pii: sp-00539-14 http://dx.doi.org/10.5665/sleep.4900

TRAJECTORIES OF SLEEP QUALITY AND MOOD IN THE PERINATAL PERIOD

'Igraj_e%tories of Sleep Quality and Associations with Mood during the Perinatal
erio

Lianne M. Tomfohr, PhD"23; Elena Buliga, BA (Hons)'; Nicole L. Letourneau, PhD*; Tavis S. Campbell, PhD'; Gerald F. Giesbrecht, PhD"23

!Department of Psychology, University of Calgary, Calgary, AB, Canada;, *Alberta Children’s Hospital Research Institute for Child and Maternal
Health (ACHRI), Calgary, AB, Canada, *Department of Pediatrics, Alberta Children’s Hospital, Calgary, AB, Canada; *Faculty of Nursing,
University of Calgary, Calgary, AB, Canada

Objective: The aim of this study was to investigate trajectories of sleep quality and associations with mood in the perinatal period. Although
it is commonly accepted that subjective sleep quality declines during pregnancy and the transition to parenthood, some women may follow
qualitatively distinct trajectories.

Design, Setting, and Participants: Sleep quality was assessed by the Pittsburgh Sleep Quality Index (PSQI). Data were collected from 293
women at four time points: during early pregnancy, at Time 1 (T1; < 22 w gestational age [GA]; late pregnancy, at Time 2 (T2; 32 w GA); during the
postnatal period at Time 3 (T3; 3 mo postpartum); and Time 4 (T4; 6 mo postpartum). A group-based semiparametric mixture model was used to
estimate patterns of sleep quality throughout the perinatal period.

Results: Four trajectory groups were identified, including patterns defined by high sleep quality throughout (21.5%), mild decrease in sleep quality
(59.5%), significant decrease in sleep quality (12.3%) and a group with poor sleep quality throughout (6.7%). Women who had the worst sleep
quality at Time 1 and those who experienced significant increases in sleep problems throughout pregnancy were also the groups who reported
the highest levels of anxiety and depressive symptoms in early pregnancy and the lowest levels of social support. After controlling for covariates,
the groups with worst subjective sleep quality during pregnancy were also the most likely to experience high symptoms of depression in the
postpartum period.

Conclusions: Most of the women in our sample reported mild sleep disturbances through the perinatal period. A subgroup of women reported a
significant decline in sleep quality from early to late pregnancy and another reported poor subjective sleep quality throughout pregnancy; these

groups had the greatest risk of experiencing high symptoms of depression in the postpartum period.
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INTRODUCTION

Worsening sleep quality and increasing sleep disturbances are
well-documented complaints in the perinatal period, (e.g., during
pregnancy and as long as 1 y postpartum).”* As pregnancy pro-
gresses, sleep quality decreases in many pregnant women and
the percentage of women defined as poor sleepers (using the
Pittsburgh Sleep Quality Index [PSQI] cutoff of 5) increases sig-
nificantly.>® In the postpartum period, sleep problems often per-
sist, peaking during the first postpartum month and remaining
elevated, especially among first-time mothers.”” Disrupted sleep
in pregnancy has been linked to negative obstetric outcomes,
including preterm labor, longer labor, and increased risk of ce-
sarean delivery.” Maternal sleep patterns in pregnancy may also
entrain infant sleep patterns, such that disrupted maternal sleep
in pregnancy is associated with worse infant sleep, which can in
turn lead to disrupted maternal postpartum sleep.''?

Sleep and Depression

Emerging sleep problems have been shown to herald new
episodes and relapses of major depressive disorder across mul-
tiple populations.”® Disturbed sleep has been associated with
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the emergence of new depressive symptoms in pregnancy such
that sleep disturbances in early pregnancy predict depressive
symptoms in late pregnancy, even after adjusting for baseline
symptoms of depression.” Sleep disturbances in late pregnancy
assessed both objectively (i.e., actigraphy) and subjectively have
also been shown to independently predict symptoms of post-
partum depression."> However, findings in this area have not been
entirely consistent. In a study of pregnant, first-time mothers,
sleep problems in late pregnancy were not associated with the
emergence of postpartum depression (PPD).'® Paradoxically,
in a group of women with a history of PPD followed from late
pregnancy to 28 w postdelivery, lower PSQI scores (indicative
of better sleep) in late pregnancy were predictive of increased
risk for recurrence of PPD within 4 w of delivery."” Following the
same participants in the postpartum period, poor sleep quality in
the postpartum period, as assessed by the PSQI, was associated
with recurrence of PPD.”® Further muddying the waters, some re-
searchers have failed to detect associations between sleep and de-
pression in pregnancy.'”? In a study of more than 2,000 women
followed from 32 w of pregnancy to 8 w postpartum, there was
no association between symptoms of insomnia and increases in
symptoms of depression.”® Taken together, research into the rela-
tionship between sleep and depression in the perinatal period is
unclear and there have been calls for greater exploration of fac-
tors that may influence the sleep and depression relationship.'

Trajectories of Sleep Quality in the Perinatal Period
The majority of sleep research in the perinatal period has
focused on changes in mean sleep quality over time.*®* This

1237 Trajectories of Sleep Quality in Pregnancy and Postpartum—Tomfohr et al.



approach assumes that all women, or at least a majority, expe-
rience the same pattern of changes in sleep and runs the risk
of obscuring potentially meaningful individual differences.
Rather than assuming the same trajectory of sleep quality over
the perinatal period, it may be advantageous to identify spe-
cific subgroups of women for whom changes in sleep quality
follow distinct trajectories. Identifying women who are at high
risk for experiencing perinatal sleep problems could aid in
developing targeted treatment strategies and more nuanced
explanatory frameworks related to perinatal sleep quality. Po-
tentially, exploring specific trajectories of sleep in the perinatal
period could also help shed light on the relationship between
sleep disturbances and depression.

Discriminating Among Sleep Quality Trajectory Groups

If there are distinct sleep trajectory subgroups in the peri-
natal period, then it is important to differentiate the baseline
characteristics that identify them, in order to assist in tar-
geting and developing appropriate interventions. A number of
factors could potentially predict changes in subjective sleep
quality during the perinatal period. Among them, symptoms
of depression and anxiety may be of particular importance.
Depressive symptoms are highly comorbid with insomnia,
and women suffering from depression in pregnancy also re-
port significantly elevated sleep disturbances.""**? Anxiety
symptoms, which are highly comorbid with depression, have
also been shown to explain a significant amount of variance
in self-reported sleep disturbances.’* In contrast, there is a
long history of research demonstrating the beneficial effects
of social support in pregnancy and the postpartum period,**2
suggesting that social support may serve a protective function
with regard to sleep outcomes in the perinatal period. Finally,
indices of socioeconomic status (SES) such as education and
income have been linked to sleep quality outside of the peri-
natal period,” such that lower SES is associated with worse
subjective and objective sleep outcomes. This relationship has
been recently replicated in pregnant women.*

Study Aims

The aims of this study were threefold. The first aim was
to determine if decreases in subjective sleep quality during
pregnancy characterize the majority of pregnant women, or if
there are subgroups of women who experience unique sleep
trajectories. We hypothesized that there would be identifiable
subgroups of sleep quality trajectories over the course of preg-
nancy and the postpartum period.

The second aim was to examine how well symptoms of de-
pression and anxiety, social support and SES, all assessed in
early pregnancy, discriminate among sleep trajectory groups.
We hypothesized that subgroups characterized by declining
sleep quality would report baseline symptoms of depression
and anxiety that were higher than the group average and social
support that was lower than the group average.

The third aim was to determine if sleep trajectories were
associated with significant changes in symptoms of depression
over the course of the study. We hypothesized that women who
experienced the greatest increases in sleep problems would
be most likely to experience high depressive symptoms in the
postpartum period.

SLEEP, Vol. 38, No. 8, 2015

METHOD

Participants

A subsample of 293 pregnant women who were enrolled
in an ongoing longitudinal study of mental health and nutri-
tion during pregnancy (see http://www.apronstudy.ca for fur-
ther details) were recruited for and participated in this study.
Women were excluded from the longitudinal study if they were
younger than 16 y, > 27 w gestation, were unable to answer
questions in English, or planned on moving. Women were
excluded from the sub study if they self-reported any of the
following: (1) taking a steroid medication; (2) smoking; (3)
consuming alcohol or ‘street’ drugs; (4) known pregnancy or
fetal complications (e.g., preeclampsia, fetal genetic anoma-
lies), or (5) illness during data collection (e.g., fever)—these
exclusionary criteria were based on collection of biomarkers
not reported here. Gestational age (GA) at each assessment
was determined based on last reported menstrual period and
confirmed by at least one ultrasound. Prior to data collection,
participants provided informed consent to the procedures.
Questionnaires were mailed to participants prior to scheduled
laboratory visits and either returned at those visits or by mail.
The study procedures were approved by the University of Cal-
gary Conjoint Health Research Ethics Board.

At initial data collection, womens’ average age was 30.9 y
(standard deviation [SD] = 3.79) and 21.9% had graduate school
education, 47.7% of participants had completed a university
degree, 19.4% received a trade or technical certificate, and
11% completed high school education or less. More than half
of participants (54.8%) reported an annual household income
of $100,000 (Canadian) or more, 24.4% reported an annual in-
come between $70,000 and $99,999, 12% reported an annual
income between $40,000 and $69,999 and 8.8% of participants
reported an annual income of less than $40,000. In the sample,
79.6% identified as Caucasian, 11.7 % as Asian, 3.9% as Latin
American, and 4.8% as other ethnic groups such as Black, Ja-
maican, Arab, and Filipino. Approximately 98% of the sample
reported being married or cohabitating. Half of the sample
(50.2%) reported being pregnant with their first child, 36.9%
percent were pregnant with their second child, and 12.9% were
pregnant for the third or more time.

Procedures

At four separate time points, participants completed ques-
tionnaires that assessed subjective sleep quality, symptoms
of depression and perceived quality of social support. Ques-
tionnaires were completed during pregnancy, at Tl (< 22 w
GA; mean GA = 15.04, SD = 3.55), and T2 (32 w GA; mean
GA =32.44, SD = 0.99), and during the postnatal period at T3
(3 mo postpartum; mean infant age, weeks = 12.7, SD = 1.4)
and T4 (6 mo postpartum; mean infant age = 25.2, SD = 2.6).

Measures

Pittsburgh Sleep Quality Index

Subjective sleep quality was assessed using the 19-item self-
administered PSQI. The PSQI assesses seven components of
sleep: subjective sleep quality, sleep latency, sleep duration,
habitual sleep efficiency, sleep disturbances, use of sleeping
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medication, and daytime dysfunction. Summing each sub-
scale creates a global PSQI score. Scores range from 0 to 21,
with higher scores indicating lower sleep quality and a more
severe sleep disturbance.” The total PSQI has demonstrated
good psychometric properties in pregnancy.?? In our study, the
PSQI Cronbach as were T1 = 0.70, T2 = 0.70, T3 = 0.69, and
T4 = 0.69, respectively, which are considered acceptable.’!

Edinburgh Postnatal Depression Scale (EPDS)

Symptoms of depression were assessed using the 10-item,
self-report EPDS.3** Items were rated on a four-point scale to
produce a summative score ranging from 0 to 30, with higher
scores indicating more depressive symptoms. The EPDS has
been validated against interview schedules and other self-re-
port instruments.** Created to counter the limitations of other
well-established depression scales in the perinatal period, the
EPDS has been validated by standardized psychiatric inter-
views with large samples and has well-documented reliability
and validity both in the prenatal and postnatal periods.* In our
study, the EPDS Cronbach o was good, T1 = 0.79, T2 = 0.78,
T3 =0.78, and T4 = 0.79, respectively.’!

The EPDS includes one sleep question. We were concerned
that including this sleep item may artificially inflate the as-
sociations between the EPDS and sleep trajectory groups;
therefore, we removed the sleep item from the EPDS prior to
testing Aim 2 (associations between sleep trajectory group and
baseline depressive symptoms). For the purposes of Aim 3, we
retained all questions on the EPDS in order to assign women to
the category of “high” or “low” depressive symptoms based on
an established cutoff of 123637

Social Support Effectiveness (SSE)

This is defined as a 35-item measure of perceived emotional,
informational, task, and negative support received over the
previous 3 mo. The SSE can be used to assess support received
from a romantic or non-romantic partner. Women in this study
who reported being in a romantic relationship (98%) were
asked to complete the questionnaire with regard to their ro-
mantic partner. Participants who reported that they were not
in a romantic relationship (n = 6) were asked to answer all the
questions in reference to the person they turn to most often
for support. Within each domain, women were asked to rate:
(1) how well the quantity of support received from her partner
matched the amount she wanted; (2) whether she wished the
support had differed somehow; (3) how skilled her partner was
at providing support; (4) how often it was difficult to solicit
support; and (5) if her partner offered support without being
asked. Ten items assess negative support, or the extent to
which a respondent perceived her partner’s support as nega-
tively infringing on her own efficacy/self-esteem. Total scores
of the scale can range from 0 to 80, with higher scores indi-
cating more effective support. Internal consistency of the SSE
is strong (Cronbach o = 0.87) and it has previously been used
to distinguish levels of social support in samples of pregnant
women.*

Pregnancy -Related Anxiety
This 10-item instrument was used to examine the extent to
which women were worried about their own and baby’s health,
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labor, delivery, and caring for a new baby. Items were rated
on a scale ranging from 1 (never or not at all) to 4 (a lot of
the time or very much). This scale has good internal reliability
(Cronbach o = (0.81).3°%

Statistical Analyses

Missing data patterns were explored using a logistic regres-
sion approach, which consisted of creating a “Missingness” indi-
cator variable, such that data (e.g., PSQI global score) was coded
“0” if not missing and “1” if missing at a particular time point.
A new binary variable indicating “Previous Measurement” was
also created, describing the existence or not of data on the vari-
able of interest on a previous data collection time point. A binary
logistic regression model was fitted with the “Missingness” in-
dicator as the outcome and “Previous Measurement” as the pre-
dictor. The rationale for the analysis was to determine whether
the probability of a measurement being missing depended on
the values already observed. If “previous measurement” was not
significant in the logistic regression, then the missing data were
considered “Missing Completely at Random” (MCAR).*!

To address the first aim of the study, we used semipara-
metric group-based mixed modeling.*> Models were estimated
using SAS ProcTraj Version 9.2 (SAS Institute, Inc, Cary,
NC).# Semiparametric group-based mixed modeling assumes
that the population is composed of groups with different trajec-
tories and seeks to identify those groups as they change over
time.*? Using semiparametric group-based mixed modeling,
the optimal shape of the trajectory, number of groups, and pro-
portion of the sample belonging to each group are identified.*
Although individual trajectories may not perfectly overlap with
the group trajectory, individuals are classified into identified
patterns of change and are assumed to follow approximately
the same course as other individuals in their group.*** In our
analyses, parameters defining the shape of the trajectory were
left free to vary across groups, and these coefficients were
then used to calculate each individual’s probability of group
membership (posterior probability). Models were estimated
with intercept, linear, quadratic, and cubic coefficients, which
were removed if analyses indicate they were not significant
for particular groups. Cubic coefficients were removed for all
analyses. The SAS ProcTraj procedure handles missing data
using a maximum likelihood algorithm, which uses all avail-
able data. To determine the number of groups that best fit the
data, we evaluated models with varying numbers of groups.
Fit was determined using the Bayesian Information Criterion
(BIC). BIC scores with greater (less negative) values indicate
a better fit. 4 priori, we established that we would choose the
number of groups, at which the BIC value was the largest, pro-
vided that the smallest groups consisted of at least 6% of the
entire sample. We based this criterion on work using similarly
sized samples.***¢ Individuals were assigned to the trajectory
group with which their posterior probability was greatest.*

Models for aims two and three were analyzed using SPSS
Version 20 (SPSS Inc., Chicago, Illinois). To address the
second aim of the study, we assessed baseline differences be-
tween trajectory groups using one-way analysis of variance
with psychosocial (symptoms of depression, pregnancy-related
anxiety, and social support effectiveness) and demographics
(age, parity) as the outcome variables. Nonparametric data
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(income and education) were analyzed by using the Kruskal-
Wallis test statistic. In order to better understand group differ-
ences on baseline variables, significant tests were followed by
multiple comparisons between the four groups.*’

Finally, to address the third aim of the study, we investi-
gated if sleep trajectory group was associated with an increase
in depressive symptoms in the postpartum period. To test this
question, we categorized women as experiencing either high
depressive symptoms (defined as a score of > 12 on the EPDS)
or as low depressive symptoms (score of < 12 on the EPDS)
in pregnancy and the postpartum period.*?’ Participants were
included in the analysis if they had completed at least one as-
sessment of depressive symptoms during pregnancy and one
assessment in the postpartum (n = 274). Using logistic regres-
sion, we examined if sleep trajectory group was associated
with high depressive symptoms in the postpartum period, con-
trolling for covariates that differed between sleep trajectory
groups (e.g., pregnancy-related anxiety, and SSE) and those
that are established predictors of postpartum depression (e.g.,
depression in pregnancy, income, age, and parity).*®

RESULTS

Analysis of Missing Data

Missing data for the PSQI at each time point was T1 = 2.4%,
T2 = 14.7%, T3 = 17.4%, and T4 = 11.6%. The probability of
missing PSQI data was not dependent on previous PSQI scores
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Figure 1—Trajectory of sleep quality over time: four-group model.

(P = 0.64). For the EPDS, missing data at each time point were
T1=2.4%, T2 =28.9%, T3 =9.9%, and T4 = 15.7%. Similarly, the
probability of missing EPDS data was not dependent on previous
EPDS scores (P = 0.39). We concluded that data were MCAR
and estimated trajectories using all available observations.

Identifying Sleep Trajectory Groups

First, we estimated models with one trajectory group to
identify the common trajectory of PSQI scores across time.
As expected, our results suggested the PSQI scores increased
over the course of pregnancy, indicating a small but statisti-
cally significant increase in sleep problems among the entire
group of participants. We then calculated BIC values for two
groups to determine if a multitrajectory approach provided
a better fit to the data. The BIC values increased from one-
group (BIC = —2,599.98) to two-group (BIC = —2,502.26)
models, indicating that the two-group trajectory provided
a better fit to the data. We increased group number until the
best fit was achieved. The BIC values increased from three
groups (BIC =—-2,498.41) to four groups (BIC =—2,492.52). In
the four-group model, the smallest group size remained greater
than 6% for each of the models estimated. The BIC values de-
creased for the five-group model (BIC = —2,504.12), indicating
that the four-group model provided a better fit for the data.

The final model consisted of four trajectory groups (see
Figure 1). Table 1 shows parameter estimates and observed tra-
jectories for the four-group model. The first group of women
(“stable-low sleep complaints™) had PSQI scores that started
low and remained stable over the course of the study. Among
the groups with increases in the PSQI, the second group of
women (“increasing-mild sleep complaints”) began with some-
what elevated PSQI scores (mean = 5.15 which is just above
the PSQI cutoff score of 5) that increased slightly as pregnancy
progressed and remained mildly elevated in the postpartum pe-
riod. In the third group of women (“increasing-high sleep com-
plaints”), scores on the PSQI began in a range that indicated
they were experiencing poor sleep quality (mean = 6.71) and
then increased in a linear fashion as pregnancy progressed, re-
maining elevated into the postpartum period. Finally, the fourth
group of women (“stable-high sleep complaints™) had clearly
elevated scores on the PSQI at baseline (mean = 12.32) that de-
creased slightly during late pregnancy and early postpartum
and then increased to near baseline levels by 6 mo postpartum.

Baseline Sleep Trajectory Group Differences
The second aim of this study was to examine which fac-
tors assessed at baseline differed among the four identified

Table 1—Sleep trajectory parameter estimates (n = 293).

Parameter Estimates
Group % n Intercept Estimate (SE) Linear Estimate (SE) Quadratic Estimate (SE)
Stable-low sleep complaints 21.51 63 3.47 (0.33)
Increasing-mild sleep complaints 59.45 174 5.15(0.20) 0.95(0.31) -0.26 (0.10)
Increasing-high sleep complaints ~ 12.32 36 6.93 (0.53) 3.59 (1.04) -0.89 (0.35)
Stable-high sleep complaints 6.71 20 11.84 (0.82) -3.57 (1.07) 1.06 (0.35)

The intercepts represent the Pittsburgh Sleep Quality Index scores at baseline. All parameter estimates significant at P < 0.05. SE, standard error.
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sleep trajectory groups (see Table 2). Age, parity, and educa-
tion did not differ across sleep trajectory groups (P > 0.05);
however, significant differences in income were observed
between groups. Follow-up analysis showed that the “stable-
high sleep complaints” group reported a lower income than
the “stable-low sleep complaints” and “increasing-mild sleep
complaints” groups (P < 0.05). Social support was higher in
the “stable-low” and “increasing-mild” group compared to the
“stable-high” group. EPDS scores also differed by group, with
the “stable-low” group reporting the lowest scores, “stable-
high” the highest and the “increasing-mild” and “increasing-
high” falling in between (although not differing significantly
from each other). All groups differed in terms of baseline sleep
problems, with the “stable-low” group evidencing the lowest
sleep problems and the “stable-high” reporting the highest
sleep problems at baseline.

Sleep and Depression

Finally, we examined whether sleep trajectory was associ-
ated with an increased risk of experiencing high depressive
symptoms in the postpartum period, while controlling for

variables known to influence the relationship between sleep
and mood, including depression in pregnancy, parity, maternal
age, anxiety, social support, and income. The reference group
for these analyses was the “stable-low sleep complaints group.”

Age, parity, pregnancy-related anxiety, and social support
were not associated with high depressive symptoms in the
postpartum period (P > 0.05) (see Table 3). In contrast, high
depressive symptoms in pregnancy, income, and sleep trajec-
tory group were associated with an increased risk of experi-
encing high depressive symptoms in the postpartum period
(P <0.05).

Women with a history of suspected depression in preg-
nancy were nearly four and half times more likely to ex-
perience high symptoms of depression in the postpartum
(odds ratio [OR] = 4.43). The comparison group for income
was > $100,000/y Women reporting household incomes of
$70,000-$99,999 were not more likely to report high depressive
symptoms in the postpartum period than those in the highest
income group. Women in the $40,000-$69,999 and less than
$39,999 income range were more likely to experience high
depressive symptoms in the postpartum period (OR = 3.756

Table 2—Multiple comparisons of baseline variables by sleep trajectory group.

EPDS, mean difference, SE

PSQI, mean difference, SE

Income

Percentage of sleep trajectory
group by income category

Kruskal-Wallis tests’ significance
level

Education

Percentages of sleep trajectory
group by education category

Kruskal-Wallis tests’ significance
level

2:-2.91 (0.60)**
3:-3.89 (0.89)
4:-8.36 (0.99)*

2: -1.34 (0.30)
3:-3.13 (0.43)**
4:-8.41(0.49)*

i:9.6%
ii: 7.7%
iii: 17.3%
iv: 65.4%

2:P=037
3:P=0.05
4:P=0.01"

l: 13.5%
11:17.3%
1I: 48.1%
IV:21.2%

2:P=0.56
3:P=078
4:P=0.19

1:2.91 (0.60)**
3:-0.98 (0.78)
4:-5.48 (0.88)**

*k

1:3.89 (0.89)
2:0.98 (0.78)
4:-4.48 (1.11)™

Group/Variable 1 Stable-Low 2 Increasing-Mild 3 Increasing-High 4 Stable-High
SSE, mean difference, SE 2:6.69 (2.00)* 1:-6.69 (2.00)* 1:-6.64 (2.91) 1:-15.61(3.28)**
3:6.64 (2.91) 3:-0.05 (2.49) 2:-0.05 (2.49) 2:-8.91(2.91)*
4:15.61(3.28)* 4:8.91(2.91)* 4:8.96 (3.60) 3:-8.96 (3.60)
Pregnancy-related anxiety, 2:-0.15(0.07) 1:0.15(0.07) 1:0.26 (0.10) 1:0.47 (0.11)**
mean difference, SE 3:-0.26 (0.10) 3:-0.10 (0.08) 2:0.10 (0.08) 2:0.32(0.10)**
4:-047 (0.11)* 4:-0.32 (0.10)* 4:-0.21(0.12) 3:0.21(0.12)

1:8.36 (0.99)
2:5.45(0.88)*
3: 4.48 (1.11)**

1:1.34 (0.30)* 1:3.13 (0.43)* 1:8.41 (0.49)*
3:-1.78 (0.37)* 2:1.78 (0.37)** 2:7.06 (0.43)*
4:-7.06 (0.43)* 4:-5.28 (0.53)* 3:5.28 (0.53)**
i: 8.2% i:6.9% i 15%

ii:9.9% i 27.6% ii: 20%

iii: 25.3% iii: 24.1% iii: 35%

iv: 56.6% iv: 41.4% iv: 30%
1:P=0.37 1:P=0.05 1:P=0.01*
3:P=0.09 2:P=0.09 2:P=0.02*
4:P=0.02* 4:P=0.52 3:P=0.52
1:9.9% 1:6.9% I: 20%

[1: 18.7% 1I: 20.7% II: 30%

II: 46.7% III: 62.1% 1I: 35%

IV:24.7% IV: 10.3% IV: 15%
1:P=0.56 1:P=0.78 1:P=0.19
3:P=0.42 2:P=042 2:P=0.06
4:P=0.06 4:P=0.23 3:P=023

effectiveness.

1, Stable-low group; 2, Increasing-mild group; 3, Increasing-high group; 4, Stable-high group; i, Less than $39K; ii, $40-69K; iii, $70-99K; iv, 100K or
more; |, High school diploma or less; Il, Completed trade, technical certificate; I1l, Completed university; IV, Completed postgraduate studies. *P < 0.05;
**P < 0.01. EPDS, Edinburgh Postnatal Depression Scale; PRA, pregnancy-related anxiety; PSQI, Pittsburgh Sleep Quality Index; SSE, social support
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Table 3—Predictors of high depressive symptoms in the postpartum period by sleep trajectory group.
EPDS < 12 in Postpartum EPDS 212 in Postpartum Adjusted Odds Ratio
Variable Means (SD) or % Means (SD) or % (95% CI) P
Depressive symptoms in pregnancy 0.03

Low depressive symptoms (EPDS < 12) 89.8 58.6 1 (reference)

High depressive symptoms (EPDS = 12) 10.2 414 3.84 (1.14-12.95) 0.03
Social support 59.29 (12.46) 51.48 (17.43) 0.98 (0.95-1.02) 0.32
PRA 0.75(0.44) 0.85(0.47) 0.69 (0.21-2.21) 0.53
Age 30.97 (3.76) 31.59 (4.26) 1.09 (0.95-1.24) 0.22
Parity 0.31

0 517 44.8 1 (reference)

1 35.5 345 0.63 (0.19-2.04) 0.44

2 or greater 12.8 20.7 1.86 (0.46-7.50) 0.38
Income 0.02

> $100,000 56.3 37.9 1 (reference)

$70,000-$99,999 26.5 10.3 0.42 (0.10-1.83) 0.25

$40,000-$69,999 10.1 31 3.81(1.13-12.85) 0.03

< $39,000 7.1 20.7 4.00 (0.92-17.39) 0.06
Sleep trajectory group 0.004

Low 21.2 34 1 (reference)

Mild 65.3 414 3.01(0.36-24.91) 0.31

Increasing-severe 9.0 241 12.99 (1.36-123.69) 0.03

Stable-high 45 31.0 23.17 (2.03-264.69) 0.01

Cl, confidence interval; EPDS, Edinburgh Postnatal Depression Scale; PRA, pregnancy-related anxiety; SD, standard deviation.

and 3.415, respectively). The comparison for sleep trajectory
group was women classified as having “stable-low sleep com-
plaints”; they did not differ significantly from women in the
“increasing-mild sleep complaints group” on depressive symp-
toms (P = 0.30). Women in the “increasing high sleep com-
plaints” group and the stable-high sleep complaints” group
were significantly more likely to experience high depressive
symptoms in the postpartum period (OR = 12.42 and 21.04,
respectively).

DISCUSSION

In this nonclinical sample of women, followed from early
pregnancy to 6 mo postpartum, we identified groups with dis-
tinct trajectories of subjective sleep quality. When we mod-
eled the entire sample using a single linear trajectory we
observed a small but significant decrease in subjective sleep
quality during the perinatal period, as has been previously re-
ported.®*#° Further analysis revealed four distinct sleep trajec-
tories, suggesting that changes in sleep quality in the perinatal
period are not unitary. These sets of trajectories included one
group of women with relatively good and unchanging subjec-
tive sleep quality, approximately 21% of sample fit into this
category. A second group of women reported a mild decrease
in sleep quality from late pregnancy through the postpartum
period. This group comprised the largest number of women
(approximately 60%) and their trajectory appeared to be in
line with other published reports that have investigated group
means in PSQI trajectories over the perinatal period.® In con-
trast, very poor subjective sleep quality was isolated within
two trajectory groups. The third trajectory group was com-
posed of women who reported high PSQI scores entering the
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study, which remained significantly elevated throughout preg-
nancy and the postpartum (approximately 6.7%). The fourth
group of women entered the study with PSQI scores that were
above the cutoff for sleep problems; they then experienced a
significant increase in PSQI scores in late pregnancy and their
self-reported sleep problems remained elevated throughout the
postpartum period (approximately 12%). The groups with the
highest PSQI scores in pregnancy were also most likely to ex-
perience high depressive symptoms in the postpartum period,
even after controlling for depressive symptoms in pregnancy
and other relevant covariates.

Trajectory groups differed on multiple psychosocial mea-
sures. Groups tended to express relative vulnerabilities or
strengths across domains of psychological functioning, rather
than in one specific domain. At the extreme, the group with
the lowest levels of perceived social support, the “stable-high
sleep complaints™ group, also expressed the highest levels of
pregnancy-related anxiety and depressive symptoms. In con-
trast, the group with low PSQI scores throughout the study,
the “stable-low sleep complaints” group, had the lowest levels
of pregnancy-related anxiety and depressive symptoms and
highest levels of social support. The other two groups reported
symptoms of anxiety, depression and social support that fell
between the extremes of sleep quality. Differences in in-
come were observed between groups (P < 0.05), but this was
only significant when comparing the “stable-high sleep com-
plaints” group (who had the lowest income in the sample) and
the “stable-low sleep complaints” and “increasing-mild sleep
complaints” groups. These results are consistent with the find-
ings from a previous study, where significant associations were
found between sleep problems and measures of socioeconomic
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status such as household income and not being in paid em-
ployment, which are potentially a function of increased levels
of financial stress.”® Education did not differ significantly be-
tween groups. The limited findings in this study between SES
(e.g., indices of income and education) may have been due to a
restriction of range in this relatively educated and financially
stable sample.

Sleep trajectory group was associated with changes in self-
reported symptoms of depression over time. Specifically, the
groups with the worst sleep quality in pregnancy were most
likely to experience high depressive symptoms in the post-
partum period. This extends previous findings indicating that
the emergence of sleep problems in the perinatal period is as-
sociated with increases in symptoms of depression.!”!® It also
suggests that deteriorating sleep quality in pregnancy may be
an important risk factor for the development of PPD. Although
results from this paper cannot speak to causality, our findings
replicate previous work showing that sleep problems in non-
pregnant populations portend depression'® and show that the
relationship also appears to exist in a pregnant population.

Potentially, there is a threshold of change in sleep quality
that is necessary to predict new onset depression. For ex-
ample, small changes in sleep quality in the perinatal period
may be normative side effects of pregnancy that are not a risk
factor for symptoms of depression, whereas large decreases in
sleep quality may be a significant risk factor. Investigation of
changes in averages across a group may increase the potential
to miss subsets of women who are at particularly high risk.

Although the psychophysiological mechanisms linking sleep
disturbances and depression remain unclear, one potential me-
diator is the impact of sleep disturbance on emotion regula-
tion."**! Disruptions in circadian/ultradian rhythms have been
linked to alterations in emotional reactivity and an increased
likelihood to perceive ambiguous information as threatening,
which may eventually lead to the emergence of depressed
mood.** Additionally, sleep deprivation/disturbance has been
associated with an increase in systemic inflammation, which
itself has been implicated in the experience of depression.’

Interestingly, the only baseline characteristic that distin-
guished between the “increasing-mild sleep complaints” and
“increasing-high sleep complaints” groups was differences in
baseline PSQI scores, indicating that poor subjective sleep
quality in early pregnancy may be a unique risk factor for
worsening sleep problems. Participants whose PSQI scores
were significantly over the cutoff of 5 in early pregnancy were
those whose sleep was chronically disturbed throughout the
course of the study or who went on to develop more serious
sleep disturbances through pregnancy and the postpartum pe-
riod. Additionally, we did not observe spontaneous remission
of sleep problems in any trajectory group, pointing to the po-
tential need for screening of sleep disturbances and targeted
intervention in pregnant women suffering from clinically sig-
nificant sleep problems.

Entering pregnancy with elevated PSQI scores was asso-
ciated with significantly worse sleep trajectories throughout
the perinatal period. This is consistent with previous research
suggesting stability in symptoms of poor sleep.** It is notable,
however, that the “increasing-high sleep complaints” trajec-
tory group defied the trend of relative stability and showed
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increases in sleep difficulties in pregnancy, which remained el-
evated in the postpartum period. There are several reasons why
this group of women could have experienced such dramatic
decreases in sleep quality as pregnancy progressed. Potentially,
disorders of sleep that commonly occur in pregnancy, such as
obstructive sleep apnea or restless leg syndrome impacted this
group; however, if this were the case, we would expect to see
their sleep quality return to normal during the postpartum pe-
riod.>3¢ In contrast, this group of women continued to report
elevated PSQI scores throughout the duration of the study. We
also examined if elevation on the sleep disruption scale of the
PSQI were driving the increase in PSQI global scores in the
“increasing-high sleep complaints” groups and found that they
were not (data not shown), suggesting that factors other than
pregnancy-related discomfort or sleep disordered breathing
were influencing this change. An alternative explanation is that
this was a group of women who were already at high risk for
the development of sleep problems, as indicated by elevated
PSQI scores in early pregnancy. Pregnancy may have served as
a trigger for negative cognitions about sleep (e.g., “I’ll never be
able to sleep with my new baby”) or behavior changes in sleep
hygiene, resulting in continuous disruptions in sleep. Further
investigation is necessary in order to better understand the
predisposing features that lead this group to develop chronic
antenatal sleep problems.

Limitations

Several limitations of this study should be noted. Our
sample was relatively affluent and educated in comparison
with Canadian norms. Specifically, the percentage of partici-
pants in our study with an annual household income greater
than $100,000 (54.8%) was higher than the national percentage
of couple families with the same range of income (38.38%)."’
The percentage of women with a university degree (67.3%) was
also significantly higher than the Canadian female population
percentage with the same level of education (34.3%).>® With
regard to other demographic characteristics such as age and
ethnicity, our sample was similar with the Canadian norms.**
Although the sample did include a minority of women from
lower SES strata, the majority were relatively affluent and well
educated and it remains unclear the extent to which our find-
ings are population representative. Additionally, the study was
limited by lack of objective measures of sleep and standardized
assessment of insomnia. Although some research suggests that
subjective (versus objective) measure of disturbed sleep are
better predictors of later depression,®-* future research with
objective sleep measures is needed to determine whether the
trajectories we have identified and associations with new onset
of suspected PPD are also related to objective sleep measures.
We were also limited by self-reported depressive symptoms;
although the EPDS is the gold-standard self-report question-
naire for depressive symptoms in the perinatal period, diag-
nostic interviews would add a layer of additional validity to
our findings. Finally, we had limited information about factors
that may have led to poor sleep, such as sleep cognitions and
behavioral variables.

There are also several notable strengths of this study, in-
cluding: a large sample that was followed over time, use of
novel statistical techniques that allowed for the identification
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of unique trajectories of sleep quality, and the inclusion of mul-
tiple relevant covariates in the analyses examining relation-
ships between sleep trajectories and postpartum depressive
symptoms. In summary, these results suggest that there are
unique trajectories of sleep quality from early pregnancy to 6
mo postpartum. Additionally, results point to trajectory groups
that are at an increased high risk of developing symptoms of
postpartum depression. These findings are in line with several
reports suggesting observations between disrupted subjective
sleep quality in pregnancy and increases in depressive symp-
toms.">%* Given the consequences of poor sleep quality in
pregnancy, it may be important to identify and intervene with
groups who are at high risk for experiencing sleep problems in
the perinatal period.

ABBREVIATIONS
BIC, Bayesian Information Criterion
EPDS, Edinburgh Postnatal Depression Scale
GA, gestational age
MCAR, missing completely at random
PSQI, Pittsburgh Sleep Quality Index
PPD, postpartum depression
SD, standard deviation
SES, socioeconomic status
SSE, social support effectiveness
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