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ABSTRACT 

Purpose: The prevalence of obstructive sleep apnea syndrome (OSAS) is clearly increased in adults with polycystic 
ovarian syndrome (PCOS). The symptoms of PCOS usually begin around menarche. However, data concerning poly-
somnographic variables in adolescents with PCOS are limited. As obesity is a well-known risk factor for OSAS, we 
aimed to analyze differences in polysomnographic variables between obese and extremely obese adolescents with 
PCOS and healthy, normal-weight, obese, and extremely obese controls. Methods: Sixteen obese and 17 extremely 
obese adolescents with PCOS, 18 normal-weight, 17 obese, and 13 extremely obese controls underwent polysomno-
graphy to compare mean transcutaneous arterial oxygen saturation (Sat O ), 2 apnea-index (AI), hypopnea- index (HI), 
apnea-hypopnea index (AHI), the absolute number of obstructive apneas (NOA), percentage sleep stages 3 and 4 of non 
REM-sleep (stages 3 & 4), percentage of REM-sleep (% REM), sleep-onset latency, and sleep efficiency. Results: We 
found no significant differences between the groups concerning AI, HI, AHI, NOA, and stages 3 & 4. Significant differ-
ences between the groups were found regarding Sat O , % REM, sleep-onset latency, and sleep efficiency. 2 Conclusions: 
Concerning the respiratory variables, adolescents with PCOS do not seem to differ from healthy controls regardless of 
weight status, but there seem to be differences in sleep architecture.  
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1. Introduction 

Polycystic ovarian syndrome (PCOS) is a common dis- 
order affecting as many as 5-10% of women of repro- 
duc-tive age [1]. According to the consensus workshop 
of the National Institutes of Health (NIH), PCOS can be 
diagnosed in a patient if she has chronic oligoanovulation 
and either biochemical or clinical signs of androgen ex- 
cess, and other pathologies have been excluded [2]. Be- 
ing a complex functional disorder, PCOS is furthermore 
associated with metabolic abnormalities such as insulin 
resistance and lipid abnormalities similar to those that 
belong to the metabolic syndrome [3], perhaps predis- 
posing to cardiovascular disease [4]. 

In adults, studies have reported that the risk for and the 
prevalence of obstructive sleep apnea syndrome (OSAS) 
are increased in patients with PCOS [5-9]. Therefore, 
screening for OSAS has been recommended for PCOS 

patients [10]. Diagnosing and treating OSAS in patients 
with PCOS is of great importance, as OSAS is a risk 
factor for cardiovascular mortality and morbidity [11]. 
As the symptoms of PCOS usually begin around men-
arche [4], the question arises, whether polysomnographic 
variables in adolescents with PCOS differ from healthy 
controls. 

In a previous study, we compared polysomnographic 
data between adolescents with PCOS and healthy lean 
and obese controls demonstrating no differences in res-
piratory variables between the groups [12]. However, this 
study was limited by the fact that the number of cases (n 
= 22) and controls (n = 29) was rather moderate. Fur-
thermore, the study group was heterogeneous concerning 
their weight status ranging from normal weight 
(SDS-BMI 0,38) to extremely obese (SDS-BMI 3,89), 
just as the control group of obese girls was heterogene-
ous concerning their weight status ranging from over-
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weight (SDS-BMI 1,6) to extremely obese (SDS-BMI 
4,25). 

For a more detailed comparison, we enlarged the 
number of cases (n = 33) and controls (n = 48) and di- 
vided the participants according to their weight status, as 
obesity is well known to be a risk factor for OSAS in 
adolescents [13,14]. A further novel aspect of this study 
is the comparison of polysomnographic data between 
obese and extremely obese adolescents with PCOS. 

2. Methods  

2.1. Study population 

We studied 16 obese adolescents aged 12 to 16 years 
with PCOS (Study group I, mean age 15.0 years  1.3, 
mean BMI 28.8 kg/m2  2.3, mean SDS-BMI 2.1  0.4) 
and 17 extremely obese adolescents aged 12 to 16 years 
with PCOS (Study group II, mean age 14.6 years  1.0, 
mean BMI 38.7 kg/m2  4.8, mean SDS-BMI 3.2  0.4) 
in the sleep laboratory and compared these findings to 
those of three control groups. Control group I consisted 
of 18 normal-weight adolescents without PCOS aged 13 
to 16 years (mean age 15.0 years  0.9, mean BMI 20.6 
kg/m2  2.3, mean SDS-BMI 0.0  0.8). Control group II 
consisted of 17 obese adolescents without PCOS aged 13 
to 16 years (mean age 15.0 years  0.8, mean BMI 29.3 
kg/m2  1.6, mean SDS-BMI 2.2  0.3). Control group 
III consisted of 13 extremely obese adolescents without 
PCOS aged 13 to 17 years (mean age 15.5 years  1.0, 
mean BMI 38.9 kg/m2  5.7, mean SDS-BMI 3.2  0.4).  

All girls with PCOS were recruited from the outpatient 
Obesity and Endocrine Department of the Vestische 
Children's Hospital, Datteln, Germany. The diagnosis of 
PCOS was based on the definition of the NIH [2]. Condi- 
tions such as non-classical adrenal 21-hydroxylase defi- 
ciency, androgen-secreting tumors, and Cushing's syn- 
drome were excluded by appropriate tests before the di- 
agnosis of PCOS was made. All girls with PCOS were at 
least 2 years post menarche. Nineteen obese and ex- 
tremely obese control patients were recruited from the 
outpatient Obesity and Endocrine Department of the 
Vestische Children's Hospital, Datteln, Germany. The 
remaining 11 obese and extremely obese control patients 
and the 18 normal-weight controls were recruited from 
the sleep laboratory of our hospital. Polysomnography 
had ruled out sleep-related breathing disorders in these 
control patients. All control patients had normal men- 
strual cycles (28-35 days) and no clinical signs of andro- 
gen excess thereby excluding PCOS by the definition of 
the NIH [2]. All participants were without evidence of 
other diseases and were not currently taking any medica-
tions.  

2.2. Subject evaluation 

All participants underwent physical examination include- 
ing the measurement of height and weight. Height was 
measured to the nearest centimeter using a rigid staid- 
ometer. Weight was measured unclothed to the nearest 
0.1 kg using a calibrated balance scale. Body mass index 
(BMI) was calculated as weight in kilograms divided by 
height in meters square (kg/m2). Overweight was defined 
according to the International Obesity Task Force using 
population specific data [15,16]. We used the LMS 
method to calculate the standard deviation of BMI 
(SDS-BMI) as a measure for the degree of overweight 
due to the skewness of BMI distribution [17]. SDS-BMI 
was calculated according to German percentiles [16]: 
SDS-BMI > 1.28 defined overweight (> 90th percentile of 
BMI), SDS-BMI > 1.88 defined obesity (> 97th percentile 
of BMI), and SDS-BMI > 2.58 defined extreme obesity 
(> 99.5th percentile of BMI). Menstrual history was obp- 
tained from all the patients. Disturbances of the menp- 
strual cycle in the patients with PCOS were divided into 
oligomenorrhea (less then 9 menstrual cycles/year), pri- 
mary amenorrhea (no menstruation by the age of 16 
years), and secondary amenorrhea (no menstruation for 3 
or more months after menarche). The diagnosis of PCOS 
was confirmed by the measurement of serum androgens.  

2.3. Polysomnography 

All girls underwent overnight 12-channel polysomno- 
graphy recording an electro-encephalogram (2 channels), 
an electrooculogram (2 channels), a submental electro- 
myogram, an electrocardiogram, chest wall motion, ab- 
dominal wall motion, nasal-oral airflow, arterial oxygen 
saturation by pulse oximetry, transcutaneous pO2, and 
transcutaneous pCO2. All signals were recorded simulta- 
neously and stored using the BRAINLAB 4 polysomno- 
graphy system (DiaMedic-Schwarzer, Unna, Germany). 
A thermistor was used to measure nasal pressure (Sand-
man BreathSensor™, Nellcor Puritan Bennett (Melville) 
Ltd., Kanata, Canada). Bedtime was set between 21 and 
22 h, and wake time occurred approximately at 5 h. Thus, 
we attempted to record sleep for at least 7 hours in each 
patient.  

All polysomnographic records were evaluated by an 
experienced pediatric somnologist (BS). Sleep was 
staged according to standard criteria [18]. Arousals and 
respiratory events were defined according to the guide-
lines of the American Academy of Sleep Medicine 
[19,20]. Apnea was defined as a complete cessation in 
airflow of 5 or more seconds. They were classified as 
central if there was no associated effort (i.e. chest wall 
movement absent) and obstructive if respiratory effort 
(chest wall movement) was present. Hypopneas were 
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scored as a clear reduction (50%) in amplitude in the 
oronasal flow signal for 5 or more seconds that was as- 
sociated with either an oxygen desaturation of more than 
3%, EEG arousal, or both. The apnea-index (AI) was 
calculated as the number of apneas divided by the num- 
ber of hours of sleep, the hypopnea index (HI) as the 
number of hypopneas divided by the number of hours of 
sleep, and the apnea-hypopnea index (AHI) as the num- 
ber of apneas plus hypopneas divided by the number of 
hours of sleep. As AI and AHI do not differentiate be- 
tween central and obstructive apneas, we recorded the 
absolute number of obstructive apneas, as well. Sleep 
efficiency (%) was defined as the ratio of total sleep time 
in bed i.e. total sleep time/time in bed x 100. Sleep-onset 
latency (min.) was defined as the period of time meas- 
ured from “lights out,” or bedtime, to the commencement 
of sleep. 

2.4. Statistics 

Comparisons between the five groups were performed 
with an ANOVA including post-hoc multiple pair wise 
comparisons. Data were presented as mean values and 
standard deviation. A p < 0.05 was set as significant. The 
clinical ethics committee of the Vestische Kinderund 
Jugendklinik, University of Witten/Herdecke approved 

this study. Written informed consent was obtained from 
all subjects and their parents. 

3. Results 

The girls in both study groups and in the three control 
groups did not differ in respect of age (p = 0.33). The 
mean BMI and the mean SDS-BMI of the obese girls 
with PCOS did not differ from the mean BMI and the 
mean SDS-BMI of the healthy obese girls, and the mean 
BMI and the mean SDS-BMI of the extremely obese 
girls with PCOS did not differ from the mean BMI and 
the mean SDS-BMI of the healthy extremely obese girls 
(Table 1). 

We found no significant differences between the five 
groups concerning the apnea-index (p = 0.57), the hy- 
popnea-index (p = 0.36), the apnea-hypopnea index (p = 
0.08), the absolute number of obstructive apneas (p = 
0.48), and percentage sleep stages 3 and 4 of non 
REM-sleep (p = 0.36) (Table 2). 

Mean transcutaneous arterial oxygen saturation (Sat 
O ) in the obese girls with PCOS was significantly 
higher than in the normal-weight, obese, and extremely 
obese controls, and Sat O  in the extremely obese girls 
with PCOS was significantly higher than in the ex-
tremely obese controls (p = 0.02). 

2

2

Post-hoc multiple pair 

 

Table 1. Age an weight status of the girls in the study oups and co l groups. 

Paramete ol gr

Number 16 17 18 17 13  

Age [years] 15.0  1.3 14.6  1.0 15.0  0.9 15.0  0.8 15.5  1.0 0.33 

BMI [kg/m²] 28.8  2.3 38.7  4.8 20.6  2.3 29.3  1.6 38.9  5.7 < 0.001 

SDS-BMI 2.1  0.4 3.2  0.4 0.0  0.8 2.2  0.3 3.2  0.4 < 0.001 

Study group I: obese girls with polycystic ovarian syndrome (PCOS); study group II: extremely obese girls with PCOS; control group I: normal-weight healthy 
controls; control group II: obese healthy controls; control group III: extremely obese healthy controls; BMI: body mass index; SD

x; data presented as mean values and standard deviation; p-values derived from ANOVA (group effect). 
S-BMI: standard deviation 

score of body mass inde

Table 2. Po s in 

C C  C I p

lysomnographic data of the girl the study groups and control groups. 

Parameter Study group I Study group II ontrol group I ontrol group II ontrol group II -value

Mean oxygen saturation [%] 98.25 ± 1.13 97.47 ± 1.42 96.83 ± 2.04 96.88 ± 1.62 96.08 ± 2.63 0.02 

Apnea-index 1.06 ± 1.51 0.68 ± 0.53 1.02 ± 0.80 0.81 ± 0.70 0.55 ± 1.19 0.57 

Hypopnea-index 0.05 ± 0.11 0.02 ± 0.10 0.16 ± 0.47 0.00 ± 0.00 0.05 ± 0.12 0.36 

Apnea-Hypopnea index 1.11 ± 1.53 0.70 ± 0.53 1.22 ± 1.03 0.80 ± 0.72 0.28 ± 0.32 0.08 

Obstructive apneas [No.] 

4 [%] 3 3

0.00 ± 0.00 0.06 ± 0.24 0.00 ± 0.00 0.00 ± 0.00 0.08 ± 0.28 0.48 

Sleep stages 3 & 5.38 ± 13.80 0.85 ± 12.00 31.76 ± 10.93 39.24 ± 10.84 36.53 ± 19.14 0.36 

REM-sleep [%] 8.64 ± 5.79 6.91 ± 5.19 13.64 ± 5.50 11.32 ± 4.30 11.29 ± 3.72 0.002 

Sleep efficiency [%] 72.06 ± 21.78 73.18 ± 19.34 91.89 ± 7.08 86.44 ± 8.38 82.02 ± 12.85 < 0.001

Sleep-onset latency [min.] 38.75 ± 33.04 27.71 ± 19.95 10.60 ± 4.49 21.81 ± 9.39 19.50 ± 11.68 0.001 

Study group I: obese girls with polycystic ovarian syndrome (PCOS); study group II: extremely obese girls with PCOS; control group I: normal-weight healthy 
controls; control group II: obese healthy controls; control group III: extremely obese healthy controls; data presented as mean values and standard deviation; 
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p-values derived from ANOVA (group effect). 

comparisons showed that the percentage of REM-sleep in 
all control groups was significantly higher than in the 
extremely obese girls with PCOS, and the percentage of 
REM-sleep in the obese girls with PCOS was significantly 
normal-weight and obese controls in comparison to both 
study groups (p < 0.001). As demonstrated by post-hoc 
multiple pair wise comparisons, sleep-onset latency in 
the obese girls with PCOS was significantly higher than 
in all control groups, and sleep-onset latency in the ex- 
tremely obese girls with PCOS was significantly higher 

-weight controls (p = 0.001) (Table 2). than in the normal

4. Discussion 

To the best of our knowledge, this is the first study 
comparing polysomnographic variables of obese and 
extremely obese adolescents with PCOS to those of 
healthy normal-weight, obese, and extremely obese con-
trols. In this study, the obese and extremely obese ado-
lescents with PCOS did not differ from their healthy, 
normal-weight, obese, and extremely obese peers con-
cerning the apnea-index, the hypopnea-index, the ap-
nea-hypopnea index, and the absolute number of obstruc-
tive apneas. These findings are in line with our previous 
study, in which we had compared polysomnographic data 
of adolescents with PCOS to healthy controls on a 
smaller scale [12].  

A further novel aspect of this study is the comparison 
of polysomnographic data between obese and extremely 
obese adolescents with PCOS, as on the one hand the risk 
for and the prevalence of OSAS are clearly increased in 
adults with PCOS [5-9] and the symptoms of PCOS usu-
ally begin around menarche [4], and on the other hand 
obesity is a well-known risk factor for OSAS in 
adolescents [13,14]. In this study, we found no signifi-
cantdifferences between the respiratory polysomno-
graphic variables between the obese and extremely obese 
girls with PCOS. This finding can be seen in accordance 
with the results of Gopal et al. who had detected an in-
creased prevalence of OSAS in patients with PCOS in-
dependently of obesity [7]. Accordingly, one study in 
adults with PCOS demonstrated that the apnea-hypopnea 
index of obese women with PCOS correlated with serum 
testosterone and unbound testosterone [5], and other 
studies in adults with PCOS demonstrated a correlation 
between the risk and severity of OSAS and parameters of 
glucose metabolism [6,8,9]. As disturbances of glucose 
metabolism in patients with PCOS are related to insulin 
resistance [21-23], and insulin resistance is more related 
to fat distribution/body composition than to obesity itself 
[24-27], it seems probable that the development of OSAS 
in patients with PCOS is influenced more by the fat dis-
tribution/body composition of the patients than by obe-

sity per se. Accordingly, studies in adults have shown 
that regional body fat distribution predicts the presence 
and degree of OSAS [28], that visceral fat accumulation 
is an important risk indicator for OSAS [29], and that the 
prevalence and severity of OSAS in overweight and 
obese patients is more dependent on the fat distribution 
than on the level of total fatness [30]. 

We found statistically significant differences between 
the five groups concerning mean transcutaneous arterial 
oxygen saturation (Sat O ), as mean Sat O  of the obese 
girls with PCOS was significantly higher than in all three 
control groups, and mean Sat O  of the extremely obese 
girls with PCOS was significantly lower than in the ex-
tremely obese controls. However, it has to be mentioned 
that these differences were not clinically relevant, as 
mean Sat O  was between 96% and 98% in all groups 
and therefore within the normal range. Furthermore, we 
ha

2 2

2

2

ve to keep in mind that pulse oximetry has its physio- 
logical and technical limitations [31].  

Regarding sleep architecture in adults with PCOS, Ta- 
sali et al. reported that in comparison to healthy 
non-obese controls, extremely obese women with PCOS 
(mean BMI 41.1 kg/m2 ± 2.9) had significantly lower 
sleep efficiency, longer sleep-onset latency, and less 
REM-sleep [9]. Our findings are in line with the data 
from Tasali et al. as in comparison to healthy normal- 
weight controls, the extremely obese girls with PCOS 
demonstrated significantly lower sleep efficiency, longer 
sleep-onset latency, and less REM-sleep. Vgontzas et al. 
found obese PCOS women (mean BMI 38.7 kg/m2 ± 1.1) 
to have significantly longer sleep-onset latency than 
healthy controls, but found no difference in percentage of 
REM-sleep [6]. The healthy controls in the study by 
Vgontzas et al. had a mean BMI of 26.4 kg/m2 ± 0.3 and 
were therefore overweight, a weight status between nor- 
mal-weight and obese. In accordance with Vgontzas et al. 
[6], the obese girls with PCOS in our study demonstrated 
significantly longer sleep-onset latency than healthy 
normal-weight and obese controls and did not differ sig- 
nificantly from the healthy obese girls regarding per- 
centage of REM-sleep. However, we found a significant 
difference in percentage of REM-sleep between the 
obese girls with PCOS and the healthy normal weight 
controls. We can only speculate whether Vgontzas et al. 
would have found a significant difference in percentage 
of REM-sleep between the study group and healthy nor-
mal weight controls if they had divided their control 
group according to weight status, as the BMI of the 
women in their control group ranged from 16.1 to 59.9 
kg/m2 [6]. 

As obese and extremely obese adolescents with PCOS 
do not seem to differ from their healthy normal-weight, 
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obese, and extremely obese peers regarding respiratory 
polysomnographic variables, but studies have reported 
that the risk for and the prevalence of obstructive sleep 
apnea syndrome (OSAS) are clearly increased in adults 
with PCOS [5-9], it seems that some patients with PCOS 
go on to develop OSAS in the course of their disease. 
Further, longitudinally designed studies with a large co-
hort of cases and controls are necessary in order to iden-
tif

d sleep-onset latency [6,9] so

th

 weight status/obesity might not the 
cr

nts with PCOS. 
The authors declare that they have no conflict of inter- 

est.  

 States: a Pro- 

and 

stic Ovary Syndrome: 

, “Polycystic Ovary Syndrome,” The New 

Ovary Syndrome,” Journal of Clinical 

Role of Insulin Resistance,” Journal of 

 Apnea Syndrome in Patients with Polycystic 

y the risk factors and pathomechanisms in the devel-
opment of OSAS in patients with PCOS.  

The strengths of this study are the fairly reasonable 
numbers of cases (n = 33) and controls (n = 48), the 
age-matched participants, and the division into groups 
according to weight-status. However, some important 
limitations of this study need to be mentioned: First, BMI 
percentiles were used to classify overweight. Although 
BMI is a good measure for overweight, one needs to be 
aware of its limitations as an indirect measure of fat mass. 
BMI and SDS-BMI do not reflect body composition, i.e. 
the distribution of fat or the relationship between lean 
body mass and adipose tissue. This could be of signifi-
cance, as cardiovascular risk factors are closer related to 
fat distribution than to body weight [32]. Second, al-
though the total number of cases and controls is fairly 
reasonable in this study, the numbers of girls within the 
groups are still rather moderate (n = 12 – n = 18). Surely, 
the numbers of cases and controls within the groups need 
to be much larger. However, polysomnography is a com-
plex, costly, and time-consuming investigation requiring 
the overnight hospitalization of the patient, in our case of 
subjectively healthy adolescents. Furthermore, the num-
bers of patients with PCOS undergoing polysomnogra-
phy in the adult studies were not higher. Gopal et al. as-
sessed 23 women [7], Tasali et al. 8 women [9], and 
Fogel et al. 18 women [5]. Third, we did not assess sub-
jective sleep quality using sleep surveys, such as the 
Pittsburgh Sleep Quality questionnaire (PSQ), the Berlin 
Questionnaire (BQ), or the Epworth Sleepiness Scale 
(ESS). However, in clinical practice such surveys are 
performed to screen for sleep-related breathing disorders, 
and the consequence of poor sleep quality (PSQ), a high 
risk for OSAS (BQ), or chronic daytime sleepiness (ESS) 
is to perform polysomnography. Fourth, the control pa-
tients from the sleep laboratory of our hospital (n = 29; 
60.4% of the controls), but not the girls with PCOS, un-
derwent a selection process, as girls with syndromes, 
girls with any kind of medical disorders, girls on any 
kind of medication, and girls with OSAS were excluded 
as controls. Therefore a selection bias of our analyses 
towards a positive finding in comparing girls with PCOS 
to controls cannot be ruled out for sure. However, some 
studies in adults had similar results concerning differ- 
ences in sleep efficiency an  

Ova

at it seems improbable that these differences are caused 
by a selection bias alone.  

In summary, we did not find differences concerning 
the apnea-index, the hypopnea-index, the apnea-hy- 
popnea index, and the absolute number of obstructive 
apneas between obese and extremely adolescents with 
PCOS and healthy, normal-weight, obese, and extremely 
obese controls, but there seem to be differences concern-
ing the sleep architecture. Furthermore, we found no sig-
nificant differences between the respiratory polysomno-
graphic variables between the obese and extremely obese 
girls with PCOS. Taking the data from adult studies into 
account, it seems that

ucial pathogenic factor in the development of OSAS in 
patie
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