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Prader–Willi syndrome (PWS) is a rare, neurodevel-
opmental, multisystemic syndrome caused by lack
of expression of paternal genes on chromosome
15q11.2–13. PWS is characterized by muscular
hypotonia, abnormal body composition, hormone
deficiencies, cognitive dysfunction and behavioural
issues, including hyperphagia, increasing the risk
of severe obesity. A single causative gene for
hyperphagia has not been identified, and regula-
tion of hunger and satiety is complex and mul-
tifactorial, making it difficult to identify a spe-
cific neuropeptide or hormone as the most impor-
tant. Cornerstone treatments are a strict, con-
trolled diet and regular physical activity. Sev-
eral clinical trials with different pharmacologi-
cal agents have been performed attempting to
reduce or treat hyperphagia and obesity. However,
many drug programmes have been discontinued

due to adverse events or not reaching endpoints.
In this review, we have focused on phenomenol-
ogy and management of hyperphagia, treatment
with oxytocin (OT), glucagon-like-peptide-1 recep-
tor agonists (GLP-1RA) and diazoxide choline. We
conclude that controlled food access is crucial;
managing expectations about food mitigates food-
related behaviour; OT treatment of infants with
PWS results in less severe hyperphagia at ages
3 and 4 years old; and that the effects of GLP-
1RA on body weight seem modest. Studies of dia-
zoxide choline extended-release (DCCR), the first
approved treatment of hyperphagia in PWS, have
shown promising results, particularly in managing
severe hyperphagia, reducing fat mass and improv-
ing behavioural issues. Thus, although progress
is being made in targeted pharmacological thera-
pies to control hyperphagia, controlled food access
remains crucial to prevent obesity but is not suffi-
cient for management of food and behaviour.

Keywords: hyperphagia, obesity, Prader–Willi syn-
drome

Introduction

Prader–Willi syndrome (PWS) is a rare, neurode-
velopmental, multisystemic syndrome. PWS occurs
worldwide without any consistent geographic clus-
tering [1]. The incidence is approximately 1/25,000
newborns, and males and females are affected
equally [1]. PWS is caused by the absence of
expression of specific genes on the paternally
inherited chromosome 15 in the region q11.2–q13
[2]. The disorder is closely associated with genomic

imprinting, in which certain genes are expressed
depending on whether they are inherited from
the mother or the father. In individuals without
PWS, several genes in the chromosome 15q11.2–
13 region are active only on the paternal chromo-
some, whereas the corresponding maternal genes
are naturally silenced through imprinting [2]. PWS
can be caused by a paternal deletion (approxi-
mately 65%), a maternal uniparental disomy (UPD)
(approximately 30%), or by an imprinting defect of
the paternal chromosome region (<5%). The loss
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Fig. 1 Typical characteristics of Prader–Willi syndrome and associated risks and consequences.

of functioning paternal genes primarily affects the
hypothalamus, leading to uncontrolled, excessive
eating (hyperphagia), obesity, behavioural issues
and hormone deficiencies. Several of the genes in
the affected region of chromosome 15 have been
studied, and each of them can be associated with
one or several of the symptoms of PWS, but it has
not been possible to relate all symptoms of PWS
to a single causative gene, although animal stud-
ies of postnatal knockout of the Snord116 gene
cluster recapitulate the disease trajectory [3]. Fur-
thermore, microdeletions involving the SNORD116
gene cluster can produce many of the PWS phe-
notypes in humans, including hyperphagia and
obesity [2]. PWS occurs sporadically, and no
strong environmental causes have been identified
[4]. However, advanced maternal age incurs an
increased risk of maternal UPD subtype [4].

The clinical phenotype varies with age [2, 4]. In
early infancy, PWS is characterized by severe hypo-
tonia, poor appetite and feeding difficulties, fol-
lowed in early childhood by excessive eating with
a high risk of development of severe obesity unless
food intake is supervised and restricted (Table 1
and Fig. 1). Motor and language development is

delayed, and most individuals with PWS have a
mild to moderate intellectual disability with a typ-
ical IQ range between 50 and 70. However, the
cognitive profile is uneven, with relative strength
in visual processing and relative weaknesses in
abstract reasoning, executive function and short-
term memory. There are also differences related
to the genetic subtype. Individuals with the dele-
tion subtype have a more typical physical pheno-
type, lower IQ, more compulsive behaviours and
skin picking [5]. In contrast, individuals with the
maternal UPD have higher verbal cognitive ability
and less typical facial features but a higher risk of
autism in early childhood and affective psychosis
in adolescence and adulthood [5]. Individuals with
imprinting defects can be more mildly or atypically
affected largely depending on the genes involved.

Hypogonadism and genital hypoplasia are very
common in both genders [6]. Although preco-
cious puberty may occur with incomplete evolu-
tion, puberty is incomplete or absent, and most
are infertile. Without growth hormone (GH) treat-
ment in childhood, stature is short. A distinctive
behaviour with temper tantrums, stubbornness,
difficulty changing routines and anxiety is typical.
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Table 1. Age-related characteristics of Prader–Willi syndrome and their treatment.

Infants, children and adolescents Adults Treatment

Physical features Severe hypotonia (poor muscle tone)

in infants; narrow forehead;

almond-shaped eyes, small hands

and feet

Dysmorphic features persist,

but less prominent; obesity

Physiotherapy

Growth and

endocrine

Failure to thrive in infancy; short

stature; GH deficiency:

hypogonadism; delayed/

incomplete puberty

Short stature if untreated with

GH in childhood;

hypogonadism; infertility,

reduced muscle mass; risk

of osteoporosis

Replacement of hormone

deficiencies (mostly GH and

sex hormones)

Appetite, satiety

and metabolism

Poor feeding in infancy, switching to

hyperphagia at age 2–4 years; risk

of rapid onset of obesity

Chronic hyperphagia; severe

risk of obesity; Type 2

diabetes and metabolic

syndrome

Speech and language

therapist for sucking and

swallowing disorders; strict

supervision of food access;

calorie-controlled diet;

controlled food access;

education of caregivers;

treatment of comorbidities

of obesity

Cognitive and

developmental

Mild to moderate intellectual

disability, delayed motor and

language milestones, learning

difficulties

Stable intellectual disability,

executive function deficits,

difficulty with independent

living

Speech and occupational

therapy; special educational

services; supervised

assisted living; vocational

programmes

Behavioural and

psychiatric

issues

Temper tantrums, food-seeking

behaviours, rigidity,

stubbornness, skin picking;

features of autistic disorder more

frequent among infants and young

children with mUPD; social

disabilities; impaired emotion

regulation

Persistent behavioural issues;

obsessive–compulsive traits;

increased risk of psychiatric

illness; affective psychosis

(60%) is more frequent

among adolescents and

adults with mUPD

Consistent routines; clear

boundaries around food and

matters of importance

(salience); behavioural

therapy; treatment of

psychiatric illness

Other medical

issues

Sleep disturbances; risk of sleep

apnoea; scoliosis; thick saliva;

reduced pain sensitivity

Obstructive sleep apnoea;

daytime sleepiness;

comorbidities to obesity

Treatment of medical issues

and comorbidities

Abbreviations: GH, growth hormone; mUPD, maternal uniparental disomy.

Characteristic facial features, strabismus and sco-
liosis are often present.

Hyperphagia is the constant pathologic urge
and preoccupation to find and consume food
and a concomitant constant drive to eat that
can advance into life-threatening food-seeking
behaviour. Hyperphagia is a central feature of PWS
and has a strong negative impact on education,
personal interactions and relationships, occupa-
tional performance and quality of life [7]. It affects
not only the individual with PWS but also the per-

son’s caregivers. A study exploring caregivers’ bur-
den showed that PWS causes high caregiver bur-
den and impacts most aspects of caregiver life [8].
The burden increases with the age of the individ-
uals with PWS, reaching its highest levels in care-
givers of adolescents and young adults [8].

Hyperphagia incurs a very high risk of devel-
oping obesity, and obesity is a primary pheno-
typic component of PWS [9]. The arcuate nucleus
in the hypothalamus is of central importance
for controlling metabolism, hunger and satiety.
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Hypothalamic neuropeptides, such as neuropep-
tide Y (NPY), agouti-related protein (AgRP) and
alpha-melanocyte stimulating hormone, as well as
oxytocin (OT), orexin and tachykinins, are the most
important neuropeptides produced within the cen-
tral nervous system regulating hunger and satiety
[3, 10]. Indeed, there is a smaller hypothalamus
on structural neuroimaging in PWS compared to
obesity-matched controls, which correlates with a
higher body mass index, with hypothalamic struc-
tural connectivity associated with impaired satiety
[11].

However, peripheral hormones such as insulin,
leptin, ghrelin and glucagon-like peptide-1 (GLP-1)
are important regulators [3]. In PWS, particularly
the hunger hormone ghrelin has been of interest as
plasma ghrelin concentrations on the group level
are consistently high in PWS compared to typical
individuals, though there could be defects in ghre-
lin processing confounding interpretation [3, 12].
Thus, the regulation of hunger and satiety is multi-
factorial, involving a complicated interplay between
different factors, making it difficult to identify a
specific neuropeptide or hormone as the most cru-
cial in PWS [10].

The prevalence of obesity in individuals with PWS
has been reported to be 40% in children and ado-
lescents and 82%–98% in adults [13]. Body com-
position is abnormal, with more body fat than lean
body mass, and compared to age, sex and BMI-
matched controls, visceral adipose tissue is less
in PWS, leading to fewer adverse metabolic con-
sequences [14, 15]. In addition, individuals with
PWS have significantly lower energy expenditure
than controls, probably due to the lower lean mass,
increased fat mass, GH deficiency, leptin resis-
tance or inadequate fat oxidation [14].

Exercise and restricted calorie intake are vital for
managing PWS. Exercise is important to counter-
act hypotonia and low muscle mass and has a pos-
itive effect on health, but the motivation for spon-
taneous physical activity in individuals with PWS
is usually low [16, 17]. Studies of habitual phys-
ical activity in children with PWS have reported
a positive association between lean body mass
and improved muscle strength, walking distance
and coordination, but without significant effect
on weight and fat mass [18]. However, physical
activity along with a restricted and externally con-
trolled calorie intake consisting of 8–11 kcal/cm
height/day can maintain weight in a healthy range

and prevent obesity [19, 20]. Repeated counselling
by a dietician is important for all.

The knowledge of PWS and clinical management
has improved considerably over recent decades.
The approval of GH treatment in children with PWS
since the year 2000 has led to a dramatic change
in the phenotype, with normal adult height and
improved psychomotor functioning and body com-
position [4], but GH has no effect on hyperphagia
and is not a weight-reducing medication. Hyper-
phagia and obesity remain major issues for indi-
viduals with PWS attempting to live an indepen-
dent life and for the increased risks of comorbidi-
ties and early death secondary to obesity [21]. The
rate of mortality has been reported to be 15 times
higher in PWS than in non-PWS, with a mean age
at death of 42 years [22]. Improving life expectancy
in PWS largely depends on managing both non-
obesity and obesity-related consequences of hyper-
phagia through improved support and the develop-
ment of new treatments for hyperphagia [21]. Sev-
eral drugs have been developed or are in develop-
ment for the treatment of obesity and hyperphagia
in PWS [23, 24]. The present review will focus on
phenomenology and management of hyperphagia
and available pharmacological treatment of hyper-
phagia and obesity (GLP-1RA, OT and analogues
and diazoxide choline).

Phenomenology and management of hyperphagia in
PWS

PWS is a rare genetic disorder with a compli-
cated phenotype that changes across development.
It has been identified as a neuroendocrine disor-
der associated with hypothalamic obesity. One of
the most interesting aspects of the PWS phenotype
is the change from failure-to-thrive in infancy to
increased interest in food around age 5 years fol-
lowed by hyperphagia by age 8 years that leads to
overweight/obesity unless access to food is con-
trolled in the environment [25]. The nutritional
phases of hyperphagia in PWS have been described
and validated [26–28].

Although these stages have been delineated clini-
cally for nearly 15 years, the neuroendocrine corre-
lates of these stages are just now being identified.
For example, during the transition from median
ages 9–25 months, where feeding and appetite is
improved and the child is growing appropriately
(Phase 1b), to median ages 8 years to adulthood,
where the individual becomes hyperphagic and
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rarely feels full (Phase 3), a statistically significant
rise in serum insulin level was identified among
children with PWS corresponding to weight gain,
hyperphagia, and overweight/obesity [29]. Further,
although elevated fasting plasma ghrelin has been
noted in infants long before the hyperphagia begins
[30], it appears that it is the ratio of serum acylated
to unacylated ghrelin (the unmodified form that
decreases with age) correlates with the nutritional
stages [31]. However, ghrelin shapes the reward
for food and other preferences through its effects
in the dopaminergic striatal system in the brain
[32]. However, suppression of acylated ghrelin (AG)
using somatostatin analogues or inhibition of the
conversion of unacylated to AG using a pharma-
cological inhibitor of the ghrelin O-acyltransferase
enzyme did not reduce hyperphagia or obesity in
PWS [33].

There has been a myth among the clinical and
scientific community that a hypothalamic ‘switch’
turns on ‘hunger’ resulting in hyperphagia in PWS.
Parents are still being told that their children
are constantly hungry, and they must deny food
to maintain health and wellbeing [34]. It is now
understood that hyperphagia is related to a satiety
deficit that has been validated both by experiments
on eating behaviour and brain imaging [35–37].
Our clinical experience has led to the hypothesis
that the hypothalamic deficit in PWS that appears
at birth is lifelong, and compared to controls, peo-
ple with PWS of all ages have diminished satiety
and possibly even diminished hunger. In addition,
there is an altered thirst/quench signalling caus-
ing them to drink inadequately unless flavoured
water is available, which then must be limited
because they are capable of water intoxication,
and the same is reported by parents and carers of
adolescents and young adults, although idiopathic
excessive water intake is rare [38, 39]. Therefore, it
is our understanding that thematuration of reward
pathways in the brain outside the hypothalamus
may be responsible for the changes in food inter-
est and eating (and drinking) behaviour across the
nutritional stages. In fact, when comparing chil-
dren with PWS and obesity to controls, similar
decreases in cortical volume were found in brain
regions associated with control of eating behaviour,
even though children with PWS had lower grey
matter volume in the hypothalamus and white
matter abnormalities compared to children with
obesity [40, 41].

The PWS Personality Questionnaire (PWSPQ)
is a parent-informed questionnaire assess-
ing six domains of the behavioural phenotype:
food-related drive behaviours, non-food-related
drive behaviours, cognitive rigidity, disrup-
tive/impulsive behaviour, stress/mood symp-
toms and skin picking. Items are scored 0 (never
present); 1 (present in the past); 2 (present cur-
rently) and 3 (present now and interfering with
function). There are 20 items in the food-related
domain. Using the PWSPQ, it was observed that
mean scores for food-related drive behaviours
increased after age 10 years, and the number of
parents controlling food and drink access nearly
doubled (Table S1) [42]. Preoccupation with food,
eating too fast and manipulating, arguing or dis-
playing tantrums to procure food are the most
common behaviours. Approximately 10%–20% of
individuals with PWS do not display hyperphagia,
although all other domains of the phenotype are
endorsed on the PWSPQ [42].

From a developmental perspective, there is evi-
dence to suggest that food is not the only driving
force behind the behavioural phenotype. In young
children, both with and without PWS, repetitive
questions about the ‘who, when and where’ aspects
of the daily schedule alleviate anxiety about uncer-
tainty. In young children with PWS, these repet-
itive questions appear before food questions. In
most young children, when expectations are disap-
pointed, a tantrum occurs. This reflects the typical
maturation (myelination) of the orbitofrontal cor-
tex that begins around age 2 years. It is important
to realize that in the young child with PWS, food
preoccupation does not drive repetitive question-
ing, and tantrums are not caused by the expecta-
tion for food.

Starting at age 4 years, typical children develop
selective interests and preferences for activities,
objects and people related to imagination, such
as dinosaurs, animals, baby dolls and role play.
Young children with PWS often develop interests
in objects (pencils, papers, tissues or collectibles
such as DVDs, Beanie Babies and YouTube videos)
as well as activities associated with sensorimo-
tor stimulation, such as overuse of lotions, liq-
uid soaps, shampoos and excessively long show-
ers. The emergence of these behaviours may be
related to the maturation of the salience system
in the anterior cingulate cortex, which is also
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responsible for the development of egocentrism in
typically and atypically developing children [43].
Typical children habituate to their desire for these
preferred items, but children with PWS do not. Par-
ents describe this phenomenon as ‘enough is never
enough’ [44]. In our experience, the progression
of the maturation of the anticipation, reward, and
salience systems in the brain is similar in both typ-
ical children and children with PWS. This matura-
tion shapes behaviour outside the influence of the
hypothalamus and applies to both food and non-
food items.

Successful weight management of hyperphagia
in PWS requires frequent monitoring of weight,
limiting calorie intake, controlling food access
and establishing food certainty and predictability.
Because of low lean body mass and hypotonia,
calorie needs may be 60%–80% of typical require-
ments [19, 20]. Although exercise is essential for
pulmonary function, health and wellbeing, it is
rarely adequate for the calorie expenditure neces-
sary to offset energy intake.

Food security is the essential psychological con-
struct for managing both weight and behaviour
in PWS [45]. It is a foundational manage-
ment concept, which was derived from clini-
cal observations during thousands of hours of
experience working with children, adolescents
and adults with PWS hospitalized on an inpa-
tient rehabilitation unit in Pittsburgh, PA, USA.
Patients entered the programme with histories
of relentless food seeking, uncontrolled weight
gain and severe behaviour problems. Noticeable
improvements in behaviour were almost immediate
among patients without psychiatric comorbidity in
the highly structured programme that provided
predictability, consistency and non-contingent
reinforcement.

Controlled food access is only one component of
food security. Rather, psychological food security
is summarized in three simple rules: no doubt
about what, how much, and when food is going
to be provided (visualized diet plan with portion
control); no chance of getting food outside the diet
plan (no opportunity); and no disappointment so
that food-related behaviours are minimal (expec-
tations are managed). Food-related behaviours—
such as food seeking, food preoccupation, ver-
bal requests for food and behavioural manipu-
lation for food—will reappear with lapses in the
protocol.

The Red/Yellow/Green (RYG) system was adapted
from the Traffic Light Diet, developed in 1972 at
the University of Pittsburgh by Leonard Epstein,
PhD, who was studying weight loss in adolescents
with obesity within a family behavioural treatment
model [46]. The RYG system was taught to patients
and their families and was published as a man-
ual by the Ontario Prader-Willi Syndrome Associa-
tion [47]. The color-coded food groups were easily
assimilated by patients and accommodated family
preferences. This shifted the locus of control of food
management from the dietician to the patients’
families. Although the system was initially imple-
mented for calorie control and weight loss, it was
associated with behavioural improvement [48].

Family dietary and behavioural training empha-
size the importance of maintaining predictability
(food security principles) even when goal weight
has been achieved. Behavioural improvement is
the result of managing stress and anxiety related
to uncertainty about food, essentially ‘putting a
lock on the thought’. The concept of psychological
food security was disseminated to families across
the world through the DVD Food Behaviour and
Beyond produced by the International PWS Orga-
nization (IPWSO) and PWSA-USA [45]. In essence,
food security is the cognitive behavioural therapy
for individuals with PWS.

In summary, hyperphagia is a reward-seeking
behaviour uninhibited by satiety or behavioural
habituation. In our opinion, the progression of the
nutritional phases from failure-to-thrive to hyper-
phagia is associated with the developmental neu-
romaturation of reward pathways in the brain.
The prevailing paradigm has been that a devel-
opmental shift within the hypothalamus is the
reason for the behavioural progression through
the nutritional phases. However, an alternative
view is that the neuroendocrine deficit in PWS
is static, and the neurodevelopmental maturation
of the reward network outside the hypothalamus
explains behavioural changes in the nutritional
stages. Controlled food access saves lives, but food
security improves the quality of life.

Oxytocin treatment in PWS

More than 30 years ago, Swaab et al. [49] reported
for the first time based on immunohistological
studies of brains of people with PWS, a decrease
in the number and volume of OT-producing neu-
rons in the hypothalamic paraventricular nucleus
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(PVN), without differences in arginine vasopressin
(AVP) neurons compared with controls. Subse-
quently, Muscatelli et al. also reported abnormal
OT neurons in the PVN in two so-called PWS
mouse models obtained by inactivating Necdin and
Magel2 genes, two maternally imprinted genes of
the PWS chromosomal region [50, 51]. Moreover,
OT treatment of Magel2 KO pups in the first 5 h
of life was shown to rescue the high early lethality
by restoring normal suckling of pups and normal
behaviour in adults comprising learning, memory
and social abilities [52]. These results are linked
with normalization of the OT pathways comprising
development and function of OT neurons and OT
receptors [52].

OT is a neuropeptide secreted mostly by hypotha-
lamic neurons in the PVN and supraoptic nuclei
with axon projections in various parts of the brain
and hindbrain. It acts by binding to a single type
of receptor (OTR), which is widely expressed in the
brain and at the periphery and has various trans-
duction pathways and possible heterodimerization
with other brain receptors. OT can also bind to
central AVP receptors with a lower affinity. OTRs
are present on PVN neurons, nucleus accumbens
neurons, central amygdala neurons, dorsal motor
nucleus of vagal nerve neurons and the ventral
tegmental area neurons of the limbic system [53].

From a pathophysiological point of view, this
abnormal OT pathway documented in PWS and
mouse models is now considered to explain at
least in part, the PWS phenotype with feeding and
behavioural issues and the specific neurodevelop-
mental trajectory of the disorder [4].

OT was first identified as a neurohormone with
peripheral effects controlling uterine contractions
during delivery and then lactation in mammals.
Synthetic OT has been largely used to induce
labour and maintain lactation for more than 50
years [53]. More recently, OT is also considered as a
neuropeptide with central effects, acting as a brain
neuromodulator and involved in appetite con-
trol and behaviour, particularly favouring bond-
ing and social interactions, and emotional regu-
lation in tight links with the limbic reward cir-
cuit [53, 54]. OT, like AVP, is linked to the auto-
nomic nervous system, which controls homeosta-
sis such as body temperature, the cardiovascular
system, oesophagus-gastrointestinal motility, fluid
and electrolytes, and sleep [55].

Clinical trials in people with PWS started in 2009
with the first publication on 24 adults with PWS
who received a single intranasal administration of
24 IU OT or placebo, followed by several studies
detailed in Table S2 [56–63]. The objectives of the
clinical trials were always to improve both feeding
and behavioural problems, the two core symptoms
of PWS, which are tightly linked and may be con-
trolled by OT.

Early studies of intranasal OT showed mixed
findings. In the randomized controlled trial (RCT)
mentioned above, Tauber et al. reported no sig-
nificant improvement in eating behaviour after
a single OT administration in adults with PWS,
although more participants in the OT group
reported reduced hunger compared with placebo
[56]. Subsequently, the larger crossover RCT con-
ducted by Einfeld et al. in adolescents and adults
found no significant effects on hyperphagia or
behavioural outcomes after 8 weeks of treatment
[57]. More encouraging results were observed in
younger children. In a Dutch crossover study,
Kuppens et al. found no overall effects on weight
or BMI, but children younger than 11 years
demonstrated significant improvements in food-
related behaviour, emotional regulation and social
functioning [58]. Likewise, Miller et al. reported
reductions in hyperphagia, anxiety and repetitive
behaviours following short-term OT treatment in
children with PWS [59]. These findings were sup-
ported by Damen et al., who observed beneficial
effects on social and eating behaviour, particularly
in boys and in children with deletion subtypes [60].
In contrast, Hollander et al. found no significant
improvements in hyperphagia or weight-related
outcomes [61]. Clinical trials on carbetocin, a
longer acting OTR agonist with higher selectivity
for the OTR, have also been performed. In a Phase 2
trial of intranasal carbetocin, Dykens et al. demon-
strated significant improvements in hyperphagia
and behavioural symptoms in hyperphagic chil-
dren and adolescents with PWS [62]. Furthermore,
the larger Phase 3 study by Roof et al. observed
no significant benefit of a higher dose regimen,
whereas the lower dose regimen significantly
improved hyperphagia as well as anxiousness
and distress-related behaviours [63]. In a press
release, the sponsor announced that the results
of the recent Phase 3 study with the low dose of
intranasal carbetocin for 12 weeks did not give
positive results, but results are not yet available.
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A metanalysis published in 2023 analysed 117
patients, with 56 patients receiving OT and 61
patients receiving placebo, and concluded that the
overall effect of OT in people with PWS was insignif-
icant [64]. Although the conclusion is based on the
results of the above studies, it may not be fully
correct; a more detailed and nuanced discussion
is needed. Indeed, a considerable amount of evi-
dence in the literature on OT treatment has identi-
fied the important role of various factors that may
modulate the effects of OT, such as age, dose, sex,
hormonal and social/environmental context which
may act by epigenetic modifications [65]. Major dif-
ferences exist between studies regarding the age
of the patients, which ranges from 5 to 29 years.
The OT system, including neuron development,
secretion and OT receptors, varies with age, which
may explain some differences observed in the stud-
ies and between them. As mentioned above, Kup-
pens et al. showed that children below 11 years
are better responders regarding feeding and social
behaviour, whereas adolescents do not show any
positive changes, with some displaying increased
anxiety [58]. Various effects of different doses are
widely known in PWS. For example, patients with
PWS seem to be very sensitive to treatments such
as GH [66] and psychotropic treatments. This may
be linked to the differences documented in cytosine
methylation in genomic regions involved in drug-
resistant pathways [67].

In addition, the OT dose used and the type of
daily administration (once, twice or thrice a day),
together with the duration of OT treatment, are
widely different between the studies and may
explain some discrepancies. In the study of Einfeld
et al., the worsening effect on behaviour (tantrums)
observed with the very high dose was by the
authors possibly attributed to OT binding to the
AVP receptors [57]. Although the OT half-life in
plasma is short, its effects in the brain may last
for a longer period. In addition, the binding of OT
to the dendritic OT receptors located in the OT-
secreting neurons can, in turn, increase the secre-
tion of OT in a positive loop, thus amplifying the
effect of exogenous OT [67, 68].

OT is a brain modulator with lasting and long-term
effects via brain plasticity, which is not compati-
ble with the cross-over design of most of the clini-
cal trials shown in Table S2. Therefore, the placebo
period after the OT treatment period is not equiv-
alent to the placebo period prior to OT adminis-
tration, and therefore these placebo groups should

not be merged as is classically done in cross-over
design statistical analyses. In addition, the optimal
duration of the washout period cannot be calcu-
lated and is possibly longer than that used in the
clinical trials with a crossover design. Sex differ-
ences have been reported in the study of Damen
et al., with males being better responders than
females even in the prepubertal age, suggesting
that it is not only related to sex steroids andmay be
related to differences in OT levels, which are lower
in males [60].

Finally, one major point is the possible impact of
genetics, as Damen et al. reported PWS patients
with chromosome 15q11–13 deletion were signifi-
cantly more sensitive to OT treatment [60]. Inter-
estingly, a recent publication showed differences
in plasma OT concentrations according to genetic
subtypes, with lower OT in the deletion subgroup
compared with the non-deletion subgroup, sug-
gesting that deficits of OT may be greater in this
population and substitution with low dose may be
the appropriate treatment option [64]. In this arti-
cle, the authors also showed that AVP levels are
lower in the non-deletion subgroup of patients with
PWS, suggesting that this group of patients may
benefit from AVP treatment instead of OT treatment
[69].

Lastly, given the results obtained with OT treat-
ment, we also may hypothesize that early OT ‘prim-
ing’ in infants with PWS may be necessary to allow
the best treatment effect at each age. Our publi-
cations on early OT treatment in infants with PWS
have shown short- and long-term positive effects
with a less severe disorder at 3 and 4 years [70,
71].

Glucagon-like peptide-1 receptor agonists in PWS

In non-PWS individuals, a series of Novo Nordisk
sponsored placebo-controlled clinical trials (STEP
programme) of the GLP-1 receptor agonists (GLP-
1RA) semaglutide 2.4 mg once weekly dose for
treatment of overweight/obesity have shown signif-
icant weight loss in adults and adolescents without
Type 2 diabetes mellitus (T2DM) of 11.1%–19.3%
over 48–68 weeks (compared to placebo), though
weight loss is less in those with T2DM at 6.2%
(compared to placebo), and there is weight regain
after cessation of semaglutide [72–79].

In non-PWS individuals, semaglutide treatment
reduces appetite and sweet and savoury food
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cravings, increases satiety and improves food-
craving control, which is correlated with weight
loss [80, 81], and improves positive mood and
obesity-related quality of life [82, 83]. GLP-1RAs
including liraglutide, dulaglutide and semaglutide
may also reduce the frequency of binge episodes in
binge eating disorder [84–88], though there have
been few placebo-controlled trials [89].

Semaglutide therapy is associated with mild-to-
moderate gastrointestinal adverse events includ-
ing nausea, vomiting, abdominal discomfort, diar-
rhoea (up to 60%–80% of patients) and increased
risk of gallstones (<5%), though dropout as a result
is generally <10%, and their prevalence and sever-
ity are attenuated through gradual dose titration
to maintenance dose of 2.4 mg once weekly over
16 weeks and/or dose reduction [90, 91]. Weight
loss does not appear to be related to the pres-
ence of these gastrointestinal side effects [90].
GLP-1RAs have additional benefits of increasing
insulin secretion and attenuating glucagon secre-
tion through direct pancreatic actions and improv-
ing insulin sensitivity, which directly improves gly-
caemic control, independent of weight loss [92].

Some initial case reports of non-placebo-controlled
treatments suggested that the first- and second-
generation GLP-1RAs exenatide and liraglutide
may improve glycaemic control, reduce hyper-
phagia and cause weight loss in some children
and adults with PWS [93–102]. However, the for-
mal Phase 2 clinical trial of liraglutide in chil-
dren/adolescents with PWS sponsored by Novo
Nordisk did not affect body mass index signifi-
cantly, although there was a significant reduction
in some questionnaire measures of hyperphagia
after 52 weeks of treatment but not after 16 weeks,
in adolescents 12–18 years old, but not children 6–
12 years old [103].

Semaglutide is more effective than exenatide and
liraglutide in reducing weight in children and
adults with overweight/obesity without PWS. Case
reports in PWS have suggested that semaglutide
may be effective in PWS. A 33-year-old man with
PWS and T2DM improved weight from 99 to 94 kg
over 12 months with semaglutide 1.0 mg once
weekly [104]; a 27-year-old man with PWS and
T2DM improved weight from 79 to 71 kg over
24 months with semaglutide 0.5 mg once weekly
[105]. In a small case series of four adults (two men
and two women) with PWS and T2DM, addition
of semaglutide 0.5–1.0 mg once weekly reduced

weight in 2/4 patients by 5–10 kg over 12–36
months and reduced haemoglobin A1c (HbA1c) by
0.5%–2% in 3/4 patients [106]. In three adults
with PWS without T2DM, a 25-year-old man and a
39-year-old woman (who had previously had gas-
tric bypass surgery) reduced weight by 11% and
14% over 11 and 37 months on semaglutide 1.0
and 2.0 mg weekly, respectively, though a 28-year-
old woman only reduced weight by 1% over 37
months on 1.0 mg weekly [107]. Although hyper-
phagia was not assessed formally in these case
reports, appetite was reported as being suppressed
in the latter study [107].

A recent paper has reported on the safety
and efficacy of semaglutide treatment in an
observational cohort of 12 adults with PWS
(mean ± SD age 28.3 ± 10.1 years, 83% female,
BMI 46.6 ± 8.2 kg/m2, 75% T2DM), treated over a
median of 17.2 months [108]. Although semaglu-
tide did not cause weight loss, weight gain prior
to treatment stabilized [108]. There were signifi-
cant decreases in hyperphagia scores on semaglu-
tide treatment without any significant change in
the control of the food environment [108]. HbA1c
improved in those with elevated baseline levels.
There was ≥1 side effect in 42% patients, includ-
ing diarrhoea (though none with nausea, vomiting
or exacerbation of constipation), which sometimes
prevented or delayed semaglutide dose escalation,
but not discontinuation [108].

However, all these cases were open label, obser-
vational reports, not all included patients treated
up to 2.4 mg once weekly semaglutide dose, and
the majority had T2DM. There is also potential
benefit in using even higher doses up to 7.2 mg
once weekly in the non-PWS population, though
with greater risk of side effects [109, 110]. In indi-
viduals with obesity but without PWS, there is
greater weight loss with semaglutide in those with
overweight/obesity without than with T2DM, and
so outcomes in more patients with PWS without
T2DM are awaited with interest [111]. Although
semaglutide is effective for weight loss in adoles-
cents with overweight/obesity without PWS [93],
there have been no published case reports of its
use in adolescents (or children) with PWS.

Furthermore, there are no published case
reports or series to date with the combined
GLP-1RA/gastric inhibitory polypeptide ana-
logue tirzepatide, which is more effective
for weight loss in those without PWS than
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semaglutide [112, 113], though an open-
label trial is ongoing in the United States
(https://clinicaltrials.gov/study/NCT06901245).
There have been no completed or known planned
placebo-controlled studies of semaglutide or
tirzepatide for weight loss and hyperphagia in
adults with PWS to date.

Delayed gastric emptying is a commonly reported
feature in children and adults with PWS [114,
115], with case reports of severe gastric dilata-
tion and rupture in PWS, including children as
young as 5 years, which can be life-threatening
[22, 90, 115–119]. In a survey of 154 patients with
PWS who had died, 3% were due to gastric rup-
ture related to overeating [115]. In a large PWS
cohort in the United States of individuals who died
during 1973–2015, gastrointestinal-related prob-
lems such as perforation, distension, or obstruc-
tion were the causes of death in 10%, with equal
distribution over the ages [119].

In children and adults with PWS, there is usu-
ally a reduced ability to vomit [120], probably con-
tributed to by diaphragmatic, abdominal and inter-
costal muscle hypotonia. Choking may occur in
PWS and has been reported as a cause of death in
8% of older children and adults [116]. Predisposing
factors for choking include hyperphagia, weakness
of pharyngeal muscles, gastro-oesophageal reflux
and thick saliva. Dysphagia with food residue in
pharynx and oesophageal stasis was seen in almost
all PWS subjects aged 5–35 years using videofluo-
roscopy of swallowing [121].

GLP-1RAs can delay gastric emptying and cause
gastroparesis [121–130]. Thus, there are concerns
that GLP-1RAs might exacerbate or produce gas-
troparesis in PWS [131] and increase the risk
of gastric necrosis or rupture or aspiration. The
symptoms of gastroparesis might be masked in
PWS by their high pain threshold and reduced
vomiting. Although the previous Novo Nordisk clin-
ical trial of liraglutide in PWS did not result in any
serious adverse events related to gastrointestinal
issues, no formal gastric emptying assessments
were performed [98]. Careful observation of side-
effect profiles of semaglutide and tirzepatide in
PWS will therefore be necessary.

Constipation is known to occur more frequently in
children with obesity than without. There are no
data in children with PWS, but 20%–40% of adults
with PWS are reported to have constipation [132,

133]. In a small cohort of 21 adults with PWS (aged
17–47 years), 40% fulfilled criteria for constipation,
and the majority had a faecal mass in the rectum
(compared to 12% in patients without PWS) and
delayed gastrointestinal transit time [134]. GLP-
1RAs can exacerbate constipation as well as cause
diarrhoea [90, 91, 135]. Therefore, careful monitor-
ing is essential in PWS, including offering appropri-
ate dietary advice, maintenance of good fluid intake
and consideration of probiotics [136–138].

In summary, current studies and reports suggest
GLP-1RA is a promising medication for manag-
ing metabolic symptoms in PWS, but the effects
on body weight and body composition have been
mixed. GLP-1 RAs are in general well-tolerated, but
careful monitoring is required due to a potential
risk for severe adverse effects.

Diazoxide-choline extended release (DCCR) treatment in
PWS

Diazoxide-choline extended release (DCCR) is a
long-acting crystalline salt formulation of diazox-
ide. Diazoxide is a potent activator of the ATP-
sensitive potassium (KATP) channel that crosses the
blood–brain barrier [139]. Activation of the KATP

channel in NPY/AgRP neurons has the potential to
reduce secretion of NPY and AgRP, potent endoge-
nous appetite stimulatory neuropeptides, thereby
contributing to a reduction in hyperphagia [139].
These actions are complemented by activation of
the KATP channel in the dorsal motor nucleus of
the vagus nerve, pancreatic β-cells and adipocytes
to reduce hyperinsulinemia and excess body fat,
and to directly or indirectly improve insulin and
leptin resistance and satiety [139, 140].

The initial Phase 3 clinical trial data for DCCR
were from a 13-week double-anonymized, ran-
domized, placebo-controlled study, which included
127 participants aged 4 years and older who had
hyperphagia based on a Hyperphagia Question-
naire for Clinical Trials (HQ-CT) score of ≥13/36
[141]. Unfortunately, this trial was interrupted by
the COVID-19 lockdown in March 2020, which
changed routines and behaviours for participants,
which may have impacted the primary outcome.

A clinically significant improvement in HQ-CT
score is considered a decline of >7 points on
the questionnaire (out of a maximum score of
36). Although the HQ-CT score in this initial
trial did not differ significantly between placebo
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and DCCR groups, DCCR had significant positive
effects on multiple secondary endpoints, including
body composition and Clinical Global Impression
of Improvement (CGI-I) [142]. Analysis of results
prior to the COVID-19 lockdown showed improve-
ment in HQ-CT score (p = 0.037) with DCCR ver-
sus placebo, as well as improvement in all sec-
ondary endpoints (CGI-I, p = 0.015; Caregiver
Global Impression of Change, p = 0.031; fat mass,
p = 0.003). Although the primary outcome mea-
sure was not statistically significant for the over-
all group of patients treated with DCCR versus
placebo, there was a significant difference between
the groups in a sub-analysis of participants with
more severe baseline hyperphagia (HQ-CT score
>22/36 at entry into the trial) [142]. Serum lep-
tin, AG and insulin concentrations were all signif-
icantly reduced in the DCCR-treated patients ver-
sus placebo, and serum adiponectin was signifi-
cantly increased in treated patients [142]. These
changes in laboratory results suggest that DCCR
treatment improves metabolic health in patients
with PWS.

The initial clinical trial was followed by an open-
label extension (OLE), which included 125 par-
ticipants who had completed the initial clinical
trial. The OLE study demonstrated a continuing
decline in HQ-CT score until at least 39 weeks
after starting DCCR before plateauing, with a mean
decrease of 9 points in HQ-CT score [143]. Addi-
tionally, there were sustained significant improve-
ments in all domains of the Prader–Willi Syndrome
Profile questionnaire (PWSP), including aggressive
behaviours, anxiety, compulsivity, depression, dis-
ordered thinking and rigidity/irritability noted in
the OLE study [143]. These changes during the
trial resulted in a reduction in disease severity as
assessed by both clinicians and caregivers. The
proportion of participants whose disease severity
was rated moderate or worse dropped nearly 50%
over 52 weeks, from 88% at baseline to 44.3%.

The open-label portion of the trial was compared
to a contemporaneous natural history study in
PWS (PATH for PWS) to evaluate effects of DCCR
as compared to the clinical natural history of the
syndrome [144]. Relative to the PATH for PWS it
natural history study cohort, the DCCR-treated
cohort showed significant improvements in HQ-CT
score over 52 weeks (p < 0.001). The DCCR-treated
patients also had statistically significant improve-
ments in all domains of the PWSP compared to

those enrolled in PATH for PWS (all p ≤ 0.003),
indicating that DCCR offers meaningful benefits in
both hyperphagia and behavioural manifestations
for individuals with PWS [144].

As the initial clinical trial failed to meet sta-
tistical significance for the primary endpoint,
the open-label trial included a 16-week double-
blind placebo-controlled randomized withdrawal
period. Seventy-seven participants were random-
ized (DCCR 38; placebo 39) to either remain on
DCCR or be withdrawn to placebo for 4 months.
A clinically meaningful worsening in HQ-CT score
was defined as an increase of 5 points from base-
line. The mean increase in HQ-CT total score from
baseline to 16 weeks in the placebo arm was 7.6
points from a baseline score of 8.1, representing
a 93.8% increase from the score at the start of
the randomized withdrawal period (p = 0.0022)
[145]. The results show that placebo-treated sub-
jects increased the amount of time they asked
or talked about food, stole or bargained for food
more frequently, were more persistent in asking for
food and became more upset when denied food or
stopped from asking about food, and food-related
behaviours interfered more with their daily lives
than those on DCCR [144]. Of note, the effect of
DCCR withdrawal was gradual and became signif-
icant only at 12 weeks. The effect of withdrawal
on HQ-CT total score appeared to be progressive
and had not plateaued at 16 weeks. These obser-
vations are consistent with results from the prior
OLE period [143]. These results also suggest that
there is no need to taper DCCR when it is discon-
tinued, as the efficacy of the drug waned gradually
over time.

The side effect profile for DCCR is well-established,
both from the clinical trials of this medication, and
also from its parent molecule, diazoxide (which
has been FDA-approved since the 1970s). The
most common adverse events from DCCR were
as expected based on experience with diazox-
ide, including hypertrichosis, hyperglycaemia, dia-
betes and oedema. For participants experienc-
ing a treatment-emergent adverse event (TEAE),
93% experienced a Grades 1 or 2 event [142,
143, 145]. Hypertrichosis was the most common
TEAE associated with DCCR treatment across
the entirety of the trial (p < 0.05). Additionally,
DCCR treatment was associated with peripheral
oedema (20.2% vs. 9.5%; p > 0.05) and hypergly-
caemia (p < 0.05). These TEAEs rarely resulted
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in discontinuation of DCCR (7.2% discontinua-
tion rate across all studies from 2018 to 2025)
but occasionally required lowering the dose of
DCCR or use of anti-hyperglycaemic agents for dia-
betes/hyperglycaemia or short-term use of diuret-
ics for oedema. There was only one drug-related
serious adverse event that occurred during the
trial period (peripheral and pulmonary oedema in
the setting of an unrelated concurrent pneumo-
nia) [142]. All of the adverse events noted dur-
ing the trial were not unexpected based on clinical
experience with diazoxide and the natural history
of PWS.

This was the first time a medication had been
shown to safely and sustainably improve hyper-
phagia in individuals with PWS. The unexpected
benefit of the trial being interrupted by COVID-
19 was that investigators were able to observe the
effects and side effects of DCCR over time. The
results of this long-term trial resulted in FDA-
approval of the drug in the United States in March
2025, marking the first FDA-approved therapy for
hyperphagia in PWS.

Discussion

Our review has shown that early interven-
tion with strict and controlled dietary rou-
tines, using psychological food security calorie
restriction, and controlled food access (locked
pantries/refrigerators) remains essential, along
with scheduled weighing and support to the per-
son with PWS and caregivers. Furthermore, phys-
ical activity should be implemented early and pro-
ceed throughout childhood and adulthood, and
hormone deficiencies replaced. Early OT treatment
in infants with PWS has shown long-term positive
effects, with a less severe disorder at 3 and 4 years
but it has yet to be licensed for PWS, treatment with
GLP-1 RA has had mixed effects and is being fur-
ther explored, whereas treatment with DCCR is the
first approved treatment for hyperphagia in PWS,
showing significant effects on severe hyperphagia
and obesity.

Other potential treatments

Treatment for hyperphagia and obesity in PWS is
shifting from being purely calorie restriction and
behavioural management to targeted pharmaco-
logical and non-pharmacological therapies.

Pharmacological treatments

In addition to the drugs described in this review,
several drugs have been developed or are being
developed for treatment of hyperphagia and obe-
sity in PWS.

Setmelanotide, a melanocortin-4 receptor (MC4R)
agonist, exerts its effects in the hypothalamus,
resulting in increased satiety and reduced hunger.
Setmelanotide is approved for long-term weight
management in patients with obesity due to POMC,
PCSK1, LEPR deficiency or Bardet–Biedl syn-
drome [146]. Preliminary results from Phase 2
studies of setmelanotide in PWS demonstrated
reduced BMI and hyperphagia (NCT02311673 and
NCT06772597) and a Phase 1 study of a weekly
MC4R agonist, without causing the hyperpigmen-
tation that can occur with setmelanotide, is ongo-
ing (NCT06239116). The FDA has in March 2026
approved an expanded indication for setmelanotide
to treat children and adults with acquired struc-
tural hypothalamic obesity.

ARD-101 is an oral, G-protein-coupled recep-
tor agonist that activates bitter taste recep-
tors (TAS2R) in the gut, stimulating the release
of satiety hormones such as CCK and GLP-
1. Phase 2 trials in PWS (NCT05153434) have
shown reduced hyperphagia and improvement in
related behaviour. ARD-101 was well-tolerated
in the Phase 3, randomized, double-anonymized,
placebo-controlled study (NCT06828861), but the
OLE study (NCT07197034) was recently paused
due to cardiac side effects.

Livoletide (AZP-531) is a peptide analogue of
unacylated ghrelin (UAG). In PWS, circulating
concentrations of the orexigenic hormone AG
are high, whereas those of UAG, which may
counteract many of AG’s effects, are low [147].
Low plasma UAG concentrations result in an
increased AG/UAG ratio, which has been associ-
ated with the development of hyperphagia [148].
Phase 2b/3 randomized, placebo-controlled trials
(NCT03790865) indicated that AZP-531 was well-
tolerated and effective at reducing appetite scores
and improving metabolic parameters, particularly
in patients with higher baseline hyperphagia [149].
No serious adverse events were reported, but the
primary endpoint was not met, and the trial was
discontinued.
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The cannabinoid-1 receptor (CB1R) is most abun-
dantly expressed in the hypothalamus and other
brain regions associated with appetite regulation
and food reward and plays an important role in reg-
ulating eating behaviour [150]. The first-in-class
CB1R antagonist, rimonabant, was an effective
treatment for obesity [151]. However, it had seri-
ous neuropsychiatric side effects and was with-
drawn from the market in 2008. A peripherally
acting CB1R antagonist, JD5037, was developed,
and an early clinical trial in PWS showed reduced
body weight, reversed hyperphagia and improved
metabolic parameters without the neuropsychi-
atric side effects of the older agent [152]. However,
further trials were discontinued due to unforeseen
complications [153].

Beloranib inhibits methionine aminopeptidase 2
(MetAP2), which prevents removal of the proximal
(amino terminus) methionine residue from pro-
teins cleaved by MetAP2 [154]. Beloranib reduced
food intake, body weight and body fat, and a Phase
3 study in PWS (NCT02179151) demonstrated sig-
nificant and clinically meaningful improvements
in hyperphagia-related behaviours and weight loss
[155], but further development was discontinued
after deaths from pulmonary embolism.

Non-pharmacological treatments

Recent developments in advanced neuroimaging
have led to an increasing understanding of PWS
as a neural circuit disorder and subsequent inter-
est in neuromodulatory therapies. Several non-
invasive and invasive neuromodulation methods—
including vagus nerve stimulation (VNS), transcra-
nial direct current stimulation, repetitive tran-
scranial magnetic stimulation and deep brain
stimulation—have all been reported to be poten-
tially promising treatments in PWS. A recently pub-
lished systematic literature review of a total of
47 patients with PWS who had undergone neuro-
modulation therapy reported that a potential for
treating PWS by targeting brain circuits related to
hyperphagia, behavioural issues and appetite con-
trol was observed for some of the methods [156].
The studies are in early phases, focusing on safety,
feasibility and identifying the optimal neural tar-
gets to manage the symptoms of PWS.

Bariatric surgery (e.g., sleeve gastrectomy and gas-
tric bypass) in PWS is considered a high-risk,
adjunctive treatment for severe, uncontrollable
obesity rather than a cure. Data from patients

reported in the literature suggest that bariatric
surgery can lead to significant short-term weight
loss and ameliorate comorbidities in carefully
selected individuals [157]. However, the persistent
hyperphagia in PWS incurs a high risk of weight
regain over time, severely reducing long-term effi-
cacy. In addition, the risk of life-threatening com-
plications, such as acute gastric dilation leading to
gastric rupture or necrosis, anastomotic leaks and
sepsis, severe gastrointestinal bleeding and venous
thromboembolism, is high [158]. In addition, intra-
abdominal life-threatening conditions are difficult
to diagnose because of aberrant pain awareness
and reporting in patients with PWS. Therefore,
bariatric surgery is not currently recommended for
people with PWS [158].

Cognitive behavioural therapy has a limited role in
managing hyperphagia in PWS and is not a primary
treatment, although it may be a supportive adjunct
within multidisciplinary care [159].

Conclusion

An effective and safe treatment is necessary
for managing both hyperphagia and obesity in
patients with PWS to avoid development of mor-
bid obesity over time. Psychological food security
manages both calorie restriction and behaviour
by establishing predictability and expectations for
food in the reward network of the brain. Con-
trolled food access and scheduled physical activ-
ity remain crucial interventions. OT treatment of
infants with PWS results in better metabolic out-
comes, whereas studies of GLP-1RA have shown
mixed effects on weight and hyperphagia, and
further studies are ongoing. DCCR is the first
approved treatment of hyperphagia in PWS, and
promising results, particularly in managing severe
hyperphagia, reducing fat mass and improving
behavioural issues, have been reported. Several
other drugs and therapies have been explored or
are currently undergoing clinical trials to address
these issues. Although some trials have been dis-
continued due to adverse events or not meeting
endpoints, progress is being made in pharmacolog-
ical therapies to control hyperphagia and reduce
weight. DCCR is only approved in the United
States, and patients in other countries still face
unmet medical needs. More studies and long-term
studies are needed before all issues with manage-
ment of hyperphagia and obesity in PWS have been
answered.
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In our opinion, future progress in treating hyper-
phagia and obesity in PWS will probably depend
on a shift from symptomatic management towards
biologically targeted and mechanism-driven inter-
ventions. Hyperphagia in PWS arises from defects
in the appetite/satiety signalling and neural circuit
regulation, and long-term advances will require
interventions addressing the underlying neuro-
genic mechanisms, including the hypothalamus
and dopamine system. Emerging strategies such as
epigenetic reactivation of silenced paternal genes
within the 15q11.2–13 locus, alongside increas-
ingly precise early neuromodulation approaches,
offer the potential for disease-modifying effects.
In parallel, there is a critical need to develop
and validate objective biomarkers of hyperphagia
and treatment response, enabling stratified and
genotype-informed care. Importantly, future ther-
apeutic frameworks should view pharmacological,
behavioural and environmental interventions as
complementary parts of integrated care. Such an
approach, combining early-life intervention, preci-
sion pharmacotherapy and adaptive environmen-
tal design, holds the greatest promise for alter-
ing the natural history of PWS and substantially
reducing the lifelong burden of hyperphagia and
obesity.
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