
Exploring Fetal Sex as a Risk Factor for Sleep Disordered 
Breathing and Its Complications in Pregnancy

Margaret H. Bublitz, PhD1,2,3, Myriam Salameh, MD3, Laura Sanapo, MD3, Ghada Bourjeily, 
MD2,3

1Department of Psychiatry and Human Behavior, The Warren Alpert Medical School of Brown 
University, Providence, RI, USA

2Department of Medicine, The Warren Alpert Medical School of Brown University, Providence, RI, 
USA

3Women’s Medicine Collaborative, The Miriam Hospital, Providence, RI, USA

Abstract

Sleep disordered breathing (SDB) is a common, yet under-recognized and undertreated condition 

in pregnancy. Sleep disordered breathing is associated with pregnancy complications including 

preeclampsia, gestational diabetes, preterm birth, as well as severe maternal morbidity and 

mortality. The identification of risk factors for SDB in pregnancy may improve screening, 

diagnosis, and treatment of SDB prior to the onset of pregnancy complications. The goal of this 

study was to determine whether fetal sex increases risk of SDB in pregnancy. A cohort of 

singleton (N = 991) pregnant women were recruited within 24 to 48 hours of delivery and 

answered questions regarding SDB symptoms by questionnaire. Women who reported frequent 

loud snoring at least 3 times a week were considered to have SDB. Hospital records were reviewed 

to extract information on fetal sex and pregnancy complications including preeclampsia, 

pregnancy-induced hypertension, gestational diabetes, preterm delivery, and low birth weight. 

Women carrying male fetuses were significantly more likely to have SDB (β = .37, P = .01, OR: 

1.45 [95% CI: 1.09–1.94]). Fetal sex was associated with increased risk of hypertensive disorders 

of pregnancy (defined as preeclampsia and/or pregnancy-induced hypertension) among women 

with SDB in pregnancy (β = .41, P = .02, OR: 1.51[95%CI:1.08–2.11]).Fetal sex did not increase 

risk of preterm birth, low birth weight, or gestational diabetes among women with SDB in 

pregnancy. Women carrying male fetuses were approximately 1.5 times more likely to report SDB 

in pregnancy compared to women carrying female fetuses, and women with pregnancy-onset SDB 
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carrying male fetuses were 1.5 times more likely to have hypertensive disorders of pregnancy 

compared to women with SDB carrying female fetuses. Confirmation of fetal sex as a risk factor 

may, with other risk factors, play a role in identifying women at highest risk of SDB complications 

in pregnancy.
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Introduction

Maternal sleep disordered breathing (SDB), a condition in which pregnant women are 

affected by airflow limitation, recurrent arousals, and snoring during sleep, increases the risk 

of adverse perinatal outcomes, including hypertensive disorders,1,2 gestational diabetes,2,3 

preterm birth,4–6 and severe maternal morbidity,2 and mortality.1 Some form of SDB affects 

nearly 2 million pregnant women and infants in the United States each year, making SDB a 

major public health concern. The prevalence of SDB increases as pregnancy progresses, 

ranging from 4% to 11% in the first trimester, to 6% to 25% in the third trimester.7 Sleep 

disordered breathing is even more common in women with complicated pregnancies, with 

prevalence rates that reach 50% to 75%.8–10 However, despite the high prevalence of SDB in 

pregnancy and the increased risk of adverse pregnancy outcomes, SDB remains under-

detected and undertreated in pregnant women.2,11

Fetal Sex and Pregnancy Complications

Past evidence demonstrates that fetal sex increases the risk of several adverse pregnancy 

outcomes that are also associated with SDB. Available data have examined the association of 

fetal sex with various perinatal outcomes but not in the context of SDB. Specifically, women 

carrying male fetuses are at increased risk of preeclampsia,12 gestational diabetes,13 preterm 

labor, uterine cord prolapse, and still birth.14 In a meta-analysis that included more than 3 

million pregnancies, male fetal sex was associated with a higher risk of preeclampsia in non-

Asian populations.12 Rates of gestational diabetes, a disease with high co-occurrence with 

SDB,3 appear to be higher among pregnant women with male fetuses,13 which may be due 

to poorer beta cell functioning among pregnant women with male fetuses.13 Maternal 

systolic blood pressure is higher among women carrying male fetuses,15 although observed 

sex differences in blood pressure were not replicated in a population-based study of pregnant 

women from Norway,16 and women carrying male fetuses exhibit a more pro-inflammatory 

milieu in pregnancy.17,18 Exposure to intermittent hypoxia and sleep fragmentation in 

pregnant animals shows epigenetic and metabolic changes in the offspring that appear to be 

sex-specific19,20 such that male mice exposed to sleep fragmentation in utero had increased 

susceptibility to obesity and metabolic syndrome compared to females.20

Fetal Sex and SDB-Related Pathophysiology in Pregnancy

Differences in maternal levels of reproductive hormones by fetal sex21–25 raise the question 

of whether fetal sex may play a role in the pathogenesis of SDB in pregnancy. In 

nonpregnant women, there is evidence that higher levels of testosterone increases risk of 
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SDB; women with polycystic ovarian syndrome (characterized by higher testosterone levels) 

have higher apnea/hypopnea index.26 Male fetuses begin testosterone synthesis around 

gestational week 8, and secretion is high between weeks 10 and 20.27 Human and animal 

studies indicate that testosterone is liposoluble and readily crosses the placental barrier.28,29 

There is also evidence of high concordance between maternal and fetal testosterone levels,30 

although results are inconsistent.31,32 These findings suggest that women carrying males 

may have higher testosterone levels in pregnancy. Past findings evaluating weekly 

reproductive hormone levels have shown higher levels of estradiol in pregnancies carrying a 

female fetus in early pregnancy.24 These findings have been demonstrated in other studies as 

well25 where estradiol levels are 9% higher in pregnant women carrying a female fetus 

compared to those carrying a male fetus. In rhesus fetuses, progesterone levels were higher 

in umbilical artery and vein in pregnancies carrying a female fetus, suggesting sex-specific 

influence on biosynthesis and metabolism of progesterone.33 As reproductive hormones 

have been implicated in upper airway patency and the pathogenesis of SDB,34 and those 

same hormones may be impacted by fetal sex during pregnancy, we hypothesized that the 

risk of SDB may be higher among women carrying male fetuses.

Fetal Sex and Risk of SDB-Associated Pregnancy Complications

It is also biologically plausible that fetal sex may play a role in the association of SDB with 

adverse perinatal outcomes. The examination of fetal sex as a risk factor for SDB 

complications is predicated on differences in maternal physiology by fetal sex that may 

predispose women to adverse obstetric outcomes associated with SDB, and the reported 

differences by fetal sex in the development of these outcomes.12–14,35 Moreover, there are 

fetal sex differences in biological pathways shared by SDB and perinatal outcomes such as 

preeclampsia. Several studies have demonstrated that pregnant women carrying a female 

fetus, in the absence of chromosomal abnormalities, have higher levels of free β-hCG and 

pregnancy-associated plasma protein A (PAPP-A).21–23 It is also known that having low first 

trimester PAPP-A values is associated with increased risk of obstetric complications, such as 

preeclampsia and maternal long-term cardiovascular diseases,36,37 and our own data have 

shown lower levels of PAPP-A in women with SDB compared to controls.38

Screening Algorithms for SDB in Pregnancy

In order to improve prediction of SDB in pregnancy, several groups have developed 

screening algorithms to identify women at risk of SDB. In the nuMoM2b study,39 Louis et al 

found that age, body mass index (BMI), and frequent snoring predicted SDB in pregnancy.40 

Wilson et al determined that self-reported snoring, BMI, and tiredness at awakening were 

the strongest predictors of SDB. The screening algorithm developed by Facco et al41 

included self-reported frequent snoring, chronic hypertension, BMI, and age. Finally, 

Balserak et al42 found that the Sleep Apnea Symptom Score + age, BMI, and bedpartner-

reported snoring information demonstrated improved sensitivity and specificity to detect 

SDB in pregnancy. Given that the determination of fetal sex is clinically obtained regardless 

of women’s desire to learn the sex of the baby, fetal genitalia are evaluated by routine 

second trimester fetal anatomy surveillance, and more recently, fetal sex is identified by first 

trimester fetal DNA testing, fetal sex could be incorporated into screening algorithms to 

Bublitz et al. Page 3

Gend Genome. Author manuscript; available in PMC 2021 April 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



improve the identification of women at highest risk of SDB and associated complications in 

pregnancy.

Taken together, past findings support the biological plausibility of fetal sex leading to 

differences in maternal vulnerability for SDB, and maternal comorbidities associated with 

SDB in pregnancy. Therefore, the goals of the current study were to examine (1) the 

association between fetal sex and SDB and (2) the moderating role of fetal sex in the 

association between SDB and pregnancy complications. We hypothesized that women 

carrying male fetuses would be more likely to report SDB, and women with SDB would be 

more likely to experience pregnancy complications if they were carrying male fetuses.

Materials and Methods

A cohort of singleton pregnant women were recruited within 24 to 48 hours of delivery and 

answered questions regarding SDB symptoms by questionnaire. Participants were selected 

randomly from daily lists of all deliveries and recruited. Participants were included if they 

were English speaking and > 18 years old. Women with a fetal demise were excluded. 

Detailed methods were published elsewhere.43 Women that reported frequent loud snoring at 

least 3 times a week on the multivariable apnea prediction index were considered to have 

SDB. Questions were as follows: in the last 3 months of your pregnancy, how often have you 

experienced (or were you told) about the following symptoms? (1) You snored loudly; (2) 

You snorted or gasped; (3) Your breathing stopped, you choked or you struggled for breath. 

Answers: (0) Never; (1) Rarely (less than once a week); (2) Sometimes (1–2 times a week); 

(3) Frequently (3–4 times a week); (4) Always (5–7 times a week). Women were also asked 

about SDB symptoms prior to pregnancy. Records of newborn infants were reviewed and 

neonatal biological sex at birth was recorded. Women with multiple gestations were 

excluded for the current analyses (N = 30) in order to isolate the effect of fetal sex. Charts 

were reviewed for maternal conditions including preeclampsia, pregnancy-induced 

hypertension, gestational diabetes, preterm delivery (< 37 weeks gestation), and low birth 

weight (<2500 grams) per guidelines at the time the study was conducted and initially 

reported. Preeclampsia and pregnancy-induced hypertension were classified based on the 

American Colleges of Obstetricians and Gynecologists definition, and gestational diabetes 

definition was based on Carpenter and Coustan criteria and the American Diabetes 

Association.44–46 Preeclampsia and pregnancy-induced hypertension variables were 

combined to create a hypertensive disorders of pregnancy outcome variable. This study was 

conducted in accordance with the amended Declaration of Helsinki and was approved by the 

IRB (#254193 approved 8/12/2011, #792357 approved 6/12/2015). All women provided 

written consent prior to their participation.

Statistical Approach

IBM SPSS version 25 was used for statistical analyses. Descriptive statistics were performed 

to characterize the sample. Binary logistic regression analyses were used to determine 

whether fetal sex predicted SDB. Fetal sex was dummy coded in the models such that 

females were coded 0 and males were coded 1. Sleep disordered breathing and pregnancy 

complications were categorical and coded yes = 1 and no = 0. To determine whether fetal 
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sex moderated the association between SDB and adverse pregnancy outcomes, we calculated 

an interaction term by multiplying SDB status (yes/no) and fetal sex (male/female). The 

interaction term was then entered into the logistic regression model as an independent 

variable, along with SDB, fetal sex, and covariates. Pregnancy complications were entered 

into logistic regression models as dependent variables. We examined associations between 

SDB and fetal sex first in the whole sample, and next among women with SDB symptoms 

that began in pregnancy. Body mass index and maternal age were included in all analyses as 

covariates.

Results

A total of 1069 women were enrolled in the study, and 991 women were included in the 

current analyses after excluding for multiple gestations (N = 30) and the response 

“unknown” to self-reported snoring (N = 48). Women in this sample were, on average, 29 

years old (SD = 10), BMI upon hospital admission for delivery was 32 (SD = 6), and racial/

ethnic composition of the sample was as follows: 70% White, 15% Hispanic, 11% Black, 

4% Asian, 1% American Indian/Alaska Native, and 1% Native Hawaiian/Pacific Islander. 

Fifty-two percent of the neonates in the sample were male. Twenty-eight percent of the 

women reported SDB symptoms of frequent loud snoring in pregnancy (N = 279) and 72% 

of these women reported that SDB symptom onset began in pregnancy (N = 202; see Figure 

1).

Fourteen percent of the women in this sample delivered preterm, 10% had hypertensive 

disorders of pregnancy, 9% had a diagnosis of gestational diabetes, and 9% delivered a low 

birth weight baby. Women who reported SDB symptoms were significantly older (t=−3.37, 

P = .001) and had higher BMIs upon hospital admission (t = −7.84, P < .001). Maternal age 

and BMI were therefore included as covariates in statistical models. See Table 1.

Fetal Sex and SDB

Women carrying male fetuses were significantly more likely to have symptoms of SDB in 

pregnancy (β = .37, P = .01, OR: 1.45 [95% CI: 1.09–1.94]). Among women with SDB, 

55% of births were male versus 44% female births. This association dropped below 

significance when only women with SDB symptoms that began in pregnancy were included 

in analyses (β = .26, P = .12, OR: 1.30 [95% CI: 0.93–1.82]). Among women with SDB that 

began in pregnancy, 54% of births were to male infants versus 46% of births to female 

infants.

Fetal Sex as a Moderator of SDB and Adverse Pregnancy Outcomes

We evaluated the interaction between fetal sex and pregnancy-onset SDB on adverse 

pregnancy outcomes. The interaction between fetal sex and SDB significantly predicted 

diagnosis of hypertensive disorders of pregnancy (β = .41, P = .02, OR: 1.51 [95% CI: 1.08–

2.11]) and marginally predicted diagnosis of gestational diabetes (β = .34, P = .08, OR: 1.41 

[95% CI: 0.96–2.07]). The interaction between fetal sex and SDB did not predict preterm 

birth (β = −.10, P = .62, OR: 0.90 [95% CI: 0.60–1.35]) or low birth weight (β = .94, P 
= .12, OR: 2.55 [95% CI: 0.77–8.38]; see Table 2).
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Discussion

In this study, we found that pregnant women carrying male fetuses were more likely to 

report symptoms of SDB in pregnancy. Male fetal sex also was associated with increased 

risk of hypertensive disorders of pregnancy among women with SDB symptom onset in 

pregnancy. These results are the first, to our knowledge, to identify male fetal sex as a 

possible risk factor for SDB and SDB-associated complications in pregnancy. Results are 

consistent with, and build upon, prior studies indicating increased risk of adverse obstetric 

outcomes among women carrying male fetuses.12–14,35

The finding that fetal sex is associated with SDB-associated complications in pregnancy 

may have important clinical implications. Including fetal sex as one of the factors in a risk 

assessment model, may in fact improve identification of those women at highest risk of 

developing SDB in pregnancy. This will also improve identification of those women who 

would benefit from close maternal and fetal surveillance in order to prevent or decrease the 

incidence of SDB-associated complications. Prediction of risk of SDB in pregnancy has 

been challenging, and there is an interest in the field to develop algorithms to identify 

pregnant women at risk of SDB in order to maximize identification while minimizing 

demands on diagnostic resources and patient burden, such as polysomnography or in-home 

sleep apnea testing.47 As fetal sex is now being identified earlier in pregnancy than in the 

past, given the advent of cell free DNA as a screening test, it is possible to examine whether 

the addition of fetal sex to management decisions for screening for SDB and to identify 

women at highest risk of perinatal complications of SDB.

Pregnancies carrying male fetuses are at increased risk of a myriad of adverse perinatal 

outcomes, including preeclampsia,12 gestational diabetes,13 preterm labor, uterine cord 

prolapse, and stillbirth.14 Increased risk for adverse obstetric outcomes among pregnant 

women carrying male fetuses may be due to physiological differences associated with male 

pregnancies. Past studies have found that the female placenta is more responsive to maternal 

stress signals in utero than the male placenta. Specifically, early intrauterine adversity may 

induce X chromosome inactivation in the female placenta yielding adaptive advantages for 

the female fetus,48 and pregnant women with asthma carrying female fetuses displayed 

greater inflammation, reduced placental expression of 11βHSD2 (buffering the fetus from 

high levels of maternal cortisol), reduced fetal estriol, and lower birth weight.49 There is also 

evidence that pregnant women carrying male fetuses have lower PAPP-A values compared 

to those carrying female fetuses.21–23 Pregnancy-associated plasma protein A, a 

glycoprotein produced by the placenta and correlated with normal placental development, is 

recognized as a biomarker predicting poor obstetric outcomes. Low values are associated 

with increased risk of preeclampsia and fetal growth restriction.50 Our group previously 

reported that pregnant women with obstructive sleep apnea have lower serum levels of 

PAPP-A compared to controls, and this result remained significant after adjusting for 

maternal BMI,38 but the impact of fetal sex was not examined in this study.

In this study, the association between fetal sex and SDB was significant when the entire 

sample was tested but this association was attenuated when onset of SDB was restricted to 

pregnancy. This finding may have occurred due to the loss of statistical power to detect an 
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effect as the association approached significance (P = .12); the percentage of women 

carrying male fetuses among women with SDB with onset in pregnancy (54%) was 

comparable to the percentage of women carrying male fetuses in women with SDB with 

onset before or during pregnancy (55%). Another possibility is recall bias as women were 

asked toward the end of pregnancy to recall whether their symptoms started in pregnancy or 

prior to conception. When combined with other predictors of SDB, such as age and BMI, 

fetal sex may result in an improved ability to screen for SDB early in pregnancy. Future 

studies are needed that examine the sensitivity and specificity of SDB prediction when fetal 

sex is included in screening algorithms.

Strengths of this study include the robust sample size and the ability to obtain maternal 

diagnoses and pregnancy outcomes from the medical records. Another strength is the 

examination of fetal sex as a risk factor for SDB, as this line of inquiry has not been 

conducted in the past research. Limitations from the study include the evaluation of SDB 

symptoms using a self-report tool based on snoring status. While snoring in pregnancy is 

strongly associated with SDB,7 women may be unaware, or fail to report, snoring in 

pregnancy. As previously mentioned, recall bias for onset of symptoms may play a role in 

our findings. We were also not able to evaluate SDB symptoms prospectively and at different 

gestational time periods to determine whether the association between SDB and adverse 

pregnancy outcomes differs according to the timing of symptom onset. Finally, maternal 

physiological mechanisms, such as inflammation and progesterone, were not assessed. 

Therefore, we were unable to examine whether fetal sex is associated with biological 

pathways that may increase vulnerability for SDB. In addition, although no neonatal genetic 

features were described in our cohort, results of neonatal genetic testing were not available 

for review. Future studies should investigate whether the role of fetal sex in predicting SDB 

is affected by presence of genetic syndromes, given the fact that some genetic syndromes 

may affect levels of certain placental biomarkers, such as PAPP-A, which may be related to 

the pathogenesis of SDB and other obstetric conditions.23

Conclusion

In this cohort of approximately 1000 women, we found that women carrying male fetuses 

were approximately 1.5 times more likely to report symptoms of SDB in pregnancy 

compared to women carrying female fetuses; however, this was not true when only women 

with pregnancy-onset SDB were included. Women with SDB onset in pregnancy were also 

more likely to have hypertensive disorders of pregnancy if carrying a male fetus. Future 

studies are needed to confirm these findings using objective sleep assessments. Future 

studies are also needed that examine the biological pathways that could explain the 

increased risk of SDB among women carrying male fetuses. If confirmed, fetal sex may be 

important to consider when assessing maternal risk of the development of SDB in 

pregnancy.
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Figure 1. 
Flow diagram of participants included for analyses and sex of infants.
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Table 1.

Study Demographics.

Total Sample N = 991 SDB (loud habitual snoring) N = 279 No SDB (no loud snoring) N = 712

Mean (SD) Mean (SD) Mean (SD)

Age 29 (10) 31 (15) 29 (6)

Race (% White) 70% 73% 69%

Ethnicity (% Hispanic) 15% 12% 16%

BMI at hospital admission 32 (6) 34 (7) 31 (6)

Fetal sex (% male) 52% 56% 49%

Abbreviations: BMI, body mass index; SDB, sleep disordered breathing.
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Table 2.

Fetal Sex as a Moderator of Association Between SDB and Adverse Outcomes.
a

β P value OR (95% CI)

Preterm birth (<37 weeks) −.10 .62 0.90 (0.60–1.35)

Low birth weight (<2500 grams) .94 .12 2.55 (0.77–8.38)

Hypertensive disorders of pregnancy .41 .02 1.51 (1.08–2.11)

Gestational diabetes .34 .08 1.41 (0.96–2.07)

a
All analyses adjusted for maternal age and body mass index at the time of hospital admission. Hypertensive disorders of pregnancy included 

diagnoses of preeclampsia and/or pregnancy-induced hypertension.
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