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Abstract

Objectives

To determine the risk of having OSA in a cohort of female subjects who are infertile and the

odds of being infertile in women with OSA.

Patients and methods

A nationwide, case-control study of female patients 20 years or older diagnosed with female

infertility living in Taiwan, from January 1, 2000, through December 31, 2013 (N = 4,078).

We identified women who were infertile and created a 2:1 matched control group with

women who were not infertile. We used multivariable logistic regression analysis to further

estimate the effects of OSA on female infertility.

Results

In this 14- year retrospective study, we included 4,078 patients having an initial diagnosis of

female infertility. Of those women with infertility, 1.38% had a history of OSA compared with

0.63% of fertile controls (p = 0.002). The mean ages in the study groups were 32.19 ± 6.20

years, whereas the mean ages in the control groups were 32.24 ± 6.37years. Women with

OSA had 2.101- times the risk of female infertility compared to women without OSA

(p<0.001).

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0260842 December 15, 2021 1 / 12

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Lim ZW, Wang I-D, Wang P, Chung C-H,

Huang S-S, Huang C-C, et al. (2021) Obstructive

sleep apnea increases risk of female infertility: A

14-year nationwide population-based study. PLoS

ONE 16(12): e0260842. https://doi.org/10.1371/

journal.pone.0260842

Editor: James Andrew Rowley, Harper University

Hospital, UNITED STATES

Received: May 9, 2021

Accepted: November 17, 2021

Published: December 15, 2021

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0260842

Copyright: © 2021 Lim et al. This is an open access

article distributed under the terms of the Creative

Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in

any medium, provided the original author and

source are credited.

Data Availability Statement: Data are available

from the National Health Insurance Research

Database (NHIRD) published by Taiwan National

Insurance (NHI) Bureau. Under Personal Data

https://orcid.org/0000-0002-4576-9900
https://orcid.org/0000-0002-3286-0780
https://doi.org/10.1371/journal.pone.0260842
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260842&domain=pdf&date_stamp=2021-12-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260842&domain=pdf&date_stamp=2021-12-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260842&domain=pdf&date_stamp=2021-12-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260842&domain=pdf&date_stamp=2021-12-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260842&domain=pdf&date_stamp=2021-12-15
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0260842&domain=pdf&date_stamp=2021-12-15
https://doi.org/10.1371/journal.pone.0260842
https://doi.org/10.1371/journal.pone.0260842
https://doi.org/10.1371/journal.pone.0260842
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Conclusion

Our study showed that OSA is more commonly seen in infertile women and increases the

odds that a woman will be infertile. More studies need to be done on the whether or not diag-

nosing and treating OSA can decrease the rate of infertility.

Introduction

Obstructive sleep apnea (OSA) is a widely prevalent but often underdiagnosed respiratory dis-

order characterized by recurrent upper airway obstruction during sleeping. Approximately 5%

of the general population experiences OSA; among those aged 30–60 years, the prevalence is

9% in women and 24% in men [1, 2]. The risk of OSA is higher with a family history of OSA,

obesity, hypertension, menopause, cigarette smoking, and alcohol consumption [3]. OSA

results in sleep fragmentation and repetitive hypoxemia and is associated with various comor-

bidities, including hypertension, diabetes mellitus, ischemic heart disease, and obesity [4, 5].

According to the American College of Obstetricians and Gynecologists (ACOG), the defini-

tion of infertility is the failure to conceive after 1 year or more of regular unprotected sexual

intercourse [6]. The prevalence of infertility has increased since 1990; in 2010, approximately

48.5 million individuals worldwide suffered from infertility [7]. Moreover, according to the

data published by Taiwan’s Ministry of the Interior, the fertility rates of women within child-

bearing age decreased from 1.680 births per woman in 2000 to 1.080 births per woman in

2018, with the mean age of the women at their first birth increasing from 22.88 years to 30.90

years during that period. Female infertility can result from various conditions, including endo-

metriosis, pelvic adhesion, polycystic ovary syndrome, tubal blockage, hyperprolactinemia,

and congenital or acquired uterine or ovarian abnormalities [8].

Infertility can be associated with multiple factors, such as inflammation, obesity, intermit-

tent hypoxia and sympathetic activation [9, 10]. In our previous study, we have found an

increased risk of infertility in female patients with non-apnea sleep disorder [11]. However,

little is known about whether OSA is associated with a risk of female infertility.

The aim of the present study was to investigate whether women with OSA had an increased

risk of subsequent female infertility. Accordingly, we used Taiwan’s National Health Insurance

Research Database (NHIRD) for conducting the largest retrospective study to date discussing

the association of female infertility with OSA.

Materials and methods

Data source

Taiwan launched its National Health Insurance program in 1995. This program covers

approximately 99% of the 23.74 million individuals in Taiwan, and 97% of clinics are covered

by the system [12]. Taiwan’s health care system is insurance-based, and is characterized by its

good accessibility, high efficiency, comprehensive population coverage (99% of the 23.74 mil-

lion residents in Taiwan), relatively low costs and short waiting times [13]. The NHIRD con-

tains health registration records for most of the general population in Taiwan, including

details of outpatient, inpatient, and emergency department visits, with diagnoses coded

according to the International Classification of Diseases, Ninth Revision, Clinical Modification

(ICD-9). The high accuracy and validity of diagnoses in the NHIRD have been demonstrated

in previous studies, confirming that the NHIRD offers representative data for medical and

health-related research [14–16]. A subset of approximately 1 million patient records from the

NHIRD was randomly chosen for inclusion in the Longitudinal Health Insurance Database as
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an aid to research projects. The privacy of all individuals registered in the program is ensured

via the encryption and conversion of the identification numbers of all records.

The protocol for this study was approved by the Institutional Review Board of the Tri-Ser-

vice General Hospital (TSGHIRB No. 1-106-05-169).

Study population

From the outpatient and inpatient data of 989,753 individuals for the period 2000 to 2013 in

Taiwan’s Longitudinal Health Insurance Database, we identified female patients aged 20–45

years who were diagnosed with infertility. We excluded women who received radiation ther-

apy, chemotherapy, and genital organ surgery (Fig 1). Patients who met the criteria were

assigned to the study group. We used two-fold propensity score matching to create a control

group by matching each case group member with two other women from the database accord-

ing to age (by 5-year span) and index date, applying the same exclusion criteria [17, 18]. We

compared differences between both groups for the prior exposure of OSA. Both groups were

followed until the end of 2013. Our study was conducted by extracting the ICD-9 codes from

the NHIRD. The diagnosis of OSA is made by polysomnography and the diagnosis of female

infertility is confirmed by the obstetrician and gynecologists. We listed several covariates in

our study, including season (Spring, Summer, Autumn, Winter), urbanization level of resi-

dence and level of care (medical center, regional, and local hospital). Moreover, common

Fig 1. The flowchart of study design (nested case-control study) from National Health Insurance Research

Database in Taiwan.

https://doi.org/10.1371/journal.pone.0260842.g001
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comorbidities as well as endocrine and gynecological diseases, such as obesity, Cushing’s syn-

drome, thyroid disease, PCOS, and endometriosis, were used in the analysis to evaluate the

cause of infertility and their effects on OSA.

Statistical analysis

We compared the study and control groups with regard to characteristics and common

comorbidities, including hypertension, diabetes mellitus, hyperlipidemia, and COPD, by using

chi-squared tests. The mean ages of the two groups were compared using Student’s t-test. The

odds ratio (OR) for factors potentially associated with female infertility were evaluated using

multivariable logistic regression with and without stratification. The variables that adjusted in

the odds ratio were the variables that listed in the table. Correlation analysis was used to study

the strength of a relationship between age groups and the variables listed in S2 Table. All com-

parisons were two-tailed, and p-values <0.05 were considered statistically significant. The sta-

tistical analyses were performed using IBM SPSS v 22.0 software.

Results

We identified 4,078 female patients in the database who had been diagnosed with infertility by

the end of the study. After applying the exclusion criteria, 2,400 patients were included and

assigned as the study group in the analysis. The control group comprised 4,800 matched

women without infertility. The mean ages in the study groups were 32.19 ± 6.20 years, whereas

the mean ages in the control groups were 32.24 ± 6.37 years. Table 1 summarizes the character-

istics of the study and the control groups. There were significantly more patients who had

been diagnosed with OSA in the study group than in the control group (1.38% vs. 0.63%; p =

.002). In addition, we have found that 33 patients in the study group and 30 patients in the ref-

erence group, who have had prior exposure to OSA. Women aged 26–30 years and 31–35

years were more than other aged groups in our study population (28.0% and 32.29%

respectively).

Multivariable logistic regression analysis was used in this retrospective study. We listed fac-

tors for female infertility in Table 2. There were no significant differences in the risk of female

infertility between patients with and without gynecological disorders, endocrine disorders, or

concomitant comorbidities, including hypertension, diabetes mellitus, hyperlipidemia, COPD,

chronic kidney disease, coronary heart disease, stroke, obesity, anxiety, and depression

(Table 2). The increased likelihood of subjects with OSA to be infertile was also showed in

Table 2 (adjusted odds ratio, 2.101; p<0.001). ICD-9-CM and correlation analysis were listed

in S1 and S2 Tables, respectively.

Discussion

Our study is the largest retrospective study to date demonstrating the association of female

infertility with OSA. In this nationwide, population-based, case-control study of over 14 years,

we have found that infertile women have an odds ratio of 2.1 of having OSA compared with

women who were fertile but also infertile women were more likely to have OSA. This article is

the second study in which our group has shown that women with sleep disorders could link to

female infertility. In our previous article, we have found that women with non-apnea sleep dis-

order had a 3.718-fold risk of female infertility compared with the control cohort [11].

OSA is defined as presence of sleep disordered breathing, excessive daytime sleepiness, and

a high apnea–hypopnea index [1, 2, 19]. Changes in the frequency of apneas, hypopneas, and

respiratory-effort-related arousal cause increases in sympathetic tone, circadian disruption,

systemic inflammation, and intermittent and chronic hypoxia. These factors may gradually
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Table 1. Characteristics of study.

Infertility Total With Without P
Variables n % n % n %

Total 7,200 2,400 33.33 4,800 66.67

OSAs 0.002

Without 7,137 99.13 2,367 98.63 4,770 99.38

With 63 0.88 33 1.38 30 0.63

Age (years) 32.22 ± 6.31 32.19 ± 6.20 32.24 ± 6.37 0.751

Age group (yrs) 0.999

20–25 972 13.50 324 13.50 648 13.50

26–30 2,016 28.00 672 28.00 1,344 28.00

31–35 2,325 32.29 775 32.29 1,550 32.29

36–40 1,386 19.25 462 19.25 924 19.25

41–45 501 6.96 167 6.96 334 6.96

Insured premium (NT$) 0.952

<18,000 6,787 94.26 2,265 94.38 4,522 94.21

18,000–34,999 272 3.78 88 3.67 184 3.83

≧35,000 141 1.96 47 1.96 94 1.96

HTN <0.001

Without 6,751 93.76 2,204 91.83 4,547 94.73

With 449 6.24 196 8.17 253 5.27

DM 0.163

Without 6,850 95.14 2,271 94.63 4,579 95.40

With 350 4.86 129 5.38 221 4.60

Hyperlipidemia <0.001

Without 7,081 98.35 2,324 96.83 4,757 99.10

With 119 1.65 76 3.17 43 0.90

COPD 0.003

Without 7,075 98.26 2,342 97.58 4,733 98.60

With 125 1.74 58 2.42 67 1.40

CKD 0.116

Without 6,993 97.13 2,342 97.58 4,651 96.90

With 207 2.88 58 2.42 149 3.10

IHD <0.001

Without 7,085 98.40 2,334 97.25 4,751 98.98

With 115 1.60 66 2.75 49 1.02

CHD 0.018

Without 7,142 99.19 2,372 98.83 4,770 99.38

With 58 0.81 28 1.17 30 0.63

Stroke 0.001

Without 7,119 98.88 2,358 98.25 4,761 99.19

With 81 1.13 42 1.75 39 0.81

Cancer 0.208

Without 6,989 97.07 2,321 96.71 4,668 97.25

With 211 2.93 79 3.29 132 2.75

Obesity 0.001

Without 7,154 99.36 2,374 98.92 4,780 99.58

With 46 0.64 26 1.08 20 0.42

Hyperestrogenism -

(Continued)
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Table 1. (Continued)

Infertility Total With Without P
Variables n % n % n %

Without 7,200 100.00 2,400 100.00 4,800 100.00

With 0 0.00 0 0.00 0 0.00

Polycystic ovaries 0.479

Without 7,199 99.99 2,400 100.00 4,799 99.98

With 1 0.01 0 0.00 1 0.02

Irregular menstrual cycle <0.001

Without 7,191 99.88 2,391 99.63 4,800 100.00

With 9 0.13 9 0.38 0 0.00

Endometriosis -

Without 7,200 100.00 2,400 100.00 4,800 100.00

With 0 0.00 0 0.00 0 0.00

Uterine leiomyoma -

Without 7,200 100.00 2,400 100.00 4,800 100.00

With 0 0.00 0 0.00 0 0.00

Cushing’s syndrome -

Without 7,200 100.00 2,400 100.00 4,800 100.00

With 0 0.00 0 0.00 0 0.00

Thyrotoxicosis with or without goiter 0.139

Without 7,149 99.29 2,378 99.08 4,771 99.40

With 51 0.71 22 0.92 29 0.60

Acquired hypothyroidism 0.056

Without 7,175 99.65 2,387 99.46 4,788 99.75

With 25 0.35 13 0.54 12 0.25

Anxiety <0.001

Without 6,920 96.11 2,216 92.33 4,704 98.00

With 280 3.89 184 7.67 96 2.00

Depression <0.001

Without 6,974 96.86 2,262 94.25 4,712 98.17

With 226 3.14 138 5.75 88 1.83

Tobacco use disorder 0.011

Without 7,162 99.47 2,380 99.17 4,782 99.63

With 38 0.53 20 0.83 18 0.38

Alcoholism 0.019

Without 7,011 97.38 2,322 96.75 4,689 97.69

With 189 2.63 78 3.25 111 2.31

Season 0.720

Spring (Mar-May) 2,004 27.83 672 28.00 1,332 27.75

Summer (Jun-Aug) 1,892 26.28 644 26.83 1,248 26.00

Autumn (Sep-Nov) 1,581 21.96 528 22.00 1,053 21.94

Winter (Dec-Feb) 1,723 23.93 556 23.17 1,167 24.31

Location <0.001

Northern Taiwan 3,160 43.89 1,125 46.88 2,035 42.40

Middle Taiwan 1,920 26.67 568 23.67 1,352 28.17

Southern Taiwan 1,528 21.22 533 22.21 995 20.73

Eastern Taiwan 411 5.71 109 4.54 302 6.29

Outlets islands 181 2.51 65 2.71 116 2.42

(Continued)
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increase oxidative stress, leading to infertility [20]. Lifestyle factors such as obesity and repro-

ductive pathological and physiological factors such as PCOS, endometriosis, and pregnancy

can result in the generation of reactive oxygen species by suppressing the production of NO,

promoting the production of endothelium-derived vasoconstrictors, and increasing hemoglo-

bin-mediated inactivation [21, 22]. Therefore, excessive oxidative stress can result in poor

oocyte quality, abnormal fertilization, the impairment of blastocyst or embryo development

and growth, and increased embryo fragmentation, leading to apoptosis and ultimately leading

to failed implantation [23]. It has also been reported that an imbalance of pro-inflammatory

cytokines, anti-inflammatory cytokines, chemokines, growth factors, and anti-apoptotic pro-

teins were associated with infertility and unsuccessful in vivo fertilization [24–26].

Patients with OSA are at risk of metabolic disorders, including an irregular menstrual cycle

and obesity [27]. The menstrual cycle is modulated by the hypothalamus–pituitary–gonadal

axis. The hypothalamus releases gonadotropin-releasing hormone, the pituitary gland pro-

duces follicle-stimulating hormone and luteinizing hormone, and the ovary produces estrogen

and testosterone. Kloss et al. hypothesized that sleep disorders may activate the hypothala-

mus–pituitary–gonadal axis and alter sex hormones in the follicular, ovulation, luteal, and

menstruation phases, ultimately resulting in infertility [28]. In addition, the interruption of

breathing during sleep as a result of OSA can cause circadian dysrhythmia due to the increased

levels of melatonin and cortisol [29]. The increase of cortisol levels can downregulate the hypo-

thalamic-pituitary-adrenal axis and inhibit GnRH at the pituitary level, which may alter sex

hormone profiles and thus lead to infertility [30].

Scientists have demonstrated the prevalence of OSA in women is lower than in men [2].

There is also likely underdiagnosis of OSA in women due to atypical symptoms such as depres-

sion, headache, anxiety and insomnia are more frequent presented in women [31]. In addition,

women with OSA have been shown to have greater hypoxic chemosensitivity than those with-

out OSA [32]. In contrast, no central compensatory respiratory drive adaptation has been

observed in obese men with or without OSA [32]. The sex hormones progesterone and estro-

gen have been reported to increase ventilatory control and hypercapnic and hypoxia chemo-

sensitivity [33, 34]. In addition, sex hormone also participated in the distribution of adipose

tissue and muscle function in upper respiratory tract [35]. Scientist have demonstrated that

high progesterone level in pregnancy status had the protective role in developing OSA, even in

obese pregnant women [36, 37]. Greater activity of dilator muscle in upper respiratory tract

was also seen in progesterone-dominant luteal phase [38]. However, these effects decreased

Table 1. (Continued)

Infertility Total With Without P
Variables n % n % n %

Urbanization level <0.001

1 (The highest) 3,068 42.61 1,086 45.25 1,982 41.29

2 2,541 35.29 863 35.96 1,678 34.96

3 622 8.64 197 8.21 425 8.85

4 (The lowest) 969 13.46 254 10.58 715 14.90

Level of care <0.001

Hospital center 2,433 33.79 1,077 44.88 1,356 28.25

Regional hospital 2,170 30.14 621 25.88 1,549 32.27

Local hospital 2,597 36.07 702 29.25 1,895 39.48

P: Chi-square / Fisher exact test on category variables and t-test on continue variables

https://doi.org/10.1371/journal.pone.0260842.t001
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Table 2. Factors of infertility by using multivariable conditional logistic regression.

Variables Crude OR 95% CI 95% CI P Adjusted OR 95% CI 95% CI P
OSAs Reference Reference

1.900 1.056 3.417 0.001 2.101 1.118 3.950 <0.001

Age group

20–25 1.000 0.818 1.193 0.999 0.947 0.772 1.160 0.753

26–30 1.000 0.821 1.188 0.999 0.852 0.697 1.040 0.179

31–35 1.000 0.804 1.213 0.999 0.781 0.626 0.989 0.050

36–40 1.000 0.739 1.320 0.999 0.783 0.572 1.071 0.165

41–45 Reference Reference

Insured premium

<18,000 Reference Reference

18,000–34,999 0.858 0.544 1.352 0.536 1.047 0.640 1.712 0.759

≧35,000 0.861 0.459 1.618 0.663 0.782 0.396 1.543 0.511

HTN Reference Reference

1.860 0.537 2.379 0.532 1.745 0.450 2.264 0.315

DM Reference Reference

1.932 0.593 2.465 0.761 1.874 0.534 2.460 0.668

Hyperlipidemia Reference Reference

1.988 0.478 3.041 0.987 2.030 0.466 3.319 0.850

COPD Reference Reference

1.598 0.328 2.091 0.101 1.593 0.320 2.133 0.139

CKD Reference Reference

1.282 0.035 3.292 0.238 1.193 0.024 2.743 0.151

IHD Reference Reference

1.517 0.257 2.041 0.069 1.393 1.184 1.826 0.017

CHD Reference Reference

1.538 0.150 2.931 0.347 1.397 0.107 2.558 0.201

Stroke Reference Reference

1.564 0.117 3.717 0.479 1.449 0.087 3.442 0.371

Cancer Reference Reference

1.231 1.120 1.447 <0.001 1.125 1.058 1.256 <0.001

Obesity Reference Reference

1.705 0.253 2.959 0.511 1.744 0.258 3.206 0.627

Hyperestrogenism Reference Reference

- - - - - - - -

Polycystic ovaries Reference Reference

- - - - - - - -

Irregular menstrual cycle Reference Reference

- - - - - - - -

Endometriosis Reference Reference

- - - - - - - -

Uterine leiomyoma Reference Reference

- - - - - - - -

Cushing’s syndrome Reference Reference

- - - - - - - -

Thyrotoxicosis with or without goiter Reference Reference

2.414 0.727 3.749 0.286 1.877 0.437 2.796 0.778

(Continued)
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with age because of the higher incidence rate of OSA and the greater severity of OSA in post-

menopausal women than in premenopausal women [33, 39]. It has been reported that estra-

diol withdrawal was associated with a predisposition to OSA in peri- and postmenopausal

women with depression [40]. As a result, sex hormones may influence the severity of OSA,

especially in younger women who desired to get pregnant [41].

This study had some limitations. First, although the diagnosis of OSA is made by polysom-

nography, we could not obtain the severity of OSA due to the de-identification in the database.

Therefore, studies regarding the severity of OSA and subsequent female infertility are war-

ranted. Second, although the study draws subjects from a large database, however, the number

of infertility and OSA was only 33 and the number of OSA with no infertility in the control

group was only 30 subjects. Third, the absence of women with endometriosis and PCOS in the

infertile cohort potentially limits the applicability in populations where these disorders are

Table 2. (Continued)

Variables Crude OR 95% CI 95% CI P Adjusted OR 95% CI 95% CI P
OSAs Reference Reference

Acquired hypothyroidism Reference Reference

2.098 0.367 4.280 0.840 1.917 0.281 4.061 0.914

Anxiety Reference Reference

1.759 0.270 3.132 0.610 1.879 0.272 3.904 0.859

Depression Reference Reference

1.600 0.257 2.400 0.246 1.644 0.253 2.689 0.404

Tobacco use disorder Reference Reference

1.852 0.896 2.571 0.184 1.829 0.885 2.540 0.182

Alcoholism Reference Reference

1.532 0.722 2.386 0.223 1.513 0.714 2.357 0.220

Season

Spring Reference Reference

Summer 1.018 0.875 1.186 0.684 0.980 0.831 1.154 0.937

Autumn 0.960 0.824 1.118 0.702 0.938 0.796 1.105 0.622

Winter 0.871 0.746 1.017 0.110 0.823 0.696 0.972 0.044

Location

Northern Taiwan Reference Had multicollinearity with urbanization level

Middle Taiwan 0.794 0.696 0.906 0.001 Had multicollinearity with urbanization level

Southern Taiwan 0.865 0.751 0.996 0.045 Had multicollinearity with urbanization level

Eastern Taiwan 0.871 0.659 1.153 0.377 Had multicollinearity with urbanization level

Outlets islands 0.899 0.419 1.929 0.799 Had multicollinearity with urbanization level

Urbanization level

1 (The highest) 3.459 2.808 4.262 <0.001 1.639 1.304 2.060 <0.001

2 2.003 1.624 2.469 <0.001 1.182 0.947 1.475 0.087

3 0.900 0.665 1.218 0.539 0.907 0.667 1.235 0.629

4 (The lowest) Reference Reference

Level of care

Hospital center 6.324 5.418 7.381 <0.001 5.734 4.841 6.791 <0.001

Regional hospital 2.272 1.939 2.662 <0.001 2.322 1.974 2.730 <0.001

Local hospital Reference Reference

OR = odds ratio, CI = confidence interval, Adjusted OR: Adjusted variables listed in the table

https://doi.org/10.1371/journal.pone.0260842.t002
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more common. Despite the listed limitations, our study provided a large group of patients and

its longitudinal effects of over 14 years.

Conclusion

In conclusion, this study showed that OSA is more commonly seen in infertile women and

increases the odds that a woman will be infertile. Therefore, infertile women should be

screened for signs and symptoms of OSA, which may help to increase female fertility rate.

Supporting information

S1 Table. Abbreviation and ICD-9-CM.

(DOCX)

S2 Table. Correlation between variables listed in the table and age group.

(DOCX)

Acknowledgments

We appreciate the Health and Welfare Data Science Center, Ministry of Health and Welfare

(HWDC, MOHW), Taiwan, for providing the National Health Insurance Research Database

(NHIRD).

Author Contributions

Conceptualization: I-Duo Wang, Gwo-Jang Wu.

Data curation: Chi-Hsiang Chung.

Formal analysis: Zhu Wei Lim, Panchalli Wang, Chi-Hsiang Chung.

Funding acquisition: Kuo-Hsiang Wu, Wu-Chien Chien.

Investigation: Panchalli Wang.

Methodology: Chi-Hsiang Chung, Song-Shan Huang.

Project administration: Chien-Chu Huang, Gwo-Jang Wu, Kuo-Hsiang Wu.

Resources: Song-Shan Huang, Chien-Chu Huang.

Software: Song-Shan Huang, Chien-Chu Huang, Pei-Yi Tsai.

Supervision: Gwo-Jang Wu, Wu-Chien Chien.

Validation: Chien-Chu Huang, Pei-Yi Tsai.

Visualization: Chien-Chu Huang, Pei-Yi Tsai.

Writing – original draft: Zhu Wei Lim, I-Duo Wang.

Writing – review & editing: Zhu Wei Lim, I-Duo Wang, Wu-Chien Chien.

References
1. Young T, Peppard PE, Gottlieb DJ. Epidemiology of obstructive sleep apnea: a population health per-

spective. American journal of respiratory and critical care medicine 2002; 165(9): 1217–39. https://doi.

org/10.1164/rccm.2109080 PMID: 11991871

2. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence of sleep-disordered breath-

ing among middle-aged adults. The New England journal of medicine 1993; 328(17): 1230–5. https://

doi.org/10.1056/NEJM199304293281704 PMID: 8464434

PLOS ONE Increased risk of female infertility in patients with obstructive sleep apnea

PLOS ONE | https://doi.org/10.1371/journal.pone.0260842 December 15, 2021 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260842.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0260842.s002
https://doi.org/10.1164/rccm.2109080
https://doi.org/10.1164/rccm.2109080
http://www.ncbi.nlm.nih.gov/pubmed/11991871
https://doi.org/10.1056/NEJM199304293281704
https://doi.org/10.1056/NEJM199304293281704
http://www.ncbi.nlm.nih.gov/pubmed/8464434
https://doi.org/10.1371/journal.pone.0260842


3. Punjabi NM. The epidemiology of adult obstructive sleep apnea. Proc Am Thorac Soc 2008; 5(2): 136–

43. https://doi.org/10.1513/pats.200709-155MG PMID: 18250205

4. Gilat H, Vinker S, Buda I, Soudry E, Shani M, Bachar G. Obstructive sleep apnea and cardiovascular

comorbidities: a large epidemiologic study. Medicine 2014; 93(9): e45. https://doi.org/10.1097/MD.

0000000000000045 PMID: 25144324

5. Pinto JA, Ribeiro DK, da Silva Cavallini AF, Duarte C, Freitas GS. Comorbidities associated with

obstructive sleep apnea: a retrospective study. Int Arch Otorhinolaryngol 2016; 20(2): 145–50. https://

doi.org/10.1055/s-0036-1579546 PMID: 27096019

6. Medicine CoGPftASfR, Obstetricians tACo, Gynecologists. Infertility workup for the Women’s Health

Specialist. Obstet Gynecol 2019; 133: e377–e84.

7. Mascarenhas MN, Flaxman SR, Boerma T, Vanderpoel S, Stevens GA. National, regional, and global

trends in infertility prevalence since 1990: a systematic analysis of 277 health surveys. PLoS Med 2012;

9(12): e1001356. https://doi.org/10.1371/journal.pmed.1001356 PMID: 23271957

8. Abrao MS, Muzii L, Marana R. Anatomical causes of female infertility and their management. Interna-

tional journal of gynaecology and obstetrics: the official organ of the International Federation of Gynae-

cology and Obstetrics 2013; 123 Suppl 2: S18–S24. https://doi.org/10.1016/j.ijgo.2013.09.008 PMID:

24119894

9. Torres M, Laguna-Barraza R, Dalmases M, et al. Male fertility is reduced by chronic intermittent hypoxia

mimicking sleep apnea in mice. Sleep 2014; 37(11): 1757–65. https://doi.org/10.5665/sleep.4166

PMID: 25364071

10. Soukhova-O’Hare GK, Shah ZA, Lei Z, Nozdrachev AD, Rao CV, Gozal D. Erectile dysfunction in a

murine model of sleep apnea. American journal of respiratory and critical care medicine 2008; 178(6):

644–50. https://doi.org/10.1164/rccm.200801-190OC PMID: 18535258

11. Wang ID, Liu YL, Peng CK, et al. Non-apnea sleep disorder increases the risk of subsequent female

infertility-a nationwide population-based cohort study. Sleep 2018; 41(1): zsx186. https://doi.org/10.

1093/sleep/zsx186 PMID: 29136234

12. Cheng TM. Taiwan’s national health insurance system: high value for the Dollar. In: Cheng T-M, ed. Six

countries, six reform models: Their healthcare reform: Experience of Israel, the Netherlands, New Zea-

land, Singapore, Switzerland and Taiwan. Hackensack, NJ: WORLD SCIENTIFIC; 2009: 171–204.

13. Wang ID, Chien WC, Chen KJ, Tsai CJ, Tsai PY. Taiwan’s health-care system and administration are

independent of China. Lancet 2019; 394(10208): 1515.

14. Cheng CL, Kao YH, Lin SJ, Lee CH, Lai ML. Validation of the national health insurance research data-

base with ischemic stroke cases in Taiwan. Pharmacoepidemiology and drug safety 2011; 20(3): 236–

42. https://doi.org/10.1002/pds.2087 PMID: 21351304

15. Cheng TM. Taiwan’s national health insurance system: high value for the Dollar. In: Cheng T-M, ed. Six

countries, six reform models: the healthcare reform experience of Israel, the Netherlands, New Zealand,

Singapore, Switzerland and Taiwan. Singapore: WORLD SCIENTIFIC; 2012: 171–204.

16. Hsieh C-Y, Su C-C, Shao S-C, et al. Taiwan’s national health insurance research database: past and

future. Clinical epidemiology 2019; 11: 349. https://doi.org/10.2147/CLEP.S196293 PMID: 31118821

17. Hong EP, Park JW. Sample size and statistical power calculation in genetic association studies. Geno-

mics & informatics 2012; 10(2): 117. PMID: 23105939

18. Woodward M. Epidemiology: study design and data analysis: CRC press; 2013.

19. Quan SF, Gillin JC, Littner MR, Shepard JW. Sleep-related breathing disorders in adults: recommenda-

tions for syndrome definition and measurement techniques in clinical research. Sleep 1999; 22: 667–

89. PMID: 10450601

20. Palnitkar G, Phillips CL, Hoyos CM, Marren AJ, Bowman MC, Yee BJ. Linking sleep disturbance to idio-

pathic male infertility. Sleep Med Rev 2018; 42: 149–59. https://doi.org/10.1016/j.smrv.2018.07.006

PMID: 30377037

21. McQuillan L, Leung G, Marsden P, Kostyk S, Kourembanas S. Hypoxia inhibits expression of eNOS via

transcriptional and posttranscriptional mechanisms. Am J Physiol Heart Circ Physiol 1994; 267(5):

H1921–H7. https://doi.org/10.1152/ajpheart.1994.267.5.H1921 PMID: 7526714

22. Helms C, Kim-Shapiro DB. Hemoglobin-mediated nitric oxide signaling. Free Radic Biol Med 2013; 61:

464–72. https://doi.org/10.1016/j.freeradbiomed.2013.04.028 PMID: 23624304

23. Agarwal A, Aponte-Mellado A, Premkumar BJ, Shaman A, Gupta S. The effects of oxidative stress on

female reproduction: a review. Reprod Biol Endocrinol 2012; 10(1): 49. https://doi.org/10.1186/1477-

7827-10-49 PMID: 22748101

24. Sarapik A, Velthut A, Haller-Kikkatalo K, et al. Follicular proinflammatory cytokines and chemokines as

markers of IVF success. Clin Dev Immunol 2011; 2012(3): 606459. https://doi.org/10.1155/2012/

606459 PMID: 22007253

PLOS ONE Increased risk of female infertility in patients with obstructive sleep apnea

PLOS ONE | https://doi.org/10.1371/journal.pone.0260842 December 15, 2021 11 / 12

https://doi.org/10.1513/pats.200709-155MG
http://www.ncbi.nlm.nih.gov/pubmed/18250205
https://doi.org/10.1097/MD.0000000000000045
https://doi.org/10.1097/MD.0000000000000045
http://www.ncbi.nlm.nih.gov/pubmed/25144324
https://doi.org/10.1055/s-0036-1579546
https://doi.org/10.1055/s-0036-1579546
http://www.ncbi.nlm.nih.gov/pubmed/27096019
https://doi.org/10.1371/journal.pmed.1001356
http://www.ncbi.nlm.nih.gov/pubmed/23271957
https://doi.org/10.1016/j.ijgo.2013.09.008
http://www.ncbi.nlm.nih.gov/pubmed/24119894
https://doi.org/10.5665/sleep.4166
http://www.ncbi.nlm.nih.gov/pubmed/25364071
https://doi.org/10.1164/rccm.200801-190OC
http://www.ncbi.nlm.nih.gov/pubmed/18535258
https://doi.org/10.1093/sleep/zsx186
https://doi.org/10.1093/sleep/zsx186
http://www.ncbi.nlm.nih.gov/pubmed/29136234
https://doi.org/10.1002/pds.2087
http://www.ncbi.nlm.nih.gov/pubmed/21351304
https://doi.org/10.2147/CLEP.S196293
http://www.ncbi.nlm.nih.gov/pubmed/31118821
http://www.ncbi.nlm.nih.gov/pubmed/23105939
http://www.ncbi.nlm.nih.gov/pubmed/10450601
https://doi.org/10.1016/j.smrv.2018.07.006
http://www.ncbi.nlm.nih.gov/pubmed/30377037
https://doi.org/10.1152/ajpheart.1994.267.5.H1921
http://www.ncbi.nlm.nih.gov/pubmed/7526714
https://doi.org/10.1016/j.freeradbiomed.2013.04.028
http://www.ncbi.nlm.nih.gov/pubmed/23624304
https://doi.org/10.1186/1477-7827-10-49
https://doi.org/10.1186/1477-7827-10-49
http://www.ncbi.nlm.nih.gov/pubmed/22748101
https://doi.org/10.1155/2012/606459
https://doi.org/10.1155/2012/606459
http://www.ncbi.nlm.nih.gov/pubmed/22007253
https://doi.org/10.1371/journal.pone.0260842


25. Mahdi BM. Role of some cytokines on reproduction. Middle East Fertil Soc J 2011; 16(3): 220–3.

26. Okpalaji C, Okerengwo A, Okpani A, Chinko B, Bamigbowu E. Serum cytokine concentrations in infer-

tile and fertile women. A preliminary study in port Harcourt, Nigeria. IOSR J Dent Med Sci 2016; 15(9):

77–9.

27. Nitsche K, Ehrmann DA. Obstructive sleep apnea and metabolic dysfunction in polycystic ovary syn-

drome. Best Pract Res Clin Endocrinol Metab 2010; 24(5): 717–30. https://doi.org/10.1016/j.beem.

2010.08.001 PMID: 21112021

28. Kloss JD, Perlis ML, Zamzow JA, Culnan EJ, Gracia CR. Sleep, sleep disturbance, and fertility in

women. Sleep Med Rev 2015; 22: 78–87. https://doi.org/10.1016/j.smrv.2014.10.005 PMID: 25458772

29. Potter GDM, Skene DJ, Arendt J, Cade JE, Grant PJ, Hardie LJ. Circadian Rhythm and Sleep Disrup-

tion: Causes, Metabolic Consequences, and Countermeasures. Endocr Rev 2016; 37(6): 584–608.

https://doi.org/10.1210/er.2016-1083 PMID: 27763782

30. Ferin M. Stress and the Reproductive Cycle. The Journal of Clinical Endocrinology & Metabolism 1999;

84(6): 1768–74. https://doi.org/10.1210/jcem.84.6.5367 PMID: 10372662

31. Collop NA, Adkins D, Phillips BA. Gender differences in sleep and sleep-disordered breathing. Clin

Chest Med 2004; 25(2): 257–68. https://doi.org/10.1016/j.ccm.2004.01.002 PMID: 15099887

32. Buyse B, Markous N, Cauberghs M, Van Klaveren R, Muls E, Demedts M. Effect of obesity and/or

sleep apnea on chemosensitivity: differences between men and women. Respir Physiol Neurobiol

2003; 134(1): 13–22. https://doi.org/10.1016/s1569-9048(02)00202-1 PMID: 12573877

33. Slatkovska L, Jensen D, Davies GA, Wolfe LA. Phasic menstrual cycle effects on the control of breath-

ing in healthy women. Respir Physiol Neurobiol 2006; 154(3): 379–88. https://doi.org/10.1016/j.resp.

2006.01.011 PMID: 16542884

34. Lastra AC, Attarian HP. The persistent gender bias in the diagnosis of obstructive sleep apnea: a com-

mentary. Gend Genome 2018; 2(2): 43–8.

35. Kapsimalis FKryger M. Gender and obstructive sleep apnea syndrome. Part.

36. Brownell L, West P, Kryger M. Breathing during sleep in normal pregnant women. American Review of

Respiratory Disease 1986; 133(1): 38–41. https://doi.org/10.1164/arrd.1986.133.1.38 PMID: 3942378

37. Maasilta P, Bachour A, Teramo K, Polo O, Laitinen LA. Sleep-related disordered breathing during preg-

nancy in obese women. Chest 2001; 120(5): 1448–54. https://doi.org/10.1378/chest.120.5.1448 PMID:

11713118

38. Popovic RM, White DP. Upper airway muscle activity in normal women: influence of hormonal status.

Journal of Applied Physiology 1998; 84(3): 1055–62. https://doi.org/10.1152/jappl.1998.84.3.1055

PMID: 9480969

39. Mirer AG, Young T, Palta M, Benca RM, Rasmuson A, Peppard PE. Sleep-disordered breathing and

the menopausal transition among participants in the Sleep in Midlife Women Study. Menopause (New

York, NY) 2017; 24(2): 157–62. https://doi.org/10.1097/GME.0000000000000744 PMID: 27760083

40. Galvan T, Camuso J, Sullivan K, et al. Association of estradiol with sleep apnea in depressed perimen-

opausal and postmenopausal women: a preliminary study. Menopause (New York, NY) 2017; 24(1):

112. https://doi.org/10.1097/GME.0000000000000737 PMID: 27648659

41. Wimms A, Woehrle H, Ketheeswaran S, Ramanan D, Armitstead J. Obstructive Sleep Apnea in

Women: Specific Issues and Interventions. Biomed Res Int 2016; 2016: 1764837-. https://doi.org/10.

1155/2016/1764837 PMID: 27699167

PLOS ONE Increased risk of female infertility in patients with obstructive sleep apnea

PLOS ONE | https://doi.org/10.1371/journal.pone.0260842 December 15, 2021 12 / 12

https://doi.org/10.1016/j.beem.2010.08.001
https://doi.org/10.1016/j.beem.2010.08.001
http://www.ncbi.nlm.nih.gov/pubmed/21112021
https://doi.org/10.1016/j.smrv.2014.10.005
http://www.ncbi.nlm.nih.gov/pubmed/25458772
https://doi.org/10.1210/er.2016-1083
http://www.ncbi.nlm.nih.gov/pubmed/27763782
https://doi.org/10.1210/jcem.84.6.5367
http://www.ncbi.nlm.nih.gov/pubmed/10372662
https://doi.org/10.1016/j.ccm.2004.01.002
http://www.ncbi.nlm.nih.gov/pubmed/15099887
https://doi.org/10.1016/s1569-9048%2802%2900202-1
http://www.ncbi.nlm.nih.gov/pubmed/12573877
https://doi.org/10.1016/j.resp.2006.01.011
https://doi.org/10.1016/j.resp.2006.01.011
http://www.ncbi.nlm.nih.gov/pubmed/16542884
https://doi.org/10.1164/arrd.1986.133.1.38
http://www.ncbi.nlm.nih.gov/pubmed/3942378
https://doi.org/10.1378/chest.120.5.1448
http://www.ncbi.nlm.nih.gov/pubmed/11713118
https://doi.org/10.1152/jappl.1998.84.3.1055
http://www.ncbi.nlm.nih.gov/pubmed/9480969
https://doi.org/10.1097/GME.0000000000000744
http://www.ncbi.nlm.nih.gov/pubmed/27760083
https://doi.org/10.1097/GME.0000000000000737
http://www.ncbi.nlm.nih.gov/pubmed/27648659
https://doi.org/10.1155/2016/1764837
https://doi.org/10.1155/2016/1764837
http://www.ncbi.nlm.nih.gov/pubmed/27699167
https://doi.org/10.1371/journal.pone.0260842

