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Abstract

Sleep deficiency is common during pregnancy, with consequences for maternal

and fetal health. This pilot study assessed the efficacy, feasibility, and acceptabil-

ity of a six-week, online, mindfulness-based intervention (OPTIMISM) in pregnant
women with sleep deficiency. Participants were randomized to either mindfulness
(self-directed learning modules about mindfulness meditation, sleep challenges in
pregnancy, and behavioral strategies) or education-only control conditions. Partici-
pants completed surveys and wore an actigraph with daily sleep diaries for 8 days at
baseline and post-intervention. The primary outcome was sleep quality. Secondary
outcomes included actigraphy, sleep-related impairment, sleep disturbance, fatigue,
depression, anxiety, postnatal depressive symptoms, well-being, and quality of life.
Exploratory outcomes included feasibility, acceptability, self-management, and behav-
ior change. Efficacy was estimated with analysis of covariance, comparing mean
post-test scores corrected for baseline. Of the 351 women screened, 163 were eligi-
ble, 64 enrolled, and 59 were randomized. 45 participants (OPTIMISM, 23; control,
22) completed post-intervention assessments and were included in the analysis. The
mean satisfaction with the OPTIMISM was higher than the control group (OPTIMISM,
4.1; control, 3.8). The mean sleep quality score was significantly improved in the
OPTIMISM group compared to that in the control group after adjusting for baseline
score (OPTIMISM, 5.4; control, 7.6; p =.008; partial h? =.157). There were similar
improvements in sleep-related impairment, sleep disturbance, fatigue, and depres-
sive symptoms, but no differences in other outcomes. Findings suggest that OPTI-
MISM improves subjective sleep quality and psychological distress, including fatigue,
depression, and anxiety during pregnancy and should be tested in larger trials with
longitudinal follow-up.
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Introduction

Insomnia is defined as difficulty initiating, maintaining sleep, and/or suffering from
early awakenings for at least three nights per week over at least three months with
associated clinically significant functional impairment [1]. Insomnia can begin as
early as the first trimester and becomes more prevalent during the third trimester
[2], affecting an estimated 40% of women in the third trimester of pregnancy [3].
Although pregnancy accounts for a relatively short part of an individual’s life, insom-
nia during pregnancy is associated with significant adverse health-related outcomes
that may impact short and long-term health [4], increased systemic inflammation [5],
and gestational diabetes mellitus [6]. Insomnia is also associated with psychological
symptoms such as depression [7] and anxiety [8], resulting in reduced quality of life
in this population [9].

Cognitive behavior therapy for insomnia (CBT-I) is recommended as the first-
line treatment in the management of insomnia [10]. However, a meta-analysis
suggested that only an estimated 36% of patients were in remission from insomnia
at the post-assessment of CBT-I [11], and standard CBT-I has minimal effects on
rumination [12]. As an alternative, emerging evidence has suggested that mindful-
ness interventions and an integrated intervention (combining mindfulness meditation
with CBT-I) are useful in attenuating the cognitive and somatic arousals, which is
a key complaint of insomnia [13,14]. Mindfulness-based interventions (MBIs) offer
the practice of meditation to cultivate non-judgmental, present-moment awareness,
self-compassion, and non-attachment to outcomes [15]. Previous research has
suggested that MBls were associated with decreased psychological distress (e.g.,
depression, anxiety, and stress) [16,17]; improved fatigue [18] and decreased sub-
jective sleep deficiency in the general population [19]. Recent studies demonstrated
that MBIs can potentially provide positive outcomes (e.g., improving insomnia,
decreasing psychological distress, building stress tolerance, etc.), specifically for
pregnant women [20—23].

Frequently reported barriers to the implementation of MBls among pregnant
women included lack of time, commuting distance to classes, and scheduling con-
flicts [24,25]. Digital MBls (web- and mobile-based platforms) may overcome these
barriers by saving commuting distance and time. Moreover, digital platforms are
advantageous in terms of cost-effectiveness in addressing perinatal health and the
potential to reach larger participants compared to traditional interventions [23,26],
especially during the COVID-19 pandemic. Recent evidence suggests that digital
MBIs are effective in reducing depression and anxiety symptoms in pregnant women
[27]. However, despite the increasing use of digital MBIs for perinatal mental health,
research specifically targeting insomnia during pregnancy remains limited [22]. It is
still understudied whether digital MBI has effects on both subjectively- and objec-
tively measured sleep, as well as psychological distress and quality of life for women

PLOS One | https://doi.org/10.137 1/journal.pone.0322931

May 9, 2025 2/19




PLO\Sﬁ\\.- One

during pregnancy. Therefore, the current study aimed to assess the efficacy, feasibility, and acceptability of a six-week
online intervention combining mindfulness meditation and CBT-I for pregnant women with insomnia.

Materials and methods
Study design and participants

This study was a randomized controlled pretest-posttest study designed to determine the feasibility, acceptability, and pre-
liminary efficacy of the online, mindfulness-based intervention (OPTIMISM) [28]. Assessments were conducted at baseline
and post-intervention. All participants were provided with an electronic or paper copy of consent prior to participation in the
study. This study received approval from the University of Washington Institutional Review Board (STUDY00005267). All
participants provided written informed consent prior to enrollment in the study.

Study data were collected and managed using Research Electronic Data Capture (REDCap) hosted at a collaborating
institution. REDCap is a secure, web-based software platform designed to support data capture for research studies [29].
Inclusion criteria included the following: 1) viable pregnancy in the second trimester (12—28 weeks gestation); 2) prior
diagnosis of depression and currently in remission (PHQ-9<12); 3) self-report of insomnia (Score>7 on the Insomnia
Severity Index); 4) age 18 or older; 5) have access to an internet-enabled smartphone, tablet, or computer; 6) English flu-
ency. Participants were allowed to participate regardless of whether they were receiving psychotropic medications or psy-
chotherapy. Participants were excluded if they 1) had known severe congenital fetal anomalies, fetal demise, or expected
neonatal death; 2) had a diagnosis of Major Depressive Disorder in the past 2 months; 3) had other significant psychiatric
illnesses requiring treatment; 4) were currently hospitalized; 5) had a prior diagnosis of obstructive sleep apnea or rest-
less leg syndrome; 6) had a positive self-report screen for restless leg syndrome; 7) were at high risk for obstructive sleep
apnea based on a four-variable model (snoring frequency, chronic hypertension, age, and body mass index); 8) practiced
mindfulness or meditation regularly (at least weekly); or 9) regularly worked night-shift.

Modification to the protocol

During the study, a couple of modifications to the original protocol were made due to difficulties in participant recruitment.
First, the inclusion criteria were broadened to include eligible participants without a history of depression because these
criteria often excluded interested, otherwise qualified participants. Second, due to the COVID-19 outbreak during this
study, all interactions with participants after March 2020 were conducted remotely via Zoom or phone calls. Since all inter-
actions with participants, including the enroliment visits, were changed to online methods, the inclusion criteria for partic-
ipants residing in the greater metropolitan area were broadened to include those in other geographical areas to increase
recruitment success.

Procedures

Recruitment, selection, and enroliment. Participants were recruited between April 2019 and December 2020 via
flyers, social media, email listservs, and snowballing methods. Recruitment flyers were distributed to community-based
prenatal care clinics, high-risk pregnancy clinics, maternity service providers, and perinatal mental health providers
in the metropolitan area. Recruitment posts were posted to social media platforms such as Facebook, Nextdoor, and
Craigslist. Participants were also recruited through research recruitment sites such as Participate in Research. The
electronic medical record system at a local university medical center was used to identify eligible participants, who were
then contacted via email with study information and a link to the eligibility survey. Interested participants were screened
by telephone or completing an eligibility survey on an online platform, REDCap, to determine whether they meet inclusion
and exclusion criteria. Potential participants were notified of their eligibility immediately when screening was completed.

An enrollment visit was then scheduled with eligible and interested participants. At the enrollment visit, participants
were provided with a detailed description and procedure of the study and were given consent forms to sign. Participants
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were also given verbal and written instructions on completing the baseline assessments, wearing the actigraph, and com-
pleting daily sleep diaries.

Baseline (T1) assessment. After the enroliment visit and receiving consent, participants completed baseline
assessments. Baseline assessments included self-reported questionnaires (demographics, pregnancy, and general
health status, self-reported sleep, mood, and self-management variables) and objective sleep monitoring by wearing
an actigraph and completing daily sleep diaries for 8 consecutive days (7 nights). Online questionnaires and daily sleep
diaries were sent to participants using REDCap.

Randomization and intervention. After completing the baseline assessment, participants were randomly assigned
using block randomization with a 1:1 allocation ratio. A computer-generated randomization sequence with a block size of 4
was used to ensure balance across study arms. The randomization sequence was generated by a research assistant; the
assignment was implemented using REDCap’s automated allocation system to prevent selection bias. Participants were
told the study was testing two alternative online interventions to improve sleep during pregnancy and were not informed of
the nature of the two interventions. Participants were blinded to their intervention allocation, but research staff responsible
for assessment and data collection were aware of group assignments.Participants randomized to the intervention group
received the OPTIMISM, consisting of six weekly online self-directed learning modules about mindfulness meditation,
sleep challenges in pregnancy, and behavioral strategies to improve sleep. OPTIMISM includes components of two in-
person MBls: mindfulness-based childbirth and parenting and mindfulness-based therapy for insomnia. The intervention
activities focused on using mindful awareness as a sleep self-management technique to increase total sleep time (TST)
and sleep efficiency (SE). The intervention also integrates concepts of sleep restriction, sleep hygiene, and stimulus
control. Intervention modules were developed using Articulate Storyline, Version 3.3, and published online through
Articulate Online (Articulate Global, Inc.). Each weekly module was approximately 20 minutes long and included didactic
content on sleep, pregnancy, and mindfulness meditations. Didactic contents were delivered using interactive text, video,
and audio meditations. OPTIMISM program modules content by session are displayed in Table 1. Participants were
able to choose a time to complete the weekly modules. During the six weeks of the intervention, participants completed
daily sleep diaries either online or on paper. Daily sleep diaries asked about pregnancy symptoms interfering with sleep
with reports of daily meditation practice. Participants also received an individualized recommended sleep schedule
at the end of the second week of the program. From the third week, participants received weekly sleep reports that
included a visualization of their diary-reported bedtime and wake time, along with their recommended sleep schedule.
The sleep report also included any recommended changes to their sleep schedule for the coming week. Participants
received reminders to complete daily sleep diaries and weekly modules sent by text or email at intervals agreeable to
participants. Participants were also given access to an online anonymous discussion board to interact with research staff
and other participants. Support from research staff was available during daytime hours by text message, email, or phone
communication.

Participants who were randomized to the control group received education-only control (EOC) intervention which
included weekly educational online modules and completion of daily sleep diaries (Table 2). Online modules were devel-
oped on Articulate Storyline and published on Articulate Online. Each module was approximately 20 minutes and could be
completed at a time chosen by the participant. EOC modules did not include any content on sleep hygiene, sleep sched-
uling/bed restriction, stimulus control, or mindfulness and meditation. The control group also completed daily sleep diaries
for the duration of the intervention. EOC participants were also given access to an online discussion board limited to other
EOC participants and research staff. Instead of treatment as usual, an active control was chosen to control for non-
specific attention and self-monitoring effects [30]. Having an EOC arm allows for any outcome differences between the
two groups to be derived from the active treatment elements of the OPTIMISM intervention.

Post-Intervention (T2) assessments. After completing the 6-week interventions, participants were asked to complete
post-intervention assessments which included completing self-report questionnaires, completing daily sleep diaries, and
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Table 1. Session content for OPTIMISM Group.

Module Content Mindfulness practices
Introduction Facts about sleep Mindfully eating a raisin
Sleep and health Awareness of breathing

Sleep in pregnancy
Pregnancy sleep strategies
Introduction to mindfulness

Timing Diet and sleep Body scan
Insomnia

Sleep schedule and window
Bedtime routines
Mindfulness and sleep
Mindfulness and labor

Activity Reviewing and adjusting sleep schedule Mindful walking
Stimulus control

Mindful movement

Physical activity in pregnancy
Movement and rest in labor

Acceptance Reviewing and adjusting sleep schedule Being with baby
Choices and control in labor
Acceptance and letting go

Self-compassion Reviewing and adjusting sleep schedule Loving kindness
Mood and sleep
Self-care and self-compassion

Postpartum and beyond Reviewing and adjusting sleep schedule Being with baby
Physical recovery postpartum
Newborn sleep

Postpartum sleep
Postpartum mindfulness

Note. OPTIMISM =online prenatal trial in mindfulness sleep management

https://doi.org/10.1371/journal.pone.0322931.t001

wearing an actigraphy for 8 consecutive days (7 nights). Participants received a $50 retail gift card upon completion of the
T2 assessment.

Measures

Participants completed a survey including demographic information. Demographic characteristics, including age, gender,
race, ethnicity, level of education, employment status, marital/partner status, and geographical location, were collected.

Primary outcome. As a primary outcome, participants completed the Pittsburgh Sleep Quality Index (PSQl), a 19-item
survey to assess sleep quality and usual sleep habits over the past month. PSQI consists of subscales for sleep quality,
latency, duration, sleep efficiency, sleep disturbances, use of sleeping medications, and daytime dysfunction. Survey
items are rated on a 0—3 Likert-type scale, with higher scores indicating poor sleep quality and poor sleep habits. Total
scores range from 0 to 21. A global score >5 indicates clinically significant sleep disturbances. A change of 3.0 suggests a
clinically significant difference in the score [31].

Secondary outcomes. Secondary clinical outcomes included objective and self-reported measures of sleep, mood,
well-being, and quality of life. Measures were chosen to meet the funder’s requirements to adopt the common data
elements in the Common Data Repository for Nursing Science [32]. Objective sleep was measured with wrist actigraphy
(Actiwatch Spectrum Plus, Philips Respironics, Murrysville, PA). Self-reported sleep was assessed using online or paper
sleep diaries. Participants were asked to wear the actigraph and keep sleep diaries for 8 days at baseline and
post-intervention. For all self-report measures except the Edinburgh Postnatal Depression Scale (EPDS), raw scores were
converted to standardized T-scores (mean=50, SD=10) according to PROMIS scoring guidelines.
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Table 2. Session content for education only control group.

Module Content

Introduction to sleep Facts about sleep
Sleep and health
Sleep in pregnancy

Sleep strategies Diet and sleep

Sleep and environment
Bedtime routines
Pregnancy sleep strategies

Physical activity Benefits of physical activity in pregnancy
How to exercise in pregnancy
Positions, activity, and rest in labor

Mood and sleep Poor sleep, emotions, and mood
Depression in pregnancy
Self-care

Medications and sleep Over the counter medications

Prescription medications
Substances (caffeine, alcohol, nicotine)
Labor pain medications

Sleep postpartum Physical recovery postpartum
Newborn sleep

Postpartum sleep

Physical activity postpartum

https://doi.org/10.1371/journal.pone.0322931.t002

Actigraphy-measured sleep variables included total sleep time (TST), defined as the number of minutes of all time
spent asleep; sleep efficiency (SE), a measure of sleep quality calculated as the ratio of TST divided by total time in
bed x 100, with values closer to 100 meaning more efficient (better) sleep; sleep onset latency (SOL), defined as the num-
ber of minutes from getting into bed to falling asleep; total wake time (TWT), defined as the total number of minutes spent
awake during the rest period; and wake after sleep onset (WASO), defined as the number of minutes awake between time
falling asleep and wake time.

Sleep-related impairment was measured using the Patient-Reported Outcomes Measurement Information System
(PROMIS) Sleep-Related Impairment (v.8a), which is an eight-item questionnaire that uses a 5-point Likert-type scale
ranging from 1 (not at all) to 5 (very much). This questionnaire measures self-reported perceptions of alertness, sleepi-
ness, and tiredness during usual waking hours and perceived functional impairments during wakefulness associated with
sleep problems or impaired alertness in the past 7 days [33]. Total scores range from 8 to 40, with higher scores meaning
increased impairment.

PROMIS Sleep Disturbance Short Form (v.6a) is a six-item self-report questionnaire assessing the perception of sleep
quality and difficulty falling asleep over the past 7 days [33]. Items are measured on a 5-point Likert-type scale with total
scores ranging from 6 to 30. Higher scores indicate increased sleep disturbance.

Fatigue was measured using the PROMIS Fatigue-Short Form (v.6a). This six-item self-report questionnaire measures
self-reported feelings of tiredness and the impact on the ability to function normally over the past 7 days [34]. ltems are
scored on 5-point Likert-like scales with total scores ranging from 6 to 30. Higher scores indicate increased fatigue.

PROMIS Depression Short Form (v.6a) was used to measure self-reported depression symptoms in the past week [35].
This questionnaire uses a 5-point Likert-like scale with total scores ranging from 6 to 30. Higher scores indicate increased
depression symptoms.

Anxiety was measured using the PROMIS Emotional Distress- Anxiety Short Form (v.6a), a six-item self-report ques-
tionnaire assessing anxiety symptoms in the past week [35]. The questionnaire uses 5-point Likert-like scales with total
scores ranging from 6 to 30. Higher scores indicate increased anxiety symptoms.
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Postnatal depression symptoms were measured using the Edinburgh Postnatal Depression Scale (EPDS) [36]. EPDS
is a ten-item self-report questionnaire validated for use in pregnant and postpartum populations [37]. The questionnaire
asks questions about depressive symptoms in the past week using 3-point Likert-like scales with the sum score ranging
from 0 to 30. Higher scores indicate increased depression symptoms, and a score of 10 or greater indicates an elevated
risk of depression.

Positive affect and well-being were measured using the Neuro-QOL Positive Affect and Well-Being Short Form, a nine-
item self-report questionnaire that measures the frequency of positive emotions [38]. ltems are measured on a 5-point
Likert-like scale with total scores ranging from 9 to 45. Higher scores indicate increased positive emotions.

Short Form (36) Health Survey (SF-36) is a 36-item self-reported questionnaire asking about current health status and
quality of life. Subscales include vitality, physical functioning, bodily pain, general health perceptions, physical role func-
tioning, emotional role functioning, social role functioning, and mental health [39]. Total scores range from 0 to 100, with
higher scores indicating better health and quality of life.

Exploratory outcomes. Exploratory outcomes included measures of self-efficacy, self-regulation, acceptance,
and state mindfulness. Self-efficacy in emotion management was measured using the PROMIS Self-Efficacy Emotion
Management Short Form (v.4a), a four-item self-report questionnaire that assesses confidence in handling emotions
[40]. ltems are scored on a 5-point Likert-like scale with total scores ranging from 4 to 20. Raw scores were converted to
t-scores based on PROMIS guidelines, with higher scores indicate a greater ability to handle emotions.

Sleep problem acceptance was measured using the Sleep Problem Acceptance Questionnaire (SPAQ), an eight-item
self-report questionnaire measuring insomnia acceptance [41]. ltems are measured on 6-point Likert-type scales with total
scores ranging from 0 to 48. Subscales include activities, engagement, and willingness. Higher scores indicate a higher
level of acceptance of insomnia.

Self-regulation was measured using the Index of Self-Regulation (ISR). ISR is a nine-item self-report questionnaire
that measures the level of motivation and self-regulation for health-related behavior change [42]. ltems are measured on
6-point Likert-type scales with total scores ranging from 6 to 54, with higher scores indicating greater self-regulation.

Mindfulness was measured using the Five Facet Mindfulness Questionnaire Short Form (FFMQ-SF). FFMQ-SF is a
24-item self-report questionnaire that assesses the trait-like tendency to be mindful in daily life [43]. The questionnaire
consists of five subscales that measure different aspects of mindfulness. The subscales include observing, describing,
acting with awareness, non-judging, and nonreactivity. ltems are measured on 5-point Likert-type scales, with four sub-
scales scores ranging from 5 to 25 and one of the subscale ranges from 4 to 20. Higher scores indicate higher levels of
mindfulness. The FFMQ-SF has been validated for use in pregnant populations with Cronbach’s alpha=.89 [44].

Feasibility and acceptability

Feasibility measures included examination of recruitment, retention, intervention adherence, and acceptability. The feasi-
bility of recruitment was measured by calculating the proportion of enrolled participants from those who have completed
the eligibility survey. Retention was determined by the proportion of participants who have completed the study through
the post-assessment surveys from those who have enrolled in the study. Intervention adherence was assessed by the
number of online modules completed, with a range of 0—6. Intervention acceptability was measured using an investigator-
developed self-report 8-item questionnaire adapted from a similar feasibility trial [45]. Questions assess satisfaction,
usefulness for managing sleep and stress, and ease of use using a 5-point Likert-type scale running from 1 (strongly
disagree) to 5 (strongly agree). The total scores range from 8 to 40, with higher scores meaning increased acceptability.
Open-ended questions were also used to seek feedback about the helpful and unhelpful aspects of the intervention. The
questions asked about the content and the process (Internet delivery, mobile device compatibility, and time involved) of
the intervention: 1) Would you like to change anything about the modules? If yes, what would you like to change?, 2) What
aspects of the program did you find helpful?, 3) What aspects of the program did you find unhelpful or difficult? Answers
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to the open-ended questions were analyzed using the inductive content analysis method. The analysis process involved
open coding, grouping, categorization, and abstraction by two authors [46].

Statistical analyses

Descriptive statistics were used to summarize participants’ demographic characteristics collected at baseline. Analysis of
covariance (ANCOVA) was conducted to assess the differences in mean outcomes between intervention groups (inter-
vention vs. control) at baseline and post-assessment, adjusting for baseline scores to test the efficacy of the intervention.
Residual normality was examined using histograms and Q-Q plots, confirming that residuals were approximately normally
distributed. Homogeneity of regression slopes was assessed by testing interaction terms between baseline scores and
intervention groups, with no significant interactions detected, confirming that the assumption was met. Levene’s test indi-
cated no violations of homogeneity of variance. Adjusted post-intervention means and 95% Cls were computed for each
outcome to quantify group differences while controlling baseline scores. Partial n?> was reported to estimate effect size,
providing insight into the magnitude of group differences and informing future clinical trials. Additionally, McNemar’s test
was used to evaluate changes in the proportion of participants with an EPDS score 210 between pre- and post-
assessment. Statistical significance was set at p<.05.

Results
Feasibility

Fig 1 displays the CONSORT diagram describing the flow of participants from enrollment through data analysis. Of the
351 participants who completed the initial eligibility survey, 188 did not meet the study inclusion criteria and 99 declined
to participate or did not respond to the study invitation email. A total of 64 (18.2% of those who were screened for eligi-
bility) were enrolled and completed the baseline questionnaires. Out of the 64 who were enrolled, 5 dropped out before
randomization. Therefore, 59 were randomized to either the intervention or control group. Of the 29 who were randomized
to the intervention group, 23 (79.3%) received the intervention, and 6 were lost to follow-up. Of the 30 who were allocated
into the control group, 7 were lost to follow up, and a total of 22 participants (73.3%) were included in the analysis. From
both groups, a total of 45 were included in the analysis. The average number of modules completed in both groups was
4.8+2.3. Of the OPTIMISM group, the average number of modules completed before dropping was 1.0+1.3; 2.1+1.4 in
the control group. The average number of days women in the OPTIMISM group practiced meditation was 4.7 + 1.9 days
per week.

Acceptability

Of the participants, 73.3% used more than one device (e.g., smartphone, tablet PC, laptop, or desktop) to access the
intervention. The average minutes to complete weekly modules were 25.8 +12.3 minutes in the OPTIMISM group and
16.8£6.6 minutes in the control group. Table 3 describes the satisfaction with OPTIMISM. The total satisfaction score was
higher in the OPTIMISM group versus the control group (OPTIMISM: 32.8£5.1, 30.1£6.9). Generally, those who were
in OPTIMISM group reported higher satisfaction on most items except online delivery ease of use and internet device
compatibility. Regarding the sleep diary, 91.1% used the online sleep diary exclusively, while 6.7% used both the online
and paper versions. The average time to complete a sleep diary was 4.8 +2.3 minutes. The overall sleep diary satisfac-
tion score was lower in the OPTIMISM group versus the control group (2.6 +0.8, 2.8+0.9, respectively), while the score
of incorporating sleep diary into one’s daily routine was higher in the OPTIMISM group than the control group (3.2+0.1,
2.8%0.9, respectively).

Several themes from the open-ended qualitative questions about acceptability were presented in Table 4. Suggested
improvements for intervention included the modification of the module interface (e.g., not user-friendly, narration with
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Assessed for eligibility (n=351)

Excluded (n=287)

e Not meeting inclusion criteria
[ Enroliment ]

(n=188)

e Declined to participate/
No response to invitation
email (n=99)

Baseline survey completed (n=64)

:I Dropped out (n=5)

Randomized (n=59)

A

l | Allocation | l
Allocated to OPTIMISM (n=29) ‘ Allocated to Control (n=30)

( Follow-Up ]
Lost to follow-up (n=6) L ) Lost to follow-up (n=8)
e Unsure/Unable to be reached (n=5) e Unsure/Unable to be reached (n=5)
e Anxiety/worry due to COVID-19 (n=1) e Too busy (n=2)
e Modules not helpful (n=1)
[ Analysis ] v
€
Analyzed (n=23) ‘ ‘ 4 Analyzed (n=22)

Fig 1. CONSORT flow chart.
https://doi.org/10.1371/journal.pone.0322931.9001

robotic voice), and resolving technical issues (e.g., streaming issues, tracking related glitches in the system). Participants
in the OPTIMISM group reported mindfulness-related content and information about sleep were helpful. In terms of the
unhelpful aspects of the intervention, the OPTIMISM group reported mindfulness practices were too long, while the control
group reported survey burden for daily sleep diary.

Baseline demographic characteristics

Baseline demographic characteristics of the participants are presented in Table 5. The average age for total participants
was 33.6+4.1 years (OPTIMISM=34.1+4.2 years, control=33.01 £3.9 years), and average gestational weeks were
18.7+4.6 weeks (OPTIMISM=18.8+4.4, control=18.6 £4.8). Most participants in the total sample were White (68.9%) or
Asian (22.2%); 95.6 of the total sample identified as non-Hispanic or Latino.
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Table 3. Satisfaction with OPTIMISM.

Total OPTIMISM Control

(n=45) (n=23) (n=22)

Mean (SD)
Overall, | am satisfied with the OPTIMISM program 3.96 (0.93) 4.13 (0.82) 3.77 (0.02)
| found the OPTIMISM program enjoyable 3.78 (0.97) 3.96 (0.88) 3.59 (1.05)
The educational information about sleep in pregnancy was useful. 4.07 (0.94) 4.35(0.78) 3.77 (1.02)
| plan to use what | learned to sleep better now and after baby comes 4.16 (0.90) 4.43 (0.79) 3.86 (0.94)
The OPTIMISM program helped me improve my sleep 3.84 (1.02) 4.26 (0.86) 3.41 (1.01)
The program helped me manage stressors associated with pregnancy, delivery or parenting 3.51(0.97) 3.78 (0.85) 3.23 (1.02)
| found the online delivery of the program easy to use 3.93 (1.05) 3.74 (1.14) 4.14 (0.94)
The online delivery of the program was compatible with my internet device 4.20 (0.97) 4.13 (0.92) 4.27 (1.03)
Total score 31.44 (6.17) 32.78 (5.14) 30.05 (6.94)

Note. OPTIMISM =Online Prenatal Trial in Mindfulness Sleep Management, SD = Standard Deviation.

https://doi.org/10.1371/journal.pone.0322931.t003

Table 4. Themes from participant feedback on intervention acceptability.

Category Group Theme

Need for improvement OPTIMISM Module interface

Robotic voice

Control Modules unhelpful

Robotic voice

Helpful aspects OPTIMISM Mindfulness related contents

Information/education about sleep

Control Sleep diary/tracking

Information/education about sleep

Unhelpful aspects OPTIMISM Module interface/technical issues

Mindfulness practice too long

Control Modules unhelpful

Sleep diary burdensome

Note. OPTIMISM =Online Prenatal Trial in Mindfulness Sleep Management

https://doi.org/10.1371/journal.pone.0322931.t004

Primary and secondary outcomes

Table 6 presents the clinical outcomes for the control and OPTIMISM groups at baseline and post-intervention. Partici-
pants in the OPTIMISM intervention group experienced significant improvements in sleep quality (partial n2=0.157).

Objective and self-reported sleep outcomes

Analysis of Covariance revealed that the OPTIMISM group was not related to significant improvements in any of the
objective sleep outcomes (SE, TWT, TST) measured by actigraphy (Table 7). Both the OPTIMISM group and control group
had similar adjusted post-treatment mean of TST, SE, and TWT measured by actigraphy, with small effect sizes (partial n?,
ranging from.002 t0.025). Similar results were observed in the self-reported sleep diary outcomes (TST, SE, TWT), with no
significant improvements by treatment (partial n?, ranging from.006 to0.027). However, we found significant differences in
sleep disturbance (partial n?=0.155) and sleep related impairments (partial n2=0.202), with large effect sizes.
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Table 5. Baseline characteristics of study participants.

Characteristic Total OPTIMISM Control
(n=45) (n=23) (n=22)
Age, mean (SD) 33.6 (4.05) 34.13 (4.19) 33.05 (3.92)
Gestational age (weeks), mean (SD) 18.7 (4.6) 18.8 (4.4) 18.6 (4.8)
Number of people in household, mean (SD) 2.47(0.89) 2.48 (0.85) 2.45 (0.96)
Gender (female), n (%) 45 (100) 23 (100) 22 (100)
Parity, n (%)
Nullipara 28 (62.2) 14 (60.9) 14 (63.6)
Multipara 17 (37.8) 9(39.1) 8 (36.4)
Race, n (%)
White 31(68.9) 14 (60.9) 17 (77.3)
Asian 10 (22.2) 7(30.4) 3(13.6)
Black/African American 1(2.2) 0(0) 1(4.5)
More than one 3(6.7) 2(8.7) 1(4.5)
Ethnicity, n (%)
Not Hispanic or Latino 43 (95.6) 21 (91.3) 22 (100)
Hispanic or Latino 1(2.2) 1(4.3) 0 (0)
Unknown 1(2.2) 1(4.3) 0(0)
Highest level of education, n (%)
Associate degree (academic program) 3(6.7) 2(8.7) 1(4.5)
Associate degree: occupational/technical/vocational program 2(4.4) 1(4.3) 1(4.5)
Bachelor’s degree 10 (22.2) 5(21.7) 5(22.7)
(e.g., BA, AB, BS, BBA)
Master’s degree 24 (53.3) 12 (52.2) 12 (54.5)
(e.g., MA, MS, MEng, MEd, MBA)
Doctoral degree (e.g., PhD, EdD) 2 (4.4) 1(4.3) 1(4.5)
Professional school degree 4 (8.9) 2(8.7) 2(9.1)
(e.g., MD, DDS, DVM, JD)
Employment status, n (%)
Working now 33 (73.3) 17 (73.9) 16 (72.7)
Keeping house 5(11.1) 3(13) 2(9.1)
Student 3(6.7) 0(0) 3(13.6)
Other 4 (8.9) 3(13) 1(4.5)
Marital/partner status, n (%)
Married 37 (82.2) 21(91.3) 16 (72.7)
Domestic Partnership 5(11.1) 1(4.3) 4(18.2)
Never married 3(6.7) 1(4.3) 2(9.1)
Geographical location, n (%)
Greater metropolitan area 27 (60.0) 14 (60.9) 13 (59.1)
Same state as study location 3(6.7) 1(4.3) 2(9.1)
Other states 13 (28.9) 6 (26.1) 7 (31.8)
Not answered 2(4.4) 2(8.7) 0 (0)
Medication use, n (%)
Sleep aid or antihistamines 10 (22.2) 3(13) 7 (31.8)
Antibiotics 5(11.1) 4(17.4) 1(4.5)
Gastrointestinal medications 4(8.9) 1(4.3) 3(13.6)
NSAIDs 4 (8.9) 2(8.7) 2(9.1)
(Continued)
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Table 5. (Continued)

Characteristic Total OPTIMISM Control
(n=45) (n=23) (n=22)
Others (e.g., immunosuppressant, hormone, stool softener, beta-blocker, etc.) 12 (26.7) 5(21.7) 8 (36.4)
Pre-pregnancy BMI, mean (SD) 23.8 (5.4) 24 .8 (6.4) 22.7 (3.9)
Pre-pregnancy BMI =30, n (%) 6 (13.3) 5(21.7) 1(4.5)
Current BMI, mean (SD) 25.1 (5.5) 26.3 (6.5) 23.9 (4.1)
Current BMI 230, n (%) 10 (22.2) 7 (30.4) 3(13.6)

Note. BMI=Body Mass Index; NSAIDs = Nonsteroidal Anti-Inflammatory Drugs; OPTIMISM = Online Prenatal Trial in Mindfulness Sleep Management;
SD =Standard Deviation.

https://doi.org/10.1371/journal.pone.0322931.t005

Fatigue, psychological distress, and general health

In terms of fatigue, the OPTIMISM group showed a significantly lower adjusted post-intervention mean of 47.6 (95%

Cl [44.6, 50.6]), compared to 54.3 (95% CI [51.3, 57.5]) in the control group (p=.003, partial n?=.188). This indicates

a substantial improvement in fatigue for participants in the OPTIMISM group compared to the control group. However,
there were no significant differences between the two groups in their ratings of positive affect and well-being, anxiety,

and depressive symptoms. There were no significant differences between groups in postnatal depression measured by
EPDS. However, the percentage of participants at increased depression risk for depression (defined by EPDS score > 10)
decreased more in the OPTIMISM group (from 34.8% to 8.7%; p=.07) than in the control group (31.8% to 22.7%; p=.69).
For general health, measured by the SF-36, there were no significant differences between groups.

Exploratory outcomes

There were no significant differences between the control and OPTIMISM intervention groups in participants’ pre- to
post-intervention changes in self-efficacy in emotion management, sleep problem acceptance, self-regulation, or mindful-
ness (Table 8).

No significant harms or unintended effects were observed in either the intervention or control group throughout the
study period. Participants in both groups reported their experiences via feedback forms, and any issues were documented
and reviewed by the research team. Minor issues, such as occasional technical difficulties in accessing online modules,
were promptly addressed, and no adverse events related to intervention or control activities were reported.

Discussion

The goal of this study was to test the feasibility and efficacy of an online digital treatment for insomnia in pregnancy that
combined elements of CBT-I (sleep restriction, stimulus control) with mindfulness meditation. Participation in the interven-
tion was feasible, with 76% of participants who were randomized completing the study. 97.8% of the participants com-
pleted all 6 weekly modules. These results were achieved despite the onset of the COVID-19 pandemic midway through
the study. Overall satisfaction was greater than 4 on a 1-5 scale for the mindfulness intervention. We found support for
the primary study hypothesis that OPTIMISM intervention would be associated with improved global sleep quality by the
end of treatment. During the 6-week study period, PSQI scores of participants assigned to OPTIMISM improved signifi-
cantly more compared to participants who were randomized to the education-only control. We also found a significant
difference in depression symptoms as measured by the PROMIS Depression scale. However, we did not find significant
differences between groups on several secondary outcomes such as postnatal depression (measured by EPDS), anxiety,
positive affect and well-being, and eight subscales of SF-36, and exploratory outcomes including self-efficacy, self-
regulation, sleep problem acceptance, and mindfulness.

PLOS One | https://doi.org/10.137 1/journal.pone.0322931 May 9, 2025 12/19



https://doi.org/10.1371/journal.pone.0322931.t005

PLO\S\%- One

Table 6. Primary and secondary outcomes at baseline and post-intervention.

Variable Group Baseline Post-intervention Adjusted post- p Partial n?
Mean (SD) Mean (SD) intervention mean [95%
CI]

PsaQl Control 9.3(3.9) 7.7 (3.3) 7.6[6.5,8.7] .008 0.157
OPTIMISM 8.8 (3.5) 5.4 (2.5) 5.41[4.4,6.5]

PROMIS Sleep disturbance Control 58.3 (6.1) 53.2 (6.3) 52.8 [50.6, 54.9] .008 0.155
OPTIMISM 56.0 (6.9) 48.2 (4.3) 48.6 [46.5, 50.7]

PROMIS Sleep-related impairment Control 59.0 (7.3) 55.2(7.6) 54.8 [52.5, 57.0] .002 0.202
OPTIMISM 57.8 (7.5) 49.3 (6.6) 49.7 [47.5, 51.9]

PROMIS Fatigue Control 59.5 (6.7) 54.7 (6.6) 54.3 [51.3, 57.5] .003 0.188
OPTIMISM 57.3 (5.9) 47.3(7.9) 47.6 [44.6, 50.6]

Positive affect and Well-being Control 52.8 (8.1) 53.7 (6.5) 54.1[52.1, 56.1] .866 0.001
OPTIMISM 54.4 (4.9) 54.8 (4.9) 54.4 [52.4, 56.3]

PROMIS Anxiety Control 52.3 (9.6) 50.3 (8.2) 50.1 [47.5, 52.6] .576 0.008
OPTIMISM 52.3(8.2) 49.1 (7.3) 49.0 [46.5, 51.6]

PROMIS Depression Control 49.1(9.2) 49.2 (6.6) 49.8 [47.9, 51.7] .044 0.093
OPTIMISM 51.1(8.3) 47.6 (6.6) 47.0 [45.1, 48.9]

EPDS Control 7.3 (5.0) 6.0 (4.3) 6.0[4.8,7.3] 517 0.010
OPTIMISM 7.5(3.8) 5.5(3.2) 5.5[4.2,6.7]

SF-36 Total Control 65.3 (20.3) 67.8(18.4) 69.3 [63.5-75.0] .85 0.001
OPTIMISM 70.2 (14.5) 71.5(15.3) 70.1 [64.4-75.7]

Note. Cl=Confidence Interval; EPDS =Edinburgh Postnatal Depression Scale; n?=Partial Eta Squared; OPTIMISM =Online Prenatal Trial in Mindfulness
Sleep Management; PROMIS =Patient-Reported Outcomes Measurement Information System; PSQI =Pittsburgh Sleep Quality Index; SD =Standard
Deviation; SF-36 =Short Form Health Survey 36.

https://doi.org/10.1371/journal.pone.0322931.t006

Table 7. Actigraphy outcomes.

Variable Group Baseline Post-intervention Adjusted post-intervention P Partial n?
Mean (SD) Mean (SD) mean [95% Cl]
TST (min) Control 460.2 (45.3) 454.5 (42.9) 444.7 [426.2, 463.3] .332 0.025
OPTIMISM 455.8 (55.3) 425.8 (68.5) 432.0[413.9, 450.2]
E (%) Control 82.3 (6.0) 82.2 (6.3) 81.3[78.7, 83.8] 517 0.011
OPTIMISM 80.9 (6.1) 79.1 (9.7) 80.1[77.6, 82.6]
TWT (min) Control 77.9 (30.8) 79.5 (36.2) 84.1[70.2, 98.0] 794 0.002
OPTIMISM 88.8 (32.9) 85.8 (43.4) 81.5[68.0, 95.1]
SOL (min) Control 25.2 (15.8) 29.8 (23.0) 32.3[21.6, 43.0] 416 0.017
OPTIMISM 32.6 (19.3) 28.5 (27.4) 26.1[15.7, 36.6]
WASO (min) Control 52.6 (18.4) 49.8 (18.6) 50.9 [44.9, 56.9] .208 0.041
OPTIMISM 56.1 (22.6) 57.3 (24.8) 56.2 [50.3, 62.1]

Note. OPTIMISM = Online Perinatal Treatment Intervention for Mindfulness and Sleep Improvement; SD =Standard Deviation; SE = Sleep Efficiency;
SOL=Sleep Onset Latency; TST=Total Sleep Time; TWT =Total Wake Time; WASO =Wake After Sleep Onset.

https://doi.org/10.1371/journal.pone.0322931.t007

Notably, there were no significant differences in objective sleep (TST, SE, TWT) measured by actigraphy and self-
reported sleep diary outcomes. The lack of objective differences in sleep despite subjective improvement is consis-
tent with documented differences between objective and subjective sleep measurement during pregnancy [47], well
established discrepancies between subjective and objective sleep in people with insomnia [48], and studies that report
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improvement in subjective symptoms without objective improvement [49]. One possible explanation for this discrepancy is
that mindfulness-based interventions primarily target cognitive and emotional responses to sleep disturbances, which may
lead to improvements in perceived sleep quality before measurable changes in objective sleep occur. Additionally, behav-
ioral changes, such as modifications in sleep patterns and habits, may require a longer duration to manifest in objec-

tive measures. Furthermore, actigraphy, while a valuable tool for sleep assessment, has limitations in detecting certain
aspects of sleep continuity, which could contribute to the observed discrepancy. Future studies should explore whether
extended intervention periods or follow-up assessments capture delayed objective sleep improvements.

Comparison to other behavioral sleep interventions in pregnancy

Our findings add to a growing body of evidence that suggests the effectiveness of online digital interventions for the
treatment of insomnia in pregnancy. In a recent randomized controlled trial, Manber and colleagues [50] found that women
assigned to the 5-session individual cognitive-behavioral therapy experienced significantly greater reductions in insomnia
severity (measured by Insomnia Severity Index) and experienced faster remission of insomnia disorder compared to those
assigned in the control group.

Additionally, Felder and colleagues [51] found that women who were randomly assigned to receive digital cognitive
behavioral therapy had statistically significantly greater improvements in insomnia symptom severity, depressive symptom
severity, sleep efficiency, and global sleep quality compared to those in the control group who were given treatment as
usual. In contrast to Felder et al.[51]'s findings, our study found no significant differences in outcomes except for sleep
quality and depressive symptoms. Our study’s use of an active education-only control group may have reduced the differ-
ence between experimental and control groups, in comparison to Felder et al.[51], who used a control group that received
treatment as usual.

In our study, we found that even participants in the control group participants reported better sleep quality (lower PSQI
scores) after the 6-week education-only intervention. This finding is contrary to previous findings of decreased sleep qual-
ity during pregnancy in control groups as reported in descriptive studies and RCTs with treatment as usual control groups
[52,53]. The improvements could be due to the content of the EOC intervention or to the attention effect associated with
completing daily sleep diaries. Such results have implications for understanding the effects of different components of
CBT-I (behavioral changes vs diaries). It may suggest that sleep diaries by themselves have some benefit or the sleep
hygiene content in the control group modules.

Our findings add to an emerging body of research suggesting that mindfulness-based intervention is an effective
strategy helping beyond self-report sleep quality including symptoms such as depression and fatigue during pregnancy. It

Table 8. Exploratory outcomes at baseline and post-intervention.

Variable Group Baseline Post-intervention | Adjusted Post-intervention Mean P Partial n?
Mean (SD) | Mean (SD) [95% CI]

Self-efficacy emotion management Control 51.1 (8.4) 52.4 (9.3) 51.5[48.7, 54.3] 271 | 0.029
OPTIMISM | 48.7 (7.7) 48.5 (7.6) 49.3 [46.6, 52.1]

Sleep problem acceptance questionnaire | Control 30.7 (8.9) 31.4(8.2) 31.3[29.0, 33.7] .55 0.009
OPTIMISM | 30.4 (7.3) 32.2(5.7) 32.3 [30.0, 34.6]

Index of self-regulation Control 34.8 (6.0) 35.9 (7.0) 35.4 [33.3, 37.5] .279 |0.028
OPTIMISM | 33.4 (6.6) 36.5 (5.6) 37.0[34.9, 39.0]

Five facet mindfulness questionnaire Control 82.8 (12.4) |84.6 (13.06) 85.8 [51.4, 120.2] .94 <0.001
OPTIMISM | 84.7(11.3) |86.6 (11.7) 85.6 [46.4,124.8]

Note. Cl=Confidence Interval; n?=Partial Eta Squared; OPTIMISM =Online Prenatal Trial in Mindfulness Sleep Management; SD = Standard Deviation.

https://doi.org/10.1371/journal.pone.0322931.t008
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is possible that mindfulness-based intervention is directly effective for treating depression and fatigue rather than indirect
effect from improved sleep. Not only psychological distress but physical symptoms of pregnancy (e.g., fatigue, backache,
pain) can also interfere with sleep [54], and mindfulness-based intervention may help these symptoms be less bother-
some. However, as we couldn’t find significant differences in actigraphy-measured sleep (e.g., TST, SE, TWT) between
groups, further studies are needed to replicate this to examine the effect of mindfulness on objectively measured sleep in
pregnant women. Considering that standard CBT-I has minimal effects on rumination and less effective for patients with
increased pre-sleep arousal [11,12], mindfulness-based interventions could be alternative to improve insomnia symptoms
as well as comorbid symptoms of pregnancy.

Prior studies on the effect of mindfulness-based intervention [55-57] couldn’t find significant improvement in the level of
mindfulness in pregnant women, which is similar to our findings. One study [17] reporting significant improvement of level
of mindfulness included higher dose of mindfulness practices and longer period of intervention (three hours of weekly
session for 8 weeks) versus early studies [55-58]. This suggests that mindfulness interventions may require longer hours
of mindfulness protocol in each session and not always improve level of mindfulness in the short-term [58].

Strengths and limitations

There are a few limitations to this pilot trial. First, the study sample was quite small, and participants were primarily White,
non-Hispanic or Latino, employed and had master’s degree-level education. Due to the absence of demographic diversity
in the study sample, it is difficult to evaluate whether and how results may differ between different social groups. Future
research should implement targeted recruitment strategies to improve sample diversity, such as engaging community
organizations, using multiple recruitment sites, and offering study materials in different languages. Ensuring broader
representation will enhance the generalizability of findings. Second, the choice of an EOC group may have diluted the
observed intervention effects. Unlike an active comparator, an EOC group does not control factors such as participant
engagement or placebo effects, which could have influenced the results. Third, this study did not include long-term
follow-up assessments, limiting the ability to determine the sustained benefits of the intervention. While our findings
suggest preliminary efficacy in improving sleep outcomes, the durability of these effects beyond the immediate
post-intervention period remains unclear. Future longitudinal studies should assess whether the observed improvements
persist over time. Additionally, given the limited sample size of this pilot study, the p-values reported should be interpreted
with caution, as the study may be underpowered to detect smaller effect sizes. Fourth, our analysis did not consider
participants’ self-reported nighttime pregnancy symptoms interfering with sleep although there is evidence that pregnancy
symptoms such as contractions, and having a full bladder interfere with sleep quality [52]. Additional studies are needed
to better understand the association between nighttime pregnancy symptoms and their effects on sleep quality and the
efficacy of the OPTIMISM program. Despite these limitations, this study has several strengths to be noted. OPTIMISM
was delivered remotely, allowing the trial to continue even when the COVID-19 pandemic struck with no increased dropout
rates. Although in-person interventions may have advantages such as promoting social connectedness, the benefits of
digital interventions include high accessibility scalability.

Pregnancy is an opportunity and a challenge for implementing behavioral interventions to improve sleep quality. Preg-
nant individuals can have a great interest in improving their health to benefit themselves and their fetuses and newborns.
As we saw in this study, some individuals are not able to engage in behavior change interventions, perhaps because of
increased stress, life changes, or lack of fit with the style and mode of delivery. Future research should include modifi-
cations to OPTIMISM to increase acceptability and feasibility of participation. This intervention incorporated elements of
CBT-l, mindfulness, and sleep diaries, all of which could have contributed to sleep improvement. Measuring the role of
each component in effecting change will further our understanding of the mechanism of action for improving sleep and
inform intervention design. Longitudinal studies should be conducted to determine the sustainability of sleep improvement
during the additional strain of nighttime infant feeding.
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Conclusion

This pilot study demonstrates that the OPTIMISM, tailored for pregnant women with insomnia, shows promise in improv-
ing sleep quality and reducing psychological distress. These findings contribute to the emerging body of evidence sup-
porting digital mindfulness interventions as a feasible and acceptable option for improving sleep and mental health during
pregnancy. Future studies should aim to include larger, more diverse populations and further investigate the mechanisms
through which mindfulness-based interventions impact sleep outcomes in this population.
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