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Abstract

Introduction: Sleep, sedentary behavior, and moderate-to-vigorous physical activity (MVPA)
are altered in pregnancy and may affect pregnancy health; however, how these behaviors are
associated with each other is unclear.

Methods: Pregnant women (/= 120) completed the Pittsburgh Sleep Quality Index and wore an
activPAL3 micro and ActiGraph GT3X for 7 days in each trimester to assess sleep, sedentary
behavior, and MVPA, respectively. Latent trajectories described patterns of sleep duration,
efficiency, and quality as well as sedentary behavior and MVPA. Multinomial logistic regression
examined associations of sleep patterns with sedentary behavior and MVPA patterns and, in
exploratory analyses, with adverse pregnancy outcomes.

Results: Trajectories were identified for sleep duration (consistently short, 20.7% of sample;
consistently adequate, 79.3%), efficiency (consistently low, 17.5%; consistently high, 82.5%), and
quality (consistently poor, 15.1%; worsening, 23.5%; and consistently good, 61.5%). Compared
with those in more optimal sleep groups, women in the short duration, low efficiency, and
worsening quality groups had lower odds of being in the moderate and/or high sedentary behavior
group (odds ratio range, 0.21-0.31; 95% confidence interval range, 0.09-0.65). Women in the
worsening quality group had greater odds of being in the low MVPA group (odds ratio, 2.51; 95%
confidence interval, 1.18-5.38). Trends were observed with women in less optimal sleep groups
having greater odds of adverse pregnancy outcomes and lower odds of excessive gestational
weight gain.
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Conclusions: Less optimal sleep patterns in pregnancy are associated with less sedentary
behavior and MVPA; additional research is needed to confirm associations between sleep and
pregnancy outcomes.

Poor sleep is an extremely common complaint during pregnancy, with nearly 80% of
pregnant women self-reporting poor sleep across pregnancy trimesters (Mindell, Cook, &
Nikolovski, 2015), compared with 35%-52% of nonpregnant women (Asghari, Farhadi,
Kamrava, Ghalehbaghi, & Nojomi, 2012; Beaudreau et al., 2012; Ko, Chang, & Chen,
2010). The high prevalence of sleep complaints in pregnancy is particularly concerning
given the known associations of poor sleep with cardiovascular and metabolic outcomes in
the general adult population (Cappuccio, Cooper, D’Elia, Strazzullo, & Miller, 2011; Doyle
et al., 2019; Larcher, Benhamou, Pepin, & Borel, 2015).

Moderate-to-vigorous physical activity (MVPA) and sedentary behavior are two additional
lifestyle behaviors that are altered in pregnancy. Despite the well-known health benefits

of MVPA in pregnant women (2018 Physical Activity Guidelines Advisory Committee,
2018), more than three-fourths of pregnant women do not meet the aerobic physical

activity guidelines (Evenson & Wen, 2011) and MVPA levels in pregnancy seem to
decrease as pregnancy progresses (Evenson & Wen, 2011). Sedentary behavior, which is
defined as any waking behavior characterized by an energy expenditure of 1.5 or more
metabolic equivalents while in a sitting, reclining, or lying posture (Tremblay et al.,

2017) is emerging as an independent risk factor for cardiovascular disease and diabetes

in nonpregnant populations (Biswas et al., 2015; Thorp, Owen, Neuhaus, & Dunstan, 2011).
Epidemiological evidence indicates that young adults including pregnant women spend the
majority of their waking hours (approximately 60%) engaged in sedentary behaviors (Fazzi,
Saunders, Linton, Norman, & Reynolds, 2017; Hawkins, Kim, Gabriel, Rockette-Wagner, &
Chasan-Taber, 2017), and sedentary behavior may increase across pregnancy trimesters (Di
Fabio, Blomme, Smith, Welk, & Campbell, 2015; Hawkins et al., 2017).

Sleep, MVPA, and sedentary behavior are three lifestyle behaviors that are altered during
pregnancy. There is some evidence in nonpregnant populations that poor sleep is associated
with less subsequent physical activity (Baron, Reid, & Zee, 2013; Bromley, Booth, Kilkus,
Imperial, & Penev, 2012; Lambiase, Gabriel, Kuller, & Matthews, 2013). However, whether
poor sleep is associated with adverse MVPA and sedentary behavior patterns in pregnancy is
unknown. It is critical to better understand the associations of sleep, MVPA, and sedentary
behavior in pregnancy because they are modifiable behaviors that have been previously
associated with pregnancy outcomes (Davenport et al., 2018; Ding et al., 2014; Fazzi et al.,
2017). Further, given that increasing time in one of these lifestyle behaviors will inherently
lead to decreased time in another behavior, existing research that assesses one behavior in
isolation cannot fully understand the true association of that behavior with health outcomes.

Although several studies have assessed self-reported sleep longitudinally across pregnancy
trimesters (Christian, Carroll, Porter, & Hall, 2019; Tomfohr, Buliga, Letourneau, Campbell,
& Giesbrecht, 2015; Tsai, Lee, Lin, & Lee, 2016, 2017), the existing literature examining
sleep in pregnancy is largely limited by a single assessment of sleep. Further, little is

known about the longitudinal associations of sleep with other objectively measured lifestyle
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behaviors during this unique period. Finally, how sleep patterns in pregnancy are related

to adverse pregnancy outcomes and gestational weight gain (GWG) is unclear. To address
the limitations in the literature, the aims of this study were to examine the 1) changes and
patterns in self-reported sleep duration, efficiency, and quality across pregnancy trimesters,
2) associations of these sleep dimensions with accelerometer-measured sedentary behavior
and MVPA across pregnancy trimesters, and 3) associations of these sleep dimensions with
adverse pregnancy outcomes as exploratory analyses. We hypothesized that sleep duration,
efficiency, and quality would be lowest in the third trimester of pregnancy compared with
the first and second trimesters. Further, we hypothesized longer sleep duration and higher
sleep efficiency and quality would be associated with more optimal sedentary behavior and
MVPA patterns and a lower risk of adverse pregnancy outcomes and excessive GWG.

Design, Setting, and Participants

Data for this project were obtained from two parallel prospective cohort studies of pregnant
women, the Monitoring Movement and Health study (MoM Health; Pittsburgh, PA) and
the Pregnancy Activity Monitoring Study (PRAMS; lowa City, IA). The primary objective
of both studies was to use best practice methods to characterize patterns of objectively
measured sedentary behavior and MVPA across pregnancy trimesters, as well as examine
associations of sedentary behavior and MVPA patterns with adverse pregnancy outcomes
and excessive GWG. The MoM Health study was conducted between March 2017 and June
2019; PRAMS was conducted between July 2018 and December 2019. In both studies,
participants had three study visits that occurred during the first (8-13 weeks), second (20—
22 weeks), and third (32—-34 weeks) trimesters of pregnancy. Study visits took place at
collaborating prenatal clinics or affiliated research centers. All participants provided written
informed consent. The University of Pittsburgh and the University of lowa Institutional
Review Boards approved all research procedures.

Participants were recruited during their first trimester using media advertisements,
information tables, research registries, and referrals from other research studies or prenatal
care providers. Women were 8-13 weeks pregnant by self-report, between 18 and 45 years
old, and planned to receive prenatal care and give birth at a University of Pittsburgh Medical
Center facility or a University of lowa Health Care facility. Women were excluded if

they were currently using antihypertensive or glucose-lowering medications, had a serious
medical condition or one that severely limited ambulation, or were participating in another
research study that intervened upon physical activity. A total of 140 women were recruited
from the University of Pittsburgh (7= 120) and the University of lowa (/7= 20). Participant
characteristics by study site are reported in Supplemental Table 1. For the current analyses,
women were included if they had at least one assessment of sleep, sedentary behavior, and
MVPA and had complete data from electronic health records, resulting in a final sample of
120 for analysis (Pittsburgh 7= 100; lowa 1= 20).
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Sleep parameters were assessed at each study visit using the Pittsburgh Sleep Quality Index
(PSQI), a widely used and validated 19-question self-reported survey that assesses sleep
disturbances in adults (Buysse, Reynolds, Monk, Berman, & Kupfer, 1989). For the current
study, sleep dimensions derived from this survey included sleep duration, sleep efficiency,
and sleep quality. Sleep duration (hours) was obtained by asking “During the past month,
how many hours of actual sleep did you get at night?” Sleep efficiency (%) was calculated
as the number of hours slept divided by number of hours in bed x 100. The number of
hours in bed was assessed by calculating the duration of time between when the participant
reported usually going to bed at night and the time they reported getting up in the morning.
The PSQI also provides a global sleep quality score (range, 0-21), which consists of seven
components (duration of sleep, sleep disturbance, sleep latency, daytime dysfunction owing
to sleepiness, sleep efficiency, overall sleep quality, and medication for sleep), with higher
scores indicating worse sleep quality. A global score of greater than 5 indicates poor sleep
quality.

Sedentary behavior and MVPA were assessed at each study visit using two objective
monitors. Two monitors were deemed necessary to meet best practice standards for
measuring sedentary behavior (activPAL3 micro) (Edwardson et al., 2017; Gibbs,
Hergenroeder, Katzmarzyk, Lee, & Jakicic, 2015; Kozey-Keadle, Libertine, Lyden,
Staudenmayer, & Freedson, 2011) and MVPA (ActiGraph GT3X) (Tudor-Locke, Camhi,

& Troiano, 2012). Participants were instructed to wear both monitors for 7 days, complete a
monitor wear log denoting any nonwear and sleep periods, and return the monitors and log
using postage-paid mail.

The total time spent in sedentary behavior was assessed using the activPAL3. The device
was affixed to the anterior thigh using a transparent, waterproof dressing (Edwardson et al.,
2017). Participants were instructed to wear the device 24 hours per day, with removal only
when swimming. Event-type data were exported using PALtechnologies software (v.7.2.38)
and nonwear periods and sleep time were removed using participant logs (Barone Gibbs &
Kline, 2018; Edwardson et al., 2017). Total time spent in MVVPA was assessed using the
ActiGraph GT3X triaxial accelerometer. Participants were instructed to wear the monitor
on a waist belt during all waking hours, except during water activities. To account for
changing anatomy across pregnancy, pictures adapted from a previously published validation
study (Connolly, Coe, Kendrick, Bassett, & Thompson, 2011) were provided to facilitate
correct positioning of the device directly above the right knee and below the abdomen.
Using ActiL ife software v6.12.2 and 1-minute epochs, the Choi algorithm defined valid
wear time. Epochs with 2,690 or more counts per minute were summed to quantify daily
MVPA (Sasaki, John, & Freedson, 2011). For both sedentary behavior and MVPA, data
were quantified within each day and averaged, with 4 or more days with 10 or more hours
considered valid (Matthews, Hagstromer, Pober, & Bowles, 2012). Sedentary behavior and
MVPA were reported as the mean percent of time per day to account for differences in wear
time.
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After participants delivered their babies, adverse pregnancy outcomes and GWG were
abstracted from electronic health records independently by two research personnel at

each study site (a study investigator and trained research personnel). Adverse pregnancy
outcomes included a physician’s diagnosis of gestational hypertension (n7=18),
preeclampsia (77 = 7), gestational diabetes (7= 5), or fetal growth restriction (/7= 4) during
prenatal care and/or a preterm birth (defined as gestational age at delivery <37 weeks;
n=6). Owing to the limited number of cases for each adverse pregnancy outcome, we
combined all adverse pregnancy outcomes into a composite measure (7= 27; 2.5% of total
sample) and also created a measure of hypertensive disorders of pregnancy (gestational
hypertension and preeclampsia; 7= 20; 16.8% of total sample). Self-reported prepregnancy
weight and measured weight at delivery were also abstracted and used to calculate GWG.
Excessive GWG was categorized using the 2009 Institute of Medicine GWG guidelines,
with prepregnancy BMI category inversely related to the threshold defining excessive weight
gain (Institute of Medicine and National Research Council, 2009).

During the first trimester study visit, participants self-reported demographic information
and prior medical history. Gestational age at delivery was abstracted from medical records.
Height was measured with shoes removed using a stadiometer.

Statistical Analysis

Latent trajectories (PROC TRAJ in SAS) were created to identify subgroups of participants
following similar patterns for sleep duration, sleep efficiency, and sleep quality (separate
models for each) across pregnancy trimesters. Women with at least one PSQI assessment
were assigned to a trajectory group, with a missing at random assumption for those missing
data at up to two time points (n = 4). Optimal trajectories were chosen using the Bayesian
information criterion, a maximum proportion of posterior probabilities of more than 70%,
and clinical meaning-fulness of trajectory groups. Given the relatively small sample size,
up to a three-group solution was considered. Trajectory groups were also created using

the proportion of time spent in sedentary behavior and MVPA using the same approach as
described for the sleep parameters (Barone Gibbs et al., 2020).

Participant characteristics were described using means and frequencies overall and stratified
by sleep duration, sleep efficiency, and sleep quality trajectory groups using paired ¢

tests and one-way analysis of variance for continuous variables and XZ or Fisher’s exact
tests for categorical variables, as appropriate. Unadjusted repeated measures analysis of
variance were used to examine differences in sleep parameters, sedentary behavior, and
MVPA across trimesters. Associations of sleep trajectories (independent variables) with
sedentary behavior and MVPA trajectories (dependent variables) were examined in separate
models using multinomial logistic regression. In exploratory analyses, logistic regression
was used to examine associations of the sleep trajectories (independent variables) with all
adverse pregnancy outcomes (composite measure), hypertensive disorders of pregnancy, and
excessive GWG (dependent variables) in separate models. All models were adjusted for
study site (Pittsburgh/lowa), age, race (Black/non-Black), parity (primipara/multipara) and
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prepregnancy BMI. The excessive GWG model was additionally adjusted for gestational age
at delivery.

As seen in Figure 1A, two patterns of sleep duration were identified from trajectory
analysis, with groups reflecting consistently short sleep duration (approximately 5 hours

of sleep/night, 20.7% of sample) and consistently adequate sleep duration (approximately
7.5 hours of sleep/night; 79.3% of sample). Compared with those in the short sleep duration
group, those in the adequate sleep duration group had higher levels of education and lower
prepregnancy BMls and were more likely to be in the moderate or high sedentary behavior
trajectory group (Table 1). For sleep efficiency, two patterns were identified with groups
reflecting consistently low sleep efficiency (approximately 65% sleep efficiency; 17.5% of
sample) and consistently high sleep efficiency (approximately 90% sleep efficiency; 82.5%
of sample; Figure 1B). For sleep quality, three patterns were identified with groups reflecting
consistently poor sleep quality (PSQI global score of approximately 11, 15.1% of sample),
worsening sleep quality (PSQI global score of approximately 6 in first the trimester to
approximately 9 in the third trimester, 23.5% of sample), and good sleep quality (PSQI
global score approximately 5; 61.5% study sample; Figure 1C). Participant characteristics
stratified by sleep efficiency and sleep quality groups can be found in Supplemental Tables 2
and 3, respectively.

We identified three patterns of sedentary behavior from trajectory analysis, with groups
reflecting consistently low (approximately 50% of waking day; 20.8% of sample), moderate
(approximately 63% of waking day; 35.8% of sample), or high (approximately 75% of
waking day; 43.3% of sample) sedentary behavior. Similarly, three patterns of MVVPA were
identified from trajectory analysis, with groups reflecting consistently low (approximately
2% of waking day; 29.2% of sample), moderate (approximately 4% of waking day; 49.2%
of sample), and high (approximately 6% of waking day; 21.7% of sample; Table 1) MVPA.

Sleep, sedentary behavior, and MVPA measures differed across pregnancy trimesters (Table
2). Sleep duration and sleep efficiency were lower, and sleep quality scores (higher scores
indicate worse sleep quality) and the percentage of participants with poor sleep quality
were higher in the third trimester compared with the first and second trimesters. Sedentary
behavior was higher in the first trimester compared with the second and third trimesters,
and MVPA was lower in the third trimester compared with the first and second trimesters.
Notably, the relative differences in sedentary behavior were smaller than the observed
differences for MVPA.

When the examining associations of sleep trajectory groups with sedentary behavior and
MVPA trajectory groups (Table 3), we found that, compared with the adequate sleep
duration group, those in the short sleep duration group were less likely to be in the moderate
(odds ratio [OR], 0.21; 95% confidence interval [CI], 0.10-0.45) or high (OR, 0.23; 95%
Cl, 0.11-0.45) sedentary behavior group. Compared with those in the high sleep efficiency
group, those in the low sleep efficiency group were less likely to be in the moderate (OR,
0.21; 95% Cl, 0.09-0.50) and high (OR, 0.31; 95% CI, 0.15-0.65) sedentary behavior
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groups. Compared with women with good sleep quality, women in the worsening sleep
quality group were less likely to be in the high sedentary behavior group (OR, 0.25; 95%
Cl, 0.12-0.52), and were more likely to be in the low MVPA group (OR, 2.51; 95% ClI,
1.18-5.38).

As seen in Table 4, women in the worsening sleep quality group had lower odds of excessive
GWG compared with those in the good sleep quality group (OR, 0.33; 95% CI, 0.13-0.89).
Those in the short sleep duration and low sleep efficiency groups had greater odds of all
adverse pregnancy outcomes (OR, 1.44; 95% CI, 0.44-4.76; OR, 1.93; 95% CI, 0.48-8.36,
respectively) and greater odds of hypertensive disorders of pregnancy (OR, 1.58; 95% ClI,
0.38-6.66; OR, 1.79; 95% Cl, 0.34-9.52, respectively), although the 95% Cls were wide
and these associations were not statistically significant. Similar nonsignificant trends were
observed for the sleep quality trajectory groups, with those in the worsening and poor
sleep quality groups having greater odds of adverse pregnancy outcomes and hypertensive
disorders of pregnancy. Similar findings were observed with additional adjustment for
sedentary behavior and MVPA trajectory groups (Supplemental Table 4).

Discussion

In this observational cohort study of pregnant women, we characterized patterns of self-
reported sleep duration, efficiency, and quality across pregnancy trimesters and related
these patterns with sedentary behavior, MVPA, and adverse pregnancy outcomes. We
identified two distinct patterns for sleep duration and sleep efficiency and three distinct
patterns for sleep quality. These sleep trajectories were associated with both sedentary
behavior and MVPA across pregnancy trimesters. The associations with sedentary behavior
were contrary to our hypothesis, with women in the short sleep duration, low sleep
efficiency, and worsening sleep quality groups being less likely to engage in high
sedentary behavior. However, consistent with our hypothesis, women in the worsening
sleep quality group engaged in less MVPA. Finally, nonsignificant trends were observed
between sleep trajectories and adverse pregnancy outcomes where women in the short
sleep duration, low sleep efficiency, and poor sleep quality groups had greater odds of all
adverse pregnancy outcomes and hypertensive disorders of pregnancy, consistent with our
hypothesis. Unexpectedly, less optimal sleep trajectory groups had lower odds of excessive
GWG. Together, these findings demonstrate there is variation in lifestyle behaviors across
pregnancy trimesters; multiple dimensions of sleep are associated with sedentary behavior
and MVPA,; and additional research is warranted in larger sample sizes to further examine
the potential role of sleep in adverse pregnancy outcomes.

Our findings demonstrating changes in sleep duration, efficiency, and quality across
pregnancy trimesters are largely consistent with the existing literature (Christian et al., 2019;
Mindell et al., 2015; Sedov, Cameron, Madigan, & Tomfohr-Madsen, 2018). For example,
Mindell et al. (2015) characterized sleep patterns across all pregnancy months using a
cross-sectional Internet-based survey. The authors found that sleep duration decreased from
7.6 hours within the first 2 months of pregnancy to 6.9 hours per night in the final 2

months of pregnancy, which is similar to sleep duration reported in the present study in

the first and third trimesters (7.1 and 6.5 hours, respectively). Mindell et al. (2015) also
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found the number and duration of nightly wakings significantly increased across pregnancy
months, indicating lower sleep efficiency later in pregnancy. A meta-analysis examining
sleep quality in pregnancy reported significant differences in mean PSQI scores (indicator of
sleep quality) in the second versus third trimesters of pregnancy (6.4; 95% ClI, 5.4-7.3 vs.
8.1; 95% Cl, 6.8-9.3; p=.003), similar to the findings in the present study (Sedov et al.,
2018). This study contributes to the literature by demonstrating the importance of examining
distinct patterns of sleep across pregnancy. The majority of women in this study had healthy
sleep patterns; however, a subset experienced adverse changes to sleep patterns, and these
individuals may be at the greatest risk for pregnancy complications. Our findings illustrate
that simply reporting average changes in sleep metrics across pregnancy trimesters may not
identify those at highest risk.

Unexpectedly, we found that women in the less optimal sleep trajectory groups were less
likely to be in the moderate and/or high sedentary behavior trajectory groups. A recent
systematic review and meta-analysis in the general adult population found that high levels
of sedentary behavior are associated with a greater risk of insomnia and sleep disturbance
(YYang, Shin, Li, & An, 2017). Notably, no associations were observed between sedentary
behavior and sleep quality, and the results were conflicting for sedentary behavior and
sleep efficiency in this systematic review. The associations between sedentary behavior and
various dimensions of sleep in the general population remain mixed, and even less is known
about these associations during pregnancy. One potential explanation for our study findings
is that low levels of sedentary behavior and less optimal sleep patterns may have a common
cause as women with high levels of stress and responsibilities may have limited time to
engage in restful behaviors (i.e., sedentary behavior and sleep).

Consistent with our hypothesis, we found that women with worsening sleep quality (vs.
good quality) were more likely to be in the low MVPA group. In nonpregnant populations,
higher levels of MVPA have beneficial associations with a variety of sleep dimensions
(Kredlow, Capozzoli, Hearon, Calkins, & Otto, 2015; Lambiase et al., 2013). However,
fewer observational studies have examined associations of physical activity and sleep during
pregnancy, with inconsistent findings (Borodulin et al., 2010; Hawkins et al., 2019; Loprinzi,
Loprinzi, & Cardinal, 2012). For example, Hawkins et al. (2019) found self-reported
household and caregiving physical activities were associated with higher odds of poor sleep
quality, while occupational activity was associated with lower odds of poor sleep quality
among pregnant women (26.5 + 6.9 weeks gestation). A meta-analysis of randomized
controlled trials concluded there was an association between regular exercise and enhanced
sleep quality in pregnant women (OR, 6.2; 95% ClI, 2.0-19.1) (Yang et al., 2020). It is
difficult to draw comparisons between our studies and others given differences in study
design, assessment methods, classification of variables, and analytic approach. However, our
study provides additional evidence of a beneficial association between sleep parameters and
MVPA in pregnancy.

In exploratory analyses, we observed trends between less optimal sleep trajectory groups
and greater odds of adverse pregnancy outcomes, including hypertensive disorders of
pregnancy. Although the majority of research on sleep and adverse pregnancy outcomes
has focused on sleep-disordered breathing, there is evidence that short sleep duration
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is associated with an increased risk of adverse maternal and fetal outcomes, including
increased risk of gestational hypertension (Williams et al., 2010), gestational diabetes (Facco
etal., 2017; Herring et al., 2014), and preterm delivery (Warland, Dorrian, Morrison, &
O’Brien, 2018). Little is known about the associations of sleep efficiency and quality with
pregnancy outcomes, and findings are inconsistent (Warland et al., 2018). Given that short
sleep duration and other indicators of disturbed sleep lead to oxidative stress, increased
sympathetic activity, inflammation, endothelial dysfunction, and insulin resistance, all of
which could contribute to adverse vascular and metabolic outcomes (Anothaisintawee,
Reutrakul, Van Cauter, & Thakkinstian, 2016; Izci-Balserak & Pien, 2010; Lavie, 2009;
Reutrakul & Van Cauter, 2014), it is biologically plausible that suboptimal patterns of sleep
could contribute to risk of adverse pregnancy outcomes.

We also observed associations between worsening sleep quality and lower odds of excessive
GWG. Although there are limited studies examining associations of sleep and GWG (Gay,
Richoux, Beebe, & Lee, 2017), others have argued the importance for appropriate sleep
hygiene to help regulate energy balance and optimize weight gain in pregnancy (Ferraro,
Chaput, Gruslin, & Adamo, 2014). There is a clear need for additional research with larger
sample sizes to further explore associations of various sleep dimensions in pregnancy with
maternal and fetal outcomes, including excessive GWG.

This study had multiple strengths, including repeated assessments of sleep in all trimesters
of pregnancy; concurrent assessment of sedentary behavior and MPVA using best practice
assessment methods (Gibbs et al., 2015; Kozey-Keadle et al., 2011; Tudor-Locke et al.,
2012); the use of latent trajectories to describe patterns of sleep, sedentary behavior, and
MVPA in pregnancy; and linkage with adverse pregnancy outcomes. Despite these strengths,
a number of limitations must be noted. First, this study relied on self-reported sleep,

which is weakly correlated with objective measures of sleep (e.g., polysomnography) in
the general adult population (Matthews et al., 2018) and among pregnant women (Herring
etal., 2013). It is, therefore, plausible that objective assessment of sleep may have resulted
in different associations than those observed in the present study. However, the PSQI is a
widely used and validated survey (Buysse et al., 1989) commonly administered in pregnant
samples (Qiu et al., 2016). Furthermore, the use of a self-reported instrument provides
information on perceptions of sleep that are not captured through objective assessments
and have been found to have stronger associations with negative postpartum outcomes
compared with objective assessments (Coo, Milgrom, & Trinder, 2014). Notably, we used
the PSQI to assess sleep duration, efficiency, and quality, and did not assess other sleep
metrics that researchers have calculated using this instrument, such as night and daytime
disturbances factor (Skouteris, Wertheim, Germano, Paxton, & Milgrom, 2009); future
research could use these additional metrics. Second, this study did not include assessments
of sleep-disordered breathing or restless legs syndrome, which are associated with adverse
pregnancy outcomes (Ding et al., 2014; Gupta et al., 2016; Luque-Fernandez, Bain, Gelaye,
Redline, & Williams, 2013; Pamidi et al., 2014; Warland et al., 2018). Third, this was a
relatively small sample with few adverse pregnancy outcomes; thus, the study was likely
underpowered to detect associations with these events. However, these associations were
examined for exploratory purposes and provide preliminary evidence that poor sleep may
be associated with an increased risk of adverse pregnancy outcomes. As a result of the
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relatively small sample, we were also unable to examine associations by race. This is a
study limitation because there is evidence that Black women report poorer sleep and also
exhibit greater inflammatory responses to sleep disturbance than White women, which may
contribute to racial disparities in birth outcomes (Blair, Porter, Leblebicioglu, & Christian,
2015). For this reason, associations of sleep with adverse pregnancy outcomes may have
been biased toward the null owing to our small sample of Black women. Larger studies

are needed to assess race differences in the associations between sleep, lifestyle behaviors,
and adverse pregnancy outcomes. Finally, although there is evidence that sleep disturbance
in pregnancy is associated with cesarean birth (Lee & Gay, 2004), we chose to focus on
adverse pregnancy outcomes with long-term health consequences for mother and/or baby.

This study found that poor sleep is common in pregnancy, various dimensions of sleep are
adversely altered in the third trimester, and these dimensions of sleep are associated with
sedentary behavior and MVPA patterns across pregnancy trimesters.

Implications for Practice And/or Policy

There is a clear need for larger, fully powered studies—including both objective and
self-reported assessment of sleep, sedentary behavior, and MVPA during each trimester

of pregnancy—to better understand the dynamic interplay of these lifestyle behaviors,
including how sleep and activity patterns are associated with adverse pregnancy outcomes.
This information could inform behavioral guidelines and recommendations on optimal
lifestyle patterns to promote pregnancy health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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