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Body fat distribution in patients with Prader-Willi syndrome (PWS) is characterized by reduce lean body mass (LBM), increased total body fat
mass (FM), and lower percentage of visceral adipose tissue (VAT). Individuals with PWS seem to have a lower risk for insulin resistance with high
levels of adiponectin, an anti-atherogenic adipocytokine that is decreased in visceral fat hypertrophy subjects compared to simple obese subjects,
both in children and in adults. The mechanism of the reduction in visceral adiposity in PWS is still unclear. It might be related to qualitative
intrinsic characteristics of adipocyte or novel genetic influences on the control of fat distribution. However, obesity remains a critical problem,
and obesity status plays a crucial role in individual metabolic risk clustering and development of metabolic syndrome (Mets) in PWS children and
adults. Long-term growth hormone (GH) treatment after cessation of skeletal growth improved body composition, with an increase in lean body
mass and a reduction in total body fat and subcutaneous and visceral fat in PWS adults. Thus, the role of GH is important after childhood because
it might attenuate obesity and Mets in PWS adult by adipocyte modification.
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Introduction

Prader-Willi syndrome (PWS) is a genetic disorder associ-
ated with chromosome 15 q11-13 deletion, uniparental disomy,
or an imprinting abnormality; it is the most frequent cause of
syndromic obesity and occurs in 1 in 25,000 live births"”. PWS
is characterized by short stature, muscular hypotonia, mild-to-
moderate intellectual disability;, risk of severe obesity from early
childhood due to hyperphagia and endocrine disorders, such as
hypogonadism and growth hormone (GH) deficiency”. PWS
exhibits a unique pattern of body composition with increased
body fat predominantly located subcutaneously, but decreased

lean body mass*”

. The cause of the abnormal body composi-
tion is not completely known, but relatively reduced amount of
visceral fat protects the patients with PWS from complications
to the obesity’”. However, obesity remains a critical problem in
PWS teenagers and adults because it leads to severe complica-

tions, such as sleep disorder, cardiac or respiratory failure, and

physical disability”. Obesity status also plays on a crucial role in
development of metabolic syndrome (Mets) in PWS children and
adults™"”. Several studies focused on the metabolic outcomes of
PWS adults. PWS patients had a better metabolic profile, such
as lower insulin resistance and healthier lipid profile compared
with matched primary obese subjects'”. However, Grugni et al.”
reported that when matched for body mass index (BMI), PWS
adults had the same prevalence of metabolic syndrome (41.4%)
and insulin resistance index as obese controls. In this context, we
review for the obesity and metabolic syndrome of PWS adults.

Adipose Tissue in Obesity

Adipose tissue (AT) metabolism is a critical regulator of adi-
posity and whole body energy expenditure. AT cells are sur-
rounded by extracellular matrix proteins whose composition and
remodeling is of crucial importance for cell function'”. The AT
expandability hypothesis states that a failure in the capacity for
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AT expansion, rather than obesity per se, is the key factor link-
ing positive energy balance and type 2 diabetes. All individuals
possess a maximum capacity for adipose expansion which is
determined by both genetic and environmental factors. Once
the AT expansion limit is reached, AT ceases to store energy ef-
ficiently and lipids begin to accumulate in other tissues. Ectopic
lipid accumulation in non-adipocyte cells causes lipotoxic insults,
including insulin resistance, apoptosis, and inflammation"*"?.
The expansion of AT in obesity is linked to an inappropriate sup-
ply of oxygen and hypoxia development. AT hypoxia initiates
fibrosis, which is further aggravated by inflammation”. White
AT (WAT) is a major source of energy storage. WAT cells contain
few mitochondria and show relatively little metabolic activity.
Brown AT (BAT), found mainly in infants and young children, is
also present in many adults'**". Subcutaneous ATs (scAT) have
a comparatively benign, thermogenic effect, similar to brown fat,

and might attenuate adiposity-associated vascular disease'**”.

Adipose Tissue in Prader-Willi Syndrome

Body fat distribution in patients with PWS is characterized by
reduce lean body mass (LBM), increased total body fat mass (FM),
and lower percentage of visceral adipose tissue (VAT), with high
levels of adiponectin, an anti-atherogenic adipocytokine that
decreases with visceral fat hypertrophy*****. The development of
AT occurs early in PWS infants before the onset of weight gain™,
so PWS can be seen as an exceptional model of early and massive
AT development, notably in subcutaneous depots”.

The mechanisms of reduced LBM in PWS patients are not
fully understood. GH deficiency is probably not the only cause,
because GH treatment completely normalizes length but does
not normalize body composition; muscle weakness and motors
problems throughout life may also contribute to the reduced
LBM™. Sode-Carlsen et al.'” did not report significant differ-
ences between hypogonadal and eugonadal men regarding their
body composition measurements, nor differences between men
with or without testosterone treatment except for a tendency
toward a higher thigh muscle/fat ratio in those receiving testos-
terone. Furthermore, the mechanism of the reduction in visceral
adiposity in PWS is still unclear. It could be related to childhood-
onset GH deficiency, defects in hypothalamo-pituitary-adrenal
axis activity, or novel hypothalamic or genetic influences on the

*), Lacroix et al.” suggested that

control of body fat distribution
sc adipocytes in PWS could have a higher capacity to increase in
size, without the adverse consequences on the metabolic and in-

flammatory signals found in primary obesity. They also reported
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that series of the AT gene, which encodes proteins that are related
to insulin resistance (i.e., SERPINF1, CHI3LI, and FIBULIN 1) or
low-grade inflammation (i.e., CD68, CD3, and IL1[3) were under-
expressed in the AT of PWS patients. In addition, they also ob-
served down-regulation of genes involved in extracellular matrix
(ECM) remodeling or the promotion of fibrosis such as LOX,
LPARI1, COL4a1, and COL6a1.

Metabolic Syndrome in Prader-Willi Syndrome

Metabolic syndrome is believed to represent a strong risk fac-
tor for the subsequent development of atherosclerotic CVD and
type 2 diabetes mellitus (DM)*”. Insulin resistance is thought
to be the cardinal mechanism underlying Mets™. However,
individuals with PWS seem to have a lower risk for insulin
resistance than simple obese subjects, both in children and in
adults™”

the same pathogenetic relationship between CVD and the de-

). In this light, the question arises as to whether there is

velopment of Mets in PWS as in non-syndromic obesity. Bram-
billa et al.’” reported that none of the non-obese PWS children
show Mets and obese children with PWS have a similar preva-
lence of Mets to obese controls; it is thus conceivable that Mets
may be involved in the pathogenesis of morbidity and early
mortality in PWS. They suggested that the key point seems to
be the definition used for Mets estimation, especially for central
obesity marker (BMI or waist circumference). It has to be dis-
cussed whether BMI or waist circumference really represents
abdominal adiposity in subjects with unusual body proportions
like those of PWS™. However, when the presence of obesity
was excluded from the analysis and the frequency of >2 altered
parameters was considered, a significantly lower frequency in
the clustering of metabolic risk factors was still present in the
non-obese PWS group as compared to both obese groups, thus
confirming the main role played by obesity status in this field.
Grugni et al.” reported Mets frequency evaluated in a large
cohort of PWS adults (87 obese PWS and 85 matched obese
control and 21 non-obese PWS). Mets was found in 1/21 (4.8%)
non-obese PWS, 36/87 (41.4%) obese PWS, and 39/85 (45.9%)
obese controls. Non-obese PWS showed lower frequency for
each Mets component as compared with obese PWS and obese
controls. Overall, obesity status plays a crucial role in individual
metabolic risk clustering in the PWS population.

Role of Growth Hormone

It is well known that long-term treatment with GH in children
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and adolescents with PWS improves not only growth velocity,
height standard deviation score, and final height, but also the
degree of visceral obesity and increased LBM™**”. However,
GH treatment is a relatively new concept in adults with PWS,
and knowledge of its long-term effects is limited. In adult GH
deficiency, continued GH treatment has already been reported
to maintain body composition, improve lipid abnormalities,
and reduce the risk of CVD*”. Considering PWS, Tanaka et
al.”” reported that during GH treatment, although scAT in-
creased, VAT remained low. However, after indications for GH
in PWS were no longer met and GH treatment had been dis-
continued, the degree of obesity was similar to that of the group
never treated with GH. Therefore, they surmised that after GH
is discontinued, patients experience a marked increase in AT,
particularly VAT. In addition, Oto et al. observed that cessation
of GH therapy in young PWS patients worsened BMI after 6
months®. In 2011, a meta-analysis of eight studies, compris-
ing a total of 134 adults with PWS on GH treatment, was pub-
lished™. All the studies, which ranged from 12 to 72 months,
showed that GH treatment improved body composition, with
an increase in lean body mass and a reduction in total body fat
and subcutaneous and visceral fat™. In 2015, Hoybye et al.””
reported positive effects that GH treatment had on the body
composition of men with PWS were also maintained during
very long-term treatment (more than 15 years). All things taken
together, the concept of continuous GH treatment after cessa-
tion of skeletal growth is desirable to maintain good body com-
position and prevent complication of obesity.

Conclusion

PWS has unique adipocyte distribution, characterized by in-
creased body fat predominantly located subcutaneously. Howev-
er, the mechanism of the reduction in visceral adiposity in PWS
is still unclear. It might be related to qualitative intrinsic charac-
teristics of adipocyte or novel genetic influences on the control of
fat distribution. Nevertheless, obesity and Mets in PWS adults are
crucial problems that lead to higher mortality. The role of GH is
important after childhood because it might attenuate obesity and
Mets in PWS adults by adipocyte modification.
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