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Efficacy and safety of
semaglutide for obesity and
hyperphagia in adults with
Prader-Willi syndrome

Shahd Ahmed1, Nicola Bridges2 and Anthony P. Goldstone 1,3*

1PsychoNeuroEndocrinology Research Group, Division of Psychiatry, Department of Brain Sciences,
Faculty of Medicine, Imperial College London, Hammersmith Hospital, London, United Kingdom,
2Department of Paediatric Endocrinology, Chelsea and Westminster Hospital, London, United
Kingdom, 3Department of Endocrinology, Imperial College Healthcare NHS Trust, Hammersmith
Hospital, London, United Kingdom
Context: Prader-Willi syndrome is a genetic neurodevelopmental disorder

characterized by hyperphagia and early-onset obesity from hypothalamic

dysfunction with endocrinopathies and learning disability. Management is

challenging with strict control of the food environment needed. While newer

glucagon-like peptide-1 receptor agonists, such as semaglutide, have efficacy in

non-PWS obesity, there have been limited case reports in PWS.

Objective/design/setting: Retrospective, observational cohort of 12 adults with

PWS and overweight/obesity treated with semaglutide at a UK academic hospital

centre specialist clinic.

Patients:Mean ± SD age 28.3 ± 10.1 years, 83% female, BMI 46.6 ± 8.2kg/m², 75%

type 2 diabetes mellitus.

Intervention: Median follow-up 17.2 months (range 8.7-36.1) with median

semaglutide dose 2.4mg once weekly (1.0-2.4).

Results: There was no significant overall weight loss on semaglutide, but there

was stabilisation of the weight gain prior to treatment over previous 12.4 months

(7.6-23.0): post -3.1 ± 9.9% vs. pre +5.7 ± 5.6%: d -0.72, P = 0.037. There was a

significant decrease in hyperphagia on semaglutide from Hyperphagia

Questionnaire for Clinical Trials (n=11, -7.3 ± 6.1 (max 36), d -1.19, P = 0.003),

having been stable before treatment. HbA1c improved in those with elevated

baseline levels (n=6, -4.2 ± 4.9%, d -0.74, P = 0.13). Mild gastrointestinal side

effects were seen in 25% but did not lead to discontinuation.

Conclusions: In this small open-label, observational cohort of adults with PWS,

semaglutide produced weight maintenance though not weight loss, but appeared

to reduce hyperphagia, and improved glycaemic control, with good tolerability.

Larger placebo-controlled trials are needed to confirm these findings in adults

and adolescents with PWS, especially in those without T2DM, where efficacy may

be greater.
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1 Introduction

1.1 Prader-Willi syndrome

Prader Willi syndrome (PWS) is a rare orphan disease and

complex genetic neurodevelopmental disorder, with no licensed

treatment for the primary unmet need of controlling hyperphagia

and obesity. Nutritional and growth phases in children and ado-

lescents with PWS are well described, with weight gain and

hyperphagia leading to obesity later on in childhood if access to

food is uncontrolled, with premature mortality primarily due to

obesity/diabetes-related complications in adulthood, including car-

diorespiratory disease, chest infections, and even choking and

gastric rupture related to acute overeating episodes (1–6).

PWS has a birth incidence of approximately 1 in 10,000-30,000

that results from loss of paternal expression of several maternally

imprinted genes on chromosome 15q11-13, most commonly due to

a paternal deletion or maternal uniparental disomy, with rarer

causes such as imprinting defects, translocations and

microdeletions (7, 8). The resulting lack of expression of paternal

genes within this region disrupts hypothalamic and more wide-

spread neural development and function (9–13).

Hypotonia, poor feeding and growth are characteristic features

in the neonatal period, followed by reduced calorie requirement and

subsequent hyperphagia and risk of rapid weight gain later in

childhood (2, 11, 14). Children and adolescents with PWS usually

display developmental delay and mild learning disability, and can

develop endocrinopathies (especially growth hormone deficiency

and hypogonadism), scoliosis, respiratory difficulties (both central

and obstructive sleep apnoea), challenging behaviours (especially

temper tantrums around access to food), skin picking, and mental

health issues especially into adulthood (1, 6, 15, 16).

1.2 Hyperphagia and obesity in PWS

Hyperphagia in PWS can manifest as increased hunger, im-

paired satiety, preoccupation with food, bargaining or manipulating

to get more food at meals, foraging through trash for food, eating

rotten food or non-food items, getting up at night to food seek,

being persistent in asking or looking for food after being told no,

spending a lot of time asking or talking about food, hoarding or

hiding food, trying to sneak or steal food, becoming distressed when

others tried to stop them asking about food or when denied a

desired food that can result in verbal and physical aggression with

temper tantrums, with food-related behaviour interfering with

normal daily activities, such as self-care, recreation, school or

work (17).

Prevention of overweight and obesity is key in the management

of PWS. Excessive weight gain and its complications negatively

impact on both the patient and family and incur a high degree of

caregiver burden (18–23). Furthermore, there is increased mortality

in PWS (24). The mean life expectancy in PWS between 1973 and

2015 was 30 years old with 70% of deaths in adults and 20% in

children under 18 years old (25). Patients with PWS with unman-

aged and uncontrolled obesity live on average 30 years less than

those with weight control (26, 27).
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As in all people with common obesity, the burden of disease in

individuals with obesity due to rare genetic disorders negatively

affects health-related quality of life and is associated with significant

overall morbidity secondary to obesity e.g. type 2 diabetes mellitus

(T2DM), hypertension, cardiovascular disease, obstructive sleep

apnoea, hypoventilation, pulmonary hypertension, type 2 respira-

tory failure (1, 5, 6, 28). Additionally, morbidity related to food

seeking (e.g. accidents, choking) contribute to approximately one-

third of all deaths in childhood and adolescents in PWS (25), and

patients with PWS have intense impairment in both mental and

physical aspects of quality of life (18, 22).

Hyperphagia is an overwhelming burden both to the individual

and the family (20). Constant food seeking creates extraordinary

stress on families, caregivers, and support systems. Compared with

general inpatient and outpatient samples of children with complex

health conditions not including PWS, family members of children

with PWS showed poorer perceived quality of life, difficulties in

family functioning, communication problems, increased number of

conflicts, higher than average levels of depression and feelings of

isolation, anger and worry (21). In the USA, caregivers of children

and adults with PWS have an overall high caregiver burden, that

correlated with caregiver depressed mood, anxiety, sleep and work

disruption, and negative romantic relationship effect (23).

Unaffected siblings of patients with PWS also describe poor quality

of life, high levels of depression and anxiety, and symptoms of post-

traumatic stress disorder (19, 21, 29).

1.3 Current treatment of hyperphagia and
obesity in PWS

The management of hyperphagia and obesity PWS is uniquely

complex. Traditional lifestyle-based interventions, while founda-

tional, are frequently insufficient due to the strong drive to eat and

behavioural rigidity associated with the syndrome. Consequently,

treatment typically involves a combination of environmental,

behavioural, hormonal, and, increasingly, pharmacological strate-

gies (1, 6, 30, 31).

Parents and caregivers must maintain a considerable level of

environmental control, including supervision around food, securing

food sources (e.g. locking the refrigerator and cupboards), provid-

ing reduced caloric meals and snacks, and adhering to a predictable

meal schedule to reduce anxiety, and controlling access to money

(1, 6, 30). While strict control of the food environment is an

essential management strategy for weight regulation in PWS, they

do not address the persistent hyperphagic drive. Adolescents with

PWS are especially at increased risk of gaining weight for various

reasons, including reduced physical activity, wish for independence

resulting in unsupervised access to food, loss of routine through the

changes in educational and home environments (32–34). This

results in a high prevalence of obesity in PWS upon entering

adulthood (82-98%) (28, 35), and the natural history is for pro-

gressive weight gain over time so that even weight maintenance is a

successful outcome for interventions (36).

Where available, use of specialist PWS residential homes for

adults, with strict control of the food environment, food security

and encouragement of physical activity is often lifesaving to reduce
frontiersin.org
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severe obesity and treat obesity-related complications (37–40).

However, availability of and funding for such placements is quite

restricted both between and within different countries. This means

that treatments that only mildly attenuate rather than normalise

hyperphagia may still be extremely beneficial in PWS as it may

allow residence in less specialised locations, such as continuing in

the family home or in supported living or non-PWS specialist

residential homes, depending on the family situation, level of

intellectual disability and presence of other behavioural and psy-

chiatric issues.

Treatment with growth hormone (GH) to improve final height,

increase lipolysis and improve muscle mass has been the mainstay

of treatment for children and young people with PWS for the last 2–

3 decades. GH helps to improve body composition and can help

maintain a healthy weight but does not affect hyperphagia (1, 6, 41,

42). Treatment with metformin is indicated for impaired glucose

tolerance or T2DM, but there is little effect on weight reduction or

hyperphagia (43).

Pharmacological options specifically targeting hyperphagia in

PWS have been limited. Several trials of medications to reduce

hyperphagia have either been unsuccessful, led to high prevalence

for unacceptable side effects or have had only minimal impact (44),

including endocannabinoid CB1 receptor agonist rimonabant (45),

methionine aminopeptidase 2 (MetAP2) inhibitor beloranib (46),

desacyl ghrelin analogue livoletide (47, 48), ghrelin O-acyl trans-

ferase (GOAT) enzyme inhibitor (49), melanocortin-4 receptor

(MC4R) agonist setmelanotide (50), oxytocin and analogue

carbetocin (51–55). Recently, diazoxide choline controlled release

(DCCR) was approved for hyperphagia in PWS in the USA, that

acts via appetite pathways in the hypothalamus. The Hyperphagia

Questionnaire for Clinical Trials (HQ-CT) is a validated tool which

assesses the severity of hyperphagia over the previous two weeks

(Supplementary Material) (56), with DCCR reducing HQ-CT

scores (57) and additional evidence of sustained benefit for hyper-

phagia and associated behavioural problems from open-label ex-

tension and placebo-controlled withdrawal studies (58–60). DCCR

can however lead to side effects including peripheral oedema,

hypertrichosis and hyperglycaemia, and is only currently licensed

in the USA (www.vykatxr.com).

Bariatric surgery such as gastric banding, gastric bypass surgery

or sleeve gastrectomy is not recommended for people with PWS

because of high risk of complications and lack of evidence for long-

term weight reduction with weight regain being common (27, 61).

1.4 GLP-1 analogues for non-PWS obesity

Glucagon-like peptide-1 (GLP-1) is an incretin hormone se-

creted by the intestinal L-cells post-prandially. It plays a crucial role

in glucose homeostasis by enhancing glucose-dependent insulin

secretion (62), suppressing glucagon release and improving insulin

sensitivity (63), delaying gastric emptying (64), and promoting

satiety via central nervous system pathways (65). These physiolog-

ical actions have been taken exploited to develop GLP-1 receptor

agonists (GLP-1RAs), which were initially approved for treatment

of T2DM and have since shown significant promise in obesity

management (66). Semaglutide is a long-acting GLP-1RA
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administered by once weekly subcutaneous injection, which

shows resistance to degradation by dipeptidyl peptidase-4 (DPP-

4), that elicits its anti-obesity effects by reducing appetite and energy

intake through activation of GLP-1 receptors on the vagus nerve,

hypothalamus, brainstem and brain reward pathways, in addition to

its peripheral metabolic effects (67–70).

In the landmark STEP (Semaglutide Treatment Effect in People

with obesity) trials sponsored by Novo Nordisk, once-weekly

semaglutide at a dose of 2.4mg led to a mean weight reduction of

11.1-19.1% over 48–68 weeks (compared to placebo) in adults with

obesity without T2DM (71–77), surpassing results seen with previ-

ous anti-obesity medications (see Supplementary Table 1 for

summary). Weight loss on semaglutide was notably less in adults

with overweight/obesity and T2DM at 6.2% over 68 weeks (com-

pared to placebo) (78), with lower efficacy for body weight in those

with vs. without T2DM a common finding across all GLP-1

analogues (79).

Semaglutide treatment reduces appetite, and sweet and savoury

food craving, increases satiety, improves food craving control, that

are correlated with weight loss (80, 81), and improves positive mood

and obesity-related quality of life (81–83). GLP-1RAs including

liraglutide, dulaglutide and semaglutide may also reduce frequency

of binge episodes in binge eating disorder (84–88), though there

have been few placebo-controlled trials (89, 90).

Semaglutide therapy is associated with mild-moderate gastro-

intestinal adverse events including nausea, vomiting, abdominal

discomfort, diarrhoea (up to 60-80% of patients), and increased risk

of gallstones (<5%) (91, 92). Their prevalence and severity are

attenuated through gradual dose titration to maintenance dose of

2.4mg once weekly over 16 weeks and/or dose reduction. Weight

loss does not appear to be related to the presence of these

gastrointestinal side effects (93). Discontinuation rates due to

adverse events have been low in clinical trials at <10%

(Supplementary Table 1), although this may be higher in the real

world (94).

Treatment with semaglutide is generally associated with im-

provements in multiple cardiometabolic parameters, including

glycaemic control, lipid profile, liver function tests, and blood

pressure in addition to sustained weight loss, with additional

potentially weight loss independent benefits on cardiovascular

and renal outcomes (95–98). Currently in UK, semaglutide up to

2.4mg weekly is licensed and approved by National Institute for

Health and Care Excellence (NICE) for use in overweight/obesity in

adults with a body mass index (BMI) ≥30kg/m2 or ≥27kg/m2 with at

least one weight-related condition such as hypertension,

dyslipidaemia or T2DM. The higher semaglutide dose of 7.2mg

once weekly while licensed in the UK since April 2026 is not yet

approved by NICE for use under the National Health

Service (NHS).

1.5 GLP-1 analogues in PWS

Early GLP-1 analogues such as exenatide and liraglutide have

shown mixed results in PWS. There were some benefits in case

reports in PWS (99–101), however a phase 2 clinical trial of

liraglutide in children and adolescents with PWS (n=24-31)
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found no weight loss, though there was a suggestion of reduced

hyperphagia in adolescents (102). Case reports (n=9) of adults with

PWS and T2DM treated with semaglutide suggest weight loss,

however hyperphagia was not assessed and doses used were

generally only up to 1mg once weekly, which is lower than usual

target dose for obesity of 2.4mg weekly (103–106) (see Table 1, that

includes a summary of findings from the current study). There have

been no placebo-controlled clinical trials for semaglutide in PWS.

Earlier generation GLP-1 analogues and semaglutide 1.0-2.0mg

once weekly appear to be well-tolerated in PWS, with gastrointes-

tinal side effects being the most common (27, 99, 100, 102,

104, 105).

Early reports suggest that semaglutide and newer incretin

agents such as the dual GLP-1/GIP analogue tirzepatide may be

effective for weight loss in other genetic obesity disorders involving

hypothalamic dysfunction, including variants in the melanocortin-4

receptor (MC4R) gene (107, 108) and Alstrom syndrome (109).

Furthermore, similar trajectories of weight loss have been seen with

semaglutide in adolescents with obesity and dominant or known

risk gene variants for obesity, compared to those with carriers of

variants in recessive genes and those without identified genetic

causes, including RAI1, ALMS1, IFT172, LEPR, MC4R, MKKS and

PCSK1 genes that are involved in hypothalamic regulation of

appetite (110).

Additional investigation of the efficacy and safety of GLP-1

analogues are therefore needed in PWS both through observational

and placebo-controlled studies (111).

1.6 Hypotheses and aims

The primary aim of this retrospective observational cohort

study was to evaluate the effects of semaglutide in adults with

PWS attending the genetic obesity clinic at Hammersmith Hospital

who received semaglutide as part of routine clinical care. The

analysis aimed to assess changes in weight and monthly weight

trajectory, expressed as both absolute and percentage change, with

comparison to longitudinal weight trends prior to initiation of

semaglutide. Additional outcomes of interest include changes in

hyperphagia, measured using the Hyperphagia Questionnaire for

Clinical Trials (HQ-CT), glycaemic control as assessed by glycated

haemoglobin (HbA1c), lipid parameters including low-density

lipoprotein cholesterol (LDL-cholesterol), high-density lipoprotein

cholesterol (HDL-cholesterol), total/HDL cholesterol ratio (total/

HDL-cholesterol), and liver biochemistry markers, specifically ala-

nine transaminase (ALT) and aspartate aminotransferase (AST). A

secondary aim was to characterise the safety and tolerability of

semaglutide in adults with PWS by assessing the frequency and

nature of adverse events, as well as the need for dose adjustments or

treatment discontinuation during follow-up.

It was hypothesised that treatment with semaglutide will lead to

clinically meaningful weight reduction, although probably with a

smaller magnitude of effect compared with that observed in prior

studies of individuals with non-genetic obesity, or at least weight

maintenance. In addition, semaglutide was hypothesised to improve

hyperphagia and food-seeking behaviours, glycaemic control, lipid

profile, and markers of metabolic associated steatotic liver disease. It
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was further hypothesised that semaglutide would be well tolerated

in this population, with a safety profile comparable to that reported

in studies of non-genetic obesity.
2 Materials and methods

2.1 Study design

This was a retrospective, observational cohort study conducted

at a UK academic hospital centre specialist adult PWS clinic that

reviewed clinical data from adult patients with PWS who were

treated with semaglutide as part of routine clinical care.

2.2 Participants and inclusion/exclusion
criteria

Eligible participants were male or female adults aged ≥18 years

with genetically confirmed PWS (by SNRPN gene methylation

analysis), with overweight/obesity, defined as BMI ≥25 kg/m2,

and with or without T2DM, commencing treatment with subcuta-

neous semaglutide in the clinic. Additional inclusion criteria in-

cluded: documented clinical follow-up for at least one time point

after treatment initiation, and availability of weight data and

relevant clinical outcomes. Participants who had lost more than

5% in body weight in the seven months prior to starting semaglutide

were excluded from analyses of efficacy, but were included in

assessment of side effects. Permission to access this clinical data

was obtained as part of a PWS clinic service evaluation approved by

Imperial College Healthcare NHS Trust.

Patients received semaglutide 2.4mg (or maximum-tolerated

dose), currently the highest licensed and NICE approved dose in the

UK, subject to clinical guidelines and drug availability. Semaglutide

was administered once weekly as subcutaneous injections in the

abdomen, thigh or upper arm. Semaglutide was initiated at 0.25mg

and up titrated at a minimum of every four weeks to 0.5mg, then

1mg, then 1.7mg and finally 2.4mg or until maximum tolerated

dose. During dose escalation most clinic visits were held by

telephone or video rather than face-to-face. Participants started

on semaglutide between June 2022 and July 2025, and data

collection was until December 2025. All eligible patients during

the study period were included.

2.3 Data collection

Data were extracted from electronic health records at all

hospital clinic attendances: at up to three time points before

treatment initiation including baseline, and all timepoints after

starting treatment. For each time point, the following variables

were recorded were available: weight (kg) to calculate BMI (kg/m2);

hyperphagia (HQ-CT) and food environment (FSZ) questionnaires;

metabolic parameters (measured in Dept. of Clinical Biochemistry,

Imperial College Healthcare NHS Trust, London, UK): HbA1c,

non-fasting lipid profile (total-cholesterol, LDL-cholesterol, HDL-

cholesterol, total/HDL-cholesterol ratio), liver enzymes ALT and
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TABLE 1 Summary of case reports of semaglutide in Prader-Willi syndrome.

Duration
Weight
baseline

BMI
baseline

D
Weight

D
Weight

HbA1c
baseline

D
HbA1c

Adverse events

(months) (kg) (kg/m²) (kg) (%)
(mmol/
mol)

(mmol/
mol)

12 99.5 41.4 -5.2 -5.2 98 -43 o

12 101.0 33.0 4.9 4.9 55 -5 o

18 95.5 46.7 -5.0 -5.2 75 -22 o

36 63.5 31.0 -11.5 -18.1 57 -9 o

36 84.5 41.9 -0.2 -0.2 58 3 o

37 118.0 55.0 -1.0 -0.8 40 0 o

11 137.0 54.9 -15.0 -10.9 42 -2 o

30 174.0 82.8 -25.0 -14.4 42 ? dyspepsia

24 79.0 36.0 -8.0 -10.1 41 -3 o

7
20.3 ± 9.4
(8.7-36.1)

107.0 ±
22.1
(55.2-
135.8)

46.2 ±
8.2

(28.2-
55.8)

-3.8 ±
11.8
(-34.5
to +8.6)

-3.1 ±
9.9

(-27.0
to +7.4)

62.9 ±
26.0 (39-
106)

-6.9 ±
33.4

(-63 to
+64)

diarrhoea (2),
abdo.

pain (2),
dizziness (1), low
mood (1), sleep
disturb. (1),

emotional lability
(1)

0
19.5 ±
19.5

(5.7-33.3)

101.5 ±
35.1
(76.6-
126.3)

37.8 ±
8.4

(31.9-
43.7)

3.2 ±
14.8

(-7.3 to
+13.7)

0.7 ±
14.4

(-9.5 to
+10.8)

39.5 ±
0.7 (39-
40)

-1.5 ±
0.7

(-2 to
-1)

diarrhoea (1)

quent weight regain. b No T2DM at baseline, but developed T2DM on treatment with semaglutide. c Three participants still
mean ± SD (range). To convert HbA1c (mmol/mol) to (%) use the formula: % = (0.09148 × mmol/mol) + 2.15. unknown;
ale; meds., medications; mo, months; n/a, not applicable; o, no; OB, obesity; OW, overweight; prev., previous; SD, standard

A
h
m
e
d
e
t
al.

10
.3
3
8
9
/fe

n
d
o
.2
0
2
6
.18

8
13

9
2

Fro
n
tie

rs
in

E
n
d
o
crin

o
lo
g
y

fro
n
tie

rsin
.o
rg

0
5

Author Year Country
D weight

pre-
semaglutide

N Age Sex
BMI
status

T2DM T2DM meds.
Maximu

dose

(years) (mg)

Sani 2022 Italy +9.5kg ?when 1 33 M OB yes metformin, insulin 1.0

Giménez-
Palop

2024 Spain ? 4 25 M OB yes
metformin,

empagliflozin, glargine
0.5

? 40 M OB yes
metformin,

empagliflozin, glargine
0.5

? 43 F OB yes
metformin,

empagliflozin, glargine
1.0

? 31 F OB yes
metformin,
empagliflozin

1.0

Koceva 2025 Slovenia +9kg ?when 3 28 F OB o n/a 1.0

+34kg ?when 25 M OB o n/a 1.0

? 39 F OB a o b n/a 2.0

Dinoi 2025 Italy
+13kg in
prev. 27mo

1 27 M OB yes o 0.5

Ahmed 2026 UK
weight loss

≤5%
in prev. 7mo

12
28.3 ±
10.1

(18-51)

10F,
2M

OW
(1),
OB
(11)

yes
(9), o
(3)

metformin (8), SGLT2i
(1), insulin (3), DPP4i
(1), pioglitazone (2),
liraglutide (1), oral
semaglutide (1)

1.0 (3), 1
(3),

2.4 (6)

weight loss
>5%

in prev. 7mo
2

26.0 ±
8.5 (20
-32)

1F,
1M

OB
(2)

yes (2)
metformin (2), insulin

(1)
0.5 (1), 1

(1)

aUnderwent gastric banding and subsequently Roux-en-Y gastric bypass surgery 10 years prior to starting semaglutide with initial weight loss and subs
undergoing up-titration of semaglutide. For summary data from the current paper Ahmed (2026), (n) indicates number of individuals, values given a
abdo., abdominal; BMI, body mass index; disturb., disturbance; DPP4i, Dipeptidyl peptidase-4 inhibitor; F, female; HbA1c, glycated haemoglobin; M,
deviation; SGLT2i, sodium-glucose co-transporter 2 inhibitor; T2DM, type 2 diabetes mellitus.
m

.

c

.

e
s
m
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AST); safety data (reported side effects, dose modifications, discon-

tinuation due to tolerability). ALT, AST, platelet count and age were

used to calculate FIB-4 score indicating risk of hepatic fibrosis using

formula [age (years) x AST (IU/L)]/[platelet count (x109/L)/√ ALT

(IU/L)], with <1.45 having negative predictive value of 90% for

advanced fibrosis and score >3.25 having 97% specificity and

positive predictive value of 65% for advanced fibrosis (112).

2.4 Hyperphagia questionnaires

The HQ-CT was completed by carers/parents to assesses hyper-

phagia over the previous two weeks, comprising nine questions each

scored from 0-4, with total scores ranging from 0-36, with a higher

score indicating greater severity of hyperphagia (Supplementary

Material) (56). HQ-CT sub-scales assessed hyperphagia behaviour

(0–16), drive (0-12) and severity (0-8), respectively measuring the

frequency and intensity of food-seeking actions, emotional reactions to

food restriction, and preoccupation with food.

Hyperphagia over the previous year was also measured prior to

initiation of semaglutide using the Dykens Hyperphagia

Questionnaire, comprising 13 questions each scored from 1-5,

with total scores ranging from 11-55, with a higher score indicating

greater severity of hyperphagia (17).

2.5 Food safe zone questionnaire

The Food Safe Zone questionnaire (FSZ) was completed by

carers/parents as a measure of food security and how strictly the

food environment is controlled, comprising 20 questions, with

scores ranging from 0-80, with a higher score indicating a more

strictly controlled food environment (113).

2.6 Statistical analysis

All data were statistically processed using GraphPad Prism-10

(GraphPad Software Inc., Boston, MA, USA), and normality assessed

using Kolmogorov-Smirnov test. P values <0.05 were taken as statisti-

cally significant. Where data was available across three time points,

namely visit previous to baseline (pre-treatment), baseline (treatment

initiation), and post-visit, statistical analysis used repeated measures

ANOVAwith mixedmodel analysis (to account for missing data) using

post-hoc Fisher LSD test, and paired t-test for comparison of change in

outcome variable pre-visit vs. baseline compared to baseline vs. post-

visit. Where graphs show data across two time points, namely baseline

(treatment initiation) and post-visit, paired t-test was performed.

Standardised effect sizes were also reported as Cohen’s d to avoid

over-reliance on interpretation of P-values with the small sample size.
3 Results

3.1 Demographic data

Table 2 summarises the baseline demographic and clinical

characteristics of participants prior to semaglutide initiation.

Twelve participants who had experienced ≤5% weight loss in the
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preceding seven months were included in the primary analysis:

mean ± SD age 28.3 ± 10.1 years (range 18-51), 10 (83.3%) female,

all with overweight/obesity, nine (75.0%) with T2DM, with four of

these having poor glycaemic control with HbA1c >58 mmol/mol or

>7.5%. For those with T2DM, the medications used were as follows:

four metformin only (one of whom started metformin at the same

time as semaglutide); one metformin and DPP4 inhibitor; one

metformin, thiazolidinedione and insulin (22 units daily); one

metformin, sodium-glucose co-transporter 2 inhibitor and

liraglutide 1.8mg subcutaneous once daily; one metformin,

thiazolidinedione, and oral semaglutide 3mg once daily (equivalent

to 0.11mg subcutaneous semaglutide); one insulin only (50

units daily).

All but one participant had at least one obesity-related compli-

cations including hypertension (n=3, 25.0%), hyperlipidaemia (n=5,

41.7%), obstructive sleep apnoea (n=7, 58.3%), metabolic dysfunc-

tion-associated steatotic liver disease (n=7, 58.3%), obesity-related

mobility problems (n=3, 25.0%), current pre-diabetes (n=1, 8.3%),

microalbuminuria (n=5, 41.7%). All had genetically confirmed

PWS, with an equal genotype ratio of paternal chromosome

15q11–13 deletion (n=5) vs. maternal uniparental disomy

(mUPD, n=3) or mUPD/imprinting defect (n=2) where known,

with two having unknown PWS genotype. All participants with

available data (n=11) had a HQ-CT questionnaire score ≥5/36, and

81.8% had HQ-CT ≥13/36 indicating at least moderate hyperpha-

gia. Ten (83.3%) patients lived in the family home, one of whom

moved to supported living 8 months after starting semaglutide, with

the other two (16.7%) living in PWS specialist residential homes.

Seven (58.3%) had received growth hormone treatment during

childhood, with four (33.3%) on growth hormone and eight

(75.0%) on sex steroid replacement at baseline. Only two partici-

pants (16.7%) were taking psychotropic medications, both of which

have been associated with weight gain (risperidone, olanzapine),

with one increasing the dose 6 months into treatment

with semaglutide.

Two participants who had lost >5% of body weight during this

period were excluded and are presented separately. Their ages were

in range 20–34 years, one was female, one had paternal chromo-

some 15q11–13 deletion and one unknown PWS genotype. Only

one was living in the family home, both had T2DM receiving

metformin alone or metformin and insulin (14 units daily), both

had obstructive sleep apnoea, and one had hypertension,

hyperlipidaemia or microalbuminuria.
3.2 Semaglutide dose and side effects

In the 12 patients who had not lost weight prior to starting

semaglutide, 78.6% (12/14) had reached their maximum tolerated

dose of semaglutide by the end of follow-up (two still being up-

titrated), with 60.0% of these (6/10) tolerating the maximum dose

(2.4mg once weekly), with median semaglutide dose 2.4mg once

weekly (1.0-2.4), for a median follow-up of 17.2 months (range 8.7-

36.1), with median time on highest dose 6.5 months (range 2.6-

29.4) (Table 3).

In the whole cohort (including the two participants with weight

loss prior to starting semaglutide), 78.6% (11/14) had reached their
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TABLE 2 Baseline demographic and clinical characteristics of participants.

HbA1c HbA1c
On

insulin
HQ-
CT

Dykens
HQ

FSZ ALT AST FIB-4
Maximum

tolerated dose

(mmol/
mol)

(%) (units) (/36) (/55) (/80) (IU/L) (IU/L) (mg)

51 6.8 o 17 ? ? 33 28 0.59 (1.0)

48 6.5 o 24 46 51 19 20 0.27 1.0

80 9.5 o ? 51 ? 15 15 0.54 (1.7)

104 11.7 yes 26 34 56 72 64 0.45 1.7

106 11.8 o 16 29 ? 51 28 0.78 1.7

57 7.4 yes 5 18 15 24 22 0.33 2.4

44 a 6.2 o 12 34 80 ? ? ? 2.4

96 10.9 yes 23 45 65 63 44 0.26 2.4

46 6.4 o 15 31 67 93 41 0.62 2.4

39 5.7 n/a 19 37 32 21 21 0.98 1.0

39 5.7 n/a 32 48 72 16 21 0.59 2.4

45 b 6.3 n/a 24 28 54 ? ? ? 2.4

62.9 7.9 19.4 36.5 54.7 40.7 30.4 0.54

49.5 6.7 19.0 34.0 56.0 28.5 25.0 0.57

26.0 2.4 7.5 10.1 20.3 27.5 15.0 0.23

40 5.8 yes 32 ? ? 22 21 0.27 0.5

39 5.7 o 28 47 78 47 34 0.35 (1.0)

% weight loss (n=12, included in analysis) or >5% weight loss (n=2, excluded from analysis) in the 7 months prior to starting semaglutide
starting semaglutide. Doses in brackets indicate participants still undergoing dose up-titration. unknown; ALT, alanine aminotransferase;
CT, hyperphagia questionnaire for clinical trials; n/a, not applicable; o, no; T2DM, type 2 diabetes mellitus.

A
h
m
e
d
e
t
al.

10
.3
3
8
9
/fe

n
d
o
.2
0
2
6
.18

8
13

9
2

Fro
n
tie

rs
in

E
n
d
o
crin

o
lo
g
y

fro
n
tie

rsin
.o
rg

0
7

Statistics

Height Weight BMI
Age onset

hyperphagia
Age onset
obesity

Duration
obesity

T2DM
Duration
T2DM

(m) (kg) (kg/m²) (years) (years) (years) (years)

Weight loss ≤5% in 7 months pre-semaglutide

1.40 55.2 28.2 5-9 ? ? yes 19

1.56 135.8 55.8 5-9 5-9 13 yes 1

1.40 90.0 45.9 ? ? ? yes 20

1.63 127.0 47.8 <5 5-9 9 yes 4

1.47 113.3 52.4 <5 ? ? yes 17

1.59 96.5 38.2 ? >14 19 yes 8

1.40 107.2 54.7 10-14 ? ? yes 5

1.52 116.0 50.2 5-9 ? ? yes 3

1.47 101.6 47.0 <5 <5 35 yes 1

1.54 128.0 54.0 <5 <5 48 o n/a

1.60 121.6 47.5 5-9 ? ? o n/a

1.56 91.3 37.5 5-9 >14 3 o n/a

Mean 1.51 107.0 46.6 5.4 8.7 21.2 8.7

Median 1.53 110.3 47.7 5.0 7.0 16.0 5.0

SD 0.08 22.1 8.2 3.2 5.7 17.1 7.8

Weight loss >5% in 7 months pre-semaglutide

1.55 76.6 31.9 5-9 ? ? yes 17

1.70 126.3 43.7 5-9 ? ? yes 4

Baseline data for participants with PWS before starting semaglutide (n=14). Participants were split into two groups, those who had ≤
treatment. For HbA1c, ALT, AST and FIB-4 values above normal are in bold. HbA1c measured at a 7.1 months, b 3.7 months prior to
AST, aspartate aminotransferase; BMI, body mass index; FIB-4, fibrosis-4; FSZ, food safe zone; HbA1c, glycated haemoglobin; HQ-
5
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maximum tolerated dose of semaglutide by the end of follow-up

(three still being up-titrated), with 54.5% of these (6/11) tolerating

the maximum dose (2.4mg once weekly), for a median follow-up

time of 16.6 months (range 5.7-36.1), with median time on highest

dose 6.5 months (range 1.8-29.4) (Table 3).

Less than half (6/14, 42.9%) of participants experienced at least

one side effect, with only two participants having more than one

side effect (Table 3; Figure 1). The most common side effect was

diarrhoea (3/14, 21.4%, one of whom had newly diagnosed ulcer-

ative colitis), followed by abdominal pain (2/14, 14.3%), and then

dizziness, sleep disturbance, low mood and emotional lability (1/14,

7.1% each). No cases of nausea, vomiting or constipation were

reported. Overall, 4/14 (28.6%) had at least one gastrointestinal

side effect.

Among the six participants who experienced side effects on

semaglutide, 16.6% (1/6) required a temporary delay in dose

escalation, and 66.6% (4/6) required a dose reduction.

Importantly, no participants discontinued semaglutide treatment

due to side effects.

3.3 Weight change

In those 12 participants who had not been losing weight prior to

semaglutide initiation, median follow-up duration on semaglutide

was 17.2 months, median duration on maximum semaglutide dose

was 6.5 months (Supplementary Table 2). Two participants were

still uptitrating their semaglutide dose, with six (50.0%) of
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participants reaching and tolerating the maximum semaglutide

dose 2.4mg once weekly (Supplementary Table 2).

Prior to semaglutide initiation, most participants were gaining

weight, with mean ± SD weight change +5.7 ± 5.6% from median of

12.4 months before semaglutide initiation to baseline (n=11,

P = 0.007, Cohen’s d +1.01, excluding one who did not have a

recorded weight at the prior visit) (Supplementary Table 2;

Figures 2A, C). Following initiation of semaglutide over median

follow-up of 17.2 months, there was no statistically significant

change in weight, with mean ± SD weight change -3.1 ± 9.9%

(n=12, P = 0.31, d -0.31). However, comparison of weight trajec-

tories before vs. after treatment demonstrated a significant attenu-

ation of pre-treatment weight gain after semaglutide initiation with

effect size -8.1 ± 11.2% body weight (n=11, P = 0.037, d -0.72)

(Supplementary Table 2; Figure 2C). Similar results were seen, when

comparing pre- vs. post- semaglutide weight change, as absolute

weight change in kg (n=11, P = 0.042, d -0.70) (Supplementary

Table 2), or as percentage weight change per month (n=11,

P = 0.040, d -0.71) (Supplementary Table 2; Figure 2D).

After receiving semaglutide, the participants without T2DM

experienced a numerically greater reduction (P = 0.47, d -0.51) in

body weight (n=3, mean ± SD -8.6 ± 17.0%) compared to those with

T2DM (n=9, -1.2 ± 6.9%), despite similar % weight gain prior to

starting semaglutide (+6.6 ± 5.5 vs. +5.4 ± 6.0), a shorter duration of

follow-up (median 12.4 vs. 17.7 months), and similar median

semaglutide dose of 2.4mg once weekly. Indeed, the largest indi-

vidual reduction in body weight (-27.0% over 28.2 months)
TABLE 3 Summary of adverse events and tolerability.

T2DM
Maximum

tolerated dose
(mg)

Total duration
semaglutide
treatment
(months)

Duration on
maximum
tolerated
dose

(months)

Adverse
events

Dose at
adverse event

(mg)

Dosing outcome
with adverse event

Weight loss ≤5% in 7 months pre-semaglutide

yes (1.0) 33.6 29.4 o n/a n/a

yes 1.0 9.6 5.3 yes 0.5 delay increase to 1.0

yes (1.7) 35.9 5.7 o n/a n/a

yes 1.7 14.4 10.3 yes 2.4 decrease to 1.7

yes 1.7 20.5 2.6 yes 2.4 decrease to 1.7

yes 2.4 11.9 2.6 yes 1.7 none

yes 2.4 16.3 7.2 o n/a n/a

yes 2.4 17.4 13.1 o n/a n/a

yes 2.4 29.6 11.0 o n/a n/a

o 1.0 27.5 18.0 yes 1.7 decrease to 1.0

o 2.4 8.8 2.6 o n/a n/a

o 2.4 10.6 2.7 o n/a n/a

Weight loss >5% in 7 months pre-semaglutide

yes 0.5 33.2 32.2 yes 1.0 decrease to 0.5

yes (1.0) 5.3 1.8 o n/a n/a
Data on maximum tolerated semaglutide dose (brackets indicate those still up-titrating dose), occurrence of adverse events and their clinical outcomes regarding delay in dose increase or dose
decrease, in all participants (n=14). Participants were split into two groups, those who had ≤5% weight loss (n=12) or >5% weight loss (n=2) in the seven months prior to starting semaglutide
treatment. n/a, not applicable; o, no.
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occurred in a participant without T2DM and despite tolerating only

semaglutide 1.0 weekly (Supplementary Table 2).

For the weight trajectories of the two participants excluded from

analysis as they had lost >5% of body weight in the seven months

prior to treatment initiation, one appeared to have some slowing of

weight loss (tolerating up to 0.5mg weekly), while the other regained

weight (still on 1.0mg once weekly during up-titration) (Figure 2B).

3.4 Hyperphagia questionnaire

The change in total HQ-CT score (out of 36) prior to treatment

was not significant (n=9, mean ± SD -1.3 ± 8.9, P = 0.66, d -0.15),

whereas there was a significant reduction in total HQ-CT score

following semaglutide treatment (n=11, -7.3 ± 6.1, P = 0.003, d

-1.19). Although the difference in change of total HQ-CT between

the pre- and post-treatment periods did not reach statistical

significance, there was a moderate effect size (n=9, -8.3 ± 13.6,

P = 0.10, d -0.61) (Supplementary Table 2; Figure 3A).

Analysis of HQ-CT sub-scales (behaviour, drive, severity) demon-

strated similar patterns. HQ-CT behaviour scores (out of 16) did not

change significantly prior to treatment (n=9, +0.1 ± 4.8, P = 0.95, d

+0.02) and showed a trend for reduction following semaglutide

treatment (n=11, -1.8 ± 3.0, P = 0.069, d -0.61), with no significant

difference between pre- and post-treatment periods (n=9, -2.2 ± 7.3,

P = 0.39, d -0.30) (Supplementary Table 2; Figure 3B). HQ-CT drive

scores (out of 12) showed no significant change prior to treatment

(n=9, +0.9 ± 2.7, P = 0.35, d +0.33), but decreased significantly

following semaglutide treatment (n=11, -2.5 ± 3.0, P = 0.020, d

-0.84), with a significant difference between the pre- and post-treatment

periods (n=9, -4.0 ± 4.7, P = 0.035, d -0.84) (Supplementary Table 2;

Figure 3C). Similarly, severity scores (out of 8) were stable prior to
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treatment (n=9, -0.1 ± 2.4, P = 0.89, d -0.05), but decreased significantly

following semaglutide treatment (n=11, -2.4 ± 1.9, P = 0.002, d -1.27),

although the difference between the pre- and post-treatment periods

was not statistically significant, there was a moderate effect size (n=9,

-2.1 ± 4.0, P = 0.15, d -0.53) (Supplementary Table 2; Figure 3D).

In the nine participants with total HQ-CT score over 13/36 at

baseline, the change in total HQ-CT score prior to treatment was

not significant (n=7, mean ± SD + 3.1 ± 7.9, P = 0.33, d +0.40),

whereas there was a significant reduction in total HQ-CT score

following semaglutide treatment (n=9, -8.0 ± 6.5, P = 0.006, d -1.23).

Although the difference in change in total HQ-CT between the pre-

and post-treatment periods did not reach statistical significance,

there was a large effect size (n=7, -11.6 ± 13.5, P = 0.06, d -0.86)

(Supplementary Table 2; Figure 3A).

In the five participants with total HQ-CT score over 22/36 at

baseline, the change in total HQ-CT score prior to treatment was

not significant but with a moderate increasing effect size (n=4, mean

± SD + 6.8 ± 8.7, P = 0.22, d +0.77), and although not reaching

statistical significance, there was a large effect size for decrease in

HQ-CT following semaglutide treatment (n=5, -7.0 ± 8.1, P = 0.13, d

-0.86). Similarly, the difference in change in total HQ-CT between

the pre- and post-treatment periods did not reach statistical

significance, but there was a large effect size (n=4, -14.8 ± 17.3,

P = 0.19, d -0.85) (Supplementary Table 2; Figure 3A).

For the two participants excluded from overall analysis because

of pre-initiation weight loss, one showed a reduction in HQ-CT

total score from 32/36 to 18/36 at 9.4 months following semaglutide

treatment; whilst for the other, HQ-CT total score had increased

from 28/36 to 32/36 over the 7.1 months before starting

semaglutide, and fell slightly after 5.7 months on semaglutide to

28/36 (Supplementary Table 2).
FIGURE 1

Adverse event outcomes in participants with PWS treated with semaglutide. Bar graph showing prevalence of adverse events following treatment
with semaglutide in whole cohort (n=14).
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3.5 Food safe zone and potential
confounds

FSZ scores did not change significantly following semaglutide

initiation (n=8, -1.8 ± 6.4, P = 0.47, d -0.27) (Supplementary

Table 2; Figure 3E), indicating that improvements in hyperphagia

and weight were unlikely to be explained by changes in their food

environment, although scores were missing for four participants.

Only 4/14 of the patients had confounders over the course of

their treatment with semaglutide that may have affected weight and

glycaemic control, including moving residence from family home to

supported living (1/14, 7.1%) and switching schools (1/14, 7.1%),

small dose increase in risperidone (1/14, 7.1%), and commence-

ment of metformin (2/14, 14.3%, one at baseline; one at 17.4

months into treatment with semaglutide, but HbA1c was analysed

prior to starting metformin) (Table 3).

3.6 Glycaemic control

Across all participants (including those without T2DM), there

were no statistically significant changes in HbA1c either prior to

(n=12, +2.9 ± 24.9 mmol/mol, +0.3 ± 2.3%, P = 0.69, d +0.12) or

following semaglutide initiation (n=11, -6.9 ± 33.4 mmol/mol, -0.6 ±

3.1%, P = 0.51, d -0.21), and the difference between pre- and post-

treatment periods was not significant (n=11, P = 0.48, Cohen’s d

-0.22) (Supplementary Table 2; Figure 4A).

However, among the five participants with elevated HbA1c at

baseline (>48 mmol/mol, >6.5%) excluding the one participant who

started metformin at baseline, three demonstrated reductions in

HbA1c, with one achieving value within the normal range

(Figure 4A). In these participants, there was no statistically signif-

icant change in HbA1c prior to semaglutide (n=5, -0.6 ± 35.4 mmol/

mol, -0.1 ± 3.2%, P = 0.97, d -0.02). Although not reaching statistical

significance, there was a moderate effect size for decrease in HbA1c

following semaglutide treatment (n=5, -14.2 ± 25.5 mmol/mol, -1.3

± 2.3%, P = 0.28, d -0.56), and no statistically significant difference

between pre- and post-treatment periods (n=5, P = 0.43, d -0.39)

(Supplementary Table 2; Figure 4A).

3.7 Lipid profile

No significant changes were observed in lipid parameters,

including non-fasting LDL-cholesterol, HDL-cholesterol, or total/

HDL-cholesterol ratio, either prior to or following semaglutide

initiation, or between the pre- and post-treatment periods

(Supplementary Table 2; Figures 4B–D). However, very few had

dyslipidaemia at baseline. Among the five participants with elevated

LDL-cholesterol at baseline, three showed reductions after treat-

ment with semaglutide, with two normalising (Figure 4B). Among

the four participants with low HDL-cholesterol at baseline, three

increased after treatment with semaglutide, with one normalising

(Figure 4C). Both participants with elevated total/HDL-cholesterol

at baseline had decreases after treatment with semaglutide, with one

normalising (Figure 4D).
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3.8 Liver enzymes

Similarly, no statistically significant changes were observed in

liver enzymes (ALT or AST) prior to or following treatment

initiation, or between the pre- and post-treatment periods

(Supplementary Table 2; Figures 4E, F). However, baseline eleva-

tions in ALT and AST were uncommon. All four participants with

elevated ALT at baseline had decreases after treatment with

semaglutide, with three normalising (Figure 4E). All three partic-

ipants with elevated AST at baseline, had decreases after treatment

with semaglutide, with two normalising (Figure 4F).
4 Discussion

This retrospective, observational cohort provides, as far as is

known, the largest published data to date on the use of semaglutide

in adults with PWS and is the first to report quantitative changes in

hyperphagia using a validated questionnaire (HQ-CT). In 12 adults

with PWS (nine with T2DM) treated with semaglutide, who had

weight loss ≤5% in the 7 months prior to starting semaglutide,

outcomes were generally as hypothesised, with:

i. overall duration of semaglutide treatment was median 17.2

months (range 8.7-36.1), with median semaglutide dose

2.4mg once weekly (1.0-2.4), with median time on highest

dose 6.5 months (range 2.6-29.4), with 2/12 participants

still up-titrating dose;

ii. 4/10 of patients reaching their highest dose did not tolerate

the maximum dose 2.4mg weekly, but there were no

discontinuations due to adverse effects;

iii. no significant weight loss on semaglutide compared to

baseline, but a significant attenuation of pre-treatment

weight gain, with similar results when examining weight

change per month to account for variable follow-

up durations;

iv. significant improvements in hyperphagia, as evident by

reductions in mean HQ-CT score by 7.3/36, which had

been stable prior to starting semaglutide (with similar

changes in HQ-CT sub-scales of behaviour, drive, severity),

without any change in the food environment as measured

by the FSZ questionnaire;

v. improvements in HbA1c in the six participants with

elevated HbA1c at baseline, decreasing in 4/6, and

normalising in 1/4;

vi. no significant changes in serum LDL-cholesterol, HDL-

cholesterol, total/HDL-cholesterol ratio, ALT or AST, but

in those with abnormal levels at baseline, values usually

improved, and often normalised;

vii. no serious side effects apart from 1/14 of all patients

receiving treatment with semaglutide (including the two

with weight loss prior to semaglutide) being diagnosed with

ulcerative colitis, with an overall side effect profile,
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Fron
predominantly gastrointestinal, similar to that expected

from non-PWS cohorts, though with no reported nausea,

vomiting or constipation.
4.1 Body weight

Prior to treatment initiation, participants were on average

gaining weight, whereas weight remained stable on average follow-

ing the introduction of semaglutide, though there was no significant
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weight loss on average. Even weight stabilisation is of benefit in

PWS giving the natural history of progressive and often rapid

weight gain and deterioration of obesity-related complications in

adults with PWS (36).

These findings are broadly consistent with the limited observa-

tional literature on semaglutide use in PWS, although the magni-

tude of weight loss in our cohort appears more modest. Previously

published reports of semaglutide in PWS described variability in

changes of body weight, from +4.9% to −14.4% over treatment

durations of 11–30 months (Table 1). For example, a single-case
FIGURE 2

Changes in BMI and weight before and after starting semaglutide in adults with PWS. Each graph displays individual participant trajectories, both
before and following treatment with semaglutide. Doses in brackets indicate participants still undergoing dose up-titration. Graphs show (A) change
in BMI over time for those with ≤ 5% weight loss over seven months before starting semaglutide (n=12), with latest drug dose noted for each
participant at bottom of figure; (B) change in BMI over time for those with > 5% weight loss over seven months before starting semaglutide (n=2),
with latest drug dose noted for each participant to right of graph lines in red; (C) percentage weight change vs. baseline, and (D) percentage weight
change per month vs. baseline, at visits prior to starting drug and at last follow-up (participants from A, n=12). Mean values are indicated by red lines.
Median and range of time (in months) from baseline are given below x-axis for visits. Statistical comparisons in (C, D) used repeated measured
ANOVA with mixed model analysis using post-hoc Fisher LSD test and paired t-test for comparison of change in outcome variable pre- visit vs.
baseline vs. baseline vs. post-visit, with P-values and Cohen’s d effect sizes *P<0.05, **P<0.01. Filled symbols: with T2DM, open symbols: without
T2DM. Abbreviations: ANOVA, repeated-measures analysis of variance; BMI, body mass index; T2DM, type 2 diabetes mellitus.
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FIGURE 3

Hyperphagia questionnaire score outcomes in adults with PWS treated with semaglutide. All graphs depict individual level data across up to three
time points (visit previous to baseline (pre-treatment), baseline (treatment initiation), and last available follow-up), for (A) HQ-CT total scores, n=11;
(B) HQ-CT behaviour scores, n=11; (C) HQ-CT drive scores, n=11; (D) HQ-CT severity scores, n=11; (E) FSZ scores, n=8, in those with ≤ 5% weight
loss over seven months before starting semaglutide. Each graph displays individual participant trajectories, with bar representing mean at each time
point, with semaglutide doses noted for each participant, and doses in brackets indicating participants still undergoing dose up-titration. Median and
range of time (in months) from baseline are given below x-axis for visits. Statistical analysis in (A–D) used repeated measures ANOVA with mixed
model analysis using post-hoc Fisher LSD test, and paired t-test for comparison of change in outcome variable pre-visit vs. baseline and baseline vs.
post-visit, and in (E) paired t-test, with P-values and Cohen’s d effect sizes displayed: *P<0.05, **P<0.01. Filled symbols: with T2DM, open symbols:
without T2DM. Abbreviations: ANOVA, repeated-measures analysis of variance; FSZ, food safe zone; HQ-CT, hyperphagia questionnaire for clinical
trials; T2DM, type 2 diabetes mellitus.
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report of a man with obesity and T2DM treated with semaglutide 1

mg for 12 months demonstrated a 5.2% weight loss (103), while a

small case series of four adults with PWS and T2DM reported a

mean weight loss of 4.7% over a longer duration (25.5 months) at

doses of 0.5–1 mg (104). Notably, greater weight reductions have

been described in case reports of PWS without T2DM, including a
Frontiers in Endocrinology 13
series of three adults achieving a mean weight loss of 8.7% over 26

months with doses up to 2 mg (105). A further single case reported a

10.1% weight loss over 24 months in a man with T2DM, albeit at a

relatively low dose (0.5 mg) (106). In comparison, the lower mean

weight loss of 3.1% observed in our study on semaglutide, despite a

longer mean treatment duration (19.6 months) and higher
FIGURE 4

Clinical outcomes in adults with PWS treated with semaglutide. Graphs depict individual level data across three time points (visit previous to baseline
(pre-treatment), baseline (treatment initiation), and last available follow-up), for (A) HbA1c, n=11; non-fasting (B) LDL-cholesterol, n=10; (C) HDL-
cholesterol, n=10; (D) total/HDL-cholesterol ratio, n=10; (E) ALT, n=10; (F) AST, n=10, in those with ≤ 5% weight loss over seven months before
starting semaglutide. Each graph displays individual participant trajectories, with semaglutide doses noted for each participant. Doses in brackets
indicate participants still undergoing up-titration. Mean values are indicated by red lines. Median and range of time (in months) from baseline are
given below x-axis for visits. Statistical analysis used repeated measured ANOVA with mixed model analysis using post-hoc Fisher LSD test, and
paired t-test for comparison of change in outcome variable pre-visit vs. baseline and baseline vs. post-visit, with P-values and Cohen’s d effect sizes
displayed: *P<0.05, **P<0.01. Filled symbols: with T2DM, open symbols: without T2DM. Abbreviations: ALT, alanine aminotransferase; ANOVA,
repeated-measures analysis of variance; AST, aspartate aminotransferase; C, cholesterol; HbA1c, glycated haemoglobin; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; LLN, lower limit of normal; T2DM, type 2 diabetes mellitus; ULN, upper limit of normal.
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maximum dosing in some participants (up to 2.4 mg), may reflect

differences in cohort composition, particularly the higher preva-

lence of T2DM (75%) and younger age. The predominance of

females is unlikely to have contributed, as in non-PWS studies

women lose more weight than men on GLP-1 analogues (114).

Furthermore, our findings align with prior observations sug-

gesting a potentially attenuated weight loss response in individuals

with T2DM (79). Notably, the stabilisation of weight following

semaglutide initiation, in contrast to the marked upward trajectory

observed prior to treatment, demonstrates the importance of

considering pre-treatment weight trajectories when evaluating

therapeutic response in observational studies in the absence of a

placebo-control group.

4.2 Hyperphagia

The improvements in hyperphagia symptoms on semaglutide

represent one of the most clinically relevant and novel findings of

this study. This is an outcome not previously quantified in adults

with PWS treated with semaglutide. This was assessed by the HQ-

CT total score and was apparent across all three sub-domains of

hyperphagic behaviour, drive and severity. However, HQ-CT scores

are a subjective, self-reported assessment by carers over the previous

two weeks, and can be influenced by reporting bias, natural

variability, and regression to the mean. In the current open-label

cohort study, the potential influence of the placebo effect must also

be strongly acknowledged, since there may be pronounced placebo

responses, particularly in domains related to behaviour, as seen in

the DCCR trial, where HQ-CT scores improved in the placebo

group (57).

A reduction in hyperphagia was also seen previously over 52

weeks in adolescents with PWS (though not adults) in a phase 2

placebo-controlled trial of the second generation GLP-1RA

liraglutide, though no weight difference relative to placebo was

seen (102). Hyperphagia is a defining and particularly burdensome

feature of PWS, often leading to severe obesity and significant

psychosocial challenges, with increased burden to caregivers and

the family (21, 115).

Notably, HQ-CT scores remained relatively stable during the

pre-treatment period, strengthening the likelihood that the ob-

served changes were associated with treatment rather than natural

fluctuation over time, though placebo effects cannot be excluded.

Furthermore, FSZ scores did not change significantly during treat-

ment with semaglutide in the subset with available data. As FSZ

scores reflect the degree of environmental food restriction and

supervision, the absence of change suggests that improvements in

hyperphagia were unlikely to be attributable to alterations in the

participants’ food environment. This finding supports a potential

pharmacological effect of semaglutide on appetite regulation in

individuals with PWS.

Although two participants had a change in social circumstances

that may have affected weight and hyperphagia, with one switching

schools, and the other moving residence from family home to

supported living, the latter lost 11.3% weight over 30.6 months with

HQ-CT decreasing by 10/36 points, despite their FSZ score falling
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from 67/80 to 58/80, indicating less strict control of food environ-

ment in supported living compared to the family home.

The average magnitude of reduction in HQ-CT total score (7.3/

36 overall, 8.0/36 in those with HQ-CT >13/36 at baseline, 7.0/36 in

those with baseline HQ-CT >22/36 at baseline) was comparable to

that reported previously in trials of DCCR, a long-acting diazoxide

preparation, that has now been licensed in USA for management of

hyperphagia in PWS (57–60). In the initial placebo-controlled trial

of DCCR in adolescents/adults with PWS, data prior to the

interruption of the Covid-19 pandemic showed decreases in HQ-

CT over 13 weeks of 6.6/36 in DCCR and 3.5/36 in placebo group,

while in the whole study for those with HQ-CT >22/36 at baseline,

HQ-CT decreased by 9.7/36 vs. 4.3/36 in DCCR and placebo groups

respectively (57). In an open label extension of DCCR over 52

weeks, HQ-CT scores reduced overall by 9.9/36, and by an even

greater amount (15.2/36) in those with severe hyperphagia (HQ-CT

>22/36) at baseline (57). Furthermore, in a placebo-controlled trial

of methionine aminopeptidase 2 (MetAP2) inhibitor, beloranib, in

adolescents/adults with PWS, hyperphagia was significantly re-

duced with a mean HQ-CT reduction of 7.7/36, associated with

weight loss, but unfortunately this product had to be subsequently

withdrawn because of adverse events and deaths due to venous

thrombosis (two fatal events of pulmonary embolism, two deep vein

thrombotic events) (46).

4.3 Metabolic profile

Although no significant changes were observed in glycaemic or

lipid parameters overall, several participants with baseline abnor-

malities demonstrated improvements, including reductions in

HbA1c, LDL-cholesterol, and liver enzymes, and increases in

HDL-cholesterol. The absence of statistically significant changes

likely reflects the small cohort size and the relatively limited number

of participants with abnormal baseline values. Nonetheless, the

direction of change observed in individuals with metabolic abnor-

malities is consistent with the established metabolic benefits of

GLP-1RA in the general population.

Assessment of cardiovascular parameters is an important com-

ponent of evaluating the safety and broader clinical impact of

semaglutide in PWS, particularly given that GLP-1RA are associ-

ated with reductions in blood pressure but increases in resting heart

rate (111). In our study, however, we were unable to reliably assess

these outcomes. Blood pressure and pulse measurements were

obtained in routine clinics, where patients with PWS are often

anxious or excitable, potentially leading to unreliable readings.

Furthermore, measurements were not standardised, as they were

not consistently performed after a period of rest or repeated to

obtain averaged values.

4.4 Safety profile

Less than half of the participants experienced at least one

adverse event, with diarrhoea being the most reported symptom.

This is consistent with the known gastrointestinal side-effect profile

of GLP-1RAs, although nausea and vomiting, frequently the most
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reported adverse event in larger clinical trials, was not seen in any

participants (91–93).

Delayed gastric emptying is a commonly reported feature in

children and adults with PWS (116, 117), with case reports of severe

gastric dilatation and rupture in PWS, including children as young

as 5 years which can be life-threatening (5, 25, 118–120). In a survey

of 154 patients with PWS who had died, 3% were due to gastric

rupture related to over-eating (119). In a large PWS cohort in the

USA that died during 1973-2015, gastrointestinal related problems

such as perforation, distension or obstruction were the causes of

death in 10%, with equal distribution over the ages (25).

Decreased ability to vomit is commonly reported in PWS, both

in children and adults (121). Although, the reasons for this are not

completely known, diaphragmatic, abdominal, and intercostal

muscle hypotonia may be contributory. Choking may occur fre-

quently and has been reported as a cause of death in 8% of older

children and adults, according to family collected data (119), with

predisposing factors for choking hyperphagia, thick saliva, weak-

ness of pharyngeal muscles and gastro-oesophageal reflux. More

recently, videofluoroscopy in patients with PWS aged 5–35 years

showed dysphagia with food residue in the pharynx and

oesophageal stasis in almost all patients (122).

Since GLP-1 and its analogues including semaglutide can delay

gastric emptying and cause gastroparesis (123–131), there are

concerns that semaglutide may exacerbate or result in gastroparesis

in PWS, perhaps especially in those with T2DM, and thus increase

the risk of gastric necrosis or rupture. Furthermore, the high pain

threshold and reduced vomiting in PWS may mask symptoms

of gastroparesis.

For example, we have previously performed gastric emptying

studies using Tc-99 semi-solid meal nuclear medicine scans to

measure emptying half-life (t1/2) in seven adults with PWS and

T2DM (Supplementary Table 3). Gastric emptying was markedly

delayed in 1/6 patients not on liraglutide (t1/2 >180 min, normal

<60 min), while the 7th case already on liraglutide had mildly

delayed gastric emptying t1/2 79 mins, precluding further dose

increase. Gastric emptying was slowed by liraglutide in 3 cases,

becoming abnormal in two cases (16 to 348 min, 48 to 83 min, 25 to

49 min, normal <60 min).

Although the previous clinical trial of liraglutide in PWS did not

result in any serious adverse events related to gastrointestinal issues,

no formal gastric emptying assessments were performed (102). The

lack of any symptoms suggestive of marked delay in gastric

emptying in the current and previous observational case reports

of semaglutide is reassuring, but given the greater efficacy of

semaglutide over liraglutide, it will be important to consider risk

of gastroparesis, including possible inclusion of formal assessment,

during any future larger clinical trials of semaglutide (and other

GLP-1RA) in PWS to confirm safety.

Interestingly, one participant had a new diagnosis of ulcerative

colitis requiring dose reduction during treatment with semaglutide.

There is a suggestion from observational cohorts in T2DM that the

prevalence of ulcerative colitis might be higher in those on GLP-

1RA, although this did not reach significance (132).

Among the six participants who reported adverse events, 16.6%

required delayed dose escalation and 66.6% required a dose
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reduction due to side effects. Despite this, no participants discon-

tinued semaglutide, which is notable given that discontinuation

rates in the STEP trials for obesity typically ranged from 3–6%

(Supplementary Table 1), and 20-60% in real world observational

data (though often complicated by patients having to self-fund

medication). This suggests that semaglutide was generally well

tolerated in this cohort of adults with PWS, with the advised slow

up-titration of dose, which indeed was slightly longer than mini-

mum 4 weekly recommended dose increments. The time taken to

reach the highest dose of 2.4mg was median 9.2 months (range 4.6 -

19.6 months), instead of 3.7 months with 4 weekly dose escalations.

4.5 Strengths and limitations

This study has several notable strengths. It includes a larger

cohort of patients from one centre with PWS treated with

semaglutide than previously reported in the literature, and exam-

ines outcomes following administration of higher doses, with many

reaching a maximum tolerated dose of 2.4mg. Importantly, it

presents the first evidence of reduced hyperphagia with semaglutide

using the HQ-CT. The inclusion of follow-up data from both before

and after initiation of GLP-1RA therapy allows for a more robust

evaluation of treatment effects over time. Additionally, by consid-

ering the FSZ questionnaire, it has been demonstrated that im-

provements in hyperphagia and weight were not attributable to

changes in food security and environment.

Despite these strengths, several limitations should be acknowl-

edged. The study was only a retrospective, observational cohort

study, and lacked a placebo control group, and the overall sample

size was small, limiting generalisability and the power to detect

more subtle effects. There was marked variability in observational

timepoints across patients both before and after starting treatment

for all outcomes. This was addressed for weight change by calcu-

lating percentage weight change per month rather than absolute

change alone; however, this approach may not eliminate the

influence of differential follow-up duration as the rate of weight

loss is not linear but attenuates over time. There was also variability

in the maximum tolerated semaglutide dose (with two participants

still up-titrating), and the duration of treatment overall and on

highest dose. The latter was relatively short with median 6.5 months

relative to overall median follow-up duration of 17.2 months,

reflecting the gradual dose up-titration and limited patient review

visits. The cohort was also heterogenous in PWS genotype, age, sex,

severity of obesity and hyperphagia, prior weight trajectories,

presence and degree of obesity-related comorbidities including

T2DM, prior/current use of GH and sex steroids, use of concom-

itant anti-psychotic medication, use of other T2DM medications,

and residential location, with sample size too small to allow most

sub-group analyses. However, this cohort does represent real world

data outside of a clinical trial, though responses to semaglutide will

be heterogenous.

As the majority of patients included had T2DM, it is unknown

whether the observed weight loss effects would be even greater in

those without T2DM as has been seen across studies in the non-PWS

population with overweight/obesity without vs. with T2DM (79), and

suggested by the sub-analysis of the few without T2DM in the current
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study. Body weight was the outcome measure rather than body

composition, and up to 20% of weight loss on GLP-1RA can be due to

loss of muscle rather than fat tissue (133). The study was mainly in

women with PWS, and in recent meta-analysis GLP-1RA appear

more effective for weight loss in women than men without PWS

(114). This study also only included adults with PWS, and greater

effects of liraglutide on hyperphagia were seen in adolescents than

adults with PWS in previous trial (102). Semaglutide has beneficial

effects for weight loss in adolescents without PWS with a similar

safety profile (74) (Supplementary Table 1).

Some HQ-CT questionnaires were completed retrospectively,

which may introduce recall bias and affect the reliability of those

responses, and accurate heart rate and blood pressure data was

unavailable. HQ-CT questionnaires are also a self-reported out-

come by carers and can be subject to reporter bias, natural

variability, placebo effects, and changes in the food environment.

Reassuringly in the sub-set with available data, the food environ-

ment appeared stable as assessed by the Food Safe Zone, but the

influence of non-drug effects on hyperphagia cannot be excluded.

Furthermore, four participants had potential confounds in their

management which may have influenced outcomes, including two

starting or changing doses of medications, and two moving resi-

dence or educational establishment.

4.6 Implications and future directions

Longer-term follow-up is needed to assess the durability of

weight, and behavioural, cardiovascular and metabolic benefits,

impact on quality of life, and potential for later dose reduction or

maintenance strategies. Placebo-controlled trials of semaglutide in

PWS, including individuals without T2DM, and adolescents and

even younger children are a logical next step. Such trials should

include measures of body composition, e.g. using dual-energy X-ray

absorptiometry (DXA), hyperphagia using HQ-CT, behavioural

and emotional problems using validated questionnaires (e.g.

PWS-Profile), control of the food environment (FSZ), insulin

resistance, glycaemic control, liver function tests, lipids,

microalbuminuria, heart rate, blood pressure, and adverse

events (111).

In the UK, recent NICE guidelines in 2026 have recommended

early introduction of GLP-1 analogues in adults with early-onset

T2DM, especially with overweight/obesity, not only for improve-

ment in glycaemic control but because of cardiovascular and renal

benefits (www.nice.org.uk/guidance/ng28). It may therefore not be

ethical to assign adults with PWS and T2DM to placebo-treatment

in clinical trials, as use of GLP-1 analogues should now be part of

established therapy, though safety does still need to be confirmed.

Furthermore, the recent availability of higher dose semaglutide

(7.2mg once weekly) in Europe and USA, which may produce

additional weight loss over 2.4mg once weekly, supports consider-

ation of using this higher dose in PWS, though the risk of side effects

can be greater (134, 135). However, while this higher dose has

recently licensed in the UK, it has yet to be approved by NICE for

use under the NHS. Tirzepatide the dual GLP-1/GIP analogue

appears more effective for weight loss than semaglutide in non-

PWS overweight/obesity PWS (136). An open-label trial of
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tirzepatide in adults with PWS and obesity without uncontrolled

T2DM is ongoing (https://clinicaltrials.gov/study/NCT06901245).

Placebo-controlled studies of tirzepatide may be warranted based

on their findings, together with collection of further real-world

observational data given the increasing use of tirzepatide in the

management of early-onset T2DM in PWS.

In addition, there is a large pipeline of additional GLP-1 and

incretin-based therapies in development, but not yet licensed, which

also appear more effective than semaglutide for weight loss in non-

PWS cohorts with overweight/obesity, but have yet to be used in

PWS, including the triple GLP-1/GIP/glucagon analogue,

retatrutide, and combined GLP-1/amylin analogues, such as

semaglutide/cagrilintide and amycretin (137–140).

4.7 Conclusion

This retrospective, observational cohort study provides the

most comprehensive evaluation to date of semaglutide up to

2.4mg once weekly dose in adults with PWS, a population with

complex obesity and limited treatment options. Semaglutide was

associated with weight maintenance despite their prior weight gain,

though not on average weight loss, but with reductions in hyper-

phagia, and improvements in glycaemic control, lipid profile, and

liver enzymes. Importantly, semaglutide was well tolerated, with no

discontinuations due to adverse effects, supporting its feasibility in

routine care. Improvements in hyperphagia, supported by stable

food security environments, suggest pharmacological efficacy

beyond environmental or behavioural modification.

Nevertheless, limitations including small sample size, patient

heterogeneity, open-label nature with lack of a placebo-control

group, and variability in duration of follow-up, time on highest

dose, and achieved dose, warrants cautious interpretation. Larger,

prospective, longer-term, placebo-controlled trials with

standardised dose titration periods and follow-up duration, are

urgently needed to confirm efficacy, assess durability of response,

and evaluate behavioural outcomes and obesity-related phenotypes,

in adolescents and adults with PWS, especially in those without

T2DM. The pipeline of combination incretin and other gut hor-

mone-based therapies for obesity may produce pharmacological

agents with even greater efficacy than semaglutide.
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