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Abstract

Purpose of Review Prader—Willi syndrome (PWS) is a rare and complex genetic disorder with multiple effects on the meta-
bolic, endocrine, and neurological systems, as well as behavioral and intellectual difficulties. Despite advances in understand-
ing the genetic basis of obesity in PWS, there are conflicting data on its management. Therefore, the present manuscript aims
to provide an update on the nutritional treatment and pharmacological approach in adult patients with PWS.

Recent Findings The management of obesity in patients with PWS is challenging and requires the cooperation of an experi-
enced multidisciplinary team, including the nutritionist. An adequate clinical evaluation including nutritional and biochemical
parameters should be performed to tailor the best therapeutic strategy. Both lifestyle and pharmacological interventions may
represent useful strategies to prevent the high rate of morbidity and mortality related to PWS. The use of bariatric surgery
is still controversial.

Summary Although it is imperative to adopt an obesity prevention strategy in childhood, there is promising evidence for the
treatment of obesity in adulthood with current obesity medications in conjunction with lifestyle interventions

Keywords Prader—Willi syndrome - Nutrition - Diet - Obesity - Drugs - Ketogenic diet - Nutritionist

Introduction 15q11.2-q13 deletion, maternal uniparental disomy 15,
and imprinting defect. Moreover, the methylation-specific
Prader—Willi syndrome (PWS), the most common syndromic ~ multiplex ligation-dependent probe amplification analysis
form of childhood obesity, is due to the absent expression of ~ currently represents the test of choice for confirming the
genes located on the paternal chromosome 15q11.2-q13 [1].  diagnosis of PWS in almost 99% of cases [2].

The three main genetic subtypes are represented by paternal Patients with PWS are characterized by neonatal hypoto-
nia, hyperphagia, developmental and cognitive delay, behav-
ioral problems, dysmorphic features, and failure to thrive
[3]. Notably, in patients with PWS, hyperphagia is associ-
ated with a lack of satiety leading to obesity and associated
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comorbidities [4]. In this context, nutritional intervention
and behavioral modifications are among the most impor-
tant factors in the treatment of patients with PWS to prevent
obesity, type 2 diabetes (T2D), and cardiovascular diseases
(CVD) [5]. Different dietary approaches were recommended
for patients with PWS aiming to limit energy intake, includ-
ing Mediterranean diet and Ketogenic diet [6, 7].

The childhood-onset obesity is also a trigger for severe
complications during adult age, in particular body composi-
tion and endocrine alterations [8, 9], including growth hor-
mone (GH) deficiency (GHD) [9], hypothyroidism [10], hypo-
gonadism [11], and leptin resistance [12]. Of interest, GHD
is present in 40-100% of the cases [9], and GH replacement
therapy should be started as soon as possible because it can
prevent obesity and improve psychomotor development [13].
In addition, patients with PWS have a higher incidence of
metabolic complications, such as CVD, T2D, hypertension,
and obstructive sleep apnea [5, 14, 15], thus contributing to
increased morbidity and mortality in these patients [14, 16].
Insulin resistance is common and T2D is present in 7-24% of
patients with PWS [17, 18]. In particular, T2D is poorly pre-
sented during childhood, while it is frequent in adult patients
after the 5™ decade of life [17]. In this context, a collaboration
between the nutritionist and the endocrinologist is essential
to guarantee a strict follow-up of the patient, tailoring the
therapeutic approach into the different stages of life.

Beyond nutritional approach, many drugs, including Met-
formin [19], Sibutramine, and Rimonabant [20, 21], Orlistat
and Lorcaserin, and Naltrexone-Bupropion [22] have been
used over the years in patients with PWS. Nevertheless, there
is no solid evidence about their effectiveness and more exten-
sive studies should be performed [19, 23]. Finally, although
bariatric surgery is currently the most effective therapy to
achieve weight loss in patients with very severe obesity, its
use in patients with PWS remains still controversial [24].

Overall, although steps have been taken in understand-
ing the genetic basis of obesity in PWS, there are still some
contradictory data on its management. Therefore, the pre-
sent manuscript aims to provide an update on the nutritional
management and pharmacological approach in adult patients
with PWS.

Obesity and Comorbidities in Patients With
PWS

The clinical picture is complex and varies considerably across
the life stages: axial hypotonia, inability to suck, and hypo-
thermia are common at birth, and often require prolonged
incubation and use of nasogastric or gastric tube to provide
adequate nutrition and to avoid short stature and/or decreased
growth velocity [9]. Children with PWS have an impairment
of central nervous system networks, including hypothalamic
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dysfunctions, which involve both the hunger/satiety circuitry
and the main endocrine axes, and are also associated with
temperature instability, high pain threshold, and aberrant
sleep cycle [25]. In addition to short stature, the developmen-
tal delay and cognitive disability are typical features which
tend to worsen over time, leading to an autism-like phenotype,
including self-mutilation behaviors, skin picking, learning
problems, irritability, and compulsive behaviors [26].

The abnormal attitude towards food has always been con-
sidered one of the peculiar traits of the patients with PWS
affecting all stages of life, although in different ways [9,
16]. In fact, several nutritional and growth phases can be
identified in patients with PWS up to the development of the
typical chronic hyperphagia that characterizes the syndrome
[27]. The nutritional phase 0, which concerns intrauterine
life, is characterized by low birth weight and length, with
decrease fetal movements. Up to about the first 3 months of
life (nutritional phase 1a), PWS newborn is hypotonic, mani-
fests feeding and suckling deficits, and feeding via nasogas-
tric or gastric tube is often required to ensure sufficient nutri-
tion—afterwards up to 12—18 months, (nutritional phase 1b)
the feeding improves, and the infants begin to exhibit normal
appetite and growth [27]. After 18—-24 months of age, the
child begins to gain weight: initially without a change in
food intake or interest in food (nutritional phase 2a), while
around 3—4 years a relative hyperphagia appears (nutritional
phase 2b), with a growing interest in the food [27]. A few
years later in childhood (nutritional phase 3), the classical
hyperphagia occurs, characterized by constant hunger, lack
of satiety, irritability if food is denied, and a range of dys-
functional food-related behaviors, including theft, nighttime
eating, and consumption of expired, spoiled or frozen food
[27]. If the access to food is not controlled by tailored dietary
interventions and behavioral management during childhood,
severe obesity develops, triggering increased morbidity and
mortality later in adulthood [14, 16]. Thus, the prevalence
of obesity in patients with PWS varies according to age,
from 40% in pediatric subjects and up to 82-98% in adults
[24, 28]. However, beyond weight gain, obesity involves a
series of obesity-related diseases, which in patients with
PWS can have a stronger impact, considering the early onset
of obesity, the difficulties in adhering to lifestyle changes,
use of psychotropic medications, and the inability to com-
municate some symptoms linked to mental retardation [24,
28]. The prevalence of T2D in patients with PWS ranges
7-24%, with lower rates in childhood and higher rates in
adults with obesity after the 5% decade [17, 18]. However,
some aspects related to the pathogenesis of altered glucose
metabolism and T2D and are still matter of debate. Indeed,
besides a familial component in insulin resistance, as in
general population, patients with PWS have fairly low fast-
ing insulin concentrations and a lower incidence of insulin
resistance compared to that expected considering the body
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mass index (BMI), probably due to a greater distribution of
adipose tissue in the subcutaneous than in visceral site [15,
29, 30]. In any case, during the entire life span of patients
with PWS, glucose metabolism must be carefully monitored
annually by measuring glycated hemoglobin (HbAlc), fast-
ing and post-load glucose, and approaching diabetes man-
agement using similar pharmacological agents according
to the guidelines for the general population [15]. The glu-
cose profile must also be assessed in patients undergoing
a replacement therapy with GH and/or sex steroids, due to
possible diabetogenic effects [15].

Cardiovascular diseases are one of the main causes of
death in patients with PWS [31]. A nationwide, popula-
tion-based cohort study carried out in Denmark including
155 patients with PWS that were followed-up from birth
through to first occurrence of an outcome of interest found
an increased risk of myocardial infarction, deep venous
thrombosis and pulmonary embolisms in these subjects
compared to a matched population cohort [32]. Therefore,
monitoring cardiovascular risk factors starting as early as
during adolescence is essential, evaluating at least annu-
ally electrocardiogram, lipid, and pressure profile, carry-
ing out second level investigations, such as cardiac ultra-
sound, 24 h ambulatory blood pressure monitoring, or
inducible myocardial ischemia test when necessary [33,
34]. However, as for glucose metabolism, no significant
differences in lipid profile (triglycerides, total cholesterol,
HDL and LDL cholesterol) were detected between patients
with PWS and BMI-matched patients without PWS, likely
because patients with PWS have less visceral fat content
and this could preserve lipid profile from the detrimental
effect of visceral fat excess [35, 36]. In a cross-sectional
study on 109 children with PWS aged 2-18 years (50 with
obesity and 59 without obesity), and 96 controls with
simple obesity matched for age, gender and BMI, it was
shown that children with PWS without obesity showed
significantly lower frequency of hypertension (12%) than
subjects with PWS and obesity (32%), and controls with
simple obesity (35%), suggesting the crucial role of obe-
sity rather than the syndrome “per se” in the absence of
excessive weight [37].

The impact of modern interventions on mortality risk
was evaluated by the PWS Association 40-year mortality
syndrome-specific database [38]. In this cohort study, Man-
zardo and colleagues examine the survival trends in patients
with PWS using death reports from years 2000 to 2015. This
study demonstrated that, although the respiratory failure was
as a leading contributor to mortality in patients with PWS,
the survival estimates for patients with PWS have increased
since 2000, especially for fatal cardiac events in females and
thrombotic and gastrointestinal-related mortality, most likely
for earlier diagnosis and proactive interventions to prevent
very severe obesity [38]. Therefore, this study highlighted

how an early and timely lifestyle intervention aiming to
limit weight gain is essential to improve life expectancy and
reduce mortality in patients with PWS.

Etiological Mechanisms of Weight Gain
in Patients with PWS

Multiple alterations in energy homeostasis are commonly
reported in patients with PWS and contribute to the mas-
sive weight gain in these patients [24]. In particular,
patients with PWS presented a chronic imbalance between
higher energy intake, due to hyperphagia [9], and lower
total and resting energy expenditure measured by indi-
rect calorimetry when compared with subjects with age-,
sex-, and BMI-matched controls [6]. The mechanism for
the significant overall reduction in energy expenditure in
patients with PWS is multifactorial. It includes hypoto-
nia and abnormal body composition, decreased lean body
mass and increased fat mass (FM) [39], multiple pituitary
hormone deficiencies, and low physical activity [8]. In this
context, tailored dietary energy recommendations are cru-
cial for the management of patients with PWS. In addition,
it was observed that in patients with PWS the consumption
of the recommended daily allowance of calories for age,
gender and height does not guarantee the maintenance of
body weight, but determines a weight gain [27].

Hypothyroidism is diagnosed in patients with PWS with
a prevalence ranging 4-72% [40, 41]. Hypothyroidism,
that contributes to the reduction of the basal metabolic
rate [10], can be primitive or depend on hypothalamic-
pituitary dysfunction. In the latter case, it results in low or
low-normal concentrations of thyroid-stimulating hormone
(TSH) and low concentrations of free thyroxine. Therefore,
early screening of TSH and free thyroxin concentrations is
recommended, and hypothyroid patients are treated with
levothyroxine at standard replacement doses [42]. Addi-
tionally, thyroid function should be monitored 3—4 months
after the start of GH therapy since GH could be responsi-
ble of an increased conversion of T4 to T3 [43].

GHD is the most frequent and studied endocrinopathies
in patients with PWS, with a prevalence ranging from 40 to
100% [9]. In particular, the GH 24 h secretion is decreased,
along with the reduction of insulin-like growth factor I
(IGF-I) production and a lower response of GH to stimula-
tion tests [44]. To start GH replacement therapy, the diag-
nosis of patients with PWS without any confirmatory test
is sufficient, while it is necessary to perform dynamic tests
after the attainment of final height as the deficit is often
not confirmed in adulthood [13]. GHD also contributes
to the alteration of body composition and weight gain,
with decreased lean mass, increased FM, mainly truncal
FM with increase waist/hip ratio, scarce muscle tone and
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strength, reduced energy expenditure, and exercise toler-
ance [45—47]. These alterations significantly improve with
GH replacement therapy with reduction in BMI and FM in
both children and adults with PWS [45—47]. Instead, evi-
dence on patients for 12-24 months after GH replacement
therapy shows a progressive increase in BMI, especially
visceral adipose tissue [48]. To prevent the onset of obe-
sity and to improve psychomotor development, it is advis-
able to start GH therapy as soon as possible, between 3
and 6 months of age, monitoring the glucose profile due to
the diabetogenic effect of the GH, and the risk of OSA by
polysomnography [13]. The recommended starting dosage
is 0.5 mg/m?*/day in children and 0.1-0.2 mg/day in adults
by monitoring the IGF-I values, which should be main-
tained within the upper half of the reference range [13].
Another mechanism potentially involved in weight gain
could be the leptin resistance [49]. In a PWS mouse model,
a progressive central leptin insensitivity has been observed
and it predicted the reduction in the anorexic leptin-mediated
effect and the energy expenditure, likely through the impair-
ment of the activation of leptin-responsive pro-opiomelanocortin
neurons and the release of the melanocortin receptor agonist

a-melanocyte-stimulating hormone [12]. Therefore, weight gain
tends to worsen the leptin resistance, which in turn increases
hyperphagia and reduces the energy expenditure by amplify-
ing the phenomenon in a vicious downhill cycle of weight gain
[12] (Fig. 1).

Physical activity plays a pivotal role in the energy balance
in patients with PWS [50]. Several studies indicate that both
children and adults with PWS perform less physical activity
than age-matched controls without PWS [51, 52]. Accord-
ing to the recommendations for the management of patients
with PWS, physical exercise should be an important part of
patients’ daily life and prescribed as a coadjutant treatment
to GH therapy, in addition to caloric restriction [33]. How-
ever, the achievement of recommended level of moderate-
intensity physical activity is challenging for patients with
PWS [53]. A recent systematic review of 22 studies reported
that patients with PWS (n=356) present a decreased physi-
cal performance and impaired cardiorespiratory and hor-
monal responses to exercise [54]. Most long-term exercise
interventions have proven to decrease FM while improving
physical performance, along with significant improvement in
cardiorespiratory fitness and increased muscle strength [55,
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Fig. 1 Metabolic and hormonal disorders in patients with PWS. T2DM, type 2 diabetes mellitus; GHD, growth hormone deficiency
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56]. Some benefits have also been reported in adults with
PWS and T2D with reduction in HbA1c concentrations and
total daily doses of insulin or oral hypoglycemic agents, and
also on biomechanical variables, including improvement in
coordination, strength, agility, and hand grip strength [57].
Furthermore, no adverse events have been found following
physical activity programs in patients with PWS, although
continuous supervision and support from experienced per-
sonnel is required. Very recently, a systematic review of con-
trolled trials including 25 studies evaluated the effectiveness
of physical activity interventions in patients with PWS and
confirmed that both total volume of physical activity and
physical exercise-related energy expenditure were lower in
patients with PWS compared to patients with non-syndromic
obesity [50]. Although no significant effect on weight and
FM in children with PWS was observed, habitual physical
activity programs were positively associated with lean body
mass and bone parameters, and with improved physical func-
tion, not only in terms of muscle strength and walking dis-
tance, but also as locomotors coordination.

Assessment of Nutritional Status in Adult
Patients with PWS

The evaluation of nutritional status represents a pillar in the
management of patients with PWS. It consists in the assess-
ment of dietary intake and the evaluation of body composi-
tion, which provide important information to develop tai-
lored interventions in these patients.

The assessment of dietary intake allows the estimation
of energy, macronutrients, and other dietary components
provided by the usual diet and the adequacy of the diet and
potential nutritional deficiencies [58]. Different methods can
be used for this purpose (24 h recall, dietary record, food
frequency questionnaire, dietary history), but the choice
depends on patients’ compliance [59]. On the other hand, the
assessment of body composition allows a more reliable and
objective measurement of the nutritional status. Moreover,
the assessment of body composition can be used to monitor
the effect of nutritional interventions or disease-related data
(clinical features as well as prognostic information) [60].
Several methods can be used to evaluate the body compo-
sition with different outcomes on precision and accuracy
[60]. Anthropometry is the easiest method to detect infor-
mation on nutritional status [60]. Body weight and height
can be used to calculate BMI and provide an estimation of
cardiometabolic risk linked to overweight/obesity. Indeed,
BMI >25.0 kg/m? has associated with shorter longevity and
increased risk of cardiovascular morbidity and mortality
[61]. In addition, the assessment of waist circumference can
give information about abdominal adiposity, which repre-
sents a risk factor for CVD and T2D [60, 62]. Nevertheless,

it is important to underline that anthropometric measure-
ments need standardized protocols to increase the accuracy
and precision of collected data [63].

Imaging techniques (dual-energy x-ray absorptiometry,
computed tomography, magnetic resonance, and ultrasound
scanning) are the most advanced and valid methods to detect
body composition. However, these techniques are expen-
sive, time-consuming, or expose patients to radiation [64].
Therefore, bioelectrical impedance analysis [65] has been
widely used in clinical practice and in research studies to
assess body composition. Although BIA does not directly
measure body composition, it provides information about
FM, free fat mass (FFM) [39], and body water (total, intra-
cellular and extracellular water) [66]. As for the evaluation
of nutritional status in adults with PWS, only limited evi-
dence is available on dietary habits in these patients, and
studies were carried out in small-size cohorts (n <20 par-
ticipants). In particular, these cross-sectional studies showed
that adults with PWS might present inadequate intake of
some nutritional components (i.e., dietary fibers, vitamin
D, and calcium) [67, 68]. Martinez Michel and colleagues
provided an overview of some specific food behaviors in
patients with PWS [69]. This review of 27 studies suggested
that patients with PWS prefer sweet tastes and calorie-dense
foods that might explain, at least in part, the increased body
weight. Nevertheless, these findings should be confirmed in
future studies with a larger sample size. Conversely, more
evidence is available on the body composition in patients
with PWS and it will be discussed in detail in the following
paragraph.

Body Composition Assessment

Several studies in children and adolescents undergoing
dual-energy X-ray absorptiometry (DXA) have shown
that patients with PWS presented a higher FM and a lower
FFM than control individuals with simple obesity [6]. As
mentioned above, DXA is the best approach to assess body
composition, but it is not a feasible tool to be used in the
clinical practice for the management of patients with PWS
[6]. Indeed, these patients might need a strict follow-up to
assess the effect of therapeutic interventions and evaluate
their cardiometabolic risk. Therefore, most recent studies
focused on the assessment of body composition by BIA in
children [70], as well as adult patients with PWS [70, 71].
Notably, Bedogni and colleagues evaluated the body com-
position both by BIA and DXA in a group of 27 women
with PWS (age: 30+ 3 years, BMI 41.5 +4 kg/m?) and 54
control women matched for age- and BMI (age: 31 + 2 years,
BMI 41.8+2 kg/mz) [70]. The results showed that women
with PWS had lower FFM than control women (44.4 +2%
vs. 49.0 + 1%, respectively) suggesting that individuals
with PWS might require population-specific equations to
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the prediction of body composition by BIA [70]. The same
research group extended this finding and confirmed lower
FFM in 34 women with and 21 men with PWS and obesity
(46.8 £ 6% and 49.5 + 6, respectively) as compared to refer-
ence values [70]. The reduction of FFM might explain, at
least in part, the reduced energy expenditure observed in
patients with PWS [72, 73]. Indeed, total energy expenditure
(TEE) consist in four different components: resting energy
expenditure (REE) [36], activity energy expenditure [74],
sleeping energy expenditure (SEE), and diet-induced ther-
mogenesis (DIT) [75].

A systematic review including 10 studies in humans
reported that patients with PWS have lower REE and AEE
values than individuals with non-syndromic obesity, with
no major changes in the other components of TEE (SEE and
DIT) [6]. As REE and AEE are strictly related to the amount
of FFM, mainly muscle mass, improving FFM in patients
with PWS may represent a useful strategy to increase TEE
[6]. REE accounts for 70-80% of daily TEE and, therefore,
it is calculated for the estimation of dietary energy require-
ment in clinical practice [6]. It is to underling that current
equations for the prediction of REE consider only age, sex,
height, and BMI, and might overestimate REE in adults with
PWS [73, 76]. As an example, a study in 80 patients with
PWS (age: 17-50 years, BMI 39.1 kg/m?) showed that using
Harris—Benedict equation, one of the most used prediction
equations in clinical practice, there was an overestimation
of REE > 7% [73]. Therefore, according to the peculiar fea-
tures of patients with PWS (low FFM and low TEE) new
prediction equations have been validated for the calcula-
tion of REE (also known as basal metabolic rate, expressed
as MJ). The equations proposed by Lazzer and colleagues
are: 1) body mass [77] % 0.052 + sex (1 for males and O for
females) X 0.778 + age (years) X 0.033 +2.839; or 2) FFM
[771%0.074 + FM [77] % 0.042 + sex (1 for males and 0
for females) X 0.636 — age (years) X 0.037 +2.515), which
also consider body composition (FFM and FM assessed
by BIA) [73]. Besides FFM and FM, phase angle [78] is
a BIA-derived measure that provides information on cel-
lular health and integrity [66]. In addition, PhA has been
appointed as a reliable tool to detect inflammatory status
in many diseases [79—-81]. Increased plasma concentrations
of inflammatory indices have been detected also in patients
with PWS [82-84]. Interestingly, a cross-sectional study
investigated the relationship between PhA and inflamma-
tion (measured by C-reactive protein, CRP) in 15 patients
with PWS (28 +6.8 years, 43.8 +10.7 kg/m?) compared to
gender-, age-, and BMI- matched individuals without PWS
(n=15,30+6.9 years, 43.9 + 8.8 kg/mz) [80]. Patients with
PWS presented lower PhA and higher plasma concentra-
tions of CRP than control individuals. Moreover, these two
parameters were inversely associated also after adjustment
for the main confounding factors (gender, BMI, and waist
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circumference) [80]. These findings suggest that PhA could
be a useful non-invasive marker of inflammation to consider
in the management of patients with PWS [80].

PWS, Prader—Willi syndrome; BMI, body mass index;
SD, standard deviation; GLP-1, glucagon-like peptide-1;
GIP, gastric inhibitory polypeptide; GLP-2, glucagon-like
peptide-2; FFA, free fatty acids; TG, triglycerides; HDL,
high-density lipoprotein; CI, confidence interval; LDL, low-
density lipoprotein.

Nutritional Approach

A relevant aspect in the management of the patients with
PWS is the adherence to a diet starting from the first months
of life to favor a regular body growth and, subsequently,
to cope with the incipient hyperphagia and to prevent or
treat the excess of weight throughout the life span [6, 7, 89].
Therefore, the nutritionist represents together with the endo-
crinologist the key figures in the management of patients
with PWS, since a close nutritional follow-up, adapted to
the patient's life stages and in agreement with the caregivers
is essential. A low-calorie diet is the standard recommenda-
tion for patients with PWS to achieve weight management,
and several types of diets have been suggested, i.e., a low-
fat low-calorie diet, a modified plant-based food pyramid,
and the ‘red, yellow, green’ diet, which prefers plant foods
restricting high-fat and high-energy ones [90, 91]. However,
all the proposed diets aimed to restrict fats and energy and
offer no specific recommendations about the amount of the
other nutrients and fiber intake.

Currently the most promising strategy seems to be a well-
balanced low-calorie diet. In a study on 63 patients with
PWS, it was demonstrated that a balanced energy-restricted
diet of approximately 30% fat, 45% carbohydrates (at least
20 g of fiber/day), and 25% protein significantly improved
body weight composition in patients with PWS compared
to a standard energy-restricted diet [85]. In addition, in the
context of a balanced low-calorie diet, it is recommended to
consume small and split meals throughout the day, includ-
ing snacks, to control hyperphagia and to avoid repeated
requests for food, theft, and obsessive behavior towards food
that could worsen during more drastic diets [85].

As for ketogenic diet, a study in eight hospitalized
patients with PWS (age 9-18 years) showed that a low-
carbohydrate high-fat diet (15% carbohydrate, 65% fat, and
20% protein) increases glucagon-like peptide-1 (GLP-1) and
reduces ghrelin/GLP-1 ratio, possibly limiting food intake
and improving glycemic control as compared to a low-fat
high-carbohydrate diet (65% carbohydrate, 15% fat, and
20% protein) [86]. Other potential benefits of carbohydrate
restriction may include fat mobilization and oxidation, and
reduction in the triglycerides/HDL ratio, a marker of insulin
resistance. However, ketogenic diet may increase CRP and
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liver enzyme, and therefore, longer-term studies are needed
to confirm its efficacy and safety, and to recommend its use
only in selected patients and under strict medical supervision
[86]. Accordingly, a clinical feasibility study investigated the
effects of a 4 month-ketogenic-like diet (i.e., Modified Atkin
Diet, i.e., 10-15 g of net carbohydrate) in a very small group
of children with PWS (n=4, 6-12 years) [87]. One patient
lost 2.9 kg; the others maintained their weight. Nevertheless,
positive effects on hyperphagia as well as on behaviors were
reported by parents and relatives [87].

Therefore, even though results deriving from the use of
ketogenic diet in patients with PWS populations are promis-
ing, no conclusions can be drawn on the effectiveness and
safety of this diet, due to small sample size and short-term
duration of the studies.

On the other hand, in a recent study adults with PWS
(N =45, median age of 26 years) underwent a six years-
program based on Mediterranean diet and physical activity
[88]. More in details, participants underwent a 3-weeks-
metabolic rehabilitation program which was performed at
the beginning (baseline) and after three and six years. In
between, the patients were followed every six months [88].
The mean weight loss was 3.6 and 4.6 kg after three and six
years, respectively. FM decreased by 2.3% and 1.8% after
three and six years, respectively. In addition, total and LDL
cholesterol concentrations were significantly lower after six
years (-11.7 and 8.1 mg/dl, respectively) [88].

Pharmacological Approach in Patients
with PWS

Besides nutritional management, GH replacement therapy in
PWS children with GHD has demonstrated to decrease FM,
increase FFM, and improve both motor and mental perfor-
mance [92]. Nevertheless, GH therapy is not effective in the
reduction of PWS-specific hyperphagia and in the long-term
body weight control [93].

Over the years, several anti-obesity drugs have been used
to support nutritional therapy in patients with PWS [31,
49]. Orlistat is a gastrointestinal lipase inhibitor that limits
fat absorption to up to 30% of ingested fats without exert-
ing central nervous system effects. It has demonstrated only
modest efficacy in patients with PWS, likely due to poor
compliance for gastrointestinal side effects [94]. Metformin
is an oral hypoglycemic drug used for the management of
T2D and pre-diabetes in individuals with obesity. A pilot
study with metformin supplementation in 21 children and
adolescents with PWS showed an improvement of the food-
related distress and anxiety, evaluated by hyperphagia ques-
tionnaire, but no effects on body weight [19]. Similar effects
were observed also after Topiramate supplementation, an
antiepileptic drug used also in the treatment of atypical

psychoses that acts as modulator on Na*t channels, gamma-
aminobutyric acid (GABA) concentrations, and a-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) and
kainate receptors. An 8-week double-blind randomized
placebo-controlled trial in 62 patients with PWS dem-
onstrated an improvement of hyperphagia—evaluated as
behavior and severity scores by Dykens Hyperphagia Ques-
tionnaire—after Topiramate group versus placebo group,
with no effects on BMI [95]. Therefore, both metformin
and topiramate may play a role in the behavioral control of
hyperphagia but without contributing to weight loss.

Other promising drugs to reduce appetite and increase
energy expenditure in patients with PWS were Sibutramine,
an unspecific inhibitor of serotonin and norepinephrine
reuptake, and Rimonabant, an endocannabinoid CB1 recep-
tor antagonist. Nevertheless, these drugs were withdrawn
from the market for their serious cardiovascular and psy-
chiatric adverse events registered during clinical trials [20,
21].

Naltrexone-Bupropion is a combination of a mild inhibi-
tor of dopamine and norepinephrine reuptake (Bupropion)
with an agonist of the p-opioid receptor (Naltrexone)
that acts synergistically to activate pro-opiomelanocortin
(POMC) neurons in the hypothalamic, in particular in the
neurons in the arcuate nucleus (ARC), resulting in appe-
tite suppression [96, 97]. Until now the effectiveness of this
association for 6 months has only been described in a case
report in a girl with PWS, showing an improvement of eating
habits, without a significant reduction of BMI [22].

Considering the multiple alterations in the endocrine
control of eating behavior in patients with PWS that involve
both central and peripheral signals of hunger-satiety net-
work, a number of studies have been performed to modu-
late hyperphagia [31]. In particular, Bueno and colleagues
classified patients with PWS according to their fasting and
postprandial cluster of a hormones to tailor more specific
drugs development. They highlighted that most of patients
with PWS present a similar altered endocrine profile, charac-
terized by high concentrations of ghrelin, leptin, peptide YY,
gastric inhibitory polypeptide, and GLP-1 [98]. Accordingly,
GLP-1 receptor agonists may act determining a decrease in
appetite and weight and stimulating the glucose-dependent
insulin secretion with protective effects on pancreatic -cells
and cardiovascular system [99]. A six-month treatment with
exenatide, a short-acting GLP-1R agonists, was evaluated in
a longitudinal study on 10 overweight/obese patients with
PWS—3 patients were affected by T2D—showing a reduc-
tion in appetite scores and an improvement in HbAlc, with
no changes in weight or BMI [100]. In addition, in a report
of six cases of patients with PWS and T2D never treated
with GH, the treatment with 1.2 to 1.8 mg/day of liraglutide,
a long-acting GLP-1R agonists, or 20 mg/day of exenatide
for two years, a trend to reduced HbAlc and mean blood
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glucose, BMI, and waist circumference [23]. Although clini-
cal trials with GLP-1 agonists are still ongoing, these find-
ings suggested that GLP-1 receptor agonists could represent
a useful tool in the management of patients with PWS, with
promising effects on hyperphagia and body weight [49].
On the other hand, alterations in the oxytocinergic system
have been described in patients with PWS, which have been

linked to some of clinical features of patients with PWS,
such as hyperphagia, obesity, and social behavior disorders
[49]. Preliminary studies in both adolescents and adults
with PWS suggested a beneficial effect of nasal oxytocin
administration in improving social behavior. A randomized,
double-blind phase 2 study confirmed the efficacy of nasal
oxytocin administration in infants on oral feeding skills and

Fig.2 Clinical assessment and
potential therapeutic strategies
for the management of obesity
and its complications in adults
with PWS. Abbreviations: PWS,

Prader—Willi syndrome; GLP-1, ==t
glucagon-like peptide-1 sl
—0J 7| deficiencies.
N ro U
U
il
J
T
Nl o)
equations for PWS.
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Clinical assessment

intake for the estimation of nutriti_orh

adequacy, food behaviors, and potential nutritional

Anthropometric measures and body composition to
evaluate actual nutritional status and to monitor the
effects of therapeutic interventions.

Prediction of energy requirement by validated

Blood drawn for the detection of altered biochemical

parameters to screen and monitor cardiometaboy

diseases and their risk factors.

PWS

Therapeutic options

A balanced energy-restricted diet (30% fat, 45%
carbohydrates, at least 20 g of fibre/day, and 25%
protein) resembling the Mediterranean Diet.
Ketogenic diet may be used in selected patients and
under strict medical supervision.

Small and split meals throughout the day, including
snacks, to control hyperphagia.

Tailored physical activity programs to increase
physical performance, improve lean mass and bone,
and reduce cardiometabolic risk factors.

Anti-obesity drugs and GLP-1 agonists may be used to
support nutritional therapy.

The use of bariatric surgery is controversial due to
ethical and safety issues.
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social behavior. Moreover, a randomized, double-blind trial
with intranasal carbetocin, an oxytocin receptor selective
compound, in adolescents with PWS showed an improve-
ment in hyperphagia score and behavioral symptoms after
14 days of treatment [49].

As above mentioned, due to ghrelin orexigenic action,
hyperghrelinemia has been suggested as a potential cause
of increased appetite and weight gain in patients with
PWS [49]. A European multicentric randomized placebo-
controlled study evaluated the effectiveness of livoletide
(AZP-531), a non-acylated ghrelin analog, in patients with
PWS [101]. The daily injection of a dose of AZP-531 for
14 days in 47 patients with PWS was effective in reducing
the hyperphagia score, waist circumference and FM, without
inducing serious adverse effects. However, no significant
changes in ghrelin concentrations were observed, and all
beneficial effects were not maintained after three months of
treatment [102].

Surgical Approach in Patients with PWS

A further therapeutic tool to consider in patients with PWS is
bariatric surgery [24, 103]. However, current data concerning
bariatric surgery effectiveness in genetic and syndromic obe-
sity, specifically in patients with PWS, are generally based on
few case reports, and results are not easy to compare due to dif-
ferences in surgical procedures and duration of follow-up [49].

A retrospective analysis of 60 patients with PWS [104]
showed that weight loss at 5 years after surgery is signifi-
cantly lower in individuals with PWS than in individuals with
non-syndromic obesity, with a relatively high post-surgical
complication rate. However, the results of this study are dif-
ficult to interpret due to the heterogenicity of bariatric proce-
dures and the high dropout rate at follow-up (at 5 years only
11 patients are reported). In addition, the high incidence of
postoperative issues was likely due to the inclusion of obso-
lete bariatric surgery procedures, as well as some patients
with PWS-specific conditions (i.e., abnormal pain threshold,
inability to vomit, predisposition to acute gastric dilatation,
or more severe preoperative clinical conditions).

Among surgical procedures, sleeve gastrectomy and
mini gastric bypass (MGB) seem to be the better choices
in patients with PWS considering both the effectiveness in
the achievement and maintenance of weight loss and the
reduced incidence of surgical complications. In particular, in
three young male patients with PWS (mean age 15.6 years),
laparoscopic MGB appeared effective in inducing a signifi-
cant and stable weight loss (79% weight loss two years after
surgery), without relevant nutritional deficiencies, weight
regain, or need for revision surgery [65]. In a Chinese study,
three patients with PWS underwent bariatric surgery, two-
sleeve gastrectomy and one MGB [105]. After a median
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follow-up of 33 months (range 24-36 months), mean weight
loss and percentage of weight loss at 2 years were 32.5 kg
(24.9-38.3 kg) and 63.2% (range 50.5-86.2%), respectively,
without major postoperative complications. Moreover,
sleeve gastrectomy performed in 24 children and adoles-
cents with PWS (average age 10.7 years) resulted in 14.7%
weight loss at 1 year (n=22) and 10.7% (n=7) at 5 years, as
compared to adolescents with non-syndromic obesity, and
without major postoperative complications [106].

Results of bariatric surgery in 24 children/adolescents
PWS compared to 72 non-PWS subjects matched for age,
gender and BMI, undergoing a laparoscopic sleeve gastrec-
tomy, have recently been published [107]. In the patients
with PWS, the decrease in BMI was 15 kg/m? at 1 year and
11 kg/m? at 5 years, as in the non-PWS group. Moreover, a
81.8% of comorbidities remission was observed in particular
for OSA [107]. Conversely, a study including five patients
with a 10-year follow-up did not report sustainable long-
term weight loss or comorbidity resolution after [108].

It is to underline that intellectual disabilities raise relevant
ethical concerns in the bariatric treatment of adolescents
with PWS and require an accurate preoperative analysis of
psychological, social, and ethical aspects to adequately sup-
port patients and parents, and the long-term monitoring of
the surgical outcome [109].

Therefore, bariatric surgery in patients with PWS remains
still controversial and requires the collaboration of an expert
multidisciplinary team and the development of more innova-
tive bariatric treatment plans tailored to patients with PWS
to obtain effective and stable weight loss, and to reduce
severe health complications in these patients Table 1.

Conclusion

PWS is a complex disorder, and this syndromic obesity
predisposes to an early risk of developing several health
conditions as cardiometabolic diseases. Therefore, the
management of obesity in patients with PWS is challeng-
ing and requires the cooperation of an experienced multi-
disciplinary team, including the nutritionist. An adequate
clinical evaluation including nutritional and biochemical
parameters should be performed to tailor the best thera-
peutic strategy (Fig. 2). Both lifestyle and pharmacological
interventions may represent useful strategies to prevent
the high rate of morbidity and mortality related to PWS.
The use of bariatric surgery is still controversial (Fig. 2).
Nevertheless, further studies are needed to pave the way
to new therapeutic scenarios in the management of obesity
in PWS.
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