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Background: Sleep-related breathing disorders are common in individuals with Prader-Willi syndrome
(PWS), and can include hypersomnolence and obstructive sleep apnea, as well as central sleep breathing
abnormalities that are present from infancy. Here we describe the sleep-disordered breathing (SDB) and
genetic findings in patients with PWS in China.

Methods: In all, 48 patients confirmed by genetic tests were enrolled, 32 were under 2 years of age and 16
were older children. There were 37 (77.1%) patients with paternal 15q11-13 deletions, 11 (22.9%) patients
with maternal uniparental disomy (mUPD), and no patients with imprinting defect (ID).

Results: Compared with infants, a significantly higher proportion of older children with PWS were
overweight or obese (15/16 children vs. 4/32 infants) and children had a higher serum level of free thyroxine
(FT4) (0.9£0.2 vs. 0.7+0.7) and thyroxine (T4) (9.0£2.5 vs. 7.5£1.7). Age was correlated significantly with
body mass index (BMI), T4, and FT4 (r=0.626, P=0.000; r=0.426, respectively). Overall, 42 of 48 (87.5%)
patients had sleep apnea on polysomnography (PSG). Infants, when compared with older children, were
more likely to experience central sleep apnea (71.8% vs. 25%). In infants, there were no significant
differences in the prevalence of SDB between the deletion group and the mUPD group.

Conclusions: Being overweight or obese was more common in older children with PWS. Compared with
infants, a higher proportion children were overweight or obese and had higher serum levels of FT4 and T4.
The prevalence of SDB was high in those with PWS, and central sleep apnea was found to be prevalent in
infants. The pattern of SDB in infants with PWS was not significantly associated with the genotypes.
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Introduction

Prader-Willi syndrome (PWS) is a complex genetic disorder
that occurs in 1 in 10,000 to 1 in 25,000 live births (1).
Genomic imprinting errors in the 15q11-q13 chromosome
region, which can occur during gametogenesis in both sexes,
are the cause of PWS and give rise to the loss of expression
in paternal genes (2-6). PWS is characterized by severe
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hypotonia, poor feeding, hypogonadism, hyperphagia,
obesity, short stature, sleep-disordered breathing (SDB),
and multple endocrine abnormalities (1,7). Treatment with
recombinant human growth hormone (rhGH) starting in
infancy has improved timing of developmental milestones,
growth, obesity, and cognition. Investigation into
neurologic, metabolic and hormonal drivers of hyperphagia
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and obesity has revealed new insights and clarified the
underlying pathophysiology (8). Additional studies
continue to elucidate the hormonal deficiencies seen in the
syndrome, allowing for improvements in clinical care. The
aim of this study was to describe SDB and genetic findings
in patients with PWS in China. Understanding the nature
and underlying causes of hypotonia, hyperphagia, hormonal
dysfunction or SDB in this syndrome is necessary to
guide current management and future research directions.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4475).

Methods
Patients

This retrospective study evaluated data of pediatric patients
with PWS who were admitted to Children’s Hospital of
Fudan University from January 2015 to December 2017.
PWS was confirmed by genetic tests. Children were
separated into two groups: the infants group (<2 years old)
and the older children group (>2 years old). The exclusion
criteria were the following: (I) patients already beginning
growth hormone (GH) treatment, or (I) patients already
treated for SDB. The study was approved by the Medical
Ethics Committee of Children’s Hospital of Fudan
University. This study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). Written
consent was acquired from both parents of each patient
before study participation.

Genetic analysis

Genomic DNA extracted from peripheral blood was used
for methylation-specific polymerase chain reaction (MS-
PCR) to determine subjects’ methylation status. Subjects
with abnormal methylation pattern were subjected to
further testing for subtypes of genetic defects. We used
methylation-specific multiplex ligation-dependent probe
amplification (MS-MLPA) to distinguish deletion in
15q11-q13 from maternal uniparental disomy (mUPD) and
imprinting defect (ID), followed by short tandem repeat
linkage analysis to distinguish UPD from ID.

Demographic characteristics

Demographic characteristics (sex, age, height, and weight)
were collected. Body mass index (BMI) was calculated as
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follows: weight (kg)/height (m’). BMI z-score was calculated
using age- and sex-specific growth curves according to
the World Health Organization (WHO) who defined
overweight status as a BMI z-score between 1 and 2 and
obesity as a BMI z-score >2 (9). All recruited subjects
were examined by nasopharyngeal computed tomography
(CT) scan for upper airway obstruction before overnight
polysomnography (PSG). The size of the adenoid in
patients with nasopharyngeal abnormalities was assessed
using nasal endoscopy. We conducted clinical workup
in all patients using a standardized procedure with focus
on common PWS complications (epilepsy, scoliosis,
cardiovascular diseases).

Laboratory tests

Blood samples were drawn at approximately 8:00 a.m. after
an overnight fast. Serum levels of cholesterol (CHOL),
triglyceride (T'G), high-density lipoprotein (HDL),
low-density lipoprotein (LDL), blood glucose (GLU),
glycosylated hemoglobin (HbA1C), insulin-like growth
factor 1 (IGF-1), insulin growth factor binding protein-3
(IGFBP-3), cortisol, adrenocorticotropic hormone (ACTH),
thyroxine (T4), triiodothyronine (T3), thyroid stimulating
hormone (TSH), free T3 (FT3), and free T4 (FT4) were
determined using local routine laboratory assays.

PSG evaluation

Nocturnal sleep (26 hours) PSG (Compumedics Ltd.,
Australia) was performed to record the following
parameters: electroencephalogram, electrooculogram,
submental and limb electromyogram, electrocardiography,
oronasal airflow, thoracic and abdominal movements,
percutaneous oxygen saturation (SpO2) and body positions.
Respiratory events including obstructive sleep apnea (OSA)
and central sleep apnea (CSA) were scored based on the
recommendation from The American Academy of Sleep
Medicine’s (AASM) Manual for the Scoring of Sleep and
Associated Events. We used the following definitions for
obstructive apnea index (OAI) and central apnea index (CAl):
an average OAI or CAI of more than 1 event per hour with
a minimum SpO2 nadir of 92% during sleep was considered
abnormal (10).

Statistical analysis

Statistical analyses were carried out with SPSS (version
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Table 1 Demographic and anthropometric data in children with Prader-Willi syndrome
Variable All patients (n=48) Age <2 years (n=32) Age >2 years (n=16) P value
Age (months) 16.8 (3.0-188) 9.2 (3-23.5) 73.9 (26.3-188) -
Female 16 11 5 0.829
BMI z-score 0.8+3.2 -1.01+1.9 4.2+2.4 0.000**
Height/length z-score -0.9+2.0 -1.1£2.3 -0.6+1.4 0.406
Obese and overweight 19 4 15 0.000**
Epilepsy 5 4 1 0.652
Scoliosis 7 4 3 0.672
Cardiovascular diseases 5 3 2 0.546
Adenoid hypertrophy 5 2 3 0.316

**, P<0.01. BMI, body mass index.

18.0, SPSS Inc.). Categorical variables were compared
between groups using Chi-square test. Continuous variables
were presented as mean = standard deviation or medians
with ranges, and were analyzed using #-test or Wilcoxon
rank-sum test. The association between parameters in
patients with PWS was performed by multivariate logistic
regression. P values <0.05 were considered statistically
significant.

Results
Genotypes

We enrolled 48 children with PWS. There were 32 patients
in the infant group and 16 patients in the older children
group. Genetic studies showed paternal 15q11-13 deletions
in 37 (77%) patients and mUPD in 11 (23%) patients. No
ID was found in our study. Among 11 patients with mUPD,
10 were infants. There was no significant difference in
genotypes between the infants and older children group.

Demographical and anthropometric characteristics

The median age of the 48 patients with PWS was
16.8 months (range, 3-188 months), BMI z-score was
0.8+3.2, and height z-score was -0.9£2.0. The median age in
the infant and older children groups was 9.1 months (range,
3-23.5 months) and 73.9 months (range, 26.3-188 months)
respectively, BMI z-score was -1.0£1.9 and 4.2+2.3
respectively, and the height z-score was -1.1x2.3 and
—0.6£1.4 respectively. There was a significantly higher
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proportion of overweight or obese children (15/16) with
PWS when compared with infants (4/32; P=0.000). There
were 5 patients who had epilepsy, 7 patients with scoliosis,
5 patients with cardiovascular diseases, and 5 patients with
adenoid hypertrophy. There were no significant differences
in the incidences of complications between the two groups

(1uble 1).

Laboratory tests

There were significant differences between the infant group
and the older children group in serum levels of IGF-1
(31.5+14.7 vs. 126.7+65.3 ng/mL, P=0.001), FT4 (0.7+0.2
vs. 0.920.2, P=0.01) and T4 (7.5+1.7 vs. 9.0+2.5, P=0.02).
The other results of laboratory tests were not significantly
different between infants and children. In infants, there
were no significant differences in lab results between the
deletion group and the mUPD group.

Table 2 shows the correlation coefficients between age,
BMI z-score, IGF-1, T4, and FT4 within the total group
of PWS patients. Age was correlated significantly with BMI
z-score, IGF-1, T4, and FT4 (r=0.626, P=0.000; r=0.610,
P=0.000; r=0.426, P=0.003; r=0.435, P=0.003; respectively).
There was also significant correlation between BMI z-score
and IGF-1, T4, FT4 (r=0.680, P=0.000; r=0.413, P=0.007;
r=0.381, P=0.013; respectively). However, there were no
significant correlations between IGF-1 and T4 or FT4.

PSG results

SDB was common in both infants and older children with
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Table 2 Correlation coefficients between age, BMI Z score, IGF-1, T4, FT4, and AHI in children with Prader-Willi syndrome

Variable Age (months) BMI z-score IGF-1 (nmol/L) T4 (pg/mL) FT4 (pg/mL) AHI
Age (months) 1 0.626** 0.610** 0.426** 0.435* 0.116
BMI z-score 1 0.680** 0.413** 0.381* 0.260
IGF-1 (ng/mL) 1 0.132 0.208 0.150
T4 (pg/mL) 1 0.659** -0.152
FT4 (pg/mL) 1 -0.064
AHI 1

*, Significant correlation, P<0.05; **, P<0.01. BMI, body mass index; IGF-1, insulin-like growth factor-1; T4, thyroxine; FT4, free thyroxine;

AHI, apnea-hypopnea index.

Table 3 Polysomnography (PSG) in children with Prader-Willi syndrome

PSG results All patients (n=48) Age <2 years (n=32) Age >2 years (n=16) P value
Average SpO2 (%) 82 [56, 93] 84 [77, 93] 79 [56, 91] 0.038
SDB 42 28 14 0.688
OSA 11 2 9 0.000
CSA 27 23 4 0.002
OSA&CSA 4 3 1 0.593

PSG, polysomnography; SpO2, peripheral capillary oxygen saturation; SDB, sleep-disordered breathing; OSA, obstructive sleep apnea;

CSA, central sleep apnea.

Table 4 Polysomnography study in infants with Prader-Willi
syndrome

Variable Deletion (n=22) mUPD (n=10) P value
OSA 2 0 0.466
CSA 15 8 0.405
OSA and CSA 2 1 0.69

mUPD, maternal uniparental disomy; OSA, obstructive sleep
apnea; CSA, central sleep apnea.

PWS (1able 3). Overall, 42/48 (87.5%) patients had sleep
apnea on the PSG. Specifically, 11 patients had OSA,
27 patients had CSA, and 4 patients had both OSA and
CSA. No significant differences in the prevalence of sleep
apnea were observed between infants and older children
groups (Table 3, overall P=0.688). Compared with older
children, infants were more likely to have CSA (23 vs. 4;
P=0.002), and less likely to have OSA (0 vs. 9; P=0.000).
The median SpO2 nadir was significantly lower in older
children group [79% (range 56, 91) vs. 84% (range 77, 93);
P=0.038]. In infants, there were no significant differences
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in the prevalence of SDB between the deletion group
and the mUPD group (Table 4). In addition, there was no
correlation between the apnea-hypopnea index and age,
BMI z-score, IGF-1, T4, or FT4 (Table 2).

Discussion

In this study, we found that overweight status or obesity
was more common in older children with PWS. Serum
level of FT4 and T4 were significantly higher in children
than in infants. Age was correlated significantly with BMI,
FT4, and T4. The correlation between age and BMI was
consistent with the reported results (7,11). These results
indicate that the clinical features of PWS can change over
time and remind us of the importance of early diagnosis
and intervention. Although PWS is characterized by
obesity with increased serum lipid profile, we found glucose
homeostasis and lipid profiles seemed to be within the
normal range in our patients, which was inconsistent with
previous reports (12-15). We also found that serum level of
IGF-1 was higher in children than in infants, and age was
correlated significantly with IGF-1, which was consistent
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with the pattern that serum IGF-1 levels increase with age
in childhood (16). Because of the small number of cases
we studied, we need to collect more cases to study the
metabolic characteristics of PWS patients at different ages.

Hypothalamic dysfunction is common in PWS,
and therefore patients are at increased risk for central
hypothyroidism. Previous studies have shown varying
prevalence of hypothyroidism in PWS from as common
as high as 20-30% to as low as 2-4% (17-19). One study
examining thyroid function over the first 2 years of life
reported a higher rate of central hypothyroidism in patients
with PWS having low free or total T4 levels, with normal
TSH. Therefore, TSH alone may not be enough to rule
out hypothyroidism in neonates with PWS. In this study,
the correlation of age and T4/FT4 in PWS showed that
thyroid function was improved with age in PWS children.
Since the relatively low level of T4/FT4 may be associated
with the clinical manifestation in infants, it is suggested to
screen for hypothyroidism within the first 3 months of life
and then yearly thereafter, even if the newborn’s screening
results are normal, especially if on GH therapy. In this
study, only 1 patient, who was 1 year old, was diagnosed
with hypothyroidism based on low total T4 and F'T4 in the
presence of normal TSH.

The incidence of different genetic mechanisms resulting
in PWS varies between studies (11,20-24), and it is difficult
to ascertain whether these differences were indeed due to
ethnic differences or mere sampling bias. Our study showed
that there was no significant difference in BMI, laboratory
tests, and incidence of SDB between the deletion and
mUPD groups in infants. However, in adults with PWS,
deletion was reported to associated with increased BMI (25).
Interestingly, in patients previously treated with GH,
BMI was not different between the mUPD and deletion
groups (25), and this suggests that genotype may be
associated with GH secretion.

The prevalence of SDB in PWS in this study (87.5%) was
higher than that in previous studies (20-79.9%) (4,26-29).
Different criteria of SDB diagnosis maybe the main reason
for this discrepancy in prevalence. Our criteria was not
overly conservative; therefore, our results suggest the true
incidence of SDB in PWS may be under evaluated and
underappreciated in clinical practice. The basis of the
sleep abnormalities in PWS include brain developmental
abnormalities, craniofacial dysmorphia, hypotonia, obesity,
and chest wall deformities (29). Traditionally, PWS has been
associated with OSA (30-32), and BMI plays a significant
role in increasing OSA risk in PWS children (29). rhGH
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therapy can theoretically lead to lymphoid tissue growth
at the initial stage in PWS patients due to increased IGF-I
effects, which can exacerbate obstructive apnea and may
even lead to sudden death. Given this, patients and parents
must be fully informed about the potential association
between rhGH therapy and unexpected death during the
pretreatment consenting process especially in patients with
obstructive apnea. In this study, 56.3% of older children had
OSA. This suggests that the number of infants (71.8%) with
CSA was high in our study, which is in line with the findings
of other studies (33,34). The etiology underlying this
higher prevalence of CSA in young children with PWS is
still unknown, but it may be related to delays in maturation
of the central ventilatory control centers, or to an abnormal
apneic threshold which is defined as the arterial partial
pressure of CO, below which the drive to breathe is lost (35).
One study reported that treatment with GH for 6-9 months
improved resting ventilation and ventilatory response to
CO, in subjects with PWS (15). Another study reported
that GH intervention improved body composition and
resting energy expenditure and may contribute to better
sleep quality. These studies suggest that GH treatment may
improve CSA in infants with PWS (36,37). Since PWS
patients have a high incidence of both central apnea and
obstructive apnea, PSG should be performed before starting
therapy.

Some limitations in this study should be addressed.
First, this study was a retrospective study, and we could not
compare SDB in patients with PWS to that in controls.
Second, our sample size was relatively small; the sample size
was thus not equal between the infant and older children
group which might have introduced some bias. Third,
this study focused on patients from one single center.
In addition, we only identified one patient with mUDP
in the older children group, and perhaps the difference
of phenotypes between different genotypes in Chinese
children with PWS requires a larger future study.

In summary, overweight status or obesity was more
common in older children with PWS in China and other
countries and regions. Compared with infants, children had
a higher serum level of FT4 and T4. Age was correlated
significantly with BMI, T4, and FT4. We thus suggest
screening PWS patients for hypothyroidism within the first
few months or years even if the newborn’s screening results
are normal. The prevalence of SDB was high in PWS
patients, and central sleep apnea was found to be prevalent
in infants with PWS, suggesting that PSG should be
performed early to screen for SDB in PWS. The association
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of central sleep apnea and level of FT4 and T4 in infants
should be explored further.
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