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Abstract

BACKGROUND—Although uterine contractions have a diurnal periodicity and increase in 

frequency during hours of darkness, data on the relationship between sleep duration and sleep 

timing patterns and preterm birth are limited.

OBJECTIVE—We sought to examine the relationship of self-reported sleep duration and timing 

in pregnancy with preterm birth.

STUDY DESIGN—In the prospective Nulliparous Pregnancy Outcome Study: Monitoring 

Mothers-to-be cohort, women completed a survey of sleep patterns at 6–13 weeks gestation (visit 

1) and again at 22–29 weeks gestation (visit 3). Additionally, at 16–21 weeks gestation (visit 2), a 

subgroup completed a weeklong actigraphy recording of their sleep. Weekly averages of self-

reported sleep duration and sleep midpoint were calculated. A priori, sleep duration of <7 hours 

was defined as “short,” and sleep midpoint after 5 AM was defined as “late.” The relationships 

among these sleep characteristics and all preterm birth and spontaneous preterm birth at <37 

weeks gestation were examined in univariate analyses. Multivariable logistic regressions that 

controlled for age and body mass index alone (model 1) and with additional covariates (race, 

smoking, insurance, and employment schedule) following a backward elimination process (model 

2) were performed.
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RESULTS—Of the 10,038 women who were enrolled, sleep survey data were available on 7524 

women at visit 1 and 7668 women at visit 3. The rate of short sleep duration was 17.1% at visit 1 

and 20.7% at visit 3. The proportion with a late sleep midpoint was 11.6% at visit 1 and 12.2% at 

visit 3. There was no significant relationship between self-reported short sleep and preterm birth 

across all visits. However, self-reported late sleep midpoint (>5 AM) was associated with preterm 

birth. Women with a late sleep midpoint (>5 AM) in early pregnancy had a preterm birth rate of 

9.5%, compared with 6.9% for women with sleep midpoint ≤5 AM (P=.005). Similarly, women 

with a late sleep midpoint had a higher rate of spontaneous preterm birth (6.2% vs 4.4%; P=.019). 

Comparable results were observed for women with a late sleep midpoint at visit 3 (all preterm 

birth 8.9% vs 6.6%; P=.009; spontaneous preterm birth 5.9% vs 4.3%; P=.023). All adjusted 

analyses on self-reported sleep midpoint (models 1 and 2) maintained statistical significance 

(P<.05), except for visit 1, model 2 for spontaneous preterm birth (P=.07). The visit 2 objective 

data from the smaller subgroup (n=782) demonstrated similar trends in preterm birth rates by sleep 

midpoint status.

CONCLUSION—Self-reported late sleep midpoint in both early and late pregnancy, but not short 

sleep duration, is associated with an increased rate of preterm birth.

Keywords

pregnancy; preterm birth; sleep duration; sleep midpoint; sleep timing

Mounting experimental and epidemiologic data suggest that, among nonpregnant adults, 

sleep duration and timing contributes to physical, mental, and emotional wellbeing.1–4 There 

are particularly strong data that link short sleep duration and shift work, which is a risk 

factor for insufficient sleep and altered sleep timing, to type 2 diabetes mellitus, obesity, and 

cardiovascular disease.5,6 Similarly, in pregnancy, shorter sleep duration and later sleep 

timing have been linked to gestational hypertension, preeclampsia, and gestational diabetes 

mellitus.7–9

Although uterine contractions have a diurnal periodicity and increase in frequency during 

hours of darkness, data on the relationship of sleep duration and timing with preterm birth 

(PTB) are limited and inconsistent.10,11 Moore et al11 longitudinally studied the prelabor 

uterine contraction patterns in women with uncomplicated pregnancies, all of whom 

delivered at term. A significant nighttime clustering of uterine contractions occurred in the 

hours 8 PM to 8 AM, with 67.4% occurring at night. This diurnal pattern was not evident at 

<24 weeks gestation but became marked after that time, with a night-to-day ratio of 1.8:1 at 

21–24 weeks gestation, 2.3:1 at 28–32 weeks gestation, and 2.0:1 at 38–40 weeks gestation. 

Some data suggest that disturbed maternal sleep and activity patterns may increase the risk 

of PTB.12,13 However, many studies have focused on shift work as the exposure and did not 

examine specifically the sleep and activity patterns that can arise from shift work.14–16

Our objective was to examine the relationship of self-reported sleep duration and timing in 

pregnancy with PTB in a large cohort of nulliparous women who had sleep assessments at 

multiple time points in pregnancy.
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Methods

This is a secondary analysis of the Nulliparous Pregnancy Outcome Study: Monitoring 

Mothers-to-be (nuMoM2b). NuMoM2b was a prospective observational cohort study that 

was conducted at 8 clinical sites and was managed by a central data coordinating and 

analysis center.17 Nulliparous women were screened for eligibility in the first trimester of 

pregnancy and were eligible if they had a viable singleton gestation between 6 weeks+0 days 

gestation and 13 weeks+6 days gestation. Participants were seen at 3 study visits during 

pregnancy and 1 study visit at delivery. Study visits 1, 2, and 3 occurred during the following 

gestational age intervals, respectively: 6 weeks 0 days to 13 weeks 6 days; 16 weeks 0 days 

to 21 weeks 6 days; and 22 weeks 0 days to 29 weeks 6 days. At study visits 1 and 3, women 

completed a sleep questionnaire that included questions about the duration and timing of 

their sleep during the last month. At visit 2, a subset of women enrolled in the Sleep 

Duration and Continuity Study, an ancillary study of nuMoM2b. This subgroup of women 

was asked to measure sleep objectively over 7 days with a wrist actigraph, while keeping a 

subjective sleep log. An actigraphy recording was considered successful if there was a 

minimum of 5 days recorded, during which there was <4 hours of off-wrist time per a 24-

hour period and no off-wrist signal during the time the subject indicated she was in bed. All 

actigraph files and sleep log data were transmitted securely to a central actigraphy reading 

center. Actigraphy data were analyzed with Actiware Sleep software (version 5.59; 

Respironics, Inc, Murrysville, PA). Data were processed through the Actiware Sleep scoring 

algorithm. The default scoring algorithm was set with 10 minutes of immobile time for sleep 

start, in reference to the set rest start, and 10 minutes of immobile time for sleep end, in 

reference to the set rest end. The complete actigraphy scoring and quality control protocol 

has been described previously.8 This study was approved the Institutional Review Board at 

each center. All women provided informed written consent before enrollment.

On the visit 1 and 3 sleep questionnaires, women were asked about the timing of their sleep 

on weekdays/ workdays and weekends with the use of the following 2 questions: “Not 

including naps, what time do you usually go to bed?” and “Not including naps, what time do 

you usually wake up?” In addition, women were asked to estimate how many minutes it 

usually takes for them to fall asleep at bedtime and how many minutes of wake time they 

typically have during a night’s sleep.“Calculated” sleep duration was estimated as the 

interval from bedtime to wake time minus the time it took to fall asleep and the time spent 

awake during the night. This was separately calculated for weekdays/ workdays and 

weekends. Quality assessments were done on the calculated sleep duration values for 

weekdays/ workdays and weekends with the use of the following question from the sleep 

questionnaire: “How many hours of sleep do you usually get per night?” If the reported 

sleep duration from this additional question was not within 2 hours of the calculated sleep 

duration, then the times that were used for the calculated sleep duration were run through a 

series of edit checks to identify and correct potential errors in the selection of AM or PM. If 

th calculated duration was still not within 2 hours of the reported duration after potential 

AM/PM errors were edited and the sleep duration was recalculated, then the calculated 

duration and the corresponding times were set to missing. Weekly average sleep duration 

was calculated as a weighted average of the weekday/workday and weekend sleep durations 
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with the use of the following formula: (weekday/workday duration×5+weekend 

duration×2)/7. The midpoint of the sleep period for both weekdays and weekends was also 

calculated; the sleep start time accounted for the duration of time it took to fall asleep after 

initiation of bedtime. The weekly average sleep midpoint was calculated as a weighted 

average of the weekday/workday and weekend sleep midpoints with the use of the following 

formula: (weekday/ workday midpoint×5+weekend midpoint ×2)/7.

Sleep exposures

Based on previous data in nonpreg nant populations that detailed the relationship between 

sleep duration and health outcomes, a sleep duration of <7 hours was defined a priori as 

“short sleep duration.”18 A cutoff of later than 5 AM was defined a priori as a “late sleep 

midpoint.”19,20 Secondary analyses were also performed with sleep duration divided into 5 

categories (<6 hours, 6 to<7 hours, 7 to <8 hours (referent), 8 to <9 hours and ≥9 hours) and 

with a separate examination of long sleep duration (≥9 vs <9 hours).

Primary outcomes

PTB was defined as delivery at <37 weeks gestation based on well-established dating criteria 

that included documented crown-rump length measurements by a certified nuMoM2b 

sonographer between 6 weeks+0 days gestation and 13 weeks+6 days gestation. 

Spontaneous PTB (sPTB) was a PTB that was due to premature labor or premature rupture 

of membranes, regardless of subsequent labor augmentation or cesarean delivery. SPTB was 

documented by chart abstraction by certified research personnel. For both the PTB and sPTB 

outcomes, pregnancy losses at <20 weeks gestation and pregnancy terminations were 

excluded.

Analytical methods

Descriptive statistics were used to characterize the study population by the primary 

dichotomous sleep exposures (sleep duration <7 hours, sleep midpoint >5 AM). Kruskal-

Wallis tests were used to compare the distribution of sleep duration and sleep midpoint by 

baseline demographic variables. Crude and adjusted odds ratios and 95% confidence 

intervals were calculated from univariate and multivariable logistic regression models to 

estimate the association of sleep characteristics at all visits with PTB (all and spontaneous). 

Adjustment covariates chosen a priori were maternal age and prepregnancy body mass 

index, both of which were entered into regression models as continuous variables (model 1). 

If the relationship between the sleep exposure variable and the outcome was significant in 

model 1, an additional analysis was undertaken to consider additional covariates for 

adjustment. Specifically, a backward stepwise approach was taken to develop a model 2 for 

the reporting of adjusted odds ratios for the sleep exposure on outcome. Maternal age, body 

mass index, and a set of exploratory variables were entered in a model and then were 

evaluated as to whether they should stay in the model based on the significance of their 

association with the outcome (P<.10) and evidence of confounding on the association of 

sleep exposure variable and outcome. Exploratory variables were eliminated 1-by-1, by 

taking the least significant among those with P≥.10 and evaluating the change in the adjusted 

odds ratio relating the sleep exposure to the outcome with inclusion vs exclusion of the 

covariate. If exclusion of the exploratory variable resulted in an absolute change of ≥10% in 

Facco et al. Page 5

Am J Obstet Gynecol MFM. Author manuscript; available in PMC 2020 December 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the adjusted odds ratio for the sleep exposure on outcome, then the variable was retained, 

and the stepwise elimination process was halted. Otherwise the exploratory variable was 

excluded, and the process was repeated to consider other exploratory variables to be retained 

or eliminated from the reduced model. We finally arrived at a model 2 for the reporting of 

adjusted odds ratios for sleep exposure on outcome and for consideration of confounding. 

Exploratory variables that were considered for inclusion were race/ethnicity (categorized as 

white, black, Hispanic, Asian, or other), employment schedule (categorized as regular day 

shift, some form of shift work, or unemployed), insurance status (categorized as commercial 

insurance or other insurance), and smoking status (self-reported smoking in the 3 months 

before pregnancy). These variables were chosen given their reported associations with sleep 

duration and timing and PTB. For all analyses, women with chronic hypertension or 

pregestational diabetes mellitus were excluded.

All tests were 2-sided single-degree-of-freedom tests and were performed at a nominal 

significance level of α=.05. No correction was made for multiple comparisons. Analyses 

were conducted with SAS statistical software (version 9.3/9.4; SAS Institute Inc, Cary, NC).

Results

The nuMoM2b study enrolled 10,038 women; the characteristics of the study population 

have been described (Supplement Table 1).21 In summary, the mean age of women at entry 

into the study was 27.0 years (standard deviation, 5.7 years). Sixty percent (59.7%) of the 

women were non-Hispanic white; 14.2% were non-Hispanic black; 16.9% were Hispanic; 

4.0% were Asian, and 5.1% were classified as other on race/ethnicity. After data cleaning, 

valid sleep survey data were available for 7524 women at visit 1 and for 7668 women at visit 

3 (Figure 1). Nine-hundred one eligible women enrolled in the Sleep Duration and Quality 

ancillary study at visit 2, of whom 782 women (86.8%) had valid actigraphy recordings.

Questionnaire data at visit 1 and visit 3

The distribution of sleep duration and sleep midpoint at visits 1 and 3 are presented in Table 

1, as are the associations between sleep duration and sleep midpoint with age, body mass 

index, race/ethnicity, insurance status, smoking status, and employment schedule.

The associations of self-reported short sleep duration and late sleep midpoint with PTB that 

were ascertained by questionnaire (weighted average of weekday/weekend) are shown in 

Table 2. Self-reported short sleep duration at visit 1 was not associated with PTB or sPTB. 

Short sleep duration at visit 3 was associated with sPTB in univariate analyses but was no 

longer significant after we controlled for age and body mass index (model 1). Furthermore, 

in secondary analyses of different sleep duration cutoffs (<6 hours, ≥9 hours), no 

associations were observed between sleep duration and PTB or sPTB (Supplement Table 2).

There was, however, a consistent association between late sleep midpoint and PTB at both 

visits 1 and 3. At visit 1, women with a late sleep midpoint had a higher rate of PTB (9.5% 

vs 6.9%; P=.005) and of sPTB (6.2% vs 4.4%; P=.019). Comparable results were observed 

for women with a late sleep midpoint at visit 3 (all PTB: 8.9% vs 6.6%; P=.009; sPTB: 5.9% 

vs 4.3%; P=.023) After adjustment for age and body mass index in multivariable analysis, 
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the association of PTB with late sleep midpoint at both visits 1 and 3 remained (adjusted 

odds ratio [OR], 1.39; 95% confidence interval [CI], 1.08–1.80 for visit 1; adjusted OR, 

1.40; 95% CI, 1.08–1.81 for visit 3). The same was true for sPTB (adjusted OR, 1.45;95% 

CI, 1.06–1.99 for visit 1; adjusted OR, 1.48; 95% CI, 1.09–2.03 for visit 3).

Given the results for sleep midpoint in model 1, we evaluated additional covariates using the 

backward stepwise method described earlier (model 2). Results of these analyses are 

presented in Table 3. All analyses maintained statistical significance, except for late sleep 

midpoint at visit 1 for sPTB (P=.07), and there was little evidence of confounding because 

the adjusted odds ratios changed by <10%.

Visit 2 objective sleep data

Seven hundred eighty-two women provided 5–7 days of objective sleep data (Table 4). As 

with the self-reported sleep data, no trends were observed in the relationship between 

objectively measured short sleep duration and PTB or sPTB. In contrast, the magnitude of 

associations of objectively measured sleep midpoint with both PTB and sPTB were similar 

to those noted for subjectively reported sleep midpoint, although the confidence intervals for 

the odds ratios included one, likely because of the smaller sample size. The rate of PTB was 

9.5% for women with a late sleep midpoint compared with 5.8% in women with a sleep 

midpoint ≤5 AM (OR, 1.68; 95% CI, 0.88–3.20), and the rate of sPTB were 5.4% vs 2.8% 

(OR, 1.95; 95% CI, 0.83–4,58).

Comment

Principal findings

In this analysis, there was no relationship between self-reported short sleep duration, defined 

as < 7 hours per night, and PTB. In contrast, there was a consistent relationship between 

self-reported late sleep timing and PTB.

Results in context

Available data are inconsistent regarding the relationship between sleep duration and PTB, 

although the significant associations that have been reported typically have come from 

relatively smaller studies. In a single-center study in Seattle, WA, >1200 women at 14 weeks 

gestation, on average, were asked to report: “Since becoming pregnant, how many hours per 

night do you sleep.” This study found no differences in gestational age at delivery 

(categorized as <28, 28–36, 37–40, and >40 weeks gestation) by sleep duration.9 However, 

smaller studies have reported positive associations. In a case-control study from Peru, short 

sleep duration (≤6 hours) was associated significantly with spontaneous PTB at <37 weeks 

gestation (adjusted OR, 1.56; 95% CI, 1.11–2.19).12 A cross-sectional study from Greece 

observed a similar association.13 Although not directly measuring sleep duration, a large 

California database study found that, compared with women without a recorded sleep 

disorder diagnose, women with insomnia had nearly a 2-fold higher risk of early PTB at <34 

weeks gestation (adjusted OR, 1.7; 95% CI, 1.1–2.6).22
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Our data demonstrated a consiste relationship between self-reported late sleep midpoint (>5 

AM) and PTB and sPTB both at visits 1 and 3. The relationships remained significant, with 

ORs of between 1.3 and 1.4, after we controlled for age and body mass index and largely 

after adjustment for other covariates. Although our analyses on the objectively measured 

sleep characteristics at visit 2 was limited by asample size(n=782) that was nearly one-tenth 

the size of that for the self-reported data, these objective data, although statistically 

nonsignificant, corroborated the strength of the association found with the self-reported data. 

This is consistent with a previously demonstrated strong correlation between objective and 

subjective sleep timing data in this cohort. The median difference between subjectively 

(daily diary concurrent with actigraphy) and objectively derived sleep midpoint at visit 2 

was 2 minutes, and there was 94.3% agreement in categorizing sleep midpoint as late (>5 

AM) or early (≤5 AM).23

Clinical implications

Later sleep timing has physiologic implications. For example, it can lead to increased 

exposure to artificial light at night and later meal timing, both of which can contribute to 

circadian misalignment. Circadian misalignment can occur when sleep and wakefulness 

behaviors do not occur at an appropriate time relative to the timing of the central circadian 

clock (hypothalamus) and/or relative to the external environment (light-dark cycle).

Most research regarding circadian timing and pregnancy outcomes has not examined sleep-

timing patterns specifically but rather has focused on shift work as the specific exposure. I is 

known that certain forms of shift work may lead to sleep disruption and circadian 

misalignment. Shift work has been associated with poor health outcomes, especially obesity 

and type 2 diabetes mellitus in population-based studies of nonpregnant individuals.24–26 

Data regarding shift work and its relationship with pregnancy outcomes has produced 

inconsistent conclusions for outcomes such as infertility, miscarriage, PTB, and lower 

birthweight. 14,15 One meta-analysis of 13 studies found no clear or statistically significant 

relationship between PTB and shift work. The authors noted a slightly elevated risk of PTB 

for women who reported long work hours (>40 hours/week; OR, 1.25; 95% CI, 1.01–1.54).
16 In a separate analysis of 16 studies, Bonzini et al14 found a pooled relative risk for PTB of 

1.16 (95% CI, 1.00–1.33). These findings suggest that, even if it were to exist, the overall 

increased risk of PTB that is associated with shift work exposure per se is small.

However, data on shift work are difficult to interpret because many studies have not 

distinguished properly between different types of work, and it remains unknown whether it 

is the type of work or the timing of the shift that is the relevant exposure. Also, focusing on 

shift work ignores the fact that circadian disruption is not limited to those who are exposed 

to shift work. In fact, we have shown previously that pregnant women who report shift work 

and those who women who do not have a regular work schedule because of being 

unemployed are at the highest risk of having a late sleep midpoint.7 The present study was 

able to address these limitations by the use of the sleep midpoint as our exposure variable 

and also by inclusion of a variable for employment schedule (regular day shift, some form of 

shift work, or unemployed) in our model 2 stepwise regression.
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Research implications

Future work to further the understanding of circadian biologic evidence in pregnancy may 

provide important opportunities for useful risk stratification and the development of novel 

therapies for the treatment and prevention of adverse pregnancy outcomes. Other 

experimental data support the notion that circadian rhythm misalignment may contribute to 

adverse pregnancy outcomes. In mammals, the circadian timing system comprises a “master 

clock” located in the suprachiasmatic nucleus of the hypothalamus that can influence 

peripheral clocks in virtually every tissue. The molecular regulation of the biologic clock is 

based on the transcriptional/translational feedback loop of a network of “clock” genes (ie, 

Clock, Bmal1, Per1, Per2, Per3, Cry1, and Cry2). These genes are also expressed 

rhythmically in the human placenta.27 Rhythmic placental production of hormones and 

cytokines has also been observed.28 In a mouse model of environmental disruption of 

circadian rhythms with the use of repeated shifts of the light-dark cycle, animals that wee 

exposed to phase delays and phase advancements had reductions in full-term pregnancy 

success29.

Strengths and limitations

Our study has several strengths. The nuMoM2b cohort is a geographically and 

demographically diverse study population. We prospectively ascertained subjective sleep 

duration and timing variables at 2 different time points in pregnancy, which limited the 

potential for ascertainment or recall bias. Additionally, we collected objective data on a 

subgroup of women, and these data supported the findings that were derived from the 

subjective sleep data. We were limited, however, in regards to the analysis of objective data 

because of the relatively smaller sample size. Additionally, our distributions of sleep 

duration and midpoint did not allow us to examine more extreme sleep phenotypes (eg, sleep 

duration <6 hours, extreme day-to-day sleep midpoint variability) meaningfully as potential 

risks factors for PTB. Finally, we recognize that sleep midpoint tendencies differ by various 

demographic factors. We recognize that, although our sample was racially, economically, 

and socially diverse, it was composed of only nulliparous women; we did exclude women 

with chronic hypertension and type 2 diabetes mellitus. This limits the generalizability of 

our analysis. We acknowledge that, by the nature of the observational design of this study, 

we are not able to account fully for all confounding and mediating factors, and causality 

cannot be known. We recognize that observed effects may be mediated by medical, social, 

physiologic, and environmental factors.

Conclusion

We found that self-reported late sleep midpoint (>5 AM) in both early and late pregnancy, but 

not short sleep duration (<7 hours), is associated with an increased rate of PTB and sPTB in 

nulliparous women. An increased understanding of the role of circadian biologic evidence in 

pregnancy may provide important opportunities for useful risk stratification and the 

development of novel therapies for the treatment and prevention of adverse pregnancy 

outcomes.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AJOG MFM at a Glance

Why was this study conducted?

This study was conducted to examine the relationship of subjectively assessed sleep 

duration and timing in pregnancy with preterm birth.

Key findings

Self-reported late sleep midpoint (≥5 AM) in both early and late pregnancy, but not short 

sleep duration, is associated with an increased rate of preterm birth.

What does this add to what is known?

There is limited research regarding circadian rhythms and pregnancy outcomes. Most 

studies have not specifically examined sleep timing patterns but rather have focused on 

shift work during pregnancy as the exposure variable. The present study describes an 

association between late sleep timing and preterm birth. It addresses limitations of 

previous reports by the use of sleep midpoint as the exposure variable and by the 

examination of the relationship between this exposure and preterm birth and considers 

potential confounders that include employment schedule.
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FIGURE. 
Enrollment and inclusion in analysis
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