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chromosome 15 (UPD15), found in 25–35% of cases; and 
(3) imprinting center defects (IC) or other chromosome 15 
abnormalities, which are less common (1–4%) [1].

PWS is recognized as the most frequent syndromic cause 
of severe obesity, with an estimated birth prevalence of 
approximately 1 in 21,000 live births [2]. Its clinical pre-
sentation is believed to result from complex hypothalamic 
dysfunction [3], leading to a multisystem involvement. In 

Introduction

Prader–Willi syndrome (PWS) is a rare and complex 
genetic disorder caused by the absence of expression of the 
paternally-expressed imprinted genes on chromosome 15. 
The primary genetic mechanisms underlying PWS include: 
(1) paternal 15q11.2-q13 deletion (del15) accounting 
for 60–70% of cases; (2) maternal uniparental disomy of 
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Abstract
Purpose  This study is a cross-sectional analysis of data from the Italian registry for patients with PWS, aimed at assessing 
the prevalence of endocrine and metabolic abnormalities in 539 patients with Prader-Willi syndrome (PWS), aged 0.0 to 61.6 
years. Demographic and genetic data were also analyzed.
Methods  Patients were recruited from 18 PWS referral centers participating in the Italian PWS registry. Each subject under-
went comprehensive health screening as part of routine clinical care.
Results  The analysis of database revealed: (1) a reduction of obesity prevalence compared to previous data in the Italian 
population of PWS (51.0% versus 62.6%); (2) a high frequency of endocrine disorders (hypogonadism 53.5%, hypothyroid-
ism 16.1%, central adrenal insufficiency 5.9%, precocious puberty 5.6%); (3) 337 individuals were undergoing GH therapy 
(62.5%), including 286 < 18 years (91.4%) and 51 > 18 years (22.6%); (4) a high prevalence of altered glucose metabo-
lism (27.4%), dyslipidemia (29.7%), hyperuricemia (10.4%), hypovitaminosis D (50.2%), osteoporosis (6.9%), metabolic 
dysfunction-associated steatotic liver disease (33.3%) and cholelithiasis (13.3%); (5) endocrine and metabolic abnormalities 
were more frequent among patients > 18 years; (6) patients > 18 years had a higher rate of paternal 15q11.2-q13 deletions and 
a lower rate of maternal uniparental disomy for chromosome 15 than younger individuals (61.1% versus 40.9% and 31.0% 
versus 46.0%, respectively; p < 0.001); (7) the median age at genetic diagnosis was lower in the younger group compared to 
those > 18 years (0.1 years versus 3.7 years; p < 0.001).
Conclusion  Our findings confirm the high prevalence of endocrine and metabolic comorbidities in Italian subjects with 
PWS.
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infancy, affected individuals typically present with pro-
found muscle hypotonia and feeding difficulties, which are 
later replaced by hyperphagia and early onset of obesity if 
uncontrolled. Additionally, features include distinct facial 
dysmorphism, intellectual disability, behavioral and psychi-
atric disturbances and short stature [4]. PWS is also asso-
ciated with multiple endocrine and metabolic dysfunctions 
such as growth hormone deficiency (GHD), hypogonadism, 
premature adrenarche, precocious puberty, hypothyroidism 
and central adrenal insufficiency (CAI) [5]. Altered glu-
cose metabolism (AGM), including impaired fasting glu-
cose, impaired glucose tolerance, type 2 diabetes mellitus 
(T2DM) and type 1 diabetes mellitus (T1DM), is reported 
in 10–25% of cases [6]. Dyslipidemia is also frequently 
observed in both children [7] and adults [8]. However, the 
clinical manifestations of PWS can vary significantly with 
age and among individuals, independent of the underlying 
genetic subtype.

Given the rarity and phenotypic variability of PWS, one 
of the major challenges remains improving awareness and 
clinical understanding of the syndrome to enhance manage-
ment strategies and patient outcomes. Large-scale studies 
across Europe [8–16], Australasia [17–19], and the USA 
[20, 21] have contributed significantly to expanding the 
knowledge of PWS. Additionally, the Global Prader–Willi 
Syndrome Registry, established in 2015 by the Foundation 
for Prader–Willi Research, was designed to capture the full 
clinical spectrum and natural history of the syndrome [22].

In the Italian context, a previous national collaborative 
study in 425 subjects with PWS provided data on geno-
type, weight status, GH therapy, and mortality risk [23]. 
However, the prevalence of broader physical health issues 
in this population has not been fully explored. To address 
this gap, the Italian PWS registry (IPWSR) was launched 
in 2019. Developed using RegistRare, a standardized and 
customizable web-based platform, the registry represents 
a collaborative effort involving the Italian PWS Federa-
tion (PWS-Onlus), designated referral centers across Italy, 
and the National Centre for Rare Diseases (NCRD) at the 
Istituto Superiore di Sanità (ISS) [24]. The IPWSR collects 
comprehensive data on age at diagnosis, genetic findings, 
prenatal, neonatal and postnatal history, general medical 
status, organ- and system-specific complications, dietary, 
pharmacological, physical and surgical treatments, and 
behavioral, psychiatric, and social factors.

Based on this background, the present study aimed to 
evaluate the prevalence of endocrine and metabolic altera-
tions in a large cohort of patients with PWS, including both 
pediatric and adult patients followed at referral centers 
within the Italian Rare Disease Network. We also examined 
variations by genotype, sex, weight status, and age, while 

providing an updated overview of demographic and genetic 
characteristics in our cohort.

Methods

Patients and procedure

This cross-sectional study analyzed data from 539 Italian 
subjects with genetically confirmed PWS, enrolled in the 
IPWSR between 2019 and 2024, of whom 533 were alive at 
the time of study completion. All patients underwent genetic 
analysis according to the revised clinical diagnostic criteria 
[25]. Participants were recruited from 18 specialized PWS 
referral centers across Italy.

The primary aim was to evaluate the endocrine and 
metabolic status of the cohort, considering both diagnostic 
and therapeutic aspects. All data were derived from direct 
patient assessments conducted during routine clinical care, 
in accordance with the standardized Diagnostic and Ther-
apeutic Care Pathway for PWS in Italy [26]. Each center 
provided parents and guardians with proper instructions on 
nutrition and physical activity management, in accordance 
with the International Prader-Willi Syndrome Organization 
consent documents [27]. Each patient underwent a com-
prehensive health screening, which included medical his-
tory (collected through interviews with primary caregivers, 
patients, and community healthcare providers, and through 
review of clinical records), complete physical examina-
tion, anthropometric data, biochemical analysis, endocrine 
assessment and instrumental evaluation. Hyperphagia was 
assessed with the Dyckens Hyperphagia Questionnaire [28].

Physical examination included determination of length 
or standing height and weight, according to standardized 
procedures [29].

Biochemical parameters included evaluation of thyroid 
function (TSH and freeT4), gonadal function (estradiol or 
testosterone, basal and/or stimulated FSH and LH), adre-
nal function (basal and/or stimulated cortisol, ACTH), lipid 
metabolism [total cholesterol (TC), HDL-cholesterol (HDL-
C), triglycerides (TG)], glucose metabolism [glucose (fast-
ing and/or during oral glucose tolerance test), insulin and 
hemoglobin A1c (HbA1c)], uric acid and 25-hydroxyvita-
min D (25OHD). GH secretory status was evaluated during 
the transition phase and in adult subjects by stimulation tests 
with GHRH plus arginine or glucagon, while GH testing 
was not required in children with PWS, as suggested by the 
Growth Hormone Research Society [30]. GH therapy (GHT) 
was given according to age, weight and induced IGF-I lev-
els, according to current guidelines [30]. All biochemical 
parameters were analyzed with standard techniques. Labo-
ratories of all centers belong to the Italian National Health 
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system and are certified according to the International Stan-
dards ISO 9000, undergoing to semi-annual quality controls 
and inter-lab comparisons.

The presence of metabolic dysfunction-associated stea-
totic liver disease (MASLD) and osteoporosis was detected 
using ultrasonography analysis and dual-energy X-ray 
absorptiometry scans, respectively.

The study protocol was approved by the ISS Ethics com-
mittee (CE 17_12_2018) and by the Ethics committees of 
each reference center involved in the project, in accordance 
with the principles expressed in the Declaration of Helsinki 
(1975) and in the 2005 Additional Protocol to the Euro-
pean Convention of Human Rights and Medicine concern-
ing Biomedical Research. Written informed consent was 
obtained from the parents or legal guardians, and from the 
patients when applicable.

Genetic analysis

DNA methylation analysis [polymerase chain reaction 
(PCR) along with Southern blotting of the SNRPN probe for 
the chromosome 15q11-q13 region, or currently Methyla-
tion-specific multiplex ligation-dependent probe amplifica-
tion analysis (MS-MLPA)] and/or historically fluorescence 
in situ hybridization (FISH) analysis were performed for 
initial diagnosis. For those with a PWS methylation pat-
tern but non-deletion type, microsatellite linkage analysis 
was used to differentiate UPD15 or an imprinting defect. A 
high-resolution karyotype was utilized to detect cases with 
translocations or other chromosomal abnormalities involv-
ing chromosome 15.

Definitions

Small for gestational age (SGA) identifies subjects whose 
birth length and/or birth weight were <−2 SDS of Bertino 
Table [31].

For comparison, the age of 18 years at enrollment was 
used as a cut-off point to divide the cohort into two age 
groups: ≤18 (pediatric age) and > 18 years (adult age).

Regarding genetic characteristics, we compared the 
group of subjects based on the main genotypes (del15 ver-
sus UPD15).

Individuals aged 18 years or younger were defined as 
obese when body mass index (BMI, kg/m2) was ≥ 2 SDS 
[32], while older subjects were considered obese if they had 
a BMI > 30.

Hypogonadism was based on both clinical evaluation and 
laboratory values (low circulating sex steroid levels and/
or altered LHRH stimulation test). Hypothyroidism was 
diagnosed as free T4 levels below normal values, regard-
less of TSH. The diagnosis of CAI was established when 

peak cortisol was < 500 nmol/l after administration of 1 µg 
synacthen, by retesting deficient patients with the high-dose 
short synachten test or a repeat low-dose short synacthen 
test, as previously reported [33, 34]. After attainment of 
adult height, institution of GHT required demonstration of 
GH deficiency, using the BMI-dependent diagnostic cut-off 
limits of the GH peak response to GHRH plus arginine test 
[35] or the PWS-specific cut-off for the glucagon test [36].

For patients younger than 18 years, hypercholesterolemia 
and hypertriglyceridemia were defined as values > 95th per-
centile for sex and age and low HDL-C level as <5th per-
centile for sex and age [37, 38]. According to the literature, 
hypertriglyceridemia in adults was defined as TG values > 
150 mg/dl and low HDL-C level in the presence of HDL-C 
values < 40 mg/dl in males and < 50 mg/dl in females [39]. 
Patients older than 18 years were considered hypercho-
lesterolemic when TC was ≥ 200 mg/dl [40]. The diagno-
sis of AGM was defined according to the 2024 American 
Diabetes Association criteria [41]. 25OHD deficiency was 
defined as a level below 20 nmol/L, while hyperuricemia 
was diagnosed as levels above the normal ranges of local 
laboratories.

Diagnosis of MASLD was made according to standard-
ized criteria [42, 43]. Pediatric osteoporosis was defined by 
both: (1) a clinically significant fracture history; and (2) a 
bone mineral density Z-score ≤ −2.0 [44]. In adult patients 
osteoporosis was defined as a T-score below or equal to − 
2.5 SD, according to the World Health Organization criteria 
[45].

Statistical analysis

Descriptive statistics included the evaluation of absolute 
and percentage frequencies, and positional and dispersion 
indices such as mean, median, standard deviation, quartiles 
and interquartile range (IQR) to describe and provide the 
basic information about the variables of interest.

Subsequently, the database was stratified based on the 
analysis subgroups (pediatric/adult; obese/non obese; del 
15/UPD15; males/females), and the following tests were 
conducted:

	● Pearson’s Chi-Square Test to study the association be-
tween two qualitative nominal variables and measure 
the significance of the differences.

	● Mann-Whitney test to compare the medians of two in-
dependent samples.

The resulting p-values ≤ 0.05 indicate an association 
between variables (for Pearson’s Chi-Square Test) and sig-
nificant differences in median values across various catego-
ries of the stratification variable (for Mann-Whitney test). 
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Of the 160 subjects with dyslipidemia (29.7%), 54 had 
low HDL-C level, alone (n. 11) or associated to hypercho-
lesterolemia (n. 104), hypertriglyceridemia (n. 31) or mixed 
hyperlipidemia (n. 14). Altogether, 37 individuals under-
went lipid lowering therapy: 20 with statins, three with 
ezetimibe, two with omega 3 supplementation, two with 
statin plus omega 3 supplementation, one with fenofibrate, 
one with cholestyramine and 8 with nutraceutical combina-
tion, containing red yeast rice extract, berberine, policosa-
nol, astaxanthin, coenzyme Q10, and folic acid. The other 
123 cases were treated with diet alone.

Fifteen patients out of 56 with hyperuricemia received 
allopurinol, while the remaining subjects were advised on 
dietary rules.

All 260 subjects with hypovitaminosis D were treated 
with cholecalciferol. Osteoporosis was detected in 37 sub-
jects: 12 of them were undergoing therapy with bisphospho-
nates and one with denosumab.

MASLD was present in one-third of cases (33.3%), 
while cholelithiasis was found in 63 individuals (13.3%). 
Six patients were treated for steatosis with docosahexaenoic 
acid, choline and vitamin E, while 25 were receiving ther-
apy with ursodeoxycholic acid. At the time of the study, 22 
subjects had undergone cholecystectomy.

Comparison between patients aged ≤ 18 and > 18 
years

Table 2 reports demographic, genetic and clinical data by 
age group. The prevalence of females was higher in patients 
aged > 18 years (p < 0.001). The older age group had a 
higher percentage of del15 and fewer UPD15 than those 
observed in younger individuals (61.1% versus 40.9% and 
31.0% versus 46.0%, respectively; p < 0.001). The median 
age at genetic diagnosis was significantly lower in younger 
subjects than in those older than 18 years (0.1 years, IQR 
0.0–0.5.0.5 versus 3.7 years, IQR 0.6–10; p < 0.001). In the 
45 children born after 2020, the median age at genetic diag-
nosis was 0.1 years (IQR 0.1–0.1).

As expected, the great majority of pathological condi-
tions were more prevalent in patients older than 18 years. 
Further subdividing the cases into 0–14 years, 14–18 years 
and > 18 years, a progressive increase in the percentage of 
hypogonadism is observed across the three groups (17.6% 
versus 50% versus 84.4%; p < 0.001). On the other hand, 
spontaneous menarche was more frequent in older sub-
jects (45.7% versus 5.9%; p < 0.001). A higher prevalence 
of premature adrenarche and CAI was reported in younger 
individuals (16.8% versus 9.2%: p = 0.014 and 8.3% versus 
2.7%: p = 0.006, respectively). Although obesity was more 
frequent in the older group, the onset of hyperphagia and 
age of obesity onset were similar in both age groups. Finally, 

Statistical analysis was performed using SPSS 29.0.1.0 
(SPSS Inc).

Results

Characteristics of the study cohort

The characteristics of the study group are shown in Table 1. 
In our population, ages ranged from 0.0 to 61.6 years 
(median: 14.0, IQR 7.5–26.6). The age distribution at the 
time of enrollment of the study cohort is shown in Fig. 1. 
Fifty patients (9.3%) had a positive methylation test, but the 
underlying genetic defect was not identified. Considering 
only the subjects with genetic characterization, the deletion 
type was the most prevalent (54.4%), followed by UPD15 
(43.8%), IC (1.0%) and translocation involving the 15q11-
q13 region (0.8%). Overall, the median age at genetic diag-
nosis was 0.4 years (IQR 0.1–3.1).

A significant proportion of patients had endocrine abnor-
malities, including hypogonadism (53.5%), hypothyroid-
ism (16.1%), CAI (5.9%) and precocious puberty (5.6%). 
The great majority of males had cryptorchidism (90.3%). 
Spontaneous menarche was observed in about one-fourth 
of females (25.2%), while premature adrenarche was found 
in 13.5% of subjects. Regarding birth measurements, 194 
subjects (37.8%) were born SGA. At the time of the study, 
337 individuals were undergoing GHT (62.5%), while 441 
subjects had been treated during childhood (82.4%). Alto-
gether, 145 individuals were receiving sex steroid replace-
ment therapy (26.9%), 83  L-thyroxine substitution for 
hypothyroidism (except 4 with subclinical hypothyroidism) 
and 23 glucocorticoid treatment for CAI (of 32). No cases 
required mineralocorticoid replacement in addition to gluco-
corticoids. Twenty-four of 30 subjects received therapy for 
precocious puberty (gonadorelin, leuprorelin, triptorelin).

Obesity was present in 275 patients (51.0%), and 35 of 
them (12.7%) were undergoing pharmacotherapy (orlistat, 
metformin, topiramate, liraglutide, semaglutide, dulaglu-
tide), while 27 subjects had bariatric surgery. Altogether, 
hyperphagia was reported in 58.5% of subjects. The median 
age of onset of hyperphagia was 4 years (IQR 2–6), one year 
before the development of obesity (5 years, IQR 3–10).

Overall, AGM was detected in 148 subjects (27.4%): 7 
of them had impaired fasting glucose (IFG) (1.3%), 78 had 
impaired glucose tolerance (IGT) (14.4%), 62 had type 2 
diabetes mellitus (T2DM) (11.5%), and one had type 1 dia-
betes mellitus (T1DM) (0.2%). Ninety-eight subjects were 
taking monotherapy or a combination therapy with oral anti-
diabetic agents (n. 94), GLP-1 agonists (n. 17) and insulin 
(n. 18), while the remaining 50 patients were on diet only.
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a similar prevalence of cryptorchidism, precocious puberty, 
hypothyroidism and SGA was detected in both age groups.

As a result of these findings, patients over the age of 
18 were treated more frequently than younger subjects 
with sex steroids (53.5% versus 7.7%, p < 0.001), anti-
obesity drugs (14.2% versus 1.0%, p < 0.001), hypoglyce-
mic agents (34.5% versus 6.4%, p = 0.001), lipid-lowering 
therapy (15.5% versus 0.6%, p < 0.001), allopurinol (6.6% 
versus 0.0%, p < 0.001), vitamin D (72.1% versus 40.3%, 
p < 0.001), osteoporosis medications (6.6% versus 0.3%, 
p < 0.001), and drugs for MASLD/cholelithiasis (10.2% ver-
sus 2.6%, p < 0.001) On the other hand, a greater percentage 
of younger subjects was undergoing GHT (91.4% versus 
22.6%, p < 0.001) and glucocorticoids for CAI (6.7% versus 
0.9%, p = 0.001) than individuals > 18 years. The percentage 
of cholecystectomy among patients with cholelithiasis was 
lower in younger individuals than in older subjects (0.6% 
versus 8.8%, p < 0.001), similarly to bariatric surgery (0.9% 
versus 10.6%, p < 0.001). Finally, no difference was found 
between the age groups for the treatment of precocious 
puberty and hypothyroidism.

Comparison between patients with del15 and 
UPD15

Table 3 presents demographic and clinical data according 
to different genotypes. Compared to subjects with UPD15, 
patients with del15 were significantly older (18.5 years, IQR 
10.2–36 versus 12.2 years, IQR 5.6–20.5; p < 0.001). Num-
ber and percentage of subjects stratified by age within the 
two genotype groups are reported in Table 4. Subjects with 
del15 had a higher rate of spontaneous menarche (29.5% 
versus 17.5%; p = 0–036), hyperphagia (68.9% versus 
50.0%; p < 0.001), obesity (55.6% versus 45.8%; p = 0.032), 
and osteoporosis (10.2% versus 3.7%; p = 0.007). The per-
centage of SGA was higher in individuals with UPD15 than 
in del15 (42.3% versus 32.8%; p = 0.036). No other differ-
ences were found between the two groups.

Patients with del15 were more frequently treated than 
those with UPD15 with sex steroids (31.9% versus 20.6%, 
p = 0.005) and osteoporosis drugs (4.9% versus 1.4%, 
p = 0.034). On the other hand, 70.1% of UPD15 cases 
undergo GHT compared to 58.3% of del15 cases (p = 0.001). 
In addition, the percentage of individuals undergoing chole-
cystectomy was higher in those with del15 than in UPD15 
(6.8% versus 1.4%, p = 0.004). No difference was found 
between the two groups for the other therapies.

Comparison between males and females

Demographic, genetic and clinical data by sex are shown 
in Table  5. The only statistical differences were a higher 

Table 1  Demographic, genetic and clinical data of the study group
Variables Total 

observation
Missing Median 

and IQR or 
percentage

Age (year),
median (IQR) total

539 0 14.9
(7.5–25.6)

 ≤ 18 years (range 
0.0–17.9.0.9)

313 58.1%

 > 18 years (range 
18.1–61.6)

226 41.9%

Sex 0
 Male 248 46.0%
 Female 291 54.0%
Genotype 0
 del15 266 49.4%
 UPD15 214 39.7%
 IC 5 0.9%
 transl 4 0.7%
 meth+ 50 9.3%
Age at genetic diagnosis 
(year),
median (IQR)

539 0 0.4
(0.1–3.1)

Hypogonadism 253 66 53.5%
Cryptorchidism 223 1 90.3%
Spontaneous menarche 66 29 25.2%
Precocious puberty 30 0 5.6%
Hypothyroidism 87 0 16.1%
Central adrenal 
insufficiency

32 0 5.9%

Premature adrenarche 69 30 13.5%
GH therapy current
during childhood

337
441

0
4

62.5%
82.4%

SGA 194 26 37.8%
Obesity 275 0 51.0%
Age of onset of obesity 
(year), median (IQR)

218 57 5
(3–10)

Hyperphagia 313 4 58.5%
Age of onset of hyper-
phagia (year), median 
(IQR)

228 85 4
(2–6)

Altered glucose 
metabolism

148 0 27.4%

Dyslipidemia 160 0 29.7%
Hyperuricemia 56 0 10.4%
Hypovitaminosis D 260 21 50.2%
Osteoporosis 37 0 6.9%
MASLD 157 68 33.3%
Cholelithiasis 63 64 13.3%
Cholecistectomy 22 0 4.1%
Bariatric surgery 27 0 5.0%
Abbreviations: IQR: interquartile range; del15: paternal 15q11.2-
q13 deletion; UPD15: maternal uniparental disomy for chromosome 
15; IC: imprinting center defect; transl: translocation involving the 
15q11-q13 region; meth+: positive methylation test; GH: growth hor-
mone; SGA: small for gestational age; MASLD: metabolic dysfunc-
tion-associated steatotic liver disease. Definitions: altered glucose 
metabolism includes impaired fasting glucose, impaired glucose tol-
erance, type 1 diabetes mellitus and type 2 diabetes mellitus; dyslip-
idemia includes hypercholesterolemia and/or hypertriglyceridemia 
and/or low HDL-C level
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0%, p < 0.001), vitamin D (60.1% versus 47.0%, p = 0.002), 
osteoporosis medications (5.5% versus 0.4%, p < 0.001), 
drugs for MASLD/cholelithiasis (9.9% versus 1.5%, 
p < 0.001). Similarly, cholecystectomy was more common 
in obese patients than in non-obese individuals (6.5% ver-
sus 1.5%, p = 0.003). On the contrary, a greater percentage 
of non-obese subjects were undergoing GHT (p < 0.001). 
No differences were found between the two groups for the 
treatment of precocious puberty, CAI and hypothyroidism. 
Finally, 9.8% of obese subjects underwent bariatric surgery.

Discussion

In recent years, early diagnosis and advancements in medi-
cal and behavioral management have significantly contrib-
uted to increased life expectancy in patients with PWS, 
primarily by reducing comorbidities [21, 46].

In our study, the median age at genetic diagnosis has 
significantly decreased in the last two decades — from 3.7 
years in adults to 0.1 years in the pediatric group — under-
scoring improvements in early recognition. These data are 
consistent with findings from other countries; for compari-
son, the median age at diagnosis is 8.3 weeks in Australia 
and 18 days in France [2, 17]. These findings support the 
need for systematic newborn screening for PWS to prevent 
diagnostic delays.

Demographically, we observed a predominance of indi-
viduals under 18 years and a slight female majority, as in 
our prior work [23]. The proportion of UPD15 cases has 
increased over time, especially in younger patients, reflect-
ing demographic trends such as advanced maternal age [1, 
2, 17]. The observed variation in the distribution of PWS 
genetic subtypes compared to the original description by 
Cassidy et al. [4] has been linked to the increasing preva-
lence of advanced maternal age at childbirth.

percentage of CAI (9.3% versus 3.1%; p = 0.002) and osteo-
porosis (9.3% versus 4.8%; p = 0.041) in males, while the 
median age at genetic diagnosis was higher in females 
(0.5 years, IQR 0.1–4.9, versus 0.2 years, IQR 0.1–2.1; 
p = 0.016).

Females were treated more frequently with sex steroids 
than males (31.6% versus 21.4%, p = 0.008), while the per-
centage of subjects receiving GHT and glucocorticoids for 
CAI was higher in males (p < 0.041 and p = 0.006, respec-
tively). No difference was observed between the two groups 
for the other therapies.

Comparison between non-obese and obese patients

 Table  6 showed demographic, genetic and clinical data 
according to weight status. The median age at genetic 
diagnosis was lower in non-obese patients (0.1 years, IQR 
0.1–0.5, versus 1.5 years, IQR 0.2–8.2; p < 0.001). The pro-
portion of subjects with del 15 and UPD15 was significantly 
different between the two groups, with a higher prevalence 
of the former in obese subjects and a similar percentage in 
non-obese subjects (p = 0.018). Excess weight was accom-
panied by a greater prevalence of spontaneous menarche 
and hypogonadism (p < 0.001) as well as osteoporosis 
(p = 0.001). As expected, obese patients were older (22.5 
years, IQR 14.5–33 versus 8.4 years, IQR 3.3–15; p < 0.001) 
and had a higher percentage of hyperphagia, altered glucose 
metabolism, dyslipidemia, hyperuricemia, hypovitaminosis 
D, MASLD and cholelithiasis (p < 0.001). No differences 
were found between the two groups for sex, onset of hyper-
phagia, cryptorchidism, precocious puberty, CAI, hypothy-
roidism and subjects born SGA.

As a consequence, patients with obesity were more fre-
quently treated than non-obese subjects with sex steroids 
(39.3% versus 14.0%, p < 0.001), hypoglycemic agents 
(31.9% versus 4.1%, p < 0.001), lipid-lowering therapy 
(12.1% versus 1.5%, p < 0.001), allopurinol (5.5% versus 

Fig. 1  Age at enrollment of the 
study group
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disorders and T2DM are commonly observed among hospi-
talized patients with PWS [48]. Notably, our data corrobo-
rates previous findings by Diene et al. [10] and Lionti et al. 
[17], confirming intrauterine growth restriction (IUGR) as 
a prevalent feature in PWS. Emerging evidence indicates 
that IUGR is associated with an elevated risk of developing 
metabolic syndrome, type 2 diabetes, and obesity later in 
life [49]. This suggests that recognizing the long-term risks 
associated with IUGR in PWS may represent an additional 
risk factor for early intervention and monitoring. As pre-
viously reported [50], we found that patients with UPD15 
had a higher prevalence of SGA than those with del15, 

Despite recent progress, the mortality rate among indi-
viduals with PWS remains considerably high across all age 
groups. The average annual mortality rate has previously 
been estimated at approximately 3% [47]. More recent 
data suggest that the mortality rate of people with PWS is 
fifteen times higher than in the general population, with a 
reported mean age at death of 42 years [16]. This reduction 
in life expectancy is likely due to the syndrome’s peculiar 
clinical phenotype, characterized by multiple comorbidi-
ties involving different organ systems. In this context, both 
endocrine and metabolic disturbances have been identified 
among the principal contributors to poor health outcomes 
in these patients [8–16, 18–20]. Consequently, endocrine 

Variables ≤ 18 years Missing > 18 years Missing p
Number 313 (58.1%) 226 (41.9%)
Age (year),
median (IQR)

8.9
(3.8–13.4)

0 28
(21.1–37.7)

0 < 0.001

Sex 0 0
 Male 152 (48.6%) 96 (42.5%) < 0.001
 Female 161 (51.4%) 130 (57.5%)
Genotype 0 0
 del15 128 (40.9%) 138 (61.1%) < 0.001
 UPD15 144 (46.0%) 70 (31.0%)
 IC 3 (1%) 2 (0.9%)
 transl 2 (0.6%) 2 (0.9%)
 meth+ 36 (11.5%) 14 (6.2%)
 Age at genetic diagnosis (year), median 
(IQR)

0.1
(0–0.5.5)

0 3.7
(0.6–10)

0 < 0.001

Hypogonadism 
 Total 63 (25.4%) 65 190 (84.4%) 1 < 0.001
 0–14 years 33 (17.6%) 65
 14–18 years 30 (50.0%) 0
Cryptorchidism 136 (89.5%) 0 87 (91.6%) 1 0.587
Spontaneous menarche 8 (5.9%) 26 58 (45.7%) 3 < 0.001
Precocious puberty 21 (6.7%) 0 9 (4.0%) 0 0.173
Hypothyroidism 51 (16.3%) 0 36 (15.9%) 0 0.910
Central adrenal insufficiency 26 (8.3%) 0 6 (2.7%) 0 0.006
Premature adrenarche 49 (16.8%) 21 20 (9.2%) 9 0.014
Current GH therapy 286 (91.4%) 0 51 (22.6%) 0 < 0.001
SGA 119 (39.4%) 11 75 (35.5%) 15 0.375
Obesity 96 (30.7%) 0 179 (79.2%) 0 < 0.001
Age of onset of obesity (year),
median (IQR)

5
(3–7.2.2)

32 5
(3–12)

25 0.605

Hyperphagia 121 (38.9%) 2 192 (85.7%) 2 < 0.001
 Age of onset of hyperphagia (year), 
median (IQR)

4
(2–6)

58 4
(2–6)

27 0.804

Altered glucose metabolism 28 (8.9%) 0 120 (53.1%) 0 < 0.001
Dyslipidemia 42 (13.4%) 0 118 (52.2%) 0 < 0.001
Hyperuricemia 6 (1.9%) 0 50 (22.1%) 0 < 0.001
Hypovitaminosis D 108 (36.7%) 19 152 (67.9%) 2 < 0.001
Osteoporosis 2 (0.6%) 0 35 (15.5%) 0 < 0.001
MASLD 36 (13.95%) 55 121 (56.8%) 13 < 0.001
Cholelithiasis 10 (3.9%) 54 53 (24.5%) 10 < 0.001
Bariatric surgery 3 (0.9%) 0 24 (10.6%) 0 < 0.001

Table 2  Comparison between 
patients aged ≤ 18 and > 18 years

Data are expressed as number 
(%) or median (IQR). Abbrevia-
tions: IQR: interquartile range; 
del15: paternal 15q11.2-q13 
deletion; UPD15: maternal uni-
parental disomy for chromosome 
15; IC: imprinting center defect; 
transl: translocation involving 
the 15q11-q13 region; meth+: 
positive methylation test; GH: 
growth hormone; SGA: small for 
gestational age; MASLD: meta-
bolic dysfunction-associated ste-
atotic liver disease. Definitions: 
altered glucose metabolism 
includes impaired fasting glu-
cose, impaired glucose tolerance, 
type 1 diabetes mellitus and type 
2 diabetes mellitus; dyslipidemia 
includes hypercholesterolemia 
and/or hypertriglyceridemia and/
or low HDL-C level
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common in females than males, potentially due to behavioral 
side effects associated with testosterone, such as irritability 
and aggression, reported in one-third of cases [52]. Cryptor-
chidism was highly prevalent [10, 11, 53], and around 50% 
of females over 18 years of age reported at least one sponta-
neous menstrual bleeding. Although menarche occurred in a 
significant proportion, it was generally delayed, and no par-
ticipant reported regular menstrual cycles. Primary amen-
orrhea was less common in obese than non-obese females, 
and more frequent spontaneous menarche was observed in 
those with del15 compared to UPD15, likely reflecting age-
related differences between the subgroups.

Although hypogonadism is the predominant hypotha-
lamic-pituitary-gonadal disorder in PWS, rare cases of pre-
cocious puberty have been reported [54]. In our study, 5.6% 
of patients exhibited precocious puberty, independently of 
age, sex, genotype, or weight, slightly exceeding the 3.6% 
previously reported in an age-matched Italian population 
cohort [55], suggesting the need for further research into 
pubertal regulation in PWS.

suggesting that UPD15 may represent a subgroup of slower 
growth within the PWS population.

Endocrine abnormalities were frequently observed in 
our cohort. Hypogonadism was common, with prevalence 
increasing with age [51]. At the same time, no significant 
differences were found by sex or genotype. However, it 
was more frequent in obese participants, likely due to the 
younger average age of non-obese individuals. It is note-
worthy that sex hormone replacement therapy was more 

Table 4  Number and percentage of subjects stratified by age within the 
two genotype groups
Age at enrollment Genetic subtype

del15 UPD15
0-9 year 65 (24.4%)  86 (40.2%)
10-19 year 83 (31.2%) 70 (32.7%)
20-29 year  50 (18.8%) 34 (15.9%)
30-39 year 38 (14.3%)  13 (6.1%)
40-49 year 22 (8.3%)  7 (3.3%)
50-59 year 7 (2.6%)  4 (1.8%)
60-69 year 1 (0.4%)  0 (0.0%)
Total 266 (100%)  214 (100%)

Variables del15 Missing UPD15 Missing p
Number 266 214
Age (year),
median (IQR)

18.5
(10.2–30.6)

0 12.2
(5.6–20.5)

0 < 0.001

Sex 0 0
 Male 118 (44.4%) 100 (46.7%) 0.604
 Female 148 (55.6%) 114 (53.3%)
Age at genetic diagnosis (year), median (IQR) 0.5

(0.1–4.5)
0 0.3

(0.1–2.5)
0 0.313

Hypogonadism 133 (57.1%) 33 93 (49.5%) 26 0.119
Cryptorchidism 105 (89.7%) 1 92 (92.0%) 0 0.567
Spontaneous menarche 41 (29.5%) 9 17 (17.5%) 17 0.036
Precocious puberty 12 (4.5%) 0 16 (7.5%) 0 0.168
Hypothyroidism 45 (16.9%) 0 37(17.3%) 0 0.914
Central adrenal insufficiency 17 (6.4%) 0 12 (5.6%) 0 0.720
Premature adrenarche 29 (11.4%) 11 34 (17.0%) 14 0.085
Current GH therapy 155 (58.3%) 0 150 (70.1%) 0 0.001
SGA 83 (32.8%) 13 88 (42.3%) 6 0.036
Obesity 148 (55.6%) 0 98 (45.8%) 0 0.032
Age of onset of obesity (year), median (IQR) 5

(3–10)
27 5

(4–10)
21 0.961

Hyperphagia 182 (68.9%) 2 106 (50%) 2 < 0.001
Age of onset of hyperphagia (year), median (IQR) 4

(2–6)
47 4

(3–6)
31 0.967

Altered glucose metabolism 76 (28.6%) 0 59 (27.6%) 0 0.808
Dyslipidemia 88 (33.1%) 0 61 (28.5%) 0 0.269
Hyperuricemia 30 (11.3%) 0 21 (9.8%) 0 0.605
Hypovitaminosis D 138 (52.9%) 5 98 (47.6%) 8 0.255
Osteoporosis 27 (10.2%) 0 8 (3.7%) 0 0.007
MASLD 88 (37.4%) 31 56 (30.9%) 33 0.167
Cholelithiasis 39 (16.4%) 28 20 (10.9%) 31 0.110
Bariatric surgery 12 (4.5%) 0 11 (5.1%) 0 0.748

Table 3  Comparison between 
patients with del15 and UPD15

Data are expressed as number 
(%) or median (IQR). Abbrevia-
tions: del15: paternal 15q11.2-
q13 deletion; UPD15: maternal 
uniparental disomy for chromo-
some 15; IQR: interquartile 
range; GH: growth hormone; 
SGA: small for gestational age; 
MASLD: metabolic dysfunction-
associated steatotic liver disease. 
Definitions: altered glucose 
metabolism includes impaired 
fasting glucose, impaired glu-
cose tolerance, type 1 diabetes 
mellitus and type 2 diabetes 
mellitus; dyslipidemia includes 
hypercholesterolemia and/or 
hypertriglyceridemia and/or low 
HDL-C level
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where only 50% of children and adolescents and 13% of 
adults received GHT [23]. Given the demonstrated benefits 
of GHT on body composition and muscle performance [62, 
63], it is reasonable to hypothesize that broader use of GH 
could positively influence the management of obesity. GHT 
was more frequently administered to non-obese individuals, 
consistent with current contraindications for patients with 
severe obesity, particularly those with obstructive sleep 
apnea and impaired glucose metabolism. Nevertheless, 
long-term GHT has been shown to be safe in both pediat-
ric and adult patients [64, 65], including individuals with 
severe obesity, regardless of their GH secretion profile [66]. 
These findings suggest that it may be time to reconsider the 
indications for GHT in individuals with PWS across all age 
groups.

Overall, 51.0% of participants in our cohort were clas-
sified as obese, aligning with recent findings in a Spanish 
study involving 177 patients [15]. This marks a notable 
improvement in obesity management in Italy, compared 
to the 62.6% prevalence reported in our 2008 study [23]. 

Consistent with earlier findings, hypothyroidism was a 
frequent endocrine comorbidity, with no variation by geno-
type, sex, age or BMI [56–58].

Regarding the hypothalamic-pituitary-adrenal axis, CAI, 
though rare, was detected in our cohort [5, 33, 34]. Interest-
ingly, a higher prevalence of CAI was observed in males 
and younger subjects, possibly reflecting the large sample 
size and more robust statistical analysis. However, none 
of the CAI cases presented clinical signs or symptoms of 
adrenal insufficiency, underlining the need for further clari-
fication of this issue. Premature adrenarche was observed 
in 13.5% of patients, a lower rate than the 30% previously 
reported [59], with no significant differences by sex, geno-
type, or BMI. The higher prevalence in children may reflect 
improved data collection in this age group.

GHT was administered to 90% of participants under 18, 
in accordance with the international guidelines [30], and to 
22.6% of adults, aligning with prior reports on GHD during 
transition and adulthood [60, 61]. These percentages are sig-
nificantly higher than those reported in our previous study, 

Variables Males Missing Females Missing p
Number 248 (46%) 291 (54%)
Age (year),
median (IQR)

14.1
(6.3–23)

0 15.7
(8–27.2.2)

0 0.572

Genotype 0 0
 del15 118 (47.6%) 148 (50.9%)
 UPD15 100 (40.3%) 114 (39.2%) 0.662
 IC 2 (0.8%) 3 (1.0%)
 transl 1 (0.4%) 3 (1,0%)
 meth+ 27 (10.9%) 23 (7.9%)
Age at genetic diagnosis (year), median (IQR) 0.2

(0.1–2.1)
0 0.5

(0.1–4.9)
0 0.016

Hypogonadism 112 (51.1%) 29 141 (55.5%) 37 0.342
Precocious puberty 16 (6.4%) 0 14 (4.8%) 0 0.408
Hypothyroidism 36 (14.5%) 0 51 (17.5%) 0 0.344
Central adrenal insufficiency 23 (9.3%) 0 9 (3.1%) 0 0.002
Premature adrenarche 28 (12.1%) 17 41 (14.7%) 13 0.344
Current GH therapy 167 (67.3%) 0 170 (58.4%) 0 0.041
SGA 88 (37.0%) 10 106 (38.5%) 16 0.714
Obesity 122 (49.2%) 0 153 (52.6%) 0 0.433
Age of onset of obesity (year), median (IQR) 5

(3–10.2.2)
26 5

(3–10)
31 0.969

Hyperphagia 134 (54.7%) 3 179 (61.7%) 1 0.100
Age of onset of hyperphagia (year), median (IQR) 4

(3–6)
35 3

(2–6)
50 0.084

Altered glucose metabolism 69 (27.8%) 0 79 (27.1%) 0 0.861
Dyslipidemia 67 (27.0%) 0 93 (32%) 0 0.211
Hyperuricemia 23 (9.3%) 0 33 (11.3%) 0 0.433
Hypovitaminosis D 120 (50.0%) 8 140 (50.4%) 13 0.935
Osteoporosis 23 (9.3%) 0 14 (4.8%) 0 0.041
MASLD 70 (34.0%) 42 87 (32.8%) 26 0.793
Cholelithiasis 23 (11.1%) 40 40 (15.0%) 24 0.211
Bariatric surgery 13 (5.2%) 0 14 (4.8%) 0 0.819

Table 5  Comparison between 
males and females

Data are expressed as number 
(%) or median (IQR). Abbrevia-
tions: del15: IQR: interquartile 
range; paternal 15q11.2-q13 
deletion; UPD15: maternal uni-
parental disomy for chromosome 
15; IC: imprinting center defect; 
transl: translocation involving 
the 15q11-q13 region; meth+: 
positive methylation test; GH: 
growth hormone; SGA: small for 
gestational age; MASLD: meta-
bolic dysfunction-associated ste-
atotic liver disease. Definitions: 
altered glucose metabolism 
includes impaired fasting glu-
cose, impaired glucose tolerance, 
type 1 diabetes mellitus and type 
2 diabetes mellitus; dyslipidemia 
includes hypercholesterolemia 
and/or hypertriglyceridemia and/
or low HDL-C level
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Despite this progress, obesity remains highly prevalent in 
PWS, especially in adults, emphasizing the urgent need for 
more effective pharmacological options [67]. In this con-
text, the data currently available in the literature are lim-
ited and have yielded conflicting results regarding weight 
loss and body fat mass [68–70]. As a result, only 12.5% ​​of 
our obese subjects were receiving pharmacologic treatment 
for excess weight. Bariatric surgery has been performed 
in 9.8% of obese individuals, including three patients 
younger than 18 years, reflecting a growing acceptance 
of this approach, consistent with recent literature suggest-
ing a re-evaluation of surgical interventions in PWS [71]. 
The prevalence of obesity was not influenced by sex but 
was significantly higher in subjects with the del15 genetic 
subtype than in those with UPD15, in agreement with the 
previous findings indicating higher BMI [72] and more pro-
nounced food-related compulsions [72, 73] in the deletion 
group. However, these findings can be partially explained 

Nevertheless, the current figure remains higher than the 
32.3% reported in a Danish population-based study [13], 
suggesting the role of other factors, including regional dif-
ferences in obesity management strategies between South-
ern and Northern Europe.

As expected, the prevalence of obesity increased with 
age, confirming early descriptions of the syndrome [4] and 
other literature [10, 12]. Compared with our previous find-
ings, we observed reductions in obesity prevalence across 
both age groups − 30.7% among subjects under 18 years 
versus 40.3% in 2008, and 79.2% in adults versus 84.8% in 
2008 [23]. The current prevalence in children is also lower 
than the 40% reported 15 years ago in a French pediatric 
cohort [10]. Among adults, our obesity rate is slightly lower 
than the 86.4% reported in the French cohort [12], but sig-
nificantly higher than the 47.3% observed in Dutch adults 
[14], reinforcing the notion of a North-South European 
gradient.

Variables Non-obese Missing Obese Missing p
Number 264 (49.0%) 275 (51.0%)
Age (year),
median (IQR)

8.4
(3.3–15)

0 22.5
(14.5–33)

0 < 0.001

Sex 0
 Male 126 (47.7%) 122 (44.4%) 0.433
 Female 138 (52.3%) 153 (55.6%)
Genotype 0 0
 del15 118 (44.7%) 148 (53.8%)
 UPD15 116 (43.9%) 98 (35.6%) 0.018
 IC 0 (0%) 5 (1.8%)
 transl 1 (0.4%) 3 (1.1%)
 meth+ 29 (11%) 21 (7.6%)
Age at genetic diagnosis (year), median (IQR) 0.1

(0.1–0.5)
0 1.5

(0.2–8.2)
0 < 0.001

Hypogonadism 61 (28.1%) 47 192 (75.0%) 19 < 0.001
Cryptorchidism 110 (86.3%) 0 113 (93.4%) 1 0.106
Spontaneous menarche 12 (10.6%) 25 54 (36.2%) 4 < 0.001
Precocious puberty 15 (5.6%) 0 15 (5.5%) 0 0.942
Hypothyroidism 43 (16.2%) 0 44 (16.1%) 0 0.988
Central adrenal insufficiency 19 (7.2%) 0 13 (4.7%) 0 0.225
Premature adrenarche 36 (14.5%) 16 33 (12.6%) 14 0.627
Current GH therapy 207 (78.4%) 0 130 (47.3%) 0 < 0.001
SGA 98 (38.0%) 6 96 (37.6%) 20 0.760
Hyperphagia 78 (29.8%) 2 235 (86.1%) 2 < 0.001
Age of onset of hyperphagia (year), median (IQR) 4

(2.7–7.7)
26 3.7

(2–6)
59 0.431

Altered glucose metabolism 22 (8.3) 0 126 (45.8%) 0 < 0.001
Dyslipidemia 34 (12.9%) 0 126 (45.8%) 0 < 0.001
Hyperuricemia 5 (1.9%) 0 51 (18.5%) 0 < 0.001
Hypovitaminosis D 95 (38.1%) 15 165 (61.3%) 6 < 0.001
Osteoporosis 8 (3.0%) 0 29 (10.5%) 0 0.001
MASLD 14 (6.3%) 41 143 (57.7%) 27 < 0.001
Cholelithiasis 13 (5.8%) 39 50 (20.0%) 25 < 0.001
Bariatric surgery 0 (0.0%) 0 27 (9.8%) 0 < 0.001

Table 6  Comparison between 
non-obese and obese patients

Data are expressed as number 
(%) or median (IQR). Abbrevia-
tions: IQR: interquartile range; 
del15: paternal 15q11.2-q13 
deletion; UPD15: maternal uni-
parental disomy for chromosome 
15; IC: imprinting center defect; 
transl: translocation involving 
the 15q11-q13 region; meth+: 
positive methylation test; GH: 
growth hormone; SGA: small for 
gestational age; MASLD: meta-
bolic dysfunction-associated ste-
atotic liver disease. Definitions: 
altered glucose metabolism 
includes impaired fasting glu-
cose, impaired glucose tolerance, 
type 1 diabetes mellitus and type 
2 diabetes mellitus; dyslipidemia 
includes hypercholesterolemia 
and/or hypertriglyceridemia and/
or low HDL-C level
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registry-based studies, our findings are based on direct clini-
cal assessments rather than caregiver reports.

Nevertheless, several limitations should be acknowl-
edged. Firstly, data were collected from multiple centers, 
which may introduce variability, particularly concern-
ing hormonal reference ranges. However, all laboratories 
undergo regular quality assurance, and this work should 
be considered a database report rather than a formal clini-
cal study. Secondly, the registry structure does not allow us 
to determine whether endocrine disorders are primary or 
secondary, nor does it provide the absolute values of BMI. 
Furthermore, data on liver and renal function are currently 
unavailable. In addition, we acknowledge the limitation of 
ultrasound methodology for investigating MASLD. Another 
weakness is the lack of a matched population-based control 
group. Finally, it should be emphasized that our study is 
purely cross-sectional and lacks information on the age of 
onset of endocrine and metabolic disorders. Consequently, 
age distribution can explain many differences and temporal 
and causal conclusions cannot be drawn, particularly when 
comparing pediatric and adult prevalence. Therefore, a lon-
gitudinal follow-up of the registry is mandatory.

Despite these limitations, this study provides a compre-
hensive evaluation of the endocrine and metabolic profile 
of individuals with PWS across the lifespan. The reduc-
tion in age at diagnosis and improved clinical outcomes, 
reflect positive changes in care delivery. Although adult 
obesity rates remain high, slight improvements have been 
observed, likely reflecting better medical and behavioral 
interventions. However, our data emphasize that endocrine 
and metabolic abnormalities are prevalent among subjects 
with PWS, regardless of age, with significant implications 
for both diagnosis and treatment. These findings underscore 
the importance of early diagnosis, coordinated multidis-
ciplinary care, early initiation of GHT and national rare 
disease registries as essential tools for optimizing the man-
agement of PWS. 
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by the older age of patients with del15 compared to those 
with UPD15. Similarly, the age difference between the two 
subgroups may account for the lower prevalence of hyper-
phagia observed in subjects with UPD15. According to the 
literature, hyperphagia was reported to begin at a median 
age of 4 years, with obesity typically emerging by school 
age [74]. The median age of obesity onset in our cohort was 
5 years, approximately 1 year after the onset of hyperpha-
gia, with no differences between younger subjects and indi-
viduals older than 18 years.

Obesity was the primary driver of metabolic complica-
tions in our cohort, and together, they were more prevalent 
in older subjects. The AGM rate was similar to our earlier 
findings in 274 patients [75]. Regarding the prevalence of 
T2DM, our data (11.5%) was slightly lower than in stud-
ies from Sweden (15.8%) [16] and Japan (17%) [19], possi-
bly due to differences in age distribution, obesity rates, and 
environmental or genetic factors.

Data on dyslipidemia in PWS remain limited [7, 8, 16, 
76], but we found it in 30% of patients, rising to over 50% 
in adults. While ischemic heart disease remains rare in PWS 
[16], the ageing population may lead to an increase, poten-
tially necessitating greater use of lipid-lowering agents in 
the future.

Hyperuricemia, influenced by age and obesity, was con-
sistent with prior studies [77], while hypovitaminosis D 
affected 50% of patients, especially adults and obese indi-
viduals [8, 78, 79]. Osteoporosis was common in adults [8, 
11], particularly males [80], which may reflect lower use of 
sex steroids. Its higher prevalence in the del15 group and 
obese subjects is probably linked to age-related factors.

Non-alcoholic fatty liver disease, although reportedly less 
common in PWS than the general population [81, 82], was 
present in a substantial portion of our cohort, particularly 
among adults and obese individuals. No prior data exists 
on cholelithiasis in PWS; however, it affected 13.3% of our 
patients, rising to 20% ​​in obese individuals and 24.5% in 
adults. Interestingly, one-third of those affected had under-
gone cholecystectomy, highlighting the need to include gall-
bladder pathology in clinical assessments.

A major strength of our study is its large cohort size, 
which surpasses previous Italian studies [23, 24] and ranks 
among the largest globally. However, the number of diag-
nosed PWS cases in Italy appears lower than expected 
based on population estimates, suggesting that many 
adults remain undiagnosed. This may be due to unrecog-
nized cases from earlier decades or high mortality rates. An 
additional strength is that all participants were evaluated 
in specialized, tertiary-level rare disease centers with stan-
dardized diagnostic and therapeutic protocols. Unlike many 
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