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Abstract
BACKGROUND 
The perinatal period is a challenging time of substantial emotional, physiological, 
social, and relational changes. Depression, anxiety, and stress symptoms are 
common, and co-exist in the perinatal period. Digital technology continues to 
grow at an unprecedented pace with wide application, including 
psychotherapeutic intervention. A growing number of meta-analyses supported 
the application of digital psychotherapeutic intervention across different 
populations, but relatively few meta- and meta-regression analyses have 
concentrated on perinatal women.

AIM 
To evaluate the effectiveness of digital psychotherapeutic intervention on 
improving psychological outcomes among perinatal women and identify its 
essential features.

METHODS 
Randomized controlled trials (RCTs) were obtained from eight databases, 
including Cumulative Index to Nursing and Allied Health Literature, Cochrane 
Library, Embase, Scopus, PsycINFO, PubMed, Web of Science, and ProQuest 
Dissertation and Theses from inception up until November 24, 2020. 
Comprehensive Meta-analysis 3.0 software was used to conduct meta- and meta-
regression analyses. The Cochrane risk-of-bias tool and the Grading of the 
Recommendation, Assessment, Development, and Evaluation system were 
adopted to assess the individual and overall qualities of the evidence, 
respectively.
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RESULTS 
A total of 25 RCTs that included 3239 women were identified. Meta-analyses 
revealed that intervention significantly improved depression (Hedges’s g = 0.49), 
anxiety (g = 0.25), and stress (g = 0.47) symptoms compared to the control. 
Subgroup analyses demonstrated that a website platform with ≥ eight therapist-
guided sessions using the theoretical principle of cognitive behavioral therapy 
was more effective than other treatments in improving depression symptoms in 
postnatal women. Meta-regression analyses observed that the age of perinatal 
women and the type of psychotherapy also had statistically significant effects on 
depression symptoms. Egger’s regression asymmetry tests suggested that no 
publication biases occurred, but the overall quality of the evidence was very low.

CONCLUSION 
This review suggests that digital psychotherapeutic intervention may be a 
potential solution to reduce psychological problems in perinatal women. Further 
high-quality RCTs with large sample sizes are needed.

Key Words: Digital psychotherapeutic intervention; Perinatal women; Meta-analysis; 
Meta-regression
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Core Tip: This systematic review identified and analyzed the findings of 25 randomized 
controlled trials, and the results indicated that digital psychotherapeutic intervention 
could significantly reduce depression, anxiety, and stress symptoms among perinatal 
women. The essential features of this intervention were a website platform with ≥ eight 
therapist-guided sessions using the cognitive behavioral therapy theoretical principle. 
This intervention was also effective in reducing depression symptoms when treating 
young postnatal women. The overall evidence grade of outcomes was very low 
according to the Grading of Recommendations, Assessment, Development, and 
Evaluation criteria. Thus, future trials need to include a high-quality design and a large 
sample size.
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INTRODUCTION
Perinatal period is a challenging time of substantial emotional, physiological, social, 
familial, and role changes[1,2]. These changes may affect psychological and physical 
resources, resulting in increased susceptibility of psychological problems, including 
depression, anxiety, and stress[3]. A systematic review observed that depression, 
anxiety, and stress symptoms co-existed in the perinatal period[4]. The prevalence in 
the perinatal period was estimated to be 7.4%-12.8% for depressive disorders[5], 3%-6% 
for anxiety disorders[6], and 3.3%-4.0% for posttraumatic stress disorders[7]. Perinatal 
mental disorders during pregnancy and postpartum period are associated with 
considerable maternal, infant, and child morbidity and mortality[8-10]. In addition, they 
lead to huge economic burden on health and social care[3]. Therefore, effective 
intervention is imperative. Psychotherapeutic intervention is considered a highly 
effective intervention for depression, anxiety, and stress[11].

Psychotherapeutic interventions are based on several principles, including cognitive 
behavioral therapy (CBT)[12], mindfulness therapy[13], problem-solving therapy[14], 
stress-reduction therapy[15], psychoeducation intervention[16], or their combination. The 
assumption of CBT is that dysfunctional cognitive patterns result in emotional distress 
and subsequent maladaptive behavior[12]. CBT aims to improve psychological 
outcomes by helping women learn how to recognize and modify destructive thought 
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patterns[12]. Mindfulness therapy suggests that negative psychological outcomes are 
due to automatic reaction[13]. It works by training women to react to things differently, 
and it involves the awareness of existing thoughts, emotions, and sensations to 
cultivate acceptance of every moment[13].

The core assumption of problem-solving therapy is that psychological symptoms 
are generated when women become overwhelmed by practical problems they face in 
their daily lives[14]. This type of therapy aims to help perinatal women by teaching 
structured means to solve their problems, which in turn alleviate their psychological 
outcomes[14]. Stress-reduction therapy focuses on stress management that helps women 
develop skills to manage, cope with, and reduce stress to promote well-being[15]. 
Psychoeducation intervention integrates and synergizes psychotherapeutic and 
educational components to help women deal with problems[16]. Psychoeducational 
techniques are used to improve awareness of cognitive distortions, communication, 
and problem-solving skills by providing information in a proactive fashion[16].

Empirical evidence suggests that CBT[17], mindfulness therapy[18], problem-solving 
therapy[19], stress-reduction therapy[20], and psychoeducation intervention[21] using face-
to-face approach is effective in improving psychological outcomes among perinatal 
women. However, traditional face-to-face psychotherapeutic interventions may reduce 
effectiveness due to structural and psychological barriers[22-24]. Structural barriers 
include insufficient mental health professionals, difficulties booking appointments, 
and transportation problems[24,25]. Psychological barriers could arise due to the lack of 
motivation and self-stigmatization to seek treatment or overestimated barriers to seek 
treatment[26,27].

Digital technology continues to grow at an unprecedented pace with wide 
application, including psychotherapeutic intervention[28,29]. Psychotherapeutic 
intervention is considered as digital when technology, such as website, mobile 
application, email, or text messaging services, is used in its delivery[28]. Given that 80% 
of the population own mobile phones and 50% have access to the Internet[30], the use of 
digital technology in psychotherapeutic interventions has increased rapidly over the 
past several years[28]. Digital psychotherapeutic interventions essentially allow for 
improved connectivity, accessibility, and availability of support[31]. With the 
interventions being delivered online, a potential exists for a larger audience to receive 
these interventions because they could likely be accessed regardless of geographical 
location[31]. The option of implementing online programs helps mitigate the problem of 
insufficient healthcare professionals and reduce waiting times[22]. Thus, digital 
psychotherapeutic interventions could be comparatively more cost effective than other 
interventions[32]. Another important benefit is that digital psychotherapeutic 
interventions may be more attractive to individuals who may not feel comfortable 
with being out in public places or are reluctant to seek treatment due to social 
stigma[33].

Digital psychotherapeutic intervention aims at alleviating psychological symptoms 
with different assumptions and mechanisms in accordance with the different 
principles of psychotherapy. Figure 1 illustrates the possible mechanisms by which 
digital psychotherapeutic intervention could improve depression, anxiety, and stress 
symptoms in perinatal women. These mechanisms were proposed by extracting the 
frameworks of CBT[12], mindfulness therapy[13], problem-solving therapy[14], stress-
reduction therapy[15], and psychoeducation intervention[16]. Perinatal women 
experienced psychological problems due to dysfunctional thoughts[12], automatic 
reaction[13], being overwhelmed by problems[14], perceived stress[15], and knowledge 
deficit[16]. They may learn how to modify destructive thought patterns[12], improve 
awareness[13], solve problems[14], reduce stress[15], and enhance their knowledge[16]. The 
use of digital technology could improve the connectivity, accessibility, and flexibility 
of psychotherapeutic intervention in accordance with a wide array of functions of 
digital platform[28,29,31]. Besides, the digitalization of psychotherapy could reduce time 
strain, stigma, and personnel costs[22,32,33]. Consequently, perinatal women may alleviate 
their depression, anxiety, and stress symptoms.

A growing number of systematic reviews[28,34,35] have supported the effectiveness of 
digital psychotherapeutic intervention among college students[35], patients with serious 
mental illness[34], and young adults[28]. However, relatively little is known about its 
effectiveness in the perinatal population. Previous reviews[36-38] have investigated the 
potential effect of digital psychotherapeutic intervention among perinatal women. 
However, these reviews were limited to few selected trials[37,38], a mixture of different 
research designs[36-38], few databases[37], and only narrative synthesis[37]. None of these 
reviews investigated the preferred features and the overall evidence. In addition, none 
of them used meta-regression analysis to assess the influence of covariates on their 
effect size. Thus, the effectiveness and essential features of digital psychotherapeutic 
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Figure 1 Potential mechanisms of digital psychotherapeutic intervention in improving psychological outcomes.

intervention among perinatal women remain unclear.
In light of the abovementioned limitations of the existing systematic reviews[36-38], the 

present review aims to synthesize the best evidence to (1) assess the effectiveness of 
digital psychotherapeutic intervention in reducing depression, anxiety, and stress 
symptoms; (2) evaluate the preferred design features of the intervention.

MATERIALS AND METHODS
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines was followed[39]. This review was registered in the PROSPERO database at 
the Centre of Reviews and Dissemination in the United Kingdom (CRD42021226534).

Eligibility criteria
All types of randomized controlled trials (RCTs) were included because of the 
strongest empirical evidence of the intervention’s effectiveness[40]. Published and 
unpublished trials in the English language without restriction to publication year were 
included to maximize the search scope. A description of the eligibility criteria is 
summarized in Supplementary Table 1. The RCTs were selected on the basis of their 
fulfilment of the Participants, Interventions, Comparisons, Outcomes, and Study 
design framework[39]. The population involved perinatal women aged 18 years and 
older from the start of pregnancy to first-year postpartum. The psychotherapeutic 
interventions were included if the content design was based on the CBT theoretical 
principle[12], mindfulness therapy[13], problem-solving therapy[14], stress-reduction 
therapy[15], psychoeducation intervention, or their combination and if they were 
delivered via website or/and mobile application[28]. The comparators or counterparts 
consisted of treatment as usual, waitlist control, or placebo control. Outcomes were 
depression, anxiety, and stress symptoms.

Searching strategies
A scoping search was conducted in the Cochrane Central Register of Controlled Trials, 
Joanne Briggs Institute Evidence Synthesis, and PROSPERO databases to prevent 
duplication of similar systematic reviews. A senior librarian was consulted regarding 
the search strategy. A comprehensive three-step search strategy was conducted in 
congruence with the recommendations of the Cochrane Handbook for Systematic 
Reviews of Interventions[41]. First, a search of published literature up until November 
24, 2020 was conducted using keyword and index terms in eight electronic databases 
as follows: Cumulative Index to Nursing and Allied Health Literature, Cochrane 
Library, Embase, Scopus, PsycINFO, PubMed, Web of Science, and ProQuest 

https://f6publishing.blob.core.windows.net/dfbba02d-1ae6-4e00-9a6f-601c907d0c5b/WJP-11-133-supplementary-material.pdf
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Dissertation and Theses, as shown in Supplementary Table 2. Next, ongoing trials 
from various clinical trial registries (ClinicalTrials.gov, World Health Organization 
International Clinical Trials Registry Platform, and ISRCTN Registry) were explored. 
Lastly, the bibliographies of RCTs and systematic reviews were hand-searched using 
snowballing. In addition, specific journals and different grey literature resources 
(Google Scholar and GreySource) were checked to ensure the comprehensiveness of 
the search[42].

Study selection
Study selection was conducted in accordance with the PRISMA flow diagram[39]. 
EndNote X9 (version 9.3.3) software[43] was used to import all identified citations and 
remove duplicates. After records from the databases were identified, two independent 
reviewers (JYC and KYY) screened the titles and abstracts for relevance. Full-text 
articles of eligible studies were retrieved and examined by the two reviewers 
independently on the basis of eligibility criteria. Differing responses were discussed 
and referred to a third reviewer (YL). Reasons for excluding trials in the full-text 
screening stage were recorded. A Kappa statistic (κ) larger than 0.6 was computed to 
determine an acceptable inter-rater agreement[44].

Data extraction
A standardized data extraction form was developed and piloted in accordance with 
the Cochrane Handbook for Systematic Reviews of Intervention[41]. The items extracted 
in relation to the characteristics of the trials included study setting, city/country, study 
design, sample size, participants’ age (mean and standard deviation), sample size, 
intervention (name), comparator, outcome (measure), attrition rate, grant support, 
intention to treat (ITT), missing data management, published protocol, and 
registration. The items involving digital psychotherapeutic intervention included aim, 
types, component, platform, regime (length, number of sessions, frequency, duration, 
and follow-up), guidance (from therapist/self), and theoretical basis. Dichotomous or 
continuous psychological outcomes, such as depression, anxiety, and stress symptoms 
at post-intervention, were extracted. The authors of the selected trials were contacted 
to obtain unpublished data or clarify questionable information.

Quality assessment
The Cochrane Collaboration risk-of-bias tool[45] was adopted to individually evaluate 
the quality of the trials. Two reviewers (JYC and KYY) conducted the assessments 
independently to minimize errors[41]. Selection, performance, detection, attrition, and 
reporting biases were assessed using the following six domains: (1) Random sequence 
generation; (2) Allocation concealment; (3) Participant and personnel blinding; (4) 
Outcome assessment blinding; (5) Incomplete outcome data; and (6) Selective 
reporting. The risk for each author was graded as low, high, or unclear. The attrition 
rate, ITT, missing data management, published protocol, and registration of selected 
trials were investigated to further assess the quality of evidence.

The Grading of Recommendations, Assessment, Development, and Evaluation 
(GRADE) checklist[46] was adopted to judge the overall quality and strength of the 
recommendations by using GRADEpro 3.6 software[47]. The overall evidence was 
graded as high, moderate, low, or very low in accordance with five aspects: 
Methodological limitations, inconsistency, indirectness, imprecision, and publication 
bias[48]. Publication bias was evaluated through visual inspection of the funnel plot 
asymmetry[49] and Egger’s test[50] when each outcome included 10 or more trials.

Statistical analysis
Comprehensive Meta-Analysis software (version 3)[51] was used for meta-analyses. The 
random-effect model was also used because it accounts for the statistical assumption 
of variation in the estimation of mean across all trials[52]. The overall effect was 
computed using Z-statistics at a significance level of P < 0.05. The pooled mean effect 
sizes of psychological outcomes were estimated using Hedges’ g, which provides an 
accurate estimation of the overall effect size when the included trials have small 
sample sizes[53]. The effect size was interpreted as small (0.2), medium (0.5), large (0.8), 
and very large (1.2)[54].

The inverse-variance statistical method was utilized to compute continuous 
outcomes[41]. Heterogeneity was evaluated on the basis of the Cochran Q test, in which 
P < 0.10 indicates the presence of significant statistical heterogeneity[41]. The I2 statistic 
was used to quantify the degree of heterogeneity, in which I2 indicates the variation 
percentage[55], such as 0%-40% (may not be important), 30%-60% (moderately 

https://f6publishing.blob.core.windows.net/dfbba02d-1ae6-4e00-9a6f-601c907d0c5b/WJP-11-133-supplementary-material.pdf
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important), 50%-90% (substantially important), and 75%-100% (considerably 
important)[56].

Additional analysis
Sensitivity analyses were conducted to identify heterogeneous trials that were 
removed to maintain overall homogeneity[57]. Subgroup analyses were also performed 
to reduce the overall heterogeneity across studies (I2 > 40%)[58] and compare the effects 
among various populations, settings, and features of intervention[59]. The predefined 
subgroups included population nature, theoretical principle, digital platform, aim of 
intervention, guidance, and number of sessions.

Meta-regression analysis was conducted to explain whether the heterogeneity 
between trials could be attributed to covariates[60]. A random-effect meta-regression 
model was used to assess if the year of publication, mean age, sample size, type of 
psychotherapy, number of sessions, and duration influenced the effect size of digital 
psychotherapeutic intervention. A significance level of P < 0.05 was used for the 
random-effect meta-regression analysis. Narrative synthesis of outcomes was 
performed when meta-analysis could not be conducted on the data.

RESULTS
Study selection
Figure 2 illustrates a PRIMSA flowchart of the selection of trials. A total of 34249 
articles were identified from eight databases, and 8046 duplicates were removed using 
Endnote. Six additional records obtained from snowballing were included. After 
screening was conducted by two independent reviewers (JYC and KYY), 26167 articles 
were excluded in accordance with their titles and abstracts, and 42 full-test articles 
were selected for eligibility. Twenty-five RCTs were eventually selected. Among them, 
24 were international peer-reviewed articles[61-84] and one was an unpublished doctoral 
dissertation[85]. Moderate agreement was reached between the dyad raters (κ = 0.78).

Characteristics of included randomized controlled trials
Table 1 summarizes the characteristics of 3239 perinatal women in the 25 included 
RCTs from 2009[85] to 2020[77] in Australia[73,75], Canada[81], China[84], Germany[70,71], Iran[67], 
Netherlands[66,76,76], Portugal[64], Scotland[72], Singapore[68], Sweden[65,74,78], 
Switzerland[82,83], the United States of America[62,63,69,85], the United Kingdom[79,80], and 23 
countries[61]. The RCTs were two armed (k = 22) or three armed (k = 3)[67,68,74]. They were 
conducted in hospital (k = 2)[68,84] or in the community (k = 23). The populations studied 
included healthy antenatal[61,62,74,76,77] and postnatal[68,85] women and women who 
experienced psychological problems[64-67,73,75,77-81,84], insomnia[63,69], preterm labor[82,83], 
miscarriage[72], or pregnancy loss[70,71]. The sample size ranged from 25[62] to 910[80]. The 
mean age was between 27.7[67] and 34.6[78] years.

Risk of bias
A risk-of-bias summary is shown in Supplementary Figure 1 with moderate inter-rater 
agreement (κ = 0.72). Among the 25 included RCTs, 53.33% had low risk of bias across 
six domains. More than half (56%) had unclear allocation concealment. The 
participants and personnel in the majority of trials were not blinded (92%). 
Assessment of the outcomes was also not blinded in most trials (72%). Eleven 
RCTs[61,70-72,74,78-80,84,85] did not have published protocols nor were registered in any 
clinical trial registry. Therefore, 44% of the reported bias was unclear. The attrition 
rates ranged from 1.1%[69] to 66.1%[61]. The majority of trials used ITT analysis (68%) 
and mentioned missing data management (60%).

Digital psychotherapeutic intervention
A detailed description of digital psychotherapeutic intervention for the 25 trials is 
presented in Supplementary Table 3. The aims of intervention were divided into 
prevention and treatment using CBT principles, mindfulness therapy, problem-solving 
therapy, stress-reduction therapy, psychoeducation intervention, or the combined 
version. The interventions were mainly delivered via website (k = 22) or mobile 
application (k = 4)[63,67,77,84], and some of them were supplemented with email, phone 
call, short messaging service, or home visit. The elements consisted of counselling, 
education, advice, assignment, feedback, reminder, forum, support, self-monitoring, 
questions, and answers. The interventions lasted between 10[62] and 90[61] min and 

https://f6publishing.blob.core.windows.net/dfbba02d-1ae6-4e00-9a6f-601c907d0c5b/WJP-11-133-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/dfbba02d-1ae6-4e00-9a6f-601c907d0c5b/WJP-11-133-supplementary-material.pdf
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Table 1 Characteristics of selected 25 randomised controlled trials

Ref. Country/setting Design Population 
(nature)

Age 
(mean ± 
SD)

Intervention (name) Comparator Sample 
size

Outcome 
(Measures)

Attrition 
rate (%) ITT/MDM Protocol/registry Grant

Barrera 
et al[61], 2015

23 countries/Community 2-arm 
RCT

Antenatal 
(mixed 
trimesters)

30.2 ± 5.6 Mood management 
internet intervention 
(Curso Internet de 
Mamás y Bebés)

Placebo 
(Information 
only)

I: 57; C: 54 Depression symptoms 
(CES-D)

66.1% No/No No/No Yes

Duffecy 
et al[62], 2019

United States/Community 2-arm 
RCT

Antenatal (20–28 
wk)

30.5 ± 4.1 Share (group) condition 
(Sunnyside)

Placebo 
(individual) 
condition

I: 18; C: 7 Depression symptoms 
(PHQ-8 and HDRS)

28% No/No No/Yes Yes

Felder et al[63], 
2020

United States/Community 2-arm 
RCT

Antenatal (≤ 28 
wk, insomnia by 
SCI, EPDS ≥ 15)

33.6 ± 3.7 Digital cognitive 
behavioural therapy for 
insomnia (Sleepio)

Treatment as 
usual

I: 105; C: 
103

Depression symptoms 
(EPDS), Anxiety 
symptoms (GAD-7)

11.1 % Yes/No No/Yes Yes

Fonseca 
et al[64], 2019

Portugal /Community 2-arm 
RCT

Postnatal 
women (PDPI-R 
≥ 5.5 or EPDS > 
9

32.6 ± NR Web-based intervention 
(Be a Mom)

Waitlist I: 98; C: 96 Depression symptoms 
(EPDS)

24.2 % Yes/Yes No/Yes Yes

Forsell et al[65], 
2017

Sweden/Community 2-arm 
RCT

Antenatal (10-28 
wk, major 
depression by 
SCID; MADRS-
S: 15-35)

31.0 ± NR Internet-delivered 
cognitive behaviour 
therapy (ICBT)

Treatment as 
usual

I: 22; C: 20 Depression symptoms 
(EPDS and MADRS-
S), Anxiety symptoms 
(GAD-7)

7.1 % Yes/Yes No/Yes Yes

Heller et al[66], 
2020

Netherlands /Community 2-arm 
RCT

Antenatal (< 30 
wk with CES-D 
≥ 16, HADS-A ≥ 
8)

32.0 ± NR Internet- based problem-
solving treatment 
(MamaKits Online)

Treatment as 
usual

I: 79; C: 80 Depression symptoms 
(EPDS and CES-D), 
Anxiety symptoms 
(HADS-A)

17.6% Yes/Yes Yes/Yes Yes

Jannati et al
[67], 2020

Iran/Community 3-arm 
RCT

Postnatal (≤ 6 
mo, EPDS ≥ 13 
and MINI)

27.7 ± 4.2 App-based cognitive 
behavioural therapy 
(Happy Mom)

Treatment as 
usual

I: 39; C: 39 Depression symptoms 
(EPDS)

3.9% No/No No/Yes Yes

Jiao et al[68], 
2019

Singapore/Hospital 3-arm 
RCT

Postnatal (first 
time mother < 6 
wk)

30.7 ± NR Web-based 
psychoeducational 
intervention (NR)

Treatment as 
usual

I: 68; C: 68 Depression symptoms 
(EPDS)

6.9% Yes/Yes Yes/Yes Yes

Kalmbach 
et al[69], 2020

United States/Community 2-arm 
RCT

Antenatal (27.76 
± 0.87 wk with 
insomnia using 
ISI ≥ 10 and 
EPDS ≥ 19)

29.0 ± 4.2 Digital cognitive 
behavioural therapy for 
insomnia (Sleepio)

Placebo (Digital 
sleep education)

I: 46; C: 45 Depression symptoms 
(EPDS)

1.1% Yes/Yes No/Yes Yes

Kersting 
et al[71], 2011

Germany/Community 2-arm 
RCT

Postnatal (loss of 
child with 5-43 
wk)

34.3 ± 5.3 Internet-based cognitive 
behavioural treatment 
programme (NR)

Waitlist I: 45; C: 33 Depression symptoms 
(GSI-D), Anxiety 
symptoms (GSI-A) 
Stress symptoms (IES)

22.9% Yes/Yes No/No Yes
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Kersting 
et al[70], 2013

Germany/Community 2-arm 
RCT

Postnatal (loss of 
child with 2-40 
wk)

34.2 ± 5.2 Internet-based cognitive 
behavioural treatment 
programme (NR)

Waitlist I: 115; C: 
113

Depression symptoms 
(GSI-D) Anxiety 
symptoms (GSI-A) 
Stress symptoms (IES-
R)

12.7% Yes/No No/No Yes

King et al[85], 
2009

United States/Community 2-arm 
RCT

Postnatal (≤ 12 
mo)

32.5 ± NR Internet-based stress 
management program 
(LivingSmart)

Face- to-Face 
control group

I: 28; C: 29 Depression symptoms 
(BDI-II), Anxiety 
symptoms (STAI) 
Stress symptoms 
(PSS)

33.1% No/No No/No Yes

Klein et al[72], 
2012

Scotland/Community 2-arm 
RCT

Postnatal 
(Miscarriage 
with < 24 wk)

33.0 ± 6.3 Web-based intervention 
(Miscarriage matters)

Treatment as 
usual

I: 33; C: 34 Depression symptoms 
(HADS-D), Anxiety 
symptoms (HADS-A)

35.8% Yes/Yes No/No Yes

Loughnan 
et al[73], 2019

Australia/Community 2-arm 
RCT

Antenatal (13-30 
wk, GAD-7 > 9 
and/or PHQ-9 > 
9)

31.6 ± 4.0 Internet-delivered 
cognitive behavioural 
therapy program 
(MUMentum Pregnancy)

Treatment as 
usual

I: 43; C: 44 Depression symptoms 
(EPDS), Anxiety 
symptoms (GAD-7) 
Stress symptoms (K-
10)

11.5% Yes/Yes Yes/Yes Yes

Matvienko-
Sikar et al[74], 
2017

Sweden/Community 3-arm 
RCTs

Antenatal (10-
22) wk

33.8 ± 3.0 Novel positive 
psychological 
intervention (BodyScan 
and Reflection)

Treatment as 
usual

I: 32; C: 14 Depression symptoms 
(EPDS) Stress 
symptoms (PDQ)

6.5% No/No No/No No

Milgrom 
et al[75], 2016

Australia/Community 2-arm 
RCT

Postnatal (< 12 
mo, EPDS 11-23)

31.6 ± NR Internet cognitive 
behavioural therapy 
(MumMoodBooster)

Treatment as 
usual

I: 21; C: 22 Depression symptoms 
(BDI-II), Anxiety 
symptoms (DASS-21-
A), Stress symptoms 
(DASS-21-S)

6.9% Yes/Yes No/Yes Yes

Missler 
et al[76], 2020

Netherlands/Community 2-arm 
RCT

Antenatal (26-34 
wk)

32.5 ± NR Psycho-educational 
Intervention (NR)

Waitlist I: 68; C: 69 Depression symptoms 
(EPDS), Anxiety 
symptoms (HADS-A), 
Stress symptoms (PSI)

11.7% Yes/Yes Yes/Yes Yes

Molenaar 
et al[77], 2020

Netherlands/Community 2-arm 
RCT

Antenatal (12-16 
wk, depression 
history)

32.2 ± 4.9 Discontinuation of anti-
depressants with 
Preventive Cognitive 
Therapy (STOP)

Treatment as 
usual

I: 24; C: 20 Depression symptoms 
(EPDS and HDRS), 
Anxiety 
symptoms(STAI)

13.6% No/No Yes/Yes Yes

Nieminen 
et al[78], 2016

Sweden/Community 2-arm 
RCT

Postnatal (≥ 3 
mo, TES ≥ 30)

34.6 ± 4.8 Internet-based trauma-
focused cognitive 
behaviour therapy (TF-
ICBT)

Waitlist I: 28; C: 28 Depression symptoms 
(BDI-II and PHQ-9), 
Anxiety symptoms 
(BAI), Stress 
symptoms (IER-R)

9.8% Yes/Yes No/No Yes

O'Mahen 
et al[80], 2013

United 
Kingdom/Community

2-arm 
RCT

Postnatal (< 12 
mo, EPDS > 12)

32.3 ± NR Internet-based 
behavioral activation 
(Netmums)

Treatment as 
usual

I: 462;C: 
448

Depression symptoms 
(EPDS)

61% Yes/No No/No Yes

O'Mahen United 2-arm Postnatal (< 12 Internet behavioral Treatment as Depression symptoms 32.3 ± NR I: 41; C: 42 13.2% Yes/Yes No/No Yes
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et al[79], 2014 Kingdom/Community RCT mo, EPDS > 12) activation treatment 
(NetmumsHWD)

usual (EPDS), Anxiety 
symptoms (GAD-7)

Pugh et al[81], 
2016

Canada/Community 2-arm 
RCT

Postnatal (< 12 
mo, EPDS ≥ 10)

≥ 18 ± NR Therapist assisted, 
Internet-delivered 
cognitive behavior 
therapy (TA-ICBT)

Waitlist I: 25; C: 25 Depression symptoms 
(DASS-21-D), Anxiety 
symptoms (DASS-21-
A), Stress symptoms 
(DASS-21-S)

18% Yes/Yes No/Yes Yes

Scherer 
et al[82], 2016

Switzerland/Community 2-arm 
RCT

Postnatal 
(preterm labour 
with 18-32 wk)

32.7 ± 3.0 Internet-based cognitive 
behavioral stress 
management (IB-CBSM)

Placebo 
(Limited 
support)

I: 51; C: 42 Anxiety symptoms 
(STAI-S), Stress 
symptoms (PSS)

37.6% No/No No/Yes Yes

Urech et al[83], 
2018

Switzerland/Community 2-arm 
RCT

Postnatal 
(preterm labour 
with 18-32 wk)

32.6 ± 3.7 Internet-based cognitive 
behavioral stress 
management (IB-CBSM)

Placebo (Generic 
information)

I: 50; C: 43 Depression symptoms 
(EPDS), Anxiety 
symptoms(STAI-S 
and PRA), Stress 
symptoms (PSS)

44.1% No/Yes No/No Yes

Yang et al[84], 
2019

China/Hospital 2-arm 
RCT

Antenatal (24-30 
wk, GAD-7 > 4 
or PHQ-9 > 4)

30.9 ± NR Online mindfulness 
intervention (NR)

Placebo 
(Wechat)

I: 62; C: 61 Depression symptoms 
(PHQ-9), Anxiety 
symptoms (GAD-7)

13.8% Yes/Yes No/No Yes

BAI: Beck anxiety inventory; BDI-II: Beck depression inventory-II; C: Control; CES-D: Center for epidemiological studies depression; CES-D: Centre for epidemiologic studies-depression scale; DASS-21-A: Depression, anxiety and stress 
scales-21- anxiety subscale; DASS-21-D: Depression, anxiety and stress scales-21- depression subscale; DASS-21-S: Depression, anxiety and stress scales-21- stress subscale; EPDS: Edinburgh postnatal depression scale; GAD-7: Generalized 
anxiety disorder scale; GSI-A: Global severity index-anxiety subscale; GSI-D: Global severity index-depression subscale; HADS-A: Hospital anxiety and depression scale-anxiety subscale; HADS-A: Hospital anxiety and depression scale-
anxiety subscale; HADS-D: Hospital anxiety and depression scale-depression subscale; HDRS: Hamilton depression rating scale; I: Intervention; IES: Impact of event scale; IES-R: Impact of event scale-revised; ISI: Insomnia severity index; 
ITT: Intention-to-treat analysis; K-10: Kessler psychological distress 10-item scale; MADRS-S: Montgomery-Asberg depression rating scale self-report version; MDM: Missing data management; MINI: International neuropsychiatric 
interview; NR: Not reported; PDPI-R: Postpartum depression predictors inventory-revised; PDQ: Prenatal distress scale; PHQ-8: Patient health questionnaire-8; PRA: The pregnancy related anxiety test; PSI: Parenting stress index; PSS: 
Perceived stress scale; RCT: Randomised controlled trial; SCI: Sleep condition indicator; SCI-I: Structural clinical interview for DSM Axis I disorders; STAI: State trait anxiety inventory; STAI-S: Spielberger state trait anxiety inventory; TES: 
Traumatic event scale.

ranged from three sessions[73] to 12 sessions[79] for 3[74]-15[80] wk. They were either self-
guided (k = 7)[61,64,65,67,73,83,85] or therapist-guided (k = 18). The majority of them reported 
follow-up assessment (k = 19) a using theoretical basis (k = 23).

Depression symptoms 
A total of 19 RCTs[62,65-76,78-81,84,85] considered depression symptoms as the outcome 
among 1736 perinatal women by using various measures. Meta-analysis results 
observed that digital psychotherapeutic intervention had a medium effect size (g = 
0.49) in alleviating depression symptoms significantly (Z = -3.75, P < 0.001) compared 
with the control. Figure 3 illustrates the pooled results of meta-analysis using the 
random-effect model. Sensitivity and subgroup analyses were conducted given the 
considerable heterogeneity (I2 = 84.41). However, the heterogeneity remained 
unexplained.
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Figure 2 Study selection.

Subgroup analyses
A series of subgroup analyses was conducted (Table 2) on the basis of population 
nature, theoretical principle, digital platform, aim of intervention, guidance, and 
number of sessions. The effect sizes were greater and significant among postnatal 
women (g = 0.67) than antenatal women (g = 0.24). Subgroup analyses demonstrated 
that the essential features of the intervention, that is, the use of CBT principle only (g = 
0.56) via a website platform (g = 0.32) for the purpose of treatment (g = 0.71) were 
significant. Therapist-guided intervention (g = 0.40) and ≥ eight sessions were more 
effective than their counterparts. However, no significant subgroup differences (P = 
0.09–0.54) were found.

Meta-regression analyses
Univariate and multivariate random-effect regression was performed to examine 
whether the effect size magnitude was related to covariates (year of trials, age, sample 
size, number of sessions, type of psychotherapy, and duration of intervention), as 
shown in Table 3. The results of univariate and multivariate random-effect regression 
analyses showed that age (β = 0.18, P = 0.02; β = 0.14, P = 0.04, respectively) and the 
use of CBT (β = 0.07, P < 0.001; β = 0.07, P < 0.001, respectively) had significant effects 
on depression symptoms. The Q-value for the multivariate random-effect regression 
model was 68.76, with df = 16 and P < 0.001. Thus, the null hypothesis was rejected, 
and the effect size was related to covariates. The explained variance (R2 = 0.364) was 
calculated using the regression model, and it revealed that 36.40% of the variance in 
true effects could be explained by these two covariates. Two bubble plots of 
depression symptoms on age and types of psychotherapy are presented in 
Supplementary Figure 2. The multivariate meta-regression model suggested that 
younger perinatal women who received CBT showed a larger effect size in terms of 

https://f6publishing.blob.core.windows.net/dfbba02d-1ae6-4e00-9a6f-601c907d0c5b/WJP-11-133-supplementary-material.pdf
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Table 2 Subgroup analyses of digital psychotherapeutic intervention on depression symptoms

Deign Subgroups No of trials Sample 
size g P 

value
Subgroup differences, P 
value

Antenatal women 8[62,65,66,69,73,74,76,84] 622 -0.24 0.16Population nature

Postnatal women 11[67,68,70-72,75,78-81,85] 1114 -0.67 < 0.001c

Q = 2.95, P = 0.09

Cognitive behavioural therapy and 
others

3[67,73,78] 185 -1.11 0.19

Cognitive behavioural therapy only 8[62,65,69-71,79-81] 447 -0.56 < 0.001c

Theoretical 
principle

Other psychotherapy 8[66,68,72,74-76,84,85] 691 -0.19 0.26

Q = 4.13, P = 0.13

Website 17[64-66,68-76,78-81,85] 1538 -0.32 < 0.001cDigital platform

Mobile application 2[67,84] 198 -1.93 0.06

Q = 2.49, P = 0.11

Prevention 9[62,68,70-74,76,85] 741 -0.25 0.09Aim

Treatment 10[65-67,69,75,78-81,84] 995 -0.71 < 0.001c

Q = 3.31, P = 0.07

Self-guided 4[65,67,73,85] 211 -0.83 0.23Guidance

Therapist-guided 15
[62,66,68-72,74-76,78-81,84]

1525 -0.40 < 0.001c

Q = 0.37, P = 0.54

< 8 sessions 8[66,69,73,75,76,81,84,85] 650 -0.26 0.15 Q = 2.47, P = 0.12Number of sessions

≥ 8 sessions 11
[62,65,67,68,70-72,74,78-80]

1086 -0.66 < 0.001c

Hedges’s g: Effect size; Q: Cochran’s statistic; Z: z-statistics.
aP < 0.05.
bP < 0.01.
cP < 0.001.

Table 3 Random-effects univariate and multivariate meta-regression analyses of covariates on depression symptoms

Univariate meta-regression Multivariate meta-regression
Covariates

β SE 95%CI P value β SE 95%CI P value

Age 0.18 0.08 0.03, 0.33 0.02b 0.14 0.07 0.01, 0.27 0.04a

Cognitive behavioral therapy1 -0.077 0.23 -1.23, 0.31 < 0.001c -0.070 0.24 -1.16, -0.23 < 0.001c

Year of trials -0.02 0.04 -0.10, 0.06 0.66 - - - -

Sample size < 0.001 < 0.001 -0.00, 0.00 0.94 - - - -

Numbers of session -0.05 0.04 -0.13, 0.03 0.20 - - - -

Duration of intervention (wk) -0.07 0.05 -0.16, 0.02 0.13 - - - -

1Reference group: Non-cognitive behavioral therapy.
aP < 0.05.
bP < 0.01.
cP < 0.001.
β: Coefficient; SE: Standard error; CI: Confident interval.

improving depression symptoms than older perinatal women who received other 
psychotherapies. However, covariates such as year of trial, sample size, number of 
sessions, and duration of intervention had no effect on these symptoms.

Anxiety and stress symptoms
Fourteen RCTs[65,66,70-73,75,76,78,79,81,82,84,85] assessed the effectiveness of digital psychotherap-
eutic intervention in 1091 perinatal women by using anxiety as an outcome. Meta-
analysis results indicated that digital psychotherapeutic intervention exerted a 
significant effect on improving anxiety symptoms (Z = -5.72, P = 0.007), with a small 
effect size (g = 0.25), as shown Figure 4. Moderate heterogeneity (I2 = 50.70%) was also 
found. Another 10 RCTs[70,71,73-76,78,81,82,85] used stress as an outcome in 720 perinatal 
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Figure 3 Forest plot of Hedges’s g (95% confidence interval) in depression symptoms for digital psychotherapeutic intervention and 
comparators.

Figure 4 Forest plot of Hedges’s g (95% confidence interval) in anxiety symptoms for digital psychotherapeutic intervention and 
comparators.

women. Meta-analysis results demonstrated that stress symptoms were significantly 
reduced (Z = -2.90, P < 0.001) in the intervention group with a medium effect size (g = 
0.47) compared with the comparator (Figure 5). Considerable heterogeneity (I2 = 
75.34%) was also revealed. Sensitivity and subgroup analyses were conducted to 
decrease the I2 in both outcomes, but the heterogeneity did not improve.

Narrative synthesis
Given that five trials[61,63,64,77,83] did not report inadequate data for pooling of data in the 
present meta-analysis, the authors were contacted three times to ask for 
supplementary data on the psychological outcomes. Unfortunately, the team did not 
receive any reply. Thus, narrative synthesis was conducted. One trial[63] showed that 
digital CBT considerably reduced depression and anxiety symptoms. However, one 
trial[62] did not clearly report psychological outcomes after intervention, and another 
three[61,77,83] suggested that the intervention did not significantly improve the 
psychological outcomes. These inconsistencies indicated the need for further 
investigation.
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Figure 5 Forest plot of Hedges’s g (95% confidence interval) in stress symptoms for digital psychotherapeutic intervention and 
comparators.

Overall evidence
In accordance with the GRADE criteria, the overall quality of evidence was graded as 
very low (Supplementary Figure 2). For the outcome measures of depression, anxiety, 
and stress symptoms, methodological limitations were downgraded because of 
performance, selection, and detection biases. Inconsistency was downgraded because 
of moderate to considerable heterogeneities (50.70%–84.41%). Indirectness was 
downgraded due to the variation in digital psychotherapeutic interventions. 
Imprecision was downgraded because of small sample size with wide confidence 
intervals. Publication bias was not detected for trials that reported depression, anxiety, 
and stress scores, as observed from the symmetrical distribution of the included trials 
on the funnel plots (Supplementary Table 4). The P value of Egger’s regression 
asymmetry tests ranged from 0.24 to 0.33, thereby suggesting no evidence of 
publication bias.

DISCUSSION
This review revealed statistically significantly lower depression, anxiety, and stress 
symptom scores with small to medium effect in digital psychotherapeutic intervention 
than in the comparators. Subgroup analyses identified that the essential features of the 
intervention, that is a website platform with ≥ eight therapist-guided sessions using 
CBT principle for treatment among postnatal women appeared to be more effective in 
improving depression symptoms than their counterparts. Meta-regression analyses 
observed that the age of perinatal women and the type of psychotherapy had 
statistically significant effects on depression symptoms.

The findings revealed that digital psychotherapeutic interventions were effective in 
improving depression, anxiety, and stress symptoms among perinatal women. These 
results are consistent with those of previous reviews[36-38]. They could explain the 
proposed mechanistic pathways linking digital psychotherapeutic intervention to 
psychological outcomes (Figure 1). Digital psychotherapeutic interventions aid 
perinatal women to modify their dysfunctional thoughts[12], ameliorate their level of 
awareness[13], enhance their problem-solving skills[14], deal with stress[15], and acquire 
further knowledge[16]. Such principles of psychotherapy help build resilience, as 
women are able to learn and strengthen their cognitive flexibility[86]. Digital platform 
allows for improving connectivity, accessibility, and availability[31]. Moreover, it could 
reduce the time constraint, social stigma, and cost[22,32,33]. The components of digital 
psychotherapeutic interventions involve reminders, forums, and self-monitoring; they 
help enhance the ability of women to actively adapt to their circumstances and 
improve their abilities to cope with stressful perinatal situations[87]. As a result, 
perinatal women may improve their depression, anxiety and stress symptoms.

Subgroup and meta-regression analyses highlighted that the use of the CBT 
principle, therapist support, and ≥ eight sessions using website platform for treatment 
among postnatal young women could optimize the intervention effect. Efficacious 
intervention adopted the CBT principle, possibly because CBT is a patient-centered 
and personalized therapy that uses collaborative psychological approach[12]. The core 

https://f6publishing.blob.core.windows.net/dfbba02d-1ae6-4e00-9a6f-601c907d0c5b/WJP-11-133-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/dfbba02d-1ae6-4e00-9a6f-601c907d0c5b/WJP-11-133-supplementary-material.pdf
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components of cognitive restructuring and behavioral activation assist perinatal 
women to understand their own special beliefs and behavior patterns via counselling, 
education, advice, and assignment and finding an enhanced method to modify their 
dysfunctional thoughts, thus bringing about emotional and behavioral changes and 
improving their psychological problems[12]. Therapist support involved increased 
levels of customized human support to provide feedback, support, questions, and 
answers in a flexible manner for clarifications that could intensify the effect of 
intervention and improve depression symptoms[88]. In addition, ≥ eight sessions was 
suggested to be the appropriate number for intervention. This finding seems to be a 
possible explanation of a dose-response effect from the cumulative intervention 
intensity[89].

The interventions are effective for the purpose of treatment, and they are targeted at 
complicated perinatal women, such as those who experienced psychological 
problems[65-67,73,75,78-81,84], insomnia[69], miscarriage[72], or pregnancy loss[70,71]. This finding is 
consistent with that of a previous review[36], which showed that preventive digital 
psychotherapy may not be as effective as when targeted at high-risk perinatal women. 
High-risk women are possibly more willing to seek help and be actively involved in 
psychotherapy because they felt depressed, anxious, or stressed for a long period than 
low-risk women[3,24].

Young women are particularly at high risk of having perinatal mental disorders 
because they may not access antenatal care or mental health services in a timely 
manner[3]. Similar to the findings of a previous review[87], interventions implemented 
during the postnatal period were more effective than those implemented during the 
antenatal period. Postnatal period is a time of adaptation to parenthood, and postnatal 
women need to adjust to the new role of motherhood and familial relationships[90]. 
Therefore, interventions were found to be more effective in postnatal women. Website 
was found to be the preferred platform among perinatal women. This case may be 
linked to perinatal women expressing interest in the use of web-based resources and 
their increased engagement in e-mental health[91]. One study suggested that mobile 
applications are an important source of support during childbearing[92]. Low statistical 
power in small sample size was possible because only two trials were conducted in 198 
perinatal women by using mobile applications in subgroup analysis. Further 
investigation is necessary.

This review demonstrates that digital psychotherapeutic intervention may be a 
potential solution to reduce psychological problems in perinatal women. The poor 
quality of existing evidence reduced certainty in implementing digital 
psychotherapeutic intervention at this phase. However, the subgroup and meta-
regression analysis results could provide a future direction in designing interventions 
effectively. Future designs should consider therapist-guided treatment among young 
postnatal women.

This systematic review has several strengths. It is the first systematic review to 
investigate the essential features, covariates, and quality of the overall evidence. A 
total of 25 RCTs were selected, and the PRISMA criteria were strictly followed, with a 
robust three-step search strategy throughout eight databases. RCTs were selected from 
over 23 countries using published and unpublished resources. Hedges’s g was 
adopted to accurately estimate the overall effect size because of the small sample size 
in most of the included RCTs. However, this review also has some limitations. First, 
the restriction to trials in English and self-selected samples from media recruitment 
may have limited the generalization of the findings. Second, the high heterogeneities 
in the meta-analyses could have resulted from the low accuracy of pooled estimates. 
Third, self-report measures may have led to overestimation or underestimation of the 
effect size. Fourth, very low overall evidence could have diminished the internal 
validity of the findings. Lastly, this review only pooled post-intervention outcomes; 
thus, the sustainability of digital psychotherapeutic intervention remains uncertain.

This review highlighted a number of directions for future trials. Further well-
designed RCTs are needed, particularly allocation concealment, participant and 
personnel blinding, and outcome assessment blinding. Future RCTs should stick to the 
consolidated standards of reporting trial statements[93]. Future trials should also 
consider a large sample size to provide a more precise estimate of the effect size and 
generalize the results. Considering that CBTs using website platform have dominated 
the existing literature, upcoming research should focus on different types of 
psychotherapy using other digital platforms for fair comparison. Future trials are 
warranted to assess the long-term effect and cost-effectiveness of digital 
psychotherapeutic intervention among perinatal women.
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CONCLUSION
Meta-analyses found a small to medium and significant group difference favoring 
digital psychotherapeutic interventions over the comparators in regard to depression, 
anxiety, and stress outcomes. This systematic review provides evidence for the 
effectiveness of digital psychotherapeutic intervention in reducing psychological 
problems during the perinatal period. Future designs should consider the use of CBT 
principle, therapist support, and ≥ eight sessions using website platform for the 
treatment of postnatal young women. Further high-quality RCTs with large sample 
sizes are required to evaluate the sustainability of the intervention.

ARTICLE HIGHLIGHTS
Research background
Perinatal women are at increased susceptibility of psychological problems, including 
depression, anxiety, and stress. Perinatal psychological problems are associated with 
considerable adverse effects on women, offspring, family, and healthcare services.

Research motivation
Previous reviews were limited to few selected trials, a mixture of different research 
designs, few databases, and only narrative synthesis. None of the previous reviews 
investigated the preferred features of digital psychotherapeutic intervention and the 
influence of covariates on study effect size.

Research objectives
This review aimed to synthesize the best evidence to (1) assess the effectiveness of 
digital psychotherapeutic intervention in reducing depression, anxiety, and stress 
symptoms; and (2) evaluate the preferred design features of the intervention.

Research methods
A comprehensive three-step search strategy was conducted in congruence with the 
recommendations of the Cochrane Handbook for Systematic Reviews of Interventions 
from eight databases. Comprehensive Meta-analysis 3.0 software was used to conduct 
meta- and meta-regression analyses. The individual and overall quality of the evidence 
were evaluated using the Cochrane risk-of-bias tool and the Grading of Recommenda-
tions, Assessment, Development, and Evaluation criteria.

Research results
A total of 25 randomized controlled trials that included 3239 perinatal women were 
identified. Meta-analyses revealed that digital psychotherapeutic intervention 
significantly improved the depression (g = 0.49), anxiety (g = 0.25), and stress (g = 0.47) 
symptoms of perinatal women compared to the control. Subgroup analyses 
demonstrated that a website platform with ≥ eight therapist-guided sessions using the 
cognitive behavioral therapy theoretical principle was more effective than other 
treatments in postnatal women. Meta-regression analyses observed that the age of 
perinatal women and the type of psychotherapy had statistically significant effects on 
depression symptoms. Egger’s regression asymmetry tests found no publication 
biases, but the overall quality of evidence was very low.

Research conclusions
This systematic review provides evidence for the effectiveness of digital psychothera-
peutic intervention in reducing psychological problems during the perinatal period, 
particularly depression, anxiety, and stress symptoms. Future designs should consider 
the use of the cognitive behavioral therapy principle, therapist support, and ≥ eight 
sessions using a website platform for the treatment of postnatal young women.

Research perspectives
Given that the poor quality of the existing evidence reduced certainty in implementing 
digital psychotherapeutic intervention at this phase, further high-quality randomized 
controlled trials with large sample sizes are required to evaluate the sustainability of 
the intervention.
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