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Abstract

Background: Pregnancy is a vulnerable period for women, with an increased risk of mental health issues such as depres-
sion and anxiety. The perinatal period is particularly important, as maternal mental health significantly impacts maternal
physical health, pregnancy outcomes, postnatal outcomes, and fetal and infant development. Psychotherapeutic interventions
for depression are essential, especially given the limitations of medication use during pregnancy. However, perinatal women
experiencing depression often encounter barriers to accessing these interventions. Digital health interventions may offer a
promising approach to overcome these barriers.

Objective: This study aimed to (1) evaluate the effectiveness of Avecmom, a self-help, mindfulness-based mobile intervention,
in reducing depression severity among pregnant women with mild to moderate depression; (2) examine its impact on emotional
well-being and maternal-fetal attachment; and (3) explore whether the effect on mental well-being is mediated by increased
mindfulness and reduced depression severity.

Methods: Participants were recruited both online and offline. Of 158 screened individuals, 90 met the inclusion criteria and
were randomly assigned to either the intervention or control group. The intervention group used both the Avecmom and Big 4+
apps, while the control group used only the Big 4+ app. Depressive symptoms, anxiety, and stress were assessed as primary
outcomes at baseline and postintervention. Mindfulness, mental well-being, positive and negative emotions, and maternal-fetal
attachment were assessed as secondary outcomes. Analysis of covariance (ANCOVA) was conducted with postintervention
scores as the dependent variable, adjusting for baseline scores. To estimate the mechanism of change following Avecmom
mobile app use, the bootstrapping technique with PROCESS Macro Model 6 was employed, applying the difference score from
postintervention to baseline.

Results: A total of 86 pregnant women (intervention group: n=42; control group: n=42) completed the study and were
included in the final analysis, reflecting an overall dropout rate of 4% (4/90). At postintervention, the intervention group
demonstrated lower depression severity scores (Fg4=5.69; P=.02; partial n?=0.06) and higher scores of mindfulness
(F184=11.18; P=.001; partial n?=0.12), maternal-fetal attachment (F 1.84=5.54; P=.02; partial n*=0.06), mental well-being
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(F1 84=8.79; P=.004; partial n*=0.10), and positive affect (F g4=7.21; P=.009; partial n*=0.08) compared to the control group.
Serial mediation analysis revealed that Avecmom app use influenced mental well-being through sequential improvements in
mindfulness and decreases in depression severity (standardized 5=.33; Boot SE=0.12, 95% CI 0.12-0.58).

Conclusions: Mindfulness-based mobile app interventions tailored for pregnant women may be more effective than self-moni-
toring alone in improving perinatal depression. These findings suggest that mindfulness-based mobile app interventions may
help improve mental well-being in pregnant women, potentially by enhancing mindfulness and reducing depression severity.

Trial Registration: Clinical Research Information Service (CRIS) KCTO0008887; https://trialsearch.who.int/Trial2.aspx?

TrialID=KCT0008887

J Med Internet Res 2025;27:e75630; doi: 10.2196/75630
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Introduction

The prevalence of mental health problems is higher among
pregnant women than in the general population [1]. Perina-
tal women are particularly vulnerable to depression, with an
estimated global occurrence rate of 15%-65% [2,3]. Perinatal
depression is associated with adverse maternal outcomes,
including poor nutrition and physical health, disrupted sleep,
negative cognition, suicidal ideation, substance use, and
reduced social support [4,5]. The effects of depression can
persist beyond the perinatal period, increasing the risk of
depression and negatively impacting maternal physical and
mental health, as well as fetal development and postna-
tal outcomes such as premature birth and impaired infant
development [6,7].

Mindfulness practice is increasingly being recognized
as an effective approach for alleviating perinatal mental
health problems. Mindfulness is defined as “paying attention
in a particular way: on purpose, in the present moment,
and nonjudgmentally” [8]. Mindfulness meditation enhances
mental health by increasing awareness and altering responses
to negative emotions. Psychological interventions incorporat-
ing mindfulness practices have demonstrated effectiveness
in reducing stress and negative emotions [9-12]. Research
indicates that mindfulness-based interventions (MBIs) can
also enhance positive psychological outcomes, including
subjective well-being and emotional regulation ability [13].
Furthermore, MBIs have been shown to be effective in
treating a range of psychiatric disorders, including mood
disorders, such as depression and anxiety, as well as insomnia
and addiction [14].

Studies on MBIs in perinatal women have demonstra-
ted positive effects on perinatal mental health [15]. Psycho-
therapeutic approaches are particularly crucial in treating
depression during pregnancy, as many women are hesitant
to receive pharmacotherapy due to concerns about medica-
tion safety for the fetus. However, several barriers impede
access to psychotherapeutic interventions for perinatal women
[16]. Women experiencing depression during pregnancy often
face social stigma and apprehension about being labeled as
“bad mothers” [17]. A survey of 401 pregnant women aged
20-40 years revealed that, while 17.2% reported experiencing
depression, only 8.7% received interventions [18]. Even when
women seek appropriate treatment, they often continue to
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face barriers such as limited access to specialized psychother-
apeutic resources, time constraints, and financial difficulties.

Digital health presents a promising approach to overcom-
ing these barriers through the use of technologies such as
online platforms and mobile apps. Digital health is increas-
ingly being used in the treatment of various mental health
disorders, including mood disorders, substance abuse, and
trauma-related disorders [19]. It offers particular benefits to
pregnant women who may be reluctant to seek in-person care,
alleviating concerns about stigma and discrimination while
overcoming limitations of time and space [20].

Research on the use of digital health in maternal mental
health has steadily increased. Digital mental health interven-
tions have shown promise for addressing perinatal depression
and anxiety [21,22]. Green et al [23] demonstrated significant
improvements in sleep problems, anxiety, and stress among
perinatal women who used a commercial mindfulness app.
However, many existing studies, including those mentioned,
were not specifically designed to address the unique needs
of perinatal women. Furthermore, only a limited number of
studies have examined mobile MBI apps specifically tailored
for this population [24,25]. Among these studies, interven-
tions demonstrated not only reductions in depression and
anxiety but also improvements in autonomy and acceptance
compared to control conditions.

These interventions often require either a lengthy duration
or multiple sessions, such as typical 8-week programs or
20 sessions spread over 4 weeks. Such extended durations
or high session counts can contribute to low completion
rates, sometimes falling below 52.4% [24,25]. Given that
participant attrition from psychotherapeutic interventions can
compromise their effectiveness [26,27], ensuring participant
retention is crucial in their design. To address this challenge,
our research team developed Avecmom, a self-help mobile
MBI app that provides 10-15 minutes of mindfulness training
within a 4-week program, designed for ease of completion
[28]. A prior assessment of Avecmom’s impact on prenatal
anxiety, depression symptoms, and stress among pregnant
women indicated a decrease in anxiety levels within the
experimental group, while the waitlist control group (CG)
showed no significant changes; however, the overall dropout
rate was approximately 30%.

While the effectiveness of mobile MBI apps has been
assessed, these evaluations have often been limited to general
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populations, thereby highlighting the need for further research
in clinical settings for the treatment of perinatal depression.
Therefore, this study aimed to investigate the effectiveness
of a 4-week mindfulness-based self-help app in reducing
depression severity and improving mental well-being among
perinatal women with mild to moderate depression. To ensure
a more rigorous evaluation of the Avecmom app, we selected
a self-monitoring app as the active control condition, in
contrast to the waitlist CG used in the previous study [28].
Self-monitoring is widely recognized for its capacity to
enhance self-awareness [29], which can support improved
self-guided care for mental health issues and contribute to the
reduction of negative emotions [30,31].

Building on these insights, this study aimed to evaluate
the effectiveness of the Avecmom app in reducing depres-
sion severity, anxiety, and stress among perinatal women
experiencing mild to moderate depression, compared to
a self-monitoring control. Secondary outcomes, including
mindfulness, positive and negative affect, maternal-fetal
attachment, and mental well-being, were also assessed to
provide a comprehensive understanding of the app’s impact.
This study also investigated the potential mechanisms by
which the Avecmom app might alleviate depression among
perinatal women.

Methods

Trial Design and Procedure

This study was a single-blinded randomized controlled trial
(RCT) with a pre-post assessment design (trial registra-
tion: KCTO0008887; Clinical Research Information Serv-
ice [CRIS]). Participants were recruited via online and
poster advertisements, and from the outpatient department
of Catholic Kwandong University International St. Mary’s
Hospital, from October 2023 to December 2023. Eligible
participants provided informed consent and underwent a
screening process, leading to the exclusion of those who
did not meet the inclusion criteria. To maintain single-blind
conditions, participants were blinded to their assigned study
condition (intervention group [IG] or CG).

Participants were randomly assigned to either the IG
or CG prior to completing the initial online assessment.
Randomization was performed using a list of random
numbers generated via 4-block randomization in R (version
40.2). This list, securely stored as an encrypted file to
ensure allocation concealment, was managed by a researcher
independent of participants’ recruitment and assessment,
who assigned participants to either the IG or CG based on
their registration order. After the assignment, participants
completed an online survey collecting sociodemographic,
medical, pregnancy-related, and psychiatric information,
as well as baseline measures for primary and secondary
outcomes.

Upon completion of the baseline assessment, both the IG
and CG commenced their respective 4-week interventions.
At the conclusion of this period, participants were notified
of study completion and requested to complete an online
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survey for postintervention assessment. The postintervention
assessment was designed to mirror the baseline assessment.

Sample Size

The sample size was determined using G*Power software,
version 3.1.9.4 (Franz Faul, University of Kiel, Germany).
Based on power analysis aiming to detect differences between
2 groups over time, the calculation assumed a large effect
size and an a level of .05, with a statistical power of 95%.
This yielded a required sample size of 70 participants (35
per group). To account for potential attrition, which has been
reported to reach up to 25% in a previous study [28], the
recruitment target was set at 88 participants at baseline.

Participants

Potential participants were screened according to the
following inclusion criteria: (1) pregnant women aged 19-65
years; (2) experiencing mild to moderate depression, as
indicated by a score of 10-20 on the depression subscale of
the Depression, Anxiety, and Stress Scale-21 (DASS-21) [32,
33] or a score of 9-11 on the Edinburgh Postnatal Depres-
sion Scale (EPDS) [34,35]; (3) possession of a smartphone
compatible with the required mobile app; (4) meeting the
minimum operating system requirements for the mobile app;
and (5) ability to actively use the mobile app and provide
feedback regarding its functionality.

The exclusion criteria were as follows: (1) gestational age
exceeding 34 weeks at the time of enrollment or expec-
ted delivery within 6 weeks of enrollment; (2) diagnosis
of severe psychiatric disorders, including bipolar disorder,
major depression disorder with psychotic features, posttrau-
matic stress disorder, and obsessive-compulsive disorder; (3)
presence of other severe medical or psychiatric conditions
that would impede study participation or safety; and (4)
inability to download a mobile app.

Interventions

To investigate whether a mobile MBI app is more effective
than self-monitoring alone, the IG used both the Avecmom
app and the Big 4+ app for 4 weeks, whereas the CG used
only the Big 4+ app for the same duration.

The Avecmom app (Digital Medic Co, Ltd), developed
by Cho et al [36], is a freely accessible self-help mobile
MBI app used exclusively in the IG. This intervention
is designed to support the self-management of depressive
symptoms among pregnant women. The Avecmom app aims
to enhance mindful awareness and compassion to help women
manage perinatal stress, depression, and anxiety. It compri-
ses 4 modules involving mindfulness training, structured
for completion within 4 weeks. The 4 core mindfulness
trainings —breathing meditation, body scan, emotion-aware-
ness meditation, and loving-kindness meditation—unlocked
successively. Each subsequent module became accessible
after participants completed the primary training within the
preceding module two or more times. Participants were
instructed to practice mindfulness at least twice a week
using the Avecmom app. To support adherence, they were
encouraged to set personalized in-app meditation reminders,
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and daily automated notifications were sent on days when
nonengagement was detected to promote continued engage-
ment.

The mindfulness training content offered by the Avecmom
app was specifically designed to alleviate discomfort among
perinatal women. It introduces basic mindfulness training
focusing on breathing and bodily sensations in modules
1-2 and then progresses to mindfulness training integra-
ted with techniques of emotional and cognitive behavio-
ral therapy in modules 3-4. To address pregnancy-specific
discomforts, such as concerns about fear of miscarriage or
increased physical strain [37], the training also included
content aimed at fostering maternal-fetal attachment and
managing pregnancy-related bodily sensations. This content
was preliminarily reviewed by perinatal women to ensure it
was appropriately tailored to their needs. The detailed content
and usage process of the Avecmom app are described in the
report by Park et al [28], and the app is freely available to the
public on both iOS and Android platforms.

The Big 4+ app (Digital Medic Co, Ltd) is a self-moni-
toring app that includes single-item assessments and a diary
function. It enables users to monitor various psychological
states, such as mood, sleep duration, appetite, and other
relevant psychological parameters, providing users with easy
and personalized access to their self-reported data. Users of
the Big 4+ app were encouraged to record their status once
daily using the single-item measures provided within the app.
Upon completing the measurement, users received self-feed-
back through data visualizations presented in graphs. The Big
4+ app is accessible on both iOS and Android platforms, and
all participants in both the IG and CG were asked to use the
Big 4+ app.

For intervention delivery, the IG participants were
provided with URLs for downloading both the Avecmom
app and Big 4+ app, along with manuals on how to install
and use them. Participants’ understanding of app usage,
initially guided by the manuals, was verified by a responsi-
ble researcher via phone or in-app messenger. Throughout
the intervention period for the IG, a separate researcher
continuously monitored participants’ engagement rates via
the Avecmom app’s administrator page. In-app notifications
were sent to encourage participants who did not meet the
predefined engagement standard (eg, practicing at least twice
a week). Similarly, the CG received a URL to download the
Big 4+ app with its respective manuals, and their understand-
ing of the app’s use was verified by a researcher via phone or
in-app messenger.

Measures
Sociodemographic and App Use Data

Sociodemographic data were collected from both the IG
and CG, encompassing information such as education level,
planned pregnancy status, smoking and alcohol use, history of
depression, and other relevant medical conditions. Addition-
ally, data on the duration of participants’ engagement with
audio-guided mindfulness training within the Avecmom app
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were collected from the IG to examine the relationship
between clinical variables and mindfulness training duration.

Primary Outcomes
EPDS Score

The EPDS [34,35] assesses various signs of clinical depres-
sion, including guilt, sleep disturbance, lack of energy,
anhedonia, and suicidal ideation in postnatal women.
Although originally developed for detecting depression in
postnatal women, it has also become the most widely used
tool to detect depression in pregnant women [38]. The EPDS
consists of 10 items rated on a 4-point scale ranging from O
to 3, with 7 items being reverse-scored. A total EPDS score
of 9 is considered an appropriate cutoff value for identifying
potential depression. A previous study reported good internal
reliability (Cronbach 0=0.84) [35]. Our study also found
satisfactory internal reliability (Cronbach a=0.79).

Center for Epidemiologic Studies Depression
Scale-Revised Score

The Center for Epidemiologic Studies Depression Scale-
Revised (CESD-R) [3940] was designed to measure
depression by adapting the original CES-D scale [41] to align
with the diagnostic criteria of the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition. It comprises 20
items measured on a 5-point scale (ranging from O to 4),
with total possible scores ranging from O to 80. The cutoff
score is 16. In a standardization study conducted in Korea, the
reliability of the CESD-R was excellent (Cronbach a=0.98)
[40]. In our study, Cronbach a was 0.91.

DASS-21 Score

The DASS-21 [32,33] is a shortened form of the original
DASS-42 [42], consisting of 21 items rated on a 4-point
scale ranging from O to 3. The DASS-21 includes 3 sub-
scales: depression, anxiety, and stress. A higher sum of
the scores indicates greater symptom severity. A previous
study involving the DASS-21 reported excellent reliability
of the total scale (Cronbach a=0.94), with good reliability
for the subscales (depression: Cronbach 0=0.88; anxiety:
Cronbach a=0.80; stress: Cronbach «=0.87) [33]. In our
study, the reliability of the total scale was also excellent
(Cronbach a=0.93), with good reliability for the subscales
(depression: Cronbach a=0.87; anxiety: Cronbach a=0.81;
stress: Cronbach a=0.85).

Secondary Outcomes

Cognitive and Affective Mindfulness Scale-
Revised Score

The Cognitive and Affective Mindfulness Scale-Revised
(CAMS-R), developed by Feldman et al [43,44], is a self-
assessment scale used to measure mindfulness. It uses a
4-point scale ranging from 1 to 4, with 1 reverse-scored
item. This scale includes 3 mindfulness subscales: awareness,
attention, and acceptance. Higher scores indicate a greater
level of mindfulness. The reliability reported in a previous
study was acceptable for the total scale (Cronbach a=0.73)
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[44], and our study found that the reliability of the total scale
was excellent (Cronbach a=0.90).

Positive Affect and Negative Affect Schedule
Score

The Positive Affect and Negative Affect Schedule (PANAS)
[45,46] has 20 items, each rated on a S-point scale (rang-
ing from 1 to 5). It originally included 10 items measur-
ing positive affect and 10 items measuring negative affect.
During the translation and validation into Korean, 1 item
(“alert”) was loaded under negative affect, resulting in a
discrepancy in the number of items for each affect compared
with the original one. Negative affect items were reverse
scored. Higher scores indicate greater levels of positive
or negative affect. In our study, the internal consistency
reliabilities were good for negative affect and positive affect
(negative affect: Cronbach a=0.90; positive affect: Cronbach
a=0.82).

Maternal-Fetal Attachment Scale Score

The Maternal-Fetal Attachment Scale (MFAS) [47.48]
consists of 23 questions rated on a 4-point scale ranging
from 1 to 4. Maternal-fetal attachment refers to the degree
of interaction and emotional connection between the mother
and the fetus. Total scores range from 23 to 92, with higher
scores indicating greater maternal-fetal attachment. In terms
of reliability, a previous study reported a good reliability
coefficient (Cronbach a=0.88) [48], and our study reported
an excellent reliability coefficient (Cronbach a=0.91).

Mental Health Continuum Short Form

The Mental Health Continuum Short Form (MHC-SF) [49,
50] is a scale designed to measure the level of mental
well-being. It consists of 14 questions rated on a 6-point
scale ranging from O (never) to 5 (daily). This scale includes
3 constructs of mental well-being: emotional, social, and
psychological. Higher scores indicate a higher degree of
mental well-being. The internal reliability in a previous study
was found to be excellent (Cronbach a=0.93) [50], and in our
study, it was also excellent (Cronbach 0=0.92).

Statistical Analysis

All statistical analyses were conducted using IBM SPSS
Statistics for Windows, version 25 (IBM Corp), with the
significance level set at an o level of .05 (2-tailed). Initially,
independent ¢ tests and chi-square tests were performed to
compare baseline sociodemographic and clinical variables
between the IG and CG. Analysis of covariance (ANCOVA)
was then employed to analyze the pre-post data for primary
and secondary outcomes. In these analyses, postintervention
scores served as the dependent variable, with corresponding
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baseline scores included as covariates. This approach was
chosen because it provides unbiased intervention effect
estimates and enhances estimation precision [51]. Specifi-
cally, ANCOVA was conducted to examine group differen-
ces in scores of the EPDS, CESD-R, DASS-21, CAMS-R,
PANAS, MFAS, and MHC-SF.

To further explore relationships and underlying mecha-
nisms of change, change scores for all clinical variables
were calculated by subtracting baseline scores from postin-
tervention scores. We then examined correlations among
these change scores across all participants. Additionally,
correlations were investigated between the clinical change
scores and the recorded duration of audio-guided mindfulness
training within the Avecmom app, specifically for partici-
pants in the IG. Subsequently, serial mediation analysis
was performed using PROCESS MACRO by Hayes, Model
6 (version 4.2) [52]. This analysis examined the serial
mediating effects of changes in CAMS-R and CESD-R scores
on the relationship between Avecmom app use and changes in
MHC-SF scores. The mediation model was tested using 95%
CIs generated from 5000 bootstrap samples.

Ethical Considerations

This study was conducted in accordance with the principles
of the Declaration of Helsinki. Prior to commencing the
study, all participants provided informed consent. All study
protocols were approved by the Institutional Review Board
of Catholic Kwandong University International St. Mary’s
Hospital (IRB number: IS23EIMI0054). To ensure participant
privacy and data security, all collected data were deiden-
tified prior to analysis and stored in password-encrypted
files, accessible only to authorized research staff. Participants
received compensation of KRW 100,000 (US $71.35) to
cover transportation expenses.

Results

Recruitment and Enrollment

As depicted in Figure 1, a total of 158 participants were
screened for eligibility. Of these, 68 were excluded based
on the established criteria, and 90 were subsequently
randomized to either the IG or CG. During the postinter-
vention assessment period, 4 participants were excluded
from the study (3 from the IG and 1 from the CG) due
to reasons such as loss of contact, insufficient adherence
to the intervention protocol (defined as a Big 4+ app
response rate below 70%), and data collection errors.
Finally, 86 participants completed the study and were
included in the final analysis. The CONSORT-EHEALTH
checklist is provided in Checklist 1.

J Med Internet Res 2025 | vol. 27 175630 | p. 5
(page number not for citation purposes)


https://www.jmir.org/2025/1/e75630

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 1. Participant enrollment flow chart.

Kim et al

Assessed for eligibility (n=158)

Excluded (n=68)

[ Enroliment

] - Did not meet inclusion criteria (n=66)
- Withdrawal of consent form (n=2)

Randomization (n=90)

:

!

Allocated to intervention group [ Allocation ] Allocated to comparison group
— Mindfulness mobile app + monitoring — Monitoring mobile app (n=45)
mobile app intervention (n=45)
Lost to postassessment (n=3) Lost to postassessment (n=1)
Loss of contact (n=1) Inappropriate usage of app (n=1)
Inappropriate usage of app (n=1)
Data collection error (n=1)
Analyzed (n=42) [ Analysis ] Analyzed (n=44)

Group Differences in Sociodemographic
Variables

Participants in the IG (n=42) had a mean age of 34.10 (SD
3.04) years, while those in the CG (n=44) had a mean age
of 33.80 (SD 3.42) years. There was no significant difference
in age between the 2 groups (134=0.43; P=.67). Similarly, at
baseline, the mean gestational period was 25.43 (SD 6.77)

weeks for the IG and 23.40 (SD 6.88) weeks for the CG, with
no significant difference observed (rg4=1.37; P=.17). Table 1
summarizes the group differences in other sociodemographic
variables. Consistent with the age and gestational period
findings, no significant differences were observed across
any of these variables, including education level, pregnancy
planning, smoking habits, alcohol use, history of depression,
and other relevant medical problems.

Table 1. Comparison of sociodemographic variables between the control and intervention groups.

Characteristic Control group Intervention t test (df) Chi-square (df) P value
(n=44) group (n=42)
Age (years), mean (SD) 33.80 (3.42) 34.10 (3.04) 0.43 (84) _a 67
Gestational period (weeks), mean (SD) 23.40 (6.88) 2543 (6.77) -1.37 (84) — 17
Education, n (%) — 2.0(Q) 36
High school or lower 2(4) 3(7)
College 37 (84) 30 (71)
Graduated school 5(11) 9(21)
Planned pregnancy, n (%) — 0.2 (1) 68
Yes 39 (89) 36 (86)
No 51 6 (14)
Smoking, n (%) — 0.5(1) .50
Yes 6 (14) 8 (19)
No 38 (86) 34 (81)
Alcohol use, n (%) — 1.5(1) 23
Yes 6 (14) 10 (24)

https://www .jmir.org/2025/1/e75630

J Med Internet Res 2025 | vol. 27 175630 | p. 6
(page number not for citation purposes)


https://www.jmir.org/2025/1/e75630

JOURNAL OF MEDICAL INTERNET RESEARCH Kim et al
Characteristic Control group Intervention t test (df) Chi-square (df) P value
(n=44) group (n=42)
No 38 (86) 32 (76)
Depression history, n (%) — 1.2(1) 27
Yes 9(20) 13 31)
No 35 (80) 29 (69)
Medical problems, n (%) — 1.3(1) 25
Yes 8 (18) 12 (29)
No 36 (82) 30 (71)
4Not applicable.
Homogeneity Test of Clinical Variables
The homogeneity test revealed no significant differences in
the clinical variables between the IG and CG at baseline.
Descriptive statistics and ¢ values are presented in Table 2.
Table 2. Results of the homogeneity test for clinical variables.
Scale and group Value, mean (SD) Skewness Kurtosis t test (df) P value
EPDS? —-0.70 (84) A48
Control group (n=44) 12.73 (5.30) 0.50 -0.47
Intervention group (n=42) 12.05 (3.55) -0.27 -0.03
CESD-RP 0.62 (84) 54
Control group (n=44) 18.86 (13.38) 0.97 0.82
Intervention group (n=42) 18.98 (10.89) 0.72 0.39
DASS-21¢
Total score -0.02 (84) 99
Control group (n=44) 16.32 (12.05) 1.07 042
Intervention group (n=42) 16.29 (6.81) 0.76 0.92
Anxiety -0.29 (84) a7
Control group (n=44) 407 (3.93) 1.06 0.22
Intervention group (n=42) 3.86 (2.55) 0.69 0.23
Depression -0.76 (84) 45
Control group (n=44) 5.43 (4.50) 1.18 0.83
Intervention group (n=42) 4.83 (2.56) 047 0.12
Stress 0.90 (84) 37
Control group (n=44) 6.81 (4.45) 0.70 -0.26
Intervention group (n=42) 7.60 (3.51) 0.83 0.58
CAMS-R? 0.43 (84) 67
Control group (n=44) 23.06 (4.72) 0.25 -0.31
Intervention group (n=42) 23.52 (5.03) -0.18 -1.34
MHC-SF*¢ 0.37 (84) 71
Control group (n=44) 26.98 (11.95) 0.84 0.54
Intervention group (n=42) 27.90 (10.98) 0.21 -0.96
MFAS' 0.62 (84) 54
Control group (n=44) 58.61 (12.82) -0.19 -0.17
Intervention group (n=42) 60.12 (9.40) -0.06 0.73
PANASS®
Positive affect 0.94 (84) 35
Control group (n=44) 19.66 (5.27) 0.55 -045
Intervention group (n=42) 20.83 (6.26) -0.06 -1.07
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Scale and group Value, mean (SD) Skewness Kurtosis t test (df) P value
Negative affect 0.82 (84) A2
Control group (n=44) 25.07 (9.15) 0.73 -0.55
Intervention group (n=42) 26.60 (8.16) 043 0.22

4EPDS: Edinburgh Postnatal Depression Scale.

PCESD-R: Center for Epidemiologic Studies Depression Scale-Revised.
°DASS-21: Depression Anxiety Stress Scale-21.

dCAMS-R: Cognitive and Affective Mindfulness Scale-Revised.
°MHC-SF: Mental Health Continuum Short Form.

fMFAS: Maternal-Fetal Attachment Scale.

EPANAS: Positive Affect and Negative Affect Schedule.

Group Comparisons for Clinical Variables  detailed ANCOVA results are presented in Table 3, and the
significant findings for each variable in the IG and CG are

An ANCOVA was conducted to compare postintervention visually represented in Figures 2 and 3, respectively.

scores between the groups, adjusting for baseline scores. The

Figure 2. Group differences in baseline mean scores and adjusted postintervention mean scores for the primary outcomes of (A) CESD-R and
(B) DASS-21 (anxiety) between the intervention group and control group. CESD-R: Center for Epidemiologic Studies Depression Scale-Revised;
DASS-21: Depression Anxiety Stress Scale-21. *P<.05.

(A) (B)

ESD-R

].

Figure 3. Group differences in baseline mean scores and adjusted postintervention mean scores for the secondary outcomes of (A) CAMS-R, (B)
MHC-SF, (C) MFAS, and (D) PANAS (positive affect) between the intervention group and control group. CAMS-R: Cognitive and Affective
Mindfulness Scale-Revised; MFAS: Maternal-Fetal Attachment Scale; MHC-SF: Mental Health Continuum Short Form; PANAS: Positive Affect

and Negative Affect Schedule. *P<.05, **P<.01.
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Table 3. Group differences in posttest scores after adjusting for baseline scores.
Scale and group Posttest score, mean  Adjusted posttest score, F test (df) Pvalue  Partial n?
(SD) adjusted mean (SE)
EPDS? 099 (1,84) 32 0.01
Control group (n=44) 8.93 (5.41) 8.77 (0.62)
Intervention group (n=42) 7.71 (3.66) 7.89 (0.63)
CESD-RP 5.69 (1, 84) 02 0.06
Control group (n=44) 17.20 (13.46) 17.24 (1.28)
Intervention group (n=42) 12.90 (8.27) 12.87 (1.31)
DASS-21¢
Total score 1.84 (1,84) 18 0.02
Control group (n=44) 12.11 (941) 12.11 (1.06)
Intervention group (n=42) 10.05 (6.74) 10.06 (1.08)
Anxiety 5.28 (1,84) 02 0.06
Control group (n=44) 3.32(291) 3.29(0.34)
Intervention group (n=42) 2.14 (1.86) 2.18 (0.35)
Depression 0.74 (1, 84) .39 0.01
Control group (n=44) 3.68 (3.57) 3.53(0.39)
Intervention group (n=42) 2.90 (2.64) 3.06 (0.40)
Stress 0.55 (1, 84) 46 0.01
Control group (n=44) 5.11 (3.83) 5.29 (0.45)
Intervention group (n=42) 5.00 (3.20) 4.81(0.46)
CAMS-RY 11.18 (1, 84) 001 0.12
Control group (n=44) 2293 (5.01) 23.07 (0.74)
Intervention group (n=42) 26.78 (6.49) 26.64 (0.76)
MHC-SF® 8.79 (1, 84) 004 0.10
Control group (n=44) 29.02 (12.52) 29.32 (1.66)
Intervention group (n=42) 37.67 (14.02) 36.36 (1.70)
MFAST 5.54 (1, 84) 02 0.06
Control group (n=44) 6341 (11.14) 63.92 (1.48)
Intervention group (n=42) 69.43 (11.69) 68.90 (1.51)
PANASE
Positive affect 7.21(1,84) 009 0.08
Control group (n=44) 19.68 (6.25) 20.00 (0.81)
Intervention group (n=42) 23.45(6.17) 23.12 (0.83)
Negative affect 0.05 (1, 84) .82 0.00
Control group (n=44) 22.20 (8.59) 22.58 (0.98)
Intervention group (n=42) 23.31 (6.98) 2291 (1.01)

2EPDS: Edinburgh Postnatal Depression Scale.

PCESD-R: Center for Epidemiologic Studies Depression Scale-Revised.
°DASS-21: Depression Anxiety Stress Scale-21.

dCAMS-R: Cognitive and Affective Mindfulness Scale-Revised.
°MHC-SF: Mental Health Continuum Short Form.

fMFAS: Maternal-Fetal Attachment Scale.

EgPANAS: Positive Affect and Negative Affect Schedule.

For primary outcomes, the IG demonstrated significantly
lower depression severity (CESD-R; Fjg4=5.69; P=.02;
partial n?=0.06) and anxiety (DASS-21 anxiety subscale;
F184=5.28; P=.02; partial nN*=0.06) compared to the CG.
Conversely, no significant differences were observed between
the groups for depressive symptoms (EPDS and DASS-21
depression subscale scores), stress (DASS-21 stress subscale
scores), or total DASS-21 scores.

https://www .jmir.org/2025/1/e75630

Regarding secondary outcomes, the IG exhibited signifi-
cantly higher levels of mindfulness (CAMS-R; F| g4=11.18;
P=001; partial r]2=0.12), mental well-being (MHC-SF;
F184=8.79; P=.004; partial n?=0.10), and maternal-fetal
attachment (MFAS; F|g4=5.54; P=.02; partial n*=0.06)
compared to the CG. Positive affect scores were significantly
higher in the IG than in the CG (PANAS-PA; Fg4=7.21;
P=.009; partial n*=0.08), while negative affect (PANAS-NA)
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scores did not show significant differences between the
groups.

Usage Patterns of the Avecmom App and
Their Clinical Correlates

Participants in the IG were instructed to engage with the
Avecmom app at least twice weekly to progress to subsequent
sessions. The app was used, on average, 12.60 times (SD
2.19), with individual usage ranging from 10 to 23 times. The
mean total duration of app use was approximately 110.57 (SD
18.08) minutes. Module-specific mean usage durations (in
minutes) were as follows: module 1, 23.66 (SD 5.66); module
2, 33.65 (SD 5.49); module 3, 27.93 (SD 4.48); module 4,
25.32 (SD 6.65). The temporal distribution of app usage
indicated that most sessions occurred in the morning (6:00
AM to 12:00 PM; 231/552 sessions, 41.9%), followed by the
afternoon (12:00 PM to 6:00 PM; 157/552 sessions, 28.4%),

Kim et al

evening (6:00 PM to 12:00 AM; 130/552 sessions, 23.6%),
and late night (12:00 AM to 6:00 AM; 34/552 sessions,
6.2%).

Correlation analyses were conducted between the duration
of engagement with each Avecmom app module and the
clinical variables, with details presented in Table 4. No
significant correlations were found between clinical varia-
bles and the durations of modules 1, 2, and 3. Significant
correlations were observed between the duration of module
4 (which primarily features loving-kindness meditation) and
negative affect (r=—0.39; P=.01) and mindfulness (r=0.33;
P=.04). Additionally, a positive correlation trend was noted
between the duration of module 4 and both mental well-
being (r=0.30; P=.05) and maternal-fetal attachment (r=0.30;
P=.05), though these correlations did not reach statistical
significance.

Table 4. Correlation between the duration of each module of the Avecmom app and change in the scores of clinical variables in the intervention

group.
Variable Duration of module 1~ Duration of module 2~ Duration of module 3 ~ Duration of module 4  Total duration
EPDS?
r 0.06 0.27 0.21 -0.19 0.08
P value 73 09 .19 22 62
CESD-R"
r 0.05 -0.07 0.12 -0.12 -0.02
P value .76 .66 44 44 90
DASS-21°¢
r 0.12 0.04 0.09 -0.11 0.03
P value A4 .82 56 47 85
CAMS-RY
r 0.09 0.04 0.01 0.33 0.16
P value 58 .80 97 04 31
MHC-SF*¢
r -0.07 -0.02 -0.04 0.30 0.08
P value .68 90 .82 05 64
MFAS!
r 0.11 0.10 0.07 0.30 0.19
P value 49 52 .68 05 22
PANASS®
Positive affect
r -0.08 0.05 -0.08 0.02 -0.02
P value 64 78 .60 .89 .89
Negative affect
r -0.30 -0.01 0.05 -0.39 -0.23
P value 06 94 17 01 15

2EPDS: Edinburgh Postnatal Depression Scale.

YCESD-R: Center for Epidemiologic Studies Depression Scale-Revised.
°DASS-21: Depression Anxiety Stress Scale-21.

dCAMS-R: Cognitive and Affective Mindfulness Scale-Revised.
MHC-SF: Mental Health Continuum Short Form.

fMFAS: Maternal-Fetal Attachment Scale.

8PANAS: Positive Affect and Negative Affect Schedule.
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Mediating Effect of Mindfulness on the
Relationship Between Avecmom App
Use and Mental Well-Being

Serial mediation analysis was conducted using PROCESS
Macro by Hayes, Model 6 (version 4.2), to investigate
whether changes in mindfulness and depression severity
serially mediated the relationship between the intervention
(the combined use of the Avecmom app and Big 4+ app)
and changes in mental well-being. As depicted in Figure

Kim et al

4, the mediation model revealed several significant paths.
The intervention led to significantly greater changes in
mindfulness compared to the control condition (b=3.48;
P=.002). Increased mindfulness was significantly associated
with a reduction in depression severity (b=-0.82; P<.001).
This enhanced mindfulness also directly influenced changes
in mental well-being, showing a positive effect (b=0.78;
P=003). Changes in depression severity were negatively
associated with changes in mental well-being (b=-0.28;
P=.03).

Figure 4. Serial mediation model of change for mental well-being in perinatal women with depression. Total effect: b=7.25; SE 2.51, 95% CI

2.26-12.25; Direct effect: b=3.72; SE 2.27,95% CI -0.79 to 8.24.
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4 mindfulness depression
'\-..__H_\ T
b=3.21 (P=.006) — b=-0.41 (P=.002)
-H-\_H-\-""-\.\_\_\__H-\- et
- ".-\1\:-\""\1.
b=-1.11 (P=57) ~~__ b=0.67 (P=005)
o —
T
- 1\-\-\-\-"'\-..
Intervention: T~ al :
R e J1ange in
Avecmom + Bigd+ oo mrrmmmrrmn  omsnsnss snsesssT & )
. b=3.72 (P=.10) mental well-being
vs. Big4+

Table 5 presents the specific indirect effects. The results
revealed a significant serial indirect effect of the interven-
tion on the changes in mental well-being through sequential
changes in mindfulness and depression severity (CESD-R;
standardized S=.07; Boot SE=0.05, 95% CI 0.003-0.19).
Additionally, a significant indirect effect was found for the
path from the intervention through changes in mindfulness

alone to changes in mental well-being (standardized =.23;
Boot SE=0.11, 95% CI 0.06-0.49). In summary, Avecmom
app use was found to improve mental well-being in perinatal
women. This improvement appears to be primarily driven
by the enhancement of mindfulness, which, in turn, contrib-
utes to a reduction in depression and directly fosters mental
well-being.

Table 5. Indirect effect of the intervention on the improvement of mental well-being through changes in mindfulness and depression.

Indirect effect Standardized Boot SE 95% CI

Boot LLCI?* Boot ULCIP
Total indirect effect 0.33 0.12 0.12 0.58
Intervention= CAMS-R¢= MHC-SF4 023 0.11 0.06 049
Intervention—= CESD-R®- MHC-SF 0.04 0.05 -0.07 0.14
Intervention= CAMS-R— CESD-R—=MHC-SF 0.07 0.05 0.003 0.29

4LLCT: lower limit confidence interval.

PULCI: upper limit confidence interval.

®CAMS-R: Cognitive and Affective Mindfulness Scale-Revised.
dMHC-SF: Mental Health Continuum Short Form.

®CESD-R: Center for Epidemiologic Studies Depression Scale-Revised.

Discussion

Principal Results

This study evaluated the effectiveness of the Avecmom
app, a mobile MBI app specifically designed for perinatal
women, in reducing depression severity among pregnant
women with mild to moderate depression. The findings
indicated that the use of the Avecmom app significantly
reduced depression severity and anxiety levels compared to
self-monitoring alone. Furthermore, the use of the mobile

https://www .jmir.org/2025/1/e75630

MBI app enhanced mindfulness, overall mental well-being,
maternal-fetal attachment, and positive affect compared to
self-monitoring alone. Notably, module 4, which focused
on loving-kindness meditation, showed potential for greater
improvements in mindfulness, negative affect, maternal-fetal
attachment, and overall mental health compared to other
modules, such as breathing meditation, body scan, and
emotion-awareness meditation. Serial mediation analysis
showed that Avecmom app use enhanced mindfulness, which,
in turn, reduced depression severity and ultimately improved
overall mental well-being.
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The current findings demonstrate the effectiveness of the
Avecmom app in reducing depression severity and anxiety
among perinatal women with mild to moderate depression.
Despite its relatively brief protocol, with weekly engage-
ment averaging less than 30 minutes, the mobile MBI app
produced meaningful changes in both depression severity
and anxiety, comparable to other MBIs with more extended
protocols [53,54]. These results are particularly noteworthy
given the rigorous RCT design and the inherent benefits of
self-monitoring. Self-monitoring, a common active compo-
nent in various digital mental health interventions, is known
to enhance self-awareness, thereby potentially contributing
to improved outcomes. Our study distinctively showed that
the combined approach of self-monitoring and mindfulness
training yielded significantly greater benefits than self-moni-
toring alone.

According to the Monitor and Acceptance Theory
proposed by Lindsay and Creswell [55], mindfulness
inherently involves both monitoring and acceptance com-
ponents. In the context of our study, the CG effectively
practiced monitoring alone through the Big 4+ app, while
the IG engaged in both monitoring and acceptance through
the combined use of the Avecmom and Big 4+ apps.
This distinction likely contributed to the observed differen-
ces between the groups. Supporting this, a previous study
found that engaging in both monitoring and acceptance
improved positive affect more substantially than practicing
either component in isolation [56]. Consistent with this, our
current findings also revealed a more positive affect in the IG
compared to the CG, further suggesting the effectiveness of
mindfulness as an intervention strategy for enhancing positive
affect.

An improvement in maternal-fetal attachment was also
observed in this study. Maternal-fetal attachment, defined as
the emotional bond between a mother and her fetus [57],
has been consistently reported to be negatively associated
with perinatal depression symptoms and maternal anxiety [58,
59]. Furthermore, strong maternal-fetal attachment is known
to positively influence the social and emotional develop-
ment of infants after birth [60]. These findings suggest
that the Avecmom app may exert a long-term beneficial
effect by influencing not only users’ depression severity but
also other critically related developmental factors. Therefore,
future studies should be designed to evaluate the long-term
effectiveness of the Avecmom app and to determine whether
additional booster sessions are necessary to sustain its
beneficial effects.

Among the various sessions of mindfulness training
offered within the Avecmom app, correlation analysis revealed
that engagement with module 4 (loving-kindness medita-
tion) had a positive correlational trend with maternal-fetal
attachment. Loving-kindness meditation aims to cultivate
unconditional love and kindness toward oneself and others
[61], which may have contributed to enhancing maternal-fetal
attachment in this population. While previous studies have
reported an association between loving-kindness meditation
and enhanced mental health outcomes, such as positive
emotions, its specific effectiveness in perinatal depression has

https://www jmir.org/2025/1/e75630
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not been extensively explored [62,63]. Furthermore, loving-
kindness meditation is not yet frequently featured in mobile
MBI apps designed for maternity care. The current findings
thus suggest that integrating loving-kindness meditation into
perinatal care may be particularly beneficial for mothers
experiencing depression and, by extension, for their children.

Another notable finding of this study was that the overall
total time spent on mindfulness training was not significantly
associated with changes in clinical variables. This finding
aligns with a meta-review suggesting that increased hours
of mindfulness training might not necessarily yield propor-
tionally better outcomes [64]. The recommended weekly
training duration within the Avecmom app is relatively short,
at approximately 30 minutes. Nonetheless, most participants
exhibited improvements in psychiatric outcomes, even when
adhering to the minimum standard of training twice a week.
However, it is premature to definitely conclude that there is
no relationship between the extent of mindfulness training
and the improvement in psychological outcomes, as some
studies have reported that a longer mindfulness training
duration may be associated with greater benefits [65,66]. In
particular, long-term meditators have been shown to have
different brain connectivity and amygdala activation levels
in response to emotional stimuli compared to those engaging
in mindfulness training for the first time [67,68]. Therefore,
further research is needed to examine the effects of increasing
the frequency and duration of practice.

This study further explored how the Avecmom app could
enhance the overall mental well-being of pregnant women
with depression, focusing on the sequential and direct roles
of changes in mindfulness and depression severity. The
serial mediation analysis demonstrated that Avecmom app use
contributed to improved overall mental well-being. Crucially,
our findings from this model illuminated how enhanced
mindfulness, a primary outcome of the intervention, appears
to impact mental well-being not through a single, isolated
path, but rather through a sophisticated interplay of effects.
Specifically, increased mindfulness was observed to directly
foster improvements in mental well-being. Simultaneously,
it also sequentially contributed to a reduction in depres-
sion severity, which, in turn, further mediated the positive
change in mental well-being. This finding aligns with broader
evidence suggesting that mobile MBI apps may positively
influence not only overall mental well-being but also a range
of clinical variables that may impact it in diverse populations
[69-71]. Consistent with these findings, previous discussions
on the mechanisms of traditional MBIs have suggested
that mindfulness training enhances mental well-being by
increasing mindfulness and reducing reactivity to emotional
stimuli [13]. By integrating these insights with our results, it
appears that mobile MBI apps operate through mechanisms
similar to those of traditional face-to-face MBIs.

Lastly, the dropout rate in this study was 4%, which is
markedly lower than the 30% dropout rate reported in a
previous study that used the same Avecrmom app and a similar
design [28]. One possible explanation for this discrepancy
is the difference in participant characteristics; while the
earlier study targeted the general perinatal population, this
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study specifically recruited participants experiencing mild to
moderate depression. Compared to other mobile mindfulness
interventions, the low dropout rate in this study may also
be attributed to the relatively short intervention duration and
the app’s high perceived user experience. The Avecmom app
features 4 mindfulness modules designed to be completed
within a 4-week period, with each module unlocking after
participants complete its primary training session two or more
times. Participants were instructed to complete at least two
training sessions per week. Compared to other mobile MBIs,
this structured yet flexible design likely reduced participant
burden and improved engagement, which consequently led to
a positive influence on user satisfaction ratings. In a prior
development study of the Avecmom app, participants rated
its usability using the USE Questionnaire [28]. On a 7-point
Likert scale, the average scores were as follows: usefulness,
5.4 (SD 0.79); satisfaction, 5.6 (SD 0.79); ease of learning,
6.4 (SD 0.67); and ease of use, 5.9 (SD 0.68), consistently
indicating above-average evaluations across all domains.

In summary, this study addressed a significant research
gap by evaluating the effectiveness of a 4-week mobile
MBI app tailored for pregnant women experiencing mild
to moderate depression, a population often overlooked in
digital health research. Unlike many previous studies that
predominantly relied on commercial apps, such as Head-
space and Calm, or focused on general and nonclinical
populations [23,24,72-75], the Avecmom app was uniquely
designed for pregnant women with depression and demon-
strated significant effectiveness, including a reduction in
depression severity and anxiety symptoms despite the short
duration. Notably, a previous review indicated limited effects
of digital interventions on anxiety [76]. The Avecmom app
showed promise as an effective and accessible option for
perinatal women, particularly given their limited medica-
tion options. Its digital nature also enables automated data
sharing with health care professionals and integration with
electronic health records, which can support coordinated care
and continuous monitoring, thereby suggesting its potential
utility within stepped care models for perinatal depression.
To achieve broader clinical implementation, however, future
research would importantly need to evaluate its effectiveness
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when used concurrently with pharmacotherapy and further
explore its potential to serve as either a first-line self-help
intervention or an adjunct to established treatments, ulti-
mately facilitating its systematic integration into health care
infrastructure.

Limitations

A primary limitation of this study is the absence of an
untreated CG, which precludes definitively distinguishing
between changes attributable to the intervention and those
occurring naturally over time, especially given the dynamic
psychological landscape during pregnancy [77]. Thus, there
is a need for future research incorporating designs that
enable such crucial distinctions. Another limitation lies in
the integrated nature of the active components, namely
self-monitoring and loving-kindness meditation. However,
both are recognized for their independent benefits [78-82].
Furthermore, as an initial investigation of a newly developed
intervention, the applicability of the findings of this study
in broader clinical settings is limited by the lack of evi-
dence regarding the long-term effects and the effectiveness in
individuals with severe depression. Therefore, future research
is crucial to address these limitations for the Avecmom app to
achieve broader clinical implementation.

Conclusions

The findings of this study demonstrate the effectiveness of a
mobile MBI app in enhancing the mental health of preg-
nant women with mild to moderate depression, compared
to self-monitoring alone. Specifically, the intervention led to
enhanced mindfulness that was found to influence mental
well-being through multiple pathways, including directly
fostering mental well-being and sequentially contributing to a
reduction in depression severity, which then improved mental
well-being. Furthermore, its relatively short protocol and
high accessibility contributed to higher adherence. Mobile
MBI apps offer a promising avenue to overcome barriers to
accessing traditional psychotherapeutic treatments, present-
ing an effective and accessible option for perinatal women
experiencing depression.
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