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Pooled Prevalence of Obstructive Sleep Apnea in Patients 
with Polycystic Ovary Syndrome: A Systematic Review
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Sittichai Khamsai, MD1

1 Department of Medicine, Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand
2 Department of Epidemiology and Biostatistics, Faculty of Public Health, Khon Kaen University, Khon Kaen, Thailand

Objective: To estimate the prevalence of obstructive sleep apnea (OSA) in patients with polycystic ovary syndrome (PCOS).

Materials and Methods: The present study is a systematic review. The inclusion criteria were observational or epidemiological studies conducted 
in patients with PCOS to evaluate the prevalence of OSA. Four electronic databases were used for systematic searching, including PubMed, Science 
Directe, Scopus, and CINAHL Plus, from inception to September 26, 2022. Meta-analysis using a random-effects model was used to pool the results 
of the included studies.

Results: Among the 3,940 records retrieved from the four databases, they were screened to identify an included study. Of those, 12 observational 
studies (82,460 patients) met our inclusion criteria and were included in the meta-analysis. The most common study type was cohort study (5 
studies). Six studies were conducted in the US, while other studies were conducted in Brazil, the UK, China, Taiwan, and India. Our findings found 
that the pooled prevalence of OSA from 10 studies (887 patients) was 40.4% (95% CI 24.3% to 58.9%). A subgroup analysis by age group found 
that adult patients (9 studies with 859 patients) had a lower prevalence of OSA than adolescents (1 study with 28 patients) (38.7% vs. 57.1%). 
While the pooled incidence of OSA from 2 studies (81,573 patients) was low at 0.7% (95% CI 0.2% to 2.0%).

Conclusion: The pooled prevalence of OSA in patients with PCOS was higher than previous systematic reviews at 40.4%. Physicians should be 
aware of OSA in patients with PCOS.	
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Polycystic ovary syndrome (PCOS) is a complex 
endocrine disorder in women with a prevalence of 8 
to 13%(1). Patients with PCOS have clinical features of 
irregular menses, hyperandrogenism, and polycystic 
ovarian morphology(1,2). PCOS is related to insulin 
resistance, obesity, and several other consequences, such 
as cardiovascular diseases. Obstructive sleep apnea (OSA) 
is characterized by repetitive hypoxemia while sleeping. 
OSA is also related to insulin resistance and cardiovascular 
consequences such as hypertension(3-7). High body mass 

index is related to OSA and hypertensive emergency by 
1.666 times(3). 

Both PCOS and OSA share similar mechanisms and 
consequences, such as obesity or diabetes. These two 
diseases may be linked to each other(8). A meta-analysis 
from a previous systematic review found that patients 
with PCOS and OSA had a significantly higher body mass 
index of 6.01 kg/m2 (95% confidence intervals, CI of 4.69 
to 7.33) than patients with PCOS without OSA(9). PCOS is 
an independent risk factor for OSA by 9.74 times (95% CI 
of 2.76 to 34.41)(10). A previous systematic review published 
in 2017 found that the prevalence of OSA in patients with 
PCOS was 22%(10). Another recent systematic review 
reported that the pooled prevalence of OSA in patients with 
PCOS was increasing to 35% (95% CI of 22.2 to 48.9)(11). To 
update the information about the prevalence of the disease 
from published research articles, the present study aimed 
to perform a systematic review to estimate the prevalence 
of OSA in patients with PCOS.

Materials and Methods
The present study design was a systematic review to 
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Figure 1. A PRISMA flow diagram.

investigate the prevalence of OSA in patients with PCOS 
from published research articles. The inclusion criteria 
were as follows: 1) participants was patients with PCOS; 2) 
primary outcome was the prevalence of OSA in the patients, 
and the secondary outcome was the incidence of and 3) 
study design was observational or epidemiological studies.

The authors excluded studies with randomized 
controlled trials, case reports or case series, and review 
articles. Those studies without prevalence or incidence of 
OSA and diagnosis of OSA other than polysomnography 
were also excluded. Potential included studies were 
systematic searches from four electronic databases 
including, PubMed, Science Direct, Scopus, and CINAHL 
Plus, from inception to September 26, 2022. Search terms 
included obstructive sleep apnea, prevalence, incidence, 
epidemiological study, and observational study.

After deduplicating records from the search results, 
the title and abstract of the records were screened by two 
independent authors (PH and SK). Potential included studies 
selected by each reviewer were compared and entered the 
full-text review process. The full texts were reviewed, and 
data extraction was performed by two independent authors 
(PH, SK). A PRIMA flow diagram for selecting included 
studies is shown in Figure 1(12-14).

Data collection for each included study was retrieved 
for the following sections: publication characteristics, 
study characteristics, and outcomes. The publication 
characteristics comprise the first author, year of publication, 
country of study origin, study design, setting, age of patients 
with PCOS, diagnosis of PCOS, and diagnosis of OSA. 
The outcomes were the prevalence or incidence of OSA in 

patients with PCOS. The Newcastle-Ottawa Scale, adapted 
for observational studies, was used to evaluate the quality 
of the included studies(15,16).

Statistical analysis
The Cochrane Q test and the I2 statistic were used 

to assess the amount of between-study heterogeneity. We 
conducted a meta-analysis using the random-effects model 
due to substantial heterogeneity (I2 >50% and p-value of 
the Cochrane Q test <0.1). The meta-analysis was used 
for pooling proportions of OSA in patients with PCOS 
from the included studies. The results of the meta-analyses 
were presented by the forest plot. Egger’s test was used to 
evaluate a potential publication bias in the meta-analysis of 
the prevalence of OSA in patients with PCOS. All statistical 
analyses were performed using RStudio in the R language 
with the “meta” package(17-19).

Results
There were 3,940 records after deduplication that 

were retrieved from four electronic databases and screened 
for title and abstract (Figure 1). Of those, 19 published 
articles were eligible for full text review; seven articles 
were excluded due to diagnosis without polysomnography 
(4 articles) and no OSA prevalence (3 articles). In total, 
12 studies were included for qualitative and quantitative 
analysis(20-31). The included studies were published between 
2001 and 2022 and conducted mostly in the US (6 studies), 
as shown in Table 1. The other studies were performed in 
Brazil (2 studies), the UK (1 study), China (1 study), Taiwan 
(1 study), and India (1 study). The most common study 
design was a cohort study (5 studies). 

Among the 12 included studies, ten studies evaluated 
the prevalence of OSA in PCOS (Table 1 and Figure 
2), while two studies evaluated the incidence of OSA in 
patients with PCOS in the general population (Table 1 
and Figure 3). The mean age of most studies ranged from 
16.8 to 31.1 years. PCOS was mainly diagnosed by the 
Rotterdam consensus (5 studies), while OSA was diagnosed 
by polysomnography. The total study population from all 
included studies was 82,460 patients with PCOS. There 
was substantial heterogeneity in the meta-analysis of the 
prevalence of OSA (I2=93.2%, p-value of Q test <0.001). 
The pooled prevalence of OSA was 40.4% (10 studies, 887 
patients, 95% CI 24.3% to 58.9%) by the random-effects 
model (Figure 2). A subgroup analysis by age group found 
that adult patients had a lower prevalence of OSA than 
adolescents (38.7% vs. 57.1%), as shown in Figure 2. We 
found that there was no publication bias in the meta-analysis 
(p-value of Egger’s test=0.7945). In addition, the incidence 
of OSA was low at 0.7% (random-effects model, 95% CI 
0.2% to 2.0%) with substantial heterogeneity (I2 of 98.2%, 
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Figure 2. Prevalence of OSA with PCOS.

St
ud

y
Ye

ar
St

ud
y 

de
si

gn
Se

le
ct

io
n 

pr
oc

es
s 

(4
)

Co
m

pa
ra

bi
lit

y 
(2

)
O

ut
co

m
e 

m
ea

su
re

s 
(3

)
To

ta
l (

9)
In

te
rp

re
ta

ti
on

Go
pa

l
20

02
Co

ho
rt

3
1

3
7

Go
od

To
ck

20
14

Re
tr

os
pe

ct
iv

e 
co

ho
rt

4
1

3
8

Go
od

N
an

da
lik

e
20

12
Re

tr
os

pe
ct

iv
e 

co
ho

rt
3

1
3

7
Go

od

Li
n

20
17

Re
tr

os
pe

ct
iv

e 
co

ho
rt

4
1

3
8

Go
od

Ku
m

ar
en

dr
an

20
19

Re
tr

os
pe

ct
iv

e 
co

ho
rt

4
1

3
8

Go
od

Ei
se

nb
er

g
20

21
Co

ho
rt

3
1

3
7

Go
od

St
ud

y
Ye

ar
St

ud
y 

de
si

gn
Se

le
ct

io
n 

pr
oc

es
s 

(5
)

Co
m

pa
ra

bi
lit

y 
(2

)
O

ut
co

m
e 

m
ea

su
re

s 
(3

)
To

ta
l (

10
)

In
te

rp
re

ta
ti

on

Vg
on

tz
as

20
01

Pr
os

pe
ct

iv
e 

cr
os

s-
se

ct
io

na
l

3
0

3
6

Go
od

Ta
sa

li
20

08
Pr

os
pe

ct
iv

e 
cr

os
s-

se
ct

io
na

l
3

0
3

6
Go

od

Ch
at

te
rj

ee
20

14
Pr

os
pe

ct
iv

e 
cr

os
s-

se
ct

io
na

l
3

0
3

6
Go

od

H
ac

hu
l

20
19

Cr
os

s-
se

ct
io

na
l

3
0

2
5

Fa
ir

Ya
ng

20
22

Cr
os

s-
se

ct
io

na
l

3
1

2
6

Go
od

St
ud

y
Ye

ar
St

ud
y 

de
si

gn
Se

le
ct

io
n 

pr
oc

es
s 

(4
)

Co
m

pa
ra

bi
lit

y 
(2

)
Ex

po
su

re
 (3

)
To

ta
l (

9)
In

te
rp

re
ta

ti
on

Fo
ge

l
20

01
Ca

se
-c

on
tr

ol
2

2
3

7
Go

od

Ta
bl

e 
2.

 R
is

k 
of

 b
ia

s a
ss

es
sm

en
t u

si
ng

 th
e 

N
ew

ca
st

le
-O

tt
aw

a 
Sc

al
e 

of
 in

cl
ud

ed
 st

ud
ie

s.

Figure 3. Incidence of OSA with PCOS.

p-value of Q test <0.001) (Figure 3). Regarding study 
quality, 11 out of 12 studies had good study quality (Table 
2). Another study had fair quality(22).  

Discussion
This systematic review found that the pooled 

prevalence of OSA in patients with OSA was 40.4% 
using polysomnography to diagnose OSA. OSA was more 
prevalent in adolescent patients with PCOS than in adult 
patients with PCOS, at as high as 57.1%. 

The present study has different results from the 
previous systematic review on the pooled prevalence of 
OSA in patients with PCOS(11) because the present study 
included more studies than the previous one (12 vs. 9 
articles). Additionally, we included only published articles. 
The previous study included both published articles and 
conference abstracts. This study found a higher rate of 
OSA in patients with PCOS than the previous study (40.4% 
vs. 35.0%)(11). These differences may be explained by the 
inclusion criteria. The present study enrolled only studies 
with a reported rate of OSA in patients with PCOS, while 
the previous study included two studies that did not report 
on prevalence of OSA(32,33). We also found two additional 
studies reporting the incidence of OSA in patients with 
PCOS(23,30). These two studies were conducted in Taiwan 
and the UK. Not surprisingly, the incidence rate of OSA in 
patients with PCOS was low at 0.7% as polysomnography 
was not performed in all patients. Only those with reported 
polysomnography were used for the incidence calculation.

The present study found that the prevalence of OSA 
in patients with PCOS may be different by age group. In 
adults, the prevalence of OSA in patients with PCOS was 
38.7%, while the prevalence of OSA was slightly higher in 
adolescents with PCOS (57.1%). These results were different 
from the previous study published in 2017(10). Helvaci et al. 
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(2017) reported that the prevalence of OSA in adult patients 
with PCOS was quite higher than that in adolescents with 
PCOS (32% vs. 8%). These different results may be due to 
different study criteria. The previous study included four 
studies from Germany which did not report on criteria for 
OSA, that this study enrolled only studies with a definition 
of OSA. Note that there was only one study in the adolescent 
group in the present study(24). 

As OSA is related to cardiovascular diseases, a 
concomitant of OSA in patients with PCOS may increase the 
risk of cardiovascular consequences(34). Physicians should 
be aware of OSA in patients with PCOS because of its high 
prevalence and increasing risk for future cardiovascular 
diseases. There are some limitations to this study. First, there 
is no evaluation of risk factors for having OSA in patients 
with PCOS or treatment intervention for OSA(35-40). Second, 
most studies were conducted in Western countries (9/12; 
75%) with quite a high I2 in the calculations. Finally, there 
are various study populations, including but not limited to 
infertility, premenopausal, endocrinology clinics, the general 
population, and obese adolescent girls.

Conclusion
The pooled prevalence of OSA in patients with PCOS 

was higher than previous systematic reviews at 40.4%. 
Physicians should be aware of OSA in patients with PCOS.

What is already known on this topic?
Previous systematic reviews that showed the prevalence 

of OSA in patients with PCOS were published a few years 
ago.

What this study adds?
This systematic review showed that the pooled 

prevalence of OSA in patients with PCOS in the meta-
analysis was 40.4%.
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