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Context: Sleep-related breathing disorders (SRBD) are common in people with Prader-Willi syndrome
(PWS). Young adults with PWSbenefit fromGH continuation after attaining adult height bymaintaining
the improvedbody compositionobtainedduring childhood. There are, no studies about the effects ofGH
on SRBD in young adults with PWS who were treated with GH during childhood.

Objective: Investigate the effects of GH vs placebo on SRBD in young adults with PWS who were
treated with GH during childhood and had attained adult height.

Design: Two-year, randomized, double-blind, placebo-controlled, crossover study in 27 young
adults with PWS, stratified for sex and body mass index.

Setting: Dutch PWS Reference Center.

Intervention: Crossover intervention with GH (0.67 mg/m2/d) and placebo, both over one year.

Main Outcome Measures: Apnea hypopnea index (AHI), obstructive apnea index (OAI), central
apnea index (CAI), measured by polysomnography.

Results: Comparedwith placebo, GH did not increase AHI, CAI, or OAI (P. 0.35). The effect of GH vs
placebo was neither different between men and women, nor between patients with a deletion or
maternal uniparental disomy/imprinting center defect. After two years, there was no difference in
AHI, CAI, or OAI compared with baseline (P . 0.18). Two patients (7%) fulfilled the criteria of
obstructive sleep apnea regardless of GH or placebo.

Conclusions: GH compared with placebo does not cause a substantial increase in AHI, CAI, or OAI in
adults with PWS who were treated with GH during childhood and have attained adult height. Our
findings are reassuring and prove that GH can be administered safely. (J Clin Endocrinol Metab 104:
3931–3938, 2019)

P rader-Willi syndrome (PWS) is a genetic disorder that
results from the lack of expression of the PWS region

on the paternally inherited chromosome 15, caused by a

deletion, maternal uniparental disomy (mUPD), imprinting
center defect (ICD), or translocation (1, 2). Hypothalamic
dysfunction is an underlying cause for many symptoms
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related to PWS, which include muscular hypotonia and
failure to thrive during infancy, and short stature, hyper-
phagia, and obesity during childhood and adulthood. Both
children and adults with PWS have an abnormal body
composition with an increased fat mass (FM) and low lean
body mass (LBM), even if there is no obesity (1, 3).

Sleep-related breathing disorders (SRBD) are common
in patients with PWS, causing poor sleep quality and
excessive daytime sleepiness (4–6). PWS children have a
high apnea hypopnea index (AHI), which is mainly caused
by central apneas and hypopneas (7). Obstructive apneas
occur more frequently in children and adults with a higher
body mass index (BMI) (7, 8). There are several other
factors that are thought to influence SRBD in PWS, such as
facial dysmorphia, lack of response to hypoxia and hy-
percapnia, and airway collapse caused by pharyngeal wall
hypotonia and adenoid/tonsil hypertrophy (4, 9).We have
also demonstrated that there might be an alteration in
central ventilatory regulation during stress (10).

Currently, children with PWS are treated with long-
term GH improving the abnormal body composition
and mental and motor development, cognition, adaptive
functioning, and linear growth (11–16). There have been
some reports on SRBD in PWS discussing the safety of
GH treatment in children with PWS. We have described
an insignificant decline in AHI after six months of GH
treatment in 35 prepubertal children with PWS and a
recent review has concluded that GH can be administered
safely, provided that SRBD is monitored and treated
appropriately (7, 17).

When young adults with PWS have attained adult height,
they must stop GH treatment, unless they are GH deficient.
Recently,we found that young adultswith PWSbenefit from
continuation of GH compared with placebo by maintaining
the improved body composition obtained during childhood
(18). To our knowledge, there are no studies of the effects of
GH vs placebo on SRBD in young adults with PWS who
were treated with GH during childhood.

Therefore, we investigated the effects of one year of GH
vs one year of placebo on SRBD, measured by poly-
somnography (PSG), in young adults with PWS who had
attained adult height and were treated with GH during
childhood in a two-year, randomized, double-blind, placebo-
controlled crossover study.We hypothesized that GHwould
not negatively influence SRBD. Second, we investigated the
prevalence of obstructive sleep apnea (OSA) in our cohort of
young adults with PWS.

Patients and Methods

Subjects
Inclusion criteria were (i) genetically confirmed diagnosis of

PWS; (ii) GH treatment during childhood for at least two years

until attaining adult height and on GH at time of inclusion; and
(iii) adult height attainment, defined as complete epiphyseal
fusion and a height velocity less than 0.5 cm per six months.
Exclusion criteria were medication to reduce weight or fat or
noncooperative behavior.

From June 2008 to January 2014, 33 young adults with PWS
fulfilled the inclusion criteria. Three refused participation owing
to too large a burden of hospital visits, and two did not want to
continue the daily injections. Of the 28 included patients, one
16.7-year-old participant (BMI 25.0 kg/m2) died of gastric
rupture and necrosis three months after inclusion while re-
ceiving placebo. Her data were excluded from the present
analyses.

During childhood, patients were treated with the standard
GH dose of 1.0 mg/m2/d. High serum IGF-1 levels caused
lowering of the GH dose in eight children. Eleven patients
received an adult dose of sex steroid replacement therapy
(40.7%), eight patients were using thyroid hormone supple-
mentation (29.6%), two were takingmodafinil (7.4%), and one
patient was using risperidone and citalopram.

Design
A two-year, randomized, double-blind, placebo-controlled,

crossover study was conducted to investigate the effects of one
year of GH treatment vs one year of placebo on sleep-related
breathing disorders (SRBD). Young adults were stratified
according to sex and BMI (below/above 25 kg/m2) and then
randomly and blindly assigned to receive one year of sub-
cutaneous injections once daily at bedtime of either 0.67mg/m2/d
GH (Genotropin®, 5 mg/mL; Pfizer) or one year of identical
appearing placebo (Pfizer), after which they crossed over to the
alternative treatment of another year. An independent statis-
tician generated the random allocation sequence. Investigators,
patients, and parents were blinded for the allocation. An in-
dependent physician monitored the safety during the study.
Unblinding was not necessary.

Measurements
Patients were examined every 3 months by the PWS team of

the Dutch Growth Research Foundation, in collaboration with
pediatric endocrinologists and pediatricians in the Netherlands.
At each visit, the injection dose was adjusted to the calculated
body surface area. In addition, patients visited the Erasmus
Medical Center at baseline, 6, 12, 18, and 24 months, to allow
staff to obtain height, weight and body composition.

FM and LBM were measured by DXA (Lunar Prodigy; GE
Healthcare, Chalfont St. Giles, UK). All scans were made on the
same machine, with daily quality assurance. FM was expressed
as percentage of total body weight (FM%). FM% SD score
(SDS) and LBM SDS were calculated according to age- and sex-
matched Dutch reference values (19). Standing height was
measured with a calibrated Harpenden stadiometer (Holtain
Ltd., Crosswell, UK), weight was determined on a calibrated
scale (ServoBalance KA-20-150S, Servo Berkel Prior, Katwijk,
Netherlands), and BMI was calculated. Height, weight and BMI
were expressed as SDS (20, 21). SDS values were calculated with
GrowthAnalyser 4.0 (available at www.growthanalyser.org).

At the start of the study, after one year, and after two years,
polysomnography (PSG) was performed at the Sleep-Wake
Center SEIN, Zwolle, Netherlands. Young adults were ad-
mitted to the sleep center at 5:00 PM, accompanied by one
parent. We asked about typical symptoms of OSA at each visit.
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Recordings included electroencephalogram, electro-oculogram,
one-channel derivation of ECG, and surface electromyography
of the submental muscle and both anterior tibial muscles.
Nasal–oral airflowwasmonitoredbynasal pressure prongs fixed in
the nose, respiratory effort by thoraco-abdominal gauges, and
oxygen saturation (SaO2) by pulse oximetry. All polysomnographic
records were evaluated independently by two persons, both cer-
tified in PSG analysis, and scored according to the adult rules of
the American Academy of Sleep Medicine Manual (22). Sev-
enteen patients also had a PSG during childhood GH treatment.

An obstructive apnea was defined as a reduction of airflow
of 90% or more during at least 10 seconds with continuous
breathing effort during the apnea. An apnea was considered
central if the respiratory event was associated with absent
breathing effort for 10 seconds or more with an arousal or a
decrease in SaO2 of at least 3%. Hypopneas were defined as a
reduction of airflow of at least 30% during 10 seconds or more,
with an arousal or a decrease in SaO2 of at least 3% (22). The
number of obstructive, central and mixed apneas and hypo-
pneas were counted during the total sleep time and an apnea
hypopnea index (AHI) was calculated per hour of sleep. The
obstructive apnea index (OAI) was defined as the number of
obstructive apneas per hour of sleep and the central apnea index
(CAI) as the number of central apneas per hour of sleep. OSA
was defined as an AHI $ 5 events per hour associated with
typical symptoms of OSA (e.g., unrefreshing sleep, daytime
sleepiness, fatigue or insomnia, awakening with gasping or

choking sensation, snoring, witnessed apneas) or an AHI $15
events per hour, regardless of symptoms (23).

Assays
Blood samples were collected after an overnight fast and

serum IGF-1 levels measured in one laboratory. IGF-1 was
measured using an immunometric technique on Immulite 1000
(LKGF1; Siemens Medical Solutions Diagnostics) with an
interassay variation ,7.3%. IGF-1 levels were expressed as
SDS, adjusting for age and sex (24).

Statistics
Statistical analyses were performed with SPSS 24.0. Data

were expressed as mean (SD) in case of a Gaussian distribution
and as median [interquartile range (IQR)]in case of a non-
Gaussian distribution. Sex and genotypic differences in AHI,
CAI, and OAI were calculated by independent samples t tests or
Mann-Whitney U tests, depending on the distribution.

Effects of GH vs placebo were calculated using the following
formulas for (i) AHI: (DAHI during GH 2 DAHI during
Placebo)/2; (ii) (DCAI during GH 2 DCAI during Placebo)/2;
and (iii) (DOAI during GH 2 DOAI during Placebo)/2. The
mean outcome of these calculations was compared with 0
using a one-sample t test. We did not find carryover or period
effects, which were analyzed by comparing the change in AHI,
CAI, and OAI during GH and placebo between the two
treatment sequences (GH followed by placebo and placebo

Table 1. Baseline Characteristics of the Total Group and Per Treatment Schedule

PWS (n 5 27) Placebo/GH (n 5 14) GH/Placebo (n 5 13)

Boys/girls, n 8/19 4/10 4/9
Genetic subtype,
deletion/mUPD/ICD/translocation

9/15/2/1 2/10/1/1a 7/5/1/0

Age, y 17.2 (1.8) 17.2 (2.2) 17.3 (1.2)
Duration of childhood GH
treatment, y

8.7 (3.2) 8.9 (3.8) 8.4 (2.5)

Adult height, SDS 21.3 (0.9) 21.3 (0.9) 21.2 (0.9)
BMI, kg/m2 24.1 (4.0) 24.6 (4.1) 23.6 (4.1)
BMI, SDS 0.9 (1.3) 1.0 (1.2) 0.7 (1.3)
IGF-1, SDS 2.2 (1.0) 1.8 (1.2) 2.5 (0.8)
FM% 38.0 (10.9) 39.4 (10.9) 36.4 (11.0)
FM%, SDS 1.7 (0.7) 1.8 (0.7) 1.6 (0.7)
Lean mass, kg 37.5 (7.8) 37.1 (8.3) 37.9 (7.6)
Lean mass, SDS 21.6 (1.0) 21.6 (1.0) 21.6 (0.9)

Data expressed as mean (SD).
aThe group that received GH in the second phase of the study consisted of more patients with an mUPD or ICD (P = 0.046).

Table 2. Baseline Sleep-Related Breathing in the Total Group and Per Treatment Schedule

PWS (n 5 27) Placebo/GH (n 5 14) GH/Placebo (n 5 13)

Total sleep time, h 8.1 (7.0; 8.7) 8.4 (7.7; 8.9)a 7.4 (6.5; 8.1)
AHI 3.6 (1.4; 4.7) 3.4 (1.0; 4.7) 3.8 (1.7; 4.8)
CAI 1.1 (0.6; 2.0) 1.0 (0.5; 2.3) 1.1 (0.6; 1.9)
OAI 0.0 (0.0; 0.3) 0.0 (0.0; 0.2) 0.0 (0.0; 0.6)
Duration longest apnea, sec 22.2 (18.6; 27.9) 23.3 (20.1; 28.1) 20.4 (18.1; 25.1)
Median sleep SaO2,% 96.0 (95.5; 96.7) 96.1 (94.6; 96.7) 96.0 (95.6; 96.8)
Minimum SaO2, % 90.0 (86.0; 92.0) 89.0 (83.0; 92.0) 91.0 (88.5; 92.5)

Data expressed as median (IQR).
aTotal sleep time was significantly longer in the patients who received GH in the second phase of the RCT (P = 0.02).
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followed by GH) and during the first and second year of the
study, respectively. AHI, CAI, and OAI at start and after two
years in the current study were compared with AHI, CAI, and
OAI during the childhood PSG using Wilcoxon signed ranks
tests. Correlations between AHI, CAI, or OAI and height SDS,
BMI SDS, FM% SDS, or IGF-1 SDS were calculated by
Spearman correlation analysis. P values, 0.05were considered
statistically significant.

Study approval
Written informed consent was obtained from patients and

parent(s)/caregiver(s). The study protocol was approved by the
Medical Ethics Committee of Erasmus University Medical
Center, Rotterdam, and registered at the Dutch Trial Register
(www.trialregister.nl, NTR1038).

Results

Baseline characteristics at adult height

Clinical characteristics
Baseline clinical characteristics of the 27 young adults

with PWS who participated in this study after attainment
of adult height are shown in Table 1. Mean (SD) age and
BMI were 17.2 (1.8) years and 0.9 (1.3) SDS, re-
spectively. The group that received GH in the second year
of the study consisted of more patients with an mUPD or
ICD (P 5 0.046). There were no other differences be-
tween the treatment groups (all P . 0.24).

Sleep-related breathing
Baseline median (IQR) total sleep time was 8.1 (7.0;

8.7) hours and AHI 3.6 (1.4; 4.7) events per hour
(Table 2). Total sleep time was longer in the patients who
received GH in the second phase of the randomized
controlled trial (P 5 0.02). The other polysomnographic
characteristics were similar in both treatment arms (all
P. 0.06). Four participants had an abnormal AHI of$5
events per hour at baseline (14.8%), but none of them
had typical symptoms of OSA and therefore did not fulfill
the current criteria of OSA in adults (23).

Male PWS patients had a higher median AHI and CAI
than female PWS patients (4.7 vs 2.1 and 1.9 vs 0.8,
respectively, both P 5 0.01). Median OAI was 0 in both
male and female patients (P 5 0.67). There was no
difference in AHI and CAI between young adults with a
deletion and an mUPD or ICD (all P . 0.24). OAI was
slightly higher in patients with an mUPD or ICD than in
patients with a deletion (0.2 vs 0.0, P 5 0.04). Neither
height SDS nor BMI SDS, FM% SDS, or IGF-1 SDS at
adult height were associated with AHI, CAI, or OAI at
adult height.

Sleep-related breathing during GH vs placebo
Compared with placebo, one year of GH did not

increase AHI, CAI, or OAI (P. 0.35) (Fig. 1). The effect

of GH vs placebo on AHI, CAI, or OAI was neither
different between boys and girls (P. 0.23), nor between
young adults with a deletion or an mUPD or ICD (P .
0.14). After two years, there was no difference in AHI,
CAI, or OAI compared with baseline, regardless of GH
or placebo (P . 0.18).

Table 3 shows the 11 patients with an AHI of $5
events per hour during at least one of the PSGs performed
during the two-year study. At start of the study, 4 pa-
tients had an AHI of $5 events per hour. Seven patients
developed an AHI of $5 events per hour during the
study, 5 during placebo, and 2 during GH. Two fulfilled
the current criteria of OSA (7% of the total group),

Figure 1. AHI, CAI, and OAI during 1 y of GH and 1 y of placebo,
presented as median. The dotted lines represent the period with
placebo. There were no substantial changes during GH vs placebo.
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because they also developed mild complaints of snoring
and daytime sleepiness, 1 during GH, the other during
placebo (23). AHI in these 2 patients consisted mainly of
hypopneas, OAI being 0 and 1.2 events per hour. Both
were obese and had tonsillar hypertrophy, for which they
were referred to an otolaryngologist. One patient with an
AHI $5 events per hour and moderate complaints of
daytime sleepiness did not fulfill the criteria of OSA,
because he was also diagnosed with narcolepsy and
taking modafinil during the study.

Sleep-related breathing during childhood
and adulthood

Seventeen participants (62.9%) had a PSG during
childhood GH treatment (Table 4). AHI ranged from 1.0
to 14.7 events per hour and 6 children had an AHI of$5
events per hour (35%). Only two of these children were
reported to have obstructive apneas, OAI being 1.9 and
2.0 events per hour.

Compared with the childhood PSG, AHI, CAI, and
OAI were not higher at adult height or after two years in
the study (all P. 0.21). The change in AHI, CAI, or OAI
from childhood to adulthood was neither different be-
tween boys and girls (P . 0.09), nor between patients
with a deletion or an mUPD or ICD (P . 0.13).

Discussion

This randomized, double-blind, placebo-controlled cross-
overGH study in young adultswith PWSwhowere treated
withGHduring childhood until attainment of adult height,
investigated the effects of GH vs placebo on sleep-related
breathing. We have previously shown that young adults
with PWS benefit from continuation of GHbymaintaining
the improved body composition obtained during child-
hood, without safety concerns regarding their metabolic
health profile (18, 25). Our study demonstrates that, com-
pared with placebo, GH does not cause an increase in AHI,
CAI, or OAI in young adults with PWS. These findings are
reassuring and prove that GH can be administered safely
with regard to SRBD.

Only one other study examined SRBD during GH
treatment in 10 adults with PWS (26). The authors
performed a PSG at baseline and 6 weeks after the ini-
tiation of GH treatment. Nine of 10 adults showed an
improvement in AHI. One adult with worsening of the
AHI had a concurrent respiratory infection and tonsillar
hypertrophy (26). In children with PWS, several studies
investigated the effects of GH on SRBD (7, 27–29). We
previously found an insignificant decline in AHI after six
months of GH treatment in 35 prepubertal children with

Table 3. Patient With an AHI of Five or More Events Per Hour During the Study

Patient No.
(Genotype)

Age at
Baseline Sex Complaints

Tonsillar
Hypertrophy

AHI

GH
Phase

At
Baseline After 1 y After 2 y

1 (DEL) 18.9 M No No AHI 1 5.2 5.5 7.4
BMI (kg/m2) 18.4 18.4 19.6

2 (DEL) 18.3 F No No AHI 1 6.6 11.3 7.0
BMI (kg/m2) 29.9 31.4 36.3

3 (DEL) 17.4 F Mild Mild AHI 1 1.7 4.3 5.4
BMI (kg/m2) 28.6 32.2 31.6

4 (UPD) 17.9 M No No AHI 1 4.5 5.0 9.9
BMI (kg/m2) 19.2 18.8 20.3

5 (UPD) 15.9 F No No AHI 2 5.0 3.1 4.6
BMI (kg/m2) 24.1 24.9 25.9

6 (DEL) 20.2 M No No AHI 2 11.1 3.1 3.0
BMI (kg/m2) 24.3 24.2 24.6

7 (UPD) 14.5 F Mild Mild AHI 2 1.9 1.6 5.8
BMI (kg/m2) 30.8 36.4 36.5

8 (ICD) 18.8 M Moderate No AHI 2 4.7 4.7 5.8
BMI (kg/m2) 24.9 26.4 24.4

9 (UPD) 18.4 M No No AHI 2 4.7 5.9 —

BMI (kg/m2) 32.3 322 32.3
10 (UPD) 16.1 F No No AHI 2 4.2 6.6 3.7

BMI (kg/m2) 24.6 262 26.0
11 (UPD) 18.7 M No No AHI 2 0.6 8.1 2.9

BMI (kg/m2) 18.5 19.6 19.5

Patients 1 through 4 received one year of GH after one year, while patients 5 through 11 received one year of GH after two years. Patient 3 and 7 fulfilled
the diagnostic criteria of OSA, because they also developed mild complaints of snoring and daytime sleepiness. Patient 8 was also diagnosed with
narcolepsy and therefore did not fulfill the diagnostic criteria of OSA.

Abbreviations: DEL, deletion; ICD, imprinting center defect; UPD, uniparental disomy.
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PWSwith amedian age of 6.0 years at start of GH (7). Al-
Saleh et al. (27) reported no change in obstructive apnea
hypopnea index (OAHI) and CAI during 2 years of GH
treatment in 15 children with PWS with a median age of
3.7 years at start of GH. The same research group in-
vestigatedOAHI andCAI in 28 young children with PWS
and found an improvement of the CAI and no difference
in OAHI between the baseline and follow-up PSG, re-
gardless of GH treatment (28).

Overall, studies regarding the effects of GH on SRBD
in children and adults with PWS conclude that GH
treatment does not negatively influence AHI. However,
medical professionals should be aware that (mild) upper
respiratory tract infections and/or adenotonsillar hy-
pertrophy can cause increased obstructive apneas (7, 29).

The reported prevalence of OSA in people with PWS is
variable, because of wide age ranges, different diagnostic
criteria, and a potential referral bias (5, 6, 30). Recent
guidelines define OSA in adults as an AHI of $5 events
per hour combined with typical complaints for OSA (e.g.,
daytime sleepiness, snoring, or witnessed apneas), or an
AHI of $15 events per hour regardless of complaints
(23). According to these guidelines, two participants in
our study (7%) fulfilled the diagnostic criteria of OSA,
regardless of GH or placebo. However, only one of them
had obstructive apneas during sleep with an OAI of only
1.2 events per hour. Based on these patients we would
suggest, in addition to evaluating AHI, to specifically
assess the number of obstructive apneas. OAI might be a
more accurate parameter than AHI for diagnosing OSA.

We could compare a PSG performed during childhood
GH treatment with a PSG performed at adult height and
after two years in the current study in 17 and 14 partic-
ipants, respectively. There was no difference in AHI, OAI,
or CAI between the childhood PSG and the PSG at adult
height or the PSG after two years in the study, regardless of
GH treatment or placebo.During the childhood PSG, 35%
of children had an AHI of$5 events per hour. At start and
finish of the current study, respectively, 15% and 22% of
young adults, had an AHI of $5 events per hour. These

data demonstrate that long-term GH treatment during
childhood has no negative consequences with regard to
the prevalence of SRBD in young adults with PWS.

We have previously shown that long-term GH treat-
ment in combination with a healthy lifestyle can counteract
the clinical course of PWS during childhood and reduce
the prevalence of morbid obesity (12). Median baseline
BMI of the participants in the current study was 24.1,
which is much lower than (young) adults with PWS who
were never treated with GH. Also, unlike previous re-
ports, we did not find a correlation between AHI and
BMI or FM% SDS. It is likely that as a result of the
reduced prevalence of obesity in our cohort of young
adults with PWS, SRBD occurs less commonly.

The current consensus guideline for GH treatment in
PWS recommends performing a PSG before and three to
six months after starting GH treatment in children with
PWS (11). Based on our data in adults with PWS, we
would not recommend a standard PSG at attainment of
adult height in nonobese patients with PWS who were
treated with GH during childhood and will continue GH
treatment in adulthood. However, clinical signs of SRBD
need to be monitored and, when indicated, a PSG should
be performed.

In conclusion, our study shows that, compared with
placebo, AHI does not increase during GH treatment in
young adults with PWSwhowere previously treated with
GH during childhood. GH treatment has positive effects
on body composition and health profile in adults with
PWS. The results of the current study are reassuring and
prove that GH can be administered safely. However,
clinical signs of SRBD need to be monitored in children
and adults with PWS, because obstructive apneas occur
in patients with adenotonsillar hypertrophy and/or (mild)
upper respiratory tract infections.
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Table 4. Sleep-Related Breathing During Childhood, at Adult Height, and After 2 Y

Childhood (n 5 17) Adult Height (n 5 17) After 2 y (n 5 14)

Age, y 10.0 (8.0; 11.5) 17.4 (15.2; 18.3)a 19.3 (16.7; 20.4)a

Total sleep time, h 8.4 (7.7; 8.7) 8.2 (7.2; 8.9) 7.9 (7.4; 9.0)
AHI 4.1 (2.6; 6.2) 3.8 (1.4; 4.8) 3.0 (1.2; 5.5)
CAI 1.2 (0.6; 2.8) 1.0 (0.5; 2.1) 1.0 (0.3; 1.5)
OAI 0.0 (0.0; 0.4) 0.0 (0.0; 0.9) 0.0 (0.0; 0.5)
Duration longest apnea, sec 18.0 (16.0; 24.5) 22.3 (19.3; 27.2) 21.9 (17.8; 33.8)
Median sleep SaO2,% 92.0 (87.0; 98.0) 96.0 (95.5; 96.5)a 96.1 (95.0; 97.0)a

Number of awakenings 13 (7; 18) 14 (11; 21) 16 (11; 26)a

Data expressed as median (IQR).
aP 5 0.05 compared with childhood PSG.
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Trifirò G, Chiumello G, Salvatoni A; Genetic Obesity Study Group
of the Italian Society of Pediatric Endocrinology and Diabetology
(ISPED). Growth hormone therapy and respiratory disorders: long-
term follow-up in PWS children. J Clin Endocrinol Metab. 2013;
98(9):E1516–E1523.

30. Cohen M, Hamilton J, Narang I. Clinically important age-related
differences in sleep related disordered breathing in infants and chil-
dren with Prader-Willi Syndrome. PLoS One. 2014;9(6):e101012.

3938 Donze et al Effect of GH on Sleep-Related Breathing in PWS J Clin Endocrinol Metab, September 2019, 104(9):3931–3938

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/104/9/3931/5473526 by U
niversity of C

olorado user on 13 February 2020


