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Abstract

Objective: Pregnant patients are vulnerable to both depression and sleep-disordered breathing 

(SDB), and both convey risks for maternal and fetal outcomes. Previous research has indicated that 

SDB is associated with depression, but further information related to the risk of depression based 

on timing of onset of snoring is needed.

Design: When presenting to clinic for their initial prenatal visit, pregnant patients completed a 

packet of questionnaires, which included measures related to depression (Edinburgh Postnatal 

Depression Scale; EPDS) and snoring. Habitual snoring was defined as snoring three or more 

nights per week.

Results: In total, 1367 women were included and 34.1% reported habitual snoring, either chronic 

(24.4%) or pregnancy-onset (9.8%), with increased frequency of pregnancy-onset habitual snoring 

in later stages of pregnancy. Unadjusted analyses suggested increased odds of depressive 

symptoms in chronic and pregnancy-onset habitual snoring groups relative to non-snorers (OR: 

2.01, 95% CI: 1.39, 2.92, p<0.01; OR: 2.50, 95% CI: 1.54, 4.07, p<0.01, respectively). These 

findings were maintained after adjusting for maternal age, marital status, gestational age, and 

parity (chronic habitual snoring OR: 1.69, 95% CI: 1.14, 2.53, p<0.01; pregnancy-onset habitual 

snoring OR: 2.79, 95% CI: 1.35, 5.78, p<0.01)

Conclusions: Maternal snoring may be a risk factor for prenatal depressive symptoms. 

Pregnancy-onset habitual snoring confers additional risk for depression compared to not snoring 

during pregnancy.
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INTRODUCTION

Pregnancy induces a complex series of physiological, hormonal, and physical changes that 

impact maternal functioning and health. In particular, pregnancy is considered a vulnerable 

period for mental health. Indeed, as many as 20% of women experience prenatal depression,
1 which is linked with poor pregnancy outcomes,2,3 and postpartum parenting and bonding 

challenges.4,5 Identification of modifiable risk factors is important to inform the 

development of new treatments, as current treatment paradigms leave most perinatal women 

untreated or symptomatic even with treatment.6

The incidence of specific sleep disorders such as restless legs syndrome, insomnia, and sleep 

disordered breathing (SDB) increases during pregnancy, which may also account for, at least 

in part, the high prevalence of sleep disturbances among pregnant women.7,8 Sleep 

disordered breathing is a spectrum of breathing disturbances during sleep ranging from 

habitual snoring (snoring three or more nights per week) to obstructive sleep apnea. Full or 

partial collapse of the airway occurs, and oxygen desaturation is often present, particularly 

in obstructive sleep apnea. Pregnant women are at increased risk for SDB because of 

physiological changes resulting from pregnancy including weight gain, edema, and 

hormonal shifts, which can lead to airway obstructions.9 Frequencies of habitual snoring, the 

cardinal symptom of SDB, are estimated at 10% in early pregnancy, rising to 35% later in 

pregnancy.7 The more severe form of SDB, obstructive sleep apnea, which requires 

overnight polysomnography to confirm, has been reported to occur in about 3% of healthy 

nulliparous women in early pregnancy, rising to 8% in mid-pregnancy.10 Obese women and 

those with pre-eclampsia have significantly higher frequencies of obstructive sleep apnea 

(15-25%11 and 60-80%12 respectively). Previous studies have shown that SDB in pregnancy 

is associated with other negative pregnancy outcomes such as hypertension,7 preeclampsia,7 

and gestational diabetes7,10,13-16 as well as increased rates of cesarean delivery,12,13,17, low 

birthweight/growth restricted babies,17-19 preterm birth,20,21 low Apgar score at 5-minutes,
20 neonatal intensive care admission20, accelerated fetal growth,20,22 assisted labor, and 

perinatal death.20 Furthermore, we have previously shown that the timing of SDB symptoms 

in relation to pregnancy is important as pregnancy-onset snoring had a greater impact on 

maternal and fetal wellbeing than chronic SDB.7,21,23

In non-pregnant populations, SDB has been shown to be a risk factor for the development of 

depression symptoms.24,25 In a national sample of women, odds of depression increase 3-

fold when snoring/stopping breathing occurs at least five nights per week, and a diagnosis of 

sleep apnea increases depression odds by 5-fold.26 A recent study of pregnant women 

indicated that those with a diagnosis of obstructive sleep apnea have an 8-fold increase in the 

odds of experiencing depression.27

Despite the known links between SDB and depression in the general population, no data 

were available in the context of pregnancy until recently. We were the first to suggest that 
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gestational habitual snoring is associated with prenatal depression,23 however, that study 

was limited by its relatively small (n=362) sample size and by the fact that depression and 

snoring were not screened at the same time. The goal of the present study, therefore, was to 

determine, in a large sample of pregnant women, whether the SDB symptom of habitual 

snoring is independently associated with depressive symptoms when screened for 

concurrently. This study is therefore distinct from our prior work in that it assessed the 

relationship between maternal snoring and depressive symptoms at the same time point and 

that these measures were predominantly assessed in early pregnancy. We hypothesized that 

pregnant women experiencing habitual snoring would be more likely to report clinically 

significant depression symptoms, and that women who reported pregnancy-onset habitual 

snoring would be at greater risk of depressive symptoms relative to those who reported not 

snoring.

PARTICIPANTS AND METHODS

Participants

This study used anonymous screening data from a registry of pregnant women who were 

interested in participating in research. Participants were pregnant women who presented for 

prenatal care in the obstetrics department of a large academic medical center. All 

partciipants provided informed consent to participate in the registry and for their anonymous 

information to be used.

Procedures

When presenting to the sampled clinic for their initial prenatal visit, pregnant patients 

completed a packet of questionnaires, which included a depression measure (the Edinburgh 

Postnatal Depression Scale; EPDS)28 and questions regarding their pregnancy, demographic 

characteristics, and snoring status both before pregnancy as well as at the time of evaluation. 

This questionnaire packet was anonymous and not directly linked to participants’ medical 

record or obstetrical care. An item assessing marital status (married or in a committed 

relationship; single, no partner; other) was added to the questionnaire after data collection 

began, meaning that marital status was assessed for most but not all participants. The EPDS 

is a valid, 10-item self-report depression questionnaire developed to identify depression in 

perinatal women (alpha=.88). The questionnaire asks women about symptoms of depression 

including anhedonia, worry, and sadness, as well sleep disturbance resulting from 

unhappiness, over the seven days prior to evaluation. Scores range from 0-30; higher scores 

indicate more severe depression. Habitual snoring items included the following: “Before 

your pregnancy, did you snore more than 3 nights a week?”; and “Do you currently snore 3 

or more nights per week?". These questions were used because a single question is strongly 

and reliably associated with the PSG-derived apnea/hypopnea index;29 in women a report of 

“often” or “usually (always or almost always)” snoring is associated with PSG-confirmed 

SDB; its use provides an approach easily and immediately translated into clinical settings.29 

This study was approved by the Institutional Review Board of the University of Michigan 

(IRB # HUM00028282).
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Statistical Analysis

This was a cross-sectional study. Information about the presence and timing of habitual 

snoring onset was used to classify study participants into three groups: chronic habitual 

snoring (snored before and during pregnancy); pregnancy-onset habitual snoring (snored 

during pregnancy but not before); and non-snoring (never snored). Women were classified as 

chronic habitual snorers if they answered “yes” to both snoring items; pregnancy-onset 

habitual snorers if they answered “yes” only to current snoring; and non-snorers if they 

answered “no” to both questions. Chi-square and ANOVA tests were used to assess 

differences in demographic and pregnancy characteristics (i.e., marital status, maternal age, 

gestational age, and parity) across study groups. A cutoff of 10 on the EPDS was used to 

indicate clinically significant depression symptoms.30 To examine the robustness of our 

results we conducted a post-hoc analysis using a cutoff of 13 on the EPDS.

We compared EPDS scores against demographic variables using ANOVA and Chi-square 

tests to determine differences. As marital status information was missing for participants 

who completed an earlier version of the questionnaire, we imputed missing values of marital 

status using the SPSS multiple imputation algorithm. This algorithm creates five imputations 

of the data which are then pooled to reduce bias.31 Pooled results are reported. Logistic 

regression procedures were used to determine the odds of depression, with EPDS<10 as the 

reference category, by habitual snoring category, adjusted for demographic and maternal 

characteristics. The data were analyzed using a personal computer-based software package 

(IBM SPSS Statistics® 26.0, IBM Corp©, Armonk, NY).

Sensitivity Analyses

Most women who develop habitual snoring in pregnancy have onset in the later stages of 

pregnancy; thus, participants who do not report snoring in the first or second trimester may 

go on to develop habitual snoring later in their pregnancies. To account for possible 

misclassification of pregnant women who completed the questionnaire prior to the third 

trimester, we conducted sensitivity analyses and examined associations of habitual snoring 

(pregnancy-onset and chronic) and depressive symptoms with a reference group of non-

snorers in a sample restricted to women in their third trimester (i.e., ≥ 28 weeks pregnant).

RESULTS

Overall 1,685 women completed the surveys. Six participants who reported habitual snoring 

prior to, but not during, pregnancy were excluded from analysis due to the small size of this 

group. An additional 312 participants were excluded because they had not completed the 

EPDS or measures related to their snoring status or had missing gestational age information. 

Thus, the final sample included 1,367 participants. The mean age was 30.7 ± 5.0 years. Of 

those that completed the marital status question, 94% reported being married or in a 

committed relationship (254 did not complete this question) and 43% were nulliparous. On 

average, gestational age was 16.4 ± 9.2 weeks. At the time of enrollment 58.4% of 

participants were in the first trimester (<14 weeks; n=779), 20.5% were in the second 

trimester (14-27 weeks; n=274), and 21.1% were in the third trimester (28+ weeks; n=282). 
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The mean score on the EPDS was 4.4 ± 4.24; 11.6% scored above the depression cutoff 

(Table 1).

One third of the 1,367 participants reported habitual snoring, either chronic (24.4%) or 

pregnancy-onset (9.8%). As anticipated, women in the pregnancy-onset habitual snoring 

group reported a significantly advanced mean gestational age (23.4 ± 8.3 weeks) compared 

to chronic habitual snorers (16.0 ± 9.1 weeks) or non-snorers (15.5 ± 9 weeks). Of those in 

the first trimester, 25.0% reported chronic habitual snoring and 3.9% reported pregnancy-

onset habitual snoring. For participants in their second trimester, 24.1% reported chronic 

habitual snoring and 16.4% reported pregnancy-onset habitual snoring. In the third trimester 

group, 23.0% reported chronic habitual snoring and 20.6% reported pregnancy-onset 

habitual snoring (See Figure 1).

Participants reporting EPDS ≥10 were older on average (31.0 ± 4.83 years) than those with 

EPDS <10 (28.1 ± 5.7 years; p < .01). Only 9.5% of participants who reported being married 

or in a committed relationship scored above a cutoff for depression, while 36.7% of single 

participants had EPDS scores of ten or greater (p<.001).

Unadjusted analyses suggested increased odds of depressive symptoms in chronic and 

pregnancy-onset habitual snoring groups relative to non-snorers (OR: 2.01, 95% CI: 1.39, 

2.92; OR: 2.50, 95% CI: 1.54, 4.07, p<.01, respectively). These findings were maintained 

after adjusting for maternal age, marital status, gestational age, and parity (chronic habitual 

snoring OR: 1.69, 95% CI: 1.14, 2.53, p=.01; pregnancy-onset habitual snoring OR: 2.79, 

95% CI: 1.35, 5.78, p<.01) (Table 2). Other variables found to be significant predictors were 

maternal age (OR: 0.91, 95% CI: .87, .95, p<.01) and marital status (OR: 2.64, 95% CI: 

1.06, 6.55, p<.05).

In comparison to associations between maternal snoring and depression using an EPDS 

cutoff of 10, the odds of depressive symptoms using the cutoff of 13 are similar in 

magnitude and direction in women with either chronic or pregnancy-onset snoring. While 

the odds of depressive symptoms were statistically significant among women who develop 

pregnancy-onset snoring, in those with chronic snoring odds did not remain significant. 

(Table 3).

Sensitivity analyses restricted to 282 third trimester women increased the magnitude of the 

association between both habitual snoring groups and depressive symptoms (chronic 

habitual snoring OR: 3.04, 95% CI: 1.22, 7.55, p<.05; pregnancy-onset habitual snoring OR: 

2.74, 95% CI: 1.05, 7.12, p<.05), as well as in a model adjusting for maternal age, marital 

status, gestational age, and parity (chronic habitual snoring OR: 2.75, 95% CI: 1.05, 7.2, 

p<.05; pregnancy-onset habitual snoring OR: 3.03, 95% CI: 1.11, 8.29, p<.05) (Table 4).

Moreover, a separate sensitivity analysis that excluded the single sleep item from the EPDS 

(“I have been so unhappy that I have had difficulty sleeping”) did not appreciably alter the 

results. Using an EPDS cutoff of 9 (to account for the reduced number of items), a similar 

proportion of participants scored above threshold (12.2% vs 11.6%). Comparable findings 

were observed when excluding the sleep question item in the regression analysis (chronic 

habitual snoring OR: 1.68, 95% CI: 1.43, 2.00, p<.01; pregnancy-onset habitual snoring OR: 
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2.91, 95% CI: 2.35, 3.61, p<.01). When including the single-item sleep question as a 

separate covariate in the analyses, the results did not substantially change (chronic habitual 

snoring OR: 1.45, 95% CI: 1.20, 1.75, p<.01; pregnancy-onset habitual snoring OR: 2.41, 

95% CI: 1.85, 3.14, p<.01), and the odds ratio for the sleep item was also significant (OR: 

5.96, 95% CI: 5.33, 6.67, p<.01).

DISCUSSION

We have demonstrated that habitual snoring is associated with clinically significant 

symptoms of depression in a large sample of women in pregnancy and that this association 

remains when controlling for marital status, gestational age, parity, and maternal age. 

Moreover, those with pregnancy-onset habitual snoring had over twice the odds for 

depressive symptoms compared to non-snorers. These results support and extend our 

previous findings,23 and provide further evidence that snoring may be a risk factor for the 

development of depressive symptoms during pregnancy.

In non-pregnant adults, the association between SDB and depressive symptoms has been 

demonstrated in several studies.24,25 However, this relationship has been less studied in the 

perinatal population, even though women are uniquely vulnerable to both depression1 and 

SDB during pregnancy.7-9 Sleep-disordered breathing in pregnant women may result in poor 

sleep quality, which has been linked with prenatal and postpartum depression.32 At least one 

study has demonstrated that significant declines in sleep quality over the course of 

pregnancy, rather than poor sleep quality itself, may contribute to the development of 

depression symptoms,33 which is in line with the current findings that pregnancy-onset 

habitual snoring (a physiological challenge) may confer higher risks for depression than 

chronic habitual snoring, to which the body may have been able to somewhat adapt. Our 

findings suggest that snoring confers an additional yet independent risk for depression 

symptoms beyond that of just poor sleep, as evidenced by removal of the sleep-related item 

from the scoring paradigm. Additionally, recent data suggest that the prevalence of SDB 

within the four months post-delivery is the same of that during the third trimester of 

pregnancy, indicating that SDB does not immediately resolve postpartum.34

Untreated prenatal depression is associated with a host of negative outcomes for women and 

their children,7 and it is important to understand key modifiable risk factor for prenatal 

depression. Prenatal depression is a predictor of postpartum depression35 and intervening in 

the prenatal period is effective in preventing postpartum depression.36 Untreated prenatal 

depression is also associated with substance abuse,37 poor birth outcomes,38 impaired 

maternal-infant bonding,39 and increased risk for developmental delays5 and mental illness 

in infants.40 In severe cases, depression can lead to death by suicide. Improving detection 

and treatment for depression during the perinatal period is therefore crucial not only for 

improving maternal health and well-being, but for improving neonatal outcomes, and 

screening for SDB may be an important indicator of depression risk.

Traditional screening measures for SDB and obstructive sleep apnea have been shown to be 

poor predictors in the pregnant population indicating that accurate screening may be 

difficult.18,41,42 Updated screening measures specifically designed for pregnant women may 
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better enable providers to assess for the presence of SDB and make informed decisions 

about referrals, evaluation, and treatment.18,41 Such interventions may be helpful for milder 

forms of SDB such as optimal sleep position or upper body elevation whereas for moderate-

severe OSA CPAP therapy is likely needed. This study demonstrates the importance of 

continuing to explore traditional and innovative interventions in this unique population. A 

recent study of the impact of positional changes on OSA in pregnancy indicates that 

alternatives to CPAP may be effective for some patients,43 and further studies are needed to 

demonstrate the efficacy, safety, and feasibility of OSA treatment in pregnant patients.42 

Several meta-analyses of randomized controlled trials that examined the effect of OSA 

treatments on depressive symptoms in the general population found that CPAP has a 

clinically relevant and modest improvement of depressive symptoms, particularly in those 

with the greatest burden of depression at baseline 44-46 Although the effects of CPAP on 

depression are not superior to sham CPAP when examined against only sham-controlled 

studies45,46 some relevant studies (e.g., Povitz et al., 2014) were not included in these 

analyses because they use a different scale for measuring depressive symptoms. 

Additionally, these meta-analyses did not specifically examine depression severity, which 

has been shown to be a predictor of treatment outcomes.44 Whether similar findings occur in 

pregnant women with depression remains to be seen.

In addition to treatment of SDB in pregnant women, this study highlights the importance of 

education about risk reduction and prevention in this population. Many factors can 

contribute to the development of SDB in pregnancy such as being overweight/obese at 

conception, excessive weight gain, fluid retention, hormonal changes, and smoking. 

Educating pregnant women about particular risks such as obesity and smoking may play an 

important part in encouraging overall wellness and reducing the likelihood that they will 

develop SDB and its associated problems.

More recent studies examining snoring and depressive symptoms in this population have had 

equivocal findings, but were limited by small sample sizes.47,48 A strength of the current 

study is the large sample size drawn from a general obstetrics clinic. Further strengths are 

the use of a validated depression measure; a more detailed characterization of habitual 

snoring symptoms by determining the timing of snoring in relation to pregnancy (e.g., 

chronic vs. pregnancy-onset); and the concurrent assessment of depressive symptoms and 

snoring unlike previous studies where snoring status was assessed after depression 

screening. This study is not, however, free of limitations including missing participant 

characteristics (e.g., race/ethnicity, weight/BMI). Since the surveys were completed 

anonymously, we were unable to link responses to medical records and thus were not able to 

account for these variables. Given the role of weight gain, BMI, and race on SDB, future 

studies specifically examining the effects of these factors would add greatly to our 

understanding of this phenomenom.14,49 This study is, however, an extension of previously 

published findings from the same medical center in which broader demographic 

characteristics were collected (i.e., the presence of pre-pregnancy obesity, race, maternal 

educational level, pre-eclampsia, and diabetes). In that study, snoring was found to be 

independently associated with a prenatal EPDS score ≥10.23 This indicates that the addition 

of these variables would not substantially impact the generalizability of these results.
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This study also used cross-sectional data, however, prior studies have suggested SDB is a 

predictor of depressive symptoms rather than the inverse. Variation in the wording of 

questions related to frequency of snoring on the initial questionnaire meant that participants 

were asked whether they previously snored more than three nights per week, and if they 

currently snore three nights or more per week. This could potentially result in slight 

differences in frequencies. However, in our experience of querying thousands of pregnant 

women, we anticipate that this would not alter the frequencies enough to change the current 

findings. There is a potential for recall bias in any self-report study. Future studies would 

benefit from corroborating reports from family members or bed partners. Finally, women 

who were enrolled in the survey earlier in their pregnancy may not yet have developed SDB. 

As a result, the observed effect may be attenuated. We performed a sensitivity analysis by 

restricting data to women enrolling in their third trimester and observed a stronger effect of 

SDB on depressive symptoms in that analysis, further suggesting that SDB may play a role 

in depressive symptoms.

CONCLUSIONS

A hallmark symptom of SDB, habitual snoring is an important factor to disrupted sleep in 

pregnancy and may contribute to higher levels of depressive symptoms in pregnancy. This 

has clinical implications since obstetric healthcare providers can readily identify women 

who are at risk for SDB by asking patients and their bed partners about frequent snoring. 

Identification of women with SDB during pregnancy could offer a window of opportunity 

for treatment which could plausibly decrease the incidence of prenatal and postpartum 

depression since SDB can be treated. Further study is warranted to understand the temporal 

relationship between snoring and depressive symptoms as well as the implications of this 

study in non-pregnant adult populations.
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Figure 1. 
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Table 1.

Demographic Information of Study Participants by Presence and Onset Timing of Habitual Snoring

Frequency
(n=1367)

Chronic
Habitual
Snoring
(n=333)

Pregnancy
Onset

Habitual
Snoring
(n=134)

Non-Snoring
(n=900) P-Value

Gestational Age (mean, SD) 16.4 ±9.2 16.0 ± 9.1 23.4 ± 8.3 15.5 ± 9.0 <.01

Maternal Age (mean, SD) 30.7 ± 5.0 30.2 ± 5.8 31.1 ± 5.5 30.8 ± 4.6 .10

EPDS Score 4.4 ± 4.24 5.2 ± 4.9 5.3 ± 4.6 4.0 ± 3.9 <.01

   EPDS Score ≥ 10 159 (11.6%)

   EPDS Score ≥ 13 62 (4.5%)

Married/committed relationship 1,046 (94.0%)* 216 (89.6%) 83 (98.8%) 747 (94.8%) .01

Nulliparous 586 (43.1) 152 (45.8%) 59 (44.4%) 375 (41.9%) .44

*
n is lower due to missing data
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Table 2.

Depression Symptoms with EPDS threshold of 10 by Presence and Onset Timing of Habitual Snoring

Snoring Status n
a Depression Symptoms (EPDS Cutoff 10; n=159)

EPDS10
Prevalence

EPDS10 Unadjusted Model 
a Adjusted Model 

b

n % OR 95% CI OR 95% CI

Chronic Snoring 333 54 16.2 2.01 [1.39, 2.92]** 1.69 [1.14, 2.53]**

Pregnancy Snoring 134 26 19.4 2.50 [1.54, 4.07]** 2.79 [1.35, 5.78]**

Non-Snoring 900 79 8.8 1.0 referent 1.0 referent

Note. OR = odds ratio; CI = confidence interval

a
Bivariate model with snoring status as the independent variable.

b
Adjusted for marital status, maternal age, gestational age, and parity.

**
p ≤ 0.01
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Table 3.

Depression Symptoms with EPDS threshold of 13 by Presence and Onset Timing of Habitual Snoring

Snoring Status n
a Depression Symptoms (EPDS Cutoff 13; n=62)

EPDS13
Prevalence

EPDS13 Unadjusted Model 
a

Adjusted Model 
b

n % OR 95% CI OR 95% CI

Chronic Snoring 333 29 9 2.13 [1.20, 3.75]** 1.63 [0.89-3.00]

Pregnancy Snoring 134 11 8 2.69 [1.31, 5.51]** 2.99 [1.05-8.50]*

Non-Snoring 900 22 2 1.0 referent 1.0 referent

Note. OR = odds ratio; CI = confidence interval

a
Based on model including snoring group.

b
Adjusted for marital status, maternal age, gestational age, and parity.

*
p ≤ 0.05

**
p ≤ 0.01
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Table 4.

Depression symptoms in 282 Pregnant Third Trimester Women by Presence and Onset Timing of Habitual 

Snoring

Snoring Status n Depression Symptoms

Prevalence Unadjusted Model
a

Adjusted Model
b

% OR 95% CI OR 95% CI

Chronic Snoring 65 23.0 3.04 [1.22, 7.55]* 2.75 [1.05, 7.2]*

Pregnancy-Onset Snoring 58 20.6 2.74 [1.05, 7.12]* 3.03 [1.11, 8.29]*

Non-Snoring 159 56.4 1.0 referent 1.0 referent

Note. OR = odds ratio; CI = confidence interval

a
Bivariate model with snoring status as the independent variable.

b
Adjusted for marital status, maternal age, gestational age, and parity.

*
p < 0.05
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