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Abstract

Aims/Background: Obstructive sleep apnea (OSA) and polycystic ovary syndrome (PCOS) share pathogenic pathways. Our review and
meta-analysis estimated OSA prevalence in PCOS patients. Methods: Systematic search of four databases was performed: MEDLINE,
Scopus, EMBASE, Cochrane Central Register of Controlled Trials from inception until 1 March 2024. Grey literature was explored via
Google Scholar. The following keywords were adopted: “obstructive sleep apnea”, “OSA”, “sleep-disordered breathing”, and “polycystic
ovary syndrome”. OSA was diagnosed through polysomnography. Observed heterogeneity was evaluated using both Cochran’s Q test
(p < 0.10) and the I? statistic. A random-effects model was applied when significant heterogeneity was detected, with the between-study
variance (72) estimated using the DerSimonian-Laird method. Results: We included 16 studies in the qualitative analysis and 13 in the
quantitative analysis, comprising a total 0o£ 230,293 patients, including 148,378 in the control group and 81,915 in the PCOS group. Under
the common effect model, the OSA pooled risk ratio in the PCOS group was 2.53 (95% confidence interval [CI]: 2.19-2.92), and 3.55
(95% CI: 1.98-6.37) under the random-effects model. Individual risk ratio ranged between 1.50-25.58. Significant heterogeneity was
observed (I = 73.8%, 72 = 0.4605, p = 0.0004), suggesting potential publication bias based on funnel plot analysis. Conclusion: High
prevalence of OSA was evidenced in PCOS women. These findings highlighted a significant association between these two conditions
and the need for targeted screening or management in these high-risk patients. Further study to investigate these bidirectional relationships
is needed. Systematic Review Registration: PROSPERO (CRD42024524008).

Keywords: polycystic ovary syndrome; prevalence; obstructive sleep apnea; polysomnography; sleep disorders; metabolic syndrome;
insulin resistance

1. Introduction of hyperandrogenaemia and metabolic syndrome than non-
Hispanic women with PCOS [7]. Obesity is a frequent
PCOS comorbidity [8]. Evidence also suggests that the syn-
drome’s severity and clinical manifestations correlate with
increased body weight [8]. Different researchers explored
the relationship between PCOS and obstructive sleep ap-
nea (OSA), and these two conditions shared risk factors
like obesity and metabolic syndrome [9]. OSA leads to
intermittent hypoxemia [10]. Several studies explored the
relationship between OSA and cardiovascular, metabolic,
and gynecologic disease [11]. Currently, the therapeutic
approach to OSA is based on continuous positive airway
pressure (CPAP) [12]. However, the positive outcomes are

Polycystic ovary syndrome (PCOS) is a common en-
docrine disease [1,2]. PCOS carries several health risks and
commonly presents with anovulation and androgen excess
[3]. PCOS represent a cause of anovulatory infertility and
presents a high prevalence in patients with metabolic syn-
drome or diabetes [4]. PCOS prevalence varies between
regions based on race and ethnicity, with significant sub-
regional variations of 2-26% [5]. This difference may be
related to differential diagnostic criteria of PCOS, hetero-
geneity in sampling, socioeconomic levels, medical care,
and other clinical differences like obesity prevalence [6].
Hispanic women with PCOS present a higher incidence
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related to patient compliance [13]. CPAP efficiency is lim-
ited by low adherence of the patients [13]. Another thera-
peutic approach is based on oral devices that are less inva-
sive [14]. OSA has more prevalent among males. However,
recent data revealed that the female populations present an
equal incidence, especially with women affected by PCOS
[15]. The bidirectional relationship between PCOS and
OSA is an emerging topic. Hormonal and metabolic dis-
turbances associated with the characteristics of PCOS pre-
dispose the patients to develop OSA [16]. At the same time,
sleep problems and hypoxia associated with OSA may fur-
ther accentuate the PCOS symptoms [10]. PCOS shows in-
sulin resistance, increased levels of leptin, and even obesity
[17]. These conditions also characterize the OSA comor-
bidities and impact future gestational outcomes [8,18]. Pre-
vious reviews and meta-analyses explored OSA incidence
in women with PCOS and during the pregnancy [15,19].
Those reviews evidenced an elevated incidence of OSA in
PCOS group [15]. Subsequent studies have focused on in-
sulin resistance, obesity, and androgen excess as available
means to link these two conditions [8]. However, the re-
lation between these two conditions remains complex, and
the studies presented a pronounced variation in the methods
and populations examined, which showed different conclu-
sions. We aim to estimate OSA prevalence in patients af-
fected by PCOS and, secondary, to summarise novel re-
search on this clinical relationship.

2. Methods

This meta-analysis followed the Preferred Reporting
Items for Systematic Review and Meta-analysis (PRISMA)
[20]. The PRISMA checklist is shown in Supplemen-
tary Table 1. The systematic review was registered in the
International Prospective Register of Systematic Reviews
(PROSPERO) database (CRD42024524008, https://www.
crd.york.ac.uk/PROSPERO/view/CRD42024524008).

2.1 Search Strategy

A systematic review of the following databases
was performed: MEDLINE (through PubMed, https://
pubmed.ncbi.nlm.nih.gov/), Scopus (https://www.scopus.c
om/), EMBASE (https://www.embase.com/search/quick),
and the Cochrane Central Register of Controlled Tri-
als (CENTRAL, https://www.cochranelibrary.com/search),
from inception until 1 March, 2024. We adopted dif-
ferent keywords related with the obstructive sleep apnea,
sleep disordered breathing and polycystic ovary syndrome
(Supplementary Table 2). We additionally screened grey
literature, via Google Scholar, and abstracts of national
and international conferences. We also reviewed included
studies and related articles from references or other papers.
There was no restriction on language and geographical lo-
cation of the study. We excluded the commentaries, letters
to the editors, editorials, reviews and meta-analysis (Fig. 1).

2.2 Study Selection
2.2.1 Inclusion and Exclusion Criteria

We evaluated the studies that include patients affected
by PCOS. Our PICOS (population,intervention, control,
outcome, and study designs) was: “In adult women with
PCOS, how confident is the prevalence of OSA compared
to adult women without PCOS?”. We sought to clarify their
relationship and explore potential mechanisms and shared
risk factors. The PICOS question was: P—population:
adult or adolescent patients diagnosed with PCOS; [—
intervention: analyses of OSA presence as confirmed with
overnight polysomnography with apnea-hypopnea index
(AHI) >5 or respiratory disturbance index (RDI) >5; C—
control: adult or adolescent patients without PCOS; O—
outcome: Risk and prevalence of OSA as confirmed with
overnight polysomnography; S—study designs: different
analytic studies (cross-sectional, cohort, case—control, clin-
ical trial) assessing the OSA and the association with PCOS.
Two authors (AP and MLV) independently carried out sys-
tematic data extraction according to the included abstracts.
The authors reviewed the full texts and extracted the rele-
vant data related to study details and their outcomes of in-
terest. When necessary, consensus was reached with the
third author (LDC). Full texts of the selected abstracts were
retrieved, and this was part of the data screening proce-
dure which needed title emergence, abstracts, obtaining
and reshuffling for rescreening to meet inclusion criteria

(Fig. 1).

2.2.2 Data Extraction

The data analysis and graphical renderings were
achieved with STATA version 14.1 (StataCorp, College
Station, TX, USA). The data extracted were: demo-
graphic information (first authors and year), characteris-
tics of the sample (age, body mass index [BMI], AHI),
study-specific parameters (study type, diagnostic criteria,
assessment of OSA, diagnostic criteria for OSA), num-
ber of subject (PCOS/control) and the number of subjects
with OSA (PCOS/control). Characteristics of the trials and
the extracted data were both described in tables (Table 1,
Ref. [21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36];
Table 2, Ref. [21,22,23,24,25,26,27,28,29,30,31,32,33,34,
35,36)).

2.2.3 Quality Assessment

Two authors (MLV and AP) independently assessed
the risk of bias. The third author (LDC) resolved the dis-
agreement via discussion and consensus. We used the
Risk of Bias Assessment tool for Non-randomized Stud-
ies (RoBANS) to assess risk of bias. Because most stud-
ies were observational (cohort or case—control), we used
RoBANS. We rated the domains as follows: selection bias,
confounding bias, measurement bias (exposure and out-
come), loss to follow-up bias, and reporting bias.
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Table 1. Characteristics of the studies on polycystic ovary syndrome (PCOS) and the risk of obstructive sleep apnea (OSA), which were included in the meta-analysis.

First author Year Country Diagnostic criteria for PCOS Assessment of OSA Diagnostic criteria for OSA Study type
Vgontzas [31] 2001 USA CA+HA+PCO NP AHI >10 with symptoms Case—control study
Fogel [24] 2001 USA CA+HA NP AHI >5 with symptoms Case—control study
Vgontzas [32] 2006 USA CA+HA+PCO NP NS Cross-sectional study
Tasali [30] 2008 USA CA+HA NP AHI >5 Case—control study
Gopal [35] 2002 USA Not specified NP RDI >5 with symptoms Cross-sectional study
Chatterjee [34] 2014  India 2 of the following three criteria: NP RDI >5 with symptoms or RDI >15 Cross-sectional study
CA+HA+PCO
Tock [36] 2014  Brazil Any 2 of the following three: NP AHI >5 Cross-sectional study
CA+HA+PCO
Yang [33] 2009  Taiwan CA+HA+PCO NP AHI >5 Case—control study
De Sousa [21] 2010 Germany CA+HA NP NS Case—control study
De Sousa [22] 2011 Germany CA+HA NP NS Comparative cross-sectional
study
De Sousa [23] 2012 Germany CA+HA NP NS Prospective longitudinal study
Nandalike [28] 2012 USA CA+HA NP AHI >5 Case—control study
Suri [29] 2016 India CA+HA+PCO NP RDI >5 with symptoms or RDI >15 with Case—control study
or without symptoms
Lin [27] 2017  Taiwan CA+HA NP NS Cohort study
Kumarendran [26] 2019 UK CA+HA+PCO NP NS Population-based retrospective
cohort study
Hachul [25] 2019  Brasil CA+HA+PCO NP and Berlin questionnaire AHI >5 or AHI >15 with or without Comparative cross-sectional

sleep complaints

study

NP, nocturnal polysomnography; AHI, apnea-hypopnea index; RDI, respiratory disturbance index; CA, chronic anovulation; HA, hyperandrogenemia; PCO, polycystic ovary; NS, not

specified.
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Fig. 1. Preferred Reporting Items for Systematic Review and Meta-analysis (PRISMA) flowchart. PICO, population,intervention,

control, and outcome.

2.3 Statistical Analysis

Statistical analysis was performed using a meta-
analytic approach to compare the association between poly-
cystic ovary syndrome (PCOS) and the risk of obstructive
sleep apnea (OSA). Pooled risk ratios (RRs) with 95% con-
fidence intervals (Cls) were calculated under both fixed-
effect and random-effects models to account for within-
and between-study variability. Heterogeneity across stud-
ies was assessed using Cochran’s Q test (p < 0.10 indi-
cating significant heterogeneity) and quantified by the 12
statistic and the between-study variance (72), which was
estimated using the DerSimonian-Laird method. Individ-
ual studies were weighted according to their sample size
and variance, with different weighting schemes applied un-
der the two models. All analyses were conducted in R (ver-
sion 4.1.3, R Foundation for Statistical Computing, Vienna,
Austria) using the meta package (version 8.0-2). The I?

statistic was used to determine the degree of heterogene-
ity, where the percentages quantified the magnitude of het-
erogeneity: 25%, low; 50%, medium; and 75%, high het-
erogeneity. All p-value smaller the 0.05 were considered
statistically significant. A funnel plot was added to visu-
ally evaluate the publication bias or small study among the
studies included.

3. Results
3.1 Eligible Studies

After de-duplication, 4747 of 7303 records underwent
title and abstract screening (Fig. 1). After exclusion crite-
ria, 4718 studies were excluded. 13 articles with different
research designs were excluded, and 16 articles were finally
included for qualitative analysis (Fig. 1) [21,22,23,24,25,
26,27,28,29,30,31,32,33,34,35,36].
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Table 2. Obstructive sleep apnea and AHI, between the PCOS and control group.

First author Age PCOS/control BMI PCOS/control AHI PCOS/control Number of Number of
subjects, subjects with OSA,
PCOS/control PCOS/control
Vgontzas [31] 30.4+0.9/32.1+0.3 387+ 1.1/26.4+ 0.3 Not specified 53/452 9/3
Fogel [24] 31.1+1.3/323+ 1.3  369+1.3/369+14 225+6.067+14 18/18 8/1
Vgontzas [32] 29.6 +£0.9/357+1.0 387+1.4/369+ 1.0 1.2+0.6/0.9 £ 04 42/17 0/0
Tasali [30] 29.7+0.7/30.7 £ 1.1 3924+ 1.0/36.0 £ 1.5 Not specified 52/21 29/4
Gopal [35] Premenopausal/no control 31.4-67 2.1-126.7 23 16
Chatterjee [34] Adult/no control Not specified Not specified 50 33
Tock [36] 28.3 £ 6.8/no control 329+ 7.7 8.4+ 16.1 38 12
Yang [33] 29.1+1.4/31.6 +£3.9 21.74+0.57/20.9 + 0.58 0.79 + 0.21/0.29 + 0.09 18/10 0/0
De Sousa [21] 152+ 1.3/150+1.0 31.7+6.2/34.8 +8.7 1.03 £ 1.30/1.06 £+ 0.79 22/11 0/0
De Sousa [22] 157+19/153+1.0 362 +6.2/344+6.5 0.73 +£0.82/047 £0.5 14/19 0/0
De Sousa [23] 17.8 +£1.1/19.4 + 0.7 32.7+7.021.7+2 0.77 + 0.88/1.09 &+ 1.05 15/16 0/0
Nandalike [28] 16.8 +£1.9/17.1 +£ 1.8  44.8 +8.8/40.2 4.7 6.1+6.9/22+32 28/28 16/4
Suri [29] 27.9 + 6.44/28.3 + 6.05 28.0 +4.01/25.3 £2.93 22.54+21.5/9.0 £ 5.6 50/100 33/44
Lin [27] 28.0 £ 6.79/28.0 £ 6.79 44.8 + 8.8/40.2 + 4.7 Not specified 4595/4595 54/20
Kumarendran [26] 30.2 +7.4/30.4+7.3 28.6 +7.6/27.4+ 6.4 Not specified 76,978/143,077 298/222
Hachul [25] 29.7+£1.2/279+1.7 343+1.17224+1.6 15/5 30/14 9/0
AHI, apnea-hypopnea index; BMI, body mass index; OSA, obstructive sleep apnea; PCOS, polycystic ovary syndrome.
Risk of bias

3.2 Study Characteristics

The studies were published between 2001 and 2019.
Study characteristics are summarized in Tables 1,2. A to-
tal of 13 studies with 230,293 subjects were included in
this meta-analysis, 148,378 patients in the control group
[21,22,23,24,25,26,27,28,29,30,31,32,33], and 81,915 in
the PCOS group [21,22,23,24,25,26,27,28,29,30,31,32,33].
Six studies were conducted in north America [24,28,30,
31,32,35], four studies in Europe [21,22,23,26], four in
Asia [27,29,33,34] and two in the south of America [25,
36]. We exclusively included articles that adopted noc-
turnal polysomnography for diagnosing OSA, with dif-
ferent apnea-hypopnea index (AHI) cut-off, >5, >5 or
>10 or respiratory disturbance index (RDI) >5 or >15.
The PCOS was defined with two of the following crite-
ria: Chronic anovulation, hyperandrogenaemia or polycys-
tic ovary (PCO). Only 1 study did not specify the PCOS di-
agnostic criteria [35]. The mean age of the studies included
range from 15 years to 35 years, two studies included pa-
tients with grade III obesity [27,28]. AHI was not specified
in 4 studies [26,27,31,34].

3.3 Risk of Bias Assessment

Fig. 2 (Ref. [21,22,23,24,25,26,27,28,29,30,31,32,33,
34,35,36]) displays the quality per study, while Fig. 3 shows
a summary of the percentage points expressing the qual-
ity of methodology across all studies. The majority of the
studies expressed a low risk of bias in reporting, attrition,
performance, and detection bias. Selection bias due to in-
adequate participant selection was high in eight studies and
unclear in eight.
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Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
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De Sousa, 2011 0 14 0 19 ! 0.0% 0.0%
De Sousa, 2012 0 15 0 19 i 0.0% 0.0%
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Lin, 2017 54 4595 20 4595 —+ 2.70 [1.62; 4.50] 9.2% 16.9%
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Fig. 5. Funnel plot.

3.4 Primary Outcome Measures

PCOS group have a significant risk of OSA, the
pooled analysis showed a risk ratio of 2.53 (95% CI: 2.19-
2.92, p < 0.001) under the common effect model and 3.55
(95% CI: 1.98-6.37, p < 0.001) under the random-effects

model (Fig. 4, Ref. [21,22,23,24,25,26,27,28,29,30,31,32,
33]). High heterogeneity was present (I = 73.8%, 72 =
0.4605, p = 0.0004). The funnel plot (Fig. 5) showed pos-
sible small-study effects.
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4. Discussion
4.1 Summary of the Result

We examined the prevalence of OSA in PCOS and
we found a high OSA prevalence in PCOS patients. The
pooled RR was 3.55 (95% CI 1.98-6.37). A meta-analysis
conducted by Helvaci et al. [15] did not observe a risk of
OSA in adolescent patients with PCOS, while in adults with
PCOS, risk was 9.74 fold higher. Vgontzas et al. [31] and
Fogel et al. [24] in 2001 indicated a potential bidirectional
relation between PCOS and OSA. Recent large population-
based retrospective cohort studies conducted by Kumaren-
dran et al. [26] established that women with PCOS showed
an increased risk of OSA, irrespective of obesity. Lin et
al. [27] in Taiwan demonstrated an increased risk of de-
veloping OSA in later life in PCOS patients. Kahal et al.
[37] comprehensively reviewed the clinical interaction and
pathophysiology between OSA and PCOS. This review fo-
cuses mainly on the potential role that androgens and in-
sulin resistance might play in enhancing the susceptibility
to OSA among females with PCOS [38]. The high OSA
prevalence in PCOS patients could be attributed to different
factors related to PCOS conditions, such as increased levels
of leptin due to insulin resistance or an increased incidence
of obesity. In addition, hormonal PCOS alterations, partic-
ularly hyperandrogenism, may be a potentiating factor for
OSA [39]. Conversely, chronic inflammation and oxida-
tive stress may contribute to OSA-related sleep-breathing
disturbances.

4.2 Strengths and Limitations

This meta-analysis had several strengths, one of which
was the large sample and the systematic literature search.
Grey literature was explored to minimize underestimation
and avoid missing relevant studies. We included patients
from different geographic areas. This reflects OSA preva-
lence in the different groups and races. Nonetheless, this
meta-analysis has limitations. A key limitation is the high
heterogeneity among the studies selected as regards criteria
used for the diagnosis of PCOS or OSA and the designs of
studies, as well as the features of the participants and their
ages or BMI. This heterogeneity might affect the general-
izable conclusion of this meta-analysis. Another limitation
is the high risk of bias. This could induce certain bias to
the validity of the results and limit our generalizability. A
key limitation was missing AHI data in multiple studies.
It represents a critical information for OSA diagnosis and
severity. These limitations reduce our generalizability and
suggest future accurate research to make robust data on the
prevalence and characteristics of OSA in PCOS.

4.3 Implications

Our findings have different implications. PCOS pa-
tients should screen for OSA to avoid undiagnosed. Care
should be multidisciplinary [40]. Clinicians should recog-
nize that therapy can improve OSA symptoms and mood

&% IMR Press

[41]. CPAP reduces daytime sleepiness and improves sleep
quality and oxygenation [42]. This enhances the quality of
sleep [42]. In addition, the cognitive ability and mood of
the patients improved [43]. OSA management had short
and long-term benefits with reduced incidences of cardio-
vascular complications [42]. Proper treatment may result
in good glucose control and sensitivity of insulin, which is
quite important, especially for the PCOS condition [44,45].

5. Conclusion

Women with PCOS showed a higher prevalence of
OSA. This evidence supports early screening for sleep dis-
orders especially in the PCOS patients. Further studies are
necessary to ascertain this relationship, and to improve the
PCOS management.

Key Points

* OSA prevalence increased in the PCOS patients.

* Obesity, insulin resistance, and hyperandrogenism,
the three putative pathophysiological mechanisms linking
PCOS and OSA.

* Prompt identification and tailored testing for OSA in
PCOS is necessary and could improve the women'’s health.
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