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Abstract

Background: While numerous internet-based cognitive behavioral therapy (iCBT) programs have been developed and tested
through randomized controlled trials (RCTs) for various mental health conditions and specific populations, research on their
effectiveness and real-world application remains limited.

Objective: This study aimed to examine the effectiveness of a previously developed iCBT program implemented in an existing
app for improving depressive symptoms among pregnant women in a real-world setting.

Methods: The previously developed iCBT program for preventing perinatal depression was already implemented in an existing
app that aims to provide information to pregnant women about pregnancy and babies. The log data stored in the app identified
iCBT program users and non-users, allowing us to conduct this retrospective cohort study. The data from September 2022 to
September 2024 was extracted from the app after anonymous processing. The primary outcome was the score on the self-
reported Edinburgh Postnatal Depression Scale (EPDS), which participants input by themselves on the app. The exposure group
was defined as completers of all 6 modules of the iCBT program. The non-exposure group was defined as non-users of the
program who matched the baseline characteristics of the exposure group. The change in EPDS score before and after using the
program was compared using effect size, and repeated two-way analysis of variance (repeated two-way ANOVA) was conducted
to test the difference between the exposure and non-exposure groups.

Results: 119 women who completed the iCBT program and pair-matched 448 controls were selected. The average EPDS scores
at the baseline were 7.24 in the exposure group and 7.25 in the non-exposure group. After using the iCBT program, the EPDS
scores changed by -0.69 and +0.99 in the exposure and non-exposure groups, respectively (Cohen’s d = 0.31, 95%CI 0.11 -
0.51). The repeated two-way ANOVA showed statistical significance in interaction terms between the groups and the
measurement time points (P=.04).

Conclusions: The previously developed iCBT program showed a significant modest effect on decreased depressive symptoms
among pregnant women in the real-world setting. Future research should attempt to minimize dropouts and increase participation
in the program.
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The Effectiveness of Internet-Based Cognitive Behavioral Therapy for Depressive Symptoms

During Pregnancy Using Real-World Data: A Retrospective Cohort Study

Abstract

Background: While  numerous  internet-based  cognitive  behavioral  therapy  (iCBT)  programs have  been

developed and tested through randomized controlled trials (RCTs) for various mental health conditions and

specific populations, research on their effectiveness and real-world application remains limited.

Objectives: This  study  aimed  to  examine  the  effectiveness  of  a  previously  developed  iCBT program

implemented in an existing app for improving depressive symptoms among pregnant women in a real-world

setting. 

Methods:  The  previously  developed  iCBT  program  for  preventing  perinatal  depression  was  already

implemented in an existing app that aims to provide information to pregnant women about pregnancy and

babies. The log data stored in the app identified iCBT program users and non-users, allowing us to conduct

this retrospective cohort study. The data from September 2022 to September 2024 was extracted from the

app  after  anonymous  processing.  The  primary  outcome  was  the  score  on  the  self-reported  Edinburgh

Postnatal Depression Scale (EPDS), which participants input by themselves on the app. The exposure group

was defined as completers of all 6 modules of the iCBT program. The non-exposure group was defined as

non-users of the program who matched the baseline characteristics of the exposure group. The change in

EPDS score before and after  using the program was compared using effect  size,  and repeated two-way

analysis of variance (repeated two-way ANOVA) was conducted to test the difference between the exposure

and non-exposure groups. 

Results: 119 women who completed the iCBT program and pair-matched 448 controls were selected. The

average EPDS scores at the baseline were 7.24 in the exposure group and 7.25 in the non-exposure group.

After  using the iCBT program, the EPDS scores changed by -0.69 and +0.99 in the exposure and non-

exposure  groups,  respectively  (Cohen’s  d  =  0.31,  95%CI 0.11  -  0.51).  The  repeated  two-way ANOVA

showed statistical significance in interaction terms between the groups and the measurement time points

(P=.04).

Conclusion: The previously developed iCBT program showed a  significant  modest  effect  on decreased

depressive symptoms among pregnant women in the real-world setting. Future research should attempt to

minimize dropouts and increase participation in the program.

Keywords

antenatal  depressive  symptom;  prevention;  internet-based  cognitive  behavioral  therapy;  real  word  data;

digital mental health; mobile health

Introduction

Depression is common among pregnant women, with a global prevalence of antenatal depression

estimated at 20.7%. In Japan, prevalence rates are 14.0% during mid-pregnancy and 16.3% in late-pregnancy
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[1,2].  The brain experiences  drastic  structural  changes  during pregnancy,  resulting  in  increasing mental

health vulnerability even among healthy women [3]. In Japan, suicide is the most frequent cause of perinatal

death, and depression is the major risk factor for suicide [4]. Depressive symptoms during pregnancy affect

not only pregnant women themselves but also fetuses and babies. These can lead to adverse outcomes for

fetuses and babies, such as impaired physical growth, preterm birth, low birth weight, decreased reactivity,

changes in temperament, and behavioral disorders  [5–7]. Therefore, it is essential to work on preventing

depression among pregnant women.

Cognitive behavioral therapy (CBT) is one of the ways to prevent depression during pregnancy

[8]. Internet-based CBT (iCBT) has recently increased accessibility and convenience. An iCBT program for

preventing depression  among pregnant  women on the smartphone  app has  already been developed and

investigated for its effectiveness in a randomized controlled trial (RCT) in Japan [9,10]. This RCT showed

that the program was effective in preventing perinatal depression among people with mild psychological

distress, though not among all participants. The program is now available as a free service on a popular

Japanese app for anyone to use [11].

RCTs are conducted in a strictly controlled setting, which may be inconsistent with the real-

world setting. Significant differences were reported between the study population from RCTs and the study

population from real-world data, even using the same sampling criteria [12]. The engagement of the mobile

mental health app was also lower in the real-world setting than in the clinical trial setting [13,14]. Therefore,

it is necessary to confirm whether the developed iCBT program is effective not only in study settings but also

in real-world settings to ensure the external validity of the program [15–17]. Even though several studies

have evaluated the actual use of digital interventions and identified their effectiveness for the treatment of

depression and anxiety  [18–22],  we found no such efforts  for iCBT programs for prevention or among

pregnant women.

The  objective  of  this  observational  retrospective  cohort  study  was  to  investigate  the

effectiveness of iCBT usage among pregnant women in improving depressive symptoms in a real-world

setting. 

Method

Study Design, Data setting

This observational study was conducted based on a previous RCT study [9]. This previous RCT

showed that the newly developed iCBT program was effective in reducing the onset of perinatal depression

only among women who had mild psychological  distress  [9].  The users’ iCBT program evaluation was

reported to  be high in  acceptability,  appropriateness,  fidelity,  and satisfaction  [23].  After  the  study,  this

developed iCBT program was implemented in the real world. The iCBT program was released in the existing

app for perinatal women called “Luna Luna Baby” by MTI Ltd. as a free standard feature in September 2022

[11]. Luna Luna Baby is a smartphone app that aims to provide pregnant women with information about

pregnancy  and babies.  The  self-assessment  service  based  on  the  Edinburgh Postnatal  Depression  Scale

(EPDS) questionnaire was also implemented in the app at the same time, allowing pregnant women who use
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this app to check their current mental status whenever they want. The app routinely logged the results of

users’ self-checked  EPDS  scores.  This  data  included  not  only  the  result  of  the  EPDS  score  and  its

measurement date but also basic information about the user at the time of EPDS measurement, such as age,

weeks of pregnancy, and the number of times that users had read the iCBT modules. This study used the

sample from September 2022 to September 2024 extracted from this EPDS service log data after anonymous

processing. We also used information on the number of visitors to the app pages and app specifications

during this period. These were all provided by MTI Ltd., the app developer.

Participants and Measurements 

Participants selection

Pregnant women who used the Luna Luna Baby app were possible participants. Among them,

those who were in their antenatal period were included. Those who were in their postnatal period or those

with missing age data were excluded. The exposure group was identified as those who completed the iCBT

program.  The  non-exposure  group  was  identified  as  those  who  had  never  read  the  iCBT modules.  To

compare changes in depressive symptoms, participants were limited to those who had EPDS measurements

at two time points, before and after exposure to the iCBT program. For the non-exposure group, participants

were limited to those who had EPDS measurements at two time points, at least 5 weeks apart, based on the

estimated iCBT program duration. The details of the selection are shown in Figure 1.

Exposure: iCBT program use

Exposure group 

The iCBT program consists of a total of 6 modules. The details of the module contents were

explained elsewhere [10]. After 16 weeks of pregnancy, app users can read the modules once a week, each

within 5 minutes, at any time. Though the program can be completed within 5 weeks at minimum, it can be

used at any time as long as the users continue to use the app. The program's progress is managed by clicking

the “Read” button at the bottom of each module page, and the next module will be opened one week after

clicking the button. The number of modules progressed is recorded when EPDS is measured, which enables

us to identify the timing of the program use from EPDS log data.

Non-exposure group 

 The  non-exposure  group  was  identified  by  matching  baseline  variables  with  the  exposure

group: age (±2), weeks of pregnancy (±1), and total EPDS score (±1)  [24–26]. The total EPDS score was

added in the current study as a matching variable because it was suggested that the baseline severity of

depressive symptoms affects the intervention effects [9,27]. We randomly selected up to 4 controls per iCBT

program completer without replacement [28,29]. 

Outcome: Antenatal depressive symptoms

To evaluate the depressive symptoms during pregnancy, we used the Japanese version of the
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Edinburgh Postnatal Depression Scale (EPDS) [30,31]. This scale consists of 10 questions about perinatal-

specific depressive symptoms measured on a 4-point scale ranging from 0 to 3, with a total score ranging

from 0 to 30. The higher score indicates a more severe mental health status. A cutoff of 12/13 is considered

appropriate for antenatal depression[32]. In addition, a cutoff of 8/9 is often used clinically in Japan to screen

for  perinatal  depression[30],  so  this  cutoff  was  also  considered.  Though  participants  could  answer  the

questionnaire only at given time points (e.g., 16 to 20 weeks of pregnancy, 32 weeks of pregnancy) in the

previous RCT [9], app users can answer the EPDS whenever they want to check their mental status after the

implementation. The app will display advice to the users depending on the measured score: “There seems to

be no problem with your mental status. Let's continue with the self-check of your mental status.” when the

score is 0-8, “You may not be feeling well. We recommend that you take extra care of yourself by getting

enough sleep, taking time for yourself, and doing activities that will refresh you. Please also use our Pre-

mother School modules.” when the score is 9-12, and “It is possible that your mental status is not at its best.

We recommend that you take better care of yourself than usual and consult with a trusted family member,

friend, supervisor, or colleague. If you continue to be in the wrong mood, please consider consulting your

obstetrician-gynecologist  or  public  consultation service.” when the score is  13 or over.  These messages

appeared automatically, and there was no tracking of what actions participants took afterward.

Process evaluation

To  evaluate  the  implementation  of  the  program,  we  reported  two  indicators:  reach  and

completion rate. After the implementation, both the iCBT program and the EPDS questionnaire were stored

on a higher-level page named “mental care.” The “mental care” page lists mental health-related functions, a

hierarchy of two levels down from the homepage (Figure 2).  In February 2023,  the specifications were

updated to include a banner that enables users to jump from the homepage to the “mental care” page with a

single click. The banner shows the message, “For mothers who try too hard, let’s check your mental state.”

Under these specifications, reach was defined as the proportion of those who had visited the “mental care”

page,  iCBT program page,  and EPDS page at  least  once, each.  The completion rate was defined as the

proportion of those who had completed all six modules. 

Covariates

Age and weeks of pregnancy at the time of the baseline EPDS score were measured and used as

basic information. For service usage information, the observational period was defined as the period between

the baseline and follow-up time points when EPDS scores were measured because the log data did not

include date information about the iCBT program usage. The number of additional EPDS measurements

during an observational period other than baseline and follow-up was also calculated.

Statistical analysis

First, the baseline characteristics of the exposure and the non-exposure groups were compared

using standardized differences. Service usage information was also compared between groups using t-tests.

We calculated changes in EPDS scores after the program use, 95% confidence intervals (CI), and effect size
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of  Cohen’s  d to  assess  the  association between the iCBT program and depressive symptoms.  Repeated

measure  analysis  of  variance (repeated measure  ANOVA) was  also  conducted  to  identify  the  statistical

significance of interaction terms between the groups and the measurement time points. As for the process

evaluation, reach and completion rate were calculated using information on the number of users visiting the

“mental  care”  page,  iCBT program page,  and  EPDS questionnaire  page  per  month.  All  analyses  were

performed using R version 4.4.1. and p<0.05 was set as statistically significant.

Ethical approval

This  study  was  approved  by  the  Research  Ethics  Committee  of  the  Graduate  School  of

Medicine/Faculty of Medicine, The University of Tokyo (Approval No. 2019150NI).

Result

Participants’ characteristics

Of the 101,493 women (173,712 records) who answered the EPDS on the app from September

2022 to September 2024, 209 women (1,675 records) completed six iCBT modules, and 64,373 women

(101,251 records) never read the iCBT modules. After excluding those without EPDS measurements before

and after using the iCBT or those who failed to match, 119 women who completed the iCBT program and

pair-matched 448 controls were identified. 

All  variables  showed  standardized  differences  of  <0.1,  which  suggests  that  baseline

characteristics were balanced between exposure and non-exposure groups after the matching (Table 1). The

prevalence of antenatal depressive symptoms above the EPDS cutoff of 12/13 was 16.0% and 17.4% among

the exposure and non-exposure groups, respectively. The descriptive analysis of service usage information is

shown in Table 2. The mean observational period was 11.67 weeks in the exposure group and 13.61 weeks in

the non-exposure  group.  The mean number  of  additional  EPDS measurements  during  the observational

period was 3.17 times in the exposure group and 0.51 times in the non-exposure group.

[Table 1] Baseline characteristics after matching

Variables

Exposure group 　 Non-exposure group 　
Standardized

differences
N=119 　 N=448 　

Mean (SD); n(%) 　 Mean (SD); n(%) 　

Age(years) 33.31  (4.12) 33.04  (3.85) 0.068

Weeks  of

pregnancy(weeks)
18.00  (5.01) 17.63  (4.85) 0.075

EPDS score 7.24 (5.30) 7.25 (5.18) 0.002

EPDS≧9 40 (33.6%) 147 (32.8%) 0.017

EPDS≧13 19 (16.0%) 78 (17.4%) 0.039

SD:  standard  deviation,  iCBT:  internet-based cognitive  behavioral  therapy,  EPDS:  Edinburgh

Postnatal Depression Scale
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[Table 2] Descriptive analysis of service usage information

Variables

Exposure group 　 Non-exposure group 　

P valueN=119 　 N=448 　

Mean (SD); n(%) 　 Mean (SD); n(%) 　

Observational period a 11.67  (5.80) 13.61  (6.13) 　 .002

Number  of  additional  EPDS

measurement b
3.17 (1.70) 0.51 (0.95) 　 <.001

iCBT: internet-based cognitive behavioral therapy, EPDS: Edinburgh Postnatal Depression Scale
a  observational period was defined as the period between the baseline and follow-up time points

when EPDS scores were measured.
b  Number of additional EPDS measurements during observational period other than baseline and

follow-up.

Antenatal depressive symptoms before and after using the iCBT program 

Table 3 and Figure 3 show the EPDS scores and the differences before and after  using the

program. The average EPDS scores at the baseline were 7.24 in the exposure group and 7.25 in the non-

exposure group. Compared to before using the program, the EPDS scores changed by -0.69 and +0.99 in the

exposure  and non-exposure  groups,  respectively  (Cohen’s  d  =  0.31,  95%CI  0.11  -  0.51).  The  repeated

measure  ANOVA  showed  statistical  significance  in  interaction  terms  between  the  groups  and  the

measurement time points (P=.04).

[Table 3] Change in depressive symptoms after iCBT intervention

Variables

Exposure group Non-exposure group Effect size

(Cohen's

d)
N=119 N=448

Mea

n
(SD) 95%CI

Mea

n
(SD) 95%CI

EPDS  at

baseline
7.24 (5.30) 6.27 -  8.20 7.25 (5.18) 6.76 - 7.73 　

EPDS at follow-

up
6.55 (5.19) 5.60 -  7.49 8.24 (6.16) 7.66 - 8.81

change

difference  of

EPDS

-0.69  (4.92) -1.58 -  0.20 0.99 (5.56) 0.47 - 1.51 0.31

iCBT: internet-based cognitive behavioral therapy, EPDS: Edinburgh Postnatal Depression Scale,
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CI: confidence interval

Process evaluation  

As for reach, 5.4% of overall app users visited the “mental care” page. Of these, 26.5% visited the

iCBT program page, and 67.5% visited the EPDS page. As for the completion rate, 2.6% of those who

visited the iCBT program page at least once completed all six modules. When the population was limited to

those who visited  the program page  and clicked the  “read”  button  at  least  once,  32.3% completed six

modules.

Discussion

Principal findings

This study examined the effectiveness of the iCBT program for pregnant women in preventing

depressive symptoms during pregnancy in a real-world setting. The study found a statistically significant

trend in the reduction of depressive symptoms after using the iCBT program in the exposure group compared

with the non-exposure group. The effect size of the program for reducing depressive symptoms was 0.31.

This  is  similar  to  a  previous  meta-analysis  that  reported  an  effect  size  of  0.28  for  smartphone  app

interventions aimed at treating depressive symptoms [17], suggesting that this iCBT program also had a mild

effect on preventing depressive symptoms among pregnant women. 

This study showed that the average EPDS score at the baseline was 7.24 in the exposure group and

7.25 in the non-exposure group.  These scores were higher than the baseline EPDS scores reported in a

previous RCT study that evaluated the effectiveness of this iCBT program [9]. In that study, individuals with

mild psychological  distress at baseline had EPDS scores of 5.66 and 5.45, respectively. The differences

might be due to the participants’ characteristics. The current study needed to limit the participants to those

who voluntarily measured EPDS scores twice to investigate the change in depressive symptoms. A previous

study showed that  women with antenatal  depression symptoms at  baseline were more likely to  use  the

screening features of pregnancy-related apps and to spend more time using the apps [33]. It may be possible

that the participants in this current study were those who had mild to severe mental health issues and greater

motivation to learn about mental health. 

The number of additional EPDS measurements during the observational period was more frequent

in  the  exposure  group  than  in  the  non-exposure  group.  It  has  been  pointed  out  that  repeated  scale

measurements themselves may have a transformative effect on cognition and behavior [34]. It has also been

reported  that  repeated  measurements  of  self-reported  questionnaires  have  little  impact  that  would  raise

serious concerns [35]. A study examining the effects of stress screening in the workplace and the efforts to

improve the work environment found that stress screening alone did not improve workers’ psychological

distress.  Significant  improvements  were observed only when both the stress screening and the effort  to

improve  the  work  environment  were  implemented  together  [36].  Considering  these  studies,  it  may  be
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reasonable to assume that the EPDS measurement itself in the present study had little effect on depressive

symptoms. 

The average proportion of visitors to the “mental care” page among app users was 5.4%. This was

similar to the previous study, which reported a 4.0% open rate by daily active users of popular mental health

apps in the real world [14]. Even though the iCBT program and the EPDS questionnaire were stored on the

same “mental care” page, the visit rates were more than double, at 26.5% and 67.5%, respectively. This may

suggest that many users who visited the “mental care” page were aiming to self-check their mental health

using the EPDS questionnaire, not to use the iCBT program. Furthermore, the completion rate of the iCBT

program was 2.6%. This result is consistent with previous reports that a digital mental health intervention

could  attract  only  to  the  first  module,  and  many people  dropped out  before  reaching  the  final  module

[14,18,37]. However, when the population was limited to those who clicked the “read” button at the bottom

of the module page at least once, the completion rate was 32.3%. This was close to the completion rate of

37.2% in the previous RCT intervention  [9]. This might suggest that the requirement to click the “read”

button after reading the module contents hindered the program's progress. 

Limitations

This study has several  limitations.  First,  the population selected for effectiveness evaluation

didn’t represent all the app users, as only 5.4% of app users visited the “mental care” page, and 26.5% of

these visitors visited the iCBT program page. Furthermore, only 2.6% completed all 6 modules among those

who visited the iCBT program page. To evaluate the effectiveness of the iCBT program with more app users

in the future, it may be necessary to improve the program’s delivery environment. Although the number of

participants was small, we still were able to evaluate the effectiveness of the iCBT program on those who

completed the program in a real-world environment. Second, there was a difference in the baseline and

follow-up time points  between each  person because  they  could  measure  EPDS whenever  they  wanted.

Although the observational period was two weeks longer in the non-exposure group, it is unlikely that this

gap would cause a significant change in depressive symptoms at the follow-up, considering that the baseline

time  points  were  matched  between  the  two  groups.  Third,  there  was  a  possibility  of  unmeasured

confounding.  The  log  data  used  in  this  study  only  included  EPDS scores  and  related  information;  no

socioeconomic  factors  such  as  educational  history  and  employment  status  could  be  considered.  Lastly,

despite this iCBT program targeting perinatal depression prevention, only the effect on antenatal depressive

symptoms could be evaluated because few app users continued to use the EPDS measurement service after

delivery.

Conclusion

A developed  internet-based  cognitive  behavioral  therapy  targeting  the  prevention  of  perinatal

depression was significantly effective in decreasing depressive symptoms among pregnant women in a real-

world setting.  Future  studies  should explore efforts  to  reduce dropouts and increase participation in the

program to help more pregnant women reduce their depressive symptoms.

9
https://preprints.jmir.org/preprint/73512 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Takae et al

Acknowledgments

Japan Society for the Promotion of Science under a Grant-in-Aid for Scientific Research (A) (19H01073 and

23H00443 to DN) funded this work. The study's sponsor had no role in the study design, data collection, data

analysis, data interpretation, or report writing. The authors had access to the data and the final responsibility

for submitting the paper.

We thank all the pregnant women who used the program. We are grateful to MTI Ltd. for providing the data

from the smartphone app. 

Authors' contributions

DN was in charge of this  study,  supervising the process  and providing his  expert  opinion.  AT and DN

designed the study and analyzed the data. AT wrote the first draft of the manuscript. NS and KI ensured that

questions related to the accuracy or integrity of all parts of the work were appropriately investigated and

resolved. All authors approved the final version of the manuscript.

Conflicts of interest

DN received personal fees outside the submitted work from Startia, Inc., MD.net, and an honorarium from

Takeda Pharmaceutical Co. and Otsuka Medical Devices Co., Ltd. NS reports personal fees from Medilio

Inc., outside the submitted work. KI is employed at the Department of Digital Mental Health, an endowment

department supported with an unrestricted grant from 15 enterprises (https://dmh.m.u-tokyo.ac.jp/c), outside

the submitted work. The other authors declare no conflicts of interest.

Abbreviations

ANOVA: analysis of variance

EPDS: Edinburgh Postnatal Depression Scale

iCBT: internet-based Cognitive Behavioral Therapy

RCT: randomized controlled trial

References

1. Yin X, Sun N, Jiang N, Xu X, Gan Y, Zhang J, Qiu L, Yang C, Shi X, Chang J, Gong Y. Prevalence and

associated factors of antenatal depression: Systematic reviews and meta-analyses.  Clin Psychol  Rev

10
https://preprints.jmir.org/preprint/73512 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Takae et al

2021 Feb;83:101932. PMID:33176244

2. Tokumitsu K, Sugawara N, Maruo K, Suzuki T, Shimoda K, Yasui-Furukori N. Prevalence of perinatal

depression  among  Japanese  women:  a  meta-analysis.  Ann  Gen  Psychiatry  2020  Jun  26;19:41.

PMID:32607122

3. Callaghan BL, McCormack C, Kim P, Pawluski JL. Understanding the maternal brain in the context of

the mental load of motherhood. Nat Ment Health Springer Science and Business Media LLC; 2024 Jun

25;1–9. doi: 10.1038/s44220-024-00268-4

4. Takeda S, Takeda J, Murakami K, Kubo T, Hamada H, Murakami M, Makino S, Itoh H, Ohba T, Naruse

K, Tanaka H, Kanayama N, Matsubara S, Sameshima H, Ikeda T. Annual Report of the Perinatology

Committee, Japan Society of Obstetrics and Gynecology, 2015: Proposal of urgent measures to reduce

maternal deaths. J Obstet Gynaecol Res Wiley Online Library; 2017 Jan;43(1):5–7. PMID:28074548

5. Glover V. Maternal depression, anxiety and stress during pregnancy and child outcome; what needs to

be done. Best Pract Res Clin Obstet Gynaecol 2014 Jan;28(1):25–35. PMID:24090740

6. Field  T.  Prenatal  depression  effects  on  early  development:  a  review.  Infant  Behav  Dev  2011

Feb;34(1):1–14. PMID:20970195

7. Zhang L, Li P, Ge Q, Sun Z, Cai J, Xiao C, Yu C, Nosarti C, Liao J, Liu Z. Maternal Prenatal Depressive

Symptoms and Fetal Growth During the Critical Rapid Growth Stage. JAMA Netw Open 2023 Dec

1;6(12):e2346018. PMID:38048129

8. Yasuma N, Narita Z, Sasaki N, Obikane E, Sekiya J, Inagawa T, Nakajima A, Yamada Y, Yamazaki R,

Matsunaga  A,  Saito  T,  Watanabe  K,  Imamura  K,  Kawakami  N,  Nishi  D.  Antenatal  psychological

intervention for universal prevention of antenatal and postnatal depression: A systematic review and

meta-analysis. J Affect Disord Elsevier; 2020 Aug 1;273:231–239. PMID:32421608

9. Nishi D, Imamura K, Watanabe K, Obikane E, Sasaki N, Yasuma N, Sekiya Y, Matsuyama Y, Kawakami

N. 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.

Psychiatry Clin Neurosci 2022 Nov;76(11):570–578. PMID:36114656

10. Nishi D, Imamura K, Watanabe K, Obikane E, Sasaki N, Yasuma N, Sekiya Y, Matsuyama Y, Kawakami

N. Internet-based cognitive-behavioural therapy for prevention of depression during pregnancy and in

the post partum (iPDP): a protocol for a large-scale randomised controlled trial. BMJ Open 2020 May

17;10(5):e036482. PMID:32423941

11. MTI Ltd. “Luna Luna Baby” adds mental care features to prevent depression during pregnancy and after

birth! (in Japanese). 2022. Available from: https://www.mti.co.jp/?p=31896 [accessed Aug 6, 2024]

11
https://preprints.jmir.org/preprint/73512 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Takae et al

12. Averitt  AJ, Weng C, Ryan P, Perotte A. Translating evidence into practice: eligibility criteria fail  to

eliminate clinically significant differences between real-world and study populations. NPJ Digit Med

Springer Science and Business Media LLC; 2020 May 11;3(1):67. PMID:32411828

13. Baumel A, Edan S, Kane JM. Is there a trial bias impacting user engagement with unguided e-mental

health interventions? A systematic comparison of published reports and real-world usage of the same

programs.  Transl  Behav  Med  Oxford  University  Press  (OUP);  2019  Nov  25;9(6):1020–1033.

PMID:31689344

14. Baumel  A,  Muench  F,  Edan  S,  Kane  JM.  Objective  user  engagement  with  mental  health  apps:

Systematic search and panel-based usage analysis. J Med Internet Res JMIR Publications Inc.; 2019 Sep

25;21(9):e14567. PMID:31573916

15. Kennedy-Martin  T,  Curtis  S,  Faries  D,  Robinson  S,  Johnston  J.  A  literature  review  on  the

representativeness of randomized controlled trial samples and implications for the external validity of

trial results. Trials Springer; 2015 Nov 3;16:495. PMID:26530985

16. Fleming T, Bavin L, Lucassen M, Stasiak K, Hopkins S, Merry S. Beyond the Trial: Systematic Review

of  Real-World  Uptake  and  Engagement  With  Digital  Self-Help  Interventions  for  Depression,  Low

Mood, or Anxiety. J Med Internet Res 2018 Jun 6;20(6):e199. PMID:29875089

17. Linardon J, Torous J, Firth J, Cuijpers P, Messer M, Fuller-Tyszkiewicz M. Current evidence on the

efficacy of mental health smartphone apps for symptoms of depression and anxiety. A meta-analysis of

176 randomized controlled trials. World Psychiatry 2024 Feb;23(1):139–149. PMID:38214614

18. Guiney H, Mahoney A, Elders A, David C, Poulton R. Internet-based cognitive behavioural therapy in

the real world: Naturalistic use and effectiveness of an evidence-based platform in New Zealand. Aust N

Z J Psychiatry 2024 Mar;58(3):238–249. PMID:37366145

19. Fundoiano-Hershcovitz  Y,  Breuer  Asher  I,  Ritholz  MD,  Feniger  E,  Manejwala  O,  Goldstein  P.

Specifying the Efficacy of Digital  Therapeutic Tools for Depression and Anxiety:  Retrospective,  2-

Cohort, Real-World Analysis. J Med Internet Res 2023 Sep 22;25:e47350. PMID:37738076

20. Dzubur E, Yu J, Hoffman J, Painter S, James R, Shah B. The Effect of a Digital Mental Health Program

on Anxiety and Depression Symptoms: Retrospective Analysis of Clinical Severity. JMIR Form Res

2023 Oct 3;7:e36596. PMID:37788069

21. Tsirmpas  C,  Nikolakopoulou  M,  Kaplow  S,  Andrikopoulos  D,  Fatouros  P,  Kontoangelos  K,

Papageorgiou C. A Digital Mental Health Support Program for Depression and Anxiety in Populations

With Attention-Deficit/Hyperactivity Disorder: Feasibility and Usability Study. JMIR Form Res 2023

Oct 11;7:e48362. PMID:37819688

22. Callahan C, Kimber J, Hu E, Tanner L, Kunkle S. The real-world impact of app-based mindfulness on

12
https://preprints.jmir.org/preprint/73512 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Takae et al

Headspace members with moderate and severe perceived stress: Observational study. JMIR MHealth

UHealth JMIR Publications Inc.; 2024 Mar 4;12:e52968. PMID:38488513

23. Obikane  E,  Sasaki  N,  Imamura  K,  Nozawa  K,  Vedanthan  R,  Cuijpers  P,  Shimazu  T,  Kamada  M,

Kawakami  N,  Nishi  D.  Usefulness  of  Implementation  Outcome  Scales  for  Digital  Mental  Health

(iOSDMH): Experiences from Six Randomized Controlled Trials. Int J Environ Res Public Health 2022

Nov 27;19(23). PMID:36497867

24. Feldman DE, Vinet É, Bérard A, Duffy C, Hazel B, Meshefedjian G, Sylvestre M-P, Bernatsky S. Heart

disease,  hypertension,  gestational  diabetes  mellitus,  and  preeclampsia/eclampsia  in  mothers  with

juvenile  arthritis:  A  nested  case-control  study.  Arthritis  Care  Res  (Hoboken)  Wiley;  2017

Feb;69(2):306–309. PMID:27111101

25. Munger KL, Hongell K, Cortese M, Åivo J, Soilu-Hänninen M, Surcel H-M, Ascherio A. Epstein-barr

virus and multiple sclerosis risk in the finnish maternity cohort: EBV and risk of MS in the Finnish

Maternity Cohort. Ann Neurol Wiley; 2019 Sep;86(3):436–442. PMID:31226219

26. Stephansson O, Johansson K, Söderling J, Näslund I, Neovius M. Delivery outcomes in term births after

bariatric surgery: Population-based matched cohort study. PLoS Med Public Library of Science (PLoS);

2018 Sep 26;15(9):e1002656. PMID:30256796

27. Terhorst  Y,  Kaiser  T,  Brakemeier  E-L,  Moshe I,  Philippi  P,  Cuijpers  P,  Baumeister  H,  Sander  LB.

Heterogeneity  of  treatment  effects  in  internet-  and  mobile-based  interventions  for  depression:  A

systematic  review  and  meta-analysis:  A systematic  review  and  meta-analysis.  JAMA Netw  Open

American Medical Association (AMA); 2024 Jul 1;7(7):e2423241. PMID:39023887

28. Iwagami  M,  Shinozaki  T.  Introduction to  Matching  in  Case-Control  and Cohort  Studies.  Ann Clin

Epidemiol 2022 Apr 4;4(2):33–40. PMID:38504854

29. Fabre C, Pauly V, Baumstarck K, Etchecopar-Etchart D, Orleans V, Llorca P-M, Blanc J, Lancon C,

Auquier  P,  Boyer  L,  Fond  G.  Pregnancy,  delivery  and  neonatal  complications  in  women  with

schizophrenia:  a  national  population-based cohort  study.  Lancet  Reg Health Eur Elsevier  BV;  2021

Nov;10(100209):100209. PMID:34806069

30. Okano T. Validation and reliability of a Japanese version of the EPDS. Arch Psychiatr Diagn Clin Eval

cir.nii.ac.jp;  1996;7:525.  Available  from:  https://cir.nii.ac.jp/crid/1370004237511339908?

utm_medium=email&utm_source=transaction

31. Cox  JL,  Holden JM,  Sagovsky R.  Detection  of  postnatal  depression.  Development  of  the  10-item

Edinburgh Postnatal Depression Scale. Br J Psychiatry 1987 Jun;150:782–786. PMID:3651732

32. Usuda K, Nishi D, Okazaki E, Makino M, Sano Y. Optimal cut-off score of the Edinburgh Postnatal

Depression Scale for major depressive episode during pregnancy in Japan. Psychiatry Clin Neurosci

13
https://preprints.jmir.org/preprint/73512 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Takae et al

2017 Dec;71(12):836–842. PMID:28767198

33. Mo  Y,  Gong  W,  Wang  J,  Sheng  X,  Xu  DR.  The  association  between  the  use  of  antenatal  care

smartphone apps in pregnant women and antenatal depression: Cross-sectional study. JMIR MHealth

UHealth JMIR Mhealth Uhealth; 2018 Nov 29;6(11):e11508. PMID:30497996

34. French DP, Sutton S. Reactivity of measurement in health psychology: how much of a problem is it?

What can be done about it? Br J Health Psychol 2010 Sep;15(Pt 3):453–468. PMID:20205982

35. Arslan RC,  Reitz AK, Driebe JC, Gerlach TM, Penke L.  Routinely randomize potential  sources  of

measurement reactivity to estimate and adjust for biases in subjective reports. Psychol Methods 2021

Apr;26(2):175–185. PMID:32584065

36. Imamura K, Asai Y, Watanabe K, Tsutsumi A, Shimazu A, Inoue A, Hiro H, Odagiri Y, Yoshikawa T,

Yoshikawa E,  Kawakami N. Effect  of  the National  Stress Check Program on mental  health among

workers in Japan: A 1 year retrospective cohort study. J Occup Health Oxford University Press (OUP);‐

2018 Jul;60(4):298–306. doi: 10.1539/joh.2017-0314-oa

37. Schueller SM, Torous J. Scaling evidence-based treatments through digital mental health. Am Psychol

2020 Nov;75(8):1093–1104. PMID:33252947

14
https://preprints.jmir.org/preprint/73512 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Takae et al

Figures

15

[Figure1] Participants selection flowchart.

[Figure 2] Structure of the Luna Luna Baby app.
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[Figure 3] Change in EPDS score after the iCBT program use.
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