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ABSTRACT

Study Obijectives: This study aimed to assess the effectiveness of cognitive behavioral therapy for
insomnia (CBTI) during the postpartum period, as part of a larger randomized controlled trial of CBTI on
perinatal insomnia.

Methods: 179 women of 18 to 30 gestational weeks with insomnia disorder were randomized to CBTI or
an active control (CTRL) therapy. Participants were assessed between 18-32 weeks of pregnancy at
baseline, after the intervention during pregnancy, and at 8, 18, and 30 weeks postpartum. The primary
outcome were the Insomnia Severity Index (I1SI) and total awake time (TWT), definedas minutes awake
during the sleep opportunity period, assessed with actigraphy and sleep diaries. Includedhin the analyses
were women who provided data for at least one of three postpartum assessments (68lin CBTI; 61 in
CTRL).

Results: Piecewise mixed-effects models revealed a main effect reflecting reductionsin 1SI scores from 8
to 18 weeks postpartum (p = .036) and a non-significant increase from 18 ta 30 weeks; significant effects
for group allocation were present only in week 30 (p = .042). CTRL participants reported significantly
longer time awake, excluding time spent caring for the infant, at each pestpartum,assessment; time awake
at night caring for the infant did not differ between groups. There was no significant group difference in
the postpartum trajectory of actigraphy measured TWT, the two.diary measures of time awake (p-values
> .05). CBTI participants with at least 50% reduction in I1SI daring pregnancy had consistently stable 1SI
scores (mean < 6) during the postpartum period; those in CTRLyhad variable ISI scores over time with
large individual differences.

Conclusions: For women with insomnia disorder during,pregnancy, CBTI initiated during pregnancy
conferred postpartum benefits in terms of wakefulness aftensleep onset (excluding time spent caring for
the infant) and insomnia severity, though the latter emerged only later in the postpartum period. These
findings underscore the importance of treating insomnia during pregnancy, a conclusion that is further
supported by our finding that pregnant women wha'responded to insomnia treatment during pregnancy
experienced better sleep in the postpartum period.

Clinical Trial Registration: Clinicaltrials.gov))NCT01846585

Keywords: insomnia; pregnancy; postpartum; CBT

BRIEF SUMMARY

Current Knowledge/Study Rationale: Momen during pregnancy were randomized to cognitive
behavioral therapy for insomnia(CBTI) or a control therapy for insomnia. The current study assessed the
effectiveness of CBTI provided during pregnancy on sleep during the first 30 weeks postpartum.

Study Impact: Using data from,all women who provided data at one or more postpartum assessments (68
in CBTI; 61 in CTRL), werfoundthat CBTI was associated with less time awake at night that was not due
to infant care at 8, 18, and 30{weeks postpartum and lower insomnia severity at 30 weeks postpartum. We
also found that women withrat least a 50% reduction in 1SI scores during pregnancy had lower insomnia
severity during the postpartum period. It appears that CBTI initiated during pregnancy confers benefits
for postpartum sleep,<a time when being awake to care for infants at night is inevitable and that later in
the postpartum period, when needs for nocturnal infant care tend to decrease, the benefits also include
lower insomnia severity. Our findings underscore the importance of treating insomnia during pregnancy,
a conclusion that is further supported by our finding that pregnant women with insomnia who had lower
insomnia symptoms following insomnia treatment experienced better sleep in the postpartum period.
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INTRODUCTION

Poor sleep is common during pregnancy.’ Approximately 50-73% of women report insomnia symptoms,
with 16-19.8% scoring above threshold for insomnia disorder and are classified as having probable
insomnia disorder.>® Approximately 50% of women who endorse probable insomnia during pregnancy
continue to have symptoms at two years postpartum.* Poor maternal sleep during the postpartum period is
associated with a number of negative health outcomes, including increased risk for accidents and elevated
depressive and anxiety symptoms.®*2

Cognitive behavioral therapy for insomnia (CBTI) is well suited during pregnancy and the
postpartum period because it does not require taking sleep medications. Three randomized controlled
studies have documented the efficacy of CBTI during pregnancy, including one studyywhere CBTI was
delivered by a therapist and the control condition was a credible control therapy/of equal duration and two
other studies where CBTI was delivered digitally with the control condition being sleep education or
treatment as usual for pregnant women with elevated insomnia symptom severitya™>*° Less is known
about the effects of perinatal CBTI on insomnia during the postpartum pefiod,among women who had
insomnia disorder during pregnancy. A few studies have reported on the.effects.ef prenatal CBTI on
postpartum outcomes. Kalmbach et al. (2022) found that, six weeks after childbirth, participants assigned
to CBTI reported longer sleep duration and fewer sleep maintenance‘issues compared to those assigned to
the control arm.*® Felder et al. (2022), who tracked individuals longer-term, found that those who received
digital CBTI had higher rates of insomnia remission and lower rates of insomnia cases 6 months after
childbirth.” Combined, these studies suggest long-term benefits@f €BT1 on postpartum sleep.

The aim of the current study was to assess the effectiveness of a six-session therapist-delivered
CBTI, started during pregnancy, on insomnia severity during the postpartum period. Participants were
randomized to CBTI or a control insomnia therapy (CTRL) delivered by therapists at equal frequency and
duration. Five sessions were delivered during pregnancy. and the sixth at around six weeks postpartum.
We previously reported on outcomes during pregnaney?™’ In this study we focus on outcomes during the
postpartum period. We hypothesized that, compared(to those assigned to CTRL, participants in the CBTI
condition would have (a) lower scores on theslfisomnia Severity Index (ISI; primary outcome), (b) lower
total wake time (TWT), defined as minutes awake,during the sleep opportunity period, assessed daily
using actigraphy and sleep diary, and (c) emipestpartum depression symptom severity, evaluated with the
Edinburgh Postnatal Depression Scale (EPDS). We also explored effects on time awake excluding time
caring for the infant and whether changes imsinsomnia symptoms during pregnancy moderated postpartum
insomnia outcome.

METHODS

Design

Participants were recruited between May 2013 and April 2017 from a university-based obstetric clinic
(Stanford University) and aicounty-hospital-based (Santa-Clara Valley Medical Center) obstetric clinic
and through communitysadvertising. The protocol was approved by Institutional Review Boards at
Stanford University.and Santa-Clara Valley Medical Center and all participants provided signed informed
consent. Participants were randomized with equal probability to receive CBTI or CTRL treatments,
delivered by therapists with equivalent credentials and training, at equal frequency and duration. Eligible
participants provided pre-treatment data (baseline), including questionnaires, actigraphy and daily sleep
diaries. During the pregnancy portion of the study, participants received five weekly treatment sessions,
wore actigraphy, and completed the 1SI and EPDS weekly and sleep diaries daily. (The results of the
primary aim of the study evaluating the effectiveness of the pregnancy portion of treatment after these
five sessions was previously reported.™®) At around six weeks postpartum an additional therapy session
was provided. Participants were then assessed at 8, 18, and 30 weeks postpartum using actigraphy, ISI,
and sleep diaries.
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Participants

The eligibility criteria and screening process have been previously described. Briefly, participants were
included if they were speaking English or Spanish, were between 18-32 weeks gestation at the screening
visit and met Diagnostic and Statistical Manual for Mental Disorder — Fifth Edition (DSM-5) criteria for
insomnia disorder'®; similar to Kalmbach and colleagues, we modified the minimal duration from three
months to one month.? Participants were excluded if they had an unstable medical condition, or had prior
diagnosis or had clinical symptoms of obstructive sleep apnea (based on a structured clinical interview),
Restless Legs Syndrome (RLS) occurring three or more times/week, with an onset prior to pregnancy,
severe circadian rhythm sleep-wake disorders; or parasomnias occurring more than onceia week.* They
were also excluded if they had major depressive disorder, panic disorder with noctrhal panic attacks,
post-traumatic stress disorder, substance abuse/dependence disorders, bipolar disordersor thought
disorders. Participants were also excluded if they were currently receiving any treatment for insomnia or
had previously received CBTI. In this study, participants consisted of those‘'who provided data on the ISI,
actigraphy, or sleep diary at least at one of the three postpartum assessment timepoints.

Randomization and blinding

Separate randomization lists were generated for each of three recruitment sources. The randomization was
performed using blocked randomization with random block sizes of 2, 4,'and 6. For additional details
see Manber et al. (2018)."* When a participant became eligible, the treatment coordinator (co-author NS)
assigned a participant to a therapist and coordinated scheduling‘af the first session. To keep the research
team masked to treatment condition, the treatment coordinator served as the interface between the
research team and the therapists and participants were instructed to not discuss their therapy with the
study coordinator. The treatment providers were masked to'study hypotheses. They were told the research
aims were to investigate two behavioral interventions for inSomnia.

Treatments

Both treatment conditions (CBTI and CTRL)y¢onsisted of five individual therapy sessions provided in
English or Spanish, based on each participant’s preference. Details about each therapy, therapists,
training, competency and fidelity were previously published by Manber and colleagues (2019).*® Briefly,
CBTI included general education aboutsleepand sleep during pregnancy and postpartum periods, as well
as information about healthy sleep habits. The intervention also included stimulus control, modified to
recommend safety naps when experiencing significant daytime sleepiness, as well as time in bed
restriction, a modification of the standard sleep restriction therapy,* ?* whereby the initial time in bed
(TIB) recommendations were equalto average total sleep time (TST) plus 30 minutes (and never less than
5.5 hours). To promote safety; parti€ipants were advised to contact their therapist if significant daytime
sleepiness emerged, at which peint the TIB window was extended, if needed, and safety naps were re-
emphasized. The intervention also included cognitive therapy to address sleep interfering thoughts as
needed,? strategies for reducing cognitive and somatic hyperarousal; and relapse prevention. Mothers
were also given guidelinesion how to adjust their TIB windows, which during the postpartum period, was
further expanded by adding last week's average time spent caring for the infant during the mother’s sleep
period. The CBTI intervention also included information about infant sleep development and tips for
setting the stage for optimal infant sleep development, adapted from Tips for Improving Postpartum
Sleep.” CTRL therapy was a modified pseudo-desensitization therapy for insomnia, which has been
previously and successfully used as a control treatment in RCTs of CBTI.24% |t consists of creating a
hierarchy of sleep-related distressing situations and a list of neutral situations and a series of
desensitization exercises pairing distressing hierarchy situations with the neutral ones. CTRL therapy also
included information about sleep, sleep during pregnancy, healthy sleep habits (but not sleep restriction or
stimulus control recommendations), infant sleep development and the infant sleep recommendations
based on the American College of Pediatrics’ recommendations concerning infant sleep that were
available in 2013 (Available upon request from the corresponding author upon request.).
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Measures

Diagnostic screening measures included the Duke Structured Interview for Sleep Disorders and the MINI
International Neuropsychiatric Schedule,'® 2" The primary outcome was the Insomnia Severity Index
(1SI), where, in the general population, scores 14 or more are interpreted as clinically meaningful
insomnia and scores below 8 as no insomnia.?®?° Secondary sleep outcomes included total wake time
(TWT), defined as minutes awake during the sleep opportunity period. TWT was derived from
actigraphy (Actiwatch™ ACT?2) and separately, as described below, from the Consensus Sleep Diary®;
both were collected during pregnancy and for a week at each of the three postpartum assessment time
points. The Consensus Sleep Diary items related to wake time were adapted to the postpartum period by
asking participants to report separately on (a) duration of spontaneous awakeningsmotrelated to the
infant, (b) time awake caring for the infant, and (c) time awake after caring for the infant. Because, during
the early postpartum period, caring for the infant contributes to maternal wakefulness after sleep onset,
we calculated, and separately analyzed, two wakefulness variables: time awake to,care for the infant
(TWTintant ;¢ above) and time awake excluding time caring for infant (TW othe;),, defined as the sum of (a)
and (b) above plus latency to sleep onset. Participants also completed the,Edinburgh Postnatal Depression
Scale (EPDS) weekly.?®

Analysis

Data were analyzed in R 4.1.2.3 Statistical significance was‘determined by two-tailed 5% significance
level. Effect sizes for continuous variables were quantified using Coben’s d, with values above 0.2, 0.5,
and 0.8 suggesting small, moderate, and large effect sizes, respectively.® In all analyses, discrete time
points were used, with daily actigraphy and sleep diary values averaged for each time point before
analyses.

To examine group differences in postpartum insomnia levels and trajectories, we carried out a
linear mixed effects model with auto-regressive eqror structure using ISI scores as the outcome. The
model included two slopes: Slope 1 represented changes from 8 to 18 weeks postpartum time point, and
Slope 2 represented changes from 18 to 30 weeks pastpartum time point. Group allocation, recruitment
site, and their interactions with Slope 1 and Slope,2were included as fixed effects while controlling for
ISI scores at baseline.* The same analysisawas carried out for actigraphy measured TWT (respective
baseline average values included as covariates), for the two diary reported wakefulness indices, TWTinfant
and TWToer, and for EPDS (excluding the sleep item). For parsimony, recruitment site and its
interactions were dropped in all final models:@s'model comparisons showed non-significant changes to
model fit with or without them (all p-values > .05). Extreme values and multivariate outliers were
assessed using sensitivity analyses; as aresult, five influential data points from three individuals were
removed from models relateddo diafy assessed wakefulness; all other models included all available data.

To explore whether ¢hange In insomnia severity following pregnancy treatment moderated the
trajectory of insomnia severity during postpartum, we added to the above mentioned linear mixed effects
model the change scores of the ISI from baseline (at enrollment) to end of pregnancy treatment (after
Session 5). Significant threesway interactions amongst Slopes, Group, and ISI pregnancy change scores
were visualized{ drawing,the trajectory of postpartum ISI separately for those with at least 50% reduction
in pregnancy ISIrelativeto those with lesser change in ISI during pregnancy.

RESULTS

Sample characteristics

Of the 254 participants who completed screening, 179 were eligible and provided baseline data. The
analyzable sample for this manuscript consists of 129 women who provided data at least at one of the
three postpartum time points (n=105 for 8 weeks, n=94 for 18 weeks, and n=102 for 30 weeks). These
included 68 who received CBTI and 61 who received CTRL treatment. See Figure 1 for participant flow
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and Table 1 for baseline characteristics of the participants in the analyzable sample, organized by study
arm.

Compared to those who did not provide postpartum data, participants in the analyzable sample for
this study were more likely to be White (56.6% vs 26.0%, p < .001), less likely to have household income
< $55k (70.0% vs 45.5%, p = .004), and had significantly lower ISI score after final pregnancy treatment
session (M £ SD: 8.96 + 5.04 vs 12.69 + 5.44, p < .001, d = 0.73); all other measures were not
significantly different between those provided postpartum data versus those did not, including treatment
group allocation (Table S1 in the supplemental material; p-values > .057).

On average, participants in the analyzable sample received 4.85 (SD = .626) sessions during
pregnancy (CBTI participants received 4.91 [SD = .375] sessions and CTRL participantSyeceived 4.78
[SD = .818] sessions) and 93% received a postpartum session (91.8% in CBTI and94:1%:in CTRL).

Intervention effects at postpartum

Means and standard deviations of ISI scores and sleep parameters by assessment'point and between group
differences are presented in Table 2. Compared to participants in the CBTI group, those in the CTRL
group reported significantly longer TWTower (i.€., wakefulness excluding,time earing for infant) at 8, 18,
and 30 weeks postpartum.

Results of mixed effects models for ISI are summarizeddn, Table 3. For the ISI, the primary
outcome, there were no significant group allocation effects, either for the'main effect (p = .677) or its
interaction with the two slopes (p-values > .05). There was an owverall reduction in ISI scores from 8 to 18
weeks postpartum (p = .036), but changes from 18 to 30 weekswere,non-significant (p = .183). Higher
baseline ISl scores were associated with significantly higher postpartum ISl scores (p = .002). Secondary
mixed effects models for EPDS revealed no main effects for,group, time, or interaction effects (p > .12).

Similar to the ISI scores, the two groups also did not differ significantly on postpartum
trajectories of actigraphy (p-values > .05 for both main‘andrinteraction effects of Group). Actigraphy
measured TWT decreased by an average of 30 miputesfrom 8 to 18 weeks postpartum (p < .001) and
then increased by an average of about 10 minutes fram/18 to 30 weeks (p = .041). Examining group
differences at each time point revealed little differences at 8 and 30 weeks postpartum but somewhat
lower TWT in the CTRL group at week 18, with'aimoderate Cohen-d effect (d=0.48).

The results for the diary-based mgasures of wakefulness at night are more nuanced. The two
mixed effect models revealed that, although there was no difference between the groups in time awake
caring for the infant (TWTintant; p-valuesforimain group effect and its interaction with each of the slopes
were > .3), there was a trend for thedCBTI, group to report less time awake excluding time caring for the
infant (TWTower; p = .094). Examining the times awake at each of the three timepoints revealed similarly
divergent patterns. The groups.did not differ in time awake for infant care at any of the three timepoints
(d=0.08 - 0.18) but time awake excluding infant care (TWTowmer) Was significantly lower for CBTI
participants at each time point: by25 minutes at 8 weeks (d=0.65), 28 minutes at 18 weeks (d=0.47) and
18 minutes at 30 weeks pestpartum (d=0.53). Among both groups, time caring for the infant (TWTintant)
decreased by an average of 45 minutes from 8 to 18 weeks and continued to decrease by about 10 minutes
from 18 to 30 weeks postpartum (p = .010). Time awake excluding time caring for the infant (TWT other)
changed relatively littlegincreasing by about 5 minutes from week 8 to 18 and then decreasing by about
10 minutes from'week 18to 30

Exploratory analyses examining the role of changes in insomnia severity during pregnancy on
postpartum insomniatrajectories showed a moderation effect; the three-way interaction between the
change in ISI from baseline to after last pregnancy session, group, and each of the two slopes (p = .055 fo
Slope 1 and p =.038 for Slope 2). Figure 2 illustrates simple slopes for those who had at least 50%
reduction in ISI scores from baseline to the end of the pregnancy treatment phase to those who did not.
For those who had < 50% reduction on pregnancy ISl scores (depicted in gray in Figure 2), postpartum
ISI scores were elevated (mean > 7) at all three time points regardless of group allocation. Among
participants who had >= 50% reduction on pregnancy ISl scores (depicted in black in Figure 2), those
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allocated to CBTI group showed consistently stable I1SI scores (mean < 6) over time, whilst those
allocated to the CTRL group had variable ISI scores over time with large individual differences.

DISCUSSION

The current study investigated the effectiveness of CBTI delivered during pregnancy and postpartum on
insomnia severity (the primary outcome) and nighttime wakefulness during the postpartum period.
Although, as we, and others, previously reported, CBTI reduces insomnia severity during pregnancy
relative to a control intervention, we found no significant main group effects nor interaction between
group allocation and time during the postpartum period. However, examining the pattern-of change in
insomnia severity across the 30 weeks assessment period reveals that, although the ASlddid not differ
between groups at 8 and 18 weeks postpartum, women assigned to CBTI had loweriinsomnia severity at
30 weeks after childbirth. As depicted in Figure 2, the trajectory of change wasisuch that, whereas those
assigned to control experienced an increase in ISI scores from 18 to 30 weeks, those assigned to CBTI did
not.

In interpreting these results, it is important to consider the prefoundreduction in sleep
opportunity that many women experience during the first few postnatal/manths, which likely results in a
very strong homeostatic sleep drive that could facilitate falling and returning to sleep and may
overshadow the benefits derived from CBTI. Others have similarly found that the benefits of prenatal
CBTI on maternal postpartum insomnia are absent early duringthe postpartum period and become more
apparent later, when maternal and infant sleep begin todecouple and consequently when postpartum
moms are perhaps less sleep deprived.'” %

Importantly, our exploratory moderation analySes suggest that women who experienced at least
50% reduction in insomnia severity during pregnancy experienced a more stable and lower insomnia
severity during the initial 30-week postpartum period. Specifically, among participants who had at least
50% reduction in pregnancy ISl scores, those allocated/to CBTI group showed consistently stable 1SI
scores (mean < 6) over time, whilst those alloeatedto the CTRL group had variable ISI scores over time
during the postpartum period, with large individualidifferences. The stability of sleep patterns may reflect
the ability of women in the CBTI group tosutilize treatment tools that contribute to the maintenance of
more consistently good sleep patterns.

Recognizing the profound effects offinfant sleep on maternal sleep during the initial postpartum
months, we asked women to report separately.on the time they were awake taking care of the infant and
the time they were awake unrelated ta'infant care. We found that although time spent in the middle of the
night caring for the infant did not,differ by treatment group, time awake excluding time caring for infant
was shorter among those assigned 10,CBTI than those assigned to the CTRL groups at all three timepoints
(8, 18, and 30 weeks postpartum).with a difference of nearly 30 minutes between the two groups at 18
weeks. It is possible that sKills learned in CBTI have helped women who received CBTI to fall back
asleep faster after disruptions'caused by their infants and to experience fewer awakenings unrelated to
infant care. This_is consistent'with a finding by Bei and colleagues, who reported that, compared to a
control intervention, €BT.l was associated with lower insomnia symptoms during the first year of
postpartum period among participants with elevated insomnia symptoms during the third trimester.®* Our
findings highlight the value of tailoring sleep assessment for individuals when unavoidable external
circumstances outside of one’s control disrupt sleep, such as infant or elder care at night, or on call work
duties at night. For example, Billings (2022) suggested the use of tailoring the traditional sleep diary to
address specific job-related characteristics in the fire and emergency service occupation, where multiple
sleep episodes in a single night may result from disruption of sleep in response to emergencies.*®

Our study did not find group differences with actigraphy TWT during the postpartum period.
Reasons for null findings may be due to two possibilities. First, the actigraphy-based measure of TWT
includes both time awake caring for the infant and time awake for other reasons. Second, it is not unusual
to find a discrepancy in findings for objective and subjective sleep in intervention studies, including
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among women during pregnancy. Consistent with our findings, a meta-analysis of studies on the
effectiveness of CBTI in general samples documented clear benefits of CBTI on subjective sleep
parameters[SA1] but no reliable reduction on actigraphy measures of TWT.*® Another meta-analysis by
Okajima et al. (2011) reached similar conclusions.®” Specific to pregnancy, a study of a mindfulness-
based cognitive intervention to improve sleep during pregnancy also found divergence of subjective and
objective results, reporting significant changes in sleep efficiency derived from sleep diaries but not from
actigraphy.®®

In interpreting the absence of effects of the sleep intervention on postpartum depression severity
in our study, one needs to consider the fact that overall depression scores across all time'points were
relatively low, likely due to the fact that we excluded participants who met criteria for.depression during
pregnancy. Results of research examining the effects of CBTI on depressive symptoms during the
postpartum among women who experienced insomnia disorder during pregnancy havedeen mixed. It
appears that one other study that had a control insomnia intervention found no effectof CBTI delivered
during pregnancy on postpartum depression, whereas one study comparing the intervention to treatment
as usual did find an effect. Specifically, consistent with our study, in whieh women received CBTI from a
therapist, Kalmbach and colleagues (2020) found no difference in depression‘scores at six weeks after
childbirth between women receiving digital CBTI and women receiving,a digital‘control intervention
during pregnancy.* In contrast, Felder and colleagues (2022) found greater improvements in depression
symptom severity from baseline to 3 months postpartum amaong women‘who received digital CBTI
during pregnancy compared to women receiving treatment as usual.'’ Thus, for individuals without
depression during pregnancy, positive s of CBTI delivered during pregnancy on depression symptom
severity during the postpartum were detected in absence,of control for non-specific therapeutic factors.
To the best of our knowledge, there are no studies on the effects of CBTI on depression severity among
women who are experiencing depression during pregnancy.

Our study has a few limitations that underscore:a need for caution in interpreting our results and
consideration that findings are hypothesis generating rather than definitive. First, the sample analyzed in
this study differed from the initial randomized sample in that participants who provided postpartum data
for this study had lower ISI score at baselinepwere‘more likely to be Caucasian, and less likely to have
low household income. This means that the sampleiwas no longer representative of the original study.
While there were no differences between those who were and were not included in the analyzable sample
in allocation of treatment arm, the results should be considered exploratory in nature. A second limitation
is that actigraphy has not yet been validatedifor use during pregnancy, a time when fetal movement and
increased leg movements might be ségistered as'wakefulness. We also note that we cannot infer from
these results whether CBTI will be effective for prenatal sleep disturbances that do not meet the
diagnostic threshold for insomnia,disorder.

CONCLUSIONS

The current study investigated the effectiveness of CBTI delivered during pregnancy, plus one postpartum
session, on insomnia‘severity and nighttime wakefulness during the postpartum period. Receiving CBTI
was associated with, less time awake at night that was not related to infant care and lower insomnia
severity at 30 weeks postpartum, when the newborn typically places less demands on maternal sleep and
the mother is likely to be less sleep deprived compared to earlier in the postpartum period. We believe
these benefits outweigh the potential transient daytime sleepiness associated with the initial restriction of
time in maternal bed. We note that to minimize maternal sleep deprivation, the CBTI protocol used in
this study was modified both during pregnancy and during the postpartum period. Our findings
underscore the importance of treating insomnia during pregnancy, a conclusion that is further supported
by our finding that pregnant women who responded to insomnia treatment during pregnancy experienced
better sleep in the postpartum period.
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ABBREVIATIONS

CBTI, cognitive behavioral therapy for insomnia
CTRL, control

ISI, Insomnia Severity Index

RCT, randomized controlled trial

SE, sleep efficiency

SOL, sleep onset latency

TIB, time in bed

TST, total sleep time 0‘

TWT, total wake time
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Figure 1—Participant flowchart for inclusion in study.
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Figure 2—Simple slopes for participants with <50% and >=50% reduction in Insomnia Severity Index
scores from baseline to end of pregnancy treatment.
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Table 1—Demographic and symptom summary at time of study enrollment.

Overall CBTI Control

n (%) 129 (100) 68 (52.7) 61 (47.3)
Age, M (SD) 33.45 (4.99) 33.65 (5.03) 33.22 (4.99)
Nulliparas, n (%) 76 (58.9) 40 (58.8) 36 (59.0)
Race, n (%)

White 73 (56.6) 41 (60.3) 32 (52.5)

Asian 21 (16.3) 9(13.2) 12 (19.7)

Black 43.1) 344 1(1.6)

Other 27 (20.9) 14 (20.6) 13 (21.3)

Unknown 4(3.1) 1(1.5) 3(4.9)
Annual household income < $55k, n (%) 36 (30.0) 15 (23.8) 21 (36.8)
Gestation at baseline*, M (SD) 24.68 (5.07) 25.14 (5:03) 24.17 (5.10)
EPDS at baseline, M (SD) 8.40 (4.34) 7.71(4.30) 9.18 (4.28)
IS at baseline, M (SD) 15.46 (4.41) 15.40(4:32) 15.52 (4.55)
IS after pregnancy Intervention, M (SD) 8.96 (5.04) 7.54 (4.95) 10.59 (4.68)
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Sample are participants who provided at least one postpartum measure of the 1S, actigraphy, or sleep
diary. *unit = weeks.
ISI: Insomnia Severity Index, EPDS: Edinburgh Postnatal Déepression Scale.



Table 2—Descriptive statistics for self-reported and actigraphy assessed sleep variables.

| Overall | CBTI | Control | Group Difference: t(df), P, d

Insomnia Severity Index

8wk 7.86 (5.45) 7.25 (5.02) 8.67 (5.93) 1.32 (103), .189, .26

18wk 6.81 (5.03) 6.61 (4.68) 7.02 (5.43) .39 (92), .695, .08

30wk 7.54 (5.23) 6.59 (5.05) 8.70 (5.27) 2.06 (100), .042, .41
Actigraphy TWT (minutes)

8wk 115.65 (39.42) | 116.93 (42.74) | 113.90 (35.03) -.32,(69), .752, .08

18wk 86.17 (31.54) | 94.10(33.60) | 79.20(28.31) -1.89 (60), .063, 0.48

30wk 95.88 (39.44) | 92.88 (44.79) | 98.88 (33.71) 0.61(62), .547, 0.15
Sleep diary TWT otner (Minutes)

8wk 43.26 (40.72) | 32.26 (27.66) | 57.40 (49.83) 3:39 (110), <.001, 0.65

18wk 48.73 (60.35) | 35.56 (28.68) | 63.28 (80.31) 2.10 (78), .039, 0.47

30wk 38.55 (35.57) | 30.56 (32.78) | 48.93(36.79) 2.43 (83),.017, 0.53
Sleep diary TWTinfant (Minutes)

8wk 83.98 (48.20) | 80.21 (43.93) | 88.73 (53.47) 0.93 (111), .353,0.18

18wk 37.48 (28.71) | 38.59 (30.02) | 36.26 (27.54) -0.36 (78), .719, 0.08

30wk 33.34 (27.04) | 32.42 (27.71) | 34452 (26.47) 0.35 (83), .726, 0.08
Edinburgh Postnatal Depression Scale

8wk 5.13(4.23) 4.85(4.01) 5.51(4.53) .79(103), .431, .16

18wk 4.96(4.31) 4.27(3.51) 5.71(4.97) 1.64(92), .104, .34

30wk 5.23 (4.42) 4.99 (4.45) 5.52 (4.43) 0.60(100), .549, .12
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TWTomer = time awake excluding time caring for infant; TW Tisran: = time awake to care for infant.
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Table 3—Summary of linear mixed effects models on group differences in postpartum insomnia trajectories.

Insomnia Severity Index

- TWTother

D | al’y = TWTinfant

Actigraphy TWT

Intercept

2.52 [-0.43, 5.47], 0.093

35.09 [22.69, 47.48], <.001

42.29 [34.54, 50.03], <.001

44.93 [28.35, 61.5], <.001

Slope 1

0.97 [0.06, 1.88], 0.036*

0.86 [-7.67, 9.38], 0.843

41.34 [34.63, 48.05], <.001***

31.37 [20.89, 41.86], <.001***

Slope 2

0.62 [-0.29, 1.53], 0.183

-0.79 [-9.53, 7.95], 0.859

-9.29 [-16.31, -2.27], 0.010 *

11.12 [0.44, 21.79], 0.041*

Group

-0.41[-2.37, 1.55], 0.677

-13.46 [-29.22, 2.31], 0.094

-7.28 [-22:79,8.24], 0.355

9.55 [-7.11, 26.21], 0.258

Slope 1 x Group

-1.33[-3.15, 0.49], 0.152

-2.82 [-19.87, 14.23], 0.744

-0.54 [413.96, 12.88], 0.937

-13.56 [-34.52, 7.41], 0.202

Slope 2 x Group

-1.55[-3.37, 0.27], 0.095F

-5.79 [-23.27, 11.69], 0.514

4:66 [-9.37, 18.7], 0.512

-17.1 [-38.45, 4.25], 0.115

Baseline value

0.29 [0.11, 0.47], 0.002**

0.08 [-0.03, 0.19], 0.141

Not'applicable

0.45[0.3, 0.61], <.001***

Observation

301

269

278

194

Sample size

117

122

126

95

Unstandardized coefficients [95% confidence intervals], p-value are presented. TWT: total wake time (minutes). Slope 1: 8 weeks vs 18 weeks
postpartum, positive values indicate 8 weeks values larger than 18 weeks; Slepe 2: 30 weeks'vs 18 weeks postpartum, positive values indicate 30
weeks value larger than 18 weeks value. For Group, CBTI is coded as 0.5 and CERL -0.5, such that coefficients are interpreted as values for

overall sample. Tp<.1, *p<.05, **p<.01, ***p<.001.

TWTother = time awake excluding time caring for infant; TWTinfant = time awake to care for infant; TWT = Total Wake Ti.




