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Objectives: Pregnancy is associated with elevated risk for poor sleep quality, which increases the risk for poor
obstetrical outcomes and parent mental health problems. The COVID-19 pandemic has seen increased
reports of disturbed sleep worldwide; however, the degree this extends to pregnancy or influences preg-
nancy mental health outcomes has not been examined. The goal of this study was to examine changes in
pregnant individuals’ sleep, anxiety, and depression during the pandemic, and to understand how sleep was
associated with symptoms of anxiety and depression over time.
Methods: The Pregnancy During the COVID-19 Pandemic (PdP) study is a prospective longitudinal cohort of
pregnant individuals (at enrollment) with repeated follow-ups during pregnancy and the postpartum period.
About 3747 pregnant individuals participated between April and July 2020. The present analysis was
restricted to participants who completed at least 2 assessments, yielding a final sample of 1842 pregnant
individuals.
Results: Depression symptoms were elevated at baseline, compared to prepandemic estimates of prevalence,
but declined gradually over time. Shorter sleep duration, higher sleep disturbance, and more sleep-related
impairments at baseline predicted a slower decline in depression symptoms over time. More sleep distur-
bances at baseline also predicted slower decline in anxiety symptoms over time. In contrast, rates of depres-
sion and anxiety symptoms at baseline were not predictive of changes in any of the 3 sleep variables over
time.
Conclusions: These findings highlight the importance of early intervention for sleep problems in pregnancy,
in order to optimize mental health throughout pregnancy and mitigate long-term negative outcomes.
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Keywords:

Pregnancy
Sleep
Anxiety
Depression
COVID-19
Pandemic
Longitudinal
, Department of Psychology,
, AB T2N 1N4, Canada.
adsen).

by Elsevier Inc. All rights reserved.

et al., Sleep and mental health in pregnancy during COVID-19: A parallel process growth model,
/j.sleh.2022.05.011
Sleep problems, including symptoms of insomnia and poor sleep
quality, are common in pregnancy, and tend to increase as pregnancy
progresses.1,2 Sleep problems in pregnancy are associated with poor
obstetrical outcomes, including increased risk of preterm birth.3 Poor
sleep quality and short sleep duration have also been shown to pre-
dict declines in mental health over time, with sleep problems being
more predictive of later depression than vice versa in pregnant and
nonpregnant populations.4,5 The direction of the relationship
between sleep and anxiety during pregnancy is less clear, with some
evidence that experiencing anxiety in early pregnancy is predictive
of later symptoms of insomnia6 and decreasing sleep duration.7
Exposure to mental health problems during the perinatal period can
negatively impact child developmental outcomes and family rela-
tionships, thus identifying potential modifiable risk factors is an
important priority.8

Since being declared a worldwide pandemic, COVID-19 and the
restrictions implemented to limit its spread have impacted every
area of daily functioning including work changes, cancelled school/
daycare, relationship strain, and social isolation. Prior to the COVID-
19 pandemic, meta-analytic estimates of perinatal depression and
anxiety were approximately 12�15%.9,10 Rapid reviews and meta
analyses suggest significantly elevated rates of mental health prob-
lems across populations, including in pregnancy.11 Additionally, rates
of poor sleep quality increased, with higher elevations observed in
women (compared to men).12 Disturbed sleep and lower sleep qual-
ity in pregnant individuals also appear to be more common during
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the pandemic compared to pre pandemic levels.13 However, the
research conducted on sleep in pregnancy during COVID-19 has been
cross-sectional in nature and it is unclear how sleep changed as the
pandemic progressed, or whether poor sleep was a risk factor for
worse mental health symptoms across the perinatal period. Studies
have found that, at the population level, rates of depression and anxi-
ety were elevated at the onset of the pandemic, and decreased during
the first wave.14 It is unclear whether that is also the case at the intra-
individual level and in pregnant individuals. While sleep problems in
pregnancy were found to be associated with increases in depression
and anxiety before the pandemic, it is unclear how they associate in a
historic situation where anxiety and depression levels are both
abnormally elevated and decreasing. Even beyond the pandemic, it is
important to better understand the temporal nature of the relation-
ship between sleep and mental health in pregnancy in order to priori-
tize intervention development and delivery.

Objectives

The present study aimed to: (1) examine changes in sleep dura-
tion, sleep disturbance, sleep-related impairments, and symptoms of
anxiety and depression in pregnant individuals during the first wave
of the COVID 19 pandemic in Canada (ie, April to July 2020); and (2)
examine how levels and change in sleep and mental health variables
relate to each other over time.

Methods

Study protocol and procedures

The current investigation utilized data from the larger Pregnancy
During the COVID-19 Pandemic (PdP) study,15 a prospective longitu-
dinal cohort of pregnant individuals (at enrollment) with repeated
follow ups during pregnancy and the postpartum period. Ethics
approval was obtained from the Conjoint Health Research Ethics
Board (CHREB) at the University of Calgary (REB20 0500), and all par-
ticipants provided informed consent. Recruitment and data collection
began in April 2020. Participants were eligible if they were: pregnant,
�17 years old, �35 weeks gestation at study enrollment, living in
Canada, and able to read and write in English or French. At enroll-
ment, participants completed an initial online survey that gathered
information on demographic and socioeconomic characteristics, and
included several validated self-report questionnaires that assessed
physical and mental health such as sleep, anxiety, and depression.
For 3 months following the initial assessment, participants received a
monthly email link to complete follow up surveys about experiences
since the previous survey. This investigation followed the methods
outlined by the standards set by STROBE (Strengthening the Report-
ing of Observational Studies in Epidemiology) guidelines (cite; see
supplementary materials for checklist).16

Sample

A total of 3747 individuals with a delivery due date after July 31,
2020 provided exclusively antepartum data between April and July
2020. The sample for the current investigation was restricted to those
with data from at least 2 timepoints of 4-month monthly assess-
ments between April and July 2020, in order to have adequate covari-
ance coverage to conduct longitudinal analyses, yielding a final
sample of 1842 participants. There were differences between individ-
uals with data at � 2 timepoints compared to those with data only at
the 1 timepoint: participants were more likely to complete �2 ques-
tionnaires by July 2020 if they had a higher income (odds ratio
[OR] = 1.13, 95% confidence interval [CI]: 1.09, 1.16, p < .001), higher
education (OR = 1.61, 95% CI: 1.07, 2.42, p < .001), and were in a
Please cite this article as: L. Tomfohr-Madsen et al., Sleep and mental hea
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marriage or domestic partnership (OR = 1.61, 95% CI: 1.07, 2.42,
p = .022); there were no differences in terms of previous miscarriages
or depression and anxiety disorder diagnoses before pregnancy (p >

.50). Furthermore, analyses examining attrition according to mental
health at study onset (April (n = 1234)) showed that the odds of com-
pleting 2 or more timepoints were lower for those with higher levels
of depression (OR = 0.95, 95% CI: 0.93, 0.97, p <.001) and anxiety in
April (OR = 0.97, 95% CI: 0.96, 0.99, p = .009).

The average age of participants in April was 32.78 years
(SD = 4.05, range = 19�49 years). The median yearly household
income of participants was $100,000 124,999 CDN. About 86.1% of
participants were born in Canada. And 84.5% of participants identified
as White, 0.7% as First Nations, 1.0% as Metis, 0.1% as Inuit, 0.9% as
Black, 2.2% as Chinese, 1.4% as Filipino, 0.2% as Korean, 0.3% as West
Asian, 2.4% as South Asian, 0.5% as Southeast Asian, 1.7% as Hispanic/
Latinx, and 3.9% as Mixed Race or Other. About 78.3% of participants
were married and 19.8% were in a domestic partnership, with the
remaining being single (1.7%), divorced (0.1%) or separated (0.2%).
About 18.2% of participants had completed a trade or community col-
lege diploma, 43.4% completed a Bachelor’s degree, and 32.1% had a
graduate or professional degree.

Measures

Sleep-related variables

Sleep duration was self-reported at each assessment with a single
item from the Pittsburgh Sleep Quality Index17 asking participants
“During the PAST MONTH, how many hours of actual sleep did you
get a night? (This may be different than the number of hours you
spend in bed).” Skewness for sleep duration ranged from 0.05 to 0.14
across the 4 assessments, and kurtosis = 0.07�0.22.

Sleep disturbance and sleep-related impairment were self-
reported at each assessment using the 4-item Patient-Reported Out-
comes Measurement Information System (PROMIS�) Sleep Distur-
bance � Short Form 4a and the 4-item PROMIS� Sleep-Related
Impairment Short Form 4a.18 Items are answered on a 5-point scale
and summed scores can range from 4 to 20, where higher scores indi-
cate more severe symptoms. Scores of 16-19 on the sleep disturbance
scale and 12-15 on sleep-related impairment are indicative of moder-
ate problems and scores of 20 on sleep disturbance and �16 on sleep-
related impairments are considered severely elevated. In the current
investigation, sleep disturbance had a skewness range of 0.25�0.34,
kurtosis of 0.42�0.49, and Cronbach’s alpha (a) of 0.81�-0.85 across
time points, whereas sleep-related impairment had a skewness range
of 0.50�0.57, kurtosis of 0.41�0.59, and a = 0.89-0.92.

Anxiety and depression symptoms

General anxiety symptoms were self-reported at each assessment
using the PROMIS� Anxiety Adult 7-item short form.19 Items are
answered on a 5-point scale and summed scores can range from 7 to
35, where higher scores indicate more severe symptoms. Scores of
20-27 are indicative of moderately elevated anxiety symptoms and
scores �28 are indicative of severely elevated anxiety symptoms.
Skewness ranged from 0.01 to 0.32, kurtosis from 0.57 to 0.81, and all
a = 0.94.

Depression symptoms were self-reported at each assessment
using the 10-item Edinburgh Postpartum Depression Scale,20 which
is validated for assessments conducted during pregnancy.21 Items are
answered on a 4-point scale and summed scores can range from 0 to
30, where higher scores indicate more severe symptoms. A cut-off
score of �13 is used to identify individuals with clinically concerning
depression symptoms.20 Skewness ranged from 0.37 to 0.58, kurtosis
from 0.13 to 0.01, and a = 0.88-0.89.
lth in pregnancy during COVID-19: A parallel process growth model,
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Covariates

Potential confounding variables were accounted for in the analy-
ses as covariates, and included baseline report of: education level
(high school degree or lower vs. postsecondary education), house-
hold income, changes in household income due to COVID-19, marital
status (married or in a domestic partnership vs. single, divorced, wid-
owed or separated), number of previous births, having had a miscar-
riage prior to the current pregnancy, and number of weeks until
delivery due date on April 1, 2020.

Data analyses

Latent growth models (LGMs) were constructed in Mplus 8.522

using maximum likelihood estimation. Analyses were conducted in 2
steps. First, unconditional LGMs were estimated separately for sleep
duration, sleep disturbance, sleep-related impairments, anxiety, and
depression. These univariate models estimate 2 latent growth param-
eters: (1) an intercept, which was centered in April as an estimate of
the initial levels; and (2) a linear slope, which captures change over
time. Second, parallel (ie, bivariate) LGMs were conducted to exam-
ine the associations between the sleep, anxiety, and depression
growth factors. Six bivariate LGMs were estimated, including sleep
duration, sleep disturbance, and sleep-related impairments each
with anxiety and depression. Fig. 1 shows the associations tested in
these models. The models estimate: autoregressive paths for the
mental health variable intercepts predicting mental health variable
slopes (a) and for sleep variable intercepts predicting sleep variable
slopes (b); correlations between sleep and mental health variable
intercepts (c) and between sleep and mental health variable slopes
(d); and regression paths for mental health variable intercepts pre-
dicting sleep variable slopes (e) and sleep variable intercepts predict-
ing mental health variables’ slopes (f). All covariates (see measures
section) were included in the bivariate LGMs by regressing the inter-
cepts and slopes on these variables. The Benjamini-Hochberg proce-
dure23 was used to correct for multiple testing.

Tests of goodness of model fit included the model chi square (x2),
the Comparative Fit Index (CFI), the Tucker Lewis Index (TLI), the
Root Mean Square Error of Approximation (RMSEA), and the Stan-
dardized Root Mean Residual (SRMR). An adequate fit is suggested by
a nonsignificant x2, a CFI and TLI > 0.90 and a RMSEA and
SRMR < 0.08, and close fit is suggested by a CFI and TLI > 0.95 and a
RMSEA and SRMR < 0.05.24

Full information maximum likelihood was used to account for
missing data under the missing completely at random and missing at
random (MAR) assumptions.25 Missing data analyses showed that of
Table 1
Descriptive statistics of study variables

April (n = 825) May (n

Variable M (SD) % M (SD)

Anxiety symptoms 19.20 (6.12) 17.81 (6.0
Moderately elevated 42.3
Severely elevated 7.8
Depression symptoms 9.83 (5.20) 9.20 (5.21
Clinically concerning 30.1
Sleep duration (hours) 7.19 (1.17) 7.13 (1.26
Sleep disturbance 10.74 (3.38) 10.78 (3.5
Moderately elevated 9.8
Severely elevated 0.4
Sleep-related impairments 9.80 (3.72) 9.90 (3.97
Moderately elevated 23.9
Severely elevated 8.5

Note. M, mean; SD, standard deviation.

Please cite this article as: L. Tomfohr-Madsen et al., Sleep and mental hea
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the 1842 participants, 358 had data at all 4 timepoints. 1163 enrolled
in May or June and therefore had missing data for previous assess-
ments, which was considered missing completely at random,25 but
had complete data thereafter. Three hundred twenty-one withdrew
or missed assessments after joining the study. Missing data rates for
each variable are provided in supplementary materials. Household
income, number of children, previous miscarriages, marital status,
education, anxiety and depression diagnoses before pregnancy, tem-
porary or permanent job loss due to COVID-19, and income change
due to COVID-19 were examined as potential predictors of with-
drawal and missed assessments (ie, potential predictors of MAR25

within the analyzed sample). All were found to be nonsignificant pre-
dictors of missingness (p > .10) and were thus not included as auxil-
iary variables (variables that are not in the analytical model but are
included for missing data estimation). Anxiety and depression at
study onset were related to attrition (see sample section). As these
variables were already in the models, this was taken into account in
full information maximum likelihood estimation under the MAR
assumption.

Results

Descriptive statistics

Descriptive statistics of the study variables are presented in
Table 1. Cross tabulations conducted in SPSS showed that in April,
participants with moderately to severely elevated sleep disturbance
had higher rates of severely elevated anxiety symptoms compared to
participants with lower sleep disturbance levels (82% vs. 47%;
x2(1) = 37.93, p < .001). The same was found for participants with
moderate to severe sleep-related impairments (72% vs. 40%;
x2(1) = 73.72, p < .001). Similarly, participants with moderately to
severely elevated sleep disturbance and sleep-related impairments
had higher rates of clinically concerning depression symptoms com-
pared to participants with lower sleep disturbance and impairment
(disturbance 68% vs. 26%; x2(1) = 63.55, p < .001; impairments 54%
vs. 19%; x2(1) = 107.00, p < .001). Correlations between all sleep and
mental health variables across the 4 assessments can be found in
Supplementary Materials.

Univariate growth models

Table 2 shows model fit indices and parameter estimates for the
univariate LGMs. For all models, the chi square test was significant.
However, this test is sensitive to sample size, and with a large sample
size such as in the present study, large power leads the chi square
= 1316) June (n = 1520) July (n = 1316)

% M (SD) % M (SD) %

2) 17.16 (5.95) 16.91 (5.99)
35.1 31.6 30.6
5.4 4.3 4.0

) 8.67 (5.32) 8.38 (5.35)
26.4 23.1 21.6

) 7.02 (1.22) 6.83 (1.29)
5) 10.90 (3.53) 11.30 (3.53)

10.8 11.3 12.3
0.7 0.8 1.5

) 9.74 (3.88) 10.08 (4.01)
22.8 21.8 24.0
11.2 10.4 11.8

lth in pregnancy during COVID-19: A parallel process growth model,
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Table 2
Model fit indices and parameters of univariate latent growth models for mental health and sleep-related variables

Model fit Parameter estimates

x2 (df = 5) CFI TLI RMSEA SRMR InterceptM Intercept v SlopeM Slope v Intercept-Slope r

Anxiety symptoms 49.19*** .98 .98 .07 .04 19.11*** 25.52*** -0.82*** 0.94*** -0.18*
Depression symptoms 15.14** .99 .99 .03 .02 10.12*** 20.86*** -0.63*** 0.90*** -0.26***
Sleep duration 17.02** .99 .99 .04 .05 7.29*** 1.09*** -0.16*** 0.06*** -0.29***
Sleep disturbance 30.64*** .99 .99 .05 .05 10.79*** 9.30*** 0.13*** 0.50*** -0.35***
Sleep-related impairments 27.77*** .99 .99 .05 .04 10.01*** 10.54*** -0.03 0.58*** -0.27***

Note. CFI, comparative fit index; TLI, Tucker-Lewis index; RMSEA, root-mean-square error of approximation; SRMR, standardized root-mean residual;M, mean;
v, variance; r, correlation.
* p < .05.
** p < .001.
*** p < .001.
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test to be significant.24 All other model fit indices showed acceptable
to close fit.

On average, initial sleep duration was 7 h 17 min and significantly
decreased by 10 min per month. Sleep disturbance had a significantly
increasing slope. While the slope mean of sleep-related impairments
was nonsignificant, the slope variance was significant. Accordingly,
while on average there was no significant change across participants,
there was significant within participant variance where some had
increasing and some had decreasing sleep-related impairments.
Results (Table 2) showed that both anxiety and depression symptoms
had a significant decreasing slope between April and July. All inter-
cept and slope parameters had significant variance.

Bivariate growth models

As can be seen in Table 3, all bivariate LGMs had adequate model
fit. Results of the bivariate LGMs are presented in Table 4. Initial lev-
els of sleep duration and anxiety symptoms were negatively associ-
ated and initial levels of sleep-related impairments and anxiety
symptoms were positively associated, but there were no longitudinal
associations between these 2 sleep-related variables and anxiety
(ie, intercepts did not predict slopes in either direction). Initial levels
of sleep disturbance and anxiety symptoms were positively associ-
ated and higher initial levels of sleep disturbance predicted a slower
decline in anxiety symptoms, whereas anxiety symptoms did not
predict the slope of sleep disturbance.

Associations between initial levels of the sleep variables and
symptoms of depression were similar to those found for anxiety, but
there was stronger evidence of longitudinal associations. Initial sleep
duration and levels of depression symptomatology were negatively
associated, and lower initial sleep duration predicted a slower decline
Table 3
Model fit indices of bivariate latent growth models between mental health and
sleep-related variables

Model fit

Bivariate model between: x2 (df = 46) CFI TLI RMSEA SRMR

Anxiety Sleep duration 114.00*** .99 .97 .03 .02
Anxiety Sleep disturbance 109.05*** .99 .98 .03 .02
Anxiety Sleep-related

impairments
102.00*** .99 .98 .03 .02

Depression Sleep duration 71.18* .99 .99 .02 .02
Depression Sleep disturbance 73.46** .99 .99 .02 .02
Depression Sleep-related

impairments
64.24* .99 .99 .02 .02

Note. CFI, Comparative Fit Index; TLI, Tucker-Lewis Index; RMSEA, Root-Mean-
Square Error of Approximation; SRMR, Standardized Root-Mean Residual.
* p < .05.
** p < .001.
*** p < .001.
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in symptoms of depression. Initial levels of sleep disturbance and
symptoms of depression were positively associated, and slopes of
sleep disturbance and symptoms of depression were positively asso-
ciated, indicating that a steeper increase in sleep disturbance was
associated with a slower decline in depression symptomatology.
Higher initial levels of sleep disturbance also predicted a slower
decline in depression symptomatology. Similarly, higher initial levels
of sleep-related impairments and symptoms of depression and were
positively associated, and a steeper increase in sleep-related impair-
ments was associated with a slower decline in depression symptoms.
Higher initial levels of sleep-related impairments also predicted a
slower decline in depression symptoms. In contrast, initial levels of
depression symptoms did not predict the 3 sleep-related slopes.

Discussion

Here, we provide important insight into links between pregnant
individuals’ sleep problems and mental health difficulties in a large
longitudinal sample during the COVID-19 pandemic. Shorter sleep
duration, more disturbances, and sleep-related impairment, were
associated with higher symptoms of anxiety and depression among
pregnant individuals during the first wave of the COVID-19 pan-
demic. Consistent with other studies of nonpregnancy cohorts, from
April to July 2020, rates of anxiety and depression decreased within
the overall sample,14 although they remained higher when compared
to meta-analytic estimates of pre-pandemic levels.11 Over the course
of the study, sleep disturbance increased and sleep duration
declined—a pattern in line with the broader pregnancy literature.1,2,6

Shorter sleep duration, higher sleep disturbance and more sleep-
related impairments at baseline predicted a slower decline in depres-
sion symptoms. Increasing sleep-related impairment and disturban-
ces over time were also associated with a slower decline in
symptoms of depression. In contrast, initial depression symptoms
were not predictive of changes in sleep. At baseline, shorter sleep
duration, more sleep-related impairments and disturbance were
associated with higher anxiety. Whereas there were no longitudinal
associations between sleep duration and sleep-related impairments
with anxiety, higher sleep disturbance at baseline was predictive of a
slower decrease in anxiety over the course of the study. Similar to
depression, initial rates of anxiety did not predict the slope of any of
the sleep variables. While previous studies in children, adolescents
and adults have found that sleep is predictive of later mental health
problems26,27; these findings suggests that poor sleep quality was
also associated with slower recovery from high rates of anxiety and
depression during early phases of the pandemic and that sleep may
be a key target for intervention.

Sleep problems in pregnancy are common and given their serious
long-term impact when left untreated, they should be considered
part of standard perinatal mental health screening protocols.
Pregnant individuals show a strong preference for psychotherapy (ie,
lth in pregnancy during COVID-19: A parallel process growth model,
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Table 4
Results of bivariate latent growth models between mental health and sleep-related variables

Anxiety Depression

95% CI 95% CI

Estimate(SE) LL UL b/r Estimate(SE) LL UL b/r

Sleep duration
a. Mental health intercept!mental health slope -0.04 (0.02) -0.07 0.00 -0.19 -0.07 (0.02)* -0.10 -0.03 -0.31
b. Sleep intercept! sleep slope -0.08 (0.02)* -0.25 0.07 -0.32 -0.08 (0.02)* -0.35 -0.07 -0.32
c. Mental health intercept$ sleep intercept -1.27 (0.22)* -1.70 -0.84 -0.26 -1.27 (0.19)* -1.64 -0.90 -0.29
d. Mental health slope$ sleep slope -0.04 (0.03) -0.10 0.03 -0.18 -0.02 (0.03) -0.07 0.04 -0.08
e. Mental health intercept! sleep slope 0.00 (0.01) -0.01 0.00 -0.06 -0.01 (0.00) -0.01 0.00 -0.09
f. Sleep intercept!mental health slope -0.09 (0.08) -0.25 0.07 -0.10 -0.21 (0.07)* -0.35 -0.07 -0.23
Sleep disturbance
a. Mental health intercept!mental health slope -0.05 (0.02)* -0.09 -0.01 -0.26 -0.08 (0.02)* -0.12 -0.04 -0.40
b. Sleep intercept! sleep slope -0.10 (0.02)* -0.14 -0.06 -0.45 -0.10 (0.02)* -0.15 -0.06 -0.44
c. Mental health intercept$ sleep intercept 6.65 (0.65)* 5.38 7.92 0.46 6.82 (0.57)* 5.71 7.93 0.53
d. Mental health slope$ sleep slope 0.14 (0.09) -0.03 0.32 0.25 0.14 (0.07) -0.01 0.28 0.25
e. Mental health intercept! sleep slope 0.03 (0.01) 0.01 0.05 0.22 0.03 (0.01) 0.00 0.05 0.19
f. Sleep intercept!mental health slope 0.07 (0.03)* 0.00 0.13 0.21 0.09 (0.03)* 0.04 0.15 0.30
Sleep-related impairment
a. Mental health intercept!mental health slope -0.05 (0.02) -0.10 -0.01 -0.28 -0.08 (0.02)* -0.13 -0.04 -0.41
b.Ssleep intercept! sleep slope -0.07 (0.03) -0.12 -0.01 -0.30 -0.07 (0.03) -0.13 -0.01 -0.29
c. Mental health intercept$ sleep intercept 7.73 (0.72)* 6.33 9.13 0.51 7.71 (0.63)* 6.48 8.93 0.58
d. Mental health slope$ sleep slope 0.25 (0.11) 0.03 0.47 0.43 0.21 (0.10)* 0.02 0.40 0.36
e. Mental health intercept! sleep slope 0.03 (0.02) 0.01 0.06 0.22 0.03 (0.02) 0.00 0.07 0.20
f. sleep Intercept!mental health Slope 0.08 (0.04) 0.01 0.15 0.26 0.09 (0.03)* 0.03 0.15 0.30

Note. See Fig. 1 for visualization of a-f paths. Estimate = unstandardized estimate (unstandardized beta for regression paths); SE, standard error;
CI, confidence interval; LL, lower limit; UL, upper limit; b, standardized beta for regression paths; r, correlation coefficient for correlation paths;
mental health refers to anxiety or depression; models control for education level), household income, changes in household income due to
COVID-19, marital status, number of live children, having had a miscarriage prior to the current pregnancy, and number of weeks until delivery
due date.
* p < .05 after correction for multiple testing.

Fig. 1. Associations tested in the bivariate (parallel) latent growth models (LGMs). Mental health refers to depression or anxiety. Sleep refers to sleep duration, sleep disturbance, or
sleep-related impairments.
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cognitive behavioral therapy for insomnia (CBT I)) versus pharmaco-
therapy for the treatment of insomnia.28 Recent studies suggest that
both in person and online CBT-I delivered in pregnancy significantly
reduce symptoms of insomnia.29-32 Data from our research group
also shows that CBT I reduced symptoms of insomnia during the
COVID-19 pandemic when delivered via telehealth.33 Treating insom-
nia in pregnancy also appears to reduce symptoms of depression,
with evidence showing benefit up to 2 years postpartum.30,32 Data
from this study, and others longitudinal cohorts add to a burgeoning
literature showing the impact of untreated sleep problems on later
symptoms of depression, and point to an urgent need for accessible
treatment options to be disseminated.4,5,34

Treating sleep problems in pregnancy may also be an important
prevention-based strategy for promoting child health and develop-
ment. Poor sleep quality in pregnancy has been shown to predict
shorter infant sleep duration and longer wake after sleep onset.35

Poor sleep in infancy and early childhood has itself been linked to
important child health and developmental outcomes.36-39 Addition-
ally, perinatal depression is associated with risk for many negative
child outcomes.40 When maternal depression persists into the post-
partum period or beyond, further impacts are seen on child develop-
ment at both biological (ie altered brain development) and
behavioral (ie, delays in socioemotional and cognitive development)
levels.41,42 Such negative impacts of maternal depression are exacer-
bated in the presence of postpartum sleep difficulties and other stres-
sors, such as domestic conflict or poverty related stress, given the
high demands of caring for infants while managing high burdens of
internal distress alongside inadequate psychosocial support.

Strengths and limitations

The current investigation utilized data from a large national pro-
spective pregnancy cohort study conducted during the COVID-19
pandemic. While this provides an unprecedented opportunity to
examine the sleep and mental health of pregnant individuals within
the context of adversity, the results should be interpreted with limi-
tations in mind. Although there were no significant differences in
previous anxiety or depression diagnoses among participants who
were excluded from the study for withdrawing after the initial
assessment, similar to other pandemic studies, later attrition was
higher among those with elevated symptoms of anxiety and depres-
sion at baseline.43 This may have contributed to the lack of significant
findings for anxiety and depression predicting later sleep problems;
it may also suggest that the strength of association between sleep
and mental health was underestimated. Furthermore, all data were
self-reported, raising the possibility of shared method variance
accounting for a portion of the associations.44 The PROMIS sleep tools
are commonly used measures of sleep quality; however, although
informative, self-report measures of sleep are poorly correlated with
objective measurements.45 The sample was also highly educated and
had high household income, and while sociodemographic factors
were accounted for in the analyses, the results may not be generaliz-
able to specific subpopulations with more vulnerabilities such as job
or food insecurity, lack of access to health care, adequate housing,
transportation and language barriers. The experience of pregnancy,
labor and delivery may have differed depending on the phase of the
pandemic, and these differences are not addressed in our analyses.
Finally, other important variables known to influence both mental
health and sleep, such as social isolation or illness (eg, COVID infec-
tion) may have influenced our results.

Conclusions

The current findings suggest that poor sleep during pregnancy
leads to more persistent symptoms of anxiety and depression across
Please cite this article as: L. Tomfohr-Madsen et al., Sleep and mental hea
Sleep Health (2022), https://doi.org/10.1016/j.sleh.2022.05.011
the perinatal period during chronic stressful events such as the
COVID-19 pandemic. Poor sleep in pregnancy is highly responsive to
treatment and broader screening and treatment may improve paren-
tal mental health outcomes.
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