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The preventive effect of internet-based cognitive behavioral
therapy for prevention of depression during pregnancy and
in the postpartum period (iPDP): a large scale
randomized controlled trial
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Background: Prevention of perinatal depression beginning
from the antenatal period is essential. Therefore, this study
aimed to investigate the effectiveness of recently developed
internet-delivered cognitive behavioral therapy (iCBT) for
preventing the onset of a major depressive episode (MDE) in
the third trimester and at 3 months postpartum.

Methods: This is a two-arm, parallel-group, general-information
controlled, randomized controlled trial. Participants were 5017
pregnant women at 16–20 weeks’ gestation without MDE at
baseline. They were randomly assigned to an iCBT (intervention;
n= 2509) or general-information (control; n= 2508) group, strati-
fied by psychological distress at baseline. The primary outcomes
were the numbers of newMDEonsets,measured using theWorld
Health Organization Composite International Diagnostic Interview
3.0, at 32 weeks’gestation and at 3 months postpartum.

Results: New MDE onset was reported by 59 participants
(2.35%) in the intervention group and 73 (2.91%) in the

control group during follow-up. Compared with the control
group, the hazard ratio (HR) of MDE in the intervention group
was 0.85 (95% CI 0.61–1.20), which was not significantly dif-
ferent. Among participants who scored between 5 and 8 on
K6 at baseline, 10 (1.37%) in the intervention group reported
new onset of MDE, compared with 28 (3.81%) in the control
group, and the HR of MDE was 0.38 (95%CI 0.19–0.79).

Conclusions: No intervention effect was found for iCBT in
preventing new onset of perinatal MDE. iCBT might pre-
vent perinatal depression only among pregnant women
with subthreshold depressive symptoms. Trial registration:
UMIN000038190.

Keywords: antenatal depression, postpartum depression, prevention,

smartphone-based cognitive behavioral therapy.
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A key public health challenge is the prevention of maternal depression
in the perinatal period.1 The prevalence of antenatal depression has
been reported as 7.4%, 12.8%, and 12.0% in the first, second, and third
trimesters, respectively,2 while the prevalence of postpartum depression
worldwide has been estimated at 17.7%, with substantial variation
across countries.3 Depression in the antenatal period has been linked to
poor nutrition, use of alcohol, tobacco, or other harmful substances,
lack of antenatal care seeking, self-harm or attempted suicide, and post-
partum depression. Meanwhile, postpartum depression has been linked
to child abuse, both physical and psychological.4,5 Antenatal and post-
partum depression can impact the development of children from the
fetal stage to adolescence and can also contribute to paternal
depression.6–11 For these reasons, it is critical to prevent depression
from the perinatal period to the antenatal period.

Psychological interventions are recommended as the most effective
approach for preventing perinatal depression.12 A systematic review and

meta-analysis reported that the effect size of antenatal psychological
intervention on universal prevention (a measure that is desirable for
everyone) based on cognitive behavioral therapy (CBT) was 0.53 in an
antenatal period and 0.45 in a postpartum period.13 In particular, fully
automated internet-delivered CBT (iCBT) has advantages over face-to-
face or guided iCBT because it is accessible, anonymous, and cost-
effective.14

However, evidence of the effect of fully automated iCBT on
perinatal depression has not been established. To date, only two ran-
domized controlled trials (RCTs) have been conducted to investigate
the effect of iCBT on perinatal depressive symptoms as universal pre-
vention.15,16 One study showed a significant effect and another study
failed to show a statistically significant effect, and no previous studies
have assessed the number of major depressive episodes (MDEs) as
outcomes. Reducing dropout and increasing adherence are critical
issues. The optimal number and duration of iCBT sessions have yet
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to be established. For instance, a previous study program involved
44 10-min sessions, of which 11 were during the antenatal period and
33 during the postnatal period,16 but it might be difficult for most
pregnant women to participate in such a large number of sessions.
According to a recent meta-analysis, the number of iCBT sessions for
treating subthreshold depression ranged from 6 to 12, with 6 being
the most common.17

Moreover, another study reported that iCBT had a preventive
effect on subthreshold depressive symptoms.18 The effect of iCBT
may differ depending on the degree of psychological distress at base-
line, but this has not been fully investigated.

The primary aim of this large-scale RCT was to investigate the
effectiveness of a recently developed smartphone-based automated
iCBT program comprising six sessions of 5–10 min aimed at
preventing the onset of MDE in the third trimester as well as
at 3-months postpartum in pregnant women in the second trimester at
the time of the study. The secondary aim was to clarify the difference
of the effect based on psychological distress at baseline.

Methods
Trial design
The study protocol19 was registered in the Clinical Trials Registry
(UMIN-CTR ID: UMIN000038190) of the University Hospital Medical
Information Network (UMIN), and the study was conducted as a two-
arm parallel-group RCT. Participants were allocated to the intervention
and control groups at a ratio of 1:1. Pregnant women using the app Luna
Luna Baby by MTI Ltd. were recruited. The app provides information on
fetal development as well as expected changes in pregnant women
according to their gestational age. The participants registered the date of
their last menstruation before pregnancy in the app, and this date was
used to determine the number of weeks of pregnancy.

Follow-up assessments were conducted in the third trimester
(32 weeks’ gestation) and at 3 months postpartum. This paper fol-
lows the Consolidated Standards of Reporting Trials (CONSORT)
for RCTs.20

The Research Ethics Review Board of the Graduate School of
Medicine/Faculty of Medicine, the University of Tokyo (2019150NI)
approved the study plan.

Participants
Pregnant women (primiparous and multiparous) who had a Luna
Luna Baby user ID were invited to participate in the RCT if they sat-
isfied the following criteria1: 20 years of age or older,2 16–20 weeks
of gestation,3 no diagnosis of an MDE in the past month by the web-
based self-administered version of the WHO Composite International
Diagnostic Interview 3.0 (WHO-CIDI 3.0),23 and4 no diagnosis of
lifetime bipolar disorder by the WHO-CIDI 3.0.

Recruitment
MTI Ltd. sent an invitation message via the app to potentially eligible
pregnant women, explaining the study and providing information on
the eligibility criteria. After reading the explanation of the study,
potential participants were invited to participate in the study, provide
their consent in the app, and then complete and return the baseline
survey. MTI Ltd. also sent invitations to the study participants to
complete follow-up assessments. The recruitment of participants was
limited to users of the app.

Participants assigned to the intervention group were asked to
continue participating in the intervention program until 32 weeks of
gestation. They were asked not to share the contents of the program
via social media. A popup message was used to remind the partici-
pants to complete the program if they have not already done so. The
intervention programs were terminated at 32 weeks of gestation.

Participants assigned to the control group did not receive any
intervention during the baseline and follow-up periods. General infor-
mation about mental health during pregnancy was provided to partici-
pants in both the intervention and control groups. Specifically, when

the app user opens the app, pregnant women can obtain information
on the daily condition of the baby (fetus) according to the number of
weeks of pregnancy, and changes that are likely to occur in the preg-
nant woman’s body and mind. In addition, the users can ask their con-
cerns with other users if they wish. All participants used the app to
respond to questionnaires. A gift code for JPY 500 (USD 4.3) was
sent for each completed survey.

Interventions
The first author (DN) developed a smartphone-based six-module iCBT
program for pregnant women together with four of the co-authors (EO,
KI, NS, and YS). The copyright for the program belongs to the first
author, and MTI Ltd. wrote the programming code to implement the pro-
gram in the app. Topics of interest to pregnant women were extracted
and used to tailor the program to them. The details of the program’s
development have been reported elsewhere.19 Although there are only
six sessions, our previous RCT demonstrated that an iCBT program with
the same number of sessions was effective in preventing depression in
workers.21 The program was delivered to the participants via the Luna
Luna Baby app; therefore, they did not have to download a separate app.
Some parts of the modules were based on our previous iCBT program,
which successfully prevented the onset of MDE in office workers.21

Other parts, including self-compassion, mindfulness, and values-based
behavioral activation, were newly developed. The six modules—(1) psy-
choeducation, (2) case formulation based on a cognitive-behavioral
model, (3) behavioral activation, (4) self-compassion, (5) mindfulness,
and (6) problem-solving—were presented at a rate of one per week, with
each module taking about 5 min to complete.

Outcomes
Primary outcome

The primary outcomes were onset of MDE by 32 weeks of gestation
and by 3 months postpartum. Onset of MDE during the follow-up
period was assessed using the web-based self-administered Japanese
version of the WHO-CIDI 3.0 depression section, in accordance with
the DSM-IV-TR criteria. The web version has been reported to agree
well with the clinical diagnosis of MDE.22 An MDE incident was
considered to have occurred if the participant reported an MDE epi-
sode at either 32 weeks of gestation or at 3 months postpartum after
the baseline. The participant was requested to state the month during
which onset of the MDE episode occurred.

Secondary outcomes
The Edinburgh Postnatal Depression Scale
Depressive symptoms were assessed using the Edinburgh Postnatal
Depression Scale (EPDS), Japanese version.23,24 The EPDS is the
most frequently used scale for screening perinatal depression because
of its focus on the cognitive symptoms of depression rather than
somatic items that can generate false positives during and after preg-
nancy. It comprises 10 items each scored on a 4-point scale (0–3), for
a total possible score of 30. Higher scores indicate more severe
depressive symptoms. The EPDS was conducted at baseline,
32 weeks of gestation, 1 week postpartum, and 3 months postpartum.

Kessler’s Psychological Distress Scale
Psychological distress was assessed using Kessler’s Psychological
Distress Scale (K6), Japanese version.25,26 K6 comprises six items
that assess how frequently respondents have experienced symptoms
of psychological distress during the past 30 days. Possible responses
range from 0 (none of the time) to 4 (all of the time), for a maximum
total score of 24. Higher scores indicate more severe psychological
distress. K6 was administered at baseline, 32 weeks of gestation,
1 week postpartum, and 3 months postpartum.

Participants who had not responded within a week received a
popup message requesting them to complete the assessment.
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Sample size calculation
The sample size necessary to evaluate the primary outcome was
calculated as follows. New onset of MDE in Japan during the obser-
vation period and the effect size of the hazard ratio (HR) were esti-
mated to be 5% and 0.65, respectively, based on a meta-analysis.27 In
addition, 30% of the participants were expected to drop out prior to
follow-up, based on a previous study.21 Assuming an α level of 0.05
(two-tailed) and a β level of 0.20, power Cox analysis was performed
with STATA 14.0, giving a calculated sample size of 4812. Because
many participants using the app were recruited in 1 day, it was diffi-
cult to stop recruiting immediately when the sample size was reached.
Thus, the sample size was set at 5000.

Randomization
Participants who met the inclusion criteria were assigned at random
to the intervention and control groups and were then grouped
according to their K6 score in the baseline survey into a lower stratum
(four or less) or a higher stratum (five or more).19,27 MTI Ltd. sent
the baseline data to our research team. We analyzed not only the data
of the whole sample (to examine the universal intervention effect) but
also the data of prespecified subgroups (to examine the selective inter-
vention effect). An independent biostatistician used a computer-
generated random allocation sequence to create a stratified permuted-
block random table and the block size of the RCT was set to 4. The
stratified permuted-block random table was password-protected and
blinded to the research team. Only the research assistant was able to
access it during the random allocation. MTI Ltd. then allocated the
study participants to the intervention group in accordance with the
allocation results provided by the research assistant.

Statistical methods
Main analysis

As reported elsewhere,28,29 we conducted a survival analysis to deter-
mine the effectiveness of the intervention on time to MDE onset while
controlling for censoring effects resulting from differing follow-up
durations or the completion of follow-up without MDE onset. The
length of follow-up for each participant was represented by either the
number of months between the baseline survey and onset of MDE or
the completion of the follow-up period (3 months postpartum, or
32 weeks of gestation if the participant dropped out at the 3-month
postpartum follow-up), whichever came first. We used the Kaplan–
Meier method to estimate the cumulative incidences of MDE at
32 weeks of gestation and at 3 months postpartum, as well as event-
free survivals at every follow-up month. The difference in cumulative
proportions of MDE at 32 weeks of gestation and at 3 months postpar-
tum between the intervention and control groups was analyzed. The
difference in survival probabilities between the two groups was ana-
lyzed by the log-rank. The difference in incidence of MDEs between
the groups and the estimated HR with 95% confidence intervals (Cis)
was analyzed by a single covariate Cox discrete-time hazard model.
We also estimated the intervention effect, adjusting for dependent cen-
soring and using the inverse probability of the censoring weighted
(IPCW) method to conduct a sensitivity analysis.28 The analysis was
carried out on an intention-to-treat (ITT) basis.

Secondary analyses

Mixed models for repeated measures analyses were conducted for the
secondary outcomes (EPDS and K6 scores), using a group (interven-
tion or control) � time (baseline, 32 weeks of gestation, 1 week post-
partum, or 3 months postpartum) interaction as an indicator of the
intervention effect while accounting for missing data within the statisti-
cal model. Statistical significance for all analyses in this study was set
at the 0.05 level (two-tailed), and the 95% Cis were calculated. Effect
size was estimated as follows: first the MIXED procedure was used to
convert to an effect size by dividing by a pooled SD at baseline and
follow-ups in order to estimate the regression coefficient for each inter-
action of group (intervention group vs. control group) � time (baseline,

32 weeks of gestation, 1 week postpartum, and 3 months postpartum);
second, Cohen’s d was calculated for completers at baseline for each
follow-up. This analysis was also carried out on an ITT basis.

Subgroup analysis

We speculated that the effectiveness of the programs might differ
depending on the initial severity of psychological distress. Therefore, we
analyzed the data according to the prespecified subgroups (i.e. participants
who scored four or less vs. five or more on the K6 during the baseline
survey). Moreover, post-hoc analysis of the subgroup with K6 scores rang-
ing from 5 to 8 was performed because iCBT might be particularly effec-
tive for people with subthreshold depressive symptoms.26 The number
needed to treat (NNT) to prevent one case of new MDE onset was calcu-
lated when the results were statistically significant.

All statistical analyses were performed using SPSS Statistics 26.0
(IBM Corp., Armonk, NY) and R 4.0.0 (R Foundation for Statistical
Computing, Vienna, Austria); the “survival” and “mets” packages were
used for the IPCW method.

Ethical and safety considerations
Informed consent to collect data from the app was obtained from all
participants after informing them about the study’s purpose. They
were told that participation was voluntary and could be withdrawn for
any reason at any time, and that withdrawal would not have any nega-
tive repercussions. We expected no adverse health effects from this
intervention; on the contrary, we expected that depressive symptoms
would possibly improve. In addition, we sent messages to participants
who met the criteria for MDE in the past month or for lifetime bipolar
disorders at baseline, encouraging them to visit a psychiatrist.

Changes to the protocol
We planned to analyze the data by prespecified subgroups
(i.e., participants who scored four or less vs. five or more on K6 at the
baseline survey) in the registered protocol.19 In addition, we performed a
post-hoc subgroup analysis to compare three groups based on their K6
score at baseline (4 or less, 5–8, and 9 or more), because the two latest
individual participant data meta-analyses have shown that psychother-
apy including iCBT is more effective with more severe baseline
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At 1-weeks postpartum
follow-up (T3) (n= 1086)

Follow-up rate = 43.3% 

At 3-weeks postpartum

follow-up (T4) (n= 1705)
Follow-up rate = 68.0% 

Analyzed (n= 2508)Analyzed (n= 2509)

At 3-weeks postpartum
follow-up (T4) (n= 1804)

Follow-up rate = 71.9% 

At 1-weeks postpartum

follow-up (T3) (n= 1260)
Follow-up rate = 50.2% 

At 32 weeks gestation follow-up 

(T2) (n= 1788)

Follow-up rate = 71.3% 

Allocated to control
(n= 2508) 

MDE in the past month (n= 94)

With lifetime bipolar disorder (n= 17)

Baseline survey (16-20 weeks gestation, T1)

(n= 5128) participation rate = 12.2%

Fig. 1 Flow diagram of the study participants.
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depressive symptoms,17,30 and because a previous study has shown that
stratum-specific likelihood ratios differ significantly between baseline
K6 scores below 8 and above 9.26 We considered the possibility that
treatment effects could vary significantly between scores below 8 and
above 9. The multiple imputation method for the main analysis was not
adopted because the Cox discrete-time hazard model and the IPCW
method took the missing due to censoring or dropout into account in
the modeling.

Results
Participant flowchart
The flow of participants through the study is shown in Fig. 1. Out of
42 034 pregnant women who were sent invitation messages from
November 2019 to March 2020, a total of 5128 (12.2%) pregnant
women agreed to participate in the study. Of those, 111 were excluded:

94 met the diagnostic criteria of MDE in the past month, and 17 met
the diagnostic criteria of lifetime bipolar disorder. The remaining 5017
participants were randomly allocated to the intervention (n = 2509) or
control group (n = 2508).

Of the 5017 participants, 52 registered more than once and par-
ticipated in the study multiple times from different smartphones or
computers. Overall, 55 duplicate IDs were generated (107 research
IDs were generated from 52 people). According to the allocated
group, we analyzed all participants, including duplicate registration
cases, based on the ITT principle. In other words, a participant who
was allocated to the same group after registering for the second time
was counted as two participants in the same group. After registering
for the second time, a participant who was allocated to another group
was counted as two participants, one in each group. Subsequently,
two types of sensitivity analyses were conducted. First, the partici-
pants allocated to the same group for the second time were treated as

Table 2. Person-months observation, cases, and incident rate, and hazard ratio between groups on major depressive episode (MDE) onset

N
Person-months
Observed Case (N)

Incident rate (per
months)

Survival time
Mean (SE) Hazard ratio 95% CI low 95% CI high P-value

Group
iCBT program 2509 15 712 59 0.376 13.70 (0.39) 0.85 0.61 1.20 0.362
Control 2508 16 718 73 0.437 13.65 (0.41) 1.00 – – –

Total 5017 32 430 132 0.407 13.67 (0.28)

Note. Log rank test χ2 (1) = 0.830, P = 0.362. CI, confidence interval.

Table 1. Participant characteristics at baseline (n = 5017)

Total (n = 5017) iCBT program (n = 2509) Control (n = 2508)

N (%) Mean (SD) N (%) Mean (SD) N (%) Mean (SD)

Age (mean) 30.44 (4.6) 30.37 (4.6) 30.50 (4.6)
Pregnancy week (mean) 16.89 (1.3) 16.89 (1.3) 16.89 (1.3)
Educational status

Junior high school 148 (2.9) 76 (3.0) 72 (2.9)
High school 1792 (35.7) 908 (36.2) 884 (35.2)
College 588 (11.7) 297 (11.8) 291 (11.6)
University 2283 (45.5) 1132 (45.1) 1151 (45.9)
Graduate school 206 (4.1) 96 (3.8) 110 (4.4)

Employment status
Unemployed 1118 (22.3) 558 (22.2) 560 (22.3)
Student 31 (0.6) 15 (0.6) 16 (0.6)
Maternity leave 314 (6.3) 166 (6.6) 148 (5.9)
Part-time 795 (15.8) 404 (16.1) 391 (15.6)
Full-time 2759 (55.0) 1366 (54.4) 1393 (55.5)

Partner
With partner 4977 (99.2) 2489 (99.2) 2488 (99.2)
Without partner 40 (0.8) 20 (0.8) 20 (0.8)

Planned pregnancy
Planned 3581 (71.4) 1795 (71.5) 1786 (71.2)
Unplanned 1436 (28.6) 714 (28.5) 722 (28.8)

Number of children
Primipara 3336 (66.5) 1682 (67.0) 1654 (65.9)
Multipara 1681 (33.5) 827 (33.0) 854 (34.1)

Past history of depression
No 4312 (85.9) 2141 (85.3) 2171 (86.6)
Yes 705 (14.1) 368 (14.7) 337 (13.4)
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Table 3. Subgroup analysis: hazard ratio between groups on major depressive episode (MDE) onset stratified by K6 score (prespecified)

N
Person-weeks
observed Case (N)

Incident rate
(per week)

Survival time
Mean (SE)

Hazard
ratio

95%
CI low 95% CI high

K6 low (≤4)
iCBT program 1159 31 172 15 0.048 56.28 (0.18) 1.58 0.71 3.52
Control 1160 33 162 10 0.030 60.50 (0.16) 1.00 – –

Total 2319 64 334 25 0.039 60.36 (0.13)
K6 high (≥5)

iCBT program 1350 34 457 95 0.276 56.66 (0.43) 1.04 0.78 1.37
Control 1348 37 111 99 0.267 57.58 (0.45) 1.00 – –

Total 2698 71 568 194 0.271 57.58 (0.31)

.000000

0.96

0.97

0.98

S
u
rv

iv
a
l

0.99

1.00

2.000000 4.000000 6.000000

time

control

iCBT program

8.000000 10.000000
Fig. 2 Kaplan–Meier curve of the iCBT program and con-
trol group.

Table 4. Subgroup analysis: hazard ratio between groups on major depressive episode (MDE) onset stratified by K6 score (post hoc)

N
Person-months

Observed Case (N)
Incident rate
(per months)

Survival time
Mean (SE) Hazard ratio 95% CI low 95% CI high P-value

K6 ≤ 4
iCBT program 1159 7365 10 0.136 12.91 (0.03) 1.76 0.64 4.85 0.273
Control 1160 7185 6 0.084 13.94 (0.03) 1.00 – –
Subtotal 2319 14 550 16 0.110 13.92 (0.02)

5 ≤ K6 ≤ 8
iCBT program 732 4560 10 0.219 13.82 (0.06) 0.38 0.19 0.79 0.009
Control 735 4929 28 0.568 13.54 (0.09) 1.00 – –
Subtotal 1467 9489 38 0.400 13.68 (0.05)

9 ≤ K6
iCBT program 618 3787 39 1.030 13.17 (0.13) 1.04 0.67 1.63 0.853
Control 613 3974 39 0.981 12.31 (0.11) 1.00 – –
Subtotal 1231 7761 78 1.005 13.20 (0.09)

Total 5017 32 430 132 0.407 13.67 (0.28)

Values in bold indicates statistically significant difference.
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one person in that group. Second, all participants who registered
twice were excluded from the primary analysis.

At 32 weeks-of-gestation follow-up, 1598 (63.7%) participants
in the intervention group and 1787 (71.3%) in the control
group completed the follow-up survey. At the 3-month postpartum
follow-up, 1705 (68.0%) participants in the intervention group and
1804 (71.9%) in the control group completed the follow-up survey.
Attrition rates were significantly higher for the intervention group
both at 32 weeks of gestation (P < 0.01) and at 3 months (P < 0.01).

Baseline characteristics
The demographic characteristics of the participants were similar for
both groups (Table 1). The average age (standard deviation) was
30.37 (4.6) and 30.50 (4.6) years for the intervention and control
groups, respectively. Approximately half of the participants were
university or higher education graduates (48.9% and 50.3%, respec-
tively) and employed as full-time workers (54.4% and 55.5%,
respectively). Most participants were primipara (67.0% and 65.9%,
respectively) and had planned pregnancies (71.5% and 71.2%,

Table 5. Change of Edinburgh Postnatal Depression Scale (EPDS) score between the groups

Estimated mean (SE) Cohen’s d

EPDS Baseline 32 weeks Post 1-week
Post

3-month
P for

interaction
32 weeks
(95% CI)

Post 1-week
(95% CI)

Post 3-month
(95% CI)

Total
(n = 5017)

0.608 0.01 (�0.04
to 0.07)

0.05 (�0.01
to 0.10)

0.03 (�0.02
to 0.09)

iCBT
program
(n = 2509)

5.26 (0.09) 5.55 (0.11) 6.47 (0.12) 5.21 (0.12)

Control
(n = 2508)

5.07 (0.09) 5.41 (0.11) 6.50 (0.12) 5.16 (0.12)

K6 ≤ 4
(n = 2319)

0.400 �0.09
(�0.17 to
�0.01)

0.04 (�0.04
to 0.12)

�0.05 (�0.13
to 0.03)

iCBT
program
(n = 1159)

3.16 (0.08) 3.69 (0.13) 5.15 (0.15) 3.53 (0.13)

Control
(n = 1160)

3.11 (0.08) 3.39 (0.13) 5.22 (0.14) 3.33 (0.13)

5 ≤ K6 ≤ 8
(n = 1467)

0.619 �0.05
(�0.15 to
0.06)

�0.05
(�0.15 to
0.05)

0.07 (�0.03
to 0.17)

iCBT
program
(n = 732)

5.66 (0.14) 6.13 (0.21) 7.03 (0.24) 5.40 (0.21)

Control
(n = 735)

5.45 (0.14) 5.75 (0.19) 6.64 (0.23) 5.44 (0.20)

9 ≤ K6
(n = 1231)

0.118 0.13 (0.02 to
025)

0.17 (0.05 to
0.28)

0.10 (�0.02
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Fig. 3 Kaplan–Meier curve of the iCBT program and control group stratified by K6 at baseline.
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respectively). Most participants had a partner (99.2% and 99.2%,
respectively).

Effects of iCBT programs on preventing MDE
A total of 59 participants (2.35%) in the intervention group and
73 (2.91%) in the control group reported new onset of MDE during the
follow-ups. Using the Kaplan–Meier method, the estimated event-free
survival time was 13.70 (standard error [SE] = 0.39) weeks in the inter-
vention group and 13.65 (SE = 0.41) weeks in the control group (Table 2
and Fig. 2). Compared with the control group, the HR of MDE in the
intervention group was 0.85 (95% CI 0.61–1.20), and the adjusted HR
using the IPCWmethod was 0.84 (95% CI 0.60–1.19) which was not sig-
nificantly different. The results of sensitivity analyses corresponding to
duplicate registration are shown in Tables S1–S3 and Figures S1, S2. The
results were similar to those in the primary analyses.

Subgroup analysis
Subgroup analyses were conducted for both the prespecified sub-
groups (i.e., participants who scored four or less vs. five or more on
K6 at baseline) and the post-hoc subgroup (i.e., participants who
scored four or less, between five and eight, or nine or more on K6 at
baseline). Of the participants who scored four or less at baseline,
10 (0.86%) in the intervention group and six (0.52%) in the control
group reported new onset of MDE. Similarly, among the participants
who scored five or more, 49 (3.63%) in the intervention group and
67 (4.97%) in the control group reported a new onset of MDE
(Table 3). Among participants who scored between five and eight,
10 (1.37%) in the intervention group and 28 (3.81%) in the control
group reported new onset of MDE. Among participants who scored
nine or more, 39 (6.31%) in the intervention group and 39 (6.36%) in
the control group reported new onset of MDE.

Compared with the control group, the HRs of MDE for the inter-
vention group were 1.76 (95% CI 0.64–4.85) for participants who

scored four or less on K6 at baseline, 0.77 (95%CI 0.54–1.12) for
those who scored five or more, 0.38 (95%CI 0.19–0.79) for those who
scored between five and eight, and 1.04 (95%CI 0.67–1.63) for those
who scored nine or more (Table 4, Fig. 3). The NNT to prevent one
case of new MDE onset among participants who scored between five
and eight on K6 at baseline was 41 (95% CI 25–121). In addition, we
conducted post-hoc subgroup analyses of EPDS outcomes. The results
showed that there was no significant effect on those with K6 scores
between five and eight, while a small but statistically significant effect
was observed on those with K6 scores of nine or higher (Table 5).

Effects of the iCBT program on EPDS and K6
The average EPDS and K6 at baseline in the intervention group were
nearly the same as those in the control group. Based on the mixed-
model analysis, the estimated effects of the iCBT program on EPDS
and K6 were not significant. The effect sizes (Cohen’s d) on EPDS at
32 weeks of gestation, 1 week postpartum, and 3 months postpartum
were 0.01, 0.05, and 0.03, respectively, and those on K6 were � 0.04,
0.02, and 0.01, respectively. The results of EPDS are shown in
Table 5 and Figure 4, and the results of K6 are shown in the
Tables S1–S3 and Figures S1, S2.

Process evaluation
Out of 2509 participants in the intervention group, 1995 (79.5%) com-
pleted module 1, 1800 (71.7%) completed module 2, 1734 (69.1%)
completed module 3, 1,48 (65.7%) completed module 4, 1544 (61.5%)
completed module 5, and 1402 (55.9%) completed module 6.

A total of 934 (37.2%) participants in the intervention group
completed all six modules. There were no statistical differences
between the two groups and among three groups (Table 6).

Discussion
This study is one of the largest RCTs globally aimed at preventing peri-
natal depression.13 The developed six-session iCBT program did not sig-
nificantly prevent new onset of MDE or depressive symptoms, as
assessed by the EPDS and K6. This was also true for subgroups scoring
four or less, five or more, and nine or more on K6 at baseline. A limited
number of therapy sessions might be insufficient to have an effect on
prevention. However, a significant prevention effect was observed for
subgroups that scored between five and eight on K6 at baseline. This
study’s findings suggest that iCBT might prevent perinatal depression
only among pregnant women with subthreshold depressive symptoms.

The reason for the lack of a significant effect might possibly be
due to overestimating the effect of the iCBT program. The sample
size in this study was calculated based on the previously estimated
HR effect size of 0.65.27 However, the HR in this study was 0.85. A
meta-analysis reported that iCBT produces effects equivalent to face-
to-face CBT.31 In contrast, the effect of unguided CBT has been
reported to be a little less than that of guided CBT.30 Accordingly, it
is possible that the effect size should have been estimated more mod-
estly. In the future, an AI-guided CBT program with additional
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Fig. 4 Change in Edinburgh Postnatal Depression Scale (EPDS) score between
groups.

Table 6. Process evaluation

iCBT program (n = 2509) K6 ≤ 4 (n = 1159) 5 ≤ K6 ≤ 8 (n = 732) 9 ≤ K6 (n = 618)

Completers N (%) N (%) N (%) N (%) P-value

Module 1 1995 (79.5) 921 (79.5) 584 (79.8) 490 (79.3) 0.974
Module 2 1800 (71.7) 851 (73.4) 514 (70.2) 435 (70.4) 0.221
Module 3 1734 (69.1) 826 (71.3) 486 (66.4) 422 (68.3) 0.072
Module 4 1648 (65.7) 762 (65.7) 478 (65.3) 408 (66.0) 0.961
Module 5 1544 (61.5) 729 (62.9) 437 (59.7) 378 (61.2) 0.370
Module 6 1402 (55.9) 668 (57.6) 389 (53.1) 345 (55.8) 0.159
All modules 934 (37.2) 446 (38.5) 251 (34.3) 237 (38.3) 0.148
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homework may be more effective. Since the intensity was low, this
program might be better described as a “cognitive behavioral based
program for self-care” rather than cognitive behavioral therapy.

Alternatively, it might be better to conservatively estimate the
effects of iCBT on perinatal depression. Pregnant and postpartum
women continue to experience significant changes, both biologically
and in terms of their environment, with the progression of pregnancy
and childbirth and child rearing, which is a major difference from other
populations. Mental health is greatly affected by whether or not the
pregnancy progression and child rearing are going well, which might
exceed the effects of iCBT. Moreover, the four topics we chose were
the main concerns of pregnant women, but the main concerns are not
necessarily related to depression. It might have been better to interview
patients with perinatal depression to determine the topics. Furthermore,
compared with our previous smartphone based RCT,32 the completion
rate in this study was relatively low. This might be explained by the
fact that many pregnant women participated in the study in a casual
manner and did not have a very high commitment to completion.
Future research should be conducted in populations with higher moti-
vation to engage in iCBT. It would be good to have instructions to
encourage more motivated people to participate in the program.

Another possible reason for the program’s non-significant effect
was the relatively low incidence of MDE. The sample size was calcu-
lated based on a previous study showing that a prevalence of antenatal
and postpartum depression in Japan at university hospitals of approxi-
mately 5.0%.33 However, the incidence of MDE in the present study
was lower that: 2.35% in the intervention group and 2.91% in the
control group. Most pregnant women in Japan visit regional maternity
hospitals instead of university hospitals, and the prevalence of antena-
tal depression was reported to be 1.1% at a regional obstetrics and
gynecology hospital.34 Thus, it might have been better to presume a
lower incidence of MDE.

The HR for participants who scored between five and eight at base-
line was 0.38, which was superior to the results of a meta-analysis show-
ing that the incident rate ratio of perinatal depression in face-to-face CBT
was 0.65.27 Although this result needs to be replicated because only a
post-hoc analysis was conducted with participants having subthreshold
depressive symptoms at baseline, it should be noted that the difference
between subgroups in HRs was relatively large. Unguided iCBT might be
more effective for pregnant women with subthreshold symptoms than for
those with severe symptoms, as reported in a recent systematic review.30

In addition, the results for post-hoc subgroup analysis of EPDS showed
that there was no significant effect on those with K6 scores between five
and eight, while a small but statistically significant effect was observed on
those with K6 scores of nine or higher. For those with baseline K6 scores
of five to eight, survival time analysis results showed a more pronounced
effect of prevention in the intervention group at 5–6 months after baseline.
Thus, for depressive symptoms, the effect might be more seen at
3 months postpartum than at 32 weeks’ gestation or 1 week postpartum.
As for the group with a K6 score of nine or higher, it may be possible to
consider that the intervention was effective in reducing subthreshold
depressive symptoms in those with relatively less severe distress among
them, although it did not prevent the onset of major depressive episode in
those with the most severe distress among them.

The present study did not show significant effects of the iCBT pro-
gram on improving depressive symptoms, as measured by EPDS and
K6. These findings are consistent with our previous study, which showed
that iCBT might be more effective in preventing the onset of depression
than improving depressive symptoms.21 A possible reason for the dis-
crepancy between group differences in the effects of preventing the onset
of depression and improving depressive symptoms is that the MDE pre-
vention effect of iCBT might be related to cumulative symptom levels
during the follow-up period.21 This means that some people with high
levels of baseline depressive symptoms (>9 points on the K6) might
develop depression because of accumulated psychological distress, even
if there is a small improvement in depressive symptoms. On the other
hand, people with moderate levels of baseline depressive symptoms (5–8
points on the K6) might be able to prevent the onset of depression if

their depressive symptoms do not worsen, even if they do not show
improvement in their depressive symptoms.

The strength of this study was the use of the WHO-CIDI to mea-
sure MDE, which allowed us to assess depressive episodes during the
entire follow-up period. Fully automated CBT is cost-effective
because it does not incur ongoing labor costs. The iCBT program can
be disseminated to large numbers of pregnant women because Luna
Luna Baby is the most widely used app of its kind in Japan.

This study has some limitations that should be noted. First, all out-
comes were measured by self-report, which might have been affected by
the participants’ perceptions. Confirmation of whether the participant
was pregnant was also self-reported, which would be a major limitation
of the study. Moreover, gestational week calculation was also based on
self-report, which is not optimal. However, many of the users of the app
had moved from the ovulation date prediction app that they used before
pregnancy to this app, which provides information for pregnant women.
It is unlikely that most users would have continued to enter incorrect
information from the pre-conception period. Second, the sample size
might have been insufficient if the assumptions in the sample size calcu-
lation were not satisfied. Third, the follow-up rate was modest, although
we used IPCW and a mixed model to account for attrition. Fourth, we
did not exclude mental disorders other than depression and bipolar dis-
orders, which might have affected the results. Fifth, there was no infor-
mation about potential sources of bias such as previous experience with
CBT and mindfulness practice, although the internal validity is consid-
ered to be high because this study was a RCT. Sixth, although this
study is an RCT, the intervention effect might have been underestimated
due to the app’s functions of providing information about babies and
pregnant women and the opportunity to talk about their problems with
other pregnant women. Seventh, we did not have an external data moni-
toring committee because our intervention was not invasive, but in
terms of maintaining the integrity of the trial, not having an external
data monitoring committee could be considered inappropriate. Finally,
users of the app cannot be considered representative of all pregnant
women, although it is thought that approximately 1 in 4 pregnant
women in Japan use the app. As mentioned above, many of the users of
the app had used the ovulation date prediction app before they used the
app. Accordingly, the findings of this study are generalizable to all preg-
nant women in Japan.
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