
Miura et al. BMC Pregnancy and Childbirth          (2023) 23:441  
https://doi.org/10.1186/s12884-023-05749-5

RESEARCH Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Pregnancy and Childbirth

App-based interventions for the prevention 
of postpartum depression: a systematic review 
and meta-analysis
Yumika Miura1, Yusuke Ogawa2, Ayako Shibata3, Kyosuke Kamijo4, Ken Joko5 and Takuya Aoki6,7* 

Abstract 

Background This study explored whether psychosocial intervention applications (apps) are effective in preventing 
postpartum depression.

Methods We conducted an initial article search on 26 March 2020, and the updated search on 17 March 2023 on 
the electronic databases of the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE via Ovid, Scopus, 
PsycINFO, CINAHL, and ProQuest Dissertations & Theses A&I. Furthermore, we searched the International Clinical Trials 
Platform Search Portal (ICTRP), and Clinical Trials.

Results We identified 2515 references, and sixteen studies were ultimately included in this review. We conducted a 
meta-analysis of two studies on the onset of postpartum depression. There were no significant differences between 
the intervention and control groups (RR 0.80; 95% CI 0.62 to 1.04; P = 0.570). We performed a meta-analysis of the 
Edinburgh Postnatal Depression Scale (EPDS). The intervention group had significantly lower EPDS scores than 
the control group (mean difference -0.96; 95% CI -1.44 to -0.48; P < 0.001, I2 = 82%,  Chi2 = 62.75, P < 0.001; high 
heterogeneity).

Conclusion This study presents the results of current RCTs on interventions with apps, including an app with an 
automated psychosocial component for preventing postpartum depression that has been conducted. These apps 
improved the EPDS score; furthermore, they may prevent postpartum depression.
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Background
Postpartum depression, in clinical practice and research, 
is defined as depression that develops within the first 
year postpartum [1]. It consists of a combination of 
depressed mood, loss of interest, anhedonia, sleep and 
appetite disturbance, impaired concentration, psychomo-
tor disturbance, fatigue, feelings of guilt or worthlessness, 
and suicidal thoughts; these symptoms continue for more 
than two weeks [2]. Additionally, its onset occurs within 
four weeks of delivery [2]. A history of mood disorder 
and anxiety is a risk factor for postpartum depression [3]. 
There is not only one cause of postpartum depression, 
rather there are multiple biological factors, including 
hormonal factors, genetics, and immune function may 
be a cause of postpartum depression [1]. The prevalence 
of postpartum depression varies in each country, from 
5.00% to 26.32%, and there is a high prevalence rate in 
developing countries [4, 5]. Postpartum depression can 
lead to 5–20% of maternal mortality [6–8]; postpartum 
depression seriously affects the behavioural symptoms 
in children [9]. The present value of total lifetime costs 
of perinatal depression was £75,728 per woman in the 
UK [10]. This means that the prevention of postpartum 
depression is essential. However, postpartum women are 
less likely to access prevention and treatment of postpar-
tum depression due to various barriers such as lack of 
time, stigma, and childcare issues [11, 12].

To overcome these barriers, digital health technolo-
gies have made remarkable progress, such as telemedi-
cine and the use of short message services (SMS), phone 
calls, and video calls using smartphones. Recently, appli-
cation (app) -based interventions for prevention have 
been suggested. WHO defined mHealth as the new hori-
zon for health through the use of mobile technologies: 
1. cellular phone – utilization; 2. Computers, handheld 
– utilization; 3. Telemedicine; 4. medical informatics; 5. 
technology transfer; and 6. data collection [13]. There is 
a systematic review and meta-analysis about mHealth 
apps; their meta-analysis indicated that mHealth inter-
vention improved the Edinburgh Postnatal Depression 
Scale (EPDS) scores in the treatment group compared 
to the controls [14]. There is another systematic review 
and meta-analysis on mHealth apps concerning symptom 
reduction of maternal depression and/or anxiety, which 
concluded conversely that this did not improve symp-
toms [15]. The mHealth intervention is a possible tool 
used to prevent and treat postpartum depression, but 
there is still a need for verification.

There have been some systematic reviews and meta-
analyses of apps targeting the treatment of patients 
with postpartum depression, but there is no systematic 
review and meta-analysis focusing on apps prevent-
ing postpartum depression. Therefore, we conducted a 

systematic review and meta-analysis focusing on whether 
psychosocial intervention apps are effective in prevent-
ing postpartum depression. We focused on psychoso-
cial interventions that are well-established approaches 
for postpartum women. This included peer support, 
counselling, educational programs, social support, cog-
nitive-behavioural therapy, motivational interviewing, 
supportive care, mindfulness, and more [1].

Methods
We conducted a systematic review and meta-analysis 
according to the Preferred Reporting Items for systematic 
reviews and Meta-Analysis (PRISMA) guidelines [16].

Inclusion criteria
We included all RCTs that evaluated the app, includ-
ing one with an automated component for prevent-
ing postpartum depression by providing psychosocial 
interventions.

Psychosocial interventions are non-pharmacological 
interventions that focus on psychological and social 
aspects, such as peer support, counselling, educational 
programs, social support, cognitive-behavioural therapy, 
motivational interviewing, supportive care, mindfulness, 
and so on. Participants receive psychosocial intervention 
via the app for smartphones, tablets, and computers. The 
app includes an automated component; the app itself has 
a function of psychosocial intervention, and participants 
could voluntarily access the app anytime, anywhere. This 
study incorporated a combination of automated apps and 
human interventions (e.g. phone calls and other interven-
tions). However, we excluded the apps that only offered 
communication services like phone calls, short message 
services, chat, and social networking. If the psychoso-
cial interventions were delivered via communication, we 
excluded it. We included women from pregnancy to one 
year postpartum and excluded those already diagnosed 
with depression, taking antidepressants, or suffering 
from psychiatric disorders. Quasi-randomised trials were 
excluded.

Inclusion criteria of PICOS principles are as follows.

P: women who are pregnant and at postpartum (until 
one year after giving birth)
I: the app, including an automated component pur-
ported to prevent postpartum depression by provid-
ing psychosocial interventions
C: regular care

Search strategy
We conducted an initial article search on 26 March 2020 
and an updated article search on 17 March 2023 using 
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the same search strategy. We conducted an article search 
of the electronic databases of the Cochrane Central 
Register of Controlled Trials (CENTRAL), MEDLINE 
via Ovid, Scopus, PsycINFO, CINAHL, and ProQuest 
Dissertations & Theses A&I. Additionally, we searched 
the International Clinical Trials Platform Search Portal 
(ICTRP) and Clinical Trials. The following terms were 
used: [postpartum depression] [computer software, 
mobile applications, and computer-assisted therapy]. The 
search strategy and terms have been presented in Supple-
mentary table 1.

References cited in the identified randomized con-
trolled trials (RCTs) and recent systematic reviews were 
searched.

An additional table file shows this in more detail (see 
Additional file named Supplementary table 1).

Study selection, data extraction, and risk of bias 
assessment
There were five reviewers AS, KJ, TA, YO, and YM; 
pairs comprising these reviewers screened the titles and 
abstracts of the identified studies. All selected studies 
were subjected to a full-text review and evaluated based 
on the inclusion criteria by two reviewers (KK and YM).

Upon disagreement, the two reviewers discussed and 
resolved the issues. If any disagreements remained, they 
were resolved via discussion with a third reviewer (YO).

After the full-text review, if there were no sufficient 
data to decide whether the study should be included, we 
contacted the original author to decide about the final 
inclusion.

Two reviewers (KK and YM, TA and YM) indepen-
dently assessed the quality of each study using the 
Cochrane Risk of Bias for RCTs. We evaluated random 
sequence generation, allocation concealment, blind-
ing of participants and personnel, blinding of outcome 
assessments, incomplete outcome data, and selective 
outcome reporting to rate studies as ‘low risk’, ‘high risk’, 
or ‘unclear’. Upon disagreement, the two reviewers dis-
cussed and resolved the issues. If any disagreements 
remained, they were resolved via discussion with a third 
reviewer (YO).

Types of outcome measures
The primary outcome was postpartum depression onset. 
Each study defined the onset of postpartum depres-
sion by using a clinical diagnostic interview or screening 
tool. A clinical diagnostic interview for depression is an 
evaluation conducted by a trained examiner based on an 
official diagnostic system, such as the Diagnostic and Sta-
tistical Manual of Mental Disorders fifth edition (DSM-5) 
[2], the International Classification of Disease (ICD-10), 

or other standard methods such as the Research Diag-
nostic Criteria (RDC) [17].

Secondary outcomes were scores on the EPDS [18], the 
Patient Health Questionnaire-9 (PHQ-9) [19], and other 
depression-related measures (e.g. the Centre for Epide-
miologic Studies Depression Scale (CES-D) [20]). These 
scales have been validated for postpartum use [21–23]

Data synthesis and statistical analysis
A random-effects model for the meta-analyses [24] was 
used, as there was clinical heterogeneity in the interven-
tions explored in this review. Binary variables were calcu-
lated using risk ratios (RR) with 95% confidence intervals 
(95% CIs). Continuous variables were calculated using 
standardised mean differences (SMDs) with 95% CIs.

If there were missing data, we contacted the original 
authors whether we could get the data.

Heterogeneity was visually assessed using forest plots. 
I-square statistics [24], chi-squared statistics, and their 
P values were used to measure statistical heterogeneity. 
Data analysis was performed using Review Manager Ver-
sion 5.4 (Nordic Cochrane Center, Cochrane Collabora-
tion; Copenhagen, Denmark; http:// ims. cochr ane. org/ 
revman).

Results
We conducted an initial search up to 26 March 2020. 
Figure  1 shows the flow diagram of the study selection 
process. We identified 1581 references and removed 282 
duplicates. The titles and abstracts were evaluated, and 
135 references were included in the full-text review. Hun-
dred and twenty-three references were excluded because 
they did not meet the eligibility criteria, five were ongo-
ing at the time, and seven were ultimately included in 
this review. In the updated search on 17 March 2023, we 
retrieved an additional 1216 references and found nine 
new studies included in a systematic review and five new 
ongoing studies (Fig. 2).

Characteristics of included studies
Supplementary table 2 presents the characteristics of the 
studies included. All studies were published after 2015. 
There were three studies, each published in China, Por-
tugal, and Singapore; two studies were published in the 
USA; one in Japan, New Zealand, Norway, Taiwan, and 
Turkey. In eight studies, the intervention started pre-
natally [25–32] and in another eight, the intervention 
started postpartum [33–40]. In three studies, the partici-
pants were married couples [28, 31, 33]. Two studies pro-
vided results only for couples [31, 33] and another solely 
for women [28].

There were six studies that provided interventions 
based on cognitive-behavioural therapy [25, 27, 30, 34, 

http://ims.cochrane.org/revman
http://ims.cochrane.org/revman
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38, 39], three that provided interventions based on mind-
fulness [29, 35, 36], one that provided interventions 
based on social cognitive theory and attachment theory 
[31], and another three that provided psycho-educational 
content [28, 32, 33]. The other three studies provided 
education or information about childcare [26, 37, 40].

Three studies assessed the development of postpartum 
depression [30, 32]. Fourteen studies assessed the EPDS. 
There was one study which evaluated the CES-D [27], 
and one study which evaluated the Depression Anxiety 
and Stress Scale 21 produces subscales of Depression 
(DASS-D) [35].

An additional table file shows this in more detail (see 
Additional file named Supplementary table 2).

Risk of bias in the included studies
The risk of bias graph is shown in Fig.  3, and the risk 
of bias summary is shown in Fig.  4. All studies except 

one [29] were judged to have a low risk of bias about 
random sequence allocation. Allocation concealment 
was considered at low risk of bias in eleven studies and 
unclear in five studies [26, 27, 29, 32, 35]. App-based 
psychosocial interventions are difficult to blind, and 
all studies rated the risk of bias in blinding participants 
and personnel as high. Blinding of outcome assessment 
was judged to be at high risk of bias in five studies [27, 
30, 32, 38, 39], unclear in four studies [25, 29, 34, 35], 
and low in seven studies. Incomplete outcome data 
were at high risk of bias in eleven studies [26–28, 30–
32, 34–38] and low risk of bias in five studies. Selective 
reporting bias was judged to be at high risk of bias in 
five studies [25, 30, 34, 38, 40], unclear in four studies 
[26, 27, 35, 39], and low in eight studies. Other biases 
were at high risk of bias in one study [26] and low risk 
of bias in the other fifteen studies.

Fig. 1 Study flow diagram of initial search on March 26.th, 2020
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Fig. 2 Study flow diagram of updated search on March 17.th, 2023

Fig. 3 Risk of bias graph about primary outcome; the onset of postpartum depression
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Fig. 4 Risk of bias summary about primary outcome; the onset of postpartum depression
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Effects of interventions
Primary outcomes
We conducted a meta-analysis of two studies on the 
onset of postpartum depression. There was no signifi-
cant difference between the intervention and control 
groups (RR 0.80; 95%CI 0.62 to 1.04; P = 0.570; Fig. 5).

There were three studies assessed the onset of post-
partum depression as an outcome [27, 30, 32].

Haga et  al. defined an EPDS score of 10 or more as 
the onset of postpartum depression. Although EPDS 
was the screening tool, if authors defined an EPDS 
score of 10 or more as the onset of postpartum depres-
sion, we followed their definition.

 Nishi et  al. also assessed the onset of postpartum 
depression based on the DSM-4 criteria.

Barrera et  al. measured the EPDS score and cal-
culated the hazard ratio (HR) using EPDS > 10 as the 
cut-off [27]. There was no statistically significant 
difference in the incidence of postpartum depres-
sion (EPDS score ≥ 10) between the intervention and 
comparison groups (HR 0. 60; 95%CI 0.34 to 1.02; 
P = 0.060). We could not get the number of partici-
pants who developed postpartum depression, so we 
did not include the study in the meta-analysis.

Secondary outcomes
There were fourteen studies that measured EPDS scores. 
Two of these fourteen studies include couples as partici-
pants, and we could not get outcomes about mothers [31, 
33].

We performed a meta-analysis of the EPDS scores of 
twelve studies. The intervention group had significantly 
lower EPDS scores than the control group (mean differ-
ence (MD) -0.96; 95%CI -1.44 to -0.48; P < 0.001; Fig. 6). 
There was high heterogeneity in the effects (I2 = 82.00%, 
Chi2 = 62.75, P < 0.001).

Bear et  al. measured the DASS-D, and the linear 
regression model was tested with intervention vs. control 
as a predictor variable and outcomes. The intervention 
demonstrated a large effect on DASS-D, accounting for 
48.00% of the variance [35].

Shorey et  al. included couples as the participants in 
studies of 2017 [33]. There were no statistically signifi-
cant differences in the EPDS scores between the inter-
vention and control group (MD, 0.33; 95%CI -1.21 to 
0.53; P = 0.450).

Shorey et al. published other studies about a psychoe-
ducational mobile app for parents in 2023, there was no 
significant difference in the EPDS scores between inter-
ventions and control group (MD, 0.00; 95%CI -1.61 to 
1.61; P = 1.000) [31].

PHQ-9 was not measured in either study.

Fig. 5 Effectiveness for the onset of postpartum depression

Fig. 6 Effectiveness for EPDS score
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Tolerability is an important outcome, but no studies 
evaluated it.

Discussion
This systematic review and meta-analysis examined the 
effectiveness of the apps, including automated compo-
nents aimed at preventing postpartum depression by pro-
viding psychosocial interventions. We included sixteen 
RCTs in the final analysis and conducted a meta-analysis 
of two studies on the onset of postpartum depression. 
App interventions may lead to the prevention of post-
partum depression, but the results of the meta-analysis 
did not show a statistically significant difference with 
respect to the incidence of postpartum depression. How-
ever, the point estimate of the RR for those with postpar-
tum depression was 0.80 and the 95%CI was not narrow 
enough to suggest a possible beneficial effect of the app 
intervention.

We also conducted a meta-analysis of the EPDS scores 
in twelve studies. The meta-analysis showed significantly 
lower EPDS scores in the intervention group, but there 
was high heterogeneity. There is the possibility that 
applications, which include one with an automated com-
ponent for preventing postpartum depression via psy-
chosocial interventions, may be effective to reduce the 
EPDS scores of postpartum mothers.

The recent coronavirus disease-19 (COVID-19) pan-
demic has had various impacts on pregnant and post-
partum women, including fear of COVID-19, fear of 
infection, lifestyle changes due to lockdown, and social 
isolation. The decrease in physical activity during the 
COVID-19 pandemic has increased postpartum depres-
sion [41]. Indeed, the COVID-19 pandemic increased 
the prevalence of postpartum depression to 34.00% (95% 
CI 24.00–46.00%) [42], although the prevalence of post-
partum depression was 20.80% (95% CI 17.90–33.80%) 
in middle-income countries and 25.80% (95% CI 18.40–
23.10%) in low-income countries until 2017 [43]. The 
COVID-19 pandemic has forced us to limit face-to-face 
interventions for postpartum depression despite their 
increasing demand. This is a barrier for interventions 
to prevent postpartum depression, but app-based inter-
ventions that include an automated component can be 
a method that can overcome this barrier. Pregnant and 
postpartum women can use their smartphones or tablets 
to voluntarily engage in postpartum depression preven-
tion, rather than face-to-face. After the COVID-19 pan-
demic, postpartum depression interventions with apps 
that include an automated component will receive more 
attention and tilization.

This study had some limitations. We conducted the 
meta-analysis of only two RCTs on postpartum depres-
sion onset [30, 32]. There was a variety of applications, 

some applications were based on cognitive behavioural 
therapy, others were based on mindfulness, and others on 
psychoeducation. Additionally, there was a high risk of 
incomplete outcome data due to the high attrition rates 
in the study.

Conclusions
This study presents the results of current RCTs on 
interventions with apps, including an app with an auto-
mated psychosocial component for preventing postpar-
tum depression that has been conducted. These apps 
improved the EPDS score; furthermore, they may prevent 
postpartum depression. There were many RCTs, that 
evaluated the reduction of postpartum depression symp-
toms, but few RCTs had evaluated the onset of post-
partum depression. To see the effect of the apps in the 
prevention of postpartum depression, additional RCTs 
evaluating the onset of postpartum depression will be 
needed. 
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