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Clinical experience and a growing body of evidence suggest that sleep disturbances are common in people with Prader-Willi syndrome (PWS). PWS is a rare
neuroendocrine disorder characterized by early hypotonia and feeding difficulties; developmental delays; endocrinopathies; and behavioral concerns, especially
rigidity, anxiety, and behavioral outbursts. PWS is also characterized by decreased resting energy expenditure and transition to hyperphagia and obesity. We
propose that, for many people with PWS, clinical diagnosis and management of sleep disorders is an unmet need. We present current information to suggest
disordered sleep is a significant burden for individuals with PWS and often overlooked. While central and obstructive sleep apnea are more widely recognized in
PWS, other sleep disorders have increasingly gained recognition, including hypersomnia, narcolepsy-like phenotypes, and insomnia. Sleep disorders can impact
behavior, cognition, and quality of life and health for individuals with PWS. Our goal is to bring sleep disorders to the forefront of therapeutic intervention for
patients with PWS. This paper presents a review of the literature and recommendations for clinical practice based on published research and our clinical
experience as sleep specialists, geneticists, psychiatrists, pediatricians, otolaryngologists, and pulmonologists with extensive experience with this patient
population. We recommend that management of sleep be considered an integral part of successful medical management of PWS. Further research concerning
sleep problems in PWS is urgently needed to develop best practices and work toward a consensus statement for medical management to meet the needs of
people with PWS.
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hypersomnolence, narcolepsy, cataplexy
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Clinical experience and growing evidence suggest that sleep disturbances are common in people with Prader-Willi
syndrome (PWS). While clinical focus has been largely on central and obstructive sleep apnea, perspectives need to shift to recognize the array of sleep
abnormalities in PWS to include excessive daytime sleepiness, narcolepsy- and cataplexy-like phenotypes, and insomnia. This paper presents a review of
the literature and recommendations for clinical practice based on published research and multidisciplinary clinical experience.
Study Impact:We recommend that health care providers consider the significant impacts and potential relationships between sleep and many features of
PWS, such as behavioral concerns. It is vitally important that clinicians immediately recognize and acknowledge sleep disturbances in this population and
consider sleep management an integral part of successful medical management of PWS.

INTRODUCTION

Prader-Willi syndrome (PWS), a rare neuroendocrine disorder
present in 1/10,000–1/15,000 individuals,1,2 is caused by a loss
of expression of paternal chromosome 15q11.2-q13. It appears
that there is an interplay between many genes in this region, but
a small, isolated deletion of the small nucleolar ribonucleic
acid-116 (SNORD116) noncoding RNA has been associated
with a PWS phenotype.3–7

Sleep disorders are a common burden for people with
PWS.8,9 Moreover, disordered sleep likely contributes to more
commonly recognized features of PWS. For example, excessive
sleepiness could be impacting feeding in infancy and the unique

behavioral profile in older children. However, to the extent that
clinical assessments of sleep disorders in patients with PWS do
occur, they often focus on the well-established connection
between PWS and central sleep apnea (CSA) and obstructive
sleep apnea (OSA).9,10 Concerns regarding OSA arise immedi-
ately from the time of diagnosis due to profound hypotonia11

and increased risks associated with weight gain and tonsillar
hypertrophy exacerbating OSA when growth hormone (GH)
therapy is started.9 In this paper, we review the literature related
to sleep and PWS, and provide evidence for a variety of
neurological sleep disorders in PWS in addition to OSA. For
example, clinical evidence suggests that excessive daytime
sleepiness (EDS), also called hypersomnolence, affects many
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individuals with PWS.9 EDS is present in > 50% of individuals
with PWS and persists despite adequate treatment of OSA,12,13

with occurrence possibly as high as 95%.14

The most common early features in PWS are hypotonia and
feeding difficulties.1,2 Notably, infants are also excessively
sleepy and do not awaken or express interest in feeding. Over
time, other features of PWS develop as children progress
through nutrition phases, including decreased resting energy
expenditure, increased weight without a change in calories, and
later, an inability to feel full, called hyperphagia.1,2 Develop-
mental delays are common, including childhood apraxia of
speech. Endocrinopathies include GH deficiency, hypothyroidism,
and hypogonadism. Behavioral concerns are common and include
anxiety, behavioral rigidity, and behavioral outbursts.15,16 Based
on this array of well-established features, PWS has predominantly
been considered an endocrine and metabolic disorder with hyper-
phagia and obesity. Sleep disorders have been considered as pos-
sible concerns in some patients.2 The aim of this review is to
highlight the importance of recognizing and treating sleep dis-
orders in PWS.

IDENTIFYING SLEEP DISORDERS IN PWS

Several studies demonstrate that SNORD116 plays a role in
sleep.17–19 For example, 2 individuals with small deletions in
SNORD116 exhibited increased rapid eye movement/non–rapid
eye movement (REM/non-REM) ratio, increased REM fragmen-
tation, and increased amplitude of theta waves during REM sleep
during the light phase.17 Furthermore, mice lacking SNORD116
had reduced gray matter volume in the ventral hippocampal areas
and regions of the septum, which are important structures for
maintaining theta rhythms in the brain.17 Consistent with these
findings, research in different mouse models have revealed that
SNORD116 plays a role in the orexin-hormone system within the
lateral hypothalamus.18 Furthermore, orexin plays important
roles in feeding modulation and wakefulness.20 Research in yet
another mouse model of PWS demonstrated dysregulation of
genes related to circadian rhythm such as Clock, Cry1, and
Per2.19 Taken together, these animal studies indicate that multi-
ple factors related to sleep can be affected by SNORD116 and
underscores the possibility of a variety of sleep disorders that
may be clinically underrecognized in PWS.

Caregivers recognize that sleep problems are pervasive in
PWS and real-world evidence for other sleep disorders in PWS
comes from social listening and surveys of caregivers of
patients with PWS. One study using social listening revealed
that caregivers not only discussed apnea, tiredness, and narco-
lepsy with or without cataplexy, but some of these terms were
more frequently discussed than terms related to hyperphagia.21

Furthermore, a 2014 survey showed that 65% of caregivers
reported sleep problems such as apnea or daytime sleepiness in
people with PWS—a percentage higher than the percentage of
caregivers reporting hyperphagia (51%).22 These data provide
evidence from patient communities that sleep abnormalities are
an important feature of PWS and may extend beyond OSA to
include EDS, insomnia, narcolepsy, and cataplexy.

While there is growing recognition in the PWS community
that sleep disorders may contribute to many clinical features of
PWS (Figure 1), including the irritability and behavioral fea-
tures of PWS, the connection remains poorly studied.16 In typi-
cally developing children, impaired sleep has been associated
with negative impacts on cognitive performance and behav-
ior.23 Perhaps even more importantly, the medical literature
lacks a consensus statement on how best to diagnose and man-
age these symptoms in the PWS population. Until such a neces-
sary consensus can be formed and published, we offer this
review of the literature as well as our considered recommenda-
tions for the medical diagnosis and treatment of sleep disorders
in PWS (Figure 2).

VENTILATORY CONTROL DURING SLEEP

Many adults with PWS have an abnormal hypercapnic ventila-
tory response, although there are some adults in whom the
hypercapnic ventilatory response is absent,24 a situation that
likely contributes to an increased risk of morbidity and mortal-
ity.25 Children with PWS are also hypercapnic.26 Moreover, the
severity of abnormality of the hypoxic ventilatory response is
independent of the degree of obesity.24,27 Individuals with
PWS also have a significantly higher arousal threshold to
hypercapnia compared with controls.28 Likewise, individuals
with PWS have lower nocturnal basal blood oxygen saturation
level (SpO2) than controls and tend to have clusters of desatura-
tions.29 Because of this abnormal ventilatory response, health
care providers should have a low threshold to screen for respira-
tory disturbances during sleep.

One study suggests that the lack of ventilatory response is
due to primary peripheral chemoreceptor dysfunction and/or

Figure 1—Symptoms of PWS that may be associated with
disordered sleep.

PWS = Prader-Willi syndrome.
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defective afferent pathways to central controllers.30 In this
study of 17 adults with PWS, researchers paired individuals
with PWS to controls matched for age, sex, and body mass
index and found that, while the response to hyperoxia in the
control group was decreased, individuals with PWS demon-
strated a paradoxical reaction of 100% O2 in which minute ven-
tilation increased. Moreover, after vital capacity breathing of
15% CO2 in O2, or breathing 100% nitrogen, patients with PWS
experienced no change in breathing as opposed to controls, who
showed a marked increase in minute ventilation under each of
those conditions.

Multiple studies have revealed increased nocturnal hypoven-
tilation in PWS as a result of poor ventilatory control.24,26,27

Children with PWS have disproportionately longer periods of
hypoventilation when compared with typically developing chil-
dren with the same apnea-hypopnea index (AHI).26 In 1 study,

investigators assessed arousal from sleep by providing inspired
O2 partial pressure of only 80 mmHg for a maximum of
3 minutes and found that only 1 of 13 patients with PWS were
aroused during the challenge. Furthermore, those individuals
with PWS had a blunted response in heart rate and no change in
respiratory rate.24

GH, the only Food and Drug Administration–approved treat-
ment for individuals with PWS, should be initiated at the time
of diagnosis and maintained through life. While GH has meta-
bolic benefits, it also appears to improve ventilatory control.
For example, GH treatment of 9 patients aged 7–14 years has
been shown to improve ventilation and inspiratory drive.31 GH
also improved the coupling of heart rate and pulse transit time,
an index of blood pressure. The 2 measures taken together
suggest that GH may also improve cardiovascular function
during sleep.32

Figure 2—Recommendations for clinical approaches.

Prior to the ini�a�on of growth hormone (GH), physicians should consider a sleep 
study. This tes�ng should not delay ini�a�on of GH. 
All pa�ents with Prader-Willi syndrome (PWS) should be evaluated at least 
annually for sleep disorders including sleep disordered breathing, excessive 
day�me sleepiness (EDS), narcolepsy, cataplexy, and insomnia. 
PWS pa�ents could benefit from having sleep specialists included in their 
mul�disciplinary medical team because sleep problems are complex and common 
in this popula�on. 
Consider the role of sleep disorders in behavioral problems and food seeking at 
night.

All PWS pa�ents

Change in weight across 1-2 percen�les, rapid weight gain, change in school 
performance , new onset a�en�on concerns, worsening EDS, more irritability or 
change in behavior, or lack of progression in development, or change in school 
performance  should prompt a referral for comprehensive sleep evalua�on 
Polysomnography (PSG) is indicated for evalua�on of sleep disordered breathing. 
Sleep diary and ac�graphy with overnight PSG followed by the Mul�ple Sleep 
Latency Test (MSLT) should be considered for evalua�on of EDS. 
When EDS is out of propor�on to level of control of obstruc�ve sleep apnea (OSA), 
an assessment using MSLT should be considered. 

Diagnosis

Consider using currently accepted guidelines for trea�ng iden�fied sleep disorders 
in consulta�on with sleep specialists. To date no therapies have been established 
for EDS, narcolepsy, cataplexy, and insomnia in PWS. 
Consider the prac�ce parameters for narcolepsy when trea�ng pa�ents with PWS 
who have EDS. 

Treatment
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CENTRAL SLEEP APNEA

PWS increases the risk of CSA, a condition that is more com-
mon in infants with PWS as opposed to adults with PWS.33–35

Recent reports suggest that 43% of infants with PWS have CSA
compared with closer to 5% for kids between the ages of 2 and
18.36 Poor ventilatory control in PWS may contribute to CSA.9

An additional risk factor for CSA as well as generalized
sleep-disordered breathing is scoliosis or other spinal abnormal-
ities—which impacts anywhere from 15% to 86% of individu-
als with PWS.37 Polysomnography (PSG) should be performed
in infants with PWS at the time of diagnosis to rule out central
apnea. There may be an association between central adrenal
insufficiency and central apnea index,38 and continued monitor-
ing with frequent PSGs approximately every 6 months may be
indicated for these individuals with central adrenal insuffi-
ciency.34,36,39 Supplemental oxygen has been shown to be an
effective treatment in infants and is the therapy of choice for
this age group.36,40 For older individuals, the use of positive air-
way pressure is the standard of care.9

OBSTRUCTIVE SLEEP APNEA

More than 80% of children with PWS exhibit sleep-disordered
breathing including OSA,41 and most apneas are in REM sleep
and are not associated with arousals.12 The body mass index
percentile for the individual’s age and sex has been associated
with more severe hypoxemia during sleep and more sleep dis-
ruptions. In addition, untreated OSA has been associated with
more severely delayed developmental milestones in adolescents
and young adults.42 Worsening OSA has also been associated
with EDS and autistic-related behavior with worsening impul-
sivity in children.41,43,44 These behavioral changes should
prompt concern for worsening OSA. In addition, developmental
milestones may be more severely delayed in individuals with
untreated OSA.44

There remains much controversy regarding the potential of
GH therapy to exacerbate OSA. There are case reports of pedi-
atric deaths in the first months of GH therapy and risk factors
included severe obesity, history of upper airway obstruction or
sleep apnea, and respiratory infection.45,46 Multiple studies
showed no increase in OSA-related mortality in GH-treated
individuals with PWS.47–49 GH treatment also does not appear
to negatively impact overall apnea-hypopnea index (AHI), cen-
tral apnea index, or obstructive apnea index in adults with
PWS.47,50 Moreover, in children with PWS aged 0–2.5 years
old (21 children started on GH before age 1 year and 41 children
started after age 1 year), investigators found no correlation
between GH treatment and the onset of OSA.48 An additional
study that conducted overnight PSG in 20 infants aged 2–21
months at 6 weeks post-initiation of GH found no significant
changes in OSA.51 There may be a vulnerable time during
which OSA worsens after initiation of therapy,52 but this is
often resolved by 2 years on therapy.9,32 In this study, the subset
of participants who worsened with GH therapy had underlying
respiratory issues, chronic respiratory infections, and elevated

serum insulin-like growth factor 1 (IGF-1).52 It is likely that
those participants with OSA and underlying respiratory condi-
tions may have increased mortality.

Current recommendations include monitoring for symptoms
of OSA before initiation and while continuing GH therapy.49,53

Participants with moderate to severe OSA preinitiation may still
receive GH therapy but should receive more frequent evalua-
tions. Specifically, some groups have recommended annual
sleep studies, as well as adenotonsillar evaluation for patients
with PWS prescribed GH.54 We recommend that, prior to the
initiation of GH, physicians should screen via a sleep study.
This testing should not, however, delay initiation of GH. In
addition, approximately 6–10 weeks post-initiation of GH, a
follow-up sleep study may be needed if any worsening symp-
toms (such as, but not limited to, snoring, witnessed apnea, day-
time sleepiness) or signs (such as, but not limited to, weight
gain) occur.52 It is reasonable to repeat a sleep study indepen-
dent of a marked worsening of symptoms—as changes in sleep
apnea are less apparent in kids with PWS. Findings of worsen-
ing obstructive AHI should expedite evaluation and treatment,
but not necessarily stop or delay GH treatment.

Clinical management of patients on GHwho are diagnosed with
OSA remains highly variable among endocrinologists and sleep
specialists across medical centers. While controversy remains as to
whether a PSG is required in this population, a guideline has been
put forth for children55 that, in part, recommends PSG when clini-
cal assessment suggests OSA. Snoring, witnessed apneas, rapid
weight gain, change in school performance, new-onset attention
concerns, worsening EDS, more irritability or change in behavior,
or lack of progression in development should prompt a referral for
PSG. Given the high prevalence of sleep disorders in PWS, routine
PSG should be performed soon after diagnosis, at age 3 years and
at the time of puberty in children.56

When OSA is diagnosed based on PSG, referral to otolaryn-
gology is suggested. A recent consensus statement on the role of
drug-induced sleep endoscopy suggests this procedure should be
performed when an infant is diagnosed with OSA prior to the
development of tonsils and adenoids (Evidence Level 1b).57

Multilevel obstruction, particularly at the level of the velum, is
common in the population and AHI has been correlated to com-
plete tongue-base collapse.58 In addition, research indicates that
not only should PSG be performed prior to adenotonsillectomy
(T&A) but repeat PSG should be performed following T&A to
assess for residual OSA. While T&A can be effective, particu-
larly if tonsils and/or adenoids are enlarged, it is common for
residual OSA to be present in patients with PWS.59–63 In addi-
tion, there may be an increased risk of velopharyngeal insuffi-
ciency in PWS postsurgically after T&A.64,65

When utilized consistently, continuous positive airway pres-
sure (CPAP) can be effective in improving EDS, school perfor-
mance, achievement of developmental milestones, and daytime
blood gases.43,66 It can also be used for residual OSA post-T&A,
or for people who want to avoid surgery. For individuals with
PWS; however, CPAP adherence can be challenging.13 Behav-
ioral therapy with desensitization to assist in the use of CPAP
should be considered upon initiation of therapy. In the case of
mild OSA, a trial of intranasal fluticasone with or without monte-
lukast can be used as an alternative to CPAP.67

J Duis, LC Pullen, M Picone, et al. Sleep in PWS

Journal of Clinical Sleep Medicine, Vol. 18, No. 6 1690 June 1, 2022

D
ow

nl
oa

de
d 

fr
om

 jc
sm

.a
as

m
.o

rg
 b

y 
M

at
th

ew
 H

or
sn

el
l o

n 
Se

pt
em

be
r 

27
, 2

02
2.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

C
op

yr
ig

ht
 2

02
2 

A
m

er
ic

an
 A

ca
de

m
y 

of
 S

le
ep

 M
ed

ic
in

e.
 A

ll 
ri

gh
ts

 r
es

er
ve

d.
 



NARCOLEPSY WITH OR WITHOUT CATAPLEXY

Narcolepsy is a neurological sleep disorder characterized by abnor-
mal regulation of the sleep-wake cycle. The typical symptoms of
narcolepsy type 1 include EDS, cataplexy (loss of muscle tone with
strong emotion), hypnogogic/hypnopompic hallucinations, sleep
paralysis, and fragmented sleep.68 Pediatric presentations of narco-
lepsy and cataplexy can differ from adult presentations. Children
can have profound baseline facial hypotonia and some patients
experience motor tics.56,68–72 Automatic behavior (repetitive and
common behaviors done at night) and disrupted nighttime sleep
also commonly occur in patients with narcolepsy.

In children, cataplexy may resemble clonic, atonic, and/or
myoclonic seizures72; however, the loss of consciousness is
absent with cataplexy. Alternatively, at onset, cataplexy may pre-
sent as loss of tone and or/complex hyperkinetic movements.
Often, children with cataplexy have prominent facial involvement
that can include active movement of the tongue and perioral
muscles. Moreover, unlike adults, children may experience cata-
plexy without a clear emotional trigger.69 Obesity is also common
in children with narcolepsy, such that more than half of children
who first present with signs of narcolepsy are obese.73 In addition,
approximately one-third of children with narcolepsy also have
symptoms of attention-deficit/hyperactivity disorder.56 Cataplexy
or sudden onset of atonia provoked by emotion appears relatively
commonly in PWS,74 with incidence estimates ranging from 18%
to 25%.74 For example, head drops in young children as they eat
solid food is likely an example of cataplexy.75

Type 1 narcolepsy (formerly narcolepsy with cataplexy) is
caused by the degeneration of hypothalamic neurons that make
orexin.76 Consequently, the cerebrospinal fluid of patients with
narcolepsy has very low or no evidence of orexin. While
patients with PWS have been found to have lower levels of
orexin in the cerebrospinal fluid, their levels were not as low as
those of a patient with narcolepsy type 1.77 Moreover, while
there appears to be a negative correlation between Epworth
Sleepiness Scale and orexin levels in the cerebrospinal fluid of
individuals with PWS,77,78 decreases in the number of hypocre-
tin neurons do not seem to play a role in the PWS narcolepsy
phenotype, unlike in narcolepsy in typically developing chil-
dren.79 Testing for orexin levels in cerebrospinal fluid is not
diagnostic or therapeutically useful and is not common practice
in the PWS population.

By some estimates, half of individuals with PWS have REM
sleep disorders that are likely phenotypic variations of narco-
lepsy.14 The REM sleep disruptions include sleep-onset REM
periods, REM sleep during daytime naps, many arousals during
REM sleep, and a significant increase in total REM sleep.14,80

Individuals with PWS also have decreased REM latency and
decreased duration of non-REM sleep stage N3.27,73 It is com-
mon for individuals with PWS to not only display sleep-onset
REM periods but also score abnormally on a Multiple Sleep
Latency Test.81 While this presentation is suggestive of a narco-
leptic phenotype,82 it has also been suggested that the primary
mechanism is a generalized 24-hour state of hypoarousal.83

There are several diagnostic criteria for narcolepsy.69,70,84–88

In 2014, the American Academy of Sleep Medicine released

the International Classification of Sleep Disorders, third edi-
tion (ICSD-3).87 The American Academy of Sleep Medicine
notes that, in young children, narcolepsy may sometimes pre-
sent as excessively long night sleep or as resumption of previ-
ously discontinued daytime napping. In 2013, the American
Psychiatric Association published the Diagnostic and Statisti-
cal Manual of Mental Disorders, fifth edition (DSM-5), which
contains diagnostic criteria for sleep-wake disorders, including
narcolepsy, and is designed for use by mental health and medi-
cal clinicians who are not experts in sleep medicine.88 While
the ICSD-3 criteria require results from a sleep study, the
DSM-5 criteria do not. The DSM-5 notes that, in children, cata-
plexy can present as spontaneous grimaces or jaw-opening epi-
sodes with tongue thrusting or global hypotonia, without any
obvious emotional triggers. Of note, a sudden onset of move-
ment abnormality along with significant affective or behavioral
change can be a harbinger of cycloid psychosis. Usually, the
differentiating sign would be a co-occurring insomnia rather
than hypersomnolence.89 We therefore recommend that a Mul-
tiple Sleep Latency Test should be obtained in all patients with
PWS who report disproportionally pervasive EDS even in the
setting of mild to moderate OSA.

Since a diagnosis of narcolepsy also requires that a patient’s
EDS is not caused by insufficient sleep or another sleep disor-
der, such as OSA, it can be difficult to obtain a formal diagnosis
of narcolepsy in PWS. Often patients with PWS and OSA have
difficulty adhering to their prescribed positive airway pressure
(mainly CPAP or bilevel positive airway pressure therapy).
This means that, per clinical guidelines, OSA cannot be
excluded as a cause of their EDS. This situation may contribute
to the underdiagnosis of narcolepsy in the PWS population.
Because EDS is often out of proportion to OSA, we recommend
that screening for narcolepsy-type features should be under-
taken in individuals with PWS despite residual OSA.

We recommend treatment for narcolepsy per practice param-
eters in individuals with PWS.90 Stimulants and antidepressants
have all been used to treat EDS and cataplexy associated with
narcolepsy, with variable response. Amphetamine was the first
compound to demonstrate significant improvement for exces-
sive sleepiness in narcolepsy and it, as well as modafinil, has an
indication by the Food and Drug Administration for this pur-
pose. Given the dual indication of treating both narcolepsy as
well as attention-deficit/hyperactivity disorder, stimulants such
as amphetamine or methylphenidate may be considered.91

Selective serotonin reuptake inhibitors and tricyclic antidepres-
sants may be used to treat cataplexy. Care must be taken in con-
sideration of the use of selective serotonin reuptake inhibitors
in PWS as they may be activating and may precipitate mania or
affective psychosis.89,92 Sodium oxybate, the sodium salt of
gamma hydroxybutyrate, and pitolisant are the only medications
indicated for both EDS and cataplexy.93 Sodium oxybate is the
drug of choice for narcolepsy type 1 in children and adults. Use
of sodium oxybate may cause respiratory depression and should
be approached with much caution in this population. A clinical
trial in PWS demonstrating safety and efficacy is necessary to
help inform the use of the medication in this population.

Typical approaches to the treatment of narcolepsy90 may be
effective for individuals with PWS and should be considered.
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A single case study reported that treatment with modafinil was
able to improve sleep efficiency and REM sleep parameters in a
7-year-old child with PWS.94 A case series of 9 adolescent and
young-adult patients (6 of whom displayed at least 2 sleep-
onset REM periods consistent with a narcolepsy-like pheno-
type) treated with modafinil at a starting dose of 100 mg/day
responded with an improved Epworth Sleepiness Scale score
from 14 (mild EDS) to 4 (no EDS).95 Individuals treated with
100–200 mg modafinil in the morning experience an improve-
ment not just in daytime alertness but also with respect to
behavioral and attention concerns. While the precise biochemi-
cal mechanism of action of modafinil has not been clearly
defined, modafinil acts similarly to other stimulants and produ-
ces significant dopaminergic activity. Modafinil is regulated by
the US Drug Enforcement Administration as a schedule IV
class drug96 and abuse of modafinil may lead to limited physi-
cal dependence and psychological dependence.97 Modafinil is
not approved for use in individuals less than 17 years of age.
Its use should be monitored with caution due to reports of
serious side effects, including life-threatening development
of Stevens-Johnson syndrome.

In a case series, researchers reported that a novel histamine-
3-receptor inverse agonist pitolisant, when administered to ado-
lescent individuals with PWS, decreased daytime sleepiness
and improved processing speed and mental clarity.98 Currently
approved for the treatment of narcolepsy and cataplexy in
adults, pitolisant also demonstrates the potential to treat EDS
associated with cognitive impairment, epilepsy, and Alzheimer
disease.99 A phase 2 study evaluating the safety and efficacy of
pitolisant in both pediatric and adult patients with PWS is cur-
rently underway.100 The results of this trial will provide evi-
dence for the beneficial effects of pitolisant in a pediatric
population with PWS. Pitolisant is the first and only treatment
approved for adult patients with narcolepsy with cataplexy that
is not scheduled as a controlled substance by the US Drug
Enforcement Administration.

EXCESSIVE DAYTIME SLEEPINESS

A recent study of 60 adults with PWS found that 67% reported
EDS.8 The incidence of EDS in children with PWS is unclear,
although there are several studies of sleep-wake patterns in chil-
dren with PWS12,101 that explore EDS among other sleep
issues. In the case of PWS, EDS is exemplified by decreased
wakefulness in combination with an increased percentage of
sleep time and stage N3 sleep during the day and at night.83

In practice, many individuals with PWS have EDS, which can
be confirmed by long sleep duration in a 24-hour period
and shortened sleep latency times on Multiple Sleep Latency
Testing.102 Multiple Sleep Latency Testing can also diagnose
hypersomnia—which is distinct from presenting symptoms
of EDS.

A variety of sleep disturbances, in particular OSA, can cause
EDS and there is increasing evidence that other sleep abnormal-
ities may contribute to EDS in individuals with PWS. For
example, 1 study of weight loss in patients with PWS reported

improvement in sleep-related breathing disorders but still
reported persistence of EDS.103 Even in individuals with an
established diagnosis of OSA, the correlation of AHI with EDS
reveals an out-of-proportion finding suggestive of a narcolepsy-
like phenotype or hypersomnia of PWS.104

EDS disrupts school performance and may be associated
with irritability and behavioral disturbances commonly seen in
individuals with PWS.16 It is thus important to recognize and
treat this sleep disorder. There are a variety of treatment practi-
ces reported for EDS in the PWS population. An open-label
case series of 10 patients found that modafinil decreased sleepi-
ness in patients aged 8–21 years with PWS.105 EDS was suc-
cessfully reduced in an 11-year-old boy with PWS when treated
with clomipramine. He experienced a slight improvement in
nocturnal hypoxemia although his OSA persisted.106 In another
case report, an 8-year-old girl with PWS and EDS was success-
fully treated with tryptophan.105 A new wake-promoting agent,
pitolisant, was shown to reduce sleepiness and improve cogni-
tive function in case reports of children with PWS.24,107 These
medications are often considered and used off label when man-
aging a patient with PWS despite limited data.

DISTURBED SLEEP AND CHRONIC INSOMNIA

A recent study in 700 healthy adolescents (between 5 and 12
years of age) found that insomnia occurs in 19.3% of participants
compared with 20.2% of participants with sleep-disordered
breathing.108 Thirty-three percent reported chronic insomnia.109

Diagnosis of disrupted sleep often requires a thorough sleep his-
tory, including the use of sleep diaries, actigraphy, and consider-
ation of precipitating factors that may include behavioral
concerns, anxiety, or perseverative behaviors. For chronic insom-
nia, we recommend a sleep evaluation by a sleep medicine spe-
cialist to help assess potential underlying causes. Initiation of
behavioral therapy may be beneficial in the treatment once
underlying sleep pathology is ruled out.

In the case of PWS, disrupted sleep and awakenings may
contribute to nighttime foraging for food. Improved food secu-
rity in the home, including locking to prevent access to food,
can improve anxiety and sleep disruptions. The prevalence of
insomnia in PWS is approximately 29%.110 A trial of melato-
nin, including extended-release melatonin,111 should be consid-
ered for initiation of sleep. Benzodiazepines such as lorazepam
and alprazolam are effective anxiolytic medications for adults,
but can cause respiratory depression, ataxia, excessive sedation,
memory impairment, and paradoxical disinhibition. Addition-
ally, some second-generation antipsychotics such as quetiapine
are often prescribed for insomnia.112 However, they have sig-
nificant side-effects including metabolic syndrome and should
not be prescribed for the treatment of sleep disturbances
alone. A recent study of pediatric psychiatrists indicated that
the most popular first-choice treatment for sleep disturbances
in pediatric populations was melatonin, followed by trazodone,
mirtazapine, and zopiclone.113 Fifty-seven percent of clinician
respondents reported trazodone as their second-choice treat-
ment.113 In children with neurodevelopmental disorders,
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insomnia was also treated with melatonin, antihistamines, such
as hydroxyzine.114

PERIODIC LEG MOVEMENTS AND RESTLESS SLEEP

Schaaf-Yang syndrome shares many clinical features with
PWS. A recent study of 33 individuals with Schaaf-Yang
revealed a high rate of sleep disorders, including periodic limb
movement contributing to restless sleep.19,115 Increased peri-
odic limb movements has also been documented in PWS,94

although there is a significant gap in knowledge around the
prevalence of restless legs syndrome and generalized restless
sleep in PWS. A recent Cochrane review found that iron supple-
mentation probably improves restlessness and restless legs syn-
drome severity in comparison to placebo. Importantly, benefits
were seen even when participants did not have low blood levels
of iron.116 Consider checking serum ferritin levels in individu-
als with periodic limb movements, restless legs syndrome, or
restless sleep and, furthermore, consider that the minimum
serum ferritin levels may not reflect adequate brain ferritin.
With iron therapy, consider risks of constipation, which may be
alleviated through supplements with higher absorption (ie, iron
+ vitamin C) and monitor ferritin to ensure appropriate dosing.
Also, ensure iron is stored safely in a locked cabinet in the
home as an acute overdose may be fatal.

CONCLUSIONS

A variety of sleep abnormalities in the PWS population have the
potential, if left untreated, to have tremendous negative impacts
on their quality of life. As such, there needs to be increased
awareness around the array of sleep abnormalities in PWS that
include EDS, narcolepsy- and cataplexy-like phenotypes, and
insomnia. We also recommend that health care providers con-
sider the significant impact and potential relationships between
sleep and many features of PWS (such as behavioral concerns)
when deciding upon a course of treatment. Research is urgently
needed to increase understanding of these features and their natu-
ral history in PWS to improve treatments for these individuals.
While our evidence base grows, it is vitally important that clini-
cians immediately recognize and acknowledge sleep disturban-
ces in this population. Additional research is needed to inform
evidence-based practices toward a consensus statement for the
treatment and diagnosis of sleep disorders in this population.

ABBREVIATIONS

AHI, apnea-hypopnea index
CPAP, continuous positive airway pressure
CSA, central sleep apnea
EDS, excessive daytime sleepiness
GH, growth hormone
OSA, obstructive sleep apnea
PSG, polysomnography

PWS, Prader-Willi syndrome
REM, rapid eye movement
SNORD116, small nucleolar ribonucleic acid-116
T&A, adenotonsillectomy
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75. Savaş T, Erol I, Saygı S, Habeşo�glu MA. Narcolepsy and cataplexy: a pediatric
case report. Turk Pediatri Ars. 2016;51(4):221–223.

76. Siegel JM, Moore R, Thannickal T, Nienhuis R. A brief history of hypocretin/
orexin and narcolepsy. Neuropsychopharmacology. 2001:25(5, Suppl):S14–S20.

77. Omokawa M, Ayabe T, Nagai T, et al. Decline of CSF orexin (hypocretin) levels in
Prader-Willi syndrome. Am J Med Genet A. 2016;170A(5):1181–1186.

78. Nevsimalova S, Vankova J, Stepanova I, Seemanova E, Mignot E, Nishino S.
Hypocretin deficiency in Prader-Willi syndrome. Eur J Neurol. 2005;12(1):70–72.

79. Fronczek R, Lammers GJ, Balesar R, Unmehopa UA, Swaab DF. The number of
hypothalamic hypocretin (orexin) neurons is not affected in Prader-Willi
syndrome. J Clin Endocrinol Metab. 2005;90(9):5466–5470.

80. Vela-Bueno A, Kales A, Soldatos CR, et al. Sleep in the Prader-Willi syndrome.
Clinical and polygraphic findings. Arch Neurol. 1984;41(3):294–296.

81. Priano L, Grugni G, Miscio G, et al. Sleep cycling alternating pattern (CAP)
expression is associated with hypersomnia and GH secretory pattern in
Prader-Willi syndrome. Sleep Med. 2006;7(8):627–633.

82. Manni R. Rapid eye movement sleep, non-rapid eye movement sleep, dreams,
and hallucinations. Curr Psychiatry Rep. 2005;7(3):196–200.

83. Vgontzas AN, Bixler EO, Kales A, et al. Daytime sleepiness and REM
abnormalities in Prader-Willi syndrome: evidence of generalized hypoarousal. Int
J Neurosci. 1996;87(3-4):127–139.

84. Maski K, Pizza F, Liu S, et al. Defining disrupted nighttime sleep and assessing
its diagnostic utility for pediatric narcolepsy type 1. Sleep. 2020;43(10):zsaa066.

85. Chaplin JE, Szak�acs A, Hallb€o€ok T, Darin N. The development of a health-related
quality-of-life instrument for young people with narcolepsy: NARQoL-21. Health
Qual Life Outcomes. 2017;15(1):135.

86. Yang C-P, Hsieh M-L, Chiang J-H, Chang H-Y, Hsieh VC-R. Migraine and risk of
narcolepsy in children: a nationwide longitudinal study. PLoS One. 2017;12(12):
e0189231.

87. Sateia MJ. International Classification of Sleep Disorders-third edition: highlights
and modifications. Chest. 2014;146(5):1387–1394.

88. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders. 5th ed. Washington, DC: American Psychiatric Association, 2013.

89. Singh D, Sasson A, Rusciano V, Wakimoto Y, Pinkhasov A, Angulo M. Cycloid
psychosis comorbid with Prader-Willi syndrome: a case series. Am J Med Genet
A. 2019;179(7):1241–1245.

90. Morgenthaler TI, Kapur VK, Brown T, et al; Standards of Practice Committee of
the American Academy of Sleep Medicine. Practice parameters for the treatment
of narcolepsy and other hypersomnias of central origin. Sleep. 2007;30(12):
1705–1711.

91. Cortese S, Adamo N, Del Giovane C, et al. Comparative efficacy and tolerability
of medications for attention-deficit hyperactivity disorder in children, adolescents,
and adults: a systematic review and network meta-analysis. Lancet Psychiatry.
2018;5(9):727–738.

92. Ji NY, Findling RL. Pharmacotherapy for mental health problems in people with
intellectual disability. Curr Opin Psychiatry. 2016;29(2):103–125.

93. Barker EC, Flygare J, Paruthi S, Sharkey KM. Living with narcolepsy: current
management strategies, future prospects, and overlooked real-life concerns.
Nat Sci Sleep. 2020;12:453–466.

94. Weselake SV, Foulds JL, Couch R, Witmans MB, Rubin D, Haqq AM. Prader-Willi
syndrome, excessive daytime sleepiness, and narcoleptic symptoms: a case
report. J Med Case Reports. 2014;8(1):127.

95. De Cock VC, Diene G, Molinas C, et al. Efficacy of modafinil on excessive
daytime sleepiness in Prader-Willi syndrome. Am J Med Genet A. 2011;
155A(7):1552–1557.

96. US Drug Enforcement Administration. Schedules of Controlled Substances:
Placement of Modafinil into Schedule IV. https://www.deadiversion.usdoj.gov/
fed_regs/rules/1999/fr0127.htm#:�:text=SUMMARY%3A%20With%20the%
20issuance%20of,Controlled%20Substances%20Act%20(CSA). Accessed Feb.
22, 2022.

97. Murillo-Rodr�ıguez E, Barciela Veras A, Barbosa Rocha N, Budde H, Machado
S. An overview of the clinical uses, pharmacology, and safety of modafinil. ACS
Chem Neurosci. 2018;9(2):151–158.

98. Pullen LC, Picone M, Tan L, Johnston C, Stark H. Cognitive improvements in
children with Prader-Willi syndrome following pitolisant treatment—patient
reports. J Pediatr Pharmacol Ther. 2019;24(2):166–171.

99. Sadek B, Saad A, Sadeq A, Jalal F, Stark H. Histamine H3 receptor as a
potential target for cognitive symptoms in neuropsychiatric diseases. Behav
Brain Res. 2016;312:415–430.

100. Harmony Biosciences LLC. A Randomized, Double-Blind, Placebo-Controlled
Phase 2 Study to Evaluate the Safety and Efficacy of Pitolisant in Patients With
Prader-Willi Syndrome, Followed by an Open Label Extension. 2021. https://
clinicaltrials.gov/ct2/show/NCT04257929. Accessed Feb. 22, 2022.

101. Manni R, Politini L, Nobili L, et al. Hypersomnia in the Prader Willi syndrome:
clinical-electrophysiological features and underlying factors. Clin Neurophysiol.
2001;112(5):800–805.

102. Williams K, Scheimann A, Sutton V, Hayslett E, Glaze DG. Sleepiness and
sleep disordered breathing in Prader-Willi syndrome: relationship to genotype,
growth hormone therapy, and body composition. J Clin Sleep Med. 2008;4(2):
111–118.

103. Harris JC, Allen RP. Is excessive daytime sleepiness characteristic of
Prader-Willi syndrome? The effects of weight change. Arch Pediatr Adolesc
Med. 1996;150(12):1288–1293.

104. Hiroe Y, Inoue Y, Higami S, Suto Y, Kawahara R. Relationship between
hypersomnia and respiratory disorder during sleep in Prader-Willi syndrome.
Psychiatry Clin Neurosci. 2000;54(3):323–325.

105. Lee YJ, Marcu S, Berall G, Shapiro CM. Tryptophan for the treatment of
excessive daytime sleepiness in Prader-Willi syndrome. Indian Pediatr. 2011;
48(4):319–328.

106. Esnault-Lavandier S, Mabin D. [The effects of clomipramine on diurnal
sleepiness and respiratory parameters in a a case of Prader-Willi syndrome].
Neurophysiol Clin. 1998;28(6):521–525.

107. Pullen L, Picone M, Tan LJ, Johnston C, Stark H. Pitolisant is a safe and
effective treatment for children with Prader-Willi syndrome (PWS). Sleep. 2019;
42(Suppl 1):A309–A310.

108. Calhoun SL, Fernandez-Mendoza J, Vgontzas AN, Liao D, Bixler EO.
Prevalence of insomnia symptoms in a general population sample of young
children and preadolescents: gender effects. Sleep Med. 2014;15(1):91–95.

109. Bhaskar S, Hemavathy D, Prasad S. Prevalence of chronic insomnia in adult
patients and its correlation with medical comorbidities. J Family Med Prim Care.
2016;5(4):780–784.

110. Agar G, Brown C, Sutherland D, Coulborn S, Oliver C, Richards C. Sleep
disorders in rare genetic syndromes: a meta-analysis of prevalence and profile.
Mol Autism. 2021;12(1):18.

111. Gringras P, Nir T, Breddy J, Frydman-Marom A, Findling RL. Efficacy and
safety of pediatric prolonged-release melatonin for insomnia in children with
autism spectrum disorder. J Am Acad Child Adolesc Psychiatry. 2017;56(11):
948–957.e4.

112. Hermes EDA, Sernyak M, Rosenheck R. Use of second-generation antipsychotic
agents for sleep and sedation: a provider survey. Sleep. 2013;36(4):
597–600.

J Duis, LC Pullen, M Picone, et al. Sleep in PWS

Journal of Clinical Sleep Medicine, Vol. 18, No. 6 1695 June 1, 2022

D
ow

nl
oa

de
d 

fr
om

 jc
sm

.a
as

m
.o

rg
 b

y 
M

at
th

ew
 H

or
sn

el
l o

n 
Se

pt
em

be
r 

27
, 2

02
2.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

C
op

yr
ig

ht
 2

02
2 

A
m

er
ic

an
 A

ca
de

m
y 

of
 S

le
ep

 M
ed

ic
in

e.
 A

ll 
ri

gh
ts

 r
es

er
ve

d.
 

https://www.deadiversion.usdoj.gov/fed_regs/rules/1999/fr0127.htm#:<:text=SUMMARY%3A%20With%20the%20issuance%20of,Controlled%20Substances%20Act%20(CSA)
https://www.deadiversion.usdoj.gov/fed_regs/rules/1999/fr0127.htm#:<:text=SUMMARY%3A%20With%20the%20issuance%20of,Controlled%20Substances%20Act%20(CSA)
https://www.deadiversion.usdoj.gov/fed_regs/rules/1999/fr0127.htm#:<:text=SUMMARY%3A%20With%20the%20issuance%20of,Controlled%20Substances%20Act%20(CSA)
https://clinicaltrials.gov/ct2/show/NCT04257929
https://clinicaltrials.gov/ct2/show/NCT04257929


113. Boafo A, Greenham S, Sullivan M, et al. Medications for sleep disturbance in
children and adolescents with depression: a survey of Canadian child and
adolescent psychiatrists. Child Adolesc Psychiatry Ment Health. 2020;14(1):10.

114. Bruni O, Angriman M, Calisti F, et al. Practitioner review: treatment of chronic
insomnia in children and adolescents with neurodevelopmental disabilities.
J Child Psychol Psychiatry. 2018;59(5):489–508.

115. Powell WT, Schaaf CP, Rech ME, Wrede J. Polysomnographic characteristics
and sleep-disordered breathing in Schaaf-Yang syndrome. Pediatr Pulmonol.
2020;55(11):3162–3167.

116. Trotti LM, Becker LA. Iron for the treatment of restless legs syndrome.
Cochrane Database Syst Rev. 2019;1:CD007834.

SUBMISSION & CORRESPONDENCE INFORMATION

Submitted for publication March 26, 2021
Submitted in final revised form February 4, 2022
Accepted for publication February 8, 2022
Address correspondence to: Jessica Duis, MD, MS, Assistant Professor of Pediatrics
and Genetics, Section of Genetics and Inherited Metabolic Diseases, Section of
Pediatrics Special Care Clinic, Director, Prader-Willi Syndrome Multidisciplinary
Clinic, Children’s Hospital Colorado, University of Colorado Anschutz Medical Cam-
pus, 13123 E 16th Ave, Aurora, CO 80045; Tel: (303) 724-2370; Email: Jessica.
duis@childrenscolorado.org

DISCLOSURE STATEMENT

All authors have seen and approved the manuscript. The authors gratefully
acknowledge financial contributions from Harmony Biosciences for this initiative paid
to TREND Community for writing services; Harmony Biosciences did not influence
the writing of this paper or its content in any way. Ms. Picone is CEO and
co-founder of TREND Community and TREND is a Public Benefit Corporation, an
entity that allows it to be self-supporting without needing to fundraise. Drs. Glaze
and Revana are consultants for TREND Community but do not receive any pay-
ments for services. They are also co-investigators in a pitolisant phase 2 clinical
trial for Harmony Biosciences. Drs. Duis, Friedman, Sannar, and Shelton are also
investigators in the pitolisant phase 2 clinical trial for Harmony Biosciences. Dr.
Friedman is a member of the American Board of Internal Medicine (ABIM) Board of
Directors and the ABIM Internal Medicine Exam Committee. To protect the integrity
of Board Certification, ABIM strictly enforces the confidentiality and its ownership of
ABIM exam content, and N.R.F. has agreed to keep ABIM exam content confiden-
tial. No ABIM exam content is shared or otherwise disclosed in this article. Chion
Foundation (Dr. Pullen) received an unrestricted grant from Harmony Biosciences.
Dr. Zee is a consultant and member of advisory committees for Eisai, Jazz, and
Sanofi Aventis pharmaceutical companies. She is also a consultant for Harmony
Biosciences and is the primary investigator for a research grant to Northwestern
University funded by Harmony Biosciences and Vanda Pharmaceuticals. Drs. Haw-
kins, Pfalzer, Sannar, and Singh report no conflicts of interest.

Journal of Clinical Sleep Medicine, Vol. 18, No. 6 1696 June 1, 2022

J Duis, LC Pullen, M Picone, et al. Sleep in PWS
D

ow
nl

oa
de

d 
fr

om
 jc

sm
.a

as
m

.o
rg

 b
y 

M
at

th
ew

 H
or

sn
el

l o
n 

Se
pt

em
be

r 
27

, 2
02

2.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
C

op
yr

ig
ht

 2
02

2 
A

m
er

ic
an

 A
ca

de
m

y 
of

 S
le

ep
 M

ed
ic

in
e.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 

mailto:Jessica.duis@childrenscolorado.org
mailto:Jessica.duis@childrenscolorado.org

