than other adipokines. In contrast to leptin, adiponectin is negatively cor-
related with visceral fat mass and BMI in humans, and low levels are described in 
patients affected by diabetes or myocardial infarction [73–76]. Adiponectin is struc-
turally similar to TNF and RANKL [76].

�Resistin
It is a recently discovered adipocyte-secreted factor [77]. Resistin has rarely been 
found to be produced by fat tissue [78]. It is expressed by the bone marrow and 
produced by peripheral mononuclear cells as an inflammatory cytokine [79]. 
Resistin is involved in the atherogenic process, and serum levels are higher in dia-
betic and obese patients [77, 80, 81].

�IL6
One-third of the circulating levels of IL-6 is produced by adipocytes and adipose 
tissue matrix [82]. This is consistent with the evidence that serum IL-6 is increased 
in overweight and obese individuals [83, 84]. IL-6 may affect glucose homeostasis 
and energy expenditure either directly or indirectly by acting on adipocytes, hepa-
tocytes, skeletal muscle, and pancreatic β-cells [85].

�MCP-1
MCP-1 is a factor involved in macrophagic activation during the inflammation 
response and recently has been recognized as a new protagonist of the complex 
interaction between insulin resistance, diabetes, and inflammatory disease. 
Experimental studies in vivo performed on obese mice demonstrate that mice with 
higher levels of MCP-1 in adipose tissue were at higher risk of fat inflammation and 
future insulin resistance both in the adipose tissue and in the liver in comparison 
with mice with lower levels of MCP-1.

11.2.6	 �Sex Hormones

The adipose tissue can contribute significantly to the circulating pool of estrogens. 
Aromatase expression in adipose tissue primarily accounts for the peripheral forma-
tion of estrogen and increases as a function of body weight and advancing age [86]. 
Estrogen deficiency is associated with marrow adiposity in postmenopausal women 
[87], and estrogen administration can reverse marrow adiposity in the ovariecto-
mized rat model [88–90].

Observational studies support an association between estrogen metabolism and 
BMI [91], suggesting that obesity is associated with significant decreases in hydrox-
ylation of estrone at C-2. This results in reduced production of less active or inactive 
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estrogenic metabolites, which can possibly sustain bone mass in obesity. Indeed, a 
recent study showed that in postmenopausal women, an increase in the metabolism 
of estrogen toward the inactive metabolites is associated with lower body fat and 
higher lean mass than those with predominance of the metabolism toward the active 
metabolites [92].

11.3	 �RANKL System and Insulin Resistance

RANKL is a member of the TNF superfamily and, after binding to its cognate 
receptor RANK, acts as a potent stimulator of NF-κB. There are evidences support-
ing a role of this system in diabetes and associated diseases [93]. Both liver tissues 
[94] and β-cells express RANKL and RANK [95]. Moreover, levels of OPG, which 
competes for RANK/RANKL interaction, are elevated in T2D, especially in those 
with poor glycemic control and relates with fat mass and atherosclerosis parameters 
[96–99]. Recently, Kiechl et al. showed that increased levels of soluble RANKL are 
associated with the development of diabetes in 844 subjects from the Brunek study 
(OR = 3.37; 95 % CI: 1.63–6.97). Besides the epidemiologic finding, the authors 
showed that RANKL interacted with glucose homeostasis by acting on hepatocyte 
function and insulin resistance. Indeed, mice selectively lacking RANK in the hepa-
tocyte (RankLKO) were protected by high-fat diet-induced insulin resistance and 
showed fasting glucose and insulin concentrations similar to those of RankWT mice 
fed with a normal-fat diet [95]. These data suggest the RANKL involvement in the 
pathogenesis of hepatic insulin resistance and T2D and provide a link between 
inflammation and disrupted glucose homeostasis.

11.3.1	 �Osteocalcin

Osteocalcin (OCN), an osteoblast-synthesized hormone, has been shown to regulate 
glucose homeostasis by stimulating beta cell proliferation and increasing insulin 
secretion and action (Fig. 11.1).

Karsenty’s group has indicated that OCN-knockout mice display decreased 
β-cell proliferation, glucose intolerance, and insulin resistance. In ex vivo studies, 
when pancreatic β-cells isolated from wild-type mice were cocultured with wild-
type osteoblasts or in the presence of supernatants from cultured osteoblasts, insulin 
secretion increased, suggesting the presence of an osteoblast-derived circulating 
factor that regulates β-cell function. Administration of OCN significantly decreased 
glycemia and increased insulin secretion. Furthermore, OCN function was exerted 

UCOC
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diabetes risk

Fig. 11.1  Role of osteocalcin in glucose metabolism homeostasis. Adapted from Motyl et al. [109]
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through adiponectin – coculture of wild-type osteoblasts with adipocytes increased 
adiponectin expression and action [100, 101]. A number of human studies have also 
explored the relationship between OCN and glucose homeostasis. OCN levels have 
been reported to be lower in T2D compared to healthy subjects [102], inversely 
related to body mass index, fat mass, and plasma glucose [103–106] but also to 
atherosclerosis and inflammatory parameters such as high sensitive C-reactive pro-
tein and IL-6 [107].

Ferron et al. have also shown that in mice fed with a high-fat diet (HFD), daily 
injections of osteocalcin partially restored insulin sensitivity and glucose tolerance. 
Intermittent osteocalcin injections displayed additional mitochondria in their skel-
etal muscle, with increased energy expenditure and improved insulin sensitivity.

�Lifestyle Intervention
Lifestyle intervention is considered the golden standard for treating obesity and 
preventing cardiometabolic-related events. In a recent study, Villareal’s group has 
randomized 107 obese elderly subjects to control group, diet group, exercise group, 
and diet–exercise group for 1 year. At the end of the study, the diet–exercise and diet 
groups had similar improvements in insulin area under the curve (AUC), glucose 
AUC, visceral fat, tumor necrosis factor, and adiponectin while no changes in these 
parameters occurred in both exercise and control groups [108]. Importantly, the 
combination of these two interventions reduced insulin sensitivity and the cardio-
metabolic syndrome prevalence by 40 % [108]. These data confirmed previous find-
ings showing that exercise training per se may have a neutral effect on insulin 
sensitivity while it becomes detrimental when associated to weight loss.
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Dyslipidemia and Cardiovascular  
Risk in Obesity

Marcello Arca

12.1	 �Introduction

Obesity is a major public health problem due to its increasing prevalence in both 
developed and developing countries [1]. The increase in the prevalence of obesity 
is occurring not only in adults but also in children and adolescents, in whom rela-
tive increases in obesity prevalence are particularly striking [2]. The exploding 
obesity epidemic has put this emerging risk factor at the front of cardiovascular 
risk assessment and management. Accordingly, the American Heart Association 
has published several position papers to document and emphasize the health haz-
ards of obesity [3]. Although it is clear that more obesity is associated with more 
type 2 diabetes mellitus and with a greater risk of developing a variety of cardio-
vascular health outcomes, this condition is complex and heterogeneous as a phe-
notype. It is well established that visceral obesity may be a driver of an increased 
risk of coronary heart disease (CHD). Recent reviews of the strength of the pro-
spective relationship between adiposity in adult life (measured as body mass 
index [BMI]) and CHD risk have suggested that a 1 kg/m2 higher BMI is associ-
ated with increases in CHD risk of approximately 7–5 % [4–6]. The association is 
largely independent of confounding by cigarette smoking [5] but is partly medi-
ated by blood pressure and dyslipidemia. Therefore, the current review will 
mainly focus on the changes in lipoprotein metabolisms seen in obesity and their 
implication into atherogenesis. In addition, the pharmacological and non-pharma-
cological interventions to control dyslipidemia in obesity will be examined.
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12.2	 �Dyslipidemia in Obesity: The Pathophysiological 
Mechanisms

Obesity significantly affects lipoprotein metabolism. The typical plasma lipid 
abnormality associated with visceral obesity is characterized by increased plasma 
concentration of triglycerides (TG), reduced concentration of high-density lipopro-
tein cholesterol (HDL-C), and qualitative alteration of low-density lipoprotein 
(LDL) fraction due to the preponderance of the small and dense LDL (sdLDL) 
(Fig.  12.1). There is a large agreement that these alterations have a great pro-
atherogenic potential so that this form of dyslipidemia has been, more appropri-
ately, defined as atherogenic dyslipidemia (AD) [7].

It is thought that atherogenic dyslipidemia is caused by a multiple array of meta-
bolic abnormalities such as: (1) increased production of TG-rich lipoproteins from 
the liver and intestine, (2) increased cholesterol synthesis, (3) delayed clearance of 
TG-rich lipoproteins, and (4) increased HDL catabolism. However, an important 
question is which of these abnormalities is the more relevant in determining the 
typical lipid phenotype of AD. Several lines of evidence indicate that the pivotal 
role is played by the increased production of very-low-density lipoproteins (VLDL) 
by the liver. In vivo turnover studies have, in fact, shown that the dominant feature 
of AD is the increased production rate of VLDL-apo B by the liver, mainly as large 
VLDL particles (VLDL1) [8]. The VLDL1 production rate is the strongest determi-
nant of TG concentration in the plasma and is significantly related to indices of 
insulin sensitivity [8].

The enhanced influx of VLDL particles into the bloodstream not only determines 
hypertriglyceridemia but is the major cause of the other lipid abnormalities of AD 
since it will lead to delayed clearance of the TG-rich lipoproteins and formation of 
sdLDL [9, 10]. In the presence of hypertriglyceridemia, the cholesterol-ester con-
tent of LDL decreases, whereas that of TG increases due to the enhanced activity of 
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the cholesteryl ester transfer protein (CETP), the circulating enzyme that pro-
motes  the exchange of cholesterol esters (CE) with TGs between VLDL and 
LDL. However, the increased TG content within the LDL is hydrolyzed by hepatic 
lipase, which leads to the formation of sdLDL particles [11]. The development of 
sdLDL in obesity is mainly due to increased TG concentrations and does not depend 
on total body fat mass [12].

Lipolysis of TG-rich lipoproteins is also impaired in obesity by reduced activity 
of lipoprotein lipase (LPL), the enzyme that regulated the lipolysis of TGs in VLDL 
and intestinal-derived chylomicron [13]. Studies using stable isotopes have shown a 
decreased catabolism of chylomicron remnants in obese subjects with the waist/hip 
ratio as the best predictor for the fractional catabolic rate [14]. Additionally, pro-
longed postprandial lipemia leads to elevated levels of FFA, resulting in detachment 
of LPL from its endothelial surface [15], further reducing the postprandial catabo-
lism of TG-rich lipoproteins. It has been well demonstrated that postprandial hyper-
lipidemia with accumulation of atherogenic remnants is especially linked to visceral 
obesity [16]. Van Oostrom et al. have shown that diurnal triglyceridemia in obese 
subjects correlates better to waist circumference than to body mass index [17], 
which is in agreement with the hypothesis that the distribution of adipose tissue 
modulates postprandial lipemia. There are reports suggesting that also the metabo-
lism of LDL might be altered in obese individuals mainly due to the reduced expres-
sion of LDL receptors [18].

The increased number of remnants of chylomicrons and VLDL together with 
impaired lipolysis in obesity also significantly affects the HDL metabolism. As 
mentioned before, the increased number of TG-rich lipoproteins results in increased 
CETP activity, which exchanges CE from HDL for TG from VLDL and LDL [19]. 
Moreover, lipolysis of these TG-rich HDLs occurs by hepatic lipase resulting in 
small HDL with a reduced affinity for apo A-I, which leads to dissociation of apo 
A-I from HDL. This will ultimately lead to lower levels of HDL-C and a reduction 
in circulating HDL particles with impairment of reversed cholesterol transport [20].

12.3	 �The Atherogenic Potential of Lipoprotein  
Abnormalities in Obesity

The resulting effect of all abovementioned abnormalities in the lipoprotein metabo-
lism in obesity is the accumulation of pro-atherogenic lipoproteins and the impair-
ment of HDL function. In fact, sdLDLs are relatively slowly metabolized with a 
5-day (instead of 2-day) residence time, which enhances its atherogenicity [11]. In 
addition, sdLDLs have an increased affinity for arterial proteoglycans resulting in 
enhanced subendothelial lipoprotein retention [21]. Finally, it has been described 
that sdLDLs are more susceptible to oxidation, in part due to less free cholesterol 
and anti-oxidative content [19]. Remnants of chylomicrons and VLDL are also 
involved in the development of atherosclerosis. Several investigations have docu-
mented an association between TG-rich lipoproteins and remnant cholesterol levels 
with the presence of coronary atherosclerosis [22]. This has been explained by the 
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fact that chylomicron remnants and LDL may migrate into the vessel wall and 
become trapped in the subendothelial space where they can be taken up by mono-
cytes/macrophages [23]. This mechanism may be facilitated by the fact that suben-
dothelial remnants of chylomicrons and VLDL do not need to become modified to 
allow uptake by scavenger receptors of macrophages in contrast to native LDL [23]. 
Even though LDL particles migrate more easily than chylomicron remnants into the 
subendothelial space, the number of migrated particles does not necessarily trans-
late into more cholesterol deposition since chylomicron remnants contain approxi-
mately 40 times more cholesterol per particle than LDL [23]. Other mechanisms of 
remnant-mediated atherogenesis, which may play a role in obesity, comprise the 
postprandial activation of leukocytes, generation of oxidative stress, and production 
of cytokines [24]. On the other side, the abnormality in HDL concentration and 
composition is thought to have an important impact in deteriorating the contribution 
of this particle to the cholesterol efflux from the cells. The capacity of cholesterol 
efflux, which is the first step in the reverse cholesterol transport, has been associated 
with increased risk of coronary artery disease and with the flow-mediated vasodila-
tion in diabetic obese patients [25]. It has been also reported that HDL isolated from 
obese diabetic patients shows a reduced capacity to promote ex vivo cholesterol 
efflux from cells and that this may be related to a lower expression of ABCA1, 
which is the membrane transporter responsible for the first step of transfer of cho-
lesterol from cell membrane to HDL particle [26].

12.4	 �Lipid Targets for Treatment of Dyslipidemia in Obesity

The EAS/ESC guidelines recommend testing lipids in obese subjects in order to 
assess their cardiovascular risk [27]. However, the necessity to initiate pharmaco-
logical treatment next to lifestyle intervention in obese subjects with dyslipidemia 
depends on the comorbidity, the potential underlying primary lipid disorders, and 
the calculated cardiovascular risk [13, 27]. Irrespective of increased body weight, 
LDL-C is the primary target for the treatment of dyslipidemia in obesity [27] 
(Table  12.1). Nevertheless, the presence of obesity can affect treatment targets 
since obesity may contribute to increased remnant cholesterol, higher TG levels, 
and lower HDL-C concentrations. Therefore, apo B or non-HDL-C levels are rec-
ommended as secondary treatment targets next to LDL-C levels in the presence of 
AD [13, 27]. Apo B represents the total number of atherogenic particles (chylomi-
crons, chylomicron remnants, VLDL, IDL, and LDL), whereas non-HDL-C repre-
sents the amount of cholesterol in both the TG-rich lipoproteins and LDL. Recently, 
a meta-analysis has shown that implementation of non-HDL-C or apo B as treat-
ment target over LDL-C would prevent an additional 300,000–500,000 cardiovas-
cular events in the US population over a 10-year period [28]. However, others did 
not describe any benefit of apo B or non-HDL-C over LDL-C levels to assess car-
diovascular risk [29]. The treatment target for non-HDL-C should be 30  mg/dl 
higher than the target for LDL-C, which corresponds with non-HDL-C levels of 
160  mg/dl and 130  mg/dL for subjects at moderate and high risk, respectively. 
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Treatment targets for apo B are approximately 0.80–1.00 g/L [27]. Specific treat-
ment targets for TG levels are unavailable, especially since TGs are highly variable 
and increase during the day. However, pharmacological interventions to lower spe-
cifically TG should be initiated when TG levels exceed 800 mg/dl to reduce the risk 
for pancreatitis [13, 30].

12.5	 �Pharmacological and Non-pharmacological 
Interventions for Dyslipidemia in Obesity

Treatment of obesity-associated dyslipidemia should be focused on lifestyle changes 
including weight loss, physical exercise, and a healthy diet. Lifestyle changes syner-
gistically improve insulin resistance and dyslipidemia [31]. Weight loss has been 
demonstrated to markedly reduce fasting and non-fasting TG concentrations, which 
can be attributed to an increase in LPL activity, and thereby an increased catabolism 
of TG-rich lipoproteins [32]. Besides reductions in fasting and non-fasting TG, a 
small reduction in LDL-C can be expected upon weight loss, which may be attributed 
to increased LDL receptor activity. A weight loss of 4–10 kg in obese subjects resulted 
in a 12 % reduction in LDL-C and a 27 % increase in LDL receptor mRNA levels 
[33]. The type of dietary fat also affects postprandial lipemia. In obese men, a moder-
ate weight loss (approximately 10 %) induced by a diet low on carbohydrates and 
saturated (SFA) and high on monounsaturated fatty acids (MUFA), resulted in a 
27–46  % reduction in postprandial TG levels [34]. Long-term intervention with 
MUFA resulted in a reduction in postprandial inflammation when compared to a diet 
rich in SF in patients with metabolic syndrome (MetS) [35].

Physical exercise has been shown to increase LPL and hepatic lipase activity, 
which stimulates TG lipolysis [36]. The mechanism of exercise-induced LPL 

Table 12.1  Targets, therapeutic goals, and suggested strategies to control dyslipidemia in patients 
with obesity

Targets Parameters Therapeutic goals Suggested strategies

Primary target ↓ 
LDL

LDL-C High risk <100 mg/dl Statin as first choice

Moderate risk <130 mg/dl Titrate according to guidelines

Lower risk <160 mg/dl

Secondary target ↓ 
non-HDL

Non-
HDL-C

High risk <130 mg/dl Intensify statin therapy

Moderate risk <160 mg/dl Consider adding fibrate mainly  
in high-risk individuals. 
Consider PUFA

Lower risk <190 mg/dl If TG <500 mg/dl initiate with 
fibrates before adding statins

Tertiary target ↑ 
HDL

HDL-C Therapeutic goals “>40 
mg/dl”

Maximize dietary intervention

Increase physical activity

Consider adding fibrates after 
LDL-lowering drugs
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activity remains unclear, but it was hypothesized that exercise stimulates especially 
muscular LPL activity. A 12-week walking program supplemented with fish oil 
(1,000 mg eicosapentaenoic acid and 700 mg docosahexaenoic acid daily) in sub-
jects with the MetS resulted in lower fasting TG and decreased the postprandial 
response of TG and apoB48 [37]. More interestingly, physical activity has been 
reported to favorably influence ectopic fat accumulation (mainly in the liver) in 
obese individuals. Exercise training for 16 weeks in obese subjects with non-alco-
holic fatty liver disease (NAFLD) resulted in a small reduction in intrahepatic TG 
content, although no changes in VLDL-TG or apoB100 secretion were observed 
[38]. Exercise-induced reductions in intrahepatic TG content have also been 
reported even in the absence of weight loss [39]. Moreover, intrahepatic TG content 
was reduced in overweight men after a low-fat diet for 3 weeks, whereas a high-fat 
diet increased intrahepatic TG [40]. The plasma TG-lowering effect of exercise and 
weight loss is the most consistent finding in studies concerning blood lipids [41], 
whereas increasing HDL-C levels by exercise remains controversial, especially in 
those subjects with high TG and low HDL-C levels [42]. Other dietary factors such 
as dietary fibers have been shown to improve nutrient absorption and have also been 
linked to insulin metabolism. Daily intake of resistant starch from bread, cereals, 
vegetables, and pastas is approximately 5  g/day in the Western world, which is 
highly insufficient for potential health benefits [43]. Recently, a randomized study 
in 15 insulin-resistant subjects has shown that 8 weeks of resistant starch supple-
mentation (40 g/day) improved insulin resistance and subsequently FFA metabo-
lism. Resistant starch ingestion resulted in lower fasting FFA concentrations and 
increased TG lipolysis by enhanced expression of genes like LPL coupled with 
increased FFA uptake by skeletal muscle [44]. However, no effect of resistant starch 
supplementation was observed on TG and cholesterol concentrations [44].

Unfortunately, lifestyle modifications are often insufficient to achieve weight loss 
and improvement of dyslipidemia, and, therefore, pharmacological treatment must 
be considered. The effects on dyslipidemia of antiobesity drugs are very limited, if 
present. A recent meta-analysis concerning antiobesity drugs reported a mean weight 
loss of 3.13 kg, but a very little improvement of dyslipidemia [45]. Orlistat, which 
reduces the lipolysis of TG within the gastrointestinal system and thus prevents 
absorption of intestinal fat by 30 %, showed only a modest reduction in LDL-C of 
8 mg/dl. Sibutramine, which increases the sensation of satiety by modulating the 
central nervous system, showed a 12 mg/dl reduction in TG, whereas rimonabant did 
not show any lipid improvements [45]. Conversely, bariatric surgery-induced weight 
loss has been associated with decreased TG and increased HDL-C levels [46].

Obesity-associated dyslipidemia may well be treated with specific hypolidemic 
medications (Table 12.1). Statins are the first-choice agents to reduce LDL-C, non-
HDL-C, and/or apo B. However, statins lower TG only marginally and do not fully 
correct the characteristic dyslipidemia seen in obesity, which may contribute to the 
residual risk after initiating statin therapy [47]. Statins inhibit the enzyme 3-hydroxy-
3-methylglutaryl-coenzyme A (HMG-CoA), which is the rate-limiting step in the 
hepatic cholesterol synthesis. This, in turn, increases the fractional catabolic rate of 
VLDL and LDL together with a slight reduction in hepatic secretion of VLDL. Therefore, 
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statins lower both remnant cholesterol and LDL-C levels [48]. Recently, strategies for 
combination therapies with statins to achieve even lower cholesterol levels have been 
reviewed [47]. Combinations can be made with ezetimibe, which inhibits the intestinal 
cholesterol absorption by interaction with NPC1L1, which results in an additional 20 % 
lowering effect on LDL-C, but without affecting TG or HDL-C concentrations [49]. On 
the contrary, fibrates are primarily indicated in the case of hypertriglyceridemia, and 
they reduce TG by approximately 30  % and LDL-C by 8  %, whereas HDL-C is 
increased by an average of 9 % [50]. Fibrates are peroxisome proliferator-activated 
receptor-α agonists, which transcriptionally regulate lipid metabolism-related genes. 
Fibrates as monotherapy have been shown to reduce cardiovascular mortality, especially 
in subjects with characteristics of the MetS with TG levels >190 mg/dl [51]. However, 
there is controversy about the effectiveness of fibrate therapy on top of statin therapy 
since the ACCORD trial was unable to confirm a beneficial effect on cardiovascular end 
points by fenofibrate combined with statins in diabetic patients [52]. Nevertheless, It 
must be mentioned that subgroup analyses suggested a beneficial effect of combination 
therapy of fibrates with statins in patients with AD [52]. Omega-3 fatty acids, which 
decrease the hepatic synthesis and accumulation of TG [53], have been shown to reduce 
plasma TG by 25–30 % by effectively reducing the hepatic secretion of VLDL in insu-
lin-resistant subjects [54]. Omega-3 fatty acids have also been shown to increase the 
conversion of VLDL into IDL, which suggests an additional benefit for combining 
omega-3 fatty acids with statins by increased catabolism of VLDL, IDL, and LDL. 
Drugs that increase insulin sensitivity like metformin or thiazolidinedione derivatives 
have no or minimal effects on lipoprotein profile in obesity [55].

�Conclusions

The pathophysiology of the typical dyslipidemia observed in obesity is multifac-
torial and includes hepatic overproduction of VLDL, decreased circulating TG 
lipolysis and impaired peripheral FFA trapping, increased FFA fluxes from adipo-
cytes to the liver and other tissues, and formation of sdLDL. Treatment should be 
aimed at weight loss by increasing exercise and improving dietary habits with a 
reduction in total calorie intake and reduced SFA intake. Medical therapy can be 
initiated if lifestyle changes are insufficient. Statins are the primary lipid-lowering 
drugs with effective reductions in LDL and remnant cholesterol levels. Moreover, 
the addition of fibrates may be considered in case of residual dyslipidemia in 
subjects with diabetes mellitus, elevated TG, and reduced HDL-C levels. Apo B 
and/or non-HDL-C concentrations reflect the atherogenic lipid burden more accu-
rately than LDL-C alone in obesity and should be used as treatment targets.
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13Pulmonary Complications of Obesity

Dinkar Bhasin, Animesh Sharma, and Surendra K. Sharma

13.1	 �Introduction

Obesity is one of the greatest public health problems and a pandemic that continues 
to grow despite increasing awareness. The World Health Organization projects that 
by 2015, there will be more than 700 million obese people [1]. Obesity has several 
health consequences including a particularly well-established role in the pathogen-
esis of pulmonary diseases like obstructive sleep apnea and obesity hypoventilation 
syndrome. These in turn increase the risk of cardiovascular and metabolic complica-
tions severalfold. There is also emerging evidence of association between obesity 
and asthma where studies have shown that obesity may predate asthma, and severity 
of symptoms increases with increasing body mass index (BMI) [2].

Obesity impacts airway and respiratory muscle function in multiple ways. There 
is evidence indicating that inspiratory and expiratory muscle function is potentially 
compromised in obesity even in the absence of underlying lung disease [3]. In obese 
subjects, airway dysfunction is attributed to reduction in lung volume with airway 
compression. Inflammation due to circulating cytokines, vascular congestion, and 
intrinsic airway disease may also play a role [4].
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In this chapter, we will discuss in detail the mechanisms underlying pulmonary 
dysfunction in obesity and the clinical manifestations and management of obesity-
related lung disorders. The pulmonary complications of obesity are summarized in 
Table 13.1.

13.2	 �Role of Fat Distribution

Studies have shown that the effects of obesity on the respiratory system are influ-
enced more by the distribution of fat rather than the absolute value of weight or BMI. 
Central obesity (upper body fat distribution) is more common in males and is caused 
by deposition of adipose tissue in the abdomen, anterior abdominal wall, and anterior 
chest wall while peripheral obesity (lower body fat distribution) is associated with 
excess subcutaneous fat. The two can be distinguished by waist circumference to hip 
ratio (WHR) with ratios greater than 0.95 being indicative of central obesity. 
Subscapular and biceps skinfold thickness can also be used as indirect measures of 
upper body fat distribution [5]. Higher values of WHR and abdominal height corre-
late well with decline in lung function [6–8]. Central obesity increases the resistive 
load on the respiratory muscles and decreases diaphragmatic excursion, thereby, lim-
iting expansion of basal lung units and premature closure of peripheral lung airways. 
In contrast, peripheral obesity is associated with minimal compromise of lung func-
tion and, thereby, less obesity-related complications.

Table 13.1  Pulmonary 
complications of obesity

Obesity-related dyspnea

Sleep-disordered breathing

  Snoring

  Upper airway resistance syndrome

  Obstructive sleep apnea (OSA)

Obesity hypoventilation syndrome

Obesity-related respiratory failure

  Severe OSA with associated hypercapnia

  Lone obesity hypoventilation syndrome (OHS)

  Combined OHS and OSA

Asthma

  Increased severity of symptoms

  Possible role in etiology

Chronic obstructive pulmonary disease (COPD)

  Decreased mortality

  Overlap syndrome (COPD and OSA)

Anesthesia-related complication

  Difficult bag and mask ventilation

  Difficult endotracheal intubation

  Perioperative atelectasis and hypoxemia

D. Bhasin et al.



133

13.3	 �Effect of Obesity on Pulmonary Mechanics

Obesity affects virtually all parameters of lung function testing. Obese patients have 
lower lung compliance, chest wall compliance, and total respiratory compliance [9, 
10]. Among the static lung volumes, a consistent relationship has been established 
with increase in BMI and reduction in expiratory reserve volume (ERV) and hence 
the functional residual capacity (FRC) [11] (Fig. 13.1). Weight loading of the tho-
racic chest wall causes normal tidal respiration to occur at lower levels of FRC. Intra-
abdominal fat deposition decreases diaphragmatic movements resulting in 
micro-atelectasis and early closure of small airways in the basal juxta-diaphragmatic 
lung units and, therefore, volume loss and reduction in FRC and ERV. Figure 13.1 
illustrates the effect of obesity on static lung volumes. Among the dynamic lung 
volumes, forced expiratory volume in first second (FEV1) and forced vital capacity 
(FVC) are generally well preserved until extreme elevations in BMI [12]. Excessively 
obese patients tend to have low FEV1 and FVC with FEV1/FVC ratio being normal 
(>70 %) suggestive of a restrictive pattern [13].

Airway resistance is higher in obese individuals compared to normal controls. This 
can be explained in part by the low lung volumes at which normal tidal respiration 
occurs in these patients leading to closure of small airways [14]. Studies have shown 
that corrected for lung volume, the airway conductance (inverse of airway resistance) 
is normal in obese subjects [15]. A positive correlation between airway conductance 
and FRC has been established; however, there is no conclusive evidence to support a 
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Fig. 13.1  Effect of obesity on lung volumes: Expiratory reserve volume (ERV) decreases in obe-
sity. The functional residual capacity (FRC), sum of ERV and residual volume, is reduced, often 
approaching residual volume (see arrow). The decline in FRC in obese subjects is primarily the 
result of reduced ERV. Compensatory increase in inspiratory reserve volume may occur so that the 
total lung capacity (TLC, the sum of FRC and inspiratory capacity or IC) is often normal 
(Reproduced with permission from Sood [11])
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relation between absolute BMI and airway conductance [16]. Inflammatory cytokines 
(adipokines) released by adipose tissue have also been hypothesized to contribute to 
airway inflammation and increased airway resistance [17].

Obese individuals generally have normal arterial oxygen pressure (PaO2), but 
alveolar-arterial oxygen gradient [P(A-a)O2] is often widened, especially in mor-
bidly obese subjects who may also have hypoxemia. This is explained by ventilation-
perfusion (V/Q) mismatch secondary to premature closure of airways in dependent 
portions of the lungs which have good perfusion but are underventilated [18]. These 
changes are more marked in the supine position while P(A-a)O2 gradient and PaO2 
improve during exercise which is explained by recruitment of the collapsed basal 
units [19]. Recent studies have shown a correlation between WHR and changes in 
PaO2, PaCO2, and P(A-a)O2 gradient [20]. Gas exchange is generally normal in 
obese subjects with some studies showing that DLco when corrected for lung vol-
ume in extremely obese (height/weight ratio > 1.10) may actually be elevated [21].

Obese individuals have higher basal oxygen consumption which can be attrib-
uted to the increased work of breathing caused by higher resistive loads of the ante-
rior chest wall, overstretching of the diaphragm resulting in lower efficiency, and 
increased basal body requirement when compared with lean subjects [22]. Therefore, 
resting minute ventilation is higher in obese subjects, at the expense of higher respi-
ratory rates as obese patients cannot significantly increase tidal volume [22, 23]. 
Minute ventilation increases during exercise, and the increase is more marked as 
compared to normal subjects which can be explained by the recruitment of basal 
atelectatic lung units during exercise [19].

The effects of obesity on pulmonary physiology are summarized in Table 13.2.

Table 13.2  Altered resting respiratory physiology in obesity

Physiologic parameter Effect of obesity

Respiratory compliance Decreased

Respiratory muscle strength Decreased

Work of breathing at rest Increased

Vital capacity (VC) Normal or decreased

Forced expiratory volume in one second (FEV1) Normal or decreased

Ratio (FEV1/VC) Normal, increased, or decreased

Maximal expiratory flow rates at low lung volumes Decreased

Expiratory reserve volume (ERV) Decreased

Residual volume (RV) Normal

Inspiratory capacity (IC) Normal or increased

Total lung capacity Normal or slightly decreased

Airway resistance Decreased

Specific airway conductance Normal

Diffusion capacity Variable

Alveolar-arterial oxygen tension gradient [P(A-a)O2] Decreased

Adapted with permission from Sood [11]
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13.4	 �Obesity and Dyspnea

Overweight and obese subjects are more likely to have self-reported dyspnea at rest 
and exertion compared with lean individuals even in the absence of an underlying 
pulmonary disease [24, 25]. Prior studies have suggested that the increased percep-
tion of dyspnea in obese patient may be related to increased work of breathing and 
lower efficiency of respiratory muscles [24, 26]. Weight loss can reverse these 
symptoms; however, it still remains to be explained why only some obese subjects 
complain of exertional dyspnea [25].

13.5	 �Obesity and Sleep-Disordered Breathing

Sleep-disordered breathing (SDB) refers to a set of conditions associated with nar-
rowing of the upper airways. As the upper airway resistance increases, the severity 
of SDB increases. The least severe presentation is in the form of simple snoring 
during sleep without sleep fragmentation and daytime somnolence. At the other end 
of the spectrum is obstructive sleep apnea (OSA) wherein patients have episodes of 
apnea and/or hypopnea followed by arousal from sleep and, therefore, sleep frag-
mentation leading to excessive daytime somnolence. The presentation of patients 
with upper airway resistance syndrome (UARS) is intermediate of normal subjects 
and those with OSA as characterized by sleep fragmentation and daytime somno-
lence but without the typical apneic and hypopneic episodes of OSA. Epidemiological 
studies have shown obesity to be a major risk factor for OSA, and nearly 50 % of 
patients with this syndrome have a BMI > 30 kg/m2. Further, in obese subjects, the 
risk of developing OSA increases with rising BMI, and morbidly obese individuals 
have 55–90 % risk of developing OSA [27]. In newer studies, neck circumference 
has been demonstrated to correlate better with risk of OSA than absolute BMI while 
abdominal circumference may be a superior predictor than both neck circumference 
and BMI [28, 29].

Obesity predisposes to development of SDB by increasing collapsibility of the 
upper airway (UA). The airway passes through a partly closed maxillomandibular 
bony enclosure, and increased deposition of adipose tissue in this region causes nar-
rowing of the pharyngeal airway, resulting in an increase in critical pressure (Pcrit) 
which is defined as the pressure inside the airway at which airway collapse occurs. 
As Pcrit increases, severity of OSA increases and effective therapy of OSA requires 
application of continuous positive airway pressure (CPAP) higher than Pcrit. Obese 
persons also have higher basal oxygen consumption and consequently greater fall in 
oxygen saturation during apneas/hypopneas as compared to nonobese patients with 
OSA of same severity [30]. Further, as OSA causes fatigue and increased daytime 
somnolence, the level of physical activity is likely to be lower making weight loss 
difficult. Studies have also shown that decreased sleep at night increases daytime 
intake of carbohydrates thereby promoting obesity [31]. Hence, the relationship 
between OSA and obesity is bidirectional, setting up a vicious cycle. Consequences 
of SDB can result either from sleep fragmentation and excessive daytime sleepiness 
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or from nocturnal hypoxemia/hypercapnia during apneic and hypopneic episodes. 
Table 13.3 summarizes the consequences of SDB.

The clinical features of SDB depend on the severity of upper airway obstruction. 
Patients with OSA commonly present with complaints of snoring, apneas witnessed 
by partners, fatigue, chronic sleep deprivation, excessive daytime sleepiness, and 
morning headaches. Diagnosis of obstructive sleep apnea can only be confirmed by 
overnight multichannel polysomnography (PSG) which includes electrocardiogram, 
electroencephalogram for staging sleep, electrooculogram for detecting rapid eye 
movements, chin electromyogram to measure muscle tone, respiratory inductance 
plethysmography to measure respiratory muscle effort, nasal airflow sensors, and 
pulse oximetry for recording arterial oxygen saturation. Apnea is defined as reduc-
tion in airflow by 90 % or more for at least 10 s and hypopnea is defined as 30–90 % 
reduction in airflow for a minimum of 10 s with either a reduction in baseline oxygen 
saturation by 3 % or an event-associated arousal from sleep [32]. Apnea-hypopnea 
index (AHI) measures the average number of obstructive sleep events (apnea and 
hypopnea) per hour of sleep time and AHI ≥ 5 events/h in the presence of symptoms, 

Table 13.3  Consequences 
of obstructive sleep apnea

Cardiovascular

  Hypertension

  Coronary artery disease

    Nocturnal angina

    Myocardial infarction

  Heart failure

  Arrhythmias especially bradyarrhythmias

  Pulmonary hypertension

  Chronic cor pulmonale

  Sudden cardiac death

Neurological and neuropsychiatric

  Morning headache

  Refractory epilepsy

  Stroke

  Anxiety

  Depression

  Acute delirium

Endocrine

  Insulin resistance

  Diabetes mellitus

  Impotence and erectile dysfunction

Metabolic syndrome

Automobile accidents

Miscellaneous

  Hoarse voice

  Nocturia

  Gastroesophageal reflux disease

  Polycythemia
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or AHI ≥ 15 events/h in the absence of symptoms is diagnostic of OSA. Severity of 
OSA is also graded based on AHI: ≥ 5 to 15 events/h - mild OSA, ≥ 15-30 events/h 
- moderate OSA and > 30 events/h - severe OSA. Obstructive sleep apnea syndrome 
(OSAS) is classically defined as OSA (diagnosed by polysomnography) with exces-
sive daytime sleepiness (EDS). Epworth Sleepiness Scale (ESS) is a subjective test, 
and a score greater than 10 out of 24 denotes EDS. Objective tests include multiple 
sleep latency test or maintenance of wakefulness test but are seldom needed. EDS is 
not synonymous with OSA and also associated with several other conditions. 
However, all patients with unexplained EDS should be tested for OSA.

PSG has critical limitations in being expensive, requiring specially trained person-
nel, and a well-equipped sleep laboratory. In patients without major medical complica-
tions such as heart failure, coronary artery disease, and respiratory failure, home testing 
using portable monitors that measure oxygen saturation and airflow has been validated 
and is equally reliable for diagnosis and monitoring response to treatment [33].

Sleep apnea, even when asymptomatic, confers an increased risk of associated 
medical complications, most importantly cardiovascular diseases [34]. Although the 
literature has reported conflicting results, snoring alone has been associated with 
hypertension, angina, and insulin resistance [35, 36]. Continuous positive airway 
pressure (CPAP) at night acts as a pneumatic splint, preventing airway collapse, and 
is the most beneficial treatment modality reducing both the AHI and risk of compli-
cations. The pressure requirement is calculated by CPAP titration during polysom-
nography, and modern machines have facility of auto-CPAP which detects changing 
obstruction and makes automatic adjustments to CPAP. Bi-level positive airway pres-
sure (BPAP) machines use higher pressures during inspiration compared with expira-
tion, and this therapy is indicated in patients with high PAP titration pressures 
(>13–14 cm H2O), type II respiratory failure, and coexistent obesity hypoventilation 
syndrome. PAP therapy for OSA is provided with room air except for complications 
such as pulmonary hypertension and respiratory failure when supplemental oxygen 
therapy or formal noninvasive positive pressure ventilation (NIPPV) is needed. The 
choice of delivery system depends upon patient comfort and includes full face masks, 
oral masks, nasal masks, and nasal pillows. Nasal masks have greater tolerance and 
are generally preferred as the first choice. However, the drawback of PAP is discom-
fort to the patient from the delivery system and difficulty in daily adherence. Surgical 
procedures like uvulopalatopharyngoplasty may benefit patients with mild disease, 
but cure rate is reported to be less than 20 % [37]. Oral appliances including tongue 
repositioning devices and mandibular advancing devices can be used as primary 
therapy in patients with mild to moderate OSA or as adjunct to PAP in severe OSA 
[38]. Weight loss through lifestyle changes or bariatric surgery results in both sub-
jective and objective (AHI) improvement in patients with OSA [39, 40].

13.6	 �Obesity Hypoventilation Syndrome

Obesity is central to the pathogenesis of obesity hypoventilation syndrome 
(OHS) which is defined by BMI ≥ 30  kg/m2, chronic daytime hypoxemia and 
hypercapnia (PaO2 < 70 mmHg and PaCO2 ≥ 45 mmHg), and sleep-disordered 
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breathing (SDB) [41, 42]. Other causes of hypoventilation such as underlying 
pulmonary, neuromuscular, skeletal, and metabolic diseases need to ruled out 
[43]. The most common form of SDB in OHS is OSA, occurring in nearly 90 % 
of the patients [44]. The remaining 10 % of the patients have “lone” OHS with 
an AHI < 5 events/h. SDB in this subgroup is termed as sleep hypoventilation 
and is defined by an increase in PaCO2 by 10 mmHg during sleep or significant 
decline in oxygen saturation not explained by apnea or hypopnea [41, 43]. While 
majority of OHS patients have OSA, a causal relationship between the two has 
not been established [44]. Among patients with OSA only 10 % have features of 
OHS [45, 46].

As discussed previously in this chapter, obesity causes restrictive lung functions 
and increased basal demands. Normal obese subjects can meet these demands by 
increasing their respiratory drive. However, patients with OHS have greater respira-
tory restriction and have poor central responsiveness to hypoxemia and hypercapnia 
resulting in chronic hypoventilation [47]. Leptin has been shown to increase central 
responsiveness in obese individuals, and patients with OHS have high leptin levels 
indicative of leptin resistance [48]. In addition to hypoventilation, V/Q mismatch 
secondary to physiologic effects of obesity, as already mentioned, also contributes 
to the daytime hypoxemia and increased P(A-a)O2. Nonetheless, why some obese 
patients develop OHS and others do not is still not clearly understood.

As most patients with OHS have OSA, they are predisposed to all its ensuing 
consequences (Table 13.3). However, the risk for cardiovascular disease and mortal-
ity is significantly higher in patients with OHS when compared with pure OSA, 
with a particularly increased incidence of pulmonary hypertension, chronic cor pul-
monale, and right heart failure [47]. The term Pickwickian syndrome, first used in 
1956, represents patients with severe manifestation of OHS who have morbid obe-
sity, dyspnea at rest, excessive daytime sleepiness, cyanosis (hypoxemia) and facial 
plethora (secondary to polycythemia), hypoxemia and hypercapnia on arterial gases, 
pulmonary hypertension, and right heart failure [49].

Treatment for OHS is multimodal requiring noninvasive ventilation (NIV), 
weight loss, and rehabilitation. NIV is the first-line of treatment, and as most 
patients have coexistent OSA, CPAP is the preferred initial mode. Patients not able 
to tolerate CPAP (because of high pressures) or where no therapeutic response is 
seen with CPAP are likely to benefit from BPAP, which may be the preferred 
modality of treatment in patient with “pure” OHS.  Weight reduction can be 
achieved using lifestyle modifications; however, bariatric surgery has a significant 
impact on improvement in both diurnal hypoventilation and spirometric variables 
postsurgery [50].

Pharmacotherapeutic agents studied for the treatment of OHS include medroxy-
progesterone and acetazolamide. Medroxyprogesterone is a respiratory stimulant 
that increases respiratory drive while acetazolamide depletes bicarbonate and 
increases sensitivity of respiratory centers to hypercapnia [51, 52]. These drugs 
increase alveolar ventilation; however, they do not reverse the underlying patho-
physiology of OHS, and their long-term safety has not been studied. The doses of 
medroxyprogesterone used in OHS may increase the risk of DVT [53].
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13.7	 �Obesity and Asthma

Obese subjects have greater frequency of self-reported symptoms of dyspnea and 
wheezing and are often erroneously diagnosed with asthma. The dyspnea in obese 
individuals is attributable to low lung volumes during tidal ventilation which decreases 
the caliber of airways and produces obstructive symptoms. However, epidemiological 
studies suggest the prevalence of asthma to be higher in overweight and obese sub-
jects when compared to normal population even though a causal relationship between 
the two has been difficult to establish [54]. This could possibly be explained by com-
mon respiratory symptomatology of dyspnea and wheezing between the two disease 
states. Further studies have shown that obesity is not associated with increased airway 
hyperresponsiveness, elevated IgE levels, and raised eosinophil counts [55, 56]. 
Nonetheless, obese patients are more likely to have severe manifestation of asthma 
with more acute exacerbations, increased requirement of bronchodilators, more fre-
quent emergency admissions, and longer durations of hospital stay [57]. In the obese 
asthmatic patient, weight loss has been associated with improvement in morbidity, 
mortality, and overall health status [58]. The systemic inflammatory effects of obesity 
mediated by IL-6, IL-8 and TNF-alpha, and adipokines such as leptin have been sug-
gested to increase airway inflammation resulting in increased symptoms and gluco-
corticoid insensitivity seen in some patients with asthma [59, 60].

13.8	 �Obesity and COPD

Obesity has paradoxical effects on both symptoms and mortality in patients with 
COPD. Obese and overweight patients with COPD have a lower mortality when 
compared with normal-weight patients while underweight patients have the highest 
mortality [61]. The possible explanation for this lies in that weight loss in COPD 
patients is because of loss of skeletal muscle mass, in the setting of chronic systemic 
inflammation, which results in respiratory muscle weakness and deterioration of 
lung function. Hence, fat-free muscle (FFM) index may provide added information 
in COPD patients than measuring the BMI alone. Further, nutritional supplementa-
tion in COPD has been shown to increase body weight, decrease airflow limitation, 
and improve overall quality of life [62].

Studies have also shown that for the same airflow limitation, obese patients with 
COPD are likely to have less dyspnea and greater exercise tolerance. The restrictive 
effects of obesity on the lungs decrease compliance and reduce FRC, thereby, miti-
gating the dynamic hyperinflation associated with small airway obstruction in 
COPD resulting in improved exercise tolerance [63]. It is still not clearly under-
stood if the beneficial effects of obesity, as defined by BMI, are related to the greater 
fat-free muscle mass or weight loading effects of obesity on respiratory mechanics, 
but the effect on mortality is consistent across studies especially for patients with 
severe COPD. Further, among COPD patients undergoing pulmonary rehabilitation, 
outcomes are similar in obese and nonobese patients, even though obese patients are 
often referred at an earlier stage of the disease [64].
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While obesity confers survival advantage in patients with COPD, the scenario is 
different for patients who have COPD with coexistent OSA, described as overlap 
syndrome. The overlap syndrome is reported to occur in around 1 % of adult males; 
however, subclinical forms are likely to be more prevalent [65]. These patients not 
only have greater morbidity but increased overall mortality and cardiovascular mor-
tality when compared to patients with either OSA or COPD alone [66]. Nocturnal 
hypoxemia and daytime hypercapnia is more severe and the risk for pulmonary 
hypertension and chronic cor pulmonale is higher [67]. Obese patients with COPD 
should be screened for OSA, and those at high risk should undergo PSG to establish 
diagnosis, as timely initiation of CPAP therapy improves outcomes including mor-
tality [66, 68]. Hypoxemic patients may need supplemental oxygen therapy in addi-
tion to CPAP.

13.9	 �Obesity and Anesthesia

Obese patients pose a challenge to the anesthetist right from the point of induction 
to postoperative recovery. Airway management is often difficult in view of increased 
neck circumference, narrower upper airway, larger tongue size, and diminished 
neck flexibility. The increased collapsibility of the upper airway in obese patients, 
especially those with OSA, can prevent proper bag and mask ventilation. BMI 
greater than 30 kg/m2, snoring, sleep apnea, and thick neck are known predictors of 
difficult intubation [69]. Also, as obese patients have lower respiratory reserves and 
greater oxygen requirement, oxygen saturation is likely to fall more rapidly follow-
ing preoxygenation. Elevating the head end up by 25° during preoxygenation or 
delivering oxygen to the nasopharynx at 5 L/min via a 10 F catheter during direct 
laryngoscopy may delay the rapid desaturation during airway intubation [70, 71].

Mechanical ventilation disrupts the normal physiology of the lungs resulting in 
basal atelectasis. This is more marked in obese individuals because of lower resting 
lung volumes, smaller airway caliber, and cephalad displacement of the diaphragm 
in the supine position. Atelectasis leads to V/Q mismatch causing intraoperative 
hypoxemia for which recruitment maneuvers such as increasing the inspiratory 
pressures to 40–50 cm of H2O immediately after induction in addition to application 
of PEEP of 8–10 cm of H2O can improve oxygenation [72]. There is no difference 
in outcomes with volume-controlled ventilation (VCV) or pressure-controlled ven-
tilation (PCV) mode of ventilation [72]. Preoxygenation with CPAP of 10 cm of 
H2O also decreases intraoperative atelectasis [72].

Morbidly obese patients are especially prone to upper airway obstruction follow-
ing extubation, increasing the risk of re-intubation and necessitating close monitor-
ing. Postoperative lung atelectasis is often prolonged in obese patients compared to 
lean subjects resulting in frequent desaturation. Simple measures such as incentive 
spirometry and supplemental oxygen at 3 L/min should be provided to all obese 
patients following extubation. Noninvasive positive pressure ventilation or CPAP 
can significantly improve post-extubation spirometric parameters and oxygenation 
and should be considered in morbidly obese patients [73, 74].
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14Sexual Distress in Obesity

Erika Limoncin, Giacomo Ciocca, Daniele Mollaioli, 
and Emmanuele A. Jannini

14.1	 �Sexuality and Alimentation: Libido and Hunger

Sexual and eating behaviors have a double common matrix from a psychological and 
neurophysiological perspective. Psychoanalysis has linked the concept of libido to the 
concept of hunger, highlighting the same function of these primary instincts, i.e., sat-
isfaction [1]. Moreover, the same neuroanatomic areas, localized in the hypothalamic 
regions, are involved in the regulation of sexuality and alimentation [2, 3]. Therefore, 
the pathological declinations of these basilar behaviors inevitably regard alimentation 
and sexual function, as in anorexia, bulimia, binge eating disorder (BED), and also 
obesity. In fact, many studies have investigated the relationship between alimentation 
disorders and sexual problems, with particular attention given to differential analysis 
between obese people with or without binge eating disorder, pointing to emotional 
and psychopathological aspects characterizing these patients [4].

The psychoanalytic perspective of desire states that a lack of sexual activity is the 
main motive for an increase in libido, on the basis of the biological parallel of hun-
ger [1]. In other words, lacking food or lacking sex activates the behavioral response 
that induces one to search for food or a sexual partner.

More recently, evidences on the role of sexual activity on testosterone production 
changed this unilateral paradigm of desire induced by the absence of the stimulus [5].
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Physiologically, androgens decrease with little sexual activity, but they increase 
with the presence of sexual stimuli and the resumption of regular sexual activity 
[6–9]. Hypothalamus and the cross talk with the pituitary gonadotroph seem the site 
of action of the ability of sexual activity in inducing the activation of the 
hypothalamic-pituitary-gonadal axis [5].

This suggests for sex (but the same could be for food) that the Freudian idea 
about the inverse associations between a lack of sexual activity and sexual desire 
has to be rediscussed.

Moreover the parallelism between alimentation and sexuality was carefully exam-
ined, highlighting the similarities and the differences in these primary behaviors [2]. 
In particular, the authors compared three fundamental pleasures, food, sex, and social 
search, with interesting attention to the life cycle (Fig. 14.1). In this regard, while it 
is considered that sexual behavior only starts at puberty, alimentation is present from 
birth. From another point of view, psychodynamic theories state that a child can dis-
play specific forms of sexual behavior and hedonistic pleasure, which can be indi-
viduated in the attachment to the mother, in the sucking, in the three pregenital phases 
(oral, anal, and phallic), and above all during the Oedipal period [1].

Nevertheless, the phases of sexual behavior remain very similar to eating behav-
ior. For example, the refractory period after ejaculation is very similar to the satiety 
after a meal, likewise the rhythmicity of vaginal thrusting and chewing food [2].

On the whole, alimentation and sexuality are composed of a motivational part, 
hunger and libido, and a consummatory part, i.e., the eating and the coitus.

Additionally, both the sex and the food phases are modulated by internal state, 
such as the blood levels of sex steroids or nutrients, prior experiences, or associa-
tions. The cerebral area involved in the reward and reinforcement processes con-
cerning the motivation to partake in food and sex is the orbitofrontal cortex, which 
elaborates the associations of sex and food representations with a positive or nega-
tive judgment [2].

The other neuroanatomic areas involved in the phases of anticipation, consum-
mation, and satiety in both sexuality and alimentation are the insula, the anterior 
cingulate cortex, and the amygdala ventral striatum. Moreover, it is known that the 
olfactory system is also central to the choice and consumption of food, and sexual 
behavior is also influenced by odors and perfumes. In particular, pheromones play a 
central role in the mating strategies of animals, and also of humans through the 
vomeronasal organ, which sends signals to the hypothalamic areas [2]. On the other 
hand, the quality of the stimuli is fundamental for choice and motivation, both in 
terms of sexuality and eating behavior.
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Fig. 14.1  Sex, social, and 
food pleasures in the cycle  
of life [2]
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14.2	 �Prevalence Data of Sexual Dysfunction  
in Obese Men and Women

In addition to medical, physical, psychosocial, and emotional consequences [10, 
11], obesity is linked to both sexual dissatisfaction and/or sexual difficulties [12]. 
From 1966 and onwards, research studies have examined the relationship between 
obesity and sexual quality of life.

A US study on sexual dysfunction in obese population has reported prevalence 
rates of 7–22 % for women (sexual pain, arousal problems, and low desire) and 
5–21 % for men [erectile dysfunction (ED) hypoactive sexual desire disorder and 
premature ejaculation] [13].

One of the most common sexual dysfunctions in obese men is represented by 
ED. Many studies have found a positive association between high levels of BMI and 
ED [14–16].

For example, in a cross-country study on the prevalence of ED in several coun-
tries (including the USA and five European countries), a clear relationship emerged 
between weight and male sexual function [15]. In fact, the prevalence in normal-
weight men was inversely related to ED, whereas among overweight men there was 
no relation to ED while obesity is directly related, indicating that there is a correla-
tion only among obese men.

A higher prevalence of ED in obese men has also been indicated in data from 
other surveys. For instance, it was reported by some follow-up studies [17, 18] that 
body weight was an independent risk factor for ED, with a risk exceeding 90 % of 
controls (odds ratio between 1.93 and 1.96, respectively).

Another study [18] shows that among younger Danish men, the odds of having 
ED and/or retarded ejaculation were greater for those with high BMI than for those 
with low BMI.  Results were significant for ED in relation to BMI >30  kg/m2, 
whereas premature ejaculation and sexual desire were unrelated to BMI. The asso-
ciation between ED and a BMI >30 kg/m2 remained significant for younger, but not 
older men (See Table 14.1).

Although overweight and obesity are clearly implicated in sexual dysfunction in 
men, the relationship between female sexual function and obesity is not well known 
yet. Evidence linking female sexual disorders (FSD) to obesity is insufficient. In a 
study with postmenopausal women [19], it was reported that the degree of reduced 
sexual interest is significantly related to body weight.

On the other hand, Esposito et al. [20] discovered a negative relationship between 
body weight and sexual function in 52 women with abnormal values of FSFI (score 
<23), showing that obesity affects several areas of sexual function unlike healthy 
women with FSD: arousal, lubrication, satisfaction, and orgasm, but not desire and 
pain (Fig. 14.2).

Data from a study based on a sample of obese women preparing for bariatric 
surgery [21] confirm the results of Esposito’s study, except for the area of desire, 
which is significantly lower in the sample of obese women than in the control group.

Finally, a study concerning gender differences regarding sexual quality of life in 
obesity [22] compared Sexual Life item responses by BMI category (Class I, II, and 
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III obesity) and sex (Table 14.2). In line with previous studies, significant differ-
ences are reported by the BMI group for all Sexual Life items, except for sexual 
desire. Subjects with BMI >40 kg/m2, compared with the other two groups of obese 
subjects, had less sexual enjoyment, more difficulty with sexual performance, and 
greater avoidance of sexual encounters.

Women reported greater impairments than men in sexual enjoyment, desire, and 
avoidance of sexual encounters, but did not differ in terms of difficulties with sexual 
performance.

Table 14.1  BMI and sexual functioning among 1,181 Danish men aged 20–45 and 50–75 years [18]

Odds ratios (95 % confidence intervals)

BMI (kg/m2) <25 25–29.9 >30

Erectile dysfunction

20–45 years 1 (reference) 1.22 (0.5–2.5) 2.74 (1.1–6.8)

50–75 years 1 (reference) 1.00 (0.6–1.8) 1.40 (0.6–3.1)

Premature ejaculation

20–45 years 1 (reference) 0.86 (0.6–1.2) 1.19 (0.7–2.0)

50–75 years 1 (reference) 1.23 (0.7–2.1) 1.58 (0.7–3.4)

No sexual desire

20–45 years 1 (reference) 1.05 (0.4–2.4) 0.39 (0.1–3.1)

50–75 years 1 (reference) 1.43 (0.6–3.6) 1.08 (0.3–4.5)

Retarded ejaculation

20–45 years 1 (reference) 0.33 (0.1–1.2) 1.30 (0.3–4.8)

50–75 years 1 (reference) 0.97 (0.4–2.2) 0.90 (0.3–3.1)

0
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Fig. 14.2  Individual domains of female sexual function in women with metabolic syndrome (SM) 
and in control women (From Esposito et al. [20], modified)

E. Limoncin et al.



149

14.3	 �Sexual Distress in Obese Men and Women

Obesity is a medical condition implying a series of numerous comorbidities, such as 
type 2 diabetes [23], hypertension [24], cardiovascular disease [25], osteoarthritis 
[26], certain malignancies, and premature mortality [27]. In addition, obesity is 
often associated with an impairment in general health-related quality of life 
(HRQoL) [28–30]. An important aspect of quality of life is sexual well-being. 
However, this aspect is often underestimated as a potential cause of distress in peo-
ple affected by extreme obesity. The relationship of obesity with sexual functioning 
is a multifactorial phenomenon; in fact, sexuality in obese people may be jeopar-
dized not only by weight-related comorbidities but also by reproductive hormones 
and many psychosocial factors.

14.3.1	 �Sexual Distress Due to Weight-Related Comorbidities

Literature evidence clearly shows the impact of weight-related comorbidities on sex-
ual functioning [30, 31]. Due to a high BMI, obese people have a great probability of 
developing in their life type 2 diabetes, which is often preceded by insulin resistance 
and hyperinsulinemia. These conditions determine changes in sex hormones [31], 
these being a decrease in testosterone levels in men and increased levels of free testos-
terone, C19 steroids, and estrogen levels in women [31]. These hormone changes 
cause ED in men and decreased desire and decreased vaginal lubrication in women, 
conditions that may also have a bearing on the frequency of sexual intercourse.

Table 14.2  IWQOL-Lite sexual life responses by BMI category [22]

BMI category

Class I Class II Class III

(30–34.9 kg/m2) (35–39.9 kg/m2) (>40 kg/m2)

(n = 159) (n = 277) (n = 722) p Post hoc

Do not enjoy sexual activity

Women 2.34 ± 1.36 2.59 ± 1.33 3.00 ± 1.46 <0.001 III>II>I

Men 1.68 ± 1.02 1.93 ± 1.14 2.11 ± 1.36 <0.001 F > M

Have little sexual desire

Women 2.89 ± 1.32 2.72 ± 1.31 3.09 ± 1.41 0.109

Men 2.29 ± 1.22 2.41 ± 1.23 2.43 ± 1.27 <0.001 F > M

Difficulty with sexual performance

Women 2.31 ± 1.37 2.55 ± 1.36 3.08 ± 1.41 <0.001 III>II>I

Men 2.17 ± 1.05 2.58 ± 1.25 2.78 ± 1.40 0.173

Avoid sexual encounters

Women 2.67 ± 1.46 2.72 ± 1.43 3.02 ± 1.52 0.002 III>II,I

Men 1.88 ± 0.98 2.15 ± 1.12 2.35 ± 1.38 <0.00 F > M
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Apart from type 2 diabetes, sexual functioning may also be worsened by hyper-
tension and peripheral vascular disease. In fact, the diminished blood flow can 
determine the incapacity of obese persons to become sexually aroused. In addition, 
hypertension and cardiovascular disease are also often associated with ED.  For 
obese women, on the other hand, hypertension may provoke hypo-lubrication, dif-
ficulties in achieving orgasm, and increased sexual pain [32].

In addition, some studies have evidenced the strict relationship between obesity 
and sexual functioning, independently of weight-related comorbidities [9, 33–35]. 
In particular, it was identified that obesity matched with physical inactivity increases 
the probability of developing sexual dysfunctions [5, 35].

14.3.2	 �Sexual Distress Due to Reproductive Hormones

A large literature exists regarding the effect that severe obesity has on reproduction 
[36–38]. Many studies have evidenced impairment of the reproductive system due 
to obesity [37, 38]. In fact, obese women frequently report amenorrhea, irregular 
menstrual cycles, polycystic ovary syndrome (PCOS), decreased rates of pregnancy, 
and increased risk of miscarriage. These conditions worsen women’s sexual well-
being, inducing sexual distress.

14.3.3	 �Sexual Distress Due to Psychosocial Factors

Among psychosocial factors, the aspect that mainly bears on sexual functioning in 
obese people is depression [39]. It was evidenced that among extremely obese peo-
ple, the diagnosis of a mood disorder or lifetime history of mood disorders is very 
frequent [39, 40]. In addition, a study has evidenced how severely obese women 
have four times more risk of being depressed than women with a normal BMI [39]. 
Quite apart from full-blown psychopathologies, sexual dysfunctions with sexual 
distress are often present in obese persons because of body image, especially among 
obese women. Dissatisfaction with body image bearing on sexual functioning may 
also be present in subjects requesting bariatric surgery without monsplasty after 
massive weight loss [41–43].

14.3.4	 �Treatment of Sexual Distress in Obese People

The most obvious treatment of sexual distress related to sexual dysfunctions in 
obese persons is a massive weight loss, which may reactivate sexual functioning, 
removing weight-related comorbidities [44]. However, even after this interven-
tion, whether made by bariatric surgery or by lifestyle changes, excess skin and 
fat remain in the pubic and genital area. Dissatisfaction with body image may 
contribute to sexual distress because of the restriction of body movements, 
unpleasant appearance, and difficulty in sexual performance. Therefore, some 
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authors have suggested monsplasty after massive weight loss, in order to decrease 
distress levels.

In addition, some researchers have suggested vardenafil as a possible pharmaco-
therapy to improve male sexual well-being and to decrease related sexual distress 
levels [45]. In this study, a group of 20 healthy men with high BMI claiming not to 
suffer from ED, premature ejaculation, or hypogonadism were evaluated for sexual 
distress levels, intravaginal ejaculatory latency time (IELT), and self-esteem. Sexual 
distress was measured with the Sexual Distress Evaluation Questionnaire-Male 
(SDEQ). Half of the participants were randomly selected to take vardenafil for a 
specific period, while the remaining group had to take a placebo [46].

Interestingly, results have evidenced the efficacy of vardenafil for improving 
IELT, Fig.  14.3, self-esteem levels, and, most importantly, for decreasing sexual 
distress. Hence, based on this pilot study, it is possible to hypothesize that the 
employment of PDE-5 inhibitors, such as vardenafil, in general clinical practice, 
will improve global sexual well-being and prevent sexual distress.

�Conclusions
Basing on literature evidences, it is possible to affirm that sexual well-being is 
considerably worsened in people affected by severe obesity. The reasons for this 
deterioration lie in weight-related comorbidities, in impairment of the reproduc-
tive system, and in many psychosocial factors related to obesity. Hence, the gen-
eral clinical practice should also include the evaluation of sexuality and related 
sexual distress in obese people, in order to improve, through a specific psycho-
sexological and pharmacological treatment, the obese people’s quality of life.
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15.1	 �Introduction

Obesity is a complex chronic disease with extended and highly variable effects on 
individual health and function. As for any chronic disorder, a cure of the condition 
is the ultimate goal, but difficult to achieve. We can manage obesity but to date have 
no cure, and we need to use a range of partially effective long-term therapies. 
Combining interventions and scaling up therapy for serious or resistant disease are 
usual parts of the continuum of care for chronic diseases. All interventions have a 
range of benefits and risks, and this need to be balanced for each individual health 
burden and risk. This clinical balance requires a precise and complete evaluation of 
any individual obese patient, covering both the severity of obesity itself and the 
effects that obesity has on critical body systems and functions. This large body of 
information needs to be integrated in a general scheme guiding the therapeutic 
choices at the individual level.

15.2	 �Body Composition and Fat Distribution

A crude measure of overweight and obesity is the body mass index (BMI), a person’s 
weight (in kilogrammes) divided by the square of his height (in metres). Height 
and  weight should be measured by appropriate and calibrated scales with the subject 
wearing only light clothes without shoes. BMI (kg/m2) is used in epidemiology and 
in clinical practice to define underweight, normal weight, overweight (pre-obesity) 
and severity of obesity [1]. At a population level, different and progressively increas-
ing risks of comorbidity are observed for increasing BMI values (Table 15.1). BMI 
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cut-offs in adults are independent from age and similar in both genders. However, 
different cut-off points have been introduced for some particular ethnic groups, nota-
bly Asian populations, in which the relationship between BMI and risk of morbidity 
seems to be steeper than in Caucasian, with an increase of metabolic derangements 
appearing at lower BMI levels [2].

The use of BMI as a proxy for adiposity, the true determinant of the obese state, 
has been criticised, given that body weight is the sum of individual organs and tis-
sues and therefore it includes adipose tissue, skeletal muscle mass and organs mass. 
On a population level, a strong positive correlation between BMI and overall body 
fat content has been reported [3]. However, at an individual level, a substantial vari-
ation in percentage body fat may be observed for any given BMI value [4]. Therefore, 
a high BMI may correspond to a low fat-free mass and a substantial fat accumula-
tion in an obese patient, or to a large skeletal muscle mass and normal fat mass in a 
healthy athlete, in which high BMI simply reflects increased muscle mass, which 
has nothing to do with obesity and associated diseases. Visual inspection is usually 
sufficient to discriminate these extremes in body composition, but in some subjects 
the distinction may be more subtle, and a more precise determination of body com-
position may be requested. Fat mass and fat-free mass may be reliably distinguished 
and measured by direct densitometric methods (underwater weighing; total body 
densitometry). Dual-energy X-ray absorptiometry (DEXA) has a good reproduc-
ibility for total body fat mass (coefficient of variation: 2–3 %) and total body fat-
free mass or lean soft tissue (1–2 %), and it is sensitive in assessing minimal changes 
in body composition [5]. Unfortunately, DEXA is not applicable in routine office 
practice; it is costly and exposes patients to a low dose of radiations. Bioelectrical 
impedance analysis (BIA) is an indirect method that derives body composition val-
ues from electrical data (reactance, resistance, impedance) measured during the pas-
sage of a small electrical current through the patient’s body [6]. The method is 
applicable also in the outpatient setting and does not have virtually potential side 
effects, and it is relatively not expensive. However, the reliability of BIA in the 
accurate determination of fat mass and fat-free mass may be questioned. BIA mea-
surements must be standardised in order to obtain reproducible results (reported 
mean coefficients of variation for within-day measurements: 1–2 %), and overall 
reproducibility/precision is estimated around 2.7–4.0 %, with prediction errors for 
FFM ranging from 3 % to 8 % [7]. These large errors may be even larger in obese 
patients and limit the utility of BMI in clinical evaluation.

Table 15.1  The classification of weight category by BMI in adults

Classification BMI (kg/m2) cut-off points Comorbidity risk

Underweight <18.5 –

Normal range 18.5–24.9 Normal

Pre-obese 25.0–29.9 Increased

Obese class I 30.0–34.9 Moderate

Obese class II 35.0–39.9 High

Obese class III ≥40.0 Very high

Source: Adapted from WHO [1]
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A further important limitation for BMI is that this index does not convey any 
information on fat distribution (e.g. visceral fat accumulation and fatty infiltrations 
in individual organs) that is considered now an important determinant of metabolic 
and cardiovascular risk [8]. A clear evidence in favour of the inclusion of fat distri-
bution in the clinical evaluation comes from the observation of normal-weight or 
slightly overweight subjects with low subcutaneous but increased visceral fat mass. 
This TOFI (thin-on-the-outside fat-on-the-inside) sub-phenotype has been observed 
in both male and female subjects and increases an individual’s risk of metabolic 
disease [4]. The elevated visceral fat found in individuals classified as TOFI is 
accompanied by increased levels of ectopic fat deposition both in the liver and in the 
skeletal muscle. Lipid accumulation in non-adipose cells (ectopic fat) may impair 
the normal function of some tissues through a process known as “lipotoxicity”. 
Ectopic storage of excess lipids in organs such as the liver, skeletal muscle, and 
pancreatic beta cells may be the causative link between fat distribution and the 
metabolic syndrome or cardiovascular diseases [9]. Similar findings have been 
already reported in obese individuals, where obese subjects with a disproportionate 
accumulation of visceral fat had increased incidence of metabolic disorders and 
cardiovascular events [10].

Visceral fat accumulation may be measured precisely with CT and MRI, but it 
may be difficult to quantify at a clinical level, and surrogate anthropometric indexes 
have been proposed. In particular, the waist circumference has been selected as a 
reliable clinical indicator of visceral fat accumulation, and having a large waist is 
associated to a higher prevalence of metabolic disorders and cardiovascular diseases 
[11]. Therefore, the measurement of the waist circumference is suggested for the 
determination of cardiovascular risk of overweight and obese patients, and the inte-
gration of BMI and waist values may be used to better stratify their health risk [11] 
(Table  15.2). Waist circumference should be measured with a plastic stretch-
resistant tape on the subject in the standing position, at the end of a gentle expira-
tion, without constricting the abdomen. Different anatomic landmarks have been 
suggested for waist measurement [12]. According to WHO guidelines, waist cir-
cumference should be measured at the approximate midpoint between the lower 

Table 15.2  Classification of overweight and obesity by BMI, waist circumference and associated 
disease risk

Disease risk relative to normal

BMI Obesity class

Men waist <102 cm Men waist >102 cm

Women waist <88 cm Women waist >88 cm

<18.5 Underweight – –

18.5–24.9 Normal range – –

25.0–29.9 Overweight Increased High

30.0–34.9 Obese class I High Very high

35.0–39.9 Obese class II Very high Extremely high

≥40.0 Obese class III Extremely high Extremely high

Source: Adapted from NIH [11]
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margin of the last palpable rib and the top of the iliac crest [13]. The US National 
Institutes of Health (NIH), by applying the same method used for the US National 
Health and Nutrition Examination Survey (NHANES) III, indicates that waist cir-
cumference measurement should be made at the top of the iliac crest [11]. The two 
methods did not produce the same results, with the WHO method underestimating 
waist values in respect to the NIH method, particularly in women [12]. It should be 
emphasised that the cut-off values proposed for “at-risk” waist values (Table 15.2) 
and utilised for the original ATP-III definition of the metabolic syndrome are those 
proposed by the NIH. The simple measurement of waist circumference has replaced 
the use of the waist-to-hip circumference ratio (WHR), originally proposed as a 
powerful marker of fat distribution. More recently, on the basis of several epidemio-
logical studies showing that having a large hip circumference may confer some 
BMI-independent protection from metabolic and cardiovascular diseases, particu-
larly in women, a return to the measurement of hip circumference has been pro-
posed [14]. The reliability of waist circumference in assessing visceral fat 
accumulation may be reduced in obese women, particularly at higher BMI levels 
[15]. Other anthropometric indexes have been therefore suggested as more effective 
than waist circumference for the prediction of visceral fat depots, with the sagittal 
abdominal diameter (SAD) being the more promising one [16]. SAD is determined 
at the highest point of the abdominal surface with the subject in the supine position 
and during normal breathing by means of a specifically made instrument. Abdominal 
ultrasonography is another reliable, repeatable and less expensive method which 
has been proposed to detect visceral fat deposition without radiation exposure [17]. 
Peritoneal fat thickness is considered the gold standard echographic index for vis-
ceral fat prediction in abdominal ultrasonography, and it corresponds to the distance 
from the internal face of the recto-abdominal muscle and the anterior wall of the 
aorta, measured with the echographic probe transversely placed perpendicular to 
the skin in the midline of the abdomen [17]. The increasing availability of portable 
low-cost ultrasonographic instruments will probably stimulate the applicability of 
ultrasonographic measurements of visceral fat accumulation in clinical practice.

The presence of ectopic fat deposition in the relevant organs may be even more 
difficult to quantify than visceral fat accumulation in clinical practice. However, 
liver fat infiltration (hepatic steatosis) may be roughly, albeit imprecisely, estimated 
by ultrasound [18]. An alternative approach to the quantification of ectopic fat accu-
mulation may be represented by the ultrasonographic measurement of epicardial 
fat, which has been suggested as a further marker of metabolic and cardiovascular 
risk [19].

15.3	 �Metabolic Status and Cardiovascular Risk

Several epidemiologic studies confirmed the strict relationships between BMI 
and type 2 diabetes, and 65–75 % of the cases of type 2 diabetes may be attri
buted to the presence of overweight and obesity [1]. According to American 
Diabetes Association’s (ADA) Standards of Medical Care, adults of any age who 
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are overweight or obese and who have one or more additional risk factors for diabetes 
should be tested to detect type 2 diabetes and prediabetes [20]. Additional risk 
factors for diabetes include physical inactivity, first-degree relative with diabetes, 
high-risk ethnicity, previous delivery of a macrosomic baby or previous gestational 
diabetes, hypertension, low HDL cholesterol level, hypertriglyceridaemia, polycystic 
ovarian syndrome in women, other clinical conditions associated with insulin 
resistance (e.g. severe obesity, acanthosis nigricans), and history of cardiovascular 
disease [20]. The glycosylated haemoglobin (A1C), the fasting plasma glucose 
(FPG) or a 2-h 75-g oral glucose tolerance test (OGTT) are all considered appropri-
ate for testing [20]. However, the three tests do not necessarily detect diabetes in the 
same individuals. In particular, many obese patients may have normal FPG, but 
abnormal post-load glucose levels. More frequent retesting should be considered in 
patients testing positive for prediabetes in previous occasions. The diagnostic 
criteria for diabetes and prediabetes are summarised in Table 15.3. In case of diabetes, 
a complete screening for macro- and microvascular complications should be 
scheduled [20].

The association between arterial hypertension and obesity is very well docu-
mented. The prevalence of hypertension in adults with obesity is three to five times 
higher than in normal-weight subjects [1]. Arterial hypertension in obese patients is 
frequently unrecognised or suboptimally treated. The office measurement of systolic 
and diastolic blood pressure with a sphygmomanometer with a normal cuff size can 
grossly overestimate blood pressure levels in obese patients. The use of an appropriate 
cuff size is therefore of paramount importance in obese patients. In practice, a large 
adult size 16 × 36 cm should be used for arm circumferences ≥35 cm and an adult 
thigh size 16 × 42 cm for arm circumferences ≥45 cm [21]. Diagnostic criteria for 
arterial hypertension in overweight and obese patients did not differ from those used 
in the general population, and hypertension may be therefore defined as a systolic 

Table 15.3  Criteria for the diagnosis of diabetes and prediabetes in adults

Method Diabetes Prediabetes

FPG FPG > 126 mg/dL (7.0 mmol/L) FPG 100–125 mg/dL (5.6–6.9 mmol/L) 
(impaired fasting glucose or IFG)

2-h PG during 
OGTT

2-h PG >200 mg/dL 
(11.1 mmol/L)

2-h PG 140–199 mg/dL (7.8–11.0 mmol/L) 
(impaired glucose tolerance or IGT)

A1C A1C > 6.5 % A1C 5.7–6.4 %

Random PG Random PG > 200 mg/dL 
(11.1 mmol/L) in a patient  
with classic symptoms  
of hyperglycaemia or 
hyperglycaemic crisis

–

Source: Adapted from ADA [20]
FPG fasting plasma glucose defined as no caloric intake for at least 8 h. OGTT oral glucose toler-
ance test performed using a glucose load containing the equivalent of 75 g anhydrous glucose 
dissolved in water. A1C, glycosylated haemoglobin performed in a laboratory using certified and 
standardised assay
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blood pressure ≥140 mmHg, or a diastolic blood pressure ≥90 mmHg or the use of 
any anti-hypertensive drug [22].

Obese patients, in particular in the presence of abdominal obesity or visceral fat 
accumulation, are frequently characterised by a particular dyslipidaemia with high 
triglycerides and low HDL cholesterol levels. LDL cholesterol levels are usually not 
particularly affected, but there is an increase in the proportion of a particular class 
of small dense LDL particles [1] that are considered highly atherogenic. Small dense 
LDL are not measured in normal clinical practice, but their presence may be indi-
rectly estimated trough the measurement of apo-B lipoprotein and the ratio between 
apo-B lipoprotein and LDL cholesterol [1]. An alternative and more simple way to 
assess atherogenic dyslipidaemia in patients with abdominal obesity is the calcula-
tion of the non-HDL-cholesterol levels (total cholesterol minus HDL cholesterol). 
Non-HDL cholesterol may be used as an estimation of the total number of athero-
genic particles in plasma [VLDL + intermediate-density lipoprotein (IDL) + LDL] 
and relates well to apo-B levels [23]. Treatment targets for dyslipidaemia in 
overweight and obese patients, as well as in the general population, are primarily 
based on results from clinical trials and are modulated according to the level of total 
cardiovascular risk (see below). Primary target for cardiovascular disease prevention 
should be a reduction in LDL cholesterol. Treatment targets for LDL cholesterol are 
set to less than 70 mg/dl in patients with very high cardiovascular risk, to less 
than 100 mg/dl in patients with high cardiovascular risk and to less than 115 mg/dl 
in patients with moderate cardiovascular risk [23]. Once the primary LDL target 
is achieved, the level of non-HDL cholesterol should be checked and targeted. 
Treatment targets for non-HDL cholesterol are set 30 mg/dl higher than the corre-
sponding target for LDL cholesterol [23].

Prediabetes/diabetes, hypertension, hypertriglyceridaemia and low HDL 
cholesterol levels are frequently clustered in patients with abdominal obesity. 
This cluster of metabolic abnormalities has been labelled as the metabolic  
syndrome, and specific diagnostic criteria have been proposed [24] (Table 15.4). 

Table 15.4  Clinical 
identification of the metabolic 
syndrome

Risk factor Defining level

Abdominal obesity (waist circumference)

Men >102 cm (>40 in)

Women >88 cm (>35 in)

Triglycerides ≥150 mg/dL

HDL cholesterol

Men <40 mg/dL

Women <50 mg/dL

Blood pressure ≥130/85 mmHg

Fasting glucose ≥110 mg/dL

The metabolic syndrome is identified by the presence  
of three or more of the components listed in the table
Source: Adapted from ATP III panel [24]
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The superiority of the metabolic syndrome over the combined evaluation of  
the single risk factors as an indicator of cardiovascular risk has been criticised, 
but the diagnosis of metabolic syndrome still remains useful in clinical practice 
for the rapid identification of overweight and obese patients with a worse  
cardiovascular and metabolic fate. Patients with the metabolic syndrome fre-
quently have other accompanying metabolic abnormalities, like insulin resis-
tance, low-grade chronic inflammation and a prothrombotic state. However, the 
routine measurement of insulin resistance (e.g. plasma insulin), proinflam
matory state (e.g. high-sensitivity C-reactive protein) or prothrombotic state 
(e.g. fibrinogen or PAI-1) is not yet supported by adequate evidence, and it is not 
recommended [24].

All current guidelines for the prevention of cardiovascular disease in clinical 
practice recommend the assessment of total cardiovascular risk, because in most 
patients atherosclerotic disease is usually the product of multiple cardiovascular 
risk factors. Total cardiovascular risk is usually defined as the probability of having 
a fatal or nonfatal cardiovascular event in a given time frame (usually 10 years), 
and it may be estimated by using a wide array of risk assessment systems based on 
the occurrence of cardiovascular events in large population longitudinal studies. 
No specific instruments for the calculation of total cardiovascular risk has been 
produced for overweight and obesity, and therefore general instruments should be 
applied also for the clinical evaluation of these patients. In Europe, the use of the 
systemic coronary risk estimation (SCORE) system should be recommended, 
because it is based on a very large and representative European data set [23]. The 
SCORE system estimates the 10-year risk of a first fatal atherosclerotic event, and 
it is based on specific charts for low (Belgium, France, Greece, Italy, Luxembourg, 
Spain, Switzerland and Portugal) and high-risk regions in Europe. The SCORE 
charts are based on gender, age, smoking status, systolic blood pressure, total cho-
lesterol and HDL cholesterol. Patients may be considered to have a very high risk 
when having a calculated 10-year risk SCORE ≥10 %, a high risk when having a 
5–10 % SCORE, a moderate risk when having a 1–5 % SCORE and a low risk 
when having a risk SCORE <1 %. Patients with established cardiovascular disease, 
diabetes type 2 or type 1 with microalbuminuria or chronic renal disease should be 
considered high-risk patients independently from the SCORE. Patients with very 
high levels of individual risk factors (familial dyslipidaemia, severe hypertension) 
should be considered as high-risk patients independently from the SCORE. Risk 
will also be higher than indicated in the charts in socially deprived individuals, 
sedentary subjects and patients with abdominal obesity, individual with diabetes, 
patients with pre-clinical evidences of atherosclerosis, patients with impaired renal 
function or patients with positive family history of premature cardiovascular dis-
ease [23]. Considering that SCORE system estimates the 10-year risk of fatal 
events, the risk for total (fatal and nonfatal) events may be calculated multiplying 
the SCORE risk by 3.0 in men and by 4.0 in women. Alternative systems for total 
cardiovascular risk calculation are the Framingham Risk Score or the PROCAM 
Risk Score [23].
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15.4	 �Hepatic Function

Patients with abdominal overweight or obesity and with related metabolic syndrome 
frequently have liver fat infiltration. Nonalcoholic fatty liver disease (NAFLD) 
corresponds to a spectrum of liver histologic findings. In most patients NAFLD is 
represented by a simple and uneventful steatosis, but in a proportion of cases, 
NAFLD may progress to nonalcoholic steatohepatitis (NASH), cirrhosis and hepa-
tocellular carcinoma [25]. Liver fat infiltration (hepatic steatosis) may be easily 
detected and, albeit imprecisely, estimated by standard abdominal ultrasonography 
[18]. Accompanying biochemical abnormalities are usually represented by a mild 
elevation of liver enzymes, with alanine transaminase (ALT) usually higher than 
aspartate transaminase (AST).

The most important clinical question in the evaluation of the liver of obese 
patients is the distinction between the simple relatively benign hepatic steatosis 
and the progressive and more harmful NASH.  This question remains to date 
substantially unresolved. The only reliable means of proving a diagnosis of 
NASH and separating it from simple fatty liver is a liver biopsy. NASH is diag-
nosed when histologic examination shows fat along with ballooning of hepato-
cytes, lobular inflammation and fibrosis. Given the rising obesity epidemic and 
the very large number of subjects potentially affected by NAFLD, the need for 
non-invasive alternative testing is rising. In the last few years, liver stiffness 
measurement (LSM) by transient elastography, with FibroScan® (Echosens, 
Paris, France), has emerged as a non-invasive test for liver fibrosis [26]. However, 
the reliability of LSM and its levels of correlations with histologic findings 
remain still debated.

15.5	 �Respiratory Function

The impairment of respiratory function produced by obesity is known since many 
years. Obese patients are affected by a restrictive respiratory impairment, with the 
most characteristic pulmonary function abnormality being a reduction of the expira-
tory reserve volume (ERV) [27]. The decrease of ERV and functional vital capacity 
(FVC) associated with obesity has been attributed to a mechanical effect played by 
visceral fat accumulation, and it is indeed more relevant in patients with abdominal 
fat deposition [28]. Obesity-related impairments of lungs volumes may be easily 
detected by standard spirometry. However, the clinical utility of spirometric testing 
in overweight or obese patients without respiratory symptoms may be questioned, 
given that the results usually do not change significantly the management of these 
patients.

Obstructive sleep apnoea (OSA) is a common sleep disorder characterised by 
repetitive episodes of apnoea and hypopnoea during sleep, accompanied by 
hypoventilation, oxygen desaturation, sympathetic arousal and wakening. The 
diagnosis of OSA is confirmed if the number of obstructive events is greater than 
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15 events/h of sleep or greater than 5 events/h in a patient reporting at least one of 
the following symptoms: unintentional sleep episodes during wakefulness; daytime 
sleepiness; unrefreshing sleep; fatigue; insomnia; waking up breath-holding, gasp-
ing or choking; or the bed partner describing loud snoring, breathing interruptions 
or both during the patient’s sleep [29]. OSA severity is defined as mild for events/h 
≥5 and <15, moderate for events/h ≥15 and ≤30, and severe for events/h >30 [29]. 
OSA is highly prevalent in the obese population and may be present in at least 
40 % of patients with severe visceral obesity [28]. The screening for OSA in over-
weight and obese patients is therefore mandatory, given that OSA is associated 
with important health consequences, such as increased cardiovascular disease risk 
and mortality, and that these consequences can be prevented by adequate OSA 
management [29].

Full night polysomnography (PSG) is considered the gold standard for the 
diagnosis of OSA and sleep-disordered breathing [29]. However, PSG is a lengthy 
and expensive procedure and requires inhospital staying. Portable sleep monitor-
ing devices designed for use at home have been implemented, but availability 
limitation frequently causes long waiting times for testing. Several screening 
questionnaires have been therefore proposed in order to predict which patients 
have the higher probability of OSA and will need PSG. The most popular of these 
questionnaires (Berlin Questionnaire, American Society of Anesthesiologists 
Checklist and STOP Questionnaire) have been recently compared and found to 
have a moderately high level of sensitivity and a negative predictive value [30]. 
The STOP-Bang questionnaire (Table  15.5), an extended version of the STOP 
Questionnaire with eight instead of four items, has a high specificity to detect 
moderate and severe OSA, thereby identifying the patients in which PSG is 
needed [31]. No screening test is perfect, and the sensitivity and specificity of 
these predictive tools have been criticised. However, the application of a stan-
dardised screening tool for OSA, with confirmatory PSG if screening tests are 
positive, should be recommended [32].

Table 15.5  The STOP-BANG questionnaire for the screening of obstructive sleep apnoea (OSA)

S = Snoring Do you snore louder than talking or loud enough to be heard 
through closed doors?

T = Tiredness Do you often feel tired, fatigued, or sleepy during daytime?

O = Observed apnoea Has anyone observed you stop breathing during your sleep?

P = Pressure Do you have or are you being treated for high blood pressure?

B = BMI >40 kg/m2

A = Age >50 years

N = Neck circumference 
>40 cm

G = Male gender

Modified by Ref. [24]
High risk of OSA is considered if answering yes to three or more questions of the questionnaire
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15.6	 �Staging

Obesity is a complex disease with extended clinical implications. Evaluation and 
management of any individual obese patient should be therefore based on a compre-
hensive characterisation of the patient’s global health and on a reliable prediction of 
its future disease risk. On the basis of the above considerations, a more precise 
phenotypization of obese patients should include a determination of body composi-
tion with a reliable technique (DEXA), particularly in cases where the BMI value 
may be misleading, and an estimation of fat distribution and ectopic fat deposition 
(waist circumference, hip circumference, hepatic steatosis, epicardial fat, etc.). 
Phenotyping should obviously be completed by the determination of cardiovascular 
and metabolic risk factors and by the assessment of obesity-related comorbidities. A list 
of all the clinical data that should potentially be integrated in the comprehensive 
evaluation of the obese patients beyond BMI values is reported in Table 15.6.

Table 15.6  A list of clinical factors that should be included in a comprehensive clinical evalua-
tion of the obese patient

Body composition BMI (% body fat, as determined by DEXA)

Fat distribution Waist circumference

Hip circumference

Visceral fat accumulation (ultrasonography)

Ectopic fat 
deposition

Liver fat infiltration (hepatic steatosis)

Epicardial fat

Cardiovascular risk 
factors

LDL cholesterol, HDL cholesterol, triglycerides

Fibrinogen

hs-PCR

Obesity-related 
comorbidities

Type 2 diabetes

Hypertension

Obesity-related cardiomyopathy

Sleep apnoea syndrome

Obesity/hypoventilation syndrome

Disabling weight-bearing joint disease

Obesity-related infertility

Urinary stress incontinence

Severe gastro-oesophageal reflux disease

High risk for type 2 
diabetes

Family history of type 2 diabetes

Previous gestational diabetes

Polycystic ovary syndrome

Impaired glucose tolerance/impaired fasting glucose

Hyperinsulinaemia/insulin resistance

Early markers  
of atherosclerosis

Plaques or increased intima-media thickness at carotid ultrasonography

Low ankle-brachial index

High coronary artery calcium score

Initial signs of organ 
damage

Left-sided cardiac hypertrophy

Micro-albuminuria/proteinuria
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The integration of this large set of clinical information in a comprehensive 
picture would be highly facilitated by the adoption of an obesity scoring system. 
The use of a score that could quantitatively represent the actual and future health 
burden that obesity induces in every single patient would be an important tool for 
clinicians for the phenotypization of the patients and for guiding therapeutic 
choices. A scoring system should also be helpful for prioritisation and resource 
allocation in a health system with limited resources. An integrated rating scale for 
the determination of the initial level of care (outpatient, partial hospitalisation, 
residential rehabilitation centre, inpatient hospitalisation) needed by the obese 
patients has been proposed by a multidisciplinary group of Italian obesity experts 
[33]. However, this scale has never been validated in other countries or other clinical 
settings. An alternative option would be the use of a more simple but integrated 
staging system. The Edmonton Obesity Staging System (EOSS) has been pro-
posed as a clinical staging system for obesity [34]. EOSS classified obesity in five 
stages (0–4) accordingly to worsening clinical and functional status (Table 15.7) 
[34]. EOSS stage has been shown to be a more stringent predictor of total mortality 
than BMI levels in large epidemiological databases [35, 36]. The validation and 
application of EOSS or other alternative staging systems for the phenotypization 
of obese patients should be a focus of future clinical research in the field of over-
weight and obesity.

Table 15.7  Edmonton obesity scoring system: a proposed clinical and functional staging of 
obesity

Stage Description

0 No apparent obesity-related risk factors (e.g. blood pressure, serum lipids, fasting 
glucose, etc., within normal range), no physical symptoms, no psychopathology, 
no functional limitations and/or impairment of well-being

1 Presence of obesity-related subclinical risk factors (e.g. borderline hypertension, 
impaired fasting glucose, elevated liver enzymes, etc.), mild physical symptoms 
(e.g. dyspnoea on moderate exertion, occasional aches and pains, fatigue, etc.), 
mild psychopathology, mild functional limitations and/or mild impairment of 
well-being

2 Presence of established obesity-related chronic disease (e.g. hypertension, type 2 
diabetes, sleep apnoea, osteoarthritis, reflux disease, polycystic ovary syndrome, 
anxiety disorder, etc.), moderate limitations in activities of daily living and/or 
well-being

3 Established end-organ damage such as myocardial infarction, heart failure, 
diabetic complications, incapacitating osteoarthritis, significant psychopathology, 
significant functional limitations and/or impairment of well-being

4 Severe (potentially end-stage) disabilities from obesity-related chronic diseases, 
severe disabling psychopathology, severe functional limitations and/or severe 
impairment of well-being

Modified by Ref. [34]
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16Nutritional Status Evaluation: Body 
Composition and Energy Balance

Massimo Pellegrini and Nino C. Battistini

Nutritional status is the anatomical, metabolic, and functional status of the body in 
relation to the availability of energy, nutrients, and other substances of nutritional 
interest; it strictly influences growth, body composition, health status, and the qual-
ity of life of the individual. In the elderly, body composition and skeletal muscle 
mass deficiency influence the risk of falls and the ability to lead an autonomous life. 
Moreover, diseases that modify the energy balance or nutrient intake can change 
body composition and nutritional status, and in so doing may worsen one’s health 
status.

In obese people, a nutritional intervention will likely aim at reducing the 
percentage of body fat with maintenance of non-fat mass. In cases of sarcopenic 
obesity, understanding the body composition is of central importance as a lowering 
of the body’s non-fat mass may mask increases in body fat (especially visceral fat) 
that are not brought into evidence with indicators such as body weight and body 
mass index, which may fall in the normal or overweight range. In such patients, the 
decrease in non-fat mass tends to affect the skeletal muscle and may result in 
functional deficits and a decrease in muscle strength. This condition is most 
commonly observed in the elderly or in patients with chronic inflammatory diseases 
such as chronic HIV infections. In these cases, an increased visceral fat may be 
associated with a lipoatrophy of the limbs [1, 2]. Recently, an abnormal distribution 
of adipose tissue has been also documented in anorexic patients after refeeding [3]. 
In all these cases, therapeutic intervention may be particularly complex and should 
aim at a modification of body composition through nutritional intervention, physical 
activity prescription, and also pharmacological therapy in selected cases.
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Our nutritional status, in fact, is a manifestation of the effect of our lifestyle on our 
body. Our lifestyle, which includes eating habits, physical activity, and sleep, is in 
turn, strongly influenced by psychological, social, and economic factors. In particular, 
nutritional status is related to the quality and quantity of the components of our diet or 
energy intake (macronutrients, micronutrients, substances of nutritional interest) and 
to the quantity and quality of our energy expenditure (Fig. 16.1). If energy balance is 
positive, some of the excess can be stored as fat, whereas if energy balance is negative, 
not just the body’s fat mass (FM) but also the body’s fat-free mass (FFM) that forms 
visceral organs and skeletal muscle can be reduced. With time, the excess or deficit of 
energy can modify body composition and come to be seen in biochemical testing.

Total energy expenditure (TEE) is divided into resting and non-resting energy 
expenditure. Resting energy expenditure includes the basal metabolic rate (BMR), 
also termed basal energy expenditure (BEE), and the thermic effect of food (TEF) 
(Figs.  16.1 and 16.2). Non-resting energy expenditure, or activity energy 

VAT

how many calories?
which nutrients?

FFMFFM

SAT
FM

ENERGY STORAGE

kcal

LIFESTYLE

ENERGY INTAKE ENERGY EXPENDITURE

kcal

resting energy expenditure
non-resting energy expenditure

Fig. 16.1  Energy balance and body composition. FFM fat-free mass, FM fat mass, VAT visceral 
adipose tissue, SAT subcutaneous adipose tissue

TOTAL ENERGY EXPENDITURE

2,5%

60%

BEE

TEF

AEE

Other

30%

7,5%

Fig. 16.2  TEE (total energy 
expenditure) in an average 
healthy sedentary man. BEE 
basal energy expenditure (or 
BMR basal metabolic rate), 
TEF thermic effect of food, 
AEE activity energy 
expenditure (PPA and NEAT)
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expenditure (AEE), embraces programmed physical activity (PPA) and non-exercise 
activity thermogenesis or NEAT (i.e., the sum of spontaneous physical activity plus 
occupational/leisure activities) [4, 5]. BMR is the rate of energy expenditure by 
human body at rest while in the postabsorptive state and is a measure of energy 
spent for the ongoing function of the vital organs. As such, it is operative continu-
ously and through temporal integration plays an important part in determining one’s 
overall energy expenditure. Equally, the BMR determines the minimum energy 
requirement for maintaining ongoing vital organ function. It is therefore important 
to know one’s BMR value before planning a diet therapy.

Since energy requirements depend on the absolute and relative size of the body 
components (mainly skeletal muscles, organs, and skin and to a much lesser extent 
adipose tissue), body composition has been recognized as a more suitable basis than 
body weight for estimating the basal metabolic rate.

Body composition, energy balance, and biochemical laboratory data represent 
the main biological variables through which it is possible to investigate the nutri-
tional status (Fig. 16.3). In undernourished people, a nutritional status evaluation 
helps to quantify caloric and nutrient deficits that must be addressed in an appropri-
ate diet therapy plan. The assessment of nutritional status similarly allows us to 
make the diagnosis and define the severity and clinical risks of associated over-
weight and obesity conditions, as well as to detect the existence of a reduced muscle 
mass (a condition named sarcopenia), investigate the causes of weight gain, pre-
scribe the most appropriate treatment, and assess the results of a dietetic, medical, 
or surgical intervention over time. Nutritional status assessment in this context goes 
beyond appreciating the extent of energy imbalance to quantify the excess adipose 
tissue or fatness (body fat percentage) and to specify its regional distribution. The 
amount of excess white adipose tissue and its central or peripheral location (respec-
tively, visceral adipose tissue or subcutaneous adipose tissue) are important issues 
related to cardio-metabolic risk in obese-overweight people. While generalized and 
abdominal obesities are both associated with greater risk of morbidity and mortality, 
abdominal obesity in particular has been associated with an increased risk of myo-
cardial infarction, stroke, and premature death. Increased visceral adipose tissue is 
associated with a range of metabolic abnormalities related to the secretion of 

LIFESTYLE

NUTRITIONAL STATUS

body
composition
assessment

biochemical
laboratory

data

HEALTH STATUS

energy
balance

evaluation

Fig. 16.3  Nutritional status, 
lifestyle, and health status 
relationship. Body 
composition, energy balance, 
and biochemical laboratory 
data represent the main 
biological variables through 
which it is possible to 
investigate nutritional status
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proinflammatory cytokines produced by adipose tissue. These adipokines, and in 
particular IL-6 and TNF, promote a chronic low-grade inflammatory state linked to 
the obesity-associated metabolic diseases [6]. These alterations cause decreased 
glucose tolerance, reduced insulin sensitivity, and adverse lipid profiles, which are 
risk factors for the development of metabolic syndrome, type 2 diabetes, cardiovas-
cular diseases (CVD), stroke, and cancer.

The nutritional status should be always monitored in a patient with an increased 
cardio-metabolic risk, regardless of the body mass index (BMI) value that may be 
normal or increased. The same principle should also be applied in subjects with 
increased BMI although apparently healthy.

16.1	 �Body Composition

16.1.1	 �Body Composition Components: FFM and FM

FFM and FM are the two generic components used in models of body composition. 
FFM can be divided into a more metabolically active part, mainly formed by 
visceral organs, skeletal muscle, and skin and a part formed by the supporting 
tissues, bone, and body fluids whose metabolic demands are very low. Further 
stratification can be made as the visceral organs consume much more energy per 
unit of weight than skeletal muscle. The skeletal muscle component of FFM is 
considered to have a much lower resting metabolic rate than the visceral organs; 
nevertheless, it is more abundant and its mass can be modified by our lifestyle, 
mainly by physical activity. The FM is not metabolically inert but it certainly 
represents a minor component of the BMR. These considerations have led to the 
development of a number of models of body composition that differ in their com-
plexity depending on how finely the subcomponents are divided and how they 
account for the influence of the varying proportions of the different components 
of FFM and/or tissue-specific metabolic rates. Validation and use of these models 
in the diagnosis and prognosis of obesity and its associated comorbidities require 
knowledge of the percentage of FM, the relative proportion of FFM and FM, and 
the body composition of specific segments of the body like the trunk and limbs. 
Various in  vivo field and laboratory methodologies have been developed to 
estimate or measure the compartments that represent the different constituents of 
the human body [7, 8]. Both these aspects of nutritional status evaluation are 
discussed below.

16.1.2	 �Body Composition Models

The information obtained from complete dissections and analyses of the composi-
tion of human cadavers has led to the establishment of reference values; the devel-
opment of the concept of the Reference Man [9] provides the bases for developing 
various models of human body composition.
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In the basic two-compartment model, the body is divided into the fat mass that 
comprises body fat and the fat-free mass, including all the remaining tissues. 
Dividing the FFM into a lean tissue mass (LTM) and bone mineral content (BMC), 
in combination with the FM, yields a three-compartment model that is particularly 
interesting as it can be assessed by dual X-ray absorptiometry (DXA).

The elemental, the molecular, the cellular, the functional (or tissue model), 
and the whole-body models of body composition represent different multi-com-
partment models of progressively higher complexity. In the molecular model, the 
FFM is subdivided in its molecular constituents, water, proteins, minerals, and 
glycogen, while fat is the molecular component of the FM. The body cell mass 
in the cellular model is considered the metabolically active district responsible 
for energy consumption at rest, in the postabsorptive state, or BMR; the other 
components of the cellular model are extracellular fluids, extracellular solids, 
and fat.

The clinician is generally interested in measuring body composition in terms of 
FM and FFM as the bi-compartmental model of body composition is particularly 
well established for the diagnosis, treatment, and prognosis of diseases related to 
alterations of nutritional status.

16.1.3	 �Field Methods and Laboratory Measurements  
of FFM and FM

A variety of reference laboratory methods have entered use for body composition 
analysis, including densitometry, hydrometry, in vivo neutron activation analysis 
(IVNAA) [10], and DXA. Estimation equations have been compiled using values 
obtained by different field methods as anthropometry (weight, height, skinfold 
thickness, and circumference measurement) or conductance-based techniques like 
body impedance assessment (BIA); these estimate equations have been validated by 
comparison with data obtained by gold standard laboratory methods.

The different densities of the FM and FFM can be used to reexpress their mass 
fractions in the bi-compartmental model in terms of their relative volumes. The 
proportions of FM and FFM obtained from cadaver analyses have led to the creation 
of algorithms that indirectly estimates the percentage of body FM from body den-
sity (see Siri equation in Table 16.1). Body density in turn can be obtained by divid-
ing body mass by body volume. While body mass is related to body weight, body 
volume cannot be so easily assessed. Water displacement is one possibility, but in 
practice, densitometry tends to rely on either underwater weighing or air-
displacement plethysmography to evaluate body volume. Underwater weighing is a 
laboratory method that compares the weight of the subject in air to that obtained 
while they are entirely submerged in water. In air-displacement plethysmography 
on the other hand, the subject is placed in a closed air-filled chamber that is then 
subjected to a pressure change in order to calculate the volume of the body. 
Densitometry is probably the best laboratory approach to obtaining data for the two-
component model for adults.
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Body density can be also estimated from the measurement of skinfold thickness 
with the use of population-specific equations (Table 16.1).

Dilution methods are based on the principle that the volume of a body compart-
ment can be calculated as the ratio of a tracer dose dispensed orally or intravenously 
to its final concentration in that compartment after a certain period of time. Since on 
average in healthy adults the total body water (TBW) constitutes 73 % of the FFM, 
the latter can be easily calculated if TBW is measured. The measurement of TBW, 
or hydrometry, is a dilution method based on deuterium [16], a stable nonradioac-
tive isotopic tracer of hydrogen. The value of FM can then be obtained by the dif-
ference of body mass and FFM. Similarly, extracellular water can be calculated with 
basic dilution techniques and a nonradioactive Br tracer administered orally.

Anthropometry-based methods are good field methods. Weight, BMI, skinfold 
thickness, and body circumference measurements are simple, quick, inexpensive, 
and portable techniques.

Body weight is more a dimension of body size than a measure of body composi-
tion. Nevertheless, weight as a function of height has an essential role in the evalu-
ation of nutritional status in children and adults. Weight is the sum in kg of the FM 
and FFM. In the diagnosis of overweight and obesity, it is important to know the 
percentage of body FM rather than the absolute amount of fat in kg, and specialists 
encourage a definition of obesity based on percentage of body fat or fatness. Changes 
in body weight over time are more often due to changes in the amount of FM, as 
FFM is the most stable of the two components. Daily weight fluctuations are usually 
caused by variations in water content, such as in edema.

Body mass index or BMI is calculated by dividing weight (in kilograms) by 
height (in meters) squared. BMI is widely used as an index of the degree of obesity 
or undernutrition. It is better seen as a measure of fat content (FM in kg) than of 
fatness (% fat) however. BMI is a compositional index that has relevant clinical and 
prognostic value [17]. BMI values correlate with mortality rate [18] and have devel-
oped into an indicator of risk of diseases related to adiposity like premature death, 
cardiovascular diseases, high blood pressure, osteoarthritis, some cancers, and dia-
betes. It should be remembered however that although BMI has traditionally been 
used as a measure of body size and composition, abdominal fat mass can vary sig-
nificantly within a narrow range of total body fat and BMI.

The most widely accepted classifications for overweight and obese people are 
those from the World Health Organization (WHO), based on BMI (Table 16.2).

Skinfold thickness and body circumferences. Skinfold thickness is a measure of 
subcutaneous adipose tissue. Skinfolds themselves may be compared with reference 
data or used in estimation equations to derive whole-body fatness (Table 16.1).

Skinfold measurements are taken at specific sites of the body. The subscapular, 
triceps, biceps, and suprailiac skinfold measurements are among the most com-
monly used sites. After pinching the skin and subcutaneous fat tissue away from the 
underlying muscle, the tester uses special skinfold calipers to measure the skinfold 
thickness in millimeters.

Skinfold thickness has the characteristics of a good field method. It is simple and 
quick, and the calipers are inexpensive and portable. Since estimation equations are 
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always specific to the population on which they have been validated (specificity 
concerns age, sex, ethnicity, technical origins), one must consider which of the 
available equations most closely fits the individual being measured. The seven- and 
three-skinfold equations of Jackson and Pollock [12, 13], the equations of Durnin 
and Womersley [11], and the equation of Forsyth and Sinning [14] are among the 
most used (Table 16.1).

Circumference measurement. Circumference measurement is another simple and 
useful anthropometric measure. The waist, hip, and mid-arm are the most frequent 
sites where circumferences are measured.

Table 16.2  Classification of overweight and obesity by BMI [19, 20]

Classification of overweight and obesity and associated disease risk

Class BMI WC Disease risk

Underweight <18.5 M: <102 cm –

F: <88 cm

M: >102 cm –

F: >88 cm

Normala 18.5–24.9 M: <102 cm –

F: <88 cm

M: >102 cm –

F: >88 cm

Overweight 25–29.9 M: <102 cm Increased

F: <88 cm

M: >102 cm High

F: >88 cm

Obesity class I 30–34.9 M: <102 cm High

F: <88 cm

M: >102 cm Very high

F: >88 cm

Obesity class II 35–39.9 M: <102 cm Very high

F: <88 cm

M: >102 cm Very high

F: >88 cm

Obesity class III >40 M: <102 cm Extremely high

F: <88 cm

M: >102 cm Extremely high

F: >88 cm

The table shows the disease risk for type 2 diabetes, hypertension, and cardiovascular diseases 
associated with BMI and WC in Europid populations. Disease risk is relative to normal-weight and 
normal-waist circumference
In Caucasian population, a WC between 94.0 and 101.9 cm in men and 80.0–87.9 cm in women is 
associated with an increased risk of metabolic complications related to obesity; the risk is substan-
tially increased if WC ≥ 102  cm in men and ≥ 80  cm in women or if WHR ≥ 0.90  in men and 
WHR ≥ 0.85 in women [19, 21]
aAn increased waist circumference may denote an increased risk even in persons of normal weight
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Waist circumference (WC) is measured at the approximate midpoint between the 
lower margin of the last palpable rib and the top of the iliac crest [19]. In other pro-
tocols, waist circumference has been measured at the top of the iliac crest [22], or at 
the level of the umbilicus or at the point of the minimal waist [23].

Hip circumference is taken around the widest portion of the buttocks.
Waist–hip ratio (WHR) is the waist circumference divided by the hip 

circumference.
Since waist circumference and waist–hip ratio reflect abdominal adiposity, high 

values for WC or WHR indicate abdominal fat accumulation [21]. They represent an 
additional measure of body fat distribution [24] and are a good predictor of cardio-
metabolic risk [20] (Table 16.2). Unfortunately, universal cutoff points for WC, as 
for BMI, are not applicable as disease risk may differ between ethnic groups [19].

Mid-upper arm circumference (MUAC) is an index of nutritional status that, in 
conjunction with BMI, is particularly useful as a measure of chronic energy defi-
ciency in children and hospital patients. It is highly correlated with BMI, but it does 
not need weight and height measuring apparatus. Used together with a triceps skin-
fold measurement, it is possible to obtain cross-sectional areas of adipose tissue and 
muscle at mid-upper arm level.

Body impedance assessment (BIA). The principle of body impedance assessment 
is that the resistance or impedance of the body to the flow of a weak alternating 
electric current (800 mA 50 kHz) is inversely proportional to the total body water 
(TBW). TBW composes 60 % of an adult body weight and about 73 % of the FFM 
of nonobese subjects [7, 25]. At low frequencies, current flows mainly through 
extracellular water, while at higher frequencies, it also penetrates cell membranes 
into intracellular water. Thus, multifrequency instruments can evaluate the extracel-
lular and intracellular component of TBW.

The procedure of BIA involves the careful placement of the electrodes (signal 
and detecting electrodes) on the wrist and ankle. Simplified devices require merely 
that the subject stands barefooted on metal plates connected to the electrodes.

From appropriate well-validated estimation equations that include empirical 
impedance values and anthropometric variables such as height and weight, it is pos-
sible to calculate TBW and FFM, and hence FM. More involved BIA procedures 
give the possibility to estimate the composition of body segments, like upper and 
lower limbs.

BIA is a field body composition technique, it is quick and simple to use, and it 
has a good reproducibility. It is important to standardize the measurement condi-
tions [26] and use appropriate well-validated estimation equations.

Dual X-ray absorptiometry (DXA). DXA is a method for whole-body and 
regional body composition analysis. DXA produces a bidimensional image of the 
entire human body. The principle behind DXA is in the differential degree of attenu-
ation of X-ray beams of different energies by the soft tissues and bone. Subsequently, 
the procedure has been developed for non-osseous fat and lean tissue. This makes 
DXA well suited to describing the body in terms of bone mineral content, lean tis-
sue mass, and fat mass, which can be used in the two-compartment model with the 
FFM divided into BMC and LTM. DXA technique may be used to describe the 
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composition of the entire body or of its segments like the trunk and the limbs. Thus, 
DXA may be used to assess peripheral or central adipose tissue accumulation [3] or 
the amount of LTM in the limbs where it is mostly represented by skeletal muscle. 
An index obtained from the DXA has been used to diagnose sarcopenia [27].

DXA scan is relatively quick and is minimally invasive because the radiation 
doses are low.

The technique is quite precise, and it is increasingly used in medical practice to 
assess body composition even if debate continues about the status of DXA as a gold 
standard criterion for body composition [28].

While the DXA technique gives a bidimensional projection of body composi-
tion, whole-body techniques such as computed tomography (CT) and magnetic 
resonance imaging (MRI) can provide three-dimensional reconstruction. Both tech-
niques can generate cross-sectional volumes and images of the body. CT and MRI 
identify FM and precisely describe its localization in terms of subcutaneous or vis-
ceral adipose tissue. CT exposes the subject to an X-ray dose greater than the DXA, 
and for this reason, it is more invasive and less frequently used for body composi-
tion studies than DXA. However, visceral fat distribution may be studied by a few 
scans at the lumbar level, limiting the dose of radiation to which the subject is 
exposed.

MRI does not require ionizing radiation and so is attractive for repeated measure-
ments. It exploits the fact that elements such as hydrogen and carbon resonate in the 
presence of a magnetic field. After being excited by an oscillating magnetic field, 
the energy they dissipate is used to produce images that reflect the density of the 
source elements and properties of their physicochemical environment – for exam-
ple, the presence of hydrogen in water or fat molecules. The disadvantages of MRI 
are the cost of the examination and the long scan time.

CT, MRI, and DXA are particularly helpful in regional measures of body com-
position allowing quantification of muscle mass and abdominal adipose tissue 
deposits [29–31]. Epicardial fat, a further risk factor for CVD, can be visualized by 
MRI and CT techniques [32].

16.2	 �Energy Balance

By energy balance, we mean the arithmetic difference between Ei (energy intake) 
and Eo (energy output).

	 DE = −Ei Eo 	

In nutrition, energy is synonymous with food. Ei represents the algebraic sum of all 
the energy assimilated by a subject in 24 h, while Eo indicates the energy expended 
in the course of their physiological processes during his daily activities. We also 
have to consider ES (energy storage), which is the energy conserved by the organ-
ism during this process, especially when ΔE > 0.

Under the first law of thermodynamics, energy cannot be created or destroyed, 
but it can be transformed from a form into another. This manifests in nutrition 
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through biochemical processes as glycolysis, Krebs cycle, and mitochondrial respi-
ratory chain. These reactions allow the transformation and the consequent availabil-
ity of the energy conserved in food macronutrients. Each food item is composed of 
macromolecules that are metabolized by human cells in order to gain the energy 
necessary for cell metabolism and homeostasis.

In order to establish an accurate method to predict the single-person energy bal-
ance, it is fundamental to quantify the energy contained in different foods and their 
impact on human metabolism. Each food has a specific energy content, which is 
measured in joules. 1 J is the energy spent to move an object of a mass of 1 kg for 
1 m. Although joule is the official unit of measure for energy in the SI (International 
System of Units), in nutrition, the kcal is the preferred unit of measure. 1  kcal, 
approximately 4.2 kJ, is the energy needed to raise the temperature of 1 kg of water 
by 1 °C.

16.2.1	 �Energy Intake Evaluation

Accurate measurement of the daily Ei absorbed by an individual is essential to 
determining their energetic balance. There are two main approaches to this problem: 
retrospective methods and longitudinal ones.

�Retrospective Methods
Retrospective methods consist principally of quantifying, in the most accurate man-
ner, all the different foods eaten by patients in 24 h. Food Frequency Questionnaires 
(FFQs) are commonly used to absolve this task. Through a series of questions, 
FFQs gather an account of the typical daily diet of a patient. Modern FFQs may be 
integrated with pictures of different portions of various foods in order to increment 
the data accuracy.

A similar approach is the 24-h recall, which consists of a series of questions 
aimed to obtain a reconstruction of the dietary intake of the day before the visit.

After data collection, the reported food intake has to be translated into a kcal 
intake in order to find the Ei. In this final step, the operator can take advantage of 
specific software packages that, together with accurate and validated food 
databases, give the total kcal content and the percentage content of the macronu-
trients and in some cases, even of the micronutrients of each food, to allow the 
cumulative quantities to be determined. It is fundamental for the reliability of  
the measurements made in these ways that validated databases be used (e.g., the 
INRAN food database in Italy), in which each food has been analyzed through 
standard chemical techniques. The retrospective methods are low cost and imme-
diate, but do not lack disadvantages. The main problem is that the final data is 
only a reconstruction; the patient may have forgotten some information, could 
even voluntary fail to mention some food, and is unlikely to be accurate regard-
ing portion size. For these and other reasons, the Ei obtained with retrospective 
methods is not very reliable. However, retrospective methods are useful for 
epidemiological studies.
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�Longitudinal Methods
Longitudinal methods give a more reliable value of an individual’s Ei, so they are 
commonly used in clinics. A food diary is the most famous longitudinal method. 
This technique consists of making the individual write a diary in which he reports 
every meal with a detailed description of the quantity and the types of foods he 
consumes in a day. For more accurate data, the food diary should cover from 5 days 
to a whole week, including the weekend. In fact, it is not uncommon to find a radical 
diet modification during the weekend in some patients (especially in occidental cul-
ture). A food diary is also a good instrument to evaluate the psychological status 
associated with nutrition. In some diaries, the patient is asked to describe and report 
their emotional status during or after each meal. As in retrospective methods, the 
food data have to be transformed into micro and macronutrients and finally into 
kcals to find the Ei.

Although longitudinal techniques are more accurate than retrospective ones, they 
too have some disadvantages. First of all, patient compliance: by using a food diary, 
the physician or the nutritionist deeply enters into a person’s life; this can be really 
problematic in patients affected by eating disorders with an important emotional 
component (e.g., anorexia, bulimia, binge eating syndrome). A food diary can be a 
very powerful technique for evaluating patient Ei, but it is important to recognize 
that a food diary’s reliability is entirely based on patient compliance. A much-
debated longitudinal technique is the assisted or artificial nutrition. It is the most 
invasive technique for Ei analysis. It is used for hospitalized patients as well as for 
the treatment of the severe form of anorexia. Subjects submitted to assisted nutrition 
are followed 24 h a day by high-qualified operators that control and report each food 
proposed to the patient. Considering that bromatological analysis of each food is 
performed a priori and each meal is accurately controlled, assisted nutrition is the 
most reliable technique to investigate Ei.

16.2.2	 �Energy Storage

An Ei major than Eo leads to an increment of ES.  Overweight and obesity are 
strictly related to an altered mechanism of energy storage, which is mainly caused 
by an unhealthy and overabundant caloric intake, especially in the westernized 
world.

Extra energy is metabolized by human organism through biochemical processes 
and mainly transformed and stored into fat, glycogen, and proteins. While the 
energy conserved in glycogen and proteins has a physiological threshold, the quan-
tity of exceeding energy that we can convert into fat is theoretically unlimited. This 
behavior seems to be a heritage from our past; throughout most of human evolution, 
the tendency to store calories as fat would likely have conferred an advantage by 
allowing energy storage during periods of abundance that enable survival during 
periods of prolonged caloric restriction, as well as providing greater energy stores 
to nourish the mother and fetus during and following pregnancy. According to 
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Lewis et al., the average US adult gains only 500–1,000 g of weight (approximately 
2,000–2,500 kcal of stored energy) per year (more pronounced in older individuals, 
African Americans, Native Americans, and Hispanic Americans) despite ingestion 
of approximately 900,000–1,000,000  kcal/year [33]. Lewis’ research points into 
focus an important data: energy storage is not only due to the simple difference 
between Ei and Eo, but this biochemical process is mastered and finely regulated by 
individual metabolic, neuroendocrine, and autonomic systems.

Rosenbaum and Leibel [34] investigated the mechanisms behind ES. In their 
study, they underline the importance of considering the bioenergetics physiolo-
gies and the hormonal impact on body weight. Several metabolic hormonal effects 
have been detected with leptin, involved in the hunger and satiety mechanism, 
playing a central role in energy storage. One must also consider the central roles 
of insulin, cortisol, thyroid hormones, and other important molecules implied in 
energy storage whose regulation is strictly correlated with the subject’s nutritional 
behavior.

The many molecular mechanisms implicated in energy storage processes and 
their mutual interaction are one of the main causes of the potent opposition to the 
maintenance of reduced body weight. In addition to an increase of energy intake 
(increased appetite and less sense of satiety), this potent mechanism brings to a 
reduction of energy expenditure by an improvement of muscle efficiency especially 
at low levels of work, as during activities of daily life [4, 34].

16.2.3	 �Energy Expenditure Evaluation

Once we have investigated individual Ei, the estimation or even the measurement of 
the energy expenditure (Eo) is essential for the development of an efficient diet 
therapy.

Eo, also known as total energy expenditure (TEE), represents all the energy used 
by a single subject within 24 h, and it is measured in kcal/day.

In adult subjects, TEE can be represented by the following equation:

	 TEE BEE TEF AEE other= + + + 	

where BEE is the energy necessary for the conservation of vital functions (normally 
60–70 % of TEE). Thermic effect of food (TEF) is the energy necessary for nutrient 
assimilation (5–10 % of TEE); this parameter becomes greater for a high protein 
intake. Finally, AEE represents the energy used during physical activity (20–35 % 
of TEE). AEE is comprehensive of PPA and NEAT [4]. PPA, or programmed physi-
cal activity, is the voluntary physical activity such as sport workouts, while NEAT 
embraces the energy expended for everything we do that is not sleeping, eating, or 
sports-like exercise. By the term other encompasses all remaining, minor metabolic 
components such as shiver reflex.

In children and adolescents, we also have to take into account the energy spent 
for physiological growth.
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16.2.4	 �Estimate Equations

Since the start of the last century, several attempts at BMR prediction have been devel-
oped. In particular, predictive equations based on biological variables like weight, 
height, age, sex, or FFM have been assessed. Predictive equations are developed in 
healthy subjects by regression analysis of these body independent variables and BMR, 
the dependent variable measured by the gold standard method of direct calorimetry.

The most famous and oldest basal energy expenditure predictive equation was 
created by Harris and Benedict in 1919 [35] on the basis of weight, height, sex, and 
age. This equation was tested for the first time on 239 healthy individuals with dif-
ferent BMIs. The population was extended to 337 subjects in 1984, and after almost 
one century, this equation is still used (Table 16.3).

The Schofield equation with all its variants is another very popular and com-
monly used predictive equation [36]. The most common variants are the weight-
based and the weight–height-based formulas. Its strength rises from the large 
number of samples used for the creation of the linear regression from which this 
equation was created: almost 11,000 healthy subjects from a variety of ethnic groups 
from all over the world. This equation can be considered reliable for normal-weight 
and overweight individuals [38] (Table 16.3).

Mifflin et al. [37] introduced FFM in their equation as an independent variable, 
but recent studies have demonstrated that the use of this parameter does not influ-
ence the reliability of the equation. Although this equation was not developed on a 
population as large as Schofield’s (498 healthy patients vs. 11,000), the range of 
BMI used (from 17 to 42) makes it appropriate for obese subjects (Table 16.3).

There are many other predictive equations that essentially differ in the number of 
subjects used in validation, their ethnic group, age, and BMI (Table 16.3).

As calorimetry, the gold standard technique for measuring BMR, is not feasible 
in most dietetic settings, it is important to use the most accurate predictive equation 
to estimate BMR especially in overweight and obese persons.

The choice of the equation is fundamental; the subject analyzed using one of 
these formulas should have the same features as those used for developing the equa-
tion. For example, for obese and overweight German adults, there seem to be no 
accurate and reliable equations [38].

It is important to keep in mind that these formulas only give a predictive BMR 
value, which is often not reliable in pathophysiological conditions. In these cases, it 
is recommended to measure and not estimate the patients’ BMR.

Predictive equations also do not take into account individual differences in phys-
ical activity level (PPA and NEAT); for example, according to Schofield equation, a 
professional athlete has the same BMR of a sedentary subject of the same weight 
and age. So, how can a nutritionist obtain a reliable TEE value from the estimated 
BMR in order to formulate an efficient diet therapy?

To overcome this gap, Food and Agriculture Organization (FAO) has produced a 
classification of physical activity levels (PALs) (Table  16.4) that, multiplied by 
BMR, allows to estimate TEE.
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	 TEE BMR PAL= × 	

PALs are calculated on the basis of the energy expenditure of various activities, 
from sleeping (PAL = 1) to intense training (PAL equal to 15 or greater). In vali-
dation studies, indirect calorimetry was used as the gold standard, and the PAL 
of each activity was calculated in kcal/kg/h. In order to calculate the final daily 
PAL value (kcal/kg/day), it is necessary to sum the whole energy expenditure 
routine of each subject activity in 24 h [39]. PAL values that can be sustained for 
a long period of time by free-living adult populations range from about 1.40 to 
2.40. According to the FAO, PAL values can be divided into three: sedentary, 
active, and vigorous. So, in the previous example, the final TEE difference 
between a sedentary subject and an athlete with the same age and weight becomes 
clear (sedentary TEE = BEE × 1.4 vs. athlete TEE = BEE × 2.4, 42  % TEE 
variation).

In conclusion, predictive equations corrected for physical activity levels may be 
suitable for estimating the healthy subject’s TEE and for epidemiological studies, 
but not applicable to all patient categories.

16.2.5	 �Measurement Methods

Each of the components of TEE (BEE, TEF, AEE) is highly variable, and the total 
effect of these variances determines the variability in daily TEE among subjects. 
Measurements of TEE and their application must take into consideration the activity 
of the subject during the period of measurement in respect to routine daily life, and 
for this, free-living measurements may be preferred. From an alternative perspec-
tive, the measurement of energy expenditure can allow us to assess the relative 
thermic effects of various foods, nutrient compositions, pharmacological effects, 
and psychological components. Energy Expenditure can be measured using one of 
several approaches, including non-calorimetric techniques, direct calorimetry, and 
indirect calorimetry [40].

Table 16.4  Classification of 
lifestyles in relation to the 
intensity of habitual physical 
activity or PAL [39]

Category PAL

Sedentary or light-activity lifestyle 1.40–1.69

Active or moderately active lifestyle 1.70–1.99

Vigorous or vigorously active lifestyle 2.00–2.40

A PAL of 2.40 or higher cannot be supported for a long period 
of time
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16.2.6	 �Non-calorimetric Approaches

As well as predictive equations, these methods measure or estimate TEE from vari-
ables related with energy expenditure. These techniques are often standardized 
against the calorimetric ones.

Doubly labeled water [41]: this method consists of monitoring carbon dioxide 
production and energy expenditure through the use of nonradioactive isotopes 
(D2O18).

This method is driven by the equilibrium between body water, O2, and expired 
CO2:

	 CO H O H CO2 2 2 3+ ↔ 	

The body water is traced with isotope O18, and over time, the concentration of 
marked O2 in the organism will decrease while CO2 is expired and body water is lost 
through urine and respiration.

Both O2 and H2 in body water are tagged with known amounts of tracers at 
the same time. The differences in the elimination rates of the O2 and H2 tracers 
are related to the elimination rate of CO2. Double-labeled water is given to sub-
jects orally after a sample of urine, saliva, or blood has been collected. A second 
sample is collected 7–21 days later, and tracer concentrations are determined 
through mass spectrometry. Body D2 and O18 are measured over time and CO2 
and energy expenditure can be calculated with an error of 6–8 %. The percent-
age error decreases as the number of samples increases. This method is more 
indicated for epidemiological and research studies than ambulatory routine, 
mainly because of the high costs of reagents and the competence required for 
data analysis; however, it provides a good accuracy and it is applicable to free-
living subjects.

Kinematic measurements. These methods are primarily used to estimate 
individual PPA and NEAT. Some techniques as cine photography are specific for 
confined spaces, while other ones, like accelerometers and pedometers, are useful 
for collecting data in free-living subjects. In particular, accelerometers detect body 
displacement electronically with varying degrees of sensitivity: uniaxial accelerom-
eters in one axis and triaxial accelerometers in three axes. Kinematic techniques are 
generally not sufficient for accurately quantifying TEE, but an acceptable precision 
can be obtained through triaxial accelerometers [42]; in free-living subjects, data 
from these devices correlate well with the total daily energy expenditure, measured 
using doubly labeled water [43]. Triaxial accelerometer is a field method utilizable 
in ambulatory routine that is allowing us to gain important information about 
multiple components of a subject’s lifestyle (e.g., information about sleep quality) 
in free-living conditions.
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16.2.7	 �Calorimetry Techniques

Calorimetry techniques are the most accurate methods that allow us to measure 
energy expenditure with a high rate of accuracy. Energy expenditure can be mea-
sured as the sum of work performed on the environment by the organism plus heat 
released during combustion of food. If the organism is at rest, energy expenditure 
equals the heat produced by oxidation of energy substrates in foods.

�Direct Calorimetry
Direct calorimetry represents the gold standard method for energy expenditure 
measurement [44]. Direct calorimetry is based on the principle that all metabolic 
processes that occur in the body lead to the production of heat, a process known as 
thermogenesis.

This technique requires the use of a metabolic chamber that allows fine measure-
ment of the heat lost from the human body. It is also suitable to evaluating the ther-
mogenic variations induced by various foods and daily activities. The disadvantages 
are that the metabolic chamber is rather expensive and its use requires a full time 
technician.

�Indirect Calorimetry
Indirect calorimetry is based on the principle that an organism produces energy by 
the oxidation of energy substrates in foods. The production of energy from these 
substrates takes place through known stoichiometric reactions in which oxygen is 
consumed and carbon dioxide produced. From the volume of oxygen consumed 
(VO2), the volume of carbon dioxide (VCO2) produced, and the excretion of urinary 
nitrogen, the equation of Weir [45, 46] (Fig. 16.4) gives the value of energy expen-
diture. The excretion of urinary nitrogen is often neglected in a simplified version of 
Weir equation with a minor error (Fig. 16.4). The method thus consists of collecting 

COMPLETE WEIR FORMULA

INDIRECT CALORIMETRY EQUATIONS

BMR = [3.9 x VO2 + 1.1 x VCO2] x 1.44 – 2.17 x UN

BMR = [3.9 x VO2 + 1.1 x VCO2] x 1.44

ABBREVIATED WEIR FORMULA
LEGEND

VO2 = oxygen consumption (mL/min)
VCO2 = carbon dioxide production (mL/min)
UN = urinary nitrogen (g/d)
BMR = basal metabolic rate (kcal/d)

Fig. 16.4  Indirect calorimetry equations [45, 46]

M. Pellegrini and N.C. Battistini



189

expired air using either an airtight rigid structure or a portable flexible bag. There 
are various types of indirect calorimeters.

The Tissot gasometer [47] is a rigid total collection system. In this instrument, 
the subject has to expire through a mouthpiece and a nonreturn valve into a glass 
bell suspended over water. The test lasts for about 2 h, and the composition of the 
air in the bell is periodically analyzed.

Douglas bag [48] represents a flexible collector system, in which the patient 
expires through a mouthpiece into a polyvinyl chloride bag. Again, the volume of 
expired air is collected and analyzed (e.g., using a mass flow meter), and the con-
centration of oxygen and carbon dioxide are calculated. This technique is fast 
(20 min) and relatively cheap compared to other calorimetric methods. However, in 
order to obtain reliable results, it requires a good instrument maintenance and expe-
rienced operator.

Another group of calorimetric techniques is represented by open-circuit indirect 
calorimeter systems, which can be divided into two main groups [40]: ventilated 
open-circuit systems where the patient breaths into a container from which air is 
drawn and expiratory collection systems where a subject inspires from the atmo-
sphere and expires via a nonreturn valve into a measurement unit. In the first case, 
the air can be collected through the use of mouthpiece, mask, transparent hood, or 
canopy. The expired air is drawn out through a pump, and the flow rate is accurately 
measured. The expired air is then mixed using a fan and/or mixing chamber, and a 
sample of the expired air is dried and analyzed for oxygen and/or carbon dioxide 
concentrations. This technique allows measurement in a brief lapse of time with a 
high accuracy rate.

An expiratory collection open-circuit system, on the contrary, has the advantage 
of being suitable for free-living analysis as many of these devices are portable and 
allow analysis to be performed over periods as long as 2 days.

Indirect calorimetric techniques can also provide another value: the respiratory 
quotient (RQ).

RQ [49] is calculated from the ratio:

	
RQ VCO VOeliminated consumed= 2 2/ 	

Table 16.5  Respiratory 
quotient of various metabolic 
substrates

Metabolized substrate Respiratory quotient (RQ)

Ethanol 0.67

Fat oxidation 0.71

Carbohydrate oxidation 1.0

Protein oxidation 0.82

Lipogenesis 1–1.2

After carbohydrate-based meal 1 ± 0.04

22 h after fatty-acid-based meal 0.71 ± 0.04

After mixed meal 0.86 ± 0.11

This table reports the RQ of various macronutrients. RQ is cal-
culated through indirect calorimetry [46, 50]
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This value is specific for each metabolized substrate, hence allowing the operator to 
know which is the nutrient mainly consumed by a subject (Table 16.5). Special care 
must be taken in interpreting the RQ value since there are many metabolic and non-
metabolic causes that may result in alterations of the physiological range of RQ.

In order to accurately measure the basal metabolic rate, the subject should 
undergo 8 h of fasting, be awake, and be totally free of stressors. This last aspect is 
fundamental and takes on particular importance in anxious patients and children 
where the use of masks or canopies represents an important stressor input which 
could alter measurement reliability. To ensure patients are adequately relaxed, the 
experimental environment is therefore extremely important, and even steps such as 
the use of acoustic supports like classic music may be advisable. Moreover, the 
operator should also pay attention to the room thermal insulation since RQ is 
particularly sensible to temperature variations.

Indirect calorimetry represents a useful technique for the customization of a 
patient’s energy requirements and nutrient supply when seeking to improve treat-
ment outcomes in the clinical setting [51] especially in critically ill patients.

With advances in technology, indirect calorimetry has become easier to operate 
and less expensive, leading to a more widespread use of the instrument.
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17.1	 �Lifestyle Intervention and Counseling (Comprehensive 
Lifestyle Intervention)

Lifestyle education, provided in individual or group sessions by a trained health 
worker, is aimed to improve physical activity level, eating behaviors, healthy diet, 
stress management, and sleep. Therefore, it is a form of psychological intervention 
for the reason that it involves emotional, cognitive, and behavioral processes, family 
habits, and social relationships. Furthermore, it requires accurate preliminary 
assessment pointed to evaluate individual barriers to healthy habits and weight loss 
and motivational counseling to improve adherence. Electronically delivered pro-
grams (web, telephone) are less effective than face-to-face interventions. A recent 
randomized controlled trial shows that web-based computer-tailored interventions 
for multiple health behaviors can reach a large number of people at low cost and 
have a significant public health impact; however, dropout rates were high and effect 
sizes were modest [1].

Comprehensive lifestyle intervention alone is likely to be more successful in 
people whose BMI is not too far from the desirable range (<35 kg/m2). However, it 
“is foundational to weight loss, regardless of augmentation by medications or 
bariatric surgery” [2]. An intensive lifestyle intervention on body weight and car-
diovascular disease risk factors among severely obese individuals (BMI ≥ 40 kg/m2) 
can obtain important results in a significant proportion of patients [3].

Health coaching may be effective in people who suffer from major psychiatric 
disorders as well [4], but results are controversial [5].

Finally, lifestyle education is ordinarily helpful and often needed after obesity 
surgery because a considerable proportion of patients are unable to benefit optimally 
from bariatric surgery in terms of weight loss [6]. As a marginal note, providing 
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information about necessary postoperative lifestyle changes can somewhat reduce 
the stigma of bariatric surgery [7].

17.2	 �Obesity and Eating Disorders

Obesity is not classified as a mental disorder per se, and there is no a place for 
obesity in the DSM-5 [8]. Conversely, in May 2013 binge eating disorder (BED) has 
become an approved DSM-5 diagnostic category. BED has connected the medical 
area of obesity with the psychiatric field of eating disorders, and this bridge has 
attracted increasing attention to the psychological and psychiatric aspects of obesity 
and contributed to the development of a multidimensional team approach to the 
assessment and treatment of eating and weight disorders [9].

The core feature of BED is the presence of recurrent episodes of overeating with 
loss of control and no regular use of inappropriate weight loss behaviors like self-
induced vomiting. The frequency cut point for DSM-5 diagnosis is once per week 
for 3 months.

The results of the National Comorbidity Survey Replication, a face-to-face house-
hold study conducted in a large representative sample (n = 9,282), indicated the follow-
ing lifetime community prevalence rates of DSM-IV BED in the USA: 3.5 % in women 
and 2.0 % in men; F to M ratio was 1.75–1.0. Furthermore, lifetime BED was signifi-
cantly associated with current obesity class III (BMI ≥ 40 kg/m2) [10].

Obese individuals with binge eating disorder (BED) are at higher risk for 
developing metabolic syndrome [11]; in particular, there is a significant relation-
ship between BED and type 2 diabetes due to their excess weight and maladap-
tive eating patterns.

Studies on BED treatment are burdened by several limitations as selection 
biases (e.g., mostly women and overweight), small samples, high dropout rates, 
and placebo response [12]. Psychological treatments may be useful, in particular 
cognitive behavioral therapy, dialectical behavior therapy, and interpersonal psy-
chotherapy. Self-help interventions have a place [13]. A number of psychotropic 
drugs (in particular antidepressants and anticonvulsants/mood stabilizers like topi-
ramate and zonisamide) may have modest beneficial effects [14].

Binge eating or loss of control eating may be observed in children and adoles-
cents as well, usually associated with overweight/obesity. Binge eating appears 
independently associated with emotional eating, depression, and anxiety and pos-
itively related to parental problems (e.g., underinvolvement, arguments, and 
depression of family members) and social problems [15].

Other patterns of disordered eating are frequently associated with obesity, 
especially BED-obesity: picking or nibbling (P&N), night eating (NE), and emo-
tional eating (EE).

Picking or nibbling is an eating behavior characterized by eating in an unplanned 
and repetitious manner in between meals and snacks [16]. It is highly prevalent 
across eating disorder diagnoses and seems to be related to poorer weight loss 
outcomes after bariatric surgery.
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Night eating is associated with poorer glycemic control in Type 2 diabetes and 
disruptions in eating, sleep, and mood [17].

It is well known that eating usually moderates distress (comfort foods, typically 
with high caloric density and palatability). In some people there is a very strong 
relationship between eating, energy intake, and emotions, above all anger, depres-
sion, anxiety, and boredom. EE may be observed in adults, adolescents, and children. 
Weight loss programs should consider difficulties in the area of affect regulation and 
stress response. In addition, in the treatment of pediatric obesity, the emotional bond 
between caregiver and child should be explored as well [18].

The orexigenic hormone ghrelin might play a key role in the relationship between 
acute and chronic stress and food intake. Its plasma levels are enhanced under con-
ditions of physiological stress, and the ghrelinergic system seems to be a critical 
factor at the interface of homeostatic control of appetite and reward circuitries, 
modulating the hedonic aspects of food intake [19]. Perhaps future anti-obesity 
pharmacotherapies should focus also on the ghrelinergic system to modulate the 
rewarding properties of food.

17.3	 �Food Craving and Food Addiction

Food craving has been defined as an intense desire to consume a specific food 
that is difficult to resist [20]. Despite not necessarily pathological, food craving 
has been indicated as particularly associated with eating and weight disorders: 
anorexia nervosa, bulimia nervosa, binge eating disorder, night eating, emotional 
eating, and obesity.

In recent years, some researchers have asked whether similar behavioral and 
cognitive changes occur in drug addiction and obesity. At the same time, 
advances in understanding the overlapping circuits underlying both feeding 
behaviors and drug addiction may allow us to consider this question from a 
neurobiological point of view, to complement behavioral perspectives [21]. The 
strong reinforcing effects of both food and drugs are mediated by rapid dopa-
mine increases in the brain reward centers that, in vulnerable individuals, can 
override the brain’s homeostatic control mechanisms. A functional magnetic 
resonance imaging study examined the neural correlates of addictive-like eating 
behavior. Elevated Yale Food Addiction Scale (YFAS) scores [22] were associ-
ated with similar patterns of neural activation as substance dependence: elevated 
activation in reward circuitry in response to food cues (anticipated receipt) and 
reduced activation of inhibitory regions (lateral orbitofrontal cortex) in response 
to food intake (receipt) [23].

One intriguing model considers obesity as an addictive disorder (food addiction), 
at least in a subgroup of subjects. A recent study [24] found that a subset of 41.5 % 
of BED patients met the YFAS food addiction cutoff [22]. According to Nora 
Volkow, both drug addiction and obesity “can be defined as disorders in which the 
saliency of a specific type of reward (food or drug) becomes exaggerated relative to, 
and at the expense of others rewards” [25].
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From another point of view, a surprising research shows that the food addiction 
model of obesity does not increase weight bias and could even be helpful in reduc-
ing stigma against obese people [26].

The relationships among eating behavior, reward circuitry function, and affect 
regulation systems represent a fascinating topic, but a detailed understanding of the 
connections is still lacking. Furthermore, to devise diagnostic criteria based on the 
above aspects raises multiple difficulties because the phenomena central to this 
model are basically dimensional.

17.4	 �Anxiety and Depression

Anxiety and depression often go together with obesity [27].
Data obtained in a cross-sectional survey from 3,361 general practice patients 

demonstrated a U-shaped relationship between weight and depression, with higher 
prevalence of depressive symptoms observed among underweight (24 %) and obese 
individuals (23  %) in comparison with normal-weight (11  %) and overweight 
(12 %) subjects [28].

Which came first, obesity or depression?
A number of studies suggest a bidirectional relation between obesity and depres-

sion. The Nurses’ Health Study prospectively followed from 1996 to 2006 65.955 
women aged 54–79 years. Depression at the baseline period was associated with an 
increased risk of obesity at the follow-up period, also in baseline non-obese women. 
On the other hand, obese women at baseline had a moderately increased risk of 
depression at the follow-up period compared with baseline normal-weight women, 
also for new onset of depression [29].

For girls, adolescence is a high-risk period for the development of the comorbidity 
obesity-depression. A prospective study found that early adolescent-onset depression 
is associated with elevated risk of later-onset obesity, and obesity, particularly in late 
adolescence, is associated with increased odds of later depression [30].

17.5	 �Negative Body Image and Social Stigma

The clinical relevance of studies on body image in subjects with obesity has continued 
to increase in the years. Such factors as gender, age, degree of obesity, onset age of 
overweight, ethnicity, social class, history of sexual abuse, teasing and parental criti-
cism about weight, history of weight cycling, and presence of binge eating all show 
important modulating effects on body uneasiness [31]. Individuals with BED-obesity 
present greater dissatisfaction and distress about their body appearance than people 
with non-BED-obesity and may present weight and shape concerns comparable to 
bulimia nervosa patients and higher than anorexia nervosa patients. Overvaluation of 
shape/weight in BED should be, but is not yet in DSM-5, a diagnostic specifier for 
BED [32, 33].
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Therefore, assessment and treatment of persons with obesity and BED should 
consider cognitive as well as behavioral dysfunctional attitudes, and outcome studies 
should be focused not only on eating behavior but on body image as well.

A circular relationship links together obesity social stigma, internalized stigma, 
and negative self-image that upset obese persons. Obesity social stigma is pervasive 
in contemporary societies [34]. Representations of people with obesity as 
unpleasant, lazy, unintelligent, and with poor self-control are dominant. Prevention 
programs should take into account this critical problem that contributes to distress, 
depression, low self-esteem, and disordered eating behaviors.

17.6	 �Bariatric Surgery Candidates and Psychopathology

A substantial body of level 1 evidence from randomized trials comparing surgical 
versus nonsurgical approaches to obesity, type 2 diabetes, and other metabolic dis-
eases shows that, at this time, bariatric (or metabolic) surgery is the weight loss 
treatment of choice for patients with morbid obesity [35]. However, BMI should not 
be a primary criterion for selection of candidates [36].

A recent review of studies using structured diagnostic interviews [37] shows 
that the rates of psychopathology in the bariatric surgery candidates are consid-
erably higher than the other two population groups (general population group 
and non-treatment obese group), in all the samples. Both current and lifetime 
rates of psychopathology appear high in bariatric surgery candidates: affective 
disorders are the most common category of lifetime Axis I disorders, while anxi-
ety disorders are the most common category of current Axis I disorders. Higher 
rates of psychopathology are associated with female gender, low socioeconomic 
status, and higher BMI. Bariatric candidates who think that their life will dra-
matically change after surgery and those with comorbid psychiatric disorders 
(e.g., severe personality disorder, intense body image disturbance) may show 
greater difficulties in adapting to the postoperative way of life, and psychologi-
cal and/or psychiatric treatment, before and after surgery, if surgery is per-
formed, may be necessary [38].

Loss of control is central to psychological disturbance associated with 
BED. High body uneasiness and feelings of loss of control could drive binge eaters 
to seek weight loss surgery more often than non-BED obese subjects in an attempt 
to gain control over both compulsive eating behavior and body shape [39]. 
Accordingly, the prevalence of BED among bariatric surgery candidates is particu-
larly high, about 10  % [40]. A 2014 study evaluated how many more bariatric 
surgery candidates met the new, less conservative criteria of DSM-5 for BED: an 
additional 3.43 % of candidates met the diagnostic threshold for BED when using 
the DSM-5 criteria. However, they were similar to those meeting the more conser-
vative DSM-IV-TR diagnostic threshold [41]. In obesity surgery candidates, BED 
is associated with an increased prevalence of psychopathology beyond the already 
elevated rate observed with obesity class III [42]. Preoperative and postoperative 
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binge eating or grazing has been shown to be associated with poorer weight loss 
[43]. Nevertheless, BED should not be considered as an absolute contraindication 
per se. Adequate treatment may help BED patients to obtain positive outcomes 
from weight loss surgery [44]. These issues should be addressed in the pre- and 
perioperative period to maximize gains after surgery. That is why, in many hospi-
tals, mental health professionals are a part of the multidimensional process of both 
the evaluation and treatment of bariatric surgery patients. Some authors speak of 
bariatric psychology [45].

17.7	 �Weight Regain and Psychopathology  
After Bariatric Surgery

The operation on its own should be considered as one step in obesity treatment.
Existing literature indicates that, in general, there are improvements in quality of 

life, sexual functioning, and psychological health after bariatric surgery with peak 
progresses during the first year of weight loss [46, 47]. The change for the better 
may be attributed to weight loss and consequential gains in body image and self-
concept. Preoperative mental health plays an important role.

However, not all patients report psychological benefits after bariatric surgery. 
Some patients continue to struggle with weight loss, maintenance and regain, and 
resulting body image dissatisfaction. Weight recidivism has been observed in a sig-
nificant proportion of patients after bariatric surgery. A systematic review indicates 
that the underlying causes leading to weight regain are patient and procedure spe-
cific, multifactorial, and overlapping: psychiatric disorders, psychological features, 
unhealthy lifestyle (physical inactivity and/or dietary noncompliance), endocrine-
metabolic diseases, and problems related to surgical procedure [48]. According to 
the authors of this review, addressing postsurgical weight regain requires a system-
atic multidisciplinary approach focusing on contributory dietary, psychologic, psy-
chiatric, medical, and surgical factors.

Some patients seem to experience addiction transfer [49]: new compulsive 
behaviors and new addictions may blossom to replace overeating (alcohol, smok-
ing, drugs, gambling, shopping, etc.). In particular, weight loss surgery candidates 
may have a greater lifetime risk of alcohol use disorders, and after surgery, many 
patients continue to consume alcohol and not rarely they increase quantities, regard-
less of greater sensitivity to the intoxicating effects [50].

Eating disorders may emerge after bariatric surgery. In most cases, diagnostic 
criteria for anorexia nervosa or bulimia nervosa are not satisfied. Segal and cowork-
ers proposed a new category, postsurgical eating avoidance disorder [51]. Emotional 
eating and compulsive grazing are eating patterns that can persist or appear after 
surgery and negatively affect outcome. The postoperative development of eating 
disorders in obesity surgery patients seems a quite rare outcome, but it is likely that 
such symptoms are underreported [52].
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17.8	 �Obesity in People with Serious Mental Illnesses

Persons with mood and anxiety disorders, schizophrenia, post-traumatic stress disor-
der, personality disorders, etc., are 1.5 to more than three times as likely to be obese as 
the general population. Overweight/obesity and mental disorders appear frequently 
together also in children and adolescents. As the prevalence of obesity in people diag-
nosed as having a mental illness is very high, obesity and obesity-related diseases con-
tribute to the total disability level. In addition, a double social and internalized stigma 
impairs the quality of life of individuals who are mentally ill and overweight [53].

The interaction of genetic factors, socioeconomic status, lifestyle, and medica-
tions likely accounts for the high risk of overweight, metabolic syndrome, and pre-
mature mortality in people with serious mental illness. Undoubtedly, most 
psychotropic drugs – not only antipsychotics but antidepressants and mood stabiliz-
ers as well – are associated with the potential to induce weight gain- and obesity-
related disorders. When psychiatrists prescribe drugs, they should take into account 
potential for weight gain, monitor metabolic parameters, and educate their patients 
and caregivers about the risks and how to prevent them [54].

17.9	 �Psychometric Instruments

Tests may be helpful to reliably and validly assess specific constructs relevant to 
eating- and weight-related disorders. From a clinical perspective, an evaluation of 
single items may offer precious information. Many psychometric instruments exist 
and new tests emerge continuously. Table  17.1 suggests 20 self-report question-
naires (Q) and interviews (I).

Table 17.1  Eating and weight disorders: 20 psychometric instruments

Name Type Target

Beck Depression Inventory (55] Q Depression

Binge Eating Scale [56] Q Binge eating

Body Uneasiness Test [31] Q Body image

Brief Symptom Inventory [57] Q Psychopathology

Decisional Balance Inventory [58] Q Motivation

Difficulties in Emotion Regulation Scale [59] Q Emotion regulation dysregulation

Eating Disorder Examination 16.0D [60] I Eating disorders

Eating Disorder Examination Questionnaire 
6.0 [61]

Q Eating disorders

Food craving inventory [20] Q Food craving

Impact of Weight on Quality of Life [62] Q Quality of life

KINDL-R [63] Q Quality of life in children/adolescents

McMaster Family Assessment Device [64] Q Family functioning

Rosenberg Self-Esteem Scale [65] Q Self-esteem
(continued)
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18.1	 �Introduction

Functional evaluation could be interpreted as a set of tests and observations that 
determine individual functional abilities, strength, skills, and capacity to perform 
specific daily performance. Therefore, functional evaluation leads us to assess the 
physical fitness of the subjects providing the baseline data helpful to realize an 
individualized training program. When performing the functional evaluation, it is 
important to focus whether the data obtained relates to performance or health. 
Performance measurements refer to components that contribute to optimal task 
execution (such as maximal speed, maximal power, etc.), while health measure-
ments refer to components related to health status (such as body composition, bone 
strength, lipid metabolism, and peak aerobic capacity). The choice to assess per-
formance or health parameters depends on many factors. The assessment of perfor-
mance parameter is usually more important for athletes or healthy-active subjects 
than for sedentary, untrained, or subjects with diseases. Obviously, seeing that 
obesity is associated with an increased risk of heart disease, stroke, hypertension, 
type II diabetes mellitus, osteoarthritis, and with disability [1–6], the information 
obtained from functional evaluation should be related to health. Therefore, in obese 
subjects it is required to assess all components that relate to health. For example, 
body composition, strength, gait speed, flexibility, peak oxygen consumption, aerobic 
threshold, and balance. In addition, functional assessment should highlight not only 
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the ability but also the limitations of the subjects. The latter is very important for 
fitness professionals to realize training programs minimizing the risk of injuries and 
dropout. We reach the well-known positive effects on health [7–10] by implementing 
a training program that considers the subjects’ abilities and disabilities, in combina-
tion with dietary and behavioral modifications.

The test setting for functional assessment in obese subjects includes the physical 
characteristics to obtain health-related information. For example, in order to assess 
the peak oxygen capacity, the test protocol should consider the low gait speed and 
balance capacity typical of obese individuals. Also, muscle problems which could 
occur during the test performance will influence test results and interpretation. For 
example, Wright et  al. [11] showed that overweight and obese twins were more 
likely to report low back pain, tension-type or migraine headache, fibromyalgia, 
abdominal pain, and chronic widespread pain than normal-weight twins after adjust-
ment for age, gender, and depression. These results are also supported by Hitt et al. 
[12], who affirmed that obese subjects are more likely to experience pain than their 
normal-weight and underweight counterparts. It is also important to note that dis-
abilities and physical problems themselves may lead to increased risk for obesity.  
In fact, some disabilities often lead the subjects to have sedentary lifestyle and 
consequently to have an imbalance between intake and energy expenditure.

18.2	 �Joint and Muscle Problems

Obesity condition is strongly correlated with joint and muscle problems favoring an 
increased risk of physical disability [13]. Jensen et  al. [13] observed that the 
relationship between obesity and functional impairment extended in longitudinal 
follow-up to men and women at a BMI of 35 or greater. It is also important to notice 
that total fat mass is the body component more strongly associated with increased 
risk of disability than body fat distribution [14]. Studies have pointed out the rela-
tionship between pain and body weight showing that body weight is significantly 
related with knee, hip, and back pain in older population [15] and with neck and 
back pain in general population [16]. The prevalence of significant musculoskeletal 
pain in obese subjects results in a significant negative relationship between obesity 
and health-related quality of life [17]. These data demonstrate that pain is a strong 
covariate of obesity, and, therefore, this should be considered in the design and 
development of obesity treatments. Excess of body fat could cause abnormal 
posture, both in dynamic [18] and static conditions [19]. This abnormal posture 
limits the normal joints’ physiological range of motion and consequently enhances 
the risk of musculoskeletal overload [20]. Moreover, increased forces across the 
joints play a fundamental role in the negative relationship between obesity and 
weight-bearing joints (back, knees, ankle, and hip), compared to non-weight-bearing 
joints (shoulder/neck and upper extremities). Therefore, the effects of weight on 
joints depend on the body regions that are involved. In support of this relation, Shiri 
et al. [21] analyzed the effects of overweight and obesity on sciatica. The author 
affirmed that both overweight and obesity conditions are associated with an increas-
ing risk in hospitalization for sciatica and with an increasing risk of surgery for 
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lumbar disk herniation. The increased mechanical loads on knees and the decrease 
in lower limb flexibility could justify the high incidence of knee osteoarthritis [22] 
and skeletal alteration in obese subjects [23]. Obesity is also strongly correlated 
with muscle problems. In fact, a specific feature of obesity called “sarcopenic obe-
sity” has recently become of interest for researchers [24, 25]. This condition emerges 
when obese subjects have inadequate muscle mass compared to their body size. The 
imbalance between obesity and muscle function, either defined by small muscle 
mass or poor muscle strength, is associated with risk of disability. The sarcopenic 
obesity condition could depend on different factors. First, fat mass increases with 
the age, whereas muscle mass and strength tend to decline progressively after the 
age of 40 years. In support of these trends, Droyvold et al. [26] showed that during 
approximately 10 years, body weight increased in all age groups below 70 years, 
while Evans et al. [27] analyzed the causes that lead to a loss of skeletal muscle 
mass during aging. Second, a sedentary lifestyle, typical of obese subjects, speeds 
on the decrease of skeletal muscle mass and the gain of fat mass. Moreover, more 
causes of sarcopenic obesity were evaluated such as inflammation, insulin resis-
tance, malnutrition, etc. [24].

18.3	 �Cardiopulmonary Exercise Testing

Cardiorespiratory fitness, defined as the ability of the body to transport and use 
oxygen, depends on the integration of cardiac, pulmonary, and musculoskeletal sys-
tems. Fitness professionals should be aware that overweight and obese subjects 
could be poorly conditioned since the aerobic capacity of these subjects has been 
shown to be low, and in some instances, critically low [28]. De Souza et al. [29] 
reported that aerobic capacity of severe obese subjects (44 ≤ BMI ≤ 54.8  kg/m2) 
ranged from 16.1 to 34.7 ml·min−1kg−1. The poor aerobic capacity must be taken 
into consideration when determining exercise intensity in deconditioned subjects. 
Among the parameters to be considered in the exercise program for obese popula-
tion, intensity has received special attention [10]. Cardiopulmonary exercise test 
allows the fitness professionals to assess the right intensity of training program. 
Intensity rate could be described in both absolute and relative terms. Relative terms 
take into account the exercise capacity of the subjects to perform the activity, while 
absolute terms only consider the demands of the activity. Cardiopulmonary exercise 
test provides important data to prescribe the appropriate exercise intensity for over-
weight and obese subjects in both relative and absolute terms. Commonly, exercise 
intensity is based on measured, or estimated, peak oxygen uptake (V̇O2peak) or maxi-
mum heart rate (HRmax) [30]. However, when a workload is quantified only in relation 
to V̇O2peak or HRmax, it can result in different metabolic requirements between subjects. 
Therefore these variables should be used with caution when prescribing exercise, 
due to the lower cardiorespiratory fitness of overweight and obese subjects [10].

An alternative approach is to define the exercise intensity in relation to validated 
physiological break point such as the aerobic/anaerobic threshold. The aerobic 
threshold marks the upper limit of an almost exclusively aerobic metabolism that 
permits exercise lasting for ten of minutes at a lactate level of approximately 
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2 mmol·l−1. The individual aerobic threshold (AerT) represents in general a mild to 
moderate exercise intensity (31). For these reasons, during the last years, AerT has 
been used more frequently [31] to prescribe exercise intensity, and it has also been 
applied in obese population with comorbidity [32]. Considering that the obese popu
lation is characterized by a low cardiorespiratory fitness, it can be very important to 
use threshold concept when exercise intensity has to be chosen. The procedures to 
determine the AerT [10] during an incremental exercise testing may include proto-
cols based on of blood lactate measurements or on gas exchange analysis. The 
determination of AerT through gas exchange analysis is a noninvasive practice, and 
this deserves a special consideration for a simple intensity exercise prescription in 
overweight and obese subjects. There are different protocols to assess this para
meter as described by Emerenziani et al. [10]. One of the suitable methods is the 
determination of the optimal respiratory efficiency by plotting the ventilatory equi
valent (V̇E/V̇O2) as a function of V̇O2 in order to identify the point during exercise 
where this curve has its minimum value.

18.4	 �Disability Evaluation

Physical inactivity, a common condition of overweight and obese individuals, is 
usually associated with low cardiopulmonary values and disabilities. Disability is 
typically defined as an impairment that limits the capacity of a person to perform 
daily life activities. Obesity is characterized by a low health-related quality of life 
due to a disability in strength, gait speed, flexibility, and cardiorespiratory capacity. 
Disability could be evaluated with different sets of tests, in accordance with the 
physical capacity to evaluate. Choice of measurement should be limited by practical 
issues and influenced by functional relevance as well as feasibility. The Medical 
Outcome Study 36-Item Short Form Health Survey (SF-36) is one of the most used 
instrument for the evaluation of generic quality of life. It examines eight different 
items: physical functioning, role limitations due to physical problems, energy/
vitality, bodily pain, social functioning, role limitations due to emotional problems, 
mental health, and general health. Karlsen et al. [33] showed that this tool could be 
used to evaluate the health-related quality of life in obese population. Moreover, the 
National Health and Nutrition Examination Survey (NHANES) and the Specific 
short-form questionnaire for Obesity-related Disabilities (TSD-OC test) could be 
used to evaluate subjects’ well-being [34, 35]. The performance in a specific test 
such as the 6-min walking test (6MWT) can unveil the limitations in cardiorespira-
tory and motor functions underlying the obesity-related disability [36]. The 6MWT 
has been shown to be a reliable and valid test to assess the physical fitness of obese 
patients [37]. Strength disability could be evaluated by the hand grip strength test or 
by the lower limb strength test [36]. Spine flexion, together with hip and shoulder 
flexion, extension, and abduction, could be measured with a standard goniometer 
[36]. Flexibility could be measured by a sit-and-reach test, in which the subject sits 
with the knees completely straight and reaches forward slowly using both the hands 
together [38].
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19.1	 �Which Quality of Life?

The complications of obesity possibly determining premature mortality include 
cardiovascular diseases, diabetes mellitus, dyslipidemia, sleep apnea and respira-
tory failure, osteoarthritis, infertility, some forms of cancer (colon, breast, prostate, 
endometrium), depression, and impairment of health-related quality of life [1]. 
Improvement of quality of life is recognized as a relevant measure of treatment 
outcome in obese patients, both in medically and surgically treated cases [2]. There 
is an open discussion about the meaning of quality of life and what issues are really 
important for patient well-being. The concept of quality of life is a major point 
when discussing measures aimed at defining the impact of diseases (obesity in this 
case) on functional status and well-being. The quality of life concept is multifaceted 
and can be approached from different perspectives. Many terms have been used 
interchangeably: quality of life, health status, and health-related quality of life 
(HRQL). Anyway, quality of life refers not only to health status but also to environ-
mental and economic factors that can obviously affect well-being. HRQL is the 
functional effect of a medical condition and/or its therapy on a patient. Therefore, 
HRQL is subjective and multidimensional, including physical and occupational 
function, psychological state, social interaction, and somatic sensations [3]. 
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Therefore, we can imagine how difficult it is to try and measure someone’s quality 
of life. As a result, for a long time, hundreds of tests have been designed to measure 
different aspects of quality of life [4].

19.2	 �Why Do We Need to Assess Quality of Life?

First, HRQL assessments are commonly administered initially to assess the overall 
impact of a particular condition on functioning and well-being. This provides 
additional information beyond those offered by traditional medical and clinical 
measures; this can help to understand the wide variability in individual responses to 
similar conditions [5]. Second, HRQL measures can be used as an outcome esteem 
to evaluate the effects of treatment. HRQL can also be used to assess the efficacy and 
cost-effectiveness of treatment interventions [6, 7]. Finally, on a wider perspective, 
information on quality of life may also influence the development of clinical path-
ways, healthcare expenditures, and public health policy.

19.3	 �Measuring Quality of Life: Instruments

HRQL can be measured by either generic or obesity-specific instruments.

19.3.1	 �Generic HRQL Instruments

Generic instruments are designed to measure broad aspects of quality of life. These 
instruments are not designed to assess quality of life relative to a particular medical 
condition but rather provide a generalized assessment.

The SF-36 Health Survey3 is the most widely used and validated HRQL instru-
ment [8]. The scores are standardized from 0 for poor health to 100 for good health. 
Scores from the SF-36 Health Survey can be compared with established scores of 
healthy persons in the USA (US norms). There are eight health domains within the 
SF-36: physical functioning (measures the limitation in performance of physical 
activities), role-physical (measures the limitation in daily activities as a result of 
physical health), role-emotional (measures limitation in daily activities as a result of 
emotional problems), bodily pain (measures the pain-related functional limitations), 
vitality (measures the energy level), mental health (measures the presence and 
degree of depression and anxiety), social functioning (measures the limitations in 
social functioning), and general health (measures an individual’s perception of  
his/her health).

Other generic instruments have been used with obese patients [9], such as the 
Satisfaction with Life Scale, the Extended Satisfaction with Life Scale and  
the Quality of Life Inventory, the Nottingham Health Profile (38 questions), and the 
Sickness Impact Profile (136 items).
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The major advantage of generic measures is that they allow for comparisons of 
HRQL across a variety of medical conditions. Moreover, generic instruments can be 
administered to different populations to examine the impact of various healthcare/
therapeutic programs on HRQL. On the other hand, the major limitation of generic 
HRQL instruments is that they do not assess potential condition-specific domains  
of HRQL. Because of this, they may not be sufficiently sensitive to detect subtle 
treatment effects. [10].

19.3.2	 �Specific Instruments

The second approach to HRQL assessment involves the use of instruments that are 
specific to a disease, population, or specific clinical problems. Measures designed for 
specific diseases or populations will probably be more sensitive and therefore have 
greater relevance in medical practice. A commonly used specific tool is the Obesity-
Related Well-Being (ORWELL 97) questionnaire [11], which has been developed and 
validated by our group. The ORWELL 97 is a self-reported measure of obesity-
related, perceived, quality of life, measuring obesity-related domains such as social 
activities, self-esteem, and sexual attractiveness. The novelty of the ORWELL 97 
questionnaire is that it takes into consideration not only the intensity but also the sub-
jective relevance of physical and psychosocial distress. In fact, a group of obese 
patients was asked to describe the effects of being overweight in their everyday life 
and to indicate the most distressing physical and psychological symptoms; on the 
basis of the most commonly voiced concerns, the authors identified 18 items.

The Impact of Weight on Quality of Life (IWQOL) scale [12] and the Health 
State Preference (HSP) scale in persons with obesity [13] are other examples of 
obesity-specific HRQL instruments. The IWQOL is a 74-item measure that assesses 
the effect of weight along eight domains of functioning: health, social/interpersonal, 
work, mobility, self-esteem, sexual life, activities of daily living, and comfort with food.

Other obesity-specific instruments are the Moorehead-Ardelt Quality of Life 
Questionnaire (5 questions) [14], the Obesity-Specific Quality of Life questionnaire 
(11 questions) [15], and the Quality of Well-Being Scale (50 questions) [16]. In par-
ticular, the Moorehead-Ardelt QoL Questionnaire is a simple bariatric-specific ques-
tionnaire, used effectively as part of the Bariatric Analysis and Reporting Outcome 
System (BAROS). The Moorehead-Ardelt Quality of Life Questionnaire assesses 
self-esteem, physical activity, social life, work conditions, and sexual activity/interest. 
Points are added for positive changes and subtracted for negative changes.

Even if disease-specific instruments probably provide a better assessment of 
HRQL than generic instruments, the major variable is based on the goals and aims 
of the research. In fact, it has been shown that disease-specific instruments are more 
powerful in detecting treatment effects than generic instruments [17]. Moreover, it 
has also been demonstrated that obesity-specific measures of psychological distress 
correlate more highly with relative body weight than general measures of psycho-
logical distress [18].
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The “fair” consensus reached among quality of life researchers is that both 
generic and disease-specific instruments should be used to provide the most com-
prehensive assessment of HRQL possible, even if this could be of more difficult 
management for the patient (patient burden) and also for the inquirer (data manage-
ment, discrepancies between the results, etc.).

19.4	 �Obesity and HRQL

It is widely known that obesity adversely affects HRQL [19]. Therefore, HRQL is 
now considered a priority in the treatment of chronic diseases and may be selected 
as a clinical-relevant outcome in treatment programs. Nevertheless, several review 
articles and meta-analyses have found an inconsistent relation between obesity and 
psychological outcomes, including psychological well-being and quality of life 
[20]. The QUOVADIS study [21] showed that psychopathological disturbances are 
the most relevant factors associated with poor HRQL in obese patients, affecting not 
only psychosocial but also physical domains, largely independent of the severity of 
obesity. Moreover, mixed evidence has been shown for body image and self-esteem 
as predictors of weight control [22]. The real problem is probably that the majority 
of studies have been restricted to the evaluation of the role of obesity on the preva-
lence of selected chronic diseases or mortality and a few empirical studies have 
estimated the influence of obesity on HRQL [10]. Undoubtedly, there are many 
variables that should be taken into account, such as comorbidities, BMI, age and sex 
of the patients, and also the presence of eating disorders.

Substantial HRQL impairments are known to occur in the severely obese patients, 
even if the independent impact that weight itself has on quality of life is generally 
small [23, 24]. Anyway, it has been demonstrated that, in comparison with a normal 
BMI, obesity is associated with a lower HRQL, even after controlling for patient 
characteristics and comorbidity [25]. A quite recent work has shown that women 
probably suffer a disproportionately large share of the disease burden of overweight 
and obesity, which is not due solely to differences in medical comorbidity. The pos-
sibility that aspects of emotional well-being may mediate the association between 
obesity and physical health functioning warrants further attention in this regard. 
These findings therefore indicate the need to stratify data by gender [26].

The association between age and weight-related quality of life in overweight/
obese individuals has also been investigated. Weight-related quality of life seems to 
be more impaired with increasing age for physical function, sexual life, and work. 
However, increasing age was associated with less impairment for self-esteem  
and public distress [27]. It has also been demonstrated that in postmenopausal 
women, depressed mood may amplify the negative impact of obesity on physical  
HRQL [28].

The impairment of HRQL in obese patients is increased by the presence of eating 
disorders [29]. Moreover, obese individuals with BED have impaired functioning 
on psychosocial aspects of HRQL in addition to poorer physical functioning associ-
ated with obesity [30]. These psychological factors should therefore be thoroughly 
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assessed and taken into account in global strategies aiming to improve the well-
being of obese patients.

Another major point in assessing HRQL in obese patients is the impact of the 
possible various comorbidities. According to different studies, morbid obesity 
clearly contributes to the impairment of health-related quality of life [31]. In this 
view, it could be of interest to understand the independent impact of specific comor-
bidities on HRQL and how this might vary across the different HRQL instruments. 
Very recently, a cross-sectional analysis of 500 severely obese subjects performed 
using several validated (specific and generic) instruments has shown that the clinical 
impact of BMI on physical and general HRQL was small and mental health scores 
were not associated with BMI. On the contrary, chronic pain, depression, and sleep 
apnea were consistently associated with lower HRQL [32].
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20.1	 �Introduction

Psychological issues play significant roles in both the development and consequences 
of obesity. Studies have found that some people eat more when affected by depres-
sion, anxiety, or other emotional disorders. Being overweight and obese is often 
the cause of these psychological disorders. It is a vicious cycle whereby the greater 
the emotional conflicts and difficulties, the greater the incidence of unhealthy 
eating and obesity.

A multidisciplinary approach that addresses psychological, social, environ-
mental, and biological factors of obesity is critical to ensure comprehensive care, 
as well as best practices and outcomes. The importance of dealing with the psy-
chological aspects in the treatment of obesity has become more explicit over the 
last two decades. Not only is the role of a psychologist important for treatment 
of obesity and pre-surgical psychological assessment, but also following weight 
loss to help the patient to adjust the subsequent emotional, behavioural, and 
social changes that often occur. The achievement of substantial weight loss from 
bariatric surgical or nonsurgical approaches is significantly related to one’s abil-
ity to make permanent changes in one’s lifestyle that involves not only adherence 
to more appropriate nutritional intake and exercise but also improved manage-
ment of stress and emotional states with decreased reliance on eating as a coping 
mechanism.
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20.2	 �Physician Communication Style

The weight loss programmes, based on diet and physical activity, require also learned 
cognitions about food and eating and changes in lifestyle, habits, and behaviour. 
Obese people experience many difficulties to start losing weight and to maintain 
weight loss. Psychological factors play a relevant role to determine these problems. In 
obese individuals there are frequent mood alterations, low self-esteem, negative body 
image, emotional discomforts, and interpersonal relationship difficulties. Various 
comorbidities and functional limitations associated with obesity can adversely affect 
physical quality of life. Poor health and employment-related as well as other forms of 
social discrimination can add to the psychological distress in obese individuals [1].

On this basis, treating obesity, the first aspect to consider is the physician’s and 
health worker’s competence to deal with psychological issues and to manage the 
relationship with the patient [2].

Patients suffering from obesity need a multidimensional evaluation intended to 
design an individualized treatment plan applying different procedures and therapeu-
tic strategies.

Integrating several competences in team-based approach demands specific edu-
cation, skills, training, and expertise [3] also with regard to the psychological 
aspects of the disease.

Particular attention must be given to patient-centred care, working alliance, 
effective communication, and empathy. These dimensions of care are useful in the 
approach to many diseases, but they represent necessary characteristics of the doc-
tor–patient relationship in the treatment of obesity [4].

Providers approach the “patient as person” (rather than patient as disease or 
organ), taking into account the meaning of the illness to the patient in his or her 
broader life context [5]. Patient-centred communication is responsive to the patients’ 
emotional state and concerns and encourages patients to participate in decision 
making [6, 7].

Working alliance includes cognitive and emotional components of the patient–
physician relationship, promotes patient’s self-efficacy, and is associated with 
patient adherence to the treatment [8].

Effective communication has the potential to regulate patient’s emotions, facili-
tate comprehension of medical information, and allow for better identification of 
patient’s needs, perceptions, and expectations.

Communication strategies for building better relationships with patients are non-
verbal and verbal strategies, shared decision making, and motivational intervention.

Empathy is the core element of the relationship, representing the competence of 
a physician to understand the patient’s situation, perspective, and feelings; to com-
municate that understanding and check its accuracy; and to act on that understand-
ing in a helpful therapeutic way. Empathy can therefore be defined at three levels: 
as an attitude (affective level), as a competency (cognitive level), and as an action 
(behavioural level). Empathy in patient–physician encounters was associated with 
patient’s behaviour change [9], decrease in patient’s anxiety and distress, and better 
clinical outcomes [10].
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20.3	 �Therapeutic Education

In addition to the skills concerning the relationship and the effective communication 
style, to better address the psychological issues of patients, physicians can use a 
more structured approach defined as therapeutic patient education (TPE).

TPE is a systemic, patient-centred learning process, useful in the treatment of 
chronic diseases, primarily in diabetes and obesity also [11, 12].

TPE is an integral part of treatment and care focused on patients’ needs, resources, 
and values.

TPE allows patients to be active participants improving their knowledge and 
skills not only concerning their illness but also their treatment.

In order to be properly accomplished, TPE involves an open-minded profes-
sional approach and a strong availability to inter-professional as well as interdisci-
plinary network, including physicians, nurses, dietitians, physiotherapists, 
psychiatrists, psychologists, and social workers.

According to a definition of a World Health Organization working group, thera-
peutic patient education is “designed to enable a patient (or a group of patients and 
families) to manage the treatment of their condition and prevent avoidable compli-
cations, while maintaining or improving quality of life”.

It takes into account coping with the disease, locus of control, health beliefs, and 
sociocultural perceptions; subjective and objective needs of patients, whether 
expressed or not.

TPE is a continuous process, which has to be adapted to the course of the disease 
and to the patient and the patient’s way of life. Health-care providers should be able 
to adapt their professional behaviour to patients and their disease, communicate 
empathetically with patients, recognize the needs of patients, help patients learn, 
and take account of the patients’ emotional state, their experience, and their repre-
sentations of the disease and its treatment.

TPE is designed therefore to train patients in the skills of self-managing or 
adapting treatment to their particular chronic disease and in coping processes and 
skills. It should also contribute to reduce the cost of long-term care for patients and 
society.

20.4	 �Psychological Factors and Obesity

Psychological factors contribute to the onset and maintenance of overweight and 
obesity in children, adolescents, and adults, also playing a significant role in deter-
mining difficulties for the treatment of obesity. Furthermore some obesity pheno-
types appear to be related with specific psychological states and traits. Negative 
body image, low self-esteem, mood disorders, and social and family factors affect 
individuals in different ways and contribute to weight gain and failure in weight loss 
management. Assessment of these mental health factors and treatment by one of 
several mental health treatment models may not only improve self-worth but also 
weight loss and maintenance.
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Research on personality and obesity reveals a complex relationship. Individual 
personality traits are related to a dynamic combination of weight status, treatment-
seeking behaviour, comorbidities, and intervention success [13].

Statistically significant personality differences have been identified between 
obese and nonobese populations, but such data does not permit to determine an 
obese personality profile [13].

On the other hand, some studies show that obese individuals tend to be more 
impulsive, addictive, anxious, and novelty seeking than healthy-weight counter-
parts even after controlling for treatment-seeking behaviour and binge eating 
[14, 15].

Many studies agree in pointing out a deficiency in the emotional component of 
obese subjects. Indeed, a cofactor in some obese individuals is assumed to be imma-
ture affect regulation, which has its roots in the interaction with the primary caregiv-
ers and is related to early attachment experiences.

Attachment theory assumes that humans have a biologically predisposed attach-
ment system [16] responsible for the strong emotional mother–child (primary care-
giver–child) relationship. This system is activated as soon as an outer or inner 
danger arises that cannot be overcome by the child himself and thus has a survival-
ensuring function.

A child’s feelings, expectations, and behavioural strategies are integrated into 
this attachment relationship, which develops during the first year of life. In its basic 
structure, it is stable over time and forms an emotional basis throughout life, 
although change in different directions is possible through emotional experiences in 
new relationships or through psychotherapy. Attachment styles are currently dif-
ferentiated as secure and insecure (preoccupied, dismissing, fearful–avoidant, and 
unresolved), and it is likely that children’s relationships with adults other than the 
mother, such as father, grandparents, teachers, or care providers, also influence chil-
dren’s attachment security.

Some interesting studies noted an association between attachment and obesity 
based on maternal–child interaction such as maternal responsiveness, child engage-
ment, and child negativity [17].

Another essential indication, derived from the original studies of H.  Bruch, 
points up that obese individuals are not able to distinguish feeling of hunger from 
other physical needs or from emotional tension and psychological stress.

Some authors highlight that there is evidence that obesity and the metabolic syn-
drome can result from physiologic and behavioural responses to psychological 
stress [18–20].

The physiologic mechanisms appear to be related to neuroendocrine pathways, 
such as those involving cortisol, insulin, leptin, and neuropeptide Y [21].

Empirical observations support the possibility that children with a secure pattern 
of attachment are more easily comforted in stressful situations and are better able to 
regulate negative emotions; these behaviours are reflected in healthier patterns of 
physiologic responses to stress [22].

The stress response behavioural mechanisms may include eating to cope with 
negative emotions [23]. Secure attachment could reduce the risk for childhood 
obesity by preventing frequent or exaggerated stress responses from disrupting the 

G. Gravina et al.



223

normal functioning and development of physiologic systems that affect energy 
balance, body weight, and fat distribution.

Securely attached children who are better able to regulate their emotions may be 
less likely to eat in response to emotional distress in early childhood when the sys-
tems in the limbic brain that regulate both emotion and appetite are developing 
concurrently [21].

All of these elements may be determinant not only in promoting obesity but also 
in causing difficulties for physicians taking in charge patients in adult life and in 
influencing the outcome of treatment.

Concerning the therapy of obese subjects, the relationship with the therapist 
plays a decisive role. These relationships depend especially on earlier experiences 
and the attachment style of the patient.

Moreover patient–therapist relationship is assessed to be more positive in secure 
compared to insecure participants. This corresponds to observations indicating that 
securely attached individuals have better access to their emotions and eating habits, 
can therefore better perceive, understand and name them, and thus also have better 
prerequisites for successful weight reduction [24]. Individuals with an insecure 
attachment style are more likely to have problems with these issues; in the case of 
emotional entanglement, for example, preoccupied attached individuals do not per-
ceive eating as an attempt to compensate. Dismissively attached individuals tend to 
have difficulties in experiencing emotions and thus compensate by eating [25].

On this basis, over time, to deal the psychological issues associated with obesity, 
different psychotherapy-related approaches have been used in the treatment [26].

20.5	 �Behaviour Therapy

The lifestyle modification programmes combining diet, physical activity, and 
behaviour therapy were well formulated in the Diabetes Prevention Program and 
Look AHEAD research studies [27, 28].

Behavioural treatments appear to work primarily by enhancing dietary restraint 
by providing adaptive dietary strategies and by discouraging maladaptive dietary 
practices, and by increasing motivation to be more physically active. Therapy aims 
to provide the individual with coping skills to handle various cues of overeating and 
to manage lapses in diet and physical activity when they occur.

Therapeutic techniques derived from behavioural psychology include stimulus 
control (remove triggers for excessive eating and increase positive cues for exercis-
ing), goal setting (patients are educated to plan specific and quantifiable weekly 
goals, which should be realistic and moderately challenging), and self-monitoring 
(patients are educated to write down the time, amount, type, and calorie content of 
foods and beverages they are going to consume in a monitoring record and then to 
check in “real time”, while eating, if they respect what they had planned) [29].

Behaviour therapy (BT) may be held as the first line of intervention for overweight 
and obese individuals. Behavioural treatments have demonstrated effectiveness in the 
treatment of obesity, improving weight loss also in combination with other approaches 
for lifestyle modification [30].
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In spite of this evidence, BT does not allow effective results in many cases, 
especially with regard to the maintenance of acquired weight loss. Behaviour ther-
apy and lifestyle modification approaches result, on the average, in a short-term 
weight loss of 10 %, but long-term effects of such programmes are disappointing, in 
fact in most cases 30–50 % of the weight lost is regained within the first year after 
the end of the programme and continues to steadily increase until stabilizing near 
baseline weight in 5 years after treatment [31].

20.6	 �Motivational Interview

A substantial body of researches confirm the poor maintenance of weight loss in 
obese individuals following treatment by lifestyle modification programmes com-
bining diet, physical activity, and behaviour therapy [32].

Remarkably difficult stages in the treatment of obesity are the initiation of 
changes, the compliance with therapeutic advice as well as the maintenance of the 
achieved weight loss. In these phases of the treatment, a key problem appears to be 
the resistance to change, based on psychological issues.

For these reasons regarding the need to address resistance to change, at the begin-
ning and in the course of a treatment of obesity, it may be useful to evaluate the readi-
ness to change of obese individuals which is possible by means of a structured test, 
so-called TRE-MORE test, recently validated for the clinical practice [33].

Concerning the approach to the obese patient’s resistance, motivational inter-
view (MI) may be of particular interest [34].

Referring to the transtheoretical model of behaviour change [35], MI is an inter-
vention that derives from a social cognitive theoretical framework and is designed 
to favour an individual’s motivation to change problematic behaviours. MI is a 
patient-centred approach that emphasizes individual autonomy and a collaborative 
relationship between patient and provider. This approach takes the form of psycho-
therapy and differs from a traditional patient education-based intervention, which 
mostly tends to provide advice and information [36, 37].

MI strives to help patients move towards behaviour change by assisting them in 
the process of identifying, articulating, and strengthening personally relevant rea-
sons for change, eliciting personal goals, problem-solving barriers to change by 
highlighting benefits of change and reducing the perceived costs of change, and 
addressing ambivalence about the change. This approach uses an emphatic, interac-
tive style that supports self-determination, enhances self-efficacy, and underscores 
individual control for behaviour change [38].

Despite the efficacy of MI techniques to influence readiness for behaviour change 
[39, 40], there are still few data in the literature concerning this approach outside of 
the domain of substance and alcohol addiction. Many studies suggest that MI strate-
gies used alone or in combination with other behavioural interventions have led to 
increased exercise in different types of diseases. Studies using MI combined with 
various diet and exercise strategies have demonstrated improved weight loss and 
treatment adherence in obese and diabetic patients [41].
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An interesting study on a group of obese patients who failed to lose sufficient 
weight during a lifestyle modification programme shows that the patients who later 
received MI sessions subsequently lost significantly more weight and engaged in sig-
nificantly more weekly exercise than those who did not receive the intervention [42]. 
Moreover emerging research concerning the efficacy of MI for the maintenance of 
weight loss and improved psychosocial functioning of obese adults [43] and isolating 
the unique contributions of MI to weight loss treatment suggests that this approach 
has utility as part of a comprehensive multicomponent obesity intervention [44].

On this basis, the use of MI, if confirmed by further investigation with larger 
patient samples, seems to promise interesting results in the treatment of obesity [45].

In recent years some studies have shown that high-fat/high-sugar food and drugs 
that cause addiction act similarly on brain reward pathways [46], and there is grow-
ing evidence on brain reward dysfunction in both obesity and binge-eating disorder 
[47–49]. Such brain abnormalities may be linked with behavioural problems, 
including high impulsivity and the inability to delay gratification. In addition, over-
abundance of high-fat/high-sugar food in the environment may place individuals 
with genetic, neurological, and/or cognitive–behavioural vulnerabilities at increased 
risk of development of food addiction in binge eating and obesity.

Therefore, in light of the demonstrated effectiveness of MI in the treatment of 
addictions to alcohol and drugs, it is possible that this psychotherapeutic approach 
has additional reasons for its application in the treatment of obesity.

20.7	 �Cognitive–Behavioural Therapy

Cognitive–behavioural therapy (CBT) for the treatment of obesity has been applied 
over the years assuming that cognitions influence both feelings and behaviours. A 
new form of CBT was designed to enhance acceptance of their shape in obese indi-
viduals and encourage their implementation of weight maintenance behaviour. 
When cognitive techniques are added to BT, they appear to improve programme 
success, reduce weight regain, and increase psychological well-being [50].

The CBT approach helps manage problems in a more positive way, examining 
how your actions can affect how you think and feel. CBT works by helping make 
sense of overwhelming problems by breaking them down into smaller parts. 
Thoughts, feelings, physical sensations, and actions are interconnected, often trap-
ping one in a negative spiral. CBT helps stop these negative cycles. It aims to break 
down factors that are making one feel wrong, anxious, or scared so that they are 
more manageable. It can show how to change these negative patterns to improve the 
way one feels.

CBT is utilized in the treatment of obesity as a way to help individuals change 
their negative eating behaviours and incorporate healthy lifestyle changes. The CBT 
interventions are self-monitoring techniques (e.g. food and exercise journals), stress 
management, stimulus control (e.g. eating only at the kitchen table), social support, 
problem-solving, and cognitive restructuring (e.g. to have more realistic weight loss 
goals, avoidance and challenging of self-defeating beliefs).
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These strategies are aimed at identifying and modifying aversive thinking pat-
terns and mood states to facilitate weight loss [51].

The addition of cognitive therapy to a standard dietetic treatment for obesity 
might not only be effective in reducing weight and related concerns, depressed 
mood, and low self-esteem, but might also prevent relapse and have an enduring 
effect that lasts beyond the end of treatment. Moreover some authors have shown 
that incorporating additional cognitive components into the cognitive–behavioural 
treatment of obesity can improve both short- and long-term outcomes [52, 53].

CBT showed efficacy also in the treatment of BED [54] in which it is necessary to 
modify the highly dysfunctional eating habits even before the start of a programme for 
weight loss. The most important therapeutic goals of the CBT programme are normal-
ization of eating habits and stopping the binge-eating episodes; promoting physical 
activity and a positive body experience; learning specific skills such as assertiveness; 
installing a functional self-evaluation system; learning to identify, tolerate, and express 
negative emotions; promoting self-esteem; and prevention of relapse [55].

Interesting studies regarding the effectiveness of CBT interventions for the 
treatment of obesity in a group show that results are not inferior to a similar pro-
gramme applied in individual setting, and it may enhance weight loss in the short 
term [56, 57].

Other studies have shown that CBT is well suited to treating obesity in children 
and adolescent, given the emphasis on breaking negative behaviour cycles and rec-
ommending to extend therapy beyond the individual treatment milieu to include the 
family, peer network, and community domains to promote behaviour change, mini-
mize relapse, and support healthy long-term behaviour maintenance [58].

Finally, even in combination with bariatric surgery, CBT has demonstrated effec-
tiveness in improving the results of treatment and keeping them. In fact psychologi-
cal factors play a substantial role also with regard to the surgical treatment of obesity 
[59]. Moreover in obese patients looking for bariatric surgery, the prevalence of 
psychiatric and personality disorders is higher than that in obese individuals from 
the community [60].

Psychological assessment with a focus on special factors that could affect the 
bariatric surgery outcomes (depression, anxiety, eating disorders, self-esteem, per-
sonality disorders, quality of life) is recommended, and it has been introduced over 
20 years.

Psychological factors such as current substance abuse or dependence, current 
acute or inadequately managed mental illness, or lack of comprehension of risks, 
benefits, expected outcomes, alternatives and lifestyle changes required with bariat-
ric surgery, and unwillingness to comply with postsurgical protocol, can be consid-
ered as factors to deny or defer surgery.

Data about psychological disorders in obese patients before and after bariatric 
surgery as well as the assessment and impact of these factors on post-surgery out-
comes highlighted the usefulness of psychological treatment to enhance the results. 
Recent studies have shown the efficacy of CBT programmes to prevent weight 
regain in morbid obese individuals treated with bariatric surgery; moreover 
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combining bariatric surgery with CBT weight loss programme after surgery might 
help weight control [61, 62].

Despite increasing positive experience, some studies lead to different 
conclusions on the greater effectiveness of CBT in the treatment of obesity, 
suggesting that the differences between standard behaviour therapy and cognitive–
behavioural therapy of obesity lie more in their underlying theories than in their 
implementation [63].

Another study, comparing short- and longer-term effects of a new form of CBT 
with BT and with a minimal intervention, a form of guided self-help (GSH), shows 
that the great majority of the participants lost weight and then regained it; even if the 
weight loss was greater for the CBT compared to BT and CBT was also successful 
at achieving change in participants’ acceptance of shape, CBT was no better than 
BT to prevent posttreatment weight regain, and only a low proportion of patients in 
both treatment conditions were able to maintain either a 5 or 10  % weight loss 
throughout follow-up [31].

20.8	 �Interpersonal Psychotherapy

Interpersonal psychotherapy (IPT) has been particularly applied to the treatment of 
BED based on a strong body of evidence demonstrating a consistent relationship 
between poor interpersonal functioning and eating disorders in adults and adoles-
cents [64–66].

Binge eating is the most common eating pattern seen in obesity, and BED is now 
included among the structured forms of eating disorder (DSM V). With respect to 
obesity, BED is reliably associated with a higher BMI, presents greater functional 
impairment and lower quality of life, and shows significantly greater levels of psy-
chiatric disturbances.

The interpersonal model posits that social problems create an environment in 
which binge eating develops and is maintained as a coping mechanism, serving to 
reduce negative affect in response to unfulfilling social interactions. Binge eating 
may, in turn, worsen interpersonal problems by increasing social isolation and 
impeding on fulfilling relationships, thereby maintaining the eating disorder [67].

Suppressed affect is often present in people with BED; so, instead of expressing 
negative affect, they eat to cope. IPT helps individuals acknowledge and express 
this painful affect so that they can better manage negative feelings without turning 
to food.

IPT also seeks to reduce binge-eating pathology by supporting the development 
of healthy interpersonal skills that can replace maladaptive behaviours and promote 
a positive self-image.

Finally IPT is the only treatment that has shown comparable long-term outcomes 
to CBT. Moreover IPT has shown greater efficacy for patients with more severe eat-
ing pathology and lower self-esteem and thus may be a more appropriate first-line 
treatment for such individuals [68].
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20.9	 �Dialectical Behaviour Therapy

Efficacy in the treatment of BED was found by using the dialectical behaviour 
therapy (DBT) [69, 70]. DBT has been structured by Marsha Linehan for the treat-
ment of women with borderline personality disorder; the focus of the treatment is to 
restore the ability to identify, accept, and regulate their emotions.

The modification of DBT for BED is based on the affect regulation model of 
binge eating, which posits that binge eating occurs in response to intolerable emo-
tional experiences when more adaptive coping mechanisms are not accessible.

20.10	 �Other Psychotherapeutic Approaches

Since systematic reviews or controlled studies on humanistic and psychodynamic 
therapies in treatment of obesity are not available [71], and considering the limita-
tions and inadequacies of the approaches discussed above, alternative psychothera-
peutic treatments have been tested.

A small number of studies on psychotherapy-related approaches, e.g. relaxation 
therapy or hypnotherapy, failed to demonstrate any decisive positive outcomes.

Combination therapies involving behavioural and biological therapies, espe-
cially mind–body interventions, have been proposed. Two mind–body modalities, 
energy psychology and mindfulness meditation, are reviewed for their potential in 
treating weight loss, stress, and behaviour modification related to binge-eating dis-
order. Mindfulness meditation and practices show compelling evidence and exhibit 
initially promising outcomes but require further evidence-based trials [72, 73].

Finally, according to some authors, it should be noted that, for the large preva-
lence of obesity, individual- or small-group-based interventions are insufficient to 
serve the population masses requiring treatment. On this basis, the proposed manu-
alized self-help programmes, such as guided self-help CBT, may be helpful, at least 
for individuals with low level of additional psychological problems [31, 74]; the 
development of community or Web-based programmes and community-development 
tactics to increase healthy lifestyles may also be useful [75].

�Conclusions
Assessment and treatment of the patient’s psychological traits are extremely 
important for the positive outcome in the therapy of obesity.

Physicians and health workers must have the expertise to deal with psycho-
logical issues and to manage the relationship with obese patients.

The behavioural, cognitive, and emotional factors (especially the ability to 
identify, accept, and regulate emotions) should always be taken into consider-
ation and managed with psychological treatment, together with standard inter-
ventions on diet, exercise, and, when indicated, surgical therapy.

Despite all efforts, therapeutic success of obesity treatment is often lacking. 
Therapeutic approaches discussed above, effective in some cases, do not always 
achieve the expected result. This may be the case especially for those cases of 
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obesity that occur with morbid characteristics or more dysfunctional eating 
pattern.

Thus treatment of obesity remains a challenge even more difficult when pre-
sented with significant psychopathological aspects such as a strong deficiency in 
emotional regulation or binge-eating disorder.

Nevertheless people who are overweight or obese benefit from psychological 
interventions to enhance weight reduction, even if it is necessary to continue 
research and to implement it in effective treatments of obesity.

Among the psychotherapies of obesity, BT and CBT, as well as IPT and DBT 
especially for BED, have evidence of effectiveness; MI and other psychothera-
peutic approaches can enhance the possibilities of treatment.

Recent research has increased knowledge of different phenotypes of obesity 
and indicated that certain psychological treatment models are more effective 
than others for specific subset of patients showing different behaviours and psy-
chological characteristics. Incorporating such knowledge in treatment planning 
should help to individuate the model of psychotherapy most effective depending 
on the specific type of obesity.
Thus, notwithstanding the usefulness of psychotherapy in the treatment of obe-

sity, the effectiveness of different psychotherapeutic approaches must be better 
assessed with further study and confirmation.
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21Dietary Intervention and Nutritional 
Counseling

Alessandro Pinto, Lucia Toselli, and Edda Cava

21.1	 �Introduction

The best dietary approach, recommended by health organizations such as the National 
Institutes of Health (NIH) and the American Heart Association (AHA), is a low-fat 
diet providing 20–30 % of energy as fats, 55–70 % as carbohydrates and 15–20 % as 
proteins. This approach is in accord with the population Dietary Reference Values 
(DRVs) that advise 20–35 % as Reference Intake (RI) range for lipids. Despite this 
recommendation, the poor efficacy of the traditional dietary treatment together with 
the high prevalence of overweight and obesity allowed the growing number of alter-
native dietary proposals, with some differences in energy percentage as macronutri-
ents, not always in agree with the RI or supported by scientific evidences [1–5].

Several systematic reviews and meta-analysis comparing the different dietary 
models have been published but, considering the variability in study design, including 
sample size, duration, population, and macronutrient composition, there is no conclu-
sive evidence especially in regard to a long-lasting weight loss and comorbidity 
improvement. Conversely, there is increasing evidence that the treatment of over-
weight or obesity should be a multidisciplinary approach, joining together caloric 
restriction, exercise, and behavior modification [6].

Scientific literature deals with dietary models usually defined “high protein” 
when the proteins provide ≥25 E% of total daily energy intake (TDEI); “low fat” if 
fats provide ≤30 E% or “high fat” >30 E%; and “low-carbohydrate diets” when 
CHOs intake is ≤45 E%; different combinations of these models are also described. 
According to Freedman M.R. et al. [7], a comprehensive comparison of different 
dietary models should include a careful analysis of the results on the following 
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outcomes: size and composition of weight loss (loss of body fat, BF, and lean body 
mass, LBM), long-term maintenance, nutritional quality of a diet (vitamin and min-
eral adequacy), metabolic parameters (e.g., blood glucose, insulin sensitivity, lipid 
levels, uric acid, and ketone bodies), influence on hunger, appetite, and subsequent 
food intake, psychological well-being, risk for chronic disease, and changes in long-
term hormonal regulators of energy intake and expenditure (e.g., insulin and leptin). 
Specific relevant topics for the definition of general criteria to develop a suitable 
dietary protocol will be discussed hereinafter.

21.2	 �High-Protein Versus Standard-Protein Diets for Weight 
Loss: The Issue of Adequate Protein Intake

High-protein diets (HPD) (protein intake ≥25 E%) are among the most popular 
diets, although there is no consensus about the long-term efficacy and the potential 
harms. Compared to isocaloric standard-protein (SPD) and to low-fat diets (LFD), 
HPDs provide a limited advantage in reduction of body weight (BW), BF, and tria-
cylglycerols (TAG) and in mitigating the loss of LBM and basal metabolic rate 
(BMR), but there are no significant differences in total cholesterol (TC), LDL cho-
lesterol (LDL-C), HDL cholesterol (HDL-C), blood pressure (BP), fasting plasma 
insulin, and glucose [8, 9]. It is difficult to provide the evidence whether the effects 
of HPD are due to the increased dietary proteins or to the mutual variation of CHOs 
and/or fat intake [10]. Several hypotheses have been suggested to explain the HPD 
results: a greater satiety effect, a higher dietary-induced thermogenesis (DIT), the 
ketone synthesis (in low CHOs-HPD) which improves the LBM preservation by a 
hypothesized anabolic effect on the muscle protein metabolism, and a higher sensi-
tivity of the central nervous system to leptin [11, 12]. However, the USDA/ARS [13] 
review concludes that BW loss is not directly related to the macronutrients propor-
tion in the diet when energy intake is reduced. As regards to the potential adverse 
effects induced by a too-high protein intake, acute adverse effects have been reported 
for protein intakes ≥45 E%, but not up to 35 E%, and the European Food Safety 
Authority (EFSA) suggests that an intake of twice the population reference intake 
(PRI) is safe in adults [10].

Beyond the size of BW loss, the preservation of LBM is another issue of the HPD, 
but this hypothesis has not been yet unequivocally demonstrated. Physiologically, 
the total BW loss is made up of about 75 % BF and 25 % LBM [14]. A daily protein 
intake of 0.8–1.2  g/kg/day should be sufficient to sustain satiety, BMR, and LBM, 
regardless of dietary CHO content with a greater effect in studies of >3 months [15, 
16]. Several observations should be carried out about the protein intake cutoff to 
distinguish HPD and SPD. First, the “safe level of protein intake” (PRI) is 0.83 g/kg 
BW per day [17, 10]; as a result any protein intake lower than the PRI cannot be 
considered adequate even if results are between 10 and 15 % of the TDEI. Second, 
the caloric restriction results in a significant decrease in nitrogen balance [18]. 
Protein: energy ratio should be an essential issue to evaluate the adequacy of protein 
intake during low-calorie diets to satisfy protein metabolism and avoid the metabolic 
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shift of protein to gluconeogenesis or ATP synthesis. Analyzing studies on nitrogen 
balance in adults has been established that 1 mg nitrogen/kg/day is gained per extra 
intake of 1 kcal/kg/day [19]. Third point, obesity is associated with a chronic low-
grade inflammation, which induces insulin resistance. Insulin resistance, inflamma-
tion, and oxidative stress could have a role in the obesity-related impairment in 
protein metabolism and turnover, as they are associated not only with increased BF 
but also with low muscle mass and muscle strength (sarcopenia) [20].

Westerterp-Plantenga MS et al. [21] reviewed the effects of relatively HPD dur-
ing BW loss and maintenance and concluded that an intake of 1.2 g/kg BW is ben-
eficial to body composition, improves BP, and reduces the risk of BW regain, and 
no kidney problems occur in healthy subjects. Contradictory results are described 
for the effects of HPD on insulin sensitivity and glucose tolerance [10].

Concluding, these observations support an average protein intake ≈1.2  g/ kg 
ideal BW per day during caloric restriction [21–24] and underline the need to define 
the individual adequate protein intake as absolute amount (g/kg of ideal BW), rather 
than as percentage of TDEI. This issue must be taken into account running meta-
analyses or systematic reviews of literature comparing HPD with well-balanced 
standard diets, especially regarding the preservation of LBM.

21.3	 �Low Versus Standard Carbohydrate Diets for Weight 
Loss: The Matter of Glycemic Index/Load in Weight 
Management

Commonly, low-carbohydrate diets (LChoDs) are considered to contain <100 g/day 
or <30 % of energy from CHOs. Since LChoDs usually contain a relatively increased 
proportion of the other macronutrients, these diets are often “high protein” or “high 
fat.” LChoDs rule out or significantly reduce the intake of some foods, such as cere-
als and fruits, resulting in a low fiber intake and increase the assumption of animal 
foods to achieve an adequate protein and energy intake. However, LChoDs do not 
have a fixed cutoff for CHOs intake or macronutrients ratio and not necessarily are 
high in protein or fat, depending on the level of caloric restriction and the food 
sources [25]. Several studies report that LChoDs result in a more rapid short-term 
BW loss and in greater improvements in TAG and HDL-C, but not in TC and LDL-
C, than conventional low-calorie diets at 3 and 6  months, with no differences 
observed after 12 months [26–29]. Conversely, a recent meta-analysis [30] reported 
persistent although small effects of LCho-HPD on BW, BF, and fasting TAG also 
after 12 months; moreover, the effect on fasting insulin was small and probably 
related to the decreasing BF rather than macronutrient intake differences; no differ-
ences were observed in other plasma lipids, glucose, and LBM.  Therefore, the 
apparent preservation of LBM in the short term [15] should be lost during BW 
regain in the follow-up period when the subjects having a normal protein intake 
regain the LBM lost. Furthermore, a systematic review of LChoDs found that the 
BW loss is associated with the length of the diet and the energy restriction rather 
than the CHO restriction [31]. There are some concerns about potential adverse 
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effects, and there is a need for long-term studies to measure changes in nutritional 
status and body composition during the LChoD and to assess fasting and postpran-
dial cardiovascular risk factors and adverse effects. Without these informations 
LChoD cannot be recommended [26, 32]. Conversely, many studies demonstrated 
the beneficial effects of the Mediterranean diet, characterized by a balanced intake 
of macronutrient, albeit the CHO intake is at the lower tail of the RI and the fat 
intake, with monounsaturated fatty acids (MUFA) as the main source, at the higher 
tail of the RI; it was effective in reducing adiposity and other metabolic features of 
the metabolic syndrome [33, 34]. Unlike the LChoD but yet related to the dietary 
intake of CHOs, the role of low glycemic index or load diets (LGIDs) has been 
recently proposed as useful tool in BW management. It has been suggested that 
LGID may promote a greater loss of BW and BF and a better improvement in lipid 
profile (TC and LDL-C) than other dietary models [35]. The mechanisms involved 
in BW management might include the ability to promote satiety and delay hunger, 
reducing fluctuations in glycemia and insulinemia, promoting higher rates of fat 
oxidation and minimizing decreases in metabolic rate during energy restriction, and 
at last increasing the intake of whole grains with greater food volume [36].

Schwingshackl L. and Hoffmann G. [37], in a systematic review and meta-analysis, 
provided evidence about beneficial effects of long-term interventions with a LGID in 
regard to fasting insulin and proinflammatory markers, such as C-reactive protein as 
primary prevention of obesity-associated diseases; no significant changes were 
observed for blood lipids, anthropometric measures, HbA1c, and fasting glucose, 
while the decrease in LBM was significantly higher in LGID. This result could be 
explained assuming that a key requisite of a diet aimed to preserve LBM could be the 
CHOs to proteins ratio. An increasing proportion of protein to CHOs (in particularly 
an 1:2 protein/CHO ratio) in BW loss diet is more feasible and satiating, and it is 
associated to a better improvement in BF%, WC, and waist/hip ratio, plus it supports 
the preservation of LBM compared with the other diets and may be more effective in 
reducing long-term chronic disease risk improving blood lipids and glucose homeo-
stasis [38, 39]. Therefore, it could be concluded that LGID is not more effective than 
traditional low-fat diet for BW loss or BW maintenance in general but may be benefi-
cial for patients with certain risk factors such as insulin resistance [26].

21.4	 �Low-Fat Diet or Normal-Fat Diet: One or More 
Reference Model for Weight Loss?

The NIH clinical guidelines [14] provide a strong and consistent evidence that an 
average BW loss of 8 % of initial BW, with a decrease in abdominal fat, can be 
obtained over 3–12 months by an individually planned low calorie diet (LCD), cre-
ating a deficit of 500–1,000 kcal/day, aimed at achieving a BW loss of 0.5–1 kg/
week. The NIH panel highlights that reducing fats as part of an LCD is a practical 
way to reduce calories and, in addition, lower-fat diets (LFDs), low in saturated 
fatty acids (SFA), reduce serum cholesterol levels and consequently the cardiovas-
cular risk (CVR). The RCTs selected in NIH review tested the effects of LFD rang-
ing from 20 to 30 % of calories from fat and between 1,200 and 2,300 cal. These 
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studies, taken together, show how LFD can contribute to lower the caloric intake 
even when caloric reduction is not the focus of the intervention, and if LCD is low 
in fat contribution, better BW loss is achieved. However, there is little evidence that 
LFDs, per se, cause BW loss independently from caloric reduction.

Beyond the NIH statement evidence [14], some remarks have to be expressed. 
Schwingshackl L. et al. [40] compared in a systematic review and meta-regression 
analysis the long-term (≥12 months) effects of LFD (lipid intake ≤30 % of TDEI) 
versus high-fat diets (HFD, lipid intake >30 % of TDEI) on blood lipid levels in 
overweight and obese patients. The results of the meta-regressions support the 
hypothesis that the heterogeneity in TC and HDL-C outcomes might be explained 
by a wide range in total fat (>30–60 %) and mainly in the percentage distributions 
of SFA, MUFA, and polyunsaturated fatty acids (PUFA): increases in TC levels 
were associated with higher SFA and lower PUFA, whereas a rise in HDL-C level 
was related to higher amounts of total fat especially in MUFA content, such as in the 
Mediterranean diet. A meta-analysis of short-term studies suggested that LFD 
results in higher TAG levels and lower HDL-C levels compared to diets in which 
SFA are completely replaced by unsaturated fatty acids. No significant differences 
in the BW change were observed between LFD and HFD, but this observation was 
no longer valid if only trials adopting a LCD were selected. The authors underline 
that BW loss might represent a potential confounder in the interpretation of blood 
lipid levels variation, indeed, and there was a significantly greater decrease in BW 
in the HFD compared with the LFD counterparts; this may explain the seeming 
observation that LFDs do not exert any beneficial effects on TC and LDL-C levels 
in studies aiming at BW loss (in contrast to the observations made when all studies 
were included in the meta-analyses). Supporting these findings, Dattilo AM et al. 
[41] demonstrated that 1Kg of BW loss is associated with a 1.93 mg/dL decrease in 
TC and a 0.77 mg/dL decrease in LDL-C level, respectively. It must be remarked 
that a diet high in MUFA, as the Mediterranean-style diet, compared with LFD 
improves more CVR factors, markers of vascular inflammation, and glycemic con-
trol [40, 42] without significant differences in glucose or insulin concentrations 
during the OGTT, in the Matsudas index, in BW, or in body composition [43].

21.4.1	 �The Very-Low-Energy Diets (VLED) and the Ketogenic Diet

According to NIH clinical guidelines [14], diets are categorized on the energy intake 
basis as:

•	 Low-calorie diet (LCD): a calorie restriction ranging between about 800 and 
1,500 cal (approximately 12–15 kcal/kg BW) per day

•	 Very-low-calorie diet (VLCD): a diet of 800 or fewer calories (approximately 
6–10 kcal/kg BW) per day

The VLCD are designed for subjects with a BMI ≥30  kg/m2, with increased 
CVR, amendable by BW loss. These diets should only be used for a short time, 
about 12 weeks, and the patients should be monitored by a physician every 2 weeks 
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during the period of rapid BW loss (e.g., 1.5–2.5 kg/week). The side effects are usu-
ally mild and easily managed: cholelithiasis, cold intolerance, hair loss, headache, 
fatigue, dizziness, dehydration with electrolyte abnormalities, muscle cramps, nau-
sea, constipation, or diarrhea. The risk of cholelithiasis can be decreased by ursode-
oxycholic acid, including a moderate amount of fat in the diet and limiting the rate 
of BW loss to 1.5  kg/week. The majority of the side effects, including death, 
occurred when dieters consumed products that contained low-quality protein (e.g., 
hydrolyzed collagen) and were deficient in vitamins and minerals. Presently VLCD 
are considered safe and effective using high-quality proteins (e.g., milk, egg, or soy) 
or VLCD formulas, designed to provide all the nutrients needed and in appropri-
ately selected individuals dieting for 8 weeks or fewer under careful medical super-
vision [43, 45]. The NIH clinical guidelines [14] report the results of studies that 
compared the amount of BW loss obtained by VLCD versus LCD in short (end of 
VLCD active phase: 12–16 weeks) and long term (24 weeks–5 years) concluding 
that VLCD produce greater initial BW loss than LCD; in the long term (>1 year), on 
the other hand, no significant differences are observed because a rapid BW reduc-
tion does not allow a gradual acquisition of changes in eating behavior and hence 
more BW is usually regained later on. Indeed a rapid BW regain between 6 and 
12 months is observed if a maintenance program (dietary and behavioral support 
with increased physical activity) is not included [26, 47]. A significant improvement 
in BP, WC, and lipid profile is also reported but the results are more likely to be 
associated with the extent of BW loss, rather than the dietary model. More recent 
studies have confirmed this observation highlighting the high risk of nutritional 
inadequacies unless VLCD are supplemented with vitamins and minerals and 
hypothesizing an increased risk of BED (binge eating disorder) following the  
“yo-yo” effect of rapid BW loss and regain. The long-term evidence remains 
unclear; however, the intermittent VLCD use does not seem to be associated to any 
detrimental effect on metabolic parameters such as BMR, fasting insulin, 
insulin resistance, leptin, inflammatory markers, lipids, or BP [44, 46]. Formerly, 
Fricker J. et al. [47] studied the changes in LBM during the VLCD by nitrogen bal-
ance, demonstrating that the BMR-LBM ratio quickly decreases of about 15 % dur-
ing the first week of a VLCD and this decrease persists but tapers off in the following 
weeks. This result suggests a metabolic adaptation of obese women to a VLCD, 
which leads to an increase in LBM energy metabolism efficiency, and it concurs 
with the decrease in the BMR-LBM ratio found in lean healthy men after 24 weeks 
of an LCD and in chronic human malnutrition.

The use of ketogenic diets (KD) as BW-loss therapy is an old proposal and became 
popular in the 1970s with the “Atkins Diet” in particular [48, 49]. Moreover the treat-
ment of the epilepsy resistant to pharmacological therapy with KD has been well 
established, but in the last years an increasing amount of evidences suggests that 
KDs could have a therapeutic role in several diseases. It should be stated that not all 
VLCD are ketogenic, and the degree of CHOs restriction required to achieve ketosis 
remains unclear [25], although the term “ketogenic diet” is usually referred to diets 
containing ≤50 g/day CHOs with a relative increase in the proportions of protein and 
fat [50]. Increasing serum or urinary ketones is reported in subjects on daily intakes 
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of CHOs >50 g, and conversely, not everyone assuming ≤50 g of CHOs has urinary 
ketone levels on trace or greater. The macronutrient composition of the diet is an 
important determinant of ketosis, e.g., LChoD high in protein may not cause ketosis, 
as up to 57 g glucose can be produced from 100 g of dietary protein, and KD used in 
the treatment of pediatric epilepsy typically restricts protein as well as CHOs (using 
a ratio of fat to CHO and protein of 3:1 or 4:1, respectively). According to Stock AL 
and Yudkin J [51], ketosis will occur when fat intake exceeds twice the CHOs intake 
plus half the protein intake. Together, data indicate that CHO restriction is a more 
important determinant of ketosis than restriction of total calories. Ketones are nor-
mally present in small amounts in the blood of healthy individuals following an over-
night fasting or prolonged exercise, with plasma levels reported in the ranges of 
0.2–0.5 mM [52]. Circulating ketone levels can increase up to 50-fold during periods 
of caloric deprivation, with β-hydroxybutyrate levels reported to be 4–5 mM in the 
blood following a 5–8 day fast. An excess of circulating ketones, which are strong 
organic acids that fully dissociate at physiological pH and overload the buffering 
capacity of serum and tissues, may result in metabolic acidosis, a potentially life-
threatening condition. Moreover, increased ketone levels may affect the brain micro-
vascular endothelium permeability and cerebral edema has been associated with 
diabetic ketoacidosis. However, such effects are observed only when ketones over-
reach physiological levels (10–20 mM or higher) during pathological states [53]. 
About the short-term safety, serious adverse events are reported to occur in adults on 
a low-calorie ketogenic diet (LCKD), including acute pancreatitis, exacerbation of 
panic disorder, severe metabolic acidosis, dehydration, severe electrolyte impair-
ments, and hypokalemia, possibly associated with sudden cardiac death. Very few 
studies examined the effects of LCKD for periods longer than 12 months in adults: 
the risk of nutritional inadequacy depends on several factors, including the overall 
composition of the diet, nutrient sources, degree of CHOs restriction, and diet dura-
tion. Since dietary CHO restriction often results in increased protein intake, it is dif-
ficult to separate the renal and bone effects of LCKD from the effects of increased 
dietary protein. Therefore, the long-term effects of LCKD on renal and bone health 
are unknown [25, 54]; nonetheless, examining body composition, studies have gen-
erally found a reduction in BF with preservation of LBM [25]. There are contrasting 
theories regarding the mechanisms LCKDs work on, and, anyway, some of the initial 
BW loss is due to increased diuresis (renal sodium and water loss), both as a result of 
glycogen depletion and ketonuria. Paoli A et al. [50] summarized and listed in order 
of importance and available evidence the hypothesized effects of VLCKDs:

	1.	 Reduction in appetite due to higher satiety effect of proteins, effects on appetite 
control hormones, and to a possible direct appetite-suppressant action of the 
KBs, although there is conflicting evidence regarding this issue in the published 
literature

	2.	 Reduction in lipogenesis and increased lipolysis
	3.	 Reduction in the resting respiratory quotient (RRQ) and, therefore, greater meta-

bolic efficiency in consuming fats
	4.	 Increased metabolic costs of gluconeogenesis and thermic effect of proteins
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It has also been hypothesized an up-regulation of mitochondrial uncoupling 
proteins with a resultant wasting of ATP as heat [25].

However, the US Department of Agriculture concludes that diets, reducing calo-
ries, will result in effective BW loss independent of the macronutrient composition, 
which is considered less important or even irrelevant [50], and the studies evaluat-
ing long-term outcomes of LCKD found a greater BW loss at 3–6 months, with no 
difference at 12 months. In studies comparing LCKDs and LFDs, the LCKDs are 
significantly associated with a greater reduction in TAG and an increase (or less of 
a decrease) in HDL, although this result seems to be explained by differences in BW 
loss. Conversely, LFDs generally have a more beneficial effect on LDL levels than 
LCKD. Despite their unfavorable effect on total LDL levels, several studies have 
found a beneficial effect of LCKD on certain lipoprotein subclasses, with a reduc-
tion in VLDL, an increase in large LDL, and a reduction in small LDL particles 
[25]. In conclusion, the classic LCKD containing high fat, low CHOs, and low 
protein are difficult to manage, are unpalatable, and may present an increased ath-
erogenic risk as serum levels of cholesterol and triglycerides are often elevated [55].

21.5	 �Criteria for the Formulation of a Balanced  
Diet in Obese Patient

It is clear that any low-calorie diet resulting in a negative energy balance produces 
BW loss in the short term (3–12 months); nevertheless, the optimal macronutrient 
composition of the diets continues to be controversial and object of ongoing 
researches.

A useful algorithm to develop a well-balanced dietary plan involves the follow-
ing steps:

	1.	 Setting the energy intake to obtain a suitable BW loss
	2.	 Setting the protein intake
	3.	 Splitting the nonprotein kcal (NP-kcal) between CHOs and lipids
	4.	 Verifying the adequacy of micronutrients (vitamins and minerals) and fiber 

intake
	5.	 Scheduling meals

The first step must take into account the broad interindividual variability (15 % on 
average) of the BMR normalized to the LBM in subjects of same sex, age, BW, and 
body size. Regarding the 24 h-energy expenditure (24-EE), this variability reaches 
30 %, related to the individual energy expenditure for any physical activities (affected 
by muscle tone, ergonomic efficacy, intensity, etc.) [56]. It should be stressed that in 
obese subjects the BMR is higher than in lean subjects, since both LBM and BF are 
increased [57].

In clinical practice the BMR is calculated by predictive regression equations using 
sex, age, BW, and height (e.g., Harris-Benedict equation or Schofield et al., quoted in 
FAO/WHO/ONU report, 1985) with an average standard error of 10 % in the single 
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subject and 2 % in population groups [56]. More recent predictive equations give 
slightly lower errors in overweight subjects [58], e.g., the Mifflin St. Jeor equation or 
the Livingston equation, which are useful to predict the BMR in adults of various 
BMI levels, although the accuracy is lower in obese than nonobese people [59, 60].

A higher accuracy in estimating the BMR can be reached taking into account the 
LBM, by means of prediction equations such as the J. Cunningham equation [61]. 
Obviously it is critical an accurate assessment of the BC to avoid a source of bias. 
Several limits are embedded to the usual inexpensive and noninvasive methods in 
the outpatient practice (anthropometrics and Biolectrical Impedance Analysis, 
BIA), that are only partly overtaken by dual energy x-ray absorptiometry (DEXA). 
Evaluating BC allows to identify the “desirable BW,” essential to establish the indi-
vidual adequate energy and protein intake, indeed:

	1.	 In a “normative approach” aimed to BW loss, BMR must be esteemed using “desir-
able BW,” while a “conservative approach” uses the subject actual weigh.

	2.	 “Desirable BW” is in accord to an optimal ratio between BF and LBM, taking 
into account that these are physiologically increased in obese subjects and 
assuming that the exceeding BW consist of BF 75 % and LBM 25 %.

	3.	 LBM is the mean factor affecting BMR, therefore, predicting equations that 
include LBM have higher accuracy; in order to preserve the LBM, energy intake 
should not be lower than BMR −10 E%.

	4.	 Protein PRI is about 1 g/kg or better 1.2 g/kg of “desirable BW” in agreement 
with the findings of the literature previously reported; in calculating the “desir-
able BW” it is essential to take into account the 25 % of the exceeding BW as 
LBM, in order to preserve the LBM during the BW loss; likewise, the LBM loss 
should not exceed the 25 % of the BW loss, when it occurs [14].

When it is not possible to assess the BC, “desirable BW” could be esteemed add-
ing a 25 % of the exceeding BW (as hypothetical LBM) to the “ideal BW” resulting 
by the common literature equations.

Afterwards, physical activity level (PAL) should be assessed. Subject must col-
lect a record of any activity performed in a 24 h period (sleeping, eating, walking, 
working, all other activity such as personal hygiene, sport, hobbies, etc.). 
Alternatively but less accurately, it is possible to carry out a physical activity recall 
[56, 62]. A specific energetic value is assigned to every activity and the PAL is cal-
culated through a factorial procedure as weighted average of all these activity, 
adjusted for the time dedicated to each [63, 64]. Finally, to calculate the 24 h-EE in 
Kcal/day, BMR is multiplied by the PAL esteemed (Table 21.1). It is possible to 
simplify this procedure, with a satisfying accuracy, using average PAL values codi-
fied by lifestyle ranges as “light,” “moderate,” or “heavy” (Fig. 21.1) [56, 62].

To lose 1 kg/week of BF, it is necessary a daily negative energy balance of about 
1,000 kcal, and the guidelines usually suggest a moderate reduction of the TDEI, 
around 500–1,000 kcal/die cut down from the estimated 24 h-EE or from the usual 
TDEI, whether the subject’s BW is steady and anyway never going below the BMR 
more than 10 %; this is aimed to a gradual and long-lasting weight loss: losing 3–5 kg 
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of BW is an excellent achievement, allowing to preserve the LBM and prevent the 
dehydration, without raising the risk of eating disorders. Cognitive-behavioral ther-
apy together with physical activity program gives the best and long-lasting results 
[14, 65].

To define an adequate dietary energy intake, it is also necessary to take into 
account the patient’s eating habit (quality and quantity of food consumption, meals 
planning, and eating disorders suspected by psychodynamic tests). Food surveys 
could be retrospective, with the use of memory such as the 24/48 h recall, food fre-
quency, dietary history, or perspective by recording the weight or the estimated 
quantity of the foods consumed.

Usually, food frequency questionnaire, dietary history, and food diary allow to 
collect all the data required. Then, the calculated 24 h-EE can be compared to the 
actual TDEI taking into account the BW changes. Energy balance is the difference 

Table 21.1  Criteria for the formulation of a dietary plan

Parameters Determinant factors

Desirable weight Body composition: lean body mass (LBM)/fatty mass (FM)

Basal metabolic 
rate (BMR)

Sex Conservative 
approach

Normative 
approachAge

Height BMR is calculated 
utilizing the actual 
weight

BMR is calculated 
utilizing the 
desirable weight

Weight

LBM

Physical activity 
level (PAL)

Frequency, intensity, and 
duration of the different 
activities during the 24 h, 
included the sleeping time

Physical activity energy expenditure is 
affected by the actual weight

Daily energy 
expenditure 
(24 h-EE)

BMR × PAL

predictive
equations

24h-ENERGY EXPENDITURE = [BMR+physical activity energy expenditure] =K(BMR)
kcal/24 h

K1= light
K2= moderate
K3= heavy

PAL —

Fig. 21.1  Algorithm to calculate the 24 h-daily expenditure
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between food intake and energy expenditure [24 h-EE = BMR + DIT (diet-induced 
thermogenesis) + PA (physical activity)]. This balance is positive in obese subjects 
actively gaining BW; instead, if the BW is steady, the TDEI is equivalent to 24 h-EE 
and the subject is in energetic balance with a TDEI not necessarily too high.

Established the most adequate energy intake to obtain a healthy BW loss, it should 
be set the protein intake level as above stated (1–1.2 g/kg “desirable BW”) and the 
protein-kcal must be apart from the NP-kcal which, in the end, have to be split 
between CHOs and lipids, pointing out that proteins and CHOs provide 4 kcal/g 
while lipids 9 kcal/g. Fifty percent of protein intake should come from animal source 
and the other 50 % from plant to avoid a high intake of animal lipids and meanwhile 
providing an adequate intake of vegetable protective factors (phytochemicals). 
Assuming the nitrogen (N) content of the proteins to be on average 16 %, it is easy to 
state that 6.25 g of proteins are equivalent to 1 g of N. It must be emphasized that in 
order to achieve an efficient protein synthesis, 100–150 nonprotein kcal (NP-kcal) 
are needed for every intake of 1 g N or 6.25 g proteins. In a dietary plan providing for 
the actual energy expenditure, protein amount could not be higher than 13–15 % of 
the TDEI, but in formulating a low-calorie diet, protein requirements must be counted 
in grams/kg of “desirable BW” to meet the proteins need [66].

Once satisfied the protein requirement, NP-kcal should be split as CHOs, 65–70 
E%, and lipids, 30–35 E%. The distribution of NP-kcal requires a careful screening 
of comorbidities: this is a critical issue for the metabolic effects of the dietary mod-
els described above, to avoid the possible adverse effects or in order to exploit their 
metabolic properties. Total CHOs should be composed between complex, 80 %, and 
simple, 20 %. The amount of fats should consist of SFAs (1/3), MUFAs (1/2), n 
PUFAs (1/6), and the RI of EFAs (essential fatty acids) and of the liposoluble vita-
mins (α-tocopherol, β-carotene, vitamin D) have to be assured; to respect this pro-
portion, it is sufficient to have an intake of 30 % as animal fats and 70 % as vegetable 
fats. Animal fats, indeed, consist of 2/3 SFAs and 1/3 MUFA with a low PUFA 
content, and instead plant source are made up of 1/3 SFA and 2/3 MUFA and PUFA 
[67] (Fig.  21.2). With respect to the TDEI, total CHOs intake should provide 
45–60 % of TDEI, with maximum 15 % of simple sugar, while fats should provide 
20–35 % of TDEI [67]. The highest values of the range (RI) should be considered 
only in the low-carbohydrate diets, when required. In other cases, the intake of total 
lipids must be ≤30 %, SFAs 7–10 %, and trans-fatty acids ≤1 % of TDEI [26, 67]. 
On the other hand, a too-low-fat diet has poor organoleptic properties, resulting 
bland and tasteless. Olive oil should not be removed since its composition in MUFA 
helps to keep an adequate HDL cholesterol level. To achieve a good level of ω-3-
fatty acids, 150 g of any kind of fish twice a week are enough, better if chosen 
among anchovy, sardine, mackerel, or similar. In the end, an eating plan well bal-
anced and consistent with dietary guidelines endorses to consume at least five serv-
ings of fruits and vegetables per day, emphasizing the use of whole grains, with a 
daily fiber intake of 35 g or more. BW-loss diet that excludes one or more foods or 
food groups and/or substantially restrict macronutrients intake below the PRI could 
produce nutrient deficiencies and increase health risks. The micronutrient intake 
level should be evaluated on a weekly basis or on a longer term for liposoluble 
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vitamins and β-carotene; in a moderate low-calorie diet, it is possible to meet PRI 
by the weekly consumption of the different food groups as suggested by the guide-
lines for a healthy diet [67]. The supply of essential fatty acids, minerals, vitamins, 
and fiber has to be checked in relation to the DRVs (Table 21.2).

21.6	 �Nutritional Counseling and Conclusion

The World Health Organization defined obesity as a serious chronic disease, largely 
preventable through lifestyle changes [75]. This definition means that although the 
weight loss is essential for reducing the risk of obesity-associated comorbidities and 
mortality, the acquisition of a healthy lifestyle should be the main objective of the 
whole therapeutic intervention. Dietary treatment should instruct patients on how to 
modify their diets in order to lower the caloric intake, obtaining a slow and progres-
sive BW loss, reducing CVR, and other comorbidities. It was described an inverse 
relation between adherence to a Mediterranean dietary pattern and the prevalence 
of obesity in a free-eating, population-based sample of men and women, irrespec-
tive of various potential confounders [68]; several studies support the evidence that 
promoting eating habits consistent with Mediterranean diet (MD) nutrients pattern 
may be a useful and safe strategy for the treatment of obesity [69]. The MD features 
were recently revised by Bach-Faig A et al. [72]: the MD is rich in plant foods (cere-
als, fruits, vegetables, legumes, tree nuts, seeds, and olives), with olive oil as the 
principal source of added fat, along with high-to-moderate intakes of fish and sea-
food; moderate consumption of eggs, poultry, and dairy products (cheese and 
yogurt); low consumption of red meat; and a moderate intake of alcohol (mainly 
wine during meals) [70].

24 Hrs ENERGY EXPENDITURE
(kcal/die)

Protein kcal
0,8-1 g/Kg desirable weight

non protein-kcal from carbohydrates and fats
(tot kcal -  protein kcal)

50 %
animals

50 %
plants

70 %
carbohydrates

30%
fats

1/3
SFA

1/2
MUFA

1/6
PUFA

80 %
complex

20%
simple

Fig. 21.2  Flow chart to allocate the macronutrients in a balanced diet
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Corbalán MD et al. [69] assert that “although there is no all-inclusive diet for the 
treatment of obesity and metabolic syndrome, a Mediterranean-style diet has most 
of the desired attributes, including lower refined carbohydrate content, high fiber 

Table 21.2  Criteria to develop a balanced diet in obese subjects

Criteria Parameters

1 Intake energy Energy intake: reducing 
500–1,000 kcal from the  
usual intake and anyway  
never < BMR −10 %

Estimate basal metabolic rate 
(BMR)

Estimate 24 h energy 
expenditure (24 h-EE)

Aim: ↓ 3–5 Kg/month Assessing nutritional habits 
(usual energetic intake)

Body weight changes in the last 
month (steady state or dynamic)

2 Protein intake 1 g protein/Kg desirable  
weight

Desirable weight

100–150 kcal nonprotein/g 
nitrogen intake

Metabolic impairments and/or 
pathological conditions, e.g., 
kidney failure, microalbuminuria 
of nephrotic syndrome, etc.)

3 Nonprotein kcal 
Allocation 
(carbohydrates  
and lipids)

Total fats: 20–35 % total kcal Dietary reference intakes

Saturated fatty acids:  
≤ 7–10 % tot. kcal trans-fatty 
acid ≤1 % tot. kcal

Nutritional status assessment

Metabolic impairments 
(dyslipidemia, diabetes, etc.)

Monounsaturated fatty acids: 
≤15 % tot kcal

Polyunsaturated fatty acids: 
≤10 % tot. kcal Essential  
fatty acids: ω-6 = 2 % and 
ω-3 = 0,5 % tot kcal

Cholesterol: ≤300 mg/die

Carbohydrates: ≥ 45 % tot 
kcal; ≥100 g/die

Simple sugars: ≤15 % tot.  
kcal

Calcium: 1,000–1,500 mg/die

NaCl: ≤6 g o Na 2,4 g/die

4 Verifying fiber  
and micronutrients 
intake (minerals  
and vitamins)

Evaluation of the need to use 
nutritional supplements

Dietary reference intakes

Fiber: 35 g Nutritional status assessment

Energy intake of the diet

5 Meal scheduling Frequency complying with 
recommended requirements  
in guidelines

Usual day schedule

Meal consumption modalities

Food choices variety Nutritional habits

Regular meals Limits (family, socials, working, 
food preferences, etc.)
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content, moderate fat content (mostly unsaturated), and moderate to high vegetable 
protein content.” According to the recommendations of the Spanish Society of 
Community Nutrition, the distribution of macronutrient components in MD is: 
35 % fat (<10 % SFA and 20 % MUFA), 50 % CHOs, and 15–20 % protein [69].

Educational efforts should highlight the following topics as reported NIH clini-
cal guidelines [14]:

•	 Energy value of different foods
•	 Food composition: fats, CHOs (including dietary fiber), and proteins
•	 Reading nutrition labels to determine caloric content and food composition
•	 New habits of purchasing with preference to low calorie foods
•	 Food preparation avoiding adding high-calorie ingredients during cooking (e.g., 

spreads and oils)
•	 Avoiding overconsumption of high-calorie foods (both high-fat and high-CHO 

foods)
•	 Maintaining adequate water intake
•	 Reducing portion sizes
•	 Limiting alcohol consumption

Whatever else is reported by healthy eating guidelines and effectively depicted in 
the diet pyramid or “eatwell plate” showing the proportions of food groups that 
should be eaten daily in a well-balanced diet completes these topics.

However, a successful BW loss is more likely to occur when patients’ food pref-
erences are considered to tailor an individual diet, adapted to the specific realities of 
different countries and to the variations in the dietary pattern related to geographi-
cal, socio-economic, and cultural contexts, taking into account the traditional, local, 
eco-friendly, and biodiverse products, thereby contributing to a higher and long-
term sustainable compliance.

In the traditional framework, the patient is in a state of almost total dependence 
by the physician, and hence this model has been defined prescriptive, directive, 
paternalistic, or authoritarian. On the other side, the obese patients live in a dichot-
omous relationship with food, friend, or foe, and they think that the diet is not a 
means to improve their health status but a way to prove their willpower. In this 
perspective, when the patient transgresses the diet, he experiences a failure result-
ing in reduced self-esteem. Conversely, the nutritional counseling aims to “enable” 
the patient to make a decision about personal choices or problems or issues directly 
concerning themselves. The counseling procedure emphasizes the importance of 
the self-perception, self-determination, and self-control, taking the shape of help-
ing a relationship finalize to return to autonomy, a greater sense of dignity and 
self-esteem to the person [70]. As in all chronic diseases, the objective is not the 
full recovery, but in the case of obesity can represent a way aimed at not only the 
weight loss but also in the ability to self-manage risk situations, to develop active 
lifestyle, and knowing how to choose what is really important to live fully their 
own existence and thus enhance the quality of life. The aim should be not only to 
improve the knowledge of the patients but especially their skills, know-how, and 
their ability to master events, known as how to be. The main tools at the basis of 
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nutritional counseling are common with the cognitive behavioral therapy: thera-
peutic alliance, therapeutic adherence, motivation, problem solving, empower-
ment, and narrative medicine. The latest experience bears the cognitive behavioral 
therapy (CBT) as a key tool to achieve a lifestyle change and thus a long-lasting 
and stable BW loss. It has been designed to improve diet and physical activity 
compliance in the patients combining the behavioral method of influencing and 
reinforcing a positive behavior to the cognitive approach of conditioning emotions 
and human behavior by thoughts [71].

In summary, dietary intervention should respect physiological and metabolic 
bases. Any exception should take in account coexistent metabolic impairments and 
is allowed only if supported by clinical scientific evidences. The effectiveness of the 
dietary therapy should be evaluated in risk reduction for mortality and morbidity 
and in the ability of maintaining the results achieved rather than considering the BW 
loss only. The dietary intervention must follow a thorough multidimensional assess-
ment of the biological (nutritional status), psychological, and social indices that 
could affect the BW gain and the unhealthy food habits. Since among the “dieters” 
there is a dropout rate of 40 % after 12 months [72], while a long-term success 
occurs only in ≤15 % [73], it is necessary to promote an active involvement of the 
patients, planning realistic solutions and goals to comply with, and trying to avoid 
unreachable achievements. Although the basis to formulate a balanced diet is strict 
scientific evidence, a high degree of flexibility is required to reach a good compli-
ance of the patient [74, 75]. A good experience and knowledge by the professional 
operators can turn the dietary prescription into a guideline for a nutritional “reedu-
cational” intervention.
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Overweight and obesity are defined by a body mass index (BMI) of 25–29.9 kg.m−2 
and 30  kg.m−2 or greater, respectively. It is known that the prevalence rates of 
overweight and obesity are rising alarmingly among adults in both developed and 
developing countries [1]. The increasing rates of overweight and obesity are of con-
cern because of the demonstrated association of excessive body weight with numer-
ous chronic conditions like cardiovascular disease, type 2 diabetes, osteoarthritis, 
asthma, and certain cancers. The development and implementation of effective 
interventions for the treatment of excessive body weight and the limitation of 
obesity-related long-term comorbidities are considered an important public health 
initiative [2]. Of those who are overweight and/or obese in the USA, nearly 74 % of 
women and 60 % of men report using one or more weight management strategy [3]. 
However, it should be noted that even if they achieve weight loss by using manage-
ment strategies, most of them will experience weight regain over time [4]. This low 
success rate of lifestyle interventions for overweight and obese adults presents a 
significant public health challenge.

This chapter describes the interplay among daily physical activity, exercise, and 
dietary regimens and illustrates how an understanding of exercise prescription can 
be helpful for the development of effective interventions for the treatment of 
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excessive body weight in adults. First, we will discuss about the key role of physical 
activity in the prevention of weight gain. Second, we will examine how we can 
maximize weight control by using an adequate dose of exercise and/or dietary 
regimen. Third, we will describe how physical activity can promote health benefits 
for overweight adults independent of body weight. Throughout the chapter, physical 
activity is defined as any bodily movement produced by skeletal muscles requiring 
a considerable increase of energy expenditure as compared to a resting phase. 
Physical activity in daily life may include occupational, conditioning, sports, house-
hold, or other activities. Otherwise, exercise is defined as a subset of physical activ-
ity that is planned, structured, and repetitive with final or intermediate objectives of 
the improvement or maintenance of physical fitness.

22.1	 �Energy Balance and the Role of Physical Activity

As previously noted by Hill and colleagues, obesity is often considered to be a result 
of assuming too many calories and not getting enough physical activity [5]. This 
debate about the role of physical activity and/or dietary regimens is often empha-
sized in the literature [6, 7]; however, it seems clear that this discussion has not yet 
produced effective or innovative solutions. From a theoretical perspective, the key 
to managing body weight is related to energy balance. Specifically, a body weight is 
maintained, over a specified time, if energy intake and energy expenditure are equal. 
This energy balance is the goal for the prevention of initial weight gain or weight 
regain after weight loss. Otherwise, body weight can change only when energy 
intake is not equal to energy expenditure over a given period of time. This energy 
imbalance is necessary to elicit an energy deficit and promote weight loss in over-
weight and obese adults [5]. Physical activity, defined as any bodily movement pro-
duced by skeletal muscles that requires energy expenditure, is considered a key 
strategy to the creation of energy deficit in weight loss programs. It should be noted 
that daily physical activity is the most variable component of energy expenditure 
and consists of the amount of physical activity performed multiplied by the energy 
cost of that activity, aside from the energy expended through the resting metabolic 
rate and the thermic effect of food. However, although physical activity in terms of 
structured exercise is an essential component of weight loss programs, health pro-
fessionals are strongly encouraged to understand the magnitude of the contribution 
of physical activity to weight loss in adults in excess of body weight [8].

Previous research has emphasized the importance of physical activity in terms of 
structured exercise in the prevention and management of obesity [5, 8], and generic 
guidelines originally developed for the wider population have been adapted for 
these specific populations. In fact, physical activity is recommended as an important 
part of weight management by all public health agencies and scientific organiza-
tions, including Centers for Disease Control [9], American Heart Association [10], 
and American College of Sports Medicine [11]. However, previous studies have 
found that greater changes in body weight are caused by reductions in energy intake 
(e.g., diet) [7, 12]. For example, Hagan and colleagues [7] observed that after 
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3 months, of a dietary restriction of 945 kcal for obese women and 1,705 kcal a day 
for obese men, body weight decreased by 5.5 and 8.4 kg, respectively. Conversely, 
performing an exercise training program that included 30 min of walk or jog activi-
ties for 5 days a week, obese women and men spent 190 and 255 kcal per session, 
resulted in a marginal weight loss of 0.6 and 0.3 kg, respectively. Conflicting evi-
dences have been reported also by other authors who used structured, weight loss 
programs to increase energy expenditure via exercise. Using short-term intervention 
protocols lasting up to 6 months, they demonstrated that exercise training could be 
as effective as weight loss programs using energy restriction [6, 13, 14]. Another 
study conducted by Ross and colleagues [13] on 52 obese men reported a 7.5 kg 
(3 %) weight loss after 3 months of intervention aiming to reduce obesity and related 
comorbidities through a dietary restriction of 700 kcal a day or increasing energy 
expenditure through exercise. These results may confirm that when the energy defi-
cits imposed by diet only and diet plus exercise interventions are similar, weight 
loss and percent change in body weight are similar. However, most overweight and 
obese adults are not able to engage in sufficient levels of exercise to produce the 
magnitude of weight loss typically found with energy restrictions [8]. For example, 
a 90 kg person would need to perform about 115 min a day of brisk walking to 
expend 700 kcal a day in exercise to produce this magnitude of weight loss, which 
is clearly an unrealistic situation for an individual who is engaging in a physical 
activity program.

22.2	 �Physical Activity to Improve Body Control

22.2.1	 �Mode of Exercise

Physical activity in terms of exercise in the prevention and management of obesity 
should focus on endurance (or cardiovascular/aerobic) modes of exercise. 
Specifically, this mode of exercise may lead individuals to expend a considerable 
amount of energy in a given period of time, which in turn may be useful for achiev-
ing the target of 2,000 kcal per week. In general, endurance training has been cate-
gorized as either weight bearing or non-weight bearing. For example, walking is 
classified as a weight-bearing activity and is currently considered one of the best 
modes of exercise for several reasons, including experience of all individuals with 
the activity and safety. Walking is also available to most individuals and does not 
require special facilities [15]. However, it should be noted that some people have 
preexisting musculoskeletal conditions that could prevent certain modes of weight-
bearing activities. These conditions are often related to pain in the lower back, hip, 
knee, and ankle joints that may be chronic. In this case, non-weight-bearing activi-
ties, such as stationary cycling, recumbent cycling, upper-body ergometry, water 
activities, and others, should be selected. These activities are useful at any time but 
are particularly useful for those with joint injury or pain. In summary, health profes-
sionals are encouraged to include endurance training as an important part of their 
physical activity programs for overweight and obese adults.

22  Physical Activity and Training Prescription
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Recent guidelines on exercise for weight loss and weight maintenance 
include resistance training as part of the exercise prescription. However, 
researchers have noted that resistance training alone is ineffective in promoting 
weight loss and maintenance in overweight and obese adults but it leads to sig-
nificant reductions in body weight and fat mass when combined to endurance 
training [16–18]. Furthermore, interventions that combined dietary energy 
restrictions with resistance exercise have shown no weight loss advantages in 
comparison with energy restrictions plus other forms of exercise [17]. However, 
resistance training as well as endurance plus resistance training can increase 
lean body mass more than endurance training alone. These results suggest that 
although the energy expenditure associated with resistance training is not large, 
resistance training may increase muscle mass which may in turn increase 24 h 
energy expenditure. These benefits of resistance training on muscle structure 
and function may be advantageous for improving the ability to perform activi-
ties of daily living in overweight and obese adults, which in turn results in 
improvements in quality of life. Thus the addition of resistance training may 
promote benefits for adults in excess of body weight for reasons other than the 
impact of this form of exercise and weight loss.

22.2.2	 �Duration

In order to obtain valuable benefits from an exercise training program on weight 
loss, individuals need to participate in adequate levels of physical activity. 
Although there are current recommendations with respect to the amount of physi-
cal activity useful for weight management in sedentary individuals [10, 11], 
research has demonstrated that large amounts may be needed for most of the 
overweight individuals. In fact, a considerable amount of cross-sectional studies 
indicated an inverse relationship between body weight or body mass index and 
physical activity [19, 20] highlighting a dose-response relationship between body 
weight or body mass index and physical activity levels. For example, Mctiernan 
and collaborators [21] observed that a group of 40–75-year-old men and women 
lost 1.8 and 1.4 kg of body weight and 3.0 and 1.9 % of body fat, respectively, 
after 12 months of an exercise program designed to promote 300 min of moderate 
physical activity a week, in comparison with a sedentary counterpart. Importantly, 
a significant dose-effect relationship in weight loss was observed when physical 
activity is performed for more than 250 min a week. These data are similar from 
those found in previous studies and indicate that greater amounts of physical 
activity resulted in greater amounts of weight loss. For example, in two separate 
studies, Jakicic and colleagues [22, 23] have found that long-term weight loss was 
improved in overweight and obese women with the addition of 200–300 min a 
week of physical activity. Taken together, these studies highlight that moderate-
to-vigorous physical activity of 150–250 min a week with an energy equivalent of 
about 1,200–2,000 kcal a week may be enough to prevent a weight gain greater 
than 3 % in most adults.
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22.2.3	 �Intensity

When prescribing an exercise session, intensity component could be described in 
absolute or relative terms. Relative intensity takes into consideration the exercise 
capacity of the individual to perform the activity, while absolute intensity only con-
siders the demands of the activity [24]. Health benefits of physical activity can be 
promoted performing exercise with low intensity (predominantly aerobic) and long 
duration or exercise with high intensity (predominantly anaerobic) and short dura-
tion. However, intensity and duration components must be regulated so that the 
intensity is low enough to allow suitable durations and expends the recommended 
caloric energy. For most of the overweight adults engaging in an exercise program, 
the sustainable intensity will not be sufficient to cause improvements in cardiorespi-
ratory fitness, because the initial focus should be on weight loss and maintenance 
increasing energy expenditure [11]. As the exercise program progresses and the 
individual is able to better tolerate the exercise session, higher-intensity activities 
above the 60 % heart rate reserve (maximum heart rate minus resting heart rate) 
should be prescribed by health professionals. However, exercise intensities between 
40 and 59 % heart rate reserve are encouraged to initial exercisers, even if lower 
intensities must be prescribed for very deconditioned patients [25]. It should be 
noted that exercise intensity is inversely related to exercise adherence [26]; thus, 
health professionals are encouraged to “push up” their overweight patients in order 
to avoid a premature dropout. With regard to exercise adherence, it should be noted 
that prescribed intensities are considered less pleasant than preferred intensities in 
sedentary, overweight adults [27, 28]. Thus self-paced protocols where individuals 
are encouraged to choose their intensity must be reinforced by health professionals 
to ensure a more positive affective response during exercise, which in turn may 
prevent dropout [29, 30]. Taken together, these data suggest that health profession-
als should focus not only on “physiological” prescription but also on “behavioral” 
prescription to ensure future exercise participation.

22.3	 �Body Weight Control and Health  
Benefits for Overweight Adults

Research has emphasized that physical activity may lead to health benefits whether 
weight is lost and perhaps even if weight is gained [31, 32]. This may indicate that 
overweight and obese adults may realize improvements in health-related outcomes 
independent of weight loss. Data from longitudinal studies such as the CARDIA 
study demonstrate that adults maintain a stable body mass index minimized the 
undesirable changes in cardiovascular disease risk factors occurring with aging 
[31]. Similarly, Wei and colleagues [33] found that cardiorespiratory fitness, a 
health-related component directly associated with physical activity participation 
(see Chap. 18), is a strong and independent predictor of cardiovascular disease and 
of all-cause mortality in adults, regardless of variations in body mass index. More 
importantly, the reduction of chronic health risks is seen even with minimal weight 
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loss of less than 3 % [34]. Taken together, these findings support the importance of 
physical activity and exercise participation of adults in excess of body weight.
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23.1	 �Introduction

Modifications in lifestyle remain the most important aid to effectively tackle obesity, 
but the low rate of success in most obese subjects and the need for continued inter-
vention, not always accessible due to elevated health care costs, have limited the 
efficacy of this approach. On the other hand, bariatric surgery represents an alterna-
tive remedy with a high rate of stable and significant success in body weight reduc-
tion and consequent cardiometabolic parameter amelioration. However, it is hard to 
hypothesize that this option could be applied on a large scale due to the high costs, 
the inherent surgical risks, and the maladaptive postoperative compliance from 
some patients [1].

Taking into account the limitations provided by lifestyle changes and bariatric 
surgery mentioned above, one might conclude that there could be some room for the 
pharmacological approach to obesity. However, the last 30  years have produced 
poor results and limited success in generating drugs devoid of important side effects 
to tackle obesity and its comorbidities. This has caused pharmaceutical companies 
to substantially reduce investments in research and development in this field.
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23.2	 �The Pharmacotherapy of Obesity Between Guidelines 
and Regulatory Agencies

Recently, new guidelines for the management of overweight and obesity in adults 
have been approved in the USA [1]. The concept has been reinforced that all patients 
for whom weight loss is recommended should be offered or referred for comprehen-
sive lifestyle intervention. It has also been reestablished that if a patient presents 
with a body mass index (BMI) ≥30 or ≥27 with comorbidities and is unable to lose 
weight or to sustain weight loss with comprehensive lifestyle intervention, pharma-
cological therapy should be taken into account to help achieve targeted weight loss 
and to prevent diseases. However, it is clearly stated that medications should be 
approved by the regulatory agencies, and clinicians should know what the benefits 
and health risks of the prescribed medication are. Medications work to reinforce 
lifestyle change and should be prescribed only as an adjunct to a good quality life-
style intervention [1]. This issue should be mandatory, but it is not always taken into 
account by the companies developing antiobesity drugs when the clinical trials are 
designed to obtain drug approval. With few exceptions, indeed, the majority of the 
phase 2 and 3 trials and most of the non-sponsored studies include lifestyle inter-
vention at low level of priority.

The regulatory point of view in this issue varies between US and European agen-
cies. According to the American Food and Drug Administration (FDA) draft guid-
ance, the efficacy of a 1-year treatment with an antiobesity drug should meet one of 
these two conditions: (I) the difference in weight change from the baseline between 
the treatment group and placebo is 5 %, and (II) the number of patients in the treat-
ment group that obtains this weight gain is at least 35 % and approximately double the 
number of subjects in the placebo group. On the other hand, European Medicines 
Agency (EMA) require antiobesity drugs to satisfy the following two criteria:  
(I) a weight loss of at least 10 % of baseline weight and (II) a magnitude of weight loss 
significantly different from the placebo group treated with lifestyle intervention. 
However, after the position statement regarding the antidiabetic drugs issued by the 
Endocrinologic and Metabolic Drugs Advisory Committee in 2008, the FDA Advisory 
Committee established in March 2012 that the evaluation of antiobesity drugs should 
be made after their effectiveness in reducing cardiovascular risk had been assessed. 
Briefly, a two-step process is required to establish the cardiovascular safety of any 
antiobesity drug, consisting of a randomized cardiovascular event-driven trial before 
approval and a longer and larger trial after approval. Moreover, preliminary trials in 
the highest risk population are required to consolidate the findings.

23.3	 �Drugs Approved for Short-Term Use

Amphetamines and their analogues (phentermine, benzphetamine, phendimetra-
zine, and diethylpropion) were approved long time ago by the FDA.

In September 1999, the EMA recommended their withdrawal from the market 
because of their unfavorable risk to benefit ratio. However, the FDA still allows 
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these drugs to be marketed in the USA, limiting their use to only the short term 
(<12 weeks) due to the risk of abuse in obese patients who do not respond to life-
style modifications [2].

Among the analogues of amphetamine, phentermine represents the most 
prescribed antiobesity drug in the USA, and a meta-analysis of many randomized 
control trials (RCTs) showed that subjects treated with phentermine alone lost 
3.6 kg compared to placebo [3]. Its use is now showing a novel rapid revival due to 
the new combo formulation with topiramate recently approved by the FDA (see 
below). Phentermine is commercially available in the USA in different formulations 
(hydrochloride salt, resin, or disintegrating tablets), and the recommended daily 
doses are up to 30 mg/day for the orally disintegrated tablets.

The major side effects of this class of drugs are insomnia, dry mouth, and anxi-
ety. These effects are usually transient, and they do not differ between subjects 
receiving continuous versus intermittent therapy. More serious uncommon compli-
cations in prolonged use include primary pulmonary hypertension and cardiovascu-
lar or cerebrovascular events, hyperthyroidism, and glaucoma. Obviously, due to 
their mechanism of action, they are also contraindicated in individuals with psychi-
atric disorders, including anorexia, depression, or in patients at risk of drug depen-
dency [2].

23.4	 �Drugs Approved for Long-Term Use

23.4.1	 �Orlistat

Orlistat is a gastrointestinal lipase inhibitor approved for use in adults and adoles-
cents aged 12–16 years. It does not act directly on appetite, but decreases fat absorp-
tion to approximately 30 % of intake.

Orlistat’s long-term efficacy (120 mg three times daily) was demonstrated in 
several RCTs of 2–4 years’ therapy [4]. The results of these studies appear similar: 
orlistat reduces weight about 2.9 % more than placebo and increases the absolute 
percentage of participants achieving 5 % weight loss by about 21 %. Furthermore, 
the XENDOS study, a 4-year RCT of 3,305 nondiabetic obese patients, showed 
that orlistat reduced the risk of developing T2DM by 37.3 % compared to only 
lifestyle modification [5]. Orlistat has demonstrated its efficacy also in diabetic 
subjects: in a multicenter 57-week RCT, 120 mg orlistat or placebo was adminis-
tered to 391 obese subjects with T2DM. The orlistat group lost about 2 kg more 
than the placebo group and twice as many patients receiving orlistat lost > or = 5 % 
of their initial body weight. Orlistat treatment was also associated with significant 
decreases in HbA1c, fasting plasma glucose, total cholesterol, LDL cholesterol, 
LDL/HDL cholesterol ratio, and triglycerides. The most commonly experienced 
side effects of orlistat are due to its mechanism of action and include diarrhea, fecal 
incontinence, flatulence, and abdominal pain [5]. Recently, FDA undertook a 
review of orlistat treatment safety, which identified a total of 13 cases of serious 
liver injury [2].
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23.4.2	 �Lorcaserin

Lorcaserin is a selective serotonin (5HT) 2C receptor agonist, sharing characteris-
tics similar to fenfluramine. The tolerability and efficacy of lorcaserin for the treat-
ment of obesity were evaluated in three large RCTs, which provided the basis for 
FDA approval in June 2012.

In the BLOSSOM RCT, 4,008 obese or overweight patients with obesity-related 
comorbid conditions were randomized to receive either lorcaserin 10 mg/die (QD), 
lorcaserin 10 mg twice daily (BID), or placebo for 52 weeks. Weight loss was 4.7, 
5.8, and 2.9  kg, respectively, similar among males and females, but higher in 
Caucasian patients than African-American or Hispanic patients. The percentages of 
subjects achieving 5 % or greater weight loss were 47.2, 40.2, and 25 % for lorca-
serin BID, lorcaserin QD, and placebo, respectively [6].

The BLOOM RCT evaluated 3,182 patients for 2 years with similar results [7]. 
The BLOOM-DM RCT evaluated the safety and efficacy of lorcaserin in 604 
patients with T2DM.  Weight loss was approximately 5  kg for lorcaserin and 
1.6 kg for placebo. The study found that 45 % of lorcaserin QD achieved at least 
a 5 % weight loss (16 % in the placebo group). Approximately half of the patients 
in the lorcaserin treatment arm obtained an HbA1c level <7 %, almost twice the 
rate in the placebo group [8]. Lorcaserin is generally well tolerated: the most fre-
quent adverse reactions are headache, dizziness, and nausea. There was no 
increase in cardiac valvulopathy rate after a 2-year treatment with lorcaserin  
[6–8]. Considering its mechanism of action, extreme caution should be used when 
prescribing lorcaserin to patients taking a selective 5HT reuptake inhibitor or 
5HT-NA reuptake inhibitor due to the potential for 5HT syndrome [6–8]. 
Lorcaserin was approved by the FDA as an antiobesity drug (Belviq®), whereas a 
few months later the marketing authorization application of lorcaserin in Europe 
was rejected by the EMA; the manufacturer of this drug then withdrew its applica-
tion in Europe [9].

23.4.3	 �Topiramate and Phentermine Combo

Topiramate is an anticonvulsant drug approved for adjunctive treatment of partial 
onset and generalized tonic-clonic seizures. Its mechanism of action is not fully 
understood: it may include blockage of voltage-activated sodium channels, 
glutamate-receptor antagonism, inhibition of high-voltage-activated calcium chan-
nels, inhibition of carbonic anhydrase, and enhancing of gamma-aminobutyric acid-
evoked currents [10]. For many years, topiramate alone has been demonstrated to be 
able to determine weight loss. A meta-analysis of 10 RCTs (3,320 individuals over-
all) showed that patients treated with topiramate lost an average of 5.34 kg more 
than with placebo [10]. Topiramate is quite well tolerated, especially at doses of 
192  mg/die or less. Paresthesias are frequently experienced by patients. Other 
adverse effects are fatigue, depression, and difficulty with memory [10]. Finally, 
topiramate is contraindicated in pregnancy for its teratogenic effects [10].
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The drug combination of phentermine and topiramate (Qsymia®) was approved 
by the FDA for the long-term treatment of obesity in 2012 [11]. However, this 
combo was not approved in Europe at two different marketing authorization appli-
cations due to the deficiency of long-term data on cardiovascular safety [11].  
The manufacturer will probably resubmit the application when ad interim data from 
a cardiovascular outcome trial are available.

The tolerance and safety of this drug combination were evaluated in a series of 
phase III RCTs, respectively, named EQUATE, EQUIP, and CONQUER.

EQUATE was a 28-week study that included 756 patients treated with two doses 
of phentermine (7.5 or 15 mg), or two doses of topiramate (46 or 92 mg), or two 
doses of the combination phentermine/topiramate (PHEN/TPM) (7.5/46 or 
15/92 mg) or placebo. The weight loss was 9.2 % for PHEN/TPM 15/92 mg, 8.5 % 
for PHEN/TPM 7.5/46 mg, 6.4 % for TPM 92 mg, 5.1 % for TPM 46 %, 6.1 % 
PHEN 15 mg, 5.5 % PHEN 7.5 mg, and 1.7 % placebo. In the combination therapy 
arm, the percentage of patients achieving a 10 % or greater weight loss was nearly 
sixfold that observed with placebo [12].

The EQUIP RCT included 1,267 patients with BMI ≥35  kg/m2 and without 
T2DM.  They were randomized to PHEN/TPM 15  mg/92  mg, PHEN/TPM 
3.75 mg/23 mg, or placebo, for 52 weeks. The percentage of weight loss with high-
dose PHEN/TPM was 10.9 % (−12.6 kg), compared with 5.1 % (−6 kg) in the low 
dose and 1.6 % (−1.8 kg) for placebo. The 66.7 % of 15/92 patients lost at least 5 % 
of baseline body weight vs 17.3 % in the placebo group [13].

The CONQUER RCT compared full-dose and mid-dose PHEN/TPM with 
placebo for 52 weeks. This study includes 2,487 obese or overweight adults with 
two or more related comorbidities (hypertension, T2DM, dyslipidemia). At the end 
of the study, weight loss was 9.8 % (−10.2 kg) for high-dose, 7.8 % (−8.1 kg) with 
mid-dose, and 1.2 % (−1.8 kg) for placebo. At least 5 % weight loss was achieved 
by 70, 62, and 21 % of the subjects, respectively [14]. This trial was followed by the 
SEQUEL study, an extension for one additional year: weight loss was maintained 
during the second year of treatment resulting in 10.5 % in PHEN/TPM 15/92 mg, 
9.3 % in PHEN/TPM 7.5/46 mg, and 1.8 % in the placebo group [15]. In all studies, 
the 15/92 group had significantly greater changes relative to placebo for waist cir-
cumference, systolic and diastolic blood pressure, fasting glucose, HbA1c, triglyc-
erides, and total LDL and HDL cholesterol. An RCT was recently performed to 
evaluate the effect of PHEN/TPM treatment on progression to T2DM and/or cardio-
metabolic disease in subjects with prediabetes and/or metabolic syndrome. Subjects 
were randomized to placebo, PHEN/TPM 7.5/46 mg, or PHEN/TPM 15/92 mg for 
108  weeks. After this time, the annualized incidence rates of T2DM for those 
receiving 7.5/46 mg and 15/92 mg were reduced by 70.5 and 78.7 %, respectively, 
vs placebo [16]. The most common adverse reactions of PHEN/TPM therapy 
included paresthesias, dizziness, dysgeusia, insomnia, constipation, and mouth dry-
ness. These side effects occurred in patients who received full and middle doses, but 
not in the low-dose group. Patients with previous history of major depression or 
suicidal ideation cannot use PHEN/TPM. However, the occurrence of depression-
related adverse events in these trials was comparable in the 15/92 and the placebo 
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groups [12–16]. A small increase in resting heart rate was observed in higher-dose 
PHEN/TPM treatment (56.1 %) than with placebo (42.1 %). This alteration led to 
some concerns regarding its potential long-term effect on cardiovascular events. For 
this reason, PHEN/TPM was approved with a requirement for a post-marketing trial 
to assess long-term cardiovascular safety [17]. The drug labeling recommends 
against prescription in patients with recent or unstable cardiac or cerebrovascular 
disease and suggests regular monitoring of resting heart rate [17].

In conclusion, three antiobesity drugs are currently approved for long-term obe-
sity treatment: orlistat, Belviq, and Qsymia by the FDA, while only orlistat can be 
prescribed in Europe.

23.5	 �Drugs for Off-Label Use

23.5.1	 �Fluoxetine

Fluoxetine is a selective 5HT reuptake inhibitor which has been prescribed off-label 
for weight loss. In six double-blind, placebo-controlled studies, it was showed that 
maximum mean weight loss was around 5 kg and occurred at week 12–20 of ther-
apy. Many studies also showed improvements in indices of glycemic control in 
obese diabetic patients treated with fluoxetine. Nevertheless, most RCTs did not 
show a significant difference when fluoxetine was compared to placebo at 52 weeks. 
Fluoxetine has a good safety profile: reported adverse events are mild and transient 
and are mainly headache, asthenia, nausea, diarrhea, and somnolence [18].

23.5.2	 �Metformin

Metformin, an antidiabetic drug used off-label in prediabetes and other insulin-
resistant states, produces a weight loss of about 2 % in comparison with placebo. 
Metformin is rarely used as a monotherapy for obesity because it causes only a 
small weight loss, but its excellent safety profile makes it a good choice when other 
drugs are contraindicated. Metformin is also used to prevent or thwart weight gain 
due to atypical antipsychotic agents and mood stabilizers. A meta-analysis, examin-
ing antipsychotic weight gain, found an additional weight loss of approximately 
3 kg with metformin compared to placebo [19].

23.5.3	 �Glucagon-Like Peptide-1 Analogues:  
Liraglutide and Exenatide

Liraglutide and exenatide are glucagon-like peptide-1 (GLP1) analogues developed 
and approved for the treatment of T2DM.

A meta-analysis of 21 studies including 6,411 patients demonstrated that GLP-1 
agonists achieved a greater weight loss than control groups in all examined trials 
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(weighted mean difference was –2.9  kg). Patients treated with liraglutide also 
showed a significant reduction in systolic and diastolic blood pressure, plasma 
cholesterol concentration, glycemic control, and prevalence of prediabetes (from 84 
to 96 % in the different studies) [20]. Liraglutide was tested in two specific phase III 
trials in obese nondiabetic patients, and the results seem to be very promising [21, 
22]. The most common adverse events with liraglutide are nausea and diarrhea, 
mainly mild and transient [23].

23.5.4	 �Bupropion

Bupropion is approved for the treatment of depression and smoking cessation.  
It inhibits reuptake of dopamine and noradrenaline resulting in a reduction of appe-
tite and modest weight loss. A meta-analysis, including five studies, reported a 
mean weight loss of 2.8 kg [2]. The main adverse effects reported during the use of 
bupropion are mouth dryness, insomnia, anxiety, and palpitations. They are gener-
ally mild and transient [2].

23.5.5	 �Naltrexone

Naltrexone is a high affinity and long-acting opioid receptor antagonist which was 
originally produced for the treatment of opioid and alcohol dependence. In former 
narcotic addicts treated with naltrexone, many subjects experience a notable slimming 
effect, but RCTs have not demonstrated a statistically significant weight loss [2].

23.5.6	 �Zonisamide

Zonisamide is an antiepileptic medication, which also induces weight loss.  
A 12-month RCT found that a 400 mg dose led to significantly greater weight loss 
than placebo (6.8 % vs 3.7 %), and 54.7 % assigned to zonisamide 400 mg achieved 
5 % or greater weight loss [24]. The most frequent side effects of zonisamide are 
gastrointestinal troubles, headache, dizziness, somnolence, and fatigue.

23.6	 �Drugs Awaiting FDA Reevaluation

23.6.1	 �Bupropion Plus Naltrexone (Contrave)

In an RCT named COR-I, 1,742 nondiabetic subjects were enrolled for 56 weeks to 
assess the efficacy of naltrexone plus bupropion. Participants were randomly 
assigned to receive: (1) sustained-release (SR) naltrexone 32 mg plus SR bupropion 
360 mg (SR32) and (2) SR naltrexone 16 mg plus SR bupropion 360 mg (SR16) or 
(3) placebo. Mean change in body weight was –1.3 % in the placebo, –6.1 % in the 
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SR32 group, and –5.0 % in the SR16 group [25]. The improvement in cardiometa-
bolic risk factors related to obesity was confirmed in the randomized, parallel-arm, 
placebo-controlled COR-II trial [26]. COR-Diabetes was a 56-week RCT of 505 
overweight/obese with T2DM randomized to SR32 or placebo. A ≥5 % loss of body 
weight was achieved in 44.5 % of patients vs 18.9 % on placebo. A greater improve-
ment in glycemic control was achieved in the treatment group with average baseline 
HbA1C reduced by 0.6 % compared to 0.1 % for placebo [27]. The most frequent 
adverse events detected in this combination therapy are nausea, constipation, vomit-
ing, dizziness, headache, and dry mouth [27, 28].

The combination of naltrexone and bupropion is awaiting FDA approval.  
In December 2010, the FDA advisory panel voted in favor of approval of this combi-
nation, but the same agency declined to approve the drug in early 2011, necessitating 
additional studies on cardiovascular safety [17]. A phase 3 RCT (the Light Study) 
was therefore started in July 2012 and is still ongoing. This study is designed to 
assess the cardiovascular health outcomes of naltrexone/bupropion in overweight or 
obese patients with cardiovascular risk factors and is estimated to finish in 2017 [17].

�Conclusion

Due to its unsuccessful history, research into new antiobesity drugs has recently 
clearly slowed down. The discrepancies in marketing authorization from the 
various agencies have not helped to promote efforts by pharmaceutical compa-
nies. Furthermore, a number of methodological problems in formulating clinical 
trials in obese patients limited the generalization of the results obtained in trials 
when extended to real life, increasing the vulnerability of this topic in the public 
opinion. Monotherapies too often offer moderate if not small weight loss bene-
fits, while polytherapies, which seem to show more promising results in the man-
agement of obesity and related comorbidities, increase the hazard and the risk of 
severe side effects [28]. In conclusion, a prudent if not a pessimistic view about 
the future seems to surround the concept of tackling obesity by using pharmaco-
logical therapy; however, a constant and progressive understanding of the central 
and peripheral mechanisms that control energy homeostasis and cerebral hedonic 
pathways will probably pave the way for future drugs inducing more sustained 
benefits and less dangerous side effects.
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24.1	 Introduction

Since several decades obesity is a “hot topic” making the front pages on worldwide 
media. Because of a variety of different reasons, both developed and developing coun-
tries confront obesity problems. While the opulent USA stand in pole position in China 
because of the rapid transition to a westernized way of life (less bicycles, more automo-
biles), the incidence of obesity in the general population is rapidly growing [1].

Obesity determines a significant reduction of life expectancy, with an inversely 
proportional relationship body weight/life span and is directly responsible for a 
mortality three times the combined mortality for colon and breast cancers. Obesity 
itself is correlated to an augmented frequency of different malignancies; the risk of 
breast cancer in obese women and of prostate cancer in obese men is roughly dou-
bled when confronted with that of lean individuals both in USA and Italy [2, 3].

Nonsurgical therapies for obesity, such as diet, psychotherapy, drugs, etc., have 
a long-term success rate of less than 5 % [4] and, in most cases, it results in the so-
called yo-yo syndrome. At present weight loss surgery appears the most effective 
tool to achieve a durable excess weight loss (EWL): mean 61.2 % with a significant 
effect on comorbidities and longer life [5, 6].

24.2	 Laparoscopy and Bariatric Surgery

The late 80s of last century saw the birth of laparoscopic surgery. In 1991 the first 
bariatric procedure with this new technique was performed [7]. Since then laparos-
copy enjoyed an unprecedented and enthusiastic continuous worldwide spreading 
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with ever increasing compliance not only by surgeons but, even more, by patients. 
At present it is the gold standard approach in bariatric surgery with more than 90 % 
of procedures performed with this technique.

Less pain, less hospital stay, less visible scars, and shorter convalescence have 
been greatly appreciated by the patients. On the other hand early mobilization, early 
intestinal functions, and less incisional hernias are of primary importance in aug-
mented risk obese patients [8]. Laparoscopy played a major role in popularizing 
bariatric surgery: in the USA bariatric procedures, from around 10,000/year before 
laparoscopy, stepped up to more than 200,000/year in the last times.

24.3	 Indications

Indications to bariatric surgery have been stated by national [9] and international 
societies [10–13] and have been accepted worldwide. Patients are considered 
morbidly obese and candidate to weight loss surgery when the BMI is >40 kg/m2 
or >35 kg/m2 if comorbidities are present and when the age range is 18–55 years 
[14]. BMI score remains the major operative criterion although additional param-
eters have been suggested: waist circumference seems to have a significant rela-
tionship with mortality hazard ratio in obese patients [15].
Contraindications include:

	1.	 <5 years of failed attempts at medical controlled management
	2.	 Significant psychotic disorders: depression, eating disorders, etc.
	3.	 Inability to participate in prolonged medical follow-up
	4.	 Alcohol and/or drug dependencies
	5.	 Major endocrinopathies
	6.	 Unrealistic patients expectations
	7.	 Patient’s nonacceptance of surgery side effects
	8.	 Malabsorption procedures in patients with liver cirrhosis

The indications based on the 35 kg/m2 BMI and on the 18–55 age limits date 
back to 1991 and novel factors intervening in this long period of time suggest the 
need for revision.

24.3.1	 Class I Obesity (BMI 30–34.9 kg/m2)

There is increasing evidence that an augmented risk for developing weight-related 
diseases such as type 2 diabetes mellitus (T2DM), cardiovascular diseases, and can-
cers is present in Class I obesity patients [16]. In several randomized controlled 
trials (RCTs), nonsurgical management (diet programs, exercise, drug therapy, and 
behavioral therapy) of obese patients with BMI 30–35 kg/m2 were not effective in 
achieving a substantial and durable weight loss [17]. On the contrary, a number of 
published RCTs and observational studies, support the hypothesis that in patients 
with BMI <35/kg/m2, bariatric procedures provide an outcome in terms of weight 
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loss, long-term quality of life, healthcare costs, and comorbidities’ resolution com-
parable to that in morbidly obese patients [18]. In particular T2DM significantly 
improved after surgery, with significant reduction in cardiovascular medications 
when compared to the nonsurgical approach [19, 20].

24.3.2	 Adolescent/Old Age

Age limits (18–55 years) conflict with the increasing rate of obesity in the adoles-
cent age and with the percentage of people age 60 and over (10 % of the general 
population) who are obese (35 %).

The prevalence of obesity among children and adolescents is associated with 
an increased risk of cardiovascular and metabolic diseases and with cognitive 
deficits [21]. The most important concerns in the surgical management of obese 
children or adolescents are related to the psychological implications of complex 
surgical interventions in this age group and to the lack of knowledge about the 
long-term metabolic and growth consequences [22]. However, literature data 
favor weight loss procedures in carefully selected, extremely obese adolescents. 
The improvement in obesity-related comorbidities after bariatric surgery supports 
the concept of “early” intervention in this group of patients [23].

In the elderly population the potential health benefits of bariatric surgery have been 
reconsidered. A significant body of literature shows that the surgical management of 
obesity is not only safe, with morbidity and mortality rates comparable to those in the 
younger obese counterpart, but it can also provide long-lasting effects in terms of 
associated diseases’ resolution, quality of life improvement, and longevity [24].

Another argument in favor of new guidelines for bariatric surgery indications is 
the increasing evidence that bariatric procedures have metabolic effects not solely 
dependent on weight loss and food restriction.

“Metabolic surgery” seems to be a very effective treatment for diabetes, and, at 
present, arguments are debated to extend surgery to simple obese (BMI 30–35) or 
just overweight (BMI <30) DMT2 patients [25].

24.4	 Preoperative Workup

Surgery has its own costs in terms of complications and deaths: obese patients have 
higher anesthesiological and surgical risks. Specialized structures for overweight 
patients and a dedicated team with specific training and experience, encompassing 
the surgeon and different specialists such as endocrinologist, endoscopist, pneu-
mologist, nutritionist, psychologist, anesthesiologist etc., are of outmost importance 
in the pre-, intra-, and postoperative management of obese patients. The surgeon is 
the main link among members of the team and mainly responsible for the overall 
results [27, 28].

Preoperatively the obesity team has to determine patients’ indications to surgery; 
evaluate and treat, when appropriate, comorbidities; and evaluate the nutritional and 
psychological status. Routine preoperative studies include blood tests, 
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cardiovascular and respiratory evaluation, sleep study when indicated, upper gastro-
intestinal (GI) tract endoscopy, and biliary ultrasound examination. An integral part 
of the preoperative workup and of outmost importance is the informed consent: it 
must exhaustively clarify anesthesiological and surgical risks, short- and long-term 
side effects, and underline realistic expectations.

Postoperatively the nutritionist is mainly responsible for diet education of the 
patient while, in diabetic patients, the endocrinologist must adapt the medical needs 
of the patient to the new situation.

24.5	 Surgical Therapy

Several consensus conferences have recommended four standard types of surgical 
procedures: Adjustable gastric banding (AGB), Roux-en-Y gastric bypass (RYGBP), 
Sleeve gastrectomy (SG) and Biliopancreatic diversion (BPD) [9, 10, 26]. Because 
of insufficient evidence-based data, at present it is not possible to indicate specific 
procedures for specific patients; however, factors that may influence the choice can 
be summarized to three main ones:

•	 BMI and degree of desired and/or advisable EWL: different procedures have 
different EWL power, lowest after AGB, and highest after BPD.

•	 Presence of comorbidities differently affected by different procedures.
•	 Psychological profile by a psychiatrist experienced in obesity to foresee patient’s 

compliance to follow-up and post-op dietary regimen.

An additional no less important factor to be considered is the surgeon’s 
experience.

24.5.1	 Intragastric Balloon

Introduction
The use of an intragastric balloon (IB) has been advocated since 1921 with the 
observation that patients with bezoar complained of postprandial fullness. Only in 
1987, because of technical perfecting of the devices, it reached a worldwide consen-
sus for the treatment of selected overweight/obese patients [29]. IBs are implanted 
by endoscopy. At present different types of IB exist, water filled, air filled [30], or 
IB attached to the abdominal wall by a combined endoscopy-surgery procedure 
[31]. Recently a self-administered swallowable balloon, not requiring endoscopy, 
has been devised and is under investigation [32].

Indications
IB is indicated for temporary use, associated with a specific dietary program under 
direct medical control, in patients with BMI <35 kg/m2 when there are concurrent 
obese-related comorbidities (e.g., cardiovascular, orthopedic, metabolic, etc.), in 
patients with BMI >35 kg/m2 who refuse bariatric surgical procedures or in patients 
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with BMI >50 kg/m2 as a presurgical weight loss device, and as possible predictive role 
when used before laparoscopic adjustable gastric banding [33]. History of gastric sur-
gery of any kind and serious psychological problems are absolute contraindication.

Technique
The Bioenterics intragastric balloon (BIB) is made up of a soft, transparent, silicone 
balloon connected, by means of a valve (radiopaque), to a “placement” catheter. 
Before BIB placement, a esophagogastroduodenoscopy is performed to rule out the 
presence of voluminous hiatal hernias (HHs) (>5 cm), severe esophagitis, and/or 
other diseases of the esophagus, stomach, and duodenum. Under conscious or 
unconscious sedation, the balloon is positioned with the valve under the cardia and 
is filled with 500–700 ml of physiological solution and 10 ml vital staining solution 
(methylene blue) to early identify balloon rupture or valve leaks (sudden appear-
ance of blue-colored urine). BIB is deflated and removed no later than 180 days 
after its placement by endoscopy.

Mechanism of Action
BIB plays its weight loss action through different mechanisms:

•	 Elicitation of the satiety brain-gut axis through stimulation of the gastric wall 
baroceptors. This effect is particularly active in the first 2–3 months.

•	 Delayed gastric emptying owing to a reduced electric gastric activity and to 
mechanical sub-stenosis of the antral outlet.

•	 Reduction of gastric capacity of about 750 cm3.
•	 Sense of discomfort (nausea, vomiting, epigastric pain) when the patient fails to 

adhere to the prescribed dietary regimen.

Complications

•	 Mortality: 0.1 %

Major Complications

•	 Impact of the balloon in the antrum causing a gastric obstruction (0.5 %). The 
management can be conservative (insertion of a nasogastric tube) or may require 
removal of the device.

•	 Intestinal obstruction (0.1 %): due to passage of a deflated balloon from the 
stomach into the small bowel. This condition may require the surgical removal of 
the device.

•	 Gastric ulceration: removal of BIB is advisable.
•	 Gastric perforation (0.15 %): it is the most feared and life-threatening complication. 

It can occur early after BIB placement or few months later, presenting with a sudden 
acute abdominal pain. A marked dilation of the stomach, undetected gastric ulcers, 
or prior gastric surgeries are predisposing causes. Surgical treatment is mandatory.
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Minor Complications

•	 Intolerance (0.4 %) to the sensation of discomfort determined by the device
•	 Esophagitis (1.2 %) mostly due to the discontinued use of proton pump inhibitors

Outcome

Weight Loss and Comorbidities
Data from the Italian Collaborative Study Group for Lap-Band and BIB (GILB), 
accounting 2,515 patients with a mean BMI of 44.4  kg/m2, show an EWL of 
33 ± 18.7  % and a BMI loss of 4.9 ± 12.7  kg/m2 6  months after BIB placement. 
Comorbidities resolution and improvement occurred in 44.3  % and 44.8  % of 
patients, respectively [34]. Concerning the overweight population (BMI 25–30 kg/
m2), a recent European multicentre experience in 261 patients showed a mean 
%EWL of 55.6 and 29.1 at 6 months and 3 years of follow-up, respectively. The rate 
of patients with hypertension decreased from 29 % at baseline to 16 % at 3 years. 
Diabetes decreased from 15 to 10 %, dyslipidemia decreased from 20 to 18 %, and 
hypercholesterolemia decreased from 32 to 21 % [35].

Failure Rate
Fifty percent of BIB patients will not lose weight or will experience weight regain 
(WR). A careful selection, avoiding binge eaters, sweet eaters, and patients with 
important psychological problems will decrease the failure rate.

Advantages

•	 Safe and not invasive: endoscopic placement takes about 12 min and it can be 
performed in outpatients or day hospital.

•	 Multiple indications: intragastric balloon can be used either as a primary weight 
loss procedure or as a bridge to surgical interventions in patients with severe 
obesity (sequential treatment). It may, indicatively, test the compliance of patients 
eligible to dietary programs (BIB test). [33]. Placement of a second BIB, 30 days 
after the removal of the first one (multiple treatment) has been proposed in 
patients with weight loss of at least 15 % of the initial weight at first treatment, 
refusal of surgery, and failure to alter eating behavior (e.g., sweet eating).

24.5.2	 Adjustable Gastric Banding

Introduction
The introduction of AGB by Kuzmack in 1986 promoted the worldwide diffusion 
of bariatric surgery [36]. Until 2008 laparoscopic AGB (LAGB) was the second 
most performed bariatric procedure after RYGBP, with a large prevalence in 
Europe and Asia, accounting about 150,000 interventions per year. More recently 
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the prevalence of LAGB is decreasing, most of all because of the growing diffusion 
of laparoscopic SG (LSG) [37] (Fig. 24.1).

Mechanism of Action
LAGB is a pure restrictive procedure: the passage of food from the proximal small 
gastric pouch to the distal stomach is made difficult, with a consequent increase of 
the intraluminal pouch pressure. This mechanism promotes an early and prolonged 
sensation of satiety by stimulating of the gastric wall baroreceptors [38]. Thanks to 
the presence of the subcutaneous port, the surgeon is able to adjust the inner volume 
of the ring and then the degree of restriction, depending on both the clinical out-
come and the comfort of the patient. This implies a close compliance to the follow-
up program and the strict observation of dietary recommendations, which are 
mandatory for a successful LAGB. Solid foods should be preferred to semisolid or 
liquid ones, because the latter are often hyper caloric and get more easily through 
the band, without augmenting the pressure in the pouch.

Complications

•	 Mortality: 0.1–0.2 %

Major Complications

•	 Slippage (0.2–12.5 %): it is the prolapse of the gastric wall proximally through 
the band. Slippage-related symptoms are dysphagia, vomiting, and gastroesoph-

Fig. 24.1  The procedure 
involves the placement of a 
silicone-made ring around the 
upper portion of the stomach 
in order to isolate a small 
(20–30 ml) proximal gastric 
pouch which communicates 
with the distal stomach 
through a narrow stoma. The 
inner volume of the ring can 
be augmented or reduced by 
injecting or aspirating saline 
solution from the 
subcutaneous port which is 
connected to the band 
through an intra-abdominal 
catheter
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ageal reflux disease (GERD). It can be diagnosed by upper gastrointestinal con-
trast studies showing the improper placement of the band and the dilation of the 
gastric pouch. The management can be conservative (band deflation, fasting or 
liquid diet, stomach decompression by nasogastric tube). When the conservative 
management is not successful, the band must be removed.

•	 Erosion (0–3.7 %): it is a process of chronic erosion of the band through the lay-
ers of the gastric wall until it penetrates into the gastric lumen. Clinical presenta-
tion may be at variance, epigastric pain, dysphagia, weight regain, and infection 
of the subcutaneous port. Removal of the band either laparoscopically or with a 
combined laparoscopic and endoscopic approach is indicated.

•	 Band complications (up to 11 %): the most common ones are the infection of 
the subcutaneous port and the rupture or disconnection of the catheter. The 
former can be treated conservatively or through the substitution of the port; the 
latter is diagnosed by an abdominal x-ray and its management can require 
surgery.

Outcome

Weight Loss
It has been shown that LAGB can determine an EWL of 40–50 % with an average 
BMI loss of ten points. However, long-term outcomes are impaired by significant 
incidence of failures, because of insufficient weight loss (IWL) or WR or psy-
chological intolerance to a “foreign body.” These conditions may lead to revision 
operations. The best results occur in young women <45  years, BMI <45, no 
binge eating disorders or sweet eating, and good compliance to follow-up [39].

Comorbidities
After LAGB, arterial hypertension, obstructive sleep apnea syndrome (OSAS), and 
hyperlipidemia are resolved in 38.4, 94.6, and 71.1  % of patients, respectively. 
T2DM resolved in <50 % of cases [40].

Advantages

•	 Safe and feasible: LAGB is a simple procedure, with short operative time (about 
30 min in high-volume centers) and hospital stay (1 or 2 days). Mortality and 
postoperative complication rates are very low.

•	 Reversible: the procedure does not involve any resection or anastomosis, thus 
restoring the original anatomy of the stomach is technically simple.

Disadvantages

•	 Failure rates: the incidence of IWL or WR after LAGB is up to 30 % in some 
series. When failure occurs, a revision procedure (band removal and conversion 
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to a RYGBP or SG) could be indicated to achieve a satisfying outcome. Revision 
procedures have higher rates of postoperative complications when compared 
with primary surgery.

•	 Patients’ compliance: adherence to the follow-up program and observation of a 
hypocaloric diet play a crucial role to a successful LAGB. An accurate selection 
and education of the patients undergoing this procedure is mandatory.

24.5.3	 Laparoscopic Roux-en-Y Gastric Bypass

Introduction
Gastric bypass (GB) as a bariatric intervention was first proposed by Mason in the 
1960s, on the observation that in patients undergoing Billroth II procedures (partial 
gastrectomy with gastrojejunal anastomosis) a significant and durable weight loss 
was obtained [41]. Since then, several aspects of the surgical technique have been 
modified, entailing capacity of the small gastric pouch, Roux-en-Y reconstruction, 
and variations in the length of the alimentary limb. In 1994, Wittgrove first showed 
its feasibility with a laparoscopic approach [42] and nowadays laparoscopic RYGBP 
(LRYGB) represents the most performed bariatric procedure worldwide, account-
ing for about 50 % of all bariatric interventions [37] (Fig. 24.2).

Mechanisms of Action
RYGBP exerts its weight loss action through the reduction of caloric intake, 
achieved by means of concurrent mechanisms: the restrictive effect of the small 
gastric pouch (25–30 ml), the reduced sense of hunger, and the early feeling of 
satiety induced by significant changes in the secretion of neuro hormones. In par-
ticular it has been shown that RYGBP entails the decrease of ghrelin and the rise 
of peptide-YY (PYY) and of glucagon-like peptide-1 (GLP-1) serum levels [43]. 
Ghrelin is an orexigenic hormone which plays a role in both mealtime hunger and 
long-term regulation of body weight. Bypass surgery promotes the reduction of 
ghrelin secretion through the process of “override inhibition.” It means that the 
exclusion of the greater part of the stomach from food passage elicits a persistent 
signaling that initially super stimulates, then exhausts the secretion of ghrelin. 
Release of GLP-1 and PYY from L cells of the small bowel is stimulated by the 
rapid transit of partially digested food in the ileum, eliciting an early sensation of 
satiety [44].

The abovementioned neurohormonal changes are very similar to those reported 
after LSG and are involved in the effects of LRYGB on diabetic patients. In fact, 
while ghrelin impairs both insulin secretion and sensitivity, GLP-1 improves insulin 
activity, promotes the growth of pancreatic beta-cells, and reduces hepatic glucose 
production through the inhibition of glucagon secretion [45].

Complications

•	 Mortality: 0.2–0.4 %
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Acute Complications (<30days)

•	 Anastomotic leak (2 %): in most cases occurs at the gastrojejunal anastomosis or 
at the gastric staple line of the pouch. The pathogenesis can be related to the 
presence of abdominal collections, to a deficient vascularization, or to abnormal 
tension on the anastomosis. The management can be conservative (percutaneous 
drainage, enteral/intravenous nutrition, broad-spectrum antibiotics). Uncontained 
leaks with systemic sepsis and cardiovascular instability require surgery.

•	 Hemorrhage (1.9 %): almost always from the gastrojejunal anastomosis and can 
occur either outside or inside the gastrointestinal lumen. It can be managed by 
interventional radiology (embolization) or by endoscopy. When these maneuvers 
fail, the surgical approach is recommended.

Late Complications (<30days)

•	 Stenosis of the gastrojejunal anastomosis (5 %): it can be successfully managed 
by means of one or more sessions of endoscopic dilation. The surgical interven-
tion, entailing the revision of the anastomosis, should be considered only in 
selected cases when endoscopic approach has failed.

Fig. 24.2  The stomach 
is divided to form a small 
proximal gastric pouch of 
about 25–30 ml of volume. 
The transection begins about 
6–8 cm below the esophageal 
gastric junction on the lesser 
curvature and proceeds first 
horizontally toward the great 
curvature, then vertically 
toward the angle of His. The 
jejunum is then divided below 
the ligament of Treitz and 
the proximal bowel segment 
(biliopancreatic limb) is 
connected to the alimentary 
limb 75–150 cm distal to 
the gastrojejunostomy. In 
patients with a BMI >50 kg/
m2, a 300 cm-long alimentary 
limb has been devised to 
improve the weight loss, by 
inducing a certain degree 
of malabsorption. The 
gastrojejunal anastomosis can 
be performed either by means 
of laparoscopic stapler (linear 
or circular) or by manual suture
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•	 Internal hernia (3.7 %): represents the most common cause of bowel obstruction 
after RYGBP. It is caused by lack or improper closure of the mesenteric defects 
during primary bypass surgery, in particular when the alimentary limb is trans-
posed upward through the transverse mesocolon (transmesocolic reconstruc-
tion). The laparoscopic reduction of the hernia represents the approach of choice; 
however, the presence of adhesions and of inflated bowel loops may require con-
version to open surgery.

Outcome

Weight Loss
Published data report a 60–70 % EWL at a 15-year follow-up [40]. However, up to 
20 % of RYGBP patients may present with long-term weight loss failure or regain 
(%EWL <50).

Comorbidities
More than 75 % of patients undergoing LRYGB achieve the control of their obesity-
related comorbidities. T2DM, hypertension, hyperlipidemia, and OSAS resolved in 
83, 75, 93, and 86 % of cases, respectively [40].

Advantages

•	 Effectiveness and safety: due to its excellent clinical outcome and its low 
mortality and morbidity rates, the American Society for Metabolic and Bariatric 
Surgery (ASMBS) considers LRYGB the bariatric procedure of choice.

•	 GERD improvement: RYGBP improves esophageal reflux by reduced acid secre-
tion from the small gastric pouch and by the diversion of the biliary esophageal 
reflux. Therefore, most authors perform LRYGB, rather than LAGB or LSG, 
when GERD and/or HH are present. Moreover LRYGB is considered the revi-
sion procedure of choice in patients developing a symptomatic reflux not con-
trolled with medical therapy after LAGB or LSG.

Disadvantages

•	 Complexity: LRYGB is a technically demanding procedure; the available 
literature suggests an experience of 50–150 cases as a safe and proficient learning 
curve.

•	 No standard approach in case of failure: unlike patients with failed LSG, who 
may undergo the second stage of BPD with duodenal switch (BPD-DS) or bypass 
surgery, there is still no consensus about the surgical strategy to manage WR or 
IWL after LRYGB.  Different revision procedures have been proposed (e.g., 
resizing or banding the pouch, modifying the length of the alimentary limb), but 
none of them is consistently supported by published data.
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•	 Presence of a “blind” gastric portion: patients undergoing bypass surgery should 
be carefully informed that a major portion of their stomach, as well as the biliary 
tract, will be difficult to explore by endoscopy because of the anatomical changes 
consequent to the procedure.

24.5.4	 Laparoscopic Biliopancreatic Diversion

Introduction
In the early 1970s the pioneer works by Scopinaro represented the most systematic 
scientific approach to the problem of malabsorption as therapy for obesity and 
were the physiopathological basis for a novel malabsorption procedure [46]. In 
1976 Scopinaro performed the first BPD in a patient with morbid obesity. Today 
BPD is still the most effective bariatric procedure in terms of weight loss and reso-
lution of obesity-related diseases [40]. In order to reduce the high rate of postop-
erative complications affecting Scopinaro’s BPD, such as peptic ulceration at the 
anastomosis and malabsorption-related side effects, in 1988 Hess et al. proposed a 
modification of the original BPD, the BPD-DS (see surgical technique) [47]. 
According to the Survey of the International Federation for the Surgery of Obesity 
and Metabolic Disorders (IFSO), in 2011 BPD-DS has accounted for the 2.2 % of 
the overall bariatric procedures performed worldwide, with a prevalence of 
BPD-DS on BPD (5,271 vs. 2,324) [37] (Fig. 24.3).

Mechanism of Action
Scopinaro’s BPD and BPD-DS exert their weight loss and metabolic actions by 
reducing dramatically the calories intake of the small bowel from the ingested 
nutrients. In fact, since bile salts and food blend only in the 50 cm of the common 
limb, the absorption of fats occurs in this short bowel segment. To the contrary the 
absorption of protein and starch, which is mediated by the enzymatic activity of the 
intestinal brush border, takes place in the entire intestinal segment comprised 
between the gastroenterostomy and the ileocecal valve. These changes in the pattern 
of nutrients absorption entails that, after biliopancreatic diversion, patients absorb 
an established amount of calories (about 1,700 Kcal in the man and 1,400 Kcal in 
the woman), irrespective of size and quality of their meals. The only limitation con-
cerns the ingestion of monosaccharides and disaccharides, contained in fruits, can-
dies, milk, sweet drinks, and alcohol, whose absorption is not impaired by BPD 
[48]. Despite a lower malabsorption effect, BPD-DS when compared to Scopinaro 
BPD, presents with similar weight loss and comorbidities resolution rates. The 
incidence of malabsorption-related side effects is lower.

BPD exerts a strong antidiabetic action, owing not only to the large weight loss 
and to the reduced nutrients absorption but also to the early and durable postopera-
tive changes in the secretion of intestinal hormones. In fact after BPD a significant 
increase in the serum concentrations of PYY and GLP-1 has been demonstrated, 
entailing the improvement of both insulin sensitivity and secretion. These modifica-
tions are related either to the exclusion of the foregut (duodenum and jejunum) from 
the passage of food or to the rapid delivery of partially digested nutrients in the 
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distal ileum, stimulating the secreting activity of L cells. Concerning the plasma 
levels of ghrelin, they are unchanged or increased after Scopinaro’s BPD, while they 
are significantly reduced after BPD-DS, due to resection of the gastric fundus 
(sleeve gastrectomy) [49].

Complications

•	 Mortality: 0–2.7 %

Early Complications (<30days)

•	 Hemorrhage and leaks (2–4 %): they can affect either the staple line of the gas-
tric remnant and of the duodenal stumps or the anastomotic sites (gastroileal or 
duodenum-ileal). Bleeding can occur inside or outside the gastrointestinal lumen 
and is usually self-limited. Leaks can be managed conservatively by percutaneous 

Fig. 24.3  (a) The Scopinaro’s BPD entails a horizontal gastrectomy, performed by means of a 
linear stapler, leaving a 300–400 ml residual capacity of the stomach. Then the small bowel is mea-
sured from the ileocecal valve toward the ligament of Treitz and sectioned at 250–300  cm.  
The proximal stump (biliopancreatic limb) is anastomosed to the ileum at a distance of 50 cm from 
the ileocecal valve (common limb), while the distal stump (alimentary limb) is anastomosed to the 
gastric remnant. Cholecystectomy may be added. (b) In the BPD-DS, gastrectomy is performed in 
a vertical manner (sleeve gastrectomy) rather than horizontal, and the duodenum is divided 2–3 cm 
distal to the pylorus, and a duodenal-jejunal anastomosis is performed leaving in place the pylorus 
sphincter. The length of the common limb is 100 cm, twice as in the original Scopinaro procedure

a b
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drainage. Surgery is indicated in case of high-flow bleeding not responsive to 
embolization and in uncontained leaks in hemodynamically unstable patients.

Late Complications (<30days)

•	 Peptic ulcer (3 %): affects the gastro-ileal anastomosis in the Scopinaro’s 
BPD. The healing process can entail development of a fibrotic stenosis of the 
anastomosis which can be successfully treated by endoscopic dilation.

•	 Nutritional deficiencies (4–6 %): they are related to the malabsorption effect of 
the procedure. Preventive lifelong oral integration of iron, calcium, and vitamins 
is the treatment of choice. These complications are less pronounced in BPD-DS 
patients.

•	 Protein malnutrition (1 %): it is the most feared late complication of BPD. Poor 
compliance to postoperative follow-up, low proteins diet, or excessive malab-
sorption are the most frequent causes. Protein malnutrition can be managed by 
parenteral nutrition and dietary interventions. In severe cases surgical revision by 
means of common limb elongation or even suppression of the malabsorption 
effect is indicated.

Outcome

Weight Loss
It has been shown that BPD (both Scopinaro’s procedure and BPD-DS) is the most 
effective procedure in terms of weight loss, with an EWL greater than 70 % at a very 
long follow-up (up to 15 years) [40].

Comorbidities
After BPD, hypertension, OSAS, and hyperlipidemia resolved in 83.4, 91.9, and 
99 %, respectively [40].

T2DM
Almost all (97 %) diabetic patients definitively stop glucose-lowering drugs early 
soon after the procedure. The rate of resolution is lower in patients with a longer 
disease duration, because of a definitive impairment of pancreatic beta-cells 
function.

Advantages

•	 Modulation of the malabsorptive effect: since the BPD malabsorption depends 
on the length of the alimentary and common limbs, the degree of this effect can 
be tailored by modifying the length of the common limb or of the alimentary 
limb or both.

•	 Long-term results: clinical outcome from BPD series with a follow-up >15 years 
strongly supports its long-lasting effects in terms of weight loss and comorbidi-
ties’ resolution.
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•	 Two-step surgery: in high-risk super-obese patients, BPD-DS is usually per-
formed in two subsequent surgical steps: SG first, then BPD-DS after 
6–12 months, with a reduction in mortality and morbidity compared to single 
step BPD-DS.

Disadvantages

•	 Complexity and safety: laparoscopic BPD is a technically demanding procedure 
involving a partial gastrectomy (horizontal or vertical) and two anastomosis: gas-
troileal (or duodenojejunal) and jejunoileal. In addition the BPD-DS entails sec-
tion of the duodenum 2–3 cm from the pylorus. Even if acceptable, the morbidity 
and mortality rates are higher when compared to other bariatric procedures.

•	 Side-effects: after BPD, patients could experience the development of 
malabsorption-related side effects, such as diarrhea with a daily number of 
evacuation up to ten and foul smelling stools, nutritional deficiencies, and flatu-
lence. When these side effects are severe, they can impair the quality of life of 
the patient, even requiring a surgical correction.

24.5.5	 Sleeve Gastrectomy

Introduction
LSG was initially performed as part of a hybrid malabsorptive procedure, the 
BPD-DS [47]. In early 2000s Micheal Gagner proposed a two-stage model of inter-
vention, LSG first and then BPD-DS after an average 12 months interval, in order to 
reduce the high rate of complications and mortality registered after single-stage 
BPD-DS [50]. The good outcome of the first-stage LSG in terms of weight loss and 
comorbidities resolution encouraged a growing number of surgeons to perform 
LSG as a sole bariatric operation, and, in 2009, the ASMBS issued a position state-
ment recommending LSG as an approved bariatric procedure [51]. Nowadays the 
LSG has the fastest growing rate and is the second most performed bariatric proce-
dure worldwide after RYGBP [37] (Fig. 24.4).

Mechanisms of Action
Weight loss induced by LSG was initially ascribed solely to a restrictive action. 
However, it has been demonstrated that both the resection of the gastric fundus and 
the rapid emptying of the stomach promote significant neuro hormonal changes: in 
particular the former causes a significant decrease in the circulating levels of ghre-
lin, the hormone of appetite, while the latter entails an increased satiety through a 
food-mediated release of GLP-1 and PYY from the L cells of the small intestine. 
These changes persist 1 year after surgery, showing that LSG can be considered a 
“food-limiting” operation rather than a restrictive procedure [52]. These neuro hor-
mones, also called incretins, are involved in the antidiabetic effect of LSG. In fact, 
while ghrelin acts by suppressing the insulin-sensitizing hormone adiponectin, 
blocking hepatic insulin signaling, and inhibiting insulin secretion, GLP-1 and 
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PYY either improve insulin secretion and sensitivity or reduce hepatic glucose 
production through the inhibition of glucagon secretion. Serum levels of PYY and 
GLP-1 significantly augment just 72 h after LSG, before any weight loss or food 
passage through the alimentary tract has occurred. These early changes, which are 
associated with an immediate improvement of glucose homeostasis, suggest that 
there is an intrinsic neuro hormonal effect of the procedure and lead to the formula-
tion of a “gastric hypothesis”: the diminished hydrochloric acid production induced 
by the significant reduction of oxyntic cell mass stimulates the vagally innervated 
antral mucosa, left intact by SG, to secret gastrin-releasing peptide which induces 
the first early phase of GLP-1 secretion [53].

Complications

•	 Mortality: 0.1–0.5 %

Major Postoperative Complications

•	 Hemorrhage (1–2 %): usually occurs within the first 24–48 h. The treatment is 
interventional radiology or, in fewer instances, open or laparoscopic surgical 
exploration.

Fig. 24.4  The procedure 
entails the resection of the 
body and the fundus of the 
stomach by means of 
laparoscopic linear stapler. 
The capacity of the gastric 
remnant (60–100 ml) is 
tailored by the placement of a 
bougie alongside the lesser 
curvature of the stomach. The 
staple line could be 
reinforced by means of 
buttressing materials or by 
overlocking with absorbable 
suture in order to reduce the 
incidence of postoperative 
complications such as 
bleeding or leakage
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•	 Gastric leak (0–7 %): it is the most feared complication. It can occur within 
7 days postoperatively (acute leaks) or within 1–6 weeks (early leaks); later 
leaks occur less frequently. In 90 % of cases, leaks occur at the upper portion 
of the gastric suture line suggesting an ischemic pathogenesis. The treatment is 
usually nonoperative (percutaneous drainage of the abdominal collection, 
endoscopic stents, and parenteral nutrition). Surgery is indicated in uncon-
tained, symptomatic leaks with signs of general infection and hemodynamic 
instability.

•	 Stenosis (0.6 %): usually occurs at the corpus-antrum transition zone (incisura 
angularis) of the gastric tubule. RYGBP reconstruction after failed conservative 
stricture treatment is a valid therapy.

•	 GERD (6.5 %): published data are not so consistent to determine whether the 
preoperative diagnosis of GERD and/or HH should be considered a contraindica-
tion to LSG. However, it has been shown that the repair of an HH during LSG 
plays a beneficial role on GERD outcome: the hiatal area inspection should be 
performed always during LSG [54].

Outcome

Weight Loss
Data from a recent Consensus Summit accounting for more than 46,000 LSGs 
reported a mean EWL of 50 % at 6 years of follow-up. Long-term WR remains a 
controversial and largely insufficiently documented issue [55].

Comorbidities
The remission rate of arterial hypertension, OSAS, and hyperlipidemia after LSG 
ranges from 15 to 93 %, 39 to 100 %, and 5 to 75 %, respectively [55].

T2DM
In several studies [56–58] it has been shown that the remission of T2DM occurs in 
60–80 % of patients undergoing LSG. The duration of the disease (>10 years) has 
been demonstrated to be an important prognostic factor for T2DM remission [59].

Advantages

•	 Feasibility: LSG is quite simple and does not involve anastomosis, entailing 
shorter learning curve (50 procedures) and operative time (about 60  min) 
when compared with LRYGBP and BPD. However, there are some technical 
aspects, such as the complete fundectomy and the accurate exploration of the 
hiatal area, whose proper execution is of paramount importance for a success-
ful LSG.

•	 Effectiveness and safety: the clinical outcome of LSG in terms of weight loss and 
comorbidities resolution is comparable with those of RYGBP, while the inci-
dence of major postoperative complication is lower, although not significantly, 
than in RYGBP and in BPD.
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•	 Lack of prosthesis and of “blind” gastric section: LSG does not involve the 
placement of prosthesis and, unlike RYGBP, the whole gastric remnant is 
accessible by endoscopy.

•	 Standardization in case of failure: unlike after failed RYGBP, the management of 
WR or IWL after LSG is standardized, consisting in the second-stage BPD-DS 
or in the conversion to RYGBP.

Disadvantages

•	 Staple-line leak: its management could be very complex and long lasting, requir-
ing a close cooperation with several different professional figures such as inter-
ventional radiologist, endoscopist, nutritionist, and infectious disease specialist. 
The timing of the treatment is a crucial prognostic factor; in fact, the earlier the 
diagnosis, the more conservative and successful is the management, avoiding 
difficult and often unsuccessful surgical reinterventions.

•	 Long-term results: most clinical results of LSG have a follow-up of 5–6 years. 
Few series with a longer follow-up (up to 8–9  years), although with small 
numbers, seem to confirm the good trend concerning EWL and comorbidities 
resolution [55, 56].

24.6	 Outcome

In the Swedish Obesity Study (SOS) long term, prospective and controlled data 
from over 2,000 bariatric surgery patients and from over 2,000 matched control 
obese subjects were confronted. Primary end point was mortality rate in the two 
study groups, and secondary end points were incidence of cardiovascular diseases, 
diabetes, health-related quality of life, and biliary diseases [60].

At 10- and at 20-year follow-up, weight changes were −25 % in the operated 
patients and 0 % in the control group. At 16 years follow-up, the SOS study docu-
mented a significant reduction in the cumulative mortality of the operated patients 
(8 %) when compared to the control subjects (12.5 %). At the same time bariatric 
surgery induced dramatic positive effects on diabetes, cardiovascular diseases, can-
cer, and quality of life. In another clinical study on a very large sample (7,925 
patients/group), the mortality in operated (RYGBP) patients was 40  % lower in 
confront to that of matched morbidly obese control subjects at a mean follow-up of 
7.1 years [61]. The reduction was particularly pronounced for deaths from diabetes 
(−92 %) and cancer (60 %).

24.6.1	 Patients’ Satisfaction

Patients’ satisfaction is of outmost importance in the correct evaluation of bariatric 
surgery results. Improved quality of life (QoL) and enhanced psychosocial 
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functioning are important goals for bariatric surgery and should be actively pursued 
and evaluated. A crucial requirement to achieve patient’s satisfaction is a compre-
hensive and exhaustive informed consent. The patient must be fully aware of the 
effects and possible side effects of the procedure and, most important, the postop-
erative expectations must be realistic in order to avoid disappointment and 
depression.

Although lifestyle intervention programs improve health-related quality of life 
(HRQoL) in morbidly obese subjects, bariatric surgery has a greater impact on the 
well-being of these patients.

Surgery outcomes were significantly better in terms of both weight reduction and 
psychological adjustment compared to highly motivated participants in a weight 
loss program which included vigorous physical exercises, behavior modification, 
and nutritional advice [62].

Several papers analyzed the topic of QoL after AGB, LSG, and RYGBP, using 
Medical Outcomes Survey Short Form 36 (SF-36) and Bariatric Analysis and 
Reporting Outcome System (BAROS) [63]. HRQoL changes after bariatric surgery 
compare very favorably with those in obese control groups, irrespective for the spe-
cific type of surgery and in all the five dimensions of HRQoL (physical, mental, 
emotional, obesity symptoms, and symptoms distress).

In a study on 83 LSG patients, BAROS score was “good” to “excellent” in 
90 % of patients. In SF-36, “physical functioning” and “general health percep-
tion” only had scores significantly better in patients with an EWL >50 % than in 
patients with EWL <50, suggesting that weight loss is not the only factor influenc-
ing the results [64].

Sexual health is a relevant component of patients’ satisfaction but it is infrequently 
well explored. In a recent prospective cohort study, 2  years following surgery  
(85 RYGBP and 21 AGB), women reported significant improvements in overall 
sexual functioning and specific domains of sexual functioning in addition to 
significant improvements in most domains of quality of life, as well as body image 
and depressive symptoms [65].

24.6.2	 The Diabetes and the “Metabolic Surgery” Debate

The definition of “metabolic surgery” as “a set of gastrointestinal operations used 
with the intent to treat diabetes (diabetes surgery) and metabolic dysfunctions 
(which include obesity)” has been put forward by Rubino [66]. The term metabolic 
surgery describes surgical procedures that treat metabolic diseases, especially 
T2DM, with mechanisms that are, at least partly, independent by weight loss and it 
is comprehensive of conventional (AGB, RYGBP, SG, BPD) and of new procedures 
specifically aimed to determine metabolic effects: duodenojejunal bypass (DJB), 
mini-gastric bypass (MiniGBP), ileal interposition + SG etc.

The first Diabetes Surgery Summit was held in Rome in 2007 [67]. In 2008 
surgical therapy for diabetes was mentioned by the American Diabetes Association 
(ADA) statement [68]. In 2011 a statement by the International Diabetes Federation 
(IDF) considered surgery as a reasonable therapeutic alternative for DMT2 patients 
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with a 30–35 kg/m2 BMI [69]. Although the official position of several important 
international societies testifies their attention to the potentialities of surgery in the 
therapy of the metabolic syndrome in general and of T2DM in particular, discussion 
on the appropriateness of considering surgery as “specific diabetes therapy” and on 
the “beyond weight loss” mechanisms of the metabolic effects of bariatric surgery 
is still going on [70].

Controlled trials confronted the effect of four standard bariatric procedures 
(AGB, RYGBP, SG, BPD) and of conventional or intensive medical therapy in 
obese diabetic patients [71–75]. Weight loss and glycemic control were significantly 
better in the surgical groups than in the control medical groups. In long-term non-
controlled studies, T2DM remission occurred in 36.5 % at 5 years after AGB [76], 
in 97 % at 10 years after BPD [77], in 65 % at 6 years after RYGBP [78], and in 
75 % at 5 years after SG [79].

In Table 24.1 the effect of surgery on the metabolic syndrome in RCTs has been 
summarized.

Accordingly, the conclusions of the 2011 IDF statement can be confidently 
accepted: “Bariatric surgery is an effective and cost-effective therapy for Type 2 
diabetes and obesity with an acceptable safety profile. Bariatric surgery should be 
incorporated into Type 2 diabetes treatment algorithms” [69].

24.6.3	 The Ultimate “Battle”

Obesity, commonly associated with hypertension, diabetes, dyslipidemia, sleep 
disorders, and low-grade inflammation, is considered a significant Cardiovascular 
(CV) risk factor predisposing to adverse cardiac events and premature death 
[80–82].

CV diseases, together with cancer [83], are the major causes of death in morbidly 
obese patients.

Obesity determines cardiac structure and function changes, especially increased 
left ventricular wall (LVW) thickness, mass, and diameters: the “obesity cardiomy-
opathy” [84–87].

Several Authors reported that bariatric surgery, irrespective of the type of 
procedure, has a remarkable positive influence on CV risk factors at a 2–10 years 
follow-up [88, 89].

Torquati observed a reduction of the 10-year Framingham coronary heart disease 
event risk score from 5.4 % in the control group to 2.7 % in the surgery group [90]. 
Heneghan, in a review of 52 studies involving 16,867 patients, found a 40 % reduc-
tion of the Framingham risk score [91].

The diminished CV risk score has been related to the positive effects of bariatric 
surgery on comorbidities such as hypertension, diabetes, etc.; however, an indepen-
dent factor has been postulated by some investigators [92].

Heart structures, especially LV geometry, are influenced by bariatric surgery 
determining cardiac remodeling and improved cardiac function. Echocardiographic 
measures are a noninvasive, reproducible, and reliable index to monitor cardiac and 
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particularly LV shape changes and to follow cardiac remodeling after bariatric sur-
gery. Decrease of LV mass and Dilation and its linear relationship to weight loss has 
been clearly documented [93–96].

Diminished CV risk factors and cardiac remodeling determine a significant 
reduction in cardiovascular diseases mortality. In a large cohort clinical study com-
paring 7,925 RYGBP patients to matched control subjects, Adams evidenced a 
56 % decrease of CV mortality over a 10-year follow-up [61].

Christou matched 1,035 surgical patients to 5,746 obese controls. Mortality in 
the surgical cohort was 0.68 % at 5 years, as compared to 6.17 % for controls [97].

In the SOS, at a mean 10.9 years follow-up, the hazard ratio for mortality in the 
surgery group was 0.71 when compared with the no-surgery control group. CV 
deaths were also reduced, with 1.4 % CV mortality in surgery subjects versus 2.4 % 
in controls [98].

In conclusion, in obese patients bariatric surgery ameliorates CV risk factors and 
heart geometry, resulting in reduced mortality rate over 10 years [99].

Although at present there is a lack of RCT with mortality end point, it is reason-
able to agree with the authors of the largest systematic review on this subject claim-
ing “a marked beneficial effect of bariatric surgery on future CV risk” [100].

It would seem that bariatric surgery is favorably fighting the “ultimate battle” 
when confronting the obesity epidemic.

A very large number of data in extensive studies have demonstrated the benefi-
cial and significant effects of bariatric surgery on most of the satellite comorbidities 
of obesity, suggesting that reduction of mortality rate and amelioration of quality of 
life and of comorbidities are the main target, consequently EWL achievement may 
be considered even as a “fringe benefit.”

24.7	 Microbiota

The participation of the gut microbiota in the genesis of obesity and obesity-related 
comorbidities has been extensively studied.

The gastrointestinal tract is known to be a complex and finely balanced ecosys-
tem that hosts 1014 bacterial cells (gut microbiota) weighting 1–1.5 kg, with over 
three million genes (microbiome), 100 times the human genome: the microbiota 
organ [101]. Under normal conditions the gut microbiota and the human host enjoy 
a symbiotic relationship. When an imbalance occurs (dysbiosis), adverse effects 
may follow [102].

Recent studies have highlighted a role for gut microbiota in the genesis of obe-
sity and of the metabolic syndrome. There are a number of linking arguments: dys-
biosis occurs in diabetic and obese versus lean individuals; some components of the 
gut microbiota (e.g., lipopolysaccharides, LPS) play a harmful role in obesity and 
diabetes; the diet takes part in the modulation of the gut microbiome and microbiota 
composition/function in obesity and metabolic syndrome [103–108]. Experimental 
and clinical studies have shown that in obese individuals the gut microbiota has a 
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higher proportion of the phylum Firmicutes and a lower proportion of the phylum 
Bacteroidetes than in lean subjects [105, 107]. In obese individuals the microbiota 
is capable of extracting extra energy from the food by fermenting, otherwise indi-
gestible, carbohydrates to monosaccharides and to short-chain fatty acids (SCFAs) 
thus increasing fat storage [109]. Furthermore, microbiota may be responsible for 
increased gut permeability to LPS, thus inducing low-grade inflammation (meta-
bolic endotoxemia), diminished insulin sensitivity, and, finally, metabolic syn-
drome. The two driving factors of the metabolic syndrome, energy harvest, and gut 
permeability are dependent on gut microbiota dysbiosis [110].

The development of obesity and dysglycemia can be influenced by antibiotics or 
prebiotics which determine changes in the intestinal flora with increased representa-
tion of the Bifidobacterium species, reduced intestinal permeability, and decreased 
endotoxemia [111]. Probiotics reduce body weight and adipose tissue in mice and 
slow down diabetes progression in rats [112].

In the last few years, it has become increasingly evident that microbiota changes 
induced by bariatric surgery may play an important role in the occurrence of the 
effects of surgery.

Bariatric surgery results in rapid weight loss, reduced adiposity, and improved 
glucose metabolism. These effects are not solely attributable to decreased caloric 
intake or absorption, but the mechanisms linking rearrangement of the gastrointes-
tinal tract to these metabolic outcomes are largely unknown.

Preliminary data seem to suggest that bariatric surgery (RYGBP) affects the 
composition of the gut microbiota. These changes could be a consequence of ana-
tomical rearrangement or environmental and systemic factors (use of antibiotics, 
changes in food, increase in mastication time, transit time, acid production and 
intestinal pH, enterohepatic cycle) [113, 114].

The important question is to establish whether these microbial changes play a 
fundamental role in the dramatic improvement of the metabolism after bariatric 
surgery or represent mere epiphenomena.

In a recent paper Liou et  al. demonstrated that in mice the surgery-altered 
(RYGBP) microbiota, when transferred in an intact animal by gastric gavage or by 
intestinal infusion, induces in the host phenotypic and metabolic changes mimick-
ing the effects of surgery in the operated subject, loss of weight and improvement of 
the metabolic syndrome parameters, thus confirming the direct involvement of the 
gut microbiota in the pathogenesis of bariatric surgery effects [115].

In man Vrieze et al. reported that transfer of gut microbiota from healthy lean subjects 
into nonmorbidly obese patients with metabolic syndrome resulted in improved hepatic 
and peripheral insulin resistance as well as reduced fasting lipid levels [116].

These findings suggest a potential role for the gut microbiota in glucose and lipid 
metabolism changes induced by bariatric surgery and, shedding new light on the 
genesis of obesity and related comorbidities, offer a new promising rationale for the 
therapy of the diabesity epidemic.

As a closing remark it needs to be said that, while gut microbiota functions have 
been extensively studied and clarified in the lab in mice and rats, at present their role 
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in the clinical setup has been scarcely investigated and needs to be confirmed: addi-
tional studies are strongly needed.

Conclusions

The present generation is confronted by a new epidemic: globesity and conse-
quently diabesity. Today surgery seems to be the most effective therapeutic tool 
in terms of % of success and of duration of the benefits. In all RCTs, with a 
1–5 years follow-up, bariatric surgery patients have been found superior to medi-
cal no-surgery controls in terms of EWL. These results have been confirmed in 
nonrandomized trials with a longer, 15–20 years, follow-up. The same can be 
said when considering the effects of bariatric surgery on obesity comorbidities in 
general and on T2DM in particular. The improvement of the glycemic control, 
immediately after some bariatric procedures, has drawn the attention of surgeons 
and diabetologists worldwide, stimulating a new field of research and therapy: 
the metabolic surgery.

More widespread experiences with bigger numbers and longer follow-up are 
needed; however, at present, bariatric surgery is more than a promising tool.

The twenty-first century generation, for the first time in history, is confronted 
by an unprecedented threat, a life expectancy shorter than in the preceding gen-
eration. The cornerstone SOS study, demonstrating the significant mortality 
reduction in bariatric surgery patients when confronted to no-surgery controls, 
may suggest one possible mean to avoid this novel menace and/or open the 
search for new therapeutic means.
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25.1	 �Introduction

The advent of bariatric surgery had led to a new subspecialty in plastic surgery for 
contouring the skin and fat remaining after massive weight loss classified by 
Pittsburgh Weight Loss Deformity Scale [1, 2] (Table 25.1).

Patients in fact complain for a wide range of physical anomalies that do interfere 
with their quality of life often causing functional impairment.

According to Balagué et al., body contouring must be included in morbid obesity 
management as patients undergoing those procedures present better long-term 
weight control [3, 4].

As a general rule, contouring operations should be done after weight loss is com-
plete, as wound complications tend to be higher when surgery is performed in 
patients who are still obese.

Given the opportunity to prioritize which parts of their bodies they would like to 
have addressed first by a plastic surgeon, the waist/abdomen is usually at the top of 
the list (46.2 %), followed by the upper arm (23.3 %), the chest/breast (12.3 %), and 
the rear/buttock (18.2 %) [5].

Performing multiple procedures in two or more stages should be considered if 
the patient has goals of reshaping different regions. The advantages of staging 
include less anesthetic time, reduced blood loss, less surgeon fatigue, avoidance of 
opposing vectors of pull on regions of the skin, and the chance to correct further 
irregularities [6–10].

The authors present a description of personal surgical approaches to the most 
requested interventions.
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Table 25.1  Pittsburgh Weight Loss Deformity Scale

Area Scale Preferred procedure

Arms 0 Normal None

1 Adiposity with good skin 
tone

ultrasound assisted lipoplasty (UAL) 
and/or standard assisted lipoplasty (SAL)

2 Loose, hanging skin without 
severe adiposity

Brachioplasty

3 Loose, hanging skin with 
severe adiposity

Brachioplasty ± UAL and/or SAL

Breasts 0 Normal None

1 Ptosis grade I/II or severe 
macromastia

Traditional mastopexy, reduction, or 
augmentation techniques

2 Ptosis grade I/II or moderate 
volume loss or constricted 
breast

Traditional mastopexy ± augmentation

3 Severe lateral roll and/or 
severe volume loss with loose 
skin

Parenchymal reshaping techniques with 
dermal suspension; consider 
autoaugmentation

Back 0 Normal None

1 Single fat roll or adiposity UAL and/or SAL

2 Multiple skin and fat rolls Excisional lifting procedures

3 Ptosis of rolls Excisional lifting procedures

Abdomen 0 Normal None

1 Redundant skin with rhytids 
or moderate adiposity without 
overhang

Mini abdominoplasty, UAL and/or SAL

2 Overhanging pannus Full abdominoplasty

3 Multiple rolls or epigastric 
fullness

Modified abdominoplasty techniques, 
including fleur-de-lis and/or upper body 
lift

Flank 0 Normal None

1 Adiposity UAL and/or SAL

2 Rolls UAL and/or SAL

3 Ptosis of rolls Excisional lifting procedures

Buttocks 0 Normal None

1 Mild to moderate adiposity 
and/or mild to moderate 
cellulite

UAL and/or SAL

2 Severe adiposity and/or 
severe cellulite

UAL and/or SAL ± excisional lifting 
procedure

3 Skinfolds Excisional lifting procedure

Mons 0 Normal None

1 Excessive adiposity UAL and/or SAL

2 Ptosis Monsplasty

3 Significant overhang below 
symphysis

Monsplasty
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25.2	 �Abdominoplasty

Although abdominoplasty is a common procedure within plastic surgery, the man-
agement of the post massive weight loss of the abdomen is much more complicated 
[1, 2]. The aim is to reshape the abdominal wall by combining skin and subcutane-
ous tissue resection with musculoaponeurotic reinforcement. Conventional trans-
verse resection is the first choice, but several and long scars may be necessary to 
give the patient the desired contour. The presence of a median or paramedian supra-
umbilical scar must be carefully considered especially after bariatric procedures. 
Vertical scars in the upper abdomen may impair vascularity or limit the advance-
ment of the superior flap leading to unfavorable aesthetic results [11]. In those 
cases, transverse resection cannot guarantee adequate body contouring so the 
“anchor-line” abdominoplasty must be preferred [12].

25.2.1	 �Surgical Technique

Bowel preparation with enemas is carried out the day before surgery. Foley catheter 
is positioned preoperatively. Elastic stockings are applied to the legs to prevent 
venous stasis, and low-dose heparin is administered for deep venous thrombosis 
prophylaxis. Marking of the surgical incisions is made in the midline drawn from 
the xiphoid to the pubic symphysis with the patient in upright position. With the 

Table 25.1  (continued)

Area Scale Preferred procedure

Hips/lateral 
thighs

0 Normal None

1 Mild to moderate adiposity 
and/or mild to moderate 
cellulite

UAL and/or SAL

2 Severe adiposity and/or 
severe cellulite

UAL and/or SAL ± excisional lifting 
procedure

3 Skinfolds Excisional lifting procedure

Medial thighs 0 Normal None

1 Excessive adiposity UAL and/or SAL ± excisional lifting 
procedure

2 Severe adiposity and/or 
severe cellulite

UAL and/or SAL ± excisional lifting 
procedure

3 Skinfolds Excisional lifting procedure

Lower thighs/
knees

0 Normal None

1 Adiposity UAL and SAL ± excisional lifting 
procedure

2 Severe adiposity UAL and SAL ± excisional lifting 
procedure

3 Skinfolds Excisional lifting procedure
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patient supine, a lower horizontal ellipsis plus an upper vertical medial triangle, 
which entails the supraumbilical scars, is marked. The upper components of the 
elliptical drawing run obliquely downward beneath the umbilicus, which is different 
from the conventional design. In this way, the final horizontal scars are placed as 
low as possible, in the natural suprapubic fold.

The width of the upper triangle is established by pinching, with the patient 
supine, so as to obtain the new abdominal silhouette. No excess tension must be 
exerted to avoid pubic hairline elevation.

Incisions are performed along the preoperative drawing, and an “en bloc” resec-
tion of skin and subcutaneous tissue is carried out. The umbilicus is resected in a 
triangular shape, with the base placed superiorly, isolating and preserving its stalk, 
which is left attached to the abdominal fascia.

The lateral flaps are elevated through sharp dissection in a prefascial plane in 
order to mobilize the flaps, sparing the lateral musculocutaneous perforators and 
being careful not to impair the vascular supply.

Plication of the rectus sheath is then performed; in most cases, it is vertical and 
sometimes vertical and horizontal depending on the myoaponeurotic laxity, and it is 
carried out with an inverted nonabsorbable suture such as Prolene 1-0.

In case of abdominal recurrent incisional or inguinal hernias, a Prolene mesh 
is placed in a preperitoneal position. The umbilicus, previously cut out in a trian-
gular shape, with a superior base, is fixed to the aponeurosis and repositioned on 
the abdominal flap through a “Y”-shaped incision. Before advancing the abdomi-
nal flaps and starting the sutures, the operating table is flexed 30° to release ten-
sion on the sutures. Subcutaneous approximation is attained with absorbable 
polyglycolic acid sutures, followed by a running subcuticular nylon suture. Two 
suction drains are always placed, one in a supraumbilical position and the other in 
a lower position, beneath the umbilicus. The abdomen is padded with a cotton-
wool bandage. An elastic pressure dressing is applied all over the area (Figs. 25.1 
and 25.2).

25.2.2	 �Complications

For abdominal procedures, a multifactorial analysis of variance showed that the 
preoperative weight had a highly statistically significant effect on the incidence of 
complications, whereas previous bariatric surgery did not [13].

Patients with BMI over 35 have an increased risk to develop seromas, wound 
dehiscence, infection, and thrombosis [14].

Avoidance of pulmonary embolus is of utmost importance. Early mobilization 
and the use of low-molecular-weight heparin are commonly accepted even if with 
different schemes. The risk of seroma is high as well, and various techniques have 
been suggested to control its formation: mattress sutures, tissue sealants, and the use 
of doxycycline into the drains [15, 16].

Necrosis is less common and together with the recurrence of the upper abdomi-
nal excess or unsightly scars may depend on surgical planning and technique [17].
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Fig. 25.1  Preoperative view of abdominal deformity after weight loss

Fig. 25.2  Postoperative result after “anchor-line” abdominoplasty

25  Reconstructive Plastic Surgery



306

25.3	 �Mastopexy

Breast reshaping after massive weight loss still remains a challenging procedure, 
because of the significant skin and subcutaneous tissues redundancy left following 
bariatric procedures [18, 19]. In such cases, volume depletion and development of 
skin/nipple-areola complex (NAC) ptosis result in severe distortion of breast mor-
phology, and standard mastopexy techniques are frequently inadequate to recon-
struct a pleasant breast. The use of implants to restore original breast volume is not 
advisable in these patients, because of skin laxity and the poor soft tissue coverage 
obtained. The ideal volume restoration in this scenario is represented by the use of 
autologous tissues (AICAP flap) [20].

25.3.1	 �Surgical Technique

Preoperative marking according to Pitanguy’s inverted T superior pedicle masto-
pexy are obtained at the bed of the patient. A pinch test in the supine position is 
always performed to identify the presence of significant skin laxity in the upper 
abdominal wall. Under general anesthesia, disepithelization of the preoperative 
inverted-T pattern is performed. A flap is islanded on perforators from the anterior 
intercostal arteries and harvested to increase breast volume and correct abdomi-
nal skin laxity in a single step. The flap includes soft tissues above and below 
the inframammary fold, extending cranially 5–6 cm above the fold and inferiorly 
over the costal cage, according to skin laxity. The “auto-prosthesis” is stabilized 
to the pectoralis major fascia with absorbable sutures in order to prevent shear-
ing forces on the perforators. Breast shape is then checked in sitting position, and 
abdominal subcutaneous tissue is undermined in order to allow primary closure of 
the abdominal donor site, as in a reverse abdominoplasty. The inframammary fold 
is redefined with nonabsorbable stitches to rib periosteum, in order to prevent its 
caudal dislocation.

25.3.2	 �Complications

A lightly compressive dressing is worn for 3–5 days and then patients wear a sports 
bra for the next 2 months. Drains are sometimes used and maintained at least 48 h. 
Complications are infrequent. Hematoma may occur especially in the lateral part of 
the breast. Minor wound dehiscence has been registered at the confluence of inci-
sions along the inframammary fold. Dislocation of the inframammary fold may 
occur and need surgical revision [21, 22].

Mastopexy plus anterior intercostal artery perforator (AICAP) flap represents an 
evolution of conventional mastopexy; it is a versatile technique and proved to be a very 
good option to restore breast shape and projection in post-bariatric surgery patients.

The procedure can be easily standardized, and it is simple to perform, increases 
breast volume and projection, and corrects the upper abdominal skin laxity usually 
not responsive to classic abdominoplasty procedures (Figs. 25.3 and 25.4).

P. Persichetti et al.



307

25.4	 �Inner-Thigh Lift

Post-bariatric skin redundancy and persisting fat deposits in the inner-thigh areas 
lead to severe friction between the inner surfaces of the thighs, with consequent 
functional impairment and reduced patient’s mobility, intertriginous rashes, and 
chronic inflammation [23].

Fig. 25.3  Preoperative view 
of post-bariatric surgery 
breast ptosis and hypoplasia

Fig. 25.4  Postoperative 
result after mastopexy plus 
AICAP flap
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Correction of these deformities implies excision and redraping of excess medial 
thigh skin as well as persisting fat deposit removal.

The medial thigh lift was first described more than 50 years ago [24] but did not 
gain widespread acceptance due to frequent postoperative complications, such as 
caudal scar migration and widening, vulvar distortion, lymphatic impairment, and 
early recurrence of ptosis [25, 26].

In the authors’ experience, best results and low complication rates are achieved 
with the surgical technique hereafter described.

25.4.1	 �Surgical Technique

Preoperative drawings are performed with the patient in standing position and 
legs abducted. The skin is pinched to assess cutaneous excess. A semicrescent 
component plus a vertical component are marked, entailing the redundant skin. 
The semicrescent is marked anteriorly as far as the medial one third of the 
groin fold and is prolonged posteriorly to include the medial one third of the 
subgluteal fold. The upper border of the semicrescent is 1 cm above the fold. 
The vertical triangular component is marked along the inner-thigh vertical 
midline, with the base lying on the inferior border of the semicrescent and the 
inferior apex along the inner-thigh vertical midline, below the distalmost 
skinfold.

The procedure is performed under general anesthesia. Antibiotic prophylaxis is 
administered with cefazolin at a dose of 2 g i.v. A urinary catheter is placed. The 
procedure consists of two phases. The first surgical phase is liposuction: in the 
medial thigh area, massive liposuction is performed on the subcutaneous tissue 
underlying the skin area to be excised. In the anterior thigh area and below the sub-
gluteal fold, liposculpture is performed to remove fat deposits and improve 
contour.

The second phase is skin excision, including a thin layer of subcutaneous 
tissue, preserving the superficial fascia septa, in order to spare lymphatics and 
prevent postoperative lymphedema. After the excision, the flaps are moved 
medially and upward and secured to Colles’ fascia with polydioxone (PDS) 
sutures. The resulting scar is a “T”-shaped scar, with a horizontal component 
lying in the groin and subgluteal fold and a vertical branch along the inner-
thigh vertical midline.

Once final closure is completed and wounds are dressed, a semi-compressive 
bandage is applied. No drain is placed and resorbable sutures are used. The mean 
operation time is 3 h.

On the first postoperative day, the urinary catheter is removed, the surgical dress-
ing is taken off, and wounds are checked and disinfected. A pressure garment is 
applied and the patient is mobilized.

Routinely, patients are discharged on the first postoperative day and are instructed 
to perform multiple daily wound irrigations with povidone-iodine.
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Low-molecular-weight heparin is administered within 12 h after the surgery and 
for the following 5 days for thrombosis prophylaxis. Broad-spectrum antibiotics are 
administered for 7  days postoperatively. Panty hose is worn night and day for 
2 months.

25.4.2	 �Complications

In our experience, postoperative complications are minimal: the superficial dermoli-
pectomy allows to spare the lymphatic vessels, reducing the risk of postoperative 
lymphedema and lymphocele (30 % incidence reported in the medical literature); 
[26] the meticulous and multilayered closure with obliteration of dead spaces allows 
to avoid seroma (15 % incidence in some series) and hematoma and consequent 
delayed wound healing; postoperative management, in terms of early mobilization 
associated with LMWH administration and antibiotic therapy associated with mul-
tiple irrigations of wounds, drastically reduces, respectively, thromboembolic events 
and wound infections.

This thigh-lift technique, with a two-step approach (liposuction and dermolipec-
tomy), allows to remove fat deposits and skin excess, reshaping circumferentially 
the thigh, which is narrowed and lifted. After surgery, patients obtain significant 
improvement of mobility and relief of symptoms due to severe chronic inflamma-
tion (Figs. 25.5 and 25.6).

25.5	 �Brachioplasty

The arm profile may be severely altered by massive weight loss, with skin redun-
dancy resulting in a “bat-wing” deformity. As a consequence, post-bariatric surgery 
patients experience functional limitations and hampered movements. Moreover, the 
constant friction between the axillary and the arm tissues leads to chronic 

Fig. 25.5  Preoperative view 
of skin redundancy and 
persisting fat deposits in the 
inner thigh
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inflammation, often complicated by infection. Psychosocial issues are of paramount 
importance in such patients, too [27]. All these factors have made brachioplasty one 
of the most sought-after interventions in the post-bariatric surgery population: in 
2012, 15,457 patients underwent upper arm lift in the USA alone, with a 4.4 % 
increase compared with 2000 [28]. The aim of the surgery is to solve functional and 
inflammatory issues as well as to restore a pleasant arm contour. Such goal is 
achieved by means of skin and subcutaneous tissue removal. Several techniques 
have been described, with ongoing debate regarding the placement of the scar, the 
area to be excised, the treatment of the axilla, and the concomitant use of liposuc-
tion [29, 30]. In the authors’ experience, best results and low complication rates are 
achieved with the surgical technique hereafter described.

25.5.1	 �Surgical Technique

Preoperative drawings are performed with the patient in standing position and 
arms abducted. A line is drawn along the posteromedial arm surface, at the site 
of the future scar. The skin is pinched to assess the cutaneous excess. This 
maneuver allows to determine the upper and lower borders of the area to be 
excised. An ellipsis is then drawn, with the previously marked line as its major 
axis, along the posteromedial arm surface. A Z-plasty is planned in the axilla. 
The patient undergoes surgery under general anesthesia. Antibiotic prophylaxis 
is administered with cefazolin at a dose of 2 g i.v. The procedure consists of three 
phases. First, after infiltration with a solution of mepivacaine and epinephrine, 
liposuction of the subcutaneous tissue, underlying the marked area, and of per-
sisting localized fat deposits is performed. Circumferential liposuction is some-
times indicated. This first phase allows fat debulking with preservation of vessels 

Fig. 25.6  Postoperative 
result after inner-thigh lift
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and lymphatics. The second phase is surgical excision of the previously marked 
area. A progressive tailor-tucking technique is used to achieve proper skin 
resection. Subcutaneous septa, spared by liposuction, are visible during skin 
removal: these septa must not be excised with the cutaneous ellipsis, in order to 
spare lymphatics and prevent postoperative lymphedema. The third phase is the 
treatment of the axilla. A Z-plasty is performed to prevent retraction when the 
upper limb is lifted and to improve axillary contour by restoring medial convex-
ity. No drain is placed, only resorbable sutures are used. The arm is then dressed 
with a compressive bandage. Mean operation time is 3 h. The patient is discharged 
on the first postoperative day and is instructed to limit arm movement and to 
disinfect the axillary wounds multiple times a day. Broad-spectrum antibiotics 
are administered for 7 days postoperatively. Patients wear a pressure garment for 
2 months.

25.5.2	 �Complications

Several studies reported a high incidence of complications following brachioplasty 
(25–40 %), with 3–25 % of cases requiring a revisional procedure [31–33]. Possible 
complications are infection, hematoma, seroma, wound dehiscence, and hypertro-
phic scarring. Among these, wound dehiscence and hypertrophic scars are the most 
common, with a reported incidence of 7.3 and 24 %, respectively [33]. In our expe-
rience, these complications are dramatically reduced by debulking the arm with 
liposuction before surgical excision and by placing the scar on the posteromedial 
arm surface.

This brachioplasty technique, with a two-step approach (liposuction and der-
molipectomy), allows to remove fat deposits and skin excess, reshaping the arm 
circumferentially. After surgery, patients obtain significant improvement in terms of 
mobility and preoperative symptoms (Figs. 25.7 and 25.8).

Fig. 25.7  Preoperative view of severe bat-wing deformity
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Obesity is a long-term disease with high comorbidity with considerable impact on 
disability and quality of life. Rehabilitation of such patients requires a here-and-
now multidimensional, comprehensive approach, where the intensity of rehabilita-
tive treatments depends on the disability level and severity of comorbidities and 
consists of the simultaneous provision of physiotherapy, diet and nutritional sup-
port, psychological counseling, adapted physical activity, and specific nursing 
skills. A multidimensional approach able to provide frontline assessment and pre-
ventive strategies, risk stratification, and disease management is needed, and for 
that purpose, a team approach and the integration of several medical specialties, 
including clinical nutrition, endocrinology, psychiatry, and rehabilitation medicine 
encompassing different health professions, including dietitians, psychologists, 
physiotherapists, and nurses is required. This is in line with the indications of the 
Italian Society of Obesity [56], the 2010 consensus of the Italian Society of Obesity 
and the Italian Society of Eating Disorders [21], and the Italian Ministry of Health, 
who have recently acknowledged [34] the need for a rehabilitation pathway for 
severely obese patients with comorbidities. Those documents highlight the need 
for multiple rehabilitative settings according to the severity of disability, which 
calls for the need for multidimensional evaluation encompassing quality of life, 
disability, functioning, and participation. The Individual Rehabilitation Project 
should therefore encompass different interventions and short- and long-term goals: 
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(a) nutritional intervention, (b) motor/functional rehabilitation, (c) psychothera-
peutic interventions, and (d) rehabilitative nursing. Intensive hospital-based 
rehabilitation for obese patients usually consists of a 4-week multidisciplinary pro-
gram covering all those aspects. In a rehabilitation program for obese patients, 
weight loss is one of the main goal that has to be pursued through behavioral modi-
fication, diet, and exercise [2] even if the results of such interventions are often 
disappointing. In addition to optimize the compliance to pharmacologic treatment 
guidelines, the long timetable of rehabilitation programs allows us to choose drugs 
that have a favorable effect on weight [6]. Rehabilitation is a setting in which 
patient-centered care can be vigorously implemented, empowering patients who 
no longer delegate physicians, but become protagonist in their health management 
[3, 4]. Clinician–patient communication should be patient centered to include the 
patient perspective and the psychosocial context along with shared understanding 
and responsibility. Health literacy improvement is another goal of rehabilitation 
programs: low health literacy, quite habitual in the obese, can result in decreased 
adherence to medical recommendations, failure to engage in healthy behaviors, 
and inferior outcomes. Quality of life should be one of the standard outcome mea-
sures of rehabilitation and it should be measured by disease-specific, patient-
reported measures [54].

26.1	 �Nutritional Intervention and Therapeutic Education

It is important that nutritional intervention may contribute to correct previous 
unhealthy eating habits on a permanent basis. For this purpose there is need of fre-
quent professional contact with the patient aimed at assessing the level of under-
standing of the given dietary recommendations given, the eradication of bad eating 
behaviors related to so-called incorrect “dietary beliefs”, and the verification of the 
satisfaction level of the dietary plan (meal organization to suit the patient’s needs; 
as far as reasonably possible, respect of customary dietary habits and tastes while 
encouraging at the same time novel healthier choices) [7, 8].

As a matter of fact, the nutritional intervention should be included into a process 
of therapeutic education. This is an essential phase in the management of chronic 
patients: the aim is to implement the knowledge about the disease and its manage-
ment and to change behaviors related to it for better management. In addition, thera-
peutic education allows to understand and to manage the psychological aspects 
related with the disease itself. Besides the role of providing the patient with infor-
mation on practical aspects of disease management, therapeutic education also aims 
to help improve the patient’s quality of life [56].

The nutritional intervention is therefore designed to:

•	 Inform about healthy nutrition and physical activity, with emphasis about regain-
ing the physiological stimuli of hunger and satiety, recognizing the biological 
significance of food, and rediscovering a sense of comfort with physical 
activity.
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•	 Train for managing and control nutrition and physical activity, even while under 
stress or in anxiety.

•	 Train in the management and control of simple clinical parameters (e.g., blood 
glucose, blood pressure).

•	 Increase the sense of responsibility in illness and care (illness behavior).
•	 Promote, strengthen, and maintain sufficient motivation to change.
•	 Contribute to the therapeutic compliance.

Therapeutic education for obesity must be guaranteed within the team by profes-
sionals (doctor, nurse, dietician, community health educator, psychiatrist, psycholo-
gist, exercise physiologists) specifically qualified and trained for educational 
activity [56].

Motivation is essential for obtaining adhesion to treatment and a stable weight 
loss. To this purpose, therapeutic education bases most of its intervention through 
techniques acting on conscious mental processes, some of which derived from 
cognitive–behavioral therapy, such as therapeutic alliance, problem solving, and 
empowerment [56].

Nutrition intervention will focus on:

	(a)	 Achieving weight loss of at least 10 % from baseline body weight with a signifi-
cant reduction in body fat and preservation of lean mass

	(b)	 Reconstructing long-term healthy eating habits (quality, quantity, rate) based on 
the canons of the Mediterranean diet (www.piramidealimentare.it)

	(c)	 Obtaining a patient’s compliance adequate to achieve the established 
objectives

The procedures listed in Table 26.1 are suitable for most obese patients undergo-
ing rehabilitation treatment. However, in elderly patients the mortality risks of mus-
cle loss may outweigh the potential benefits of weight loss [31] (Miller 2008), and 
the risk to benefit ratio of treatment should be carefully evaluated. In these patients, 
whey protein and essential amino acids supplementation has been shown to limit 
lean tissue loss during hypocaloric diets and  – in selected patients deemed ade-
quate – it should be carried out, possibly coupled to strength training. Also, in these 
patients dynamometry should be routinely performed at the beginning and during 
weight-loss treatment as a proxy to evaluate changes in muscle mass.

Low-calorie diets (LCD), i.e., with energy content between 800 and 1,200 kcal/day 
(3,350–5,200 kJ/day) should be considered as first-line treatment subjects requiring 
fast and substantial weight loss for life-threatening conditions or to reduce 
anesthesiological and surgical risks. LCDs allow a more rapid loss of body fat with 
a favorable risk–benefit profile in absence of preexisting undernutrition. The LCD 
diet can be made of natural foods, meal replacements, and supplements. The LCD 
cycles usually last between 15 and 21 days alternating with same-duration cycles of 
standard moderately hypocaloric diets.

Also, there are patients with documented refractoriness to weight loss using con-
ventional hypocaloric diets who represent a challenge for the nutrition rehabilitation 
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specialists and for whom no evidence-based treatment is available. In these refractory 
patients – once other known causes of low metabolic rate such as hypothyroidism, 
very low levels of 25-OH vitamin D, or significantly reduced fat-free metabolic 
active mass (sarcopenia) have been ruled out or corrected, a 15–21-day cycle of very-
low-calorie diet (VLCD), i.e., energy content <800 kcal day (<3,350 kJ/day) can be 
attempted under close medical supervision, together with supplementation of vita-
mins, minerals plus ursodeoxycholic acid for gallstone prevention [23]. They can 
also be used as an alternative to LCDs or as an alternative to intragastric balloon 
positioning in patients with morbid obesity whose elective surgery had been post-
poned because of excessive weight. These diets have traditionally been linked to 
concern for renal and hepatic derangements, nevertheless a recent systematic review 
has been quite reassuring under this aspect [47].

Table 26.1  Procedures for nutritional intervention

The following guidelines for hypocaloric diet composition have recently been published in the 
Italian standards for the treatment of obesity [56]

  Hypocaloric diets should secure a caloric intake equal to ± 10 % of basal metabolism

 � Carbohydrates, mainly of complex type (fiber rich or containing slow absorption starch) 
should provide 65–70 % of nonprotein calorie intake (≥150 g/day;, simple sugars should 
not exceed 10 % of total caloric intake (favoring the consumption of foods that contain 
natural sugars such as fruit and limiting the consumption of added sucrose)

 � Foods with low glycemic index are preferable, especially for weight maintenance after a 
hypocaloric diet

 � The remainder energy should be covered from fat, with an optimal 10 % monounsaturated, 
10 % polyunsaturated, 10 % saturated fatty acids

 � The intake of polyunsaturated and in particular of n3 fatty acids (for a beneficial effect on 
the prevention of cardiovascular risk) is ensured through the introduction of at least 2 
servings per week of fish

  The daily intake of cholesterol should not exceed 300 mg/day in adults

 � The use of trans fatty acids must be drastically reduced (≤2.5 g/day) because it is associated 
with increased body weight, waist circumference, and BMI in population-based studies

 � The recommended protein intake is 0.8–1 g/kg ideal body weight (which correspond to a 
BMI of 22.5 kg/m2)

 � Proteins must be of good biological value and must come equally from both animal and 
vegetable protein sources

 � Fiber intake is ideally around 30 g/day in order to obtain both functional-type effects (i.e., 
intestinal function) and metabolic-type effects (glucose and lipid metabolism)

 � Vitamin needs are generally covered by the consumption of fruits and vegetables generally 
prescribed in the diet (provided that calorie intake is at least 1,000–1,200 kcal/day)

 � Maximum sodium intake should approximately be 3 g/day (equivalent to 7.5 g of NaCl); 
this should further be reduced in patients with hypertension or a family history of 
hypertension

 � Calcium requirements are not generally covered by a low-calorie diet, unless two servings/
day of dairy products plus if possible integration with calcium-rich waters is provided

 � Alcohol is not recommended during weight loss because it provides readily available energy 
(7 kcal/g), without satiating power nor significant advantages with regard to the provision of 
other nutrients
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Since very-low and low-calorie diets are associated with a greater risk of weight 
regain in the medium to long term as compared to standard diets, their coupling with 
an intensive cognitive–behavioral intervention [58] and the subsequent switch to a 
Mediterranean diet pattern are strongly recommended. Anti-obesity drugs, meal 
replacements, and high-protein diets may improve weight-loss maintenance after a 
VLCD/LCD period [28].

Multidisciplinary rehabilitation in bariatric surgery patients represents the 
newest frontier in obesity treatment. Specific protocols for this patient population 
have been described [22] and can be applied for:

•	 Assessment, eligibility, and planning
•	 Risk reduction and preparation to surgery
•	 Rehabilitation following surgery

26.2	 �Metabolic Rehabilitation: Adapted Physical Activity

A good activity program should entail both aerobic training, small bursts of anaero-
bic high-intensity activity and strength exercise. Aerobic activity consists of cycloer-
gometer, recline ergometer, or arm ergometer (the choice depending on the presence 
of orthopedic problems). Based on the fact that a smaller muscle mass is used in 
cycling exercise to attain the same metabolic energy expenditure of walking [25] 
with a greater metabolic stress and energy requirement per unit of contracting muscle 
[38], it has been evidenced [26] that walking is a convenient mode of exercise, com-
pared to cycling. Walking permits in fact to attain any given energy expenditure at a 
comparatively lower average heart rate (or in a shorter time), with lower lactic acid 
blood concentration and higher fat oxidation. In practice, by some reckoning from 
these data comparing the metabolic responses of the two modalities, to obtain the 
energy expenditure of 250 kcal with a bout of 25-min activity, cycling should be 
performed at an intensity requiring an average heart rate of about 160 b/min with 3 g 
of lipids oxidation, whereas it will be sufficient to walk at intensity requiring an aver-
age heart rate of about 130 b/min, with over 11 g of lipid oxidation. Under this per-
spective, for obese individuals, inherently limited in their work capacity, it is very 
attractive to devise forms of physical activity enabling the attainment of a consider-
able energy expenditure by preference promoting substantial fat oxidation with the 
lower subjective perception of effort and exercise intensity, which could ultimately 
allow a better tolerance and adherence to physical activity protocols.

The optimal duration of exercise is 30  min, or longer, to optimize fat 
oxidation [1].

The effects of regular aerobic and resistance training on cardiovascular risk and 
general well-being are clearly demonstrated [35–37, 39], and increasing both inten-
sity and duration exerts a beneficial effect. Patients who are able to exercise to a 
level of 7.9 METs have lower rates of events. In our population, in a consecutive 
sample of 3,728 obese patients, 732 were not able to perform a treadmill exercise 
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test; of the remaining 2,996 the vast majority reached a peak exercise level of less 
than 7.9 METs, and only 620 patients (21 %) exceeded that threshold. Exercise is 
safe and the risk of a cardiovascular event is very low in a cardiovascular rehabilita-
tion setting [42–46]. Current guidelines recommend intensity range between 3 and 
6 METs on most days of the week: this goal can be achieved by walking 30 min 
every day or walking 60 min every second day. Cycling also represents a good exer-
cise mode for obese subjects: for those who complain of osteoarticular pain while 
standing or venous insufficiency, it may represent the first choice modality. Cycling 
in recline position is a safer mode of exercise, providing back support and relatively 
lower loading at knee level.

Target heart rate during exercise has to be based on resting heart rate and peak 
heart rate during a symptom-limited treadmill stress test. We use the formula Targe
t HR = Resting HR + (Peak HR–Resting HR) × 0.7, i.e., resting heart rate + 70 % of 
the chronotropic reserve that level of effort is generally associated with a “comfort-
able fatigue” sensation.

Patients also undergo a strength exercise program that is individualized consider-
ing patient’s characteristics. They work for 45–60 min on a daily basis at low inten-
sity; the main purposes of this activity are to increase muscle strength, to balance 
muscle tone and mass, to reach a good equilibrium between flexor and extensor 
muscles, to improve joint stability and mobility, to improve motor coordination, to 
improve body and motor patterns, and to relax both physically and psychologically.

A significant improvement in quality of life, as well as in life expectancy, can be 
achieved independently of weight change only because of regular exercise [5]. 
Cardiac rehabilitation causes a significant improvement in the cardiovascular risk 
profile at all levels of BMI, independently of weight loss. The issue whether it is 
weight or fitness that makes the difference has been addressed by Lee and coworkers 
[27]: they studied over 14,000 men and found that, for each 1-MET improvement, a 
19 % decrease in cardiovascular mortality was present, regardless of BMI or percent 
body fat change. Obese subjects who exercise regularly have a lower risk for meta-
bolic abnormalities and their consequences than sedentary obese and represent the 
so-called fat-but-fit phenotype. Considering that obesity is a chronic disease and 
therefore a complete recovery is not foreseeable, we can try to adopt the same con-
cepts that we use when we treat other chronic conditions such as hypertension or 
diabetes and set the “fat-but-fit” phenotype as a new target for obese subjects [55].

Moreover caution on promoting unconditional weight loss may be safe, since 
obesity has a complex relationship with all-cause mortality, and, in patients with 
congestive heart failure or coronary artery disease, the presence of obesity is associ-
ated with lower mortality when compared to normally weighting patients [24]. 
Therefore, our target, even if most of the features that characterize the obesity car-
diomyopathy can be reversed by means of weight loss, should mainly focus on  
the adoption of an active lifestyle which has a great impact on the prognosis of 
obese patients. For a weight-loss intervention to be successful, a negative energy 
balance must be attained; in this view, energy expenditure in the form of physical 
activity is an important part in the management of obesity for losing weight and 
reducing associated risk factors for chronic disease. Many formulas are 
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recommended, principally in the form of “moderate-intensity exercise” typically 
defined as 55–70 % of maximum heart rate, 30–60 min day, and 5–7 days a week 
[29, 30, 33]. Less is known about advisable heavier intensities of exercise. With 
regard to this last topic, it has been observed that bouts of exercise beyond anaerobic 
threshold added to a program of aerobic activity significantly increase the release of 
GH at a more extent than aerobic activity alone during physical exercise. This may 
be of some interest considering that GH is known as one of the most active sub-
stance able to ameliorate the ratio fat mass/fat-free mass [52].

Moreover, aerobic activity alone promotes a modest lowering of fat mass, a 
reduction in circulating nonesterified fatty acids, and an increase in circulating lac-
tic acid, with a reduction in insulin resistance for glucose. Bouts of added anaerobic 
exercise to an aerobic program promote a significant more important lowering in fat 
mass, an increase in circulating nonesterified fatty acids, a decrease in circulating 
lactic acid, and no modification in insulin resistance for glucose.

The drop in circulating nonesterified fatty acids after aerobic training may be the 
result of an imbalance between a slow mobilization of fatty acids from adipose tis-
sue and their rapidly increased extraction by skeletal muscle so demonstrating an 
increased oxidative capacity by the muscle. At the same time, the increase in lactic 
acid may be linked to the modified utilization of glucose due to the improvement in 
insulin sensitivity for it. The increase in circulating nonesterified fatty acids after 
aerobic plus anaerobic training may be due to an increased flow of substances with 
lipolytic activity after anaerobic stress (like GH, catecholamines, etc.) which causes 
an excessive mobilization of lipids that probably exceeds their dynamic utilization.

These observations may indicate the opportunity to initially prescribe aerobic 
with bouts of anaerobic training to decrease fat mass and subsequently aerobic 
training alone to maintain the weight loss and ameliorate the metabolic profile.

The exercise scheme “aerobic plus anaerobic” is probably inappropriate in obese 
patients with metabolic syndrome in view of the increase in serum nonesterified fatty 
acids and the lack of improvement in glucose metabolism [48–51, 53, 57, 59, 60].

Obese inpatients undergo daily functional rehabilitation exercises to optimize 
muscle strength and the lean to fat mass ratio, increase joint range of motion, and 
enhance cardiorespiratory conditioning. Since osteoarticular pain at spine, hip, and 
knee level is a major complaint and an obstacle to functional recovery in obese 
patients, physiotherapy focuses on joint unloading techniques, with the frequent use 
of taping and functional bandaging or sling therapy exercises [13–15, 17–20], pas-
sive and active lengthening and stretching of the muscular chains of the lower and 
upper limbs and the spine, strengthening and stabilizing of the lumbar trait, and 
active and passive mobilization of the dorsal spine [11, 12]. Manual lymphatic 
drainage and elastic compressive bandaging are also extensively used [13].

Resistance exercises aiming at muscle strengthening to reduce joint compression 
forces are performed 30–60  min daily. Their aim is also to improve balance by 
strengthening the heel stabilizer muscles [10]. Intensities of isotonic strengthening 
exercise are initially set at 40 % of the individual ten-repetition maximum during 
the first week, 50 % during the second week, and 60 % during the remaining reha-
bilitation period. The muscle groups to be trained are identified during the initial 
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physiatrist evaluation. Strengthening-supervised exercises with arms and legs 
include dynamic standing and floor calisthenics using body weight as movement 
resistance. A major priority of exercise prescription is to focus on activities which 
contribute to muscular fitness and preserve muscle mass. This goal seems important 
also in view of the effects of caloric restriction, which result in reductions of both 
fat and fat-free mass. Water-based rehabilitation programs in a warm hydrotherapy 
pool are especially suitable for obese patients with osteoarthritis – since the buoy-
ancy of water lightens body weight off the joints. This rehabilitation modality has 
been shown to be more effective than land-based programs in obese patients with 
chronic obstructive pulmonary disease [32].

Patients with severe motor limitations undergo physiotherapy and occupational 
therapy aimed at optimizing their capacities to cope with daily living activities 
through the use of walking aids, lifting, and transferring devices [9]. Respiratory 
rehabilitation is very often part of the rehabilitation program and includes adapting 
and training patients and caregivers to noninvasive ventilation [13]. Body awareness 
sessions which are carried out by trained therapists (using the Feldenkrais or the 
Courchinoux method), with a psychological supervision, typically represent an 
example of multidisciplinary treatment for obese patients with body scheme altera-
tion and/or associated eating disorder.

26.3	 �Psychotherapeutic Intervention

As indicated in Cochrane systematic reviews, a psychological therapy, particularly 
cognitive–behavioral therapy (CBT) including psychoeducational approaches, 
could be functionally combined with a nutritional intervention and physical activity 
plan increasing weight loss, if compared with the only diet/exercise intervention.

The behavioral part of the therapy in obesity treatment is characterized by self-
monitoring (e.g., using diaries), stimulus control (e.g., restricting quantities of 
food), and behavioral modification (e.g., chewing slowly, taking time to really taste 
and enjoy the food, maximizing the pleasure from it). According to other authors, 
components of behavioral therapy for obesity could be specifically self-monitoring, 
problem solving, contingency management, stimulus control, stress management, 
social support from family members and friends, and cognitive restructuring.

Moreover cognitive techniques could provide patients with useful strategies to 
accept realistic, but less-than-desired, weight losses. Relapse and weight regain 
could be generated by inappropriate feelings of failure after achieving modest but 
clinically important weight loss. It is focused on dysfunctional behaviors and cogni-
tive processes, such as unrealistic weight goals and body image perceptions.

The mindfulness-based cognitive therapy (MBCT) represents the latter evolution 
of cognitive therapy for the psychological rehabilitation of obesity. This meditation-
based approach was originally described by Kabat-Zinn for stress management and 
can be applied to weight management to control food cravings and to help patients 
to recognize internal cues in support of enhanced self-regulation [40].
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The psychological intervention is a critical issue because the maintenance of 
weight loss after lifestyle modification, drug therapy, and weight-loss surgery is 
more likely to depend on behavior modification and enduring psychosocial support. 
Long-term behavioral therapy is more successful than short interventions.

Cognitive-behavioral approach represents the gold standard for the treatment of 
obesity, but other interventions are growing and are collecting new evidences. 
Hypnosis could supplementarily be used, with particular patients, enhancing them 
in correcting dysfunctional thoughts, attitudes, and beliefs.

Other promising psychotherapies used for the obesity treatment are the interper-
sonal approach, the systemic and strategic treatments, the psychodynamic approach, 
and the feminist-theories-based treatment. Especially for those patients in whom an 
emotive trauma triggered the onset of obesity, the EMDR (eye movement desensiti-
zation and reprocessing) approach could represent an interesting treatment.

Obese patients admitted to intensive rehabilitation programs are generally char-
acterized by history of weight cycling and somatic comorbidities, which represent 
the main factors known to negatively influence psychological health [41]. Within a 
rehabilitation setting of a 4-week duration (which s generally considered too short 
to carry out proper “psychotherapy”), psychological interventions are generally 
represented by an initial psychodiagnostic assessment (plus a psychiatric evaluation 
if deemed necessary for drug prescription and/or monitoring) followed by both indi-
vidual and group psychoeducational sessions. Group treatment helps patients ben-
efit of peer support and problem solving and learn from others’ success and 
difficulties [16]. Individual sessions with a therapist are often also essential  –  
as well as offering an opportunity for experiencing empathic and nonjudgmental 
listening – to help the patient to focus on emotional vulnerability that may limit a 
proper adhesion to the strategies of weight control and nutrition and to select the 
tools best suited for support to long-term weight management. Obese patients with 
associated eating disorders or psychiatric conditions most likely will need to be 
referred to a psychotherapist or to mental care services following discharge at home.
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27.1	 �Introduction

Specifically designed cognitive behavioural principles are adopted in the management 
of obesity with a view to improving patients’ long-term adherence to the changes in 
their eating and exercising habits. Originally, the treatment was based on learning the-
ory (i.e. behaviourism), which postulates that the behaviours directly leading to obesity 
(overeating and under-exercising) are predominantly learned and can therefore be 
modified or relearned by associating re-education strategies with procedures designed 
to modify environmental cues (antecedents) and reinforce ‘good’ behaviour (conse-
quences) [1]. However, since our understanding of the root causes of obesity has pro-
gressed, this approach to treatment has seen the integration of procedures derived from 
social cognitive theory [2] and cognitive therapy [3], as well as specific recommenda-
tions on diet and exercise. This complex combination is now known as ‘weight loss 
lifestyle modification’ [4], and here we describe the principal components, the short- 
and long-term outcomes, and recent developments in such treatment programmes.

27.2	 �Delivery of Weight Loss Lifestyle Modification 
Programmes

Losing weight is only half the story, and so weight loss lifestyle modification 
programmes are designed to feature both a weight loss phase, consisting of 16–24 
weekly sessions over a 6-month period, and a phase targeted to weight maintenance. 
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While there is general agreement about the length of the first phase – after 6 months 
weight loss tends to reach a plateau – no definitive data is yet available about the 
optimal duration and intensity of the weight maintenance phase [5].

The literature to date mainly derives from clinical research settings, in which the 
treatment has been tested in individual sessions, in group sessions comprising ~10–
20 participants, and in various combinations of the two. In the real world, however, 
weight loss lifestyle modification programmes are delivered in various clinical envi-
ronments, including primary care, private dietetics practices, inpatient rehabilitation 
units, and commercial clinics. Although the treatment can be delivered by a variety 
of professional figures, such as physicians, dieticians, physiotherapists, and psy-
chologists trained in cognitive behavioural therapy for obesity, known as ‘lifestyle 
modification counsellors’, a multidisciplinary lifestyle modification team is best 
placed to manage the complex clinical problems often associated with obesity [5]. 
In these multidisciplinary teams, the physicians assess the patients, manage any 
medical complications, engage the patient in the treatment, and conduct periodic 
medical check-ups, and the other aspects of lifestyle modification are handled by 
the relevant experts in a fully orchestrated approach.

27.3	 �Lifestyle Modification Programme Components

Standard lifestyle modification programmes have three main components: (i) dietary 
recommendations, (ii) physical activity recommendations, and, last but by no means 
least, (iii) cognitive behavioural therapy to address weight loss and weight mainte-
nance obstacles [4] (Fig. 27.1).

27.3.1	 �Dietary Recommendations

Weight loss lifestyle modification programmes recommend a low-fat, (relatively) 
high-carbohydrate, low-calorie diet aimed at inducing a calorie deficit of 500–
1,000 kcal/day. This should produce a mean weight loss of 0.5–1.0 kg/week and 

Fig. 27.1  The three 
components of weight loss 
lifestyle modification 
programmes
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eventually reduce cardiovascular risk markers [6]. Unfortunately, the main obstacle 
to reaching these goals is the patients themselves, and adherence is often an issue. 
However, empowering patients by training them to count their own calorie intake, 
with the aid of a purpose-designed booklet, can go some way to improving adher-
ence, as can increasing dietary structuralization and limiting food choices. Providing 
comprehensive meal plans, including grocery lists, menus, and recipes, helps to add 
structure to the diet, and restricting the choice of food will reduce temptation and 
the opportunity to miscalculate energy intake [4]. The effectiveness of this strategy 
is supported by a study showing that the provision of both low-calorie food (free of 
charge or subsidized) and structured meal plans resulted in significantly greater 
weight loss than a diet with no additional structuralization [7]. Another useful strat-
egy for increasing diet adherence is meal replacement, as confirmed by a meta-
analysis of six RCTs, which showed that patients given liquid meal replacements 
lost 3 kg more on average than those on a conventional diet [8]. Finally, a similarly 
effective strategy for facilitating dietary adherence and weight loss is the use of 
portion-controlled servings of conventional foods [9].

27.3.2	 �Physical Activity Recommendations

The goal of lifestyle modification programmes is to help patients gradually achieve a 
level of physical activity sufficient to produce a calorie deficit of at least 400 kcal/day 
[10]. Patients are encouraged to check their baseline number of steps using a pedom-
eter and then to add 500 steps at 3-day intervals up to a target value of 10,000–12,000 
steps/day. Jogging (20–40 min/day), cycling, or swimming (45–60 min/day) may 
replace walking. Unlike diet adherence, exercise adherence tends to increase the less 
structure is imposed, presumably through a reduction in the barriers to exercising 
(e.g. lack of time or financial resources) [4]. This is supported by several studies, for 
example, one showing that patients tend to engage in more physical activity if 
instructed to do so on their own at home than if asked to attend on-site, supervised, 
group-based exercise sessions [11]. Interestingly, it has also been reported that 
increasing lifestyle activity (e.g. using stairs rather than elevators, walking rather 
than riding the bus or driving, and reducing the use of labour-saving devices) can 
produce comparable weight loss to structured exercise programmes, but greater 
weight maintenance over time [12]. It may also be helpful to suggest multiple short 
sessions of exercise (of 10 min each), as opposed to long workouts, an approach that 
seems to help patients accumulate more minutes of daily exercise [13].

27.3.3	 �Cognitive Behavioural Therapy

The cognitive behavioural therapy component of lifestyle modification programmes 
is based upon a set of procedures, which have been described in several recent 
reviews [4, 5, 14], aimed at addressing both weight loss and weight maintenance 
obstacles (see Table 27.1).
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One of the main problems with traditional weight loss lifestyle modification 
programmes delivered in group sessions is that they are essentially a series of pre-
packaged lessons in which the clinicians teach all patients all the procedures 
involved in the programme. The lessons are delivered in the preplanned order, even 
if one or more patients have not yet had enough input to overcome their problems or 
have failed to understand entirely. These programmes therefore more resemble 
psycho-educational intervention than the cognitive behaviour therapy applied in the 
treatment of other psychological disorders, in which the approach is highly person-
alized and the procedures are introduced in such a way as to target the specific 
processes maintaining a patient’s problems. The most recent developments in 
weight loss lifestyle modification programmes partly have made some steps to per-
sonalize delivery by introducing individual sessions with a case manager [15, 16], 
but the set lessons and uniformity of procedures still apply.

The Villa Garda lifestyle modification programme [5], on the other hand, has 
been designed to maximize the individualization of such treatment and is delivered 
in individual sessions that follow a structure similar to that of cognitive behavioural 
therapy for eating disorders (i.e. in-session weighing, reviewing self-monitoring, 
setting the agenda collaboratively, working through the agenda, setting homework, 
summarizing the session, and arranging the next appointment). The programme also 
benefits from the introduction of the personal ‘cognitive behavioural formulation’, 
a procedural tool specifically designed to further individualize the treatment. The 
formulation, widely used in other areas of cognitive behavioural therapy [17], but 
not in standard weight loss lifestyle modification programmes, is a visual represen-
tation (a diagram) of the main cognitive behavioural processes that are hindering 
adhesion to weight loss and lifestyle change in a particular patient. Led by the clini-
cian, but with the active involvement of the patient, the formulation is constructed 

Table 27.1  Main cognitive 
behavioural procedures of 
weight lost lifestyle 
modification programmes

Procedures for addressing weight loss obstacles

  Self-monitoring

  Goal setting

  Stimulus control

  Practising alternative behaviours

  Proactive problem solving

  Cognitive restructuring

  Involving significant others

Procedures for addressing weight maintenance obstacles

  Providing continuous care

 � Encouraging patients to work on weight maintenance 
instead of weight loss

 � Establishing weight maintenance range and long-term 
self-monitoring

  Building the long-term weight control mindset

  Discontinuing self-monitoring

  Devising a contingency plan

  Building a weight maintenance plan
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step by step, without haste. A natural first step in this process is to elicit from the 
patient which, if any, stimuli are associated with eating (i.e. the sight of food, social 
eating situations) and/or do not (i.e. life events and changes of mood) influence their 
eating behaviour. The clinician can then assess whether overeating is maintained by 
any positive emotional and/or physical consequences of food intake and/or bring to 
light any problematic thoughts (see Fig. 27.2). In this way the formulation helps the 
clinician to select the specific procedures most likely to help the patient and to 
implement a targeted, fully individualized treatment. Once the formulation has been 
drawn up, the clinician can discuss its implications with the patient, emphasizing 
that control of eating is not wholly dependent on their willpower, but can be 
improved through specific strategies designed to counteract the processes hamper-
ing adhesion to the eating changes necessary to lose weight. The clinician should 
also stress that the formulation is provisional and will be custom modified as needed 
during the course of the treatment.

27.4	 �Outcomes of Weight Loss Lifestyle Modification 
Programmes

A recent systematic review on the outcome of weight loss lifestyle modification 
programmes found that at 1 year, about 30 % of participants had a weight loss of 
≥10 %, 25 % of between 5 % and 9.9 %, and 40 % of ≤4.9 % [18]. As mentioned, 

Fig. 27.2  An example of personal cognitive behavioural formulation, featuring a patient’s main 
obstacles to weight loss (based on this formulation, the treatment was focused on reducing eating 
stimuli; addressing boredom, anxiety, and stress; challenging problematic thoughts; and finding 
alternatives to food as a reward) (From Dalle Grave et al. [5]:1–11. Copyright © 2013 Springer-
Verlag GmbH)
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weight loss reaches its peak after 6 months of treatment, and in the absence of a 
weight maintenance programme, the trend starts to reverse, with half of patients 
returning to their original weight after about 5 years [19]. However, trials of the lat-
est incarnations of weight loss lifestyle modification programmes that include the 
most innovative and powerful procedures have shown better long-term results. The 
most striking example is the Look AHEAD (Action for Health in Diabetes) study, 
which assessed the effects of intentional weight loss on cardiovascular morbidity 
and mortality in 5,145 overweight/obese adults with type 2 diabetes, randomly 
assigned to intensive lifestyle intervention (ILI) or usual care (i.e. diabetes support 
and education  – DSE). At year 8, 88  % of both groups completed an outcomes 
assessment, which revealed that ILI and DSE participants lost, on average, 4.7 % 
and 2.1 % of their initial weight, respectively (P < 0.001). Among the ILI and DSE 
participants, 50.3 and 35.7  %, respectively, lost ≥5  % (P < 0.001), and 26.9 and 
17.2 %, respectively, lost ≥10 % (P < 0.001) [20]. These impressive figures show 
that well-conducted lifestyle modification programmes can produce clinically 
meaningful weight loss long-term.

27.5	 �New Avenues

In recent years, major efforts have been devoted to improving weight loss lifestyle 
modification programme outcomes by integrating pharmacotherapy, residential 
treatment, and/or bariatric surgery.

27.5.1	 �Combining Weight Loss Lifestyle Modification 
with Pharmacotherapy

One of the main factors implicated in the long-term failure of weight maintenance 
is the biological pressure to regain weight. Pharmacological therapies may be able 
to alleviate this pressure, and it is therefore vital to consider their integration into 
weight loss lifestyle modification programmes. The most significant study on this 
issue to date is a randomized controlled trial that compared the effects of group-
based weight loss lifestyle modification and sibutramine (15 mg/day), alone or in 
combination. This revealed that, after 1 year, participants treated with the combined 
approach lost nearly twice as much weight as those receiving either therapy alone 
[21]. Unfortunately, sibutramine has now been taken off the market due to an unfa-
vourable safety record in individuals with pre-existing cardiovascular diseases or 
diabetes mellitus. Nonetheless, the availability of new weight loss drugs (i.e. lorca-
serin hydrochloride or a combination of phentermine and extended-release topira-
mate), recently approved by the US Food and Drug Administration, may prove 
effective in combination with lifestyle modification in the management of obese 
patients.

R. Dalle Grave et al.
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27.5.2	 �Combining Lifestyle Modification with Inpatient 
Rehabilitation

Inpatient rehabilitation treatment has been developed in Italy to manage patients 
with morbid obesity and severe comorbidities and/or disability who do not respond 
to standard outpatient treatment. A recent randomized controlled trial assessed the 
effect on 88 morbidly obese patients of high-protein (HPD) and high-carbohydrate 
diets (HCD), of identical energy content and percentage fat and saturated fat, com-
bined with individualized weight loss cognitive behavioural procedures based on 
the principles described in this chapter [22]. The treatment was divided into two 
stages: stage one (inpatient treatment, 3  weeks) comprising 15 group cognitive 
behavioural sessions (5 per week), regular scheduled aerobic exercise, and 6 
physiotherapist-led callisthenics sessions and stage two (outpatient treatment, 
40 weeks) comprising 12 individual sessions of 45 min each with a dietician trained 
in lifestyle modification, held over a period of 40 weeks. In completers (N = 69), 
weight loss was 15.0 % for HPD and 13.3 % for HCD at 43 weeks, with no signifi-
cant difference between the arms observed throughout the study period (Fig. 27.3). 
Both diets also produced a similar improvement in cardiovascular risk factors and 
psychological profiles. The percentage weight loss achieved by these treatments 
was much higher than the mean 8–10 % seen in conventional lifestyle modification 
programmes, and, furthermore, no tendency to regain weight was observed between 
months 6 and 12. These findings indicate that inpatient rehabilitation treatment fol-
lowed by individual outpatient sessions can increase the positive effect of lifestyle 
modification on weight loss and maintenance.

27.5.3	 �Combining Lifestyle Modification with Bariatric Surgery

Bariatric surgery makes no claims to modify a patient’s lifestyle, instead achieving 
weight loss through the biological alteration of gastrointestinal function; hence, 
long-term maintenance is by no means guaranteed. However, it is likely that com-
bining bariatric surgery with a weight loss lifestyle modification programme may 
improve the patient outcomes. Confirmation of this hypothesis comes from a trial of 
144 Hispanic Americans randomized, 6  months after gastric bypass surgery, to 
comprehensive nutrition and lifestyle educational intervention (n = 72) or not 
(n = 72) [23]. Twelve months after the surgery, both groups had lost significant 
weight, but those who also received weight loss lifestyle modification showed 
greater excess weight loss (80 % vs. 64 % of preoperative excess weight; P < 0.001) 
and were significantly more involved in physical activity than comparison group 
participants. Another study randomized 60 consecutive morbidly obese patients 
who had undergone gastric bypass surgery into low-exercise or multiple-exercise 
groups, finding that the latter patients had a significantly more rapid reduction of 
body mass index, excess weight loss, and fat mass compared with the former [24]. 
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As a whole, these findings indicate that bariatric surgery may be more effective if 
integrated in a broader strategy of obesity management including education and 
lifestyle modifications.

�Conclusion

Lifestyle modification is the cornerstone of obesity management. Programmes 
based on lifestyle modification have been dramatically improved over recent 
years, and we now have data proving their efficacy in producing long-term 
weight loss. Very promising results have been achieved by individualizing the 
treatment and integrating innovative cognitive behavioural procedures. Recent 
data also show that weight loss outcomes are improved when pharmacotherapy, 
inpatient treatment, and bariatric surgery are combined with lifestyle modifica-
tion, indicating that such programmes should be at the forefront of an individual-
ized multidisciplinary treatment for obesity.
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28Interdisciplinary Approach to Obesity

Stefania Mariani, Mikiko Watanabe, Carla Lubrano, 
Sabrina Basciani, Silvia Migliaccio, and Lucio Gnessi

28.1	 �Introduction

Obesity is a complex disease of multifactorial origin. Genes, socioeconomic status, 
dietary patterns, and psychological profile are only some of the factors that may 
lead to excess body weight and its deleterious outcomes.

The management and treatment of obesity have wider objectives than weight loss 
alone or fat mass reduction and include mortality risk decrease and health and qual-
ity of life improvement. Appropriate treatment of obesity comorbidities in addition 
to weight loss should include glyco-insulinemic and lipid profile control, blood 
pressure management, evaluation of respiratory disorders (such as sleep apnea syn-
drome), pain control and mobility needs in osteoarthritis, management of psychoso-
cial disturbances, including affective disorders, eating disorders, and body image 
disturbance. The socioeconomic context of patients also needs to be taken into 
account in establishing the correct treatment strategy.

Appropriate goals of weight management should be a realistic weight loss in order 
to achieve a reduction in health risks and should include promotion and maintenance 
of weight loss. Patients should understand that, since obesity is a chronic disease, 
weight management will need to be lifelong [1].
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28.2	 �Multidimensional Evaluation

Obese patients should be evaluated in a multidimensional manner covering six 
fields of interest [2–5]:

•	 Body composition: Not only weight or body mass index (BMI) but also fat mass 
and fat-free mass amount and distribution evaluated by anthropometry (weight, 
stature, waist circumference, skinfold thickness) and/or bioelectrical impedance 
analysis. DEXA is currently only recommended for research purposes [6].

•	 Biochemical parameters: Lipid profile (total cholesterol, low-density lipoprotein 
(LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, and triglycer-
ides), glucose metabolism (fasting glucose levels, oral glucose tolerance test), 
insulin resistance, serum proteins, and uric acid are the most important markers 
of obesity comorbidities.

•	 Energy balance: Evaluation of dietary intake via direct observation, dietary recall 
or food diaries; calculation of basal metabolic rate by indirect calorimetry and 
assessment of physical activity level in order to have total energy expenditure.

•	 Clinical condition and comorbidities assessment: Cardiovascular, respiratory, 
endocrinological, hepatic, musculoskeletal, and gastroenterologic pathologies 
should be looked for.

•	 Physical fitness and physical disability: Assessment of motor function via a 
6-min walk test [7, 8] and Borg’s Perceived Exertion Scale [9], muscular strength 
of the forearm flexor muscles via handgrip dynamometry [10], evaluation of 
articular mobility, osteoarticular diseases, and any other condition that could hin-
der physical activity.

•	 Psychological/psychiatric status: Assessment of psychiatric comorbidities (e.g., 
binge-eating disorder, bulimia nervosa, substance-related disorders, depressive and 
anxiety disorders), psychosocial factors influencing physical activity and food 
intake, body image disturbances, health-related quality of life, and motivational 
attitude toward treatment.

Given overweight’s multifactorial origin, only an individually tailored, comprehen-
sive management can be effective [11]. This must be accomplished by an appropriate 
obesity management team which is multidisciplinary and comprises different profes-
sionals able to tackle the different aspects of obesity and its related disorders, providing 
a wide spectrum of clinically proven treatment options and combinations of them, such 
as lifestyle change based on diet, physical activity and functional rehabilitation, educa-
tional therapy, cognitive behavior therapy, and bariatric surgery [12–14]. An obesity 
multidimensional equipe should thus include different medical specialists such as a 
clinical nutritionist, an endocrinologist, a psychiatrist, a bariatric surgeon, and a phys-
iatrist together with other health professionals (i.e., dietitian, psychologist, physiother-
apist, nurse). This team should be ideally led and coordinated by an endocrinologist, 
gastroenterologist, or clinical nutritionist that would take into consideration the whole 
team’s evaluations in order to plan an optimal weight loss strategy for the single patient.

In overweight and obese individuals in whom weight loss is indicated and 
who wish to lose weight, comprehensive lifestyle interventions consisting of diet, 
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physical activity, and behavior therapy (all three components) produce average 
weight losses of up to 8 kg in 6 months of frequent (i.e., initially weekly), on-site 
treatment provided by a trained team in group or individual sessions. Such losses 
(which can approximate reductions of 5–10  % of initial weight) are greater than 
those produced by usual care (i.e., characterized by the limited provision of advice or 
educational materials). Comparable 6-month weight losses have been observed in 
treatment comparison studies of comprehensive lifestyle interventions, which did not 
include a usual care group [6]. Moreover, comprehensive approach led to a lower rate 
of dropouts and longer treatment duration compared to diet-only approaches [15].

After initial weight loss, some weight regain can be expected, on average, with 
greater regain observed over longer periods of time. Continued provision of a com-
prehensive weight loss maintenance program (on-site or by telephone), for periods 
of up to 2.5 years following initial weight loss, reduces weight regain, as compared 
to the provision of minimal intervention (e.g., usual care). The optimal duration of 
weight loss maintenance programs has not been determined and is reasonably to be 
considered lifelong [6].

In addition to the three abovementioned main approaches, other interventions 
appear to be useful in selected cases, such as pharmacologic, pshychotherapeutic, 
and bariatric surgery approaches. These interventions are, however, always to be 
considered as a complementary add-on in a multidisciplinary context. For example, 
according to the latest guidelines, bariatric surgery is considered the right approach 
in morbidly obese subjects resistant to various treatment and rehabilitation attempts 
conducted following optimal standards. Such approach, however, cannot be consid-
ered a resolutive, self-standing treatment and is always to be associated with a psy-
chiatric and nutritional support both before and after surgery [2].

A brief outline of the steps of the take on responsibility of the obese patient is 
depicted in Fig. 28.1.

Nutritional
intervention

Evaluation
• nutritional status
• psychological status
• functional status (osteo-
muscular-joint)
• general clinical condition
(cardiorespiratory function,
endocrine profile,...)

Therapeutic education
and pshychological
interventions

Physical rehabilitation
and conditioning

Pharmacological
treatment

Bariatric surgery
and/or
reconstructive
surgery

Starting contact
Taking care

Fig. 28.1  Schematic presentation of the basic interventions in the take charge process of the 
obese patient
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28.3	 �Levels of Care

The management of obese patients should be articulated in five levels of care [16]:

•	 Primary care (i.e., general practitioner)
•	 Outpatient clinics held by a multidisciplinary equipe
•	 Day hospital
•	 Residential rehabilitation treatment
•	 Hospitalization

Primary care, although not capable of treating obesity according to literature [6], 
is crucial in preventing the development of overweight and its comorbidities by 
educating patients to correct lifestyle and behavior and, where this is proven ineffi-
cacious, in directing the patient to the right level of care avoiding delays.

All the levels of care may prove beneficial at some point in the management of a 
single obese subject. Intensive care levels such as day hospital, day care, and resi-
dential approaches represent an essential step when obesity and its comorbidities 
have reached a high level, when the impact on quality of life is heavy, when many 
interventions are needed in order to treat the patient’s condition, or when lower 
levels of care have proven ineffective. Taking advantage of these approaches will 
prevent acute events to be treated via hospitalization with evident advantages in 
terms of health, quality of life, and economic expenses.

28.4	 �Advantages and Disadvantages of a Multidisciplinary 
Approach to Obesity

The advantages of a multidisciplinary team approach have been outlined. Yet, there 
are some disadvantages to be considered. Compared to a single-clinician approach, 
a multidisciplinary one may bring to fragmentation, resulting in the patient receiv-
ing different and at times conflicting advice from the different components of the 
team. In addition, in the absence of excellent and constant communication among 
health professionals, there may be no clinician aware of the full clinical picture of 
the patient.

The major difficulties are thus substantially caused by education of the single 
health professionals, still not sufficiently teamwork-oriented in most countries 
[17, 18].

In order to prevent the abovementioned drawbacks, the whole team should be 
trained to apply a complex model of multidimensional treatment, to have a consis-
tent approach to patients. The therapeutic roles and areas of intervention of each 
member should be well defined at the beginning and coordinated within the team. In 
addition, it is essential that clinicians, while maintaining their specific professional 
roles, share the same basic rationale and use a similar language with patients. It is 
crucial to have team meetings at regular times in order to evaluate and discuss 
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treatment processes, strategies, and issues. Every health care professional should 
have a comprehensive view of the patient’s clinical management and condition, 
identify his own role in the therapeutic plan, correctly establish the timing of his 
intervention, and coordinate it with those performed by others.

Moreover, team members should be helped to reflect on their attitudes toward 
obese patients and to counteract widespread weight biases that are relevant for an 
effective therapeutic relationship and management of obesity.

From a patient’s perspective, multidisciplinary approach is not always seen as 
the best choice. The main reason why many patients still prefer traditional dietetic 
interventions is that the latter is much less time-consuming. Thus, only people with 
flexible schedules or a lot of spare time can reasonably take advantage of a multidis-
ciplinary treatment. Moreover, obesity is still merely seen by many patients, health 
care professionals, and institutions as a benign condition caused by a lack in will-
power, thus making a demanding treatment very difficult to be accepted [15].
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