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Study Objectives: To examine the relationship of self-reported sleep during pregnancy with adverse pregnancy outcomes. A secondary objective was to
describe the concordance between self-reported and objectively assessed sleep during pregnancy.

Methods: In this prospective cohort, women completed a survey of sleep patterns at 6 to 13 weeks’ gestation (visit 1) and again at 22 to 29 weeks’ gestation
(visit 3). Additionally, at 16 to 21 weeks (visit 2), a subgroup completed a week-long sleep diary coincident with an actigraphy recording. Weekly averages of
self-reported sleep duration and sleep midpoint were calculated. A priori, sleep duration < 7 hours was defined as “short,” and sleep midpoint after 5:00 AM
was defined as “late.” The relationship of these sleep abnormalities with hypertensive disorders of pregnancy (HDP) and gestational diabetes mellitus (GDM)
was determined.

Results: Of the 10,038 women enrolled, sleep survey data were available for 7,524 women at visit 1 and 7,668 women at visit 3. A total of 752 women also
provided = 5 days of sleep diary data coincident with actigraphy at visit 2. We did not observe any consistent relationship between self-reported short sleep
and HDP or GDM. There was an association between self-reported late sleep midpoint and GDM (visit 1 adjusted odds ratio 1.67, 95% confidence interval
1.17, 2.38; visit 2 adjusted odds ratio 1.73, 95% confidence interval 1.23, 2.43). At visit 2, 77.1% of participants had concordance between their diary and
actigraphy for short sleep duration, whereas 94.3% were concordant for sleep midpoint.

Conclusions: Self-reported sleep midpoint, which is more accurate than self-reported sleep duration, is associated with the risk of GDM.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Data, both from nonpregnant and pregnant cohorts, suggest that objectively measured short sleep and late
sleep timing in pregnancy are both risk factors for adverse health outcomes. Yet, the use of objectively measured sleep in routine care is limited; thus,
it is more practical to use self-reports in pregnancy to screen for at-risk women. Our study examined the relationship of self-reported sleep duration
and timing in pregnancy to hypertension and gestational diabetes.

Study Impact: Our data suggest that short sleep duration is underreported and may not be a good marker for adverse pregnancy outcomes. However,
we found that self-reports of a sleep midpoint are more accurate, and that self-reported late sleep midpoint (after 5:00 AM) is associated with an
increased risk of gestational diabetes mellitus.

INTRODUCTION to physical, mental, and emotional well-being."* Short sleep

duration has been linked to hypertension and cardiovascular
Mounting experimental and epidemiologic data suggest  disease.’® There are particularly strong data suggesting that
that among nonpregnant adults, sleep duration contributes short sleep duration is associated with disordered metabolism,
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Table 1—Self-reported sleep measures.

Sleep Ascertainment

Other Sleep Questions Used for

Study Visit Method Sleep Duration Sleep Timing Duration and Timing Data Analysis
Visit 1 Self-administered How many hours of sleep Not including naps what time | « How many minutes does it
6 weeks 0 days to | survey. Asked to do you usually get per night | do you usually go to bed and usually take for you to fall asleep
13 weeks 6 days report sleep based (asked to be rounded to what time do you usually at bedtime?

on experience of nearest hour): wake up: + How many minutes of wake time

last 4 weeks + On weekdays or + On weekdays or (waking up in the middle of the

workdays? workdays? night) do you have during a typical
+ On weekends? + On weekends? night's sleep?

Visit 2 Daily sleep log for 7 How long did you sleep * Atwhat time did yougoto | * How long did it take you to fall sleep
16 weeks 0 days to | days. Instructed to (reported as hours and bed for your main sleep once you tried to fall asleep?

21 weeks 6 days

complete log each
day within 1 hour of

minutes)?

period and turn the light off
or try to fall asleep?

+ At what time did you wake
up today?

How many total minutes were you
awake after falling asleep for your
main sleep period? (Do not count the
time in bed before falling asleep.)

wake time
Visit 3 Self-administered How many hours of sleep
22 weeks 0 days to | survey. Asked to do you usually get per night
29 weeks 6 days report sleep based (asked to be rounded to

on experience of
last 4 weeks

nearest hour):
+ On weekdays or
workdays?
+ On weekends?

Not including naps what time

do you usually go to bed and

what time do you usually

wake up:

+ On weekdays or
workdays?

+ On weekends?

How many minutes does it
usually take for you to fall asleep
at bedtime?

How many minutes of wake time
(waking up in the middle of the
night) do you have during a typical
night's sleep?

specifically an increase in the risk of type 2 diabetes.”!! In ad-
dition to sleep duration, other aspects of sleep, including the
timing of sleep and wake cycles and continuity of sleep, have
been proposed as cardiometabolic risk factors.'*!s

Hypertensive (eg, preeclampsia) and metabolic (eg, gesta-
tional diabetes mellitus) complications also can arise during
pregnancy, and are associated with both short- and long-term
maternal and neonatal morbidity.'®"” Data from studies that
have explored the relationship between objectively measured
sleep and pregnancy outcomes suggest that short sleep du-
ration and altered sleep patterns are risk factors for adverse
outcomes.® 2 Our own data show an association of objec-
tively measured short sleep duration and late sleep midpoint
with gestational diabetes.?® Yet, the use of objectively mea-
sured sleep as a risk factor in the routine clinical context is
limited due to the burden of ascertaining sleep via polysom-
nography or actigraphy. Therefore, it is more practical to use
self-reported accounts of sleep in pregnancy to screen for at-
risk women. However, there are conflicting data on whether
self-reported sleep correlates well with objectively measured
sleep in pregnancy and whether self-reported measures are as-
sociated with adverse pregnancy outcomes.””?* Furthermore,
studies that evaluated self-reported sleep and its relationship to
adverse pregnancy outcomes have varied widely in definition
of sleep variables and timing of sleep ascertainment in relation
to obstetric outcomes.

Our objective was to examine the relationship of self-re-
ported sleep duration and timing in pregnancy with adverse
pregnancy outcomes in a large cohort of women who were nul-
liparous and who gave self-reported sleep assessments at mul-
tiple timepoints in pregnancy. A secondary objective was to
describe the concordance between self-reported and objective
measures of sleep in pregnancy.
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METHODS

Nulliparous Pregnancy Outcome Study:

Monitoring Mothers-to-Be (nuMoM2b)

nuMoM?2b was a prospective observational cohort study, con-
ducted at eight clinical sites and managed by a central data co-
ordinating and analysis center.** Women who were nulliparous
were screened for eligibility in the first trimester of pregnancy.
Women were eligible if they had a viable singleton gestation,
were between 6 weeks + 0 days’ gestation and 13 weeks + 6
days’ gestation. Participants were seen at three study visits
during pregnancy and again at delivery. Study visits 1, 2, and
3 occurred during the following gestational age intervals, re-
spectively: 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 past month. At the second study visit, a subset
of women was also recruited for the Sleep Duration and Con-
tinuity Study, an ancillary study of nuMoM2b. This group of
women was asked to objectively measure sleep with actigraphy
and to keep a 7-day sleep log while wearing a wrist actigraph.
Sleep variables that were collected by study visit are detailed
in Table 1. Further details regarding the methods of the actig-
raphy substudy have been described previously.*!

On the visit 1 and 3 sleep questionnaires, women were asked
about the timing of their sleep on weekdays/workdays and
weekends using the following two 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
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sleep duration was estimated as the interval from bedtime to
wake time minus the time it takes to fall asleep and the time
awake during the night. This was separately calculated for
weekdays/workdays and weekends. Quality checks were done
on the calculated sleep duration values for weekdays/workdays
and weekends using 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 du-
ration, then the times 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 the calculated
duration was still not within 2 hours of the reported duration
after editing potential AM/PM errors and recalculating sleep
duration, 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 using the following formula: ([week-
day/workday duration x 5] + [weekend duration x 2]) / 7. The
midpoint of the sleep period for both weekdays and weekends
was also calculated, with sleep start time accounting for the
duration of time it took to fall asleep after initiation of bed-
time. The weekly average sleep midpoint was calculated as a
weighted average of the weekday/workday and weekend sleep
midpoints using the following formula: ([weekday/workday
midpoint x 5] + [weekend midpoint x 2]) / 7.

A subgroup of women was also asked to complete a daily
sleep diary for 7 consecutive days near visit 2, coincident with
an actigraphy recording. Each day, women were asked to re-
cord the time they went to bed, the time they woke up, the
time they got out of bed, the amount of time it took to fall
asleep, and how many minutes they were awake during the
night. Quality checks of the times recorded were performed
if the times reported were not relative to each other (eg, wake
time was before sleep time). A technician at the central sleep
reading center used times recorded by the wrist actigraph to
resolve any discrepancies. Sleep duration was estimated as
previously described. The calculated sleep duration each day
was compared to the sleep duration reported in response to
the daily question: “How long did you sleep?” If the calculated
and reported sleep durations differed by more than 2 hours,
then the calculated sleep duration and the corresponding times
were set to missing. After data cleaning, weekly average sleep
duration was estimated as the average calculated sleep dura-
tion across all available nights. The midpoint of the sleep pe-
riod, calculated as previously described, was also determined.
The weekly average sleep midpoint was calculated as the av-
erage sleep midpoint across all available nights. For analyses
on the sleep diary data, we included women who provided 5
or more days of sleep diary data coincident with actigraphy
data collection.

Sleep Exposure

Based on previous data detailing the relationship between sleep
duration in nonpregnant populations and health outcomes, a
cutoff of less than 7 hours for sleep duration was defined a pri-
ori as short sleep duration.*? A cutoff of later than 5:00 Am was
defined a priori as a late sleep midpoint.***
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Primary Outcomes

At least 30 days after delivery, a trained, certified chart ab-
stractor assessed all participants’ medical records to record
outcomes. The primary outcomes of interest for this analysis
were (1) hypertensive disorders of pregnancy (ie, preeclamp-
sia with or without severe features; eclampsia; or antepartum
gestational hypertension) and (2) gestational diabetes mellitus
(GDM). For any participant with documented hypertension or
proteinuria, a detailed chart abstraction was performed that in-
cluded assessment of blood pressure severity, new-onset neu-
rologic disturbances, epigastric pain or pulmonary edema, and
blood and urine laboratory results. Detailed study definitions
for types of hypertensive disorders have been previously pub-
lished.’ Women who presented atypically and were difficult to
classify according to study criteria were adjudicated by review
of clinical data by the principal investigators and final classifi-
cation was reached by their consensus judgment.

All glucose tolerance testing (GTT) was performed as part of
routine clinical care. A woman was considered to have GDM if
she met one of the following GTT criteria: (1) fasting 3-hour 100-
gram GTT with two of the following values: fasting > 95 mg/dL,
1-hour > 180 mg/dL, 2-hour > 155 mg/dL, 3-hour > 140 mg/dL;
(2) fasting 2-hour 75-gram GTT with one of the following val-
ues: fasting > 92 mg/dL, 1-hour > 180 mg/dL, 2-hour > 153 mg/
dL; (3) nonfasting 50-gram GTT with a 1-hour value > 200 mg/
dL if no fasting 3-hour or 2-hour GTT had been performed. In
addition to these results, chart abstractors recorded whether a di-
agnosis of GDM was made during the course of clinical care. If
GTT data were available, these data were always used primarily
to assign the diagnosis of GDM. If no GTT data were available,
an explicit diagnosis of GDM in a patient’s chart was used for
GDM classification. Women identified as having pregestational
diabetes were excluded from all analyses on GDM.

Analytical Methods

Descriptive statistics were used to characterize the study popu-
lation by dichotomous sleep variables (sleep duration < 7 hours,
sleep midpoint > 5:00 am). Exploratory analyses were also
performed with sleep duration divided into five categories (<
6 hours, 6 to < 7 hours, 7 to < 8 hours (referent), 8 to <9 hours
and > 9 hours) as well as separately examining long sleep dura-
tion (= 9 versus < 9 hours). Kruskal-Wallis tests were used to
compare the distribution of sleep duration and sleep midpoint
for categories of age and body mass index (BMI). Crude and ad-
justed odds ratios and 95% confidence intervals were calculated
from univariate and multivariate logistic regression models to
estimate the association of self-reported sleep characteristics at
visits 1, 2, and 3 with hypertensive disorders of pregnancy and
with GDM. Adjustment covariates chosen a priori were mater-
nal age and prepregnancy BMI, both of which were entered into
regression models as continuous variables. The larger number
of women who completed visit 1 and visit 3 sleep questionnaires
allowed for exploratory analyses, in which adjustment was per-
formed for the additional covariates of race/ethnicity (catego-
rized as white, black, Hispanic, Asian, or other), employment
status (categorized as employed or unemployed), and insurance
status (categorized as commercial insurance or other insur-
ance). For insurance status, participants could select multiple
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Figure 1—Enroliment and inclusion in analysis.
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methods that their health care is paid for from the following
choices: government insurance, military insurance, commer-
cial insurance, personal household income, and other. If they
indicated commercial insurance alone or in combination with
other insurance types, they were categorized as commercial in-
surance; otherwise if they indicated any other insurance type,
they were categorized as other. For all analyses, women with
chronic hypertension or pregestational diabetes were excluded.

All tests were two-sided single—degree-of-freedom tests
and performed at a nominal significance level of a = .05. No
correction was made for multiple comparisons. Analyses were
conducted using SAS 9.3/9.4 software (SAS Institute Inc.,
Cary, North Carolina, United States).

RESULTS

A total of 10,038 women were eligible and enrolled to the nu-
MoM2b study. The characteristics of this study population have
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been previously described.’® After data cleaning, sleep survey
data were available on 7,524 women at visit 1, and 7,668 women
at visit 3 (Figure 1). A total of 901 women enrolled in the Sleep
Duration and Quality ancillary study; 782 had valid actigraphy
recordings; 752 of the 782 also provided 5 or more days of sleep
diary data coincident with actigraphy data collection.

The distribution of sleep duration and sleep midpoint at
the 3 different timepoints is presented in Table 2, as is the
association between sleep duration and sleep midpoint with
age and BMI.

Questionnaire Data at Visit 1 and Visit 3 and
Pregnancy Outcomes
The associations of self-reported short sleep duration and late
sleep midpoint ascertained by questionnaire (weighted average
of weekday/weekend), with adverse pregnancy outcomes are
presented in Table 3.

Self-reported short sleep duration at visit 1 was associ-
ated with hypertensive disorders (odds ratio [OR] 1.31, 95%
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Table 2—Distribution of sleep duration and sleep midpoint, overall and by age and BMI.

Sleep Assessment Visit
Visit 1: 6-13 Weeks’ Gestation Visit 2: 16-21 Weeks’ Gestation Visit 3: 22-29 Weeks’ Gestation
(n=7,524) (n=2816) (n=7,668)
Sleep Duration, in hours
Overall
Median (IQR) 8.0 (1.4) 7.8(1.3) 7.9 (1.5)
Category, n (%)
<7 hours 1,286 (17.1) 154 (18.9) 1,590 (20.7)
=7 hours 6,238 (82.9) 662 (81.1) 6,078 (79.3)
Median (IQR) by age
18-21 years 8.7(22) 8.2(1.7) 8.6 (2.3)
22-35 years 8.0 (1.3) 78(1.2) 7.8(1.3)
> 35 years 7.7(1.2) 73(1.2) 75(1.3)
P <.0001* P <.0001* P <.0001*
Median (IQR) by BMI
< 25 kg/m? 8.0 (1.4) 78(1.1) 79(1.4)
25 to < 30 kg/m? 8.0 (1.4) 7.8(1.3) 7.8 (1.5)
> 30 kg/m? 8.0 (1.6) 7.9(1.5) 79(1.7)
P =.0005* P=.0783* P=4817*
Sleep Midpoint, in hours:minutes
Overall
Median (IQR) 3:14 (1:26) 3:35(1:31) 3:14 (1:28)
Category, n (%)
> 5:00 AM 876 (11.6) 141 (17.3) 936 (12.2)
<5:00 AM 6,648 (88.4) 675 (82.7) 6,732 (87.8)
Median (IQR) by age
18-21 years 4:06 (1:54) 4:32 (1:45) 4:07 (1:56)
22-35 years 3:08 (1:18) 3:26 (1:21) 3:07 (1:20)
> 35 years 2:58 (1:05) 3:06 (1:06) 3:00 (1:03)
P <.0001* P <.0001* P <.0001*
Median (IQR) by BMI
< 25 kg/m? 3:13(1:22) 3:34 (1:19) 3:14 (1:24)
25 to < 30 kg/m? 3:14 (1:29) 3:39 (1:35) 3:14 (1:27)
> 30 kg/m? 3:20 (1:39) 3:44 (2:00) 3:15(1:39)
P =.0363* P =.2093* P = .5650*

* = P values associated with Kruskal-Wallis tests. BMI = body mass index, IQR = interquartile range.

confidence interval [CI] 1.10, 1.55, P = .002) and GDM (OR
1.45, 95% CI 1.10, 1.92, P = .009) in univariate analysis. The
adjusted analysis showed similar direction of association, but
results were not significant: the adjusted OR (adjusting for
age and BMI) for hypertension was 1.19 (95% CI 1.00, 1.42,
P =.054) and for GDM 1.26 (95% CI1 0.94, 1.67, P = .119). Data
from visit 3 also does not demonstrate an association between
short sleep duration and pregnancy outcomes. In exploratory
analyses, we examined sleep duration categorized as < 6 hours,
6 to < 7 hours, 7 to < 8 hours (referent), 8 to <9 hours and > 9
hours and separately examined long sleep duration (> 9 ver-
sus < 9 hours). Again, no associations were observed between
sleep duration and hypertensive disorders. Long sleep duration
was associated with GDM at visit 3 (adjusted OR 1.42, 95% CI
1.03, 1.96, P = .032) but not at visit 1 (supplemental material).
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We did not observe a relationship between sleep midpoint
and hypertensive disorders of pregnancy at either visit 1 and
visit 3. However, there was a consistent association between
late sleep midpoint and GDM at both visit 1 and visit 3 time-
points. In multivariable analyses with adjustment for age and
BMI, the adjusted OR for GDM with late sleep midpoint at
visit 1 was 1.67, 95% CI 1.17, 2.38, P = .004. Similarly, at visit
3, the adjusted OR for GDM when late sleep midpoint was re-
ported was 1.73, 95% CI 1.23, 2.43, P = .002.

In exploratory analyses, we considered the additional co-
variates of race/ethnicity, employed (yes/no), and insurance
status (commercial versus government or self-pay). The results
are similar with the exception that the P value for the associa-
tion of sleep midpoint at visit 1 with GDM was no longer sta-
tistically significant at .089 (Table 3).
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Table 3—Visit 1 and visit 3 sleep questionnaire data.

- 3 - "
Sleep Charactristc Caegories nIN ) Eotimale (3% C) | Estmate 9% C1) | Estmate (5%
Hypertensive Disorders of Pregnancy
Sleep duration (calculated)
<7 hours 195/1,285 (15.2) 1.31(1.10, 1.55) 1.19 (1.00, 1.42) 1.19 (1.00, 1.42)
=7 hours 75216,238 (12.1) 1.00 1.00 1.00
- P=.0022 P=.0537 P=.0532
Visit 1 T
Sleep midpoint
> 5:00 AM 128 /876 (14.6) 1.22 (1.00, 1.49) 1.10 (0.89, 1.37) 1.15(0.92, 1.43)
<5:00 AM 819/6,647 (12.3) 1.00 1.00 1.00
P =.0550 P =.3668 P=.2162
Sleep duration (calculated)
<7 hours 210/1,589 (13.2) 1.10 (0.93, 1.29) 1.03 (0.87, 1.22) 1.04 (0.87, 1.23)
=7 hours 74216,078 (12.2) 1.00 1.00 1.00
Visit 3 - pP=.2782 P =.7067 P= 6912
Sleep midpoint
> 5:00 AM 128/935 (13.7) 1.14 (0.93, 1.39) 1.07 (0.87, 1.32) 1.08 (0.87, 1.35)
<5:00 AM 82416,732 (12.2) 1.00 1.00 1.00
P=.2080 P= 5312 P= 4716
Gestational Diabetes Mellitus
Sleep duration (calculated)
<7 hours 67/1,283 (5.2) 1.45(1.10, 1.92) 1.26 (0.94, 1.67) 1.23 (0.92, 1.64)
=7 hours 22816,234 (3.7) 1.00 1.00 1.00
- P=.0089 P=.1192 P=.1642
Visit 1 P
Sleep midpoint
> 5:00 AM 43/876 (4.9) 1.31(0.94, 1.82) 1.67 (1.17, 2.38) 1.37 (0.95, 1.98)
<5:00 AM 252 16,641 (3.8) 1.00 1.00 1.00
P=.1110 P=.0043 P=.0894
Sleep duration (calculated)
<7 hours 70/1,586 (4.4) 1.15(0.88, 1.51) 1.00 (0.76, 1.33) 1.01(0.76, 1.34)
=7 hours 23416,073 (3.9) 1.00 1.00 1.00
Visit 3 . P=.3090 P=.9773 P=.9449
Sleep midpoint
> 5:00 AM 47/936 (5.0) 1.33(0.97, 1.83) 1.73 (1.23, 2.43) 1.49 (1.04,2.12)
< 5:00 AM 25716,723 (3.8) 1.00 1.00 1.00
P=.0789 P=.0016 P=.0287

Crude and adjusted odds ratios for hypertensive disorder of pregnancy and gestational diabetes. Superscript letters indicate: a = odds ratios are adjusted
for age and BMI, b = odds ratios are adjusted for age, BMI, race/ethnicity, employed, and insurance status. BMI = body mass index, Cl = confidence interval,

OR = odds ratio.

Similar findings regarding short sleep duration and sleep
midpoint were present when associations were examined sepa-
rately for weekend and weekday data (supplemental material).

Concordance Between Actigraphy and Sleep Diary
Reported Sleep at Visit 2

Using data from the 752 women with 5 or more days of sleep
diary data coincident with 5 or more days of actigraphy data at
visit 2, we examined concordance between self-reported and
objectively assessed sleep duration (continuous and catego-
rized as < 7 hours / > 7 hours) and sleep midpoint (continu-
ous and categorized > 5:00 aM / < 5:00 am). The median (25th,

Journal of Clinical Sleep Medicine, Vol. 14, No. 12

75th percentiles) difference for sleep duration, diary minus
actigraphy, was 23 (=3, 50) minutes; and for sleep midpoint
was 2 (—6, 11) minutes. Most participants (77.1%) were concor-
dant between actigraphy and diary for sleep duration catego-
rization. The discordance was unbalanced as 119/206 women
(57.8%) with short sleep duration (< 7 hours) on actigraphy had
diary data documenting sleep durations of > 7 hours, but only
53/546 (9.7%) with a sleep duration > 7 hours on actigraphy
were discordant by diary. In other words, overreporting sleep
duration was more common than underreporting. In compari-
son, 94.3% were concordant for sleep midpoint designation.
But similarly, the discordance was unbalanced with 20.1% of
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Table 4—Visit 2 daily sleep diary data.

Hypertensive Disorders of Pregnancy Gestational Diabetes Mellitus
Sleep Characteristic Categories n/N (%) Esti&;ut:e(egz, cl) Esﬁr(:::ts‘:gS(")ARCI) n/N (%) Estimgisg;, cl) Esﬁr(:::tset?gs(‘;,RCI)
Sleep duration (calculated)
<7 hours 15/140 (10.7) | 0.90 (0.50, 1.62) | 0.88 (0.49,1.61) | 7/140(5.0) | 1.35(0.57,3.21) | 1.22 (0.51,2.92)
=7 hours 72/612 (11.8) | 1.00 1.00 23/612(3.8) | 1.00 1.00
Visit 2 P= 7260 P= 6873 P= 4991 P= 6604
Diary "
Data Sleep midpoint
> 5:00 AM 13/123(10.6) | 0.89(0.47,1.65) | 0.79(0.41,1.51) | 6/123(4.9) | 1.29(0.52,3.23) | 1.51(0.57, 3.95)
<5:00 AM 741629 (11.8) | 1.00 1.00 241629 (3.8) | 1.00 1.00
P=.7047 P= 4720 P = 5825 P = 4064

Crude and adjusted odds ratios for hypertensive disorder of pregnancy and gestational diabetes. Odds ratios are adjusted for age and body mass index.

Cl = confidence interval, OR = odds ratio.

Table 5—Diary-actigraphy concordance and outcome rates.

Diary/Actigraphy Sleep Duration
Concordant: diary and actigraphy sleep duration < 7 hours
Concordant: diary and actigraphy sleep duration = 7 hours

Discordant: diary sleep duration < 7 hours, actigraphy sleep duration = 7 hours
Discordant: diary sleep duration = 7 hours, actigraphy sleep duration < 7 hours

Diary/Actigraphy Sleep Midpoint
Concordant: diary and actigraphy sleep midpoint > 5:00 AM
Concordant: diary and actigraphy sleep midpoint < 5:00 AM

Discordant: diary sleep midpoint > 5:00 AM, actigraphy sleep midpoint < 5:00 AM
Discordant: diary sleep midpoint < 5:00 AM, actigraphy sleep midpoint > 5:00 AM

n/N (% with HDP) n/N (% with GDM)
10/87 (11.49) 5187 (5.75)

56 / 493 (11.36) 16/ 493 (3.25)
5/53(9.43) 2153 (3.77)
16/ 119 (13.45) 71119 (5.88)
n/N (% with HDP) n/N (% with GDM)
11/107 (10.28) 6/107 (5.61)
69 /602 (11.46) 20/602 (3.32)

2116 (12.5) 0/16(0)
5/27 (18.52) 4127 (14.81)

GDM = gestational diabetes mellitus, HDP = hypertensive disorders of pregnancy.

women with a late sleep midpoint (> 5:00 am) on actigraphy
having a diary midpoint of < 5:00 am, compared to only 2.6%
of women with an actigraphy midpoint of < 5:00 aM having a
discordant diary assessment.

Visit 2 Daily Sleep Diary Data and Pregnancy
Outcomes

Sleep diary data from the 752 women in the actigraphy sub-
study showed no association of reported short sleep dura-
tion or late sleep midpoint with either hypertension or GDM
(Table 4). To better understand our findings, given the pre-
viously described association between actigraphy-determined
short sleep duration and late sleep midpoint at visit 2 and GDM
from this cohort,”® we examined the proportion of hyperten-
sion and GDM according to actigraphy-diary concordance by
sleep duration and midpoint categories (Table 5). When ac-
tigraphy and diary results were concordant for sleep duration,
the rate of GDM was higher at 5.75% for sleep duration < 7
hours compared to 3.25% for sleep duration > 7 hours. Simi-
larly, when sleep midpoint was concordant, the rate of GDM
was higher at 5.61% for late sleep midpoint > 5:00 AM versus
3.32% for sleep midpoint < 5:00 AM. Women who self-reported
a normal sleep duration or sleep midpoint but had an objec-
tive actigraphy result that was discordant (ie, showed short
sleep or a late sleep midpoint) had higher GDM rates (5.88%
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and 14.81%) compared to women who self-reported abnormal
sleep but had a normal pattern on actigraphy (3.77% and 0%).
Similar patterns were seen in rates of hypertensive disorders.
In other words, women with short sleep and late sleep timing
who misclassified themselves as having a normal sleep had the
highest rates of hypertension and GDM.

DISCUSSION

Our objective was to examine the relationship of self-reported
sleep duration and timing in pregnancy with adverse preg-
nancy outcomes in a large cohort of women who were nullipa-
rous and had given self-reported sleep assessments at multiple
timepoints in pregnancy. Prior published data from this cohort
indicated that objectively determined (using actigraphy) short
sleep duration and late sleep midpoint at visit 2 (16 0/7 to 21
6/7 weeks) are positively associated with GDM.?® In contrast,
in the current analysis of self-reported sleep duration and tim-
ing from the same cohort, we did not observe any consistent
relationship between sleep duration and hypertensive disorders
of pregnancy or GDM. However, we found an association be-
tween self-reported late sleep midpoint and GDM in both early
and late pregnancy. Furthermore, after assessing the concor-
dance between daily diary and actigraphy data at visit 2, we
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noted that self-reported late sleep midpoint ascertainment is
more accurate than self-reported short sleep duration.

There are few large studies that have evaluated self-reported
sleep measures and pregnancy outcomes, with each using
varying definitions of abnormal sleep and adverse outcomes.
In a large cross-sectional study from China, 12,506 women at
24 to 28 weeks were asked to answer the following question:
“How many hours of sleep do you get during this pregnancy,
including both day and night time?”*” They found that women
with short (< 7 hours) and long (> 9 hours) sleep durations had
higher rates of GDM (8.8% and 7.9%, respectively) compared
with women who slept > 7 to < 9 h/night. In adjusted analy-
ses, only long sleep duration remained associated with GDM.
There are two other large (n > 1,000) prospective cohort stud-
ies that examined self-reported sleep duration and pregnancy
outcomes. In a single center study in Seattle, Washington,
more than 1,200 women at a mean of 14 weeks’ gestation were
asked: “Since becoming pregnant, how many hours per night
do you sleep?”*®** The referent category for sleep duration in
this analysis was > 9 to < 10 hours. They found that both short
(< 6 hours) and long (> 10 hours) sleep durations were asso-
ciated with higher mean third trimester blood pressure, and
that very short sleep duration (< 5 hours) was associated with
an increased adjusted odds of preeclampsia (adjusted OR 9.88,
95% CI 1.91-50.80). Similarly, the authors noted a U-shaped
relationship between mean glucose concentrations 1 hour af-
ter a 50-gram oral glucose challenge and reported sleep dura-
tion, and an association between very short sleep duration (< 4
hours) and GDM among women who were overweight (adjusted
OR 9.83, 95% CI 1.12—86.32). Rawal et al. published a second-
ary analysis of the Fetal Growth Study-Singleton Cohort.*
They found that first-trimester sleep duration was not associ-
ated with GDM risk. In the second trimester, the association
between sleep duration and GDM differed by prepregnancy
obesity status, with a positive association only noted among
women without obesity (5 to 6 hours adjusted OR 2.52, 95% CI
1.27-4.99; 7 hours adjusted OR 2.01, 95% CI 1.09-3.68; > 10
hours adjusted OR 2.17, 95% CI 1.01-4.67).

Evidence from prior studies as well as from our analysis
presented here suggests that, on balance, self-reported sleep
duration may have an association with hypertensive disorders
of pregnancy and GDM, but that these associations are weak.
As our data regarding concordance of objective and self-re-
ported sleep demonstrates, the likely reason for the contrast to
the associations that have been documented with objectively
assessed sleep measures is that many women with short sleep
overreport their sleep duration. In fact, in our study popula-
tion, women with short sleep who misclassified themselves as
having normal sleep duration had the highest rates of hyper-
tension and GDM.

However, our data suggest that self-reported sleep timing
(used to calculate sleep midpoint) in pregnancy is more accu-
rate than self-reported sleep duration, and is linked to the risk
of GDM. These results are consistent with our analysis of ob-
jectively measured sleep timing from the same cohort. There is
biologic plausibility for this finding, as later sleep timing is as-
sociated with circadian misalignment. This misalignment can
occur when sleep and wakefulness behaviors do not occur at an
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appropriate time relative to the timing of the central circadian
clock (hypothalamus) and/or relative to the external environ-
ment (light-dark cycle). Misalignment can lead to chronodis-
ruption. For example, later sleep timing can lead to increased
exposure to artificial light at night, which can suppress mela-
tonin secretion.

It is known that certain forms of shift work may lead to
sleep disruption and circadian misalignment. From popula-
tion studies of nonpregnant individuals, shift work has been
associated with poor health outcomes, especially obesity and
type 2 diabetes.”* Data regarding shift work and pregnancy
outcomes are limited. Studies have focused primarily on the
outcomes of infertility, miscarriage, preterm birth, and birth
weight, and systematic reviews suggest a possible modest in-
creased risk of these complication among shift workers.**
Furthermore, epidemiological data on shift work are limited
in that many studies have not properly distinguished between
different types of shift work. There is clear biologic plausibil-
ity that certain types of shift work, particularly rotating shift
with work at night, can lead to greater degrees of circadian
disruption. Finally, circadian disruption is not limited to shift
work. In fact, we have previously shown that women reporting
shift work—as well as those who do not have a regular work
schedule due to being unemployed—are at the highest risk of
having a late sleep midpoint. Specifically, our previously pub-
lished analysis of objectively measured sleep midpoint in preg-
nancy found that women who worked regular day shifts had
significantly earlier sleep midpoints (n = 441, median [quartile
1: 25th percentile, quartile 3: 75th percentile] sleep midpoint
3:10 AM [2:40 aM, 3:51 am]) compared to women who reported
working some form of shift work (n = 148, median [quartile
1, quartile 3] sleep midpoint 4:14 aM [3:22 am, 5:39 aM]) or
who were unemployed (n = 152, median [quartile 1, quartile
3] sleep midpoint 4:34 am [3:45 aM, 5:37 am]), Kruskal-Wallis
test P <.0001. Furthermore, we found that late sleep midpoint
was more common among young pregnant women (< 22 years),
black and Hispanic women, women with obesity, those who
smoked, and women with a history of insomnia.?

Our study has several strengths. The nuMoM2b cohort is
a large, geographically and demographically diverse study
population. We prospectively ascertained self-reported sleep
duration and timing variables at three different timepoints
in pregnancy, using two different methods (single timepoint
questionnaires, multiple day sleep diary). We were also able
to report on the concordance between the self-reported sleep
and actigraphy-measured sleep. The main limitation of this
analysis of self-reported sleep in pregnancy is that by nature of
the observational design we are not able to account for all con-
founding and mediating factors. We recognize that observed
effects we reported are likely mediated by medical, social,
physiological, and environmental factors.

In conclusion, in this analysis of self-reported sleep duration
and timing from a large cohort of nulliparous women, we did
not observe any consistent relationship between sleep duration
and hypertensive disorders of pregnancy or GDM. We observed
an association between questionnaire-based self-reported
late sleep midpoint (> 5:00 aAm) in both early (6 0/7 to 13 6/7
weeks) and late (22 0/7 to 29 6/7 weeks) pregnancy and GDM.
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Furthermore, after assessing the concordance between daily
diary and actigraphy data in a subgroup of the cohort, we found
that self-reported sleep midpoint ascertainment is more accu-
rate than self-reported sleep duration. Further research should
help to better categorize patterns of sleep timing in pregnancy
and their associations with adverse pregnancy outcomes.
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