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Children with Prader–Willi Syndrome and Non-syndromic
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A b s t r ac t
Aim and objective: There are insufficient data in India on sleep issues in children with Prader–Willi syndrome (PWS). This study was undertaken
to describe the prevalence of sleep problems, polysomnography findings, and treatment of sleep issues in children with PWS.
Research questions: (1) To determine the prevalence of sleep problems in children with PWS and (2) to compare the polysomnography (PSG)
findings in children with PWS and non-syndromic children with obstructive sleep apnea (OSA).
Materials and methods: Retrospective data of children who underwent polysomnography for the diagnosis of sleep problems were extracted and
divided into two groups. The first group consisted of 20 children with PWS, and the second group consisted of 22 non-syndromic children with
OSA. History was analyzed using a parent-administered sleep questionnaire, and a level one polysomnography was performed in all study subjects.
Results: No significant difference was noted in the sleep history between the two groups. The OSA prevalence of the PWS group was 100%.
The OAHI, OAHI (REM), baseline oxygen saturation, and time of saturation below 90% were significantly affected in the PWS group compared
to the non-syndromic group. Thirteen children with PWS who had moderate-to-severe OSA were started on CPAP and were clinically better, of
which nine of them who underwent a follow-up sleep study showed resolution of OSA on PSG.
Conclusion: Children with PWS suffer from moderate-to-severe OSA. OSA with significant hypoxemia is seen in REM sleep in PWS children,
necessitating the need for early intervention with noninvasive ventilation. All children with PWS must undergo PSG due to possible
underestimation of sleep issues on parental history.
Clinical significance: The degree of obstruction could be underestimated on parental history in children with PWS, thus necessitating the need
for a sleep study in all children with PWS, especially prior to hGH therapy.
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Introduction

1

Prader–Willi syndrome (PWS), also known as the syndrome of
obesity–hypomentia–hypogonadism–hypotonia, is a complex
multisystem genetic disorder with a prevalence of about 1/10,000
to 1/30,000.1,2 It is the first known disorder of human genomic
imprinting.3 The characteristic phenotype includes severe hypotonia
in the neonatal period with feeding difficulty, characteristic facial
features, hyperphagia, early-onset morbid obesity, short stature
with short hands and feet, hypogonadism, learning disability, and
other behavioral and psychiatric manifestations.4
Sleep issues are known to be common in PWS.1,5 The prevalence
of obstructive sleep apnea (OSA) in children with PWS was found to
be 44 to 100% in comparison with 2–3% in the normal population.6
The factors contributing to sleep-disordered breathing (SDB) in
PWS include the characteristic craniofacial features, hypotonia,
morbid obesity, narrowing of upper airway, and hypothalamic
dysfunction.1,2
There are currently insufficient data on sleep issues in children
with PWS in India. Hence, this study was undertaken to describe
the prevalence of sleep problems, polysomnography (PSG) findings,
and treatment of sleep issues in Indian children with PWS.

M at e r ia l s

and

Methods

All PSG studies and clinical history of patients attending the
Pediatric Sleep Clinic at Shishuka Children’s Specialty Hospital,
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Bengaluru, Karnataka, India, between January 2018 and March 2020
were extracted. Study subjects were divided into two groups—
children with PWS and non-syndromic children with OSA. Sleep
history extracted was routinely taken by a standardized parental
questionnaire prior to PSG. All children underwent PSG at one
of the three attached level one sleep laboratories in Bangalore.
The PSG was conducted by an on-site trained sleep technician,
and its interpretation was done by a pediatric pulmonologist.
Philips Respironics Alice 6 equipment was used to conduct the
study with channels measuring electroencephalography (EEG),
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electrocardiography (ECG), respiratory movements (thoracic and
abdominal bands), chin and leg electromyography (EMG), oxygen
saturation, carbon dioxide monitoring (EtCO2), nasal and oral
airflow, microphone and video monitoring. Analysis was done using
Sleepware G3 software.
Scoring and diagnosis were done as per the pediatric criteria
of the American Academy of Sleep Medicine (AASM) scoring
manual 2007 (updated 2018).7 OSA was categorized based on
the obstructive apnea–hypopnea index (OAHI) as mild (OAHI <1),
moderate (OAHI 1–5), and severe (OAHI >5). Hypoventilation was
defined as (a) an increase in EtCO2 to a value >55 mm of Hg for
≥10 minutes or (b) an increase in EtCO2 ≥10 mm of Hg during sleep,
to a value exceeding 50 mm of Hg for ≥10 minutes.
Children with moderate-to-severe OSA were initiated on
CPAP as per protocol with monitoring in the hospital for 48 hours,
followed by home ventilation. Those who fulfilled criteria for
hypoventilation were started on BiPAP as per the same protocol.
Follow-up sleep studies were suggested to be done in 6 weeks
following the initiation of CPAP or BiPAP.

Statistical Analysis
Chi-square test was used to establish significance in the prevalence
of symptoms between both groups. A comparison of means
between both groups for the values found on PSG was done using
the t-test.
Ethical approval was waived by the Hospital Ethics Committee
in view of the retrospective nature of the study as all the procedures
being performed were part of routine diagnosis and care of children
with OSA.

R e s u lts
Table 1 shows the demographic characteristics and sleep history
of children with PWS compared to non-syndromic children with
OSA. Both groups were matched for age and sex. All children
with PWS were obese with body mass index (BMI) >25. On
parental history, no significant difference was found between
the two groups with respect to total sleep duration, number of
nocturnal awakenings, presence of snoring, daytime somnolence,
mouth breathing, choking episodes, teeth grinding, and restless
legs.
All children with PWS (n = 20) demonstrated OSA on PSG
(100%), of which 3 (15%) had mild, 9 (45%) had moderate, and 8
(40%) had severe OSA. In 22 non-syndromic children with OSA, 7
children (32%) had mild, 9 (41%) had moderate, and 6 (27%) had
severe OSA. Table 2 describes the polysomnography findings in
children with PWS compared to non-syndromic children with
OSA. On comparing sleep parameters, there was no significant
difference between the two groups with respect to total sleep
time, sleep latency, sleep efficiency, REM latency, and number of
awakenings at night.
On comparing respiratory parameters, both groups showed
OSA with an obstructive apnea–hypopnea index (OAHI) >1.
However, the OAHI was significantly higher in the children with
PWS (p < 0.001). Although, in both groups, the OAHI was more
in REM compared to the NREM phase of sleep, the OAHI in REM
sleep was significantly higher in children with PWS compared to
non-syndromic children with OSA (p < 0.001). There was no such
statistically significant difference seen in NREM sleep between
both groups. There was a significant difference in the baseline
oxygen levels (p = 0.008) and the total time of oxygen saturation
66

Table 1: Sleep history in children with PWS in comparison with nonsyndromic children with OSA
Children
Non-syndromic
with PWS
children with
(n = 20)
OSA (n = 22)
p-value
8.8 (±1.7)
9 (±1.7)
0.9

Age (in years)
(Mean +/-SD)
Sex (M/F)
11/9
12/10
Total sleep duration (in
7.2 (±0.9)
7.4 (±0.5)
hours)
(Mean ± SD)
Number of awakenings/
1.2 (±1.5)
1.3 (±1.4)
night
(Mean ± SD)
Presence of symptoms (>3 days/week)
Snoring n(%)
15/20 (75%) 17/22 (77%)
 Daytime somnolence n(%) 10/20 (50%) 8/22 (36%)
Mouth breathing n(%)
11/20 (55%) 13/22 (59%)
Choking n(%)
7/20 (35%) 8/22 (36%)
Teeth grinding n(%)
4/20 (20%) 6/22 (27%)
Restless legs n(%)
1/20 (5%)
1/22 (4.5%)

0.5
0.8

0.9

0.86
0.37
0.78
0.92
0.58
0.94

Table 2: Polysomnography findings in children with PWS as compared
to non-syndromic children with OSA
Children
with PWS
(n = 20)
Sleep parameters
Total sleep time (in hours)
(Mean ± SD)
Sleep latency (in minutes)
(Mean ± SD)
Sleep efficiency (%)
(Mean ± SD)
REM latency (in minutes)
(Mean ± SD)
Number of awakenings
(Mean ± SD)
Respiratory parameters
OAHI
(Mean ± SD)
OAHI (NREM)
(Mean ± SD)
OAHI (REM)
(Mean ± SD)
Lowest SpO2
(Mean ± SD)
Baseline SpO2
(Mean ± SD)
TSaO2
(Mean ± SD)

Non-syndromic
children with
OSA (n = 22)
p-value

6.5 (±0.7)

6.7 (±0.6)

0.32

13.6 (±2.1)

13.7 (±2.9)

0.94

71.6 (±9.0)

71.7 (±9.0)

0.99

109 (±10.8) 106.5 (±3.4)

0.28

11 (±4.4)

9.7 (±3.4)

0.28

12.9 (±5.5)

8.1 (±2.6)

<0.001

2.3 (±1.7)

1.5 (±0.7)

0.06

10.6 (±4.1)

6.6 (±2.1)

<0.001

68.5 (±8.2)

74.6 (±9.3)

0.03

91.9 (±1.8)

93.3 (±1.5)

0.008

15.9 (±6.7)

11.3 (±2.9)

0.005

OAHI, obstructive apnea–hypopnea index; OAHI (NREM), OAHI in non-REM
sleep; OAHI (REM), OAHI in REM sleep; TSaO2, percentage of time where
SaO2 <90%

below 90% (TSaO2) (p = 0.005) between both groups, with the
PWS group having lower oxygen saturation levels through the
night. None of the children in both groups fulfilled criteria for
hypoventilation.
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In the PWS group, 13 children who had moderate-to-severe
OSA with no hypoventilation were then initiated on CPAP in the
hospital. All 13 children reported resolution of nocturnal symptoms
with a decrease in the number of awakenings, snoring, choking, and
mouth breathing within one month of CPAP initiation. Of these 13
children on CPAP, follow-up PSG was carried out in 9 children within
6 months of initiation and NIV pressures were adjusted accordingly.
All nine children demonstrated a decrease in AHI to normal limits
with no episodes of desaturation on follow-up.
In the non-syndromic group, out of the 15 children with moderateto-severe OSA, 10 children underwent adenotonsillectomy, 1 child
who was noted to have severe OSA was initiated on CPAP therapy,
and 4 were lost to follow-up. All 11 children were followed up till 6
months and reported no recurrence of sleep issues.

Discussion
Sleep-disordered breathing (SDB) is an anticipated problem in
children with Prader–Willi Syndrome.1,2,5 Lin et al. reported a higher
prevalence of sleep hypoxemia and sleep disruption in PWS when
compared to normal subjects.8 The prevalence of OSA in patients
with PWS has been reported to be 44 to 100%1,9 in different studies.
We found that all children with PWS in our study had OSA (100%),
of whom 85% had moderate-to-severe OSA. Yee et al. similarly
reported a higher respiratory disturbance index (RDI) in adults with
PWS compared to normal subjects.10
Obesity is a known high-risk factor for OSA in PWS.1,9,11 The
upper body truncal obesity typically seen in PWS plays a major role
in contributing to OSA by increasing the load on the respiratory
muscles.9 All children with PWS in our study were in the obese
range, which could be the main contributing factor for the
higher prevalence of moderate-to-severe OSA in this group when
compared to the non-syndromic group.
In our study, a significantly higher number of obstructive
apneas and hypopneas were seen in the REM phase compared
to the NREM phase of sleep in children with PWS. This could be
attributed to a suppression of pharyngeal muscle activity known
to contribute to OSA and hypoventilation in the REM phase of
sleep.12 When compared to non-syndromic children with OSA, the
AHI in REM sleep was found to be significantly higher in children
with PWS. Similar observations of an increased AHI in REM sleep in
PWS have been demonstrated in previous studies as well.4,10,11,13
The respiratory muscle hypotonia, upper truncal obesity, and
narrowing of upper airway in sleep in children with PWS could be
contributing factors for these findings.9,10 In addition to obstructive
events, we also noted in our study that PWS children had a lower
baseline oxygen saturation and a longer duration of hypoxemia
(with saturation below 90%) when compared to non-syndromic
children with OSA. This suggests an increased need to treat the
OSA as soon as possible in children with PWS.
We noted that although parents of children with PWS reported
snoring (75%) and mouth breathing (55%), there was no significant
difference in the history when compared to non-syndromic children
with OSA. However, on the polysomnography findings of both
groups, it was clear that children with PWS had a more severe OSA
than the non-syndromic childrenSuch a discrepancy between the
history of sleep problems and PSG findings has been observed
in previous studies as well.9–11,14 Parents underestimate the true
severity of the obstructive symptoms experienced by children
with PWS, reiterating the need to conduct PSG in all children with
PWS routinely.

Children with PWS are known to suffer from narcolepsy-like
symptoms with daytime somnolence.9,11 Although 50% of children
with PWS in our study presented with daytime somnolence, the
sleep latency was found to be within normal limits. Sleep latency
is known to be decreased in narcolepsy, necessitating the need
for a multiple sleep latency test (MSLT) in these specific children.
MSLT was not conducted in any of the children with PWS in our
study due to the lack of any other features supportive of a diagnosis
of narcolepsy. There was also an improvement in both the night
symptoms and daytime somnolence in children with PWS initiated
on CPAP in our study. Hence, the daytime somnolence in these
children could be a result of poor sleep efficiency and multiple
awakenings than narcolepsy.
In the year 2000, the FDA approved the use of human growth
hormone (hGH) in children with PWS to help with the improvement
of linear growth, fat utilization, bone mineral density, muscle
mass and a decrease in total body fat and respiratory muscle
hypotonia.4,15 However, a worsening of OSA and few fatalities
were reported in the initial months of starting hGH therapy in
children who were morbidly obese or had chronic respiratory
inflammation.4,16 Thus, subsequent guidelines necessitated the
need for PSG, initiation of NIV, treatment of OSA, and a follow-up
PSG prior to initiation of growth hormone therapy in children with
PWS.16 Nine children in our study with moderate-to-severe OSA
who underwent a follow-up PSG showed a good response to NIV
and could safely be started on growth hormone, if needed without
worsening of OSA.

C o n c lu s i o n
In conclusion, children with PWS need to undergo a routine
polysomnography to estimate the extent of OSA, which is an
extremely common entity in this group. A PSG aids in the diagnosis
and treatment of OSA, followed by titration of NIV on a follow-up
PSG, prior to the initiation of growth hormone therapy in children
with PWS.

Clinical Significance
The degree of obstruction could be underestimated on parental
history in children with PWS, thus necessitating the need for a PSG
in all children with PWS, especially prior to hGH therapy.
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