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Abstract

Background: Maternal psychological distress during pregnancy is associated with unfavorable infant outcomes. Although
mindfulness-based interventions can effectively alleviate such distress, barriers often limit access to face-to-face interventions.
Psychological distress among partners is also common during pregnancy and affects maternal mental health and the parent–child
relationship. However, corresponding research remains scarce.

Objective: We evaluated the effectiveness of a digital mindfulness-based intervention for expectant parents (dMBI-EP) in
reducing parental psychological distress and improving infant neuropsychological performance.

Methods: We recruited 160 couples in this randomized controlled trial who were expecting their first child, with the pregnant
women at 12-20 weeks of gestation. The couples were randomized into a dMBI-EP group (n=80) receiving regular perinatal care
plus a 6-week intervention delivered through a WeChat mini-program and a control group (n=80) receiving regular perinatal care
only. The primary outcomes were parental psychological distress symptoms (depression, anxiety, and perceived stress) assessed
at baseline (T1), 2 weeks after completion of the intervention (T2), and 6 weeks post partum (T3). Secondary outcomes included
other parental psychological outcomes (fatigue, sleep problems, marital intimacy, and parental–fetal bonding) assessed at T1 and
T2, and infant neuropsychological outcomes assessed at T3.

Results: The study included 160 pregnant women (mean age 26.89, SD 2.78 years) and their 160 partners (mean age 29.01
years, SD 3.21). For pregnant women in the intervention group, the average levels of depression, anxiety, and perceived stress
shifted from 9.28 (SD 5.50), 5.04 (SD 3.39), and 14.85 (SD 5.46) to 6.40 (SD 4.64), 3.90 (SD 3.00), and 11.50 (SD 5.76),
respectively. In the control group, the corresponding levels shifted from 10.04 (SD 4.71), 5.84 (SD 3.70), and 14.91 (SD 5.08)
to 9.84 (SD 5.86), 5.66 (SD 4.14), and 15.53 (SD 6.23). The mean between-group differences for depression, anxiety, and perceived
stress were –3.56 (Cohen d=0.65; P<.001), –1.80 (Cohen d=0.49; P=.002), and –4.01 (Cohen d=0.67; P<.001) at T2, respectively.
For intervention group partners, the average levels of depression, anxiety, and perceived stress shifted from 6.94 (SD 5.45), 3.00
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(SD 3.20), and 13.46 (SD 5.98) to 5.39 (SD 4.69), 3.11 (SD 3.41), and 11.53 (SD 7.96), respectively, whereas the corresponding
levels shifted from 6.13 (SD 4.38), 3.65 (SD 3.09), and 12.95 (SD 5.34) to 7.28 (SD 5.39), 4.17 (SD 3.81), and 12.67 (SD 6.04)
in the control group. The mean between-group difference in depression at T2 was –1.95 (Cohen d=0.38; P=.006). Moreover, the
average scores of infants’ activity level, approach, intensity of reaction, quality of mood, distractibility, and adaptability at 6
weeks post partum were significantly higher in the control than in the intervention group (2-tailed t122=2.330-5.124; all P<.05),
with Cohen d ranging from 0.42 to 0.92.

Conclusions: The dMBI-EP reduced the scores of psychological distress in couples, with potentially sustained benefits extending
into the early postpartum period, and may contribute to more favorable infant neuropsychological development outcomes.

Trial Registration: Chinese Clinical Trial Register ChiCTR2200059598; https://www.chictr.org.cn/showproj.html?proj=162809

(J Med Internet Res 2025;27:e77260) doi: 10.2196/77260
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Introduction

Pregnancy and childbirth, particularly the gestation and birth
of the first child, represent pivotal life transitions and
developmental milestones within the family life cycle [1]. In
particular, the antenatal period imposes unique psychological
demands on couples, as pregnancy-specific physiological
changes (eg, hormonal fluctuations and somatic alterations)
intersect with the developmental task of preparing for parental
identity formation. Depression, anxiety, and stress are common
psychological challenges experienced during pregnancy that
affect approximately 10% of pregnant women [2]. Compared
with pregnant women, the psychological distress experienced
by their partners during the same period has often been
overlooked. Indeed, the literature reports that the prevalence of
psychological distress in partners during pregnancy is
comparable to that in pregnant women [2]. This oversight has
critical implications, as research has shown that paternal distress
not only disrupts marital functioning but also affects maternal
mental health and subsequent parent–child relationships [3].

Although numerous interventions have been shown to alleviate
psychological distress in pregnant women, those specifically
targeting partners and interventions that simultaneously involve
both members of the couple remain rare. The absence of
programs designed to engage pregnant women and their partners
represents a critical gap, as research has demonstrated that
psychological distress is interdependent. Such distress is shared
between both members of the couple dyad, potentially through
“emotional contagion” or a multilayered process in which
stimuli from one individual elicit an emotional or a behavioral
response in the other (ie, the “common fate” model) [4]. These
findings underscore the need for a paradigm shift toward
integrating dyadic assessments into perinatal screening protocols
and developing a partner-inclusive treatment framework.

Mindfulness-based interventions (MBIs) are designed to foster
awareness of individuals’ present-moment experiences and to
develop an orientation of openness and acceptance toward these
experiences [5]. MBIs are widely recognized as effective
psychological approaches in both clinical and nonclinical
populations, including pregnant women [6-8]. Multiple
systematic reviews and meta-analyses [9-11] indicate that MBIs

help alleviate depression, anxiety, and perceived stress in
pregnant women and have long-term preventive effects on
postpartum depression and perceived stress [12]. However,
MBIs for both partners primarily focus on couples coping with
chronic illnesses such as cancer [13]. To the best of our
knowledge, only 2 randomized controlled trials (RCTs) have
used mindfulness interventions with couples. One study used
a mindfulness-based childbirth and parenting program that
integrated mindfulness training with childbirth and parenting
education [14]. However, it specifically targeted couples in
which the pregnant woman feared childbirth, with
childbirth-related outcomes as the primary focus. Another study
focused on couples’ relationship satisfaction and recruited
couples with excessively high levels of relationship satisfaction.
In addition, the sample size was small [15]. All these factors
limited the representativeness of the 2 studies. Thus, it remains
unclear whether mindfulness-based dyadic interventions are
suitable for couples.

One of the challenges of traditional MBIs is the requirement to
attend in-person classes that last 6-8 weeks. This becomes even
more difficult when both partners in a couple are expected to
participate, because their conflicting schedules and
responsibilities often make coordination challenging [16]. Two
recent systematic reviews and meta-analyses showed that
emerging digital mindfulness interventions can significantly
reduce maternal prenatal depressive and anxiety symptoms [17]
and are also effective in preventing postpartum depression in
healthy pregnant women [18]. The digital approach offers an
innovative solution that can effectively overcome these
obstacles. It provides individuals with the flexibility to engage
in therapy at their convenience, breaking free from the
limitations of time and location while also helping to reduce
the stigma often associated with seeking psychological support
[19]. These benefits are particularly significant in relatively
resource-limited and less developed areas [20], such as western
China.

WeChat (Tencent) is the most widely used smartphone
application for instant communication, social interaction, and
information dissemination in China and is regarded as one of
the leading social networks globally [21]. Its mini-program
function enables simpler development of health intervention
programs, reduces costs, and delivers a more rapid, convenient,
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and enriched user experience [22,23]. Thus, the primary aim of
this study was to explore the effect of a digital
mindfulness-based intervention for expectant parents (dMBI-EP)
through a WeChat mini-program on their psychological stress
responses.

The early neuropsychological development of offspring is
equally significant to the parents’ mental health during
pregnancy. Neuropsychological development refers to the
developmental process of the brain structure and function, as
well as behavioral performance under the dynamic interaction
of biological, environmental, and cultural factors, involving
adaptive changes in multiple dimensions such as cognition,
language, motor skills, and social-emotional functions [24].
Temperament refers to biologically-based, relatively stable
individual differences in emotional reactivity and regulation
and other behavioral tendencies [25] that are observable at birth
[26]. Infant neuropsychological studies often include infant
temperament as a characteristic of behavioral performance and
incorporate it into the measurement framework [27,28].
Moreover, temperament serves as a crucial early predictor of
an individual’s later-stage psychopathology and developmental
behavior disorders, thus holding significant research value
[29,30]. Two previous reviews have highlighted a relationship
between maternal prenatal mental health and the
difficult-to-care-for temperament of infants [31,32]. Two
systematic reviews and meta-analyses published in 2024 showed
significant associations between maternal prenatal depression
and poorer cognitive, language, and motor development in
offspring [33]. Moreover, parental prenatal mood and anxiety
disorders were significantly associated with an increased risk
of neurodevelopmental disorders in children [34]. Given the
negative consequences of couples’ prenatal psychological
distress, effective primary preventive interventions are crucial.
Pregnancy, that is, the early developmental period of offspring,
is a window of opportunity in which early preventive
interventions may not only reduce the burden and alleviate the
suffering resulting from couples’prenatal psychological distress
but also leverage neuroplasticity to optimize
neurodevelopmental trajectories across the lifespan [35].
Therefore, the second aim of this study was to explore the
potential impact of dMBI-EP on offspring’s neuropsychological
development.

Methods

Ethical Considerations
The study protocol underwent review and received approval
from the Ethics Committee of Shandong University School of
Nursing and Rehabilitation (2022-R-61). Informed consent was
obtained from all participants in the study. The trial was
registered at the Chinese Clinical Trial Registry
(ChiCTR2200059598). All data and information from
participants were strictly confidential and safeguarded.
Participants were not paid for their participation in the study,
except for small gifts such as baby and maternity tissues as a
form of periodic incentive. All participants had access to free
and convenient WeChat-based antenatal health consultations
provided by trained assistants who were unaware of the study

allocation. This study adhered to the standard guidelines for
RCTs and is reported according to the CONSORT-EHEALTH
(Consolidated Standards of Reporting Trials of Electronic and
Mobile Health Interventions and Online Telehealth) guidelines
for reporting eHealth and mHealth interventions (Multimedia
Appendix 1).

Study Design and Participant Eligibility
This study was a 2-arm RCT conducted with couples during
pregnancy who attended routine obstetric examinations at the
outpatient centers of a specialized hospital in Yinchuan City,
Ningxia Hui Autonomous Region, from June 2022 to December
2023. Follow-up was completed in September 2024, with a total
of 408 couples recruited for the study.

The inclusion criteria for pregnant women were as follows: (1)
age ≥18 years, (2) singleton pregnancy, (3) expecting their first
childbirth, (4) gestational age 12-20 weeks, (5) proficiency in
reading and writing Chinese, and (6) no participation in any
other psychological intervention or assignment to a waiting
group. The exclusion criteria were as follows: (1) severe somatic
or mental disorders before or during pregnancy, (2) serious
comorbidities or complications during pregnancy, (3) long-term
separation from their husband, and (4) previous experience with
mindfulness and meditation practices (eg, yoga).

For partners, the inclusion criteria were: (1) age ≥18 years, (2)
expecting their first child, (3) proficiency in reading and writing
Chinese, (4) no participation in any other psychological
interventions or assignment to a waiting group, and (5) identified
by the pregnant woman as her current partner. The exclusion
criteria for partners were: (1) severe somatic or mental disorders,
(2) long-term separation from their wife, and (3) previous
experience with mindfulness and meditation practices (eg, yoga).

In our initial research design, we planned to collect neonates’
feces within the first 48 hours after birth to analyze the potential
impact of dMBI-EP on fetal gut microbiota. Consequently,
pregnant women with HIV infection, hepatitis C infection,
immunosuppressive diseases, or those who had undergone
gastrointestinal surgery within the past 5 years (excluding
cholecystectomy and appendectomy) were initially intended to
be excluded. Nevertheless, due to insufficient project funding,
we abandoned this part of the study and did not apply the
corresponding exclusion criteria. Revocation of these exclusion
criteria did not influence this study.

Sample Size
The sample size was calculated using G*Power (Heinrich Heine
University Düsseldorf) software. Previous studies [22,36,37]
have shown a medium effect size for anxiety and depression
after mindfulness interventions during pregnancy, while
self-help interventions for these conditions yielded small to
medium effects. Based on a medium effect size (Cohen d=0.50),
a sample size of 128 was needed to achieve 80% power with a
2-sided P<.05. To account for a 20% attrition rate, 160
participants were recruited.

Procedures
Pregnant women between 12 and 20 weeks of gestation who
attended routine prenatal check-ups with their partners were

J Med Internet Res 2025 | vol. 27 | e77260 | p. 3https://www.jmir.org/2025/1/e77260
(page number not for citation purposes)

Tian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


enrolled in the study (baseline, T1). Randomization was carried
out using a computerized random number generator, with the
numbers concealed and assigned sequentially to participants.
Eligible couples who consented to participate were randomly
assigned in a 1:1 ratio to either the intervention group (regular
prenatal care plus mindfulness intervention) or the control group
(regular prenatal care only).

The Intervention: dMBI-EP
Our intervention was implemented through a WeChat
mini-program, titled “Mindfulness Brightens Pregnant Couples’
Moods.” The intervention program drew on the contents of
mindfulness-based stress reduction [38] and mindfulness-based
childbirth and parenting [39]. A series of specific and targeted
adjustments was made to ensure that the intervention
components and procedures remained essentially unchanged.
These modifications encompassed the following aspects: (1)
based on previous research [40], the intervention duration and
number of modules were shortened to 6 weeks; (2) the characters
were set as ordinary young Chinese couples, either in cartoon
form or in real-life appearance; (3) the language was set as the
widely used Mandarin Chinese; (4) animations were created to
achieve visualization using appropriate pictures, symbols,
diagrams, and metaphors consistent with the text content, and
Chinese subtitles were included; and (5) considering the
participation of couples from different ethnic groups, religious
elements were carefully avoided in the character images,
language, music, and animation presentations.

The dMBI-EP consists of six 1-week modules, each including
a thematic session and 6 audio-guided home practice sessions.
On the first day of each module, couples were required to watch
an animated video, which was 12-20 minutes long. The video
presented theoretical content related to mindfulness designed
for couples, and some of the videos (covering all 6 weeks)
included mindfulness practices demonstrated by our team
members. Over the remaining 6 days of the week, couples were
encouraged to engage in both formal (audio-guided) and
informal mindfulness practices (with mindfulness practices
integrated into daily activities) at home. Each module

incorporated content related to the partner, which was presented
not in isolation but based on the “commonalities, emotional
bond, and interaction” with the pregnant woman, emphasizing
the consensus, empathy, and collaboration between couples.

For example, in the thematic lessons, in the first week, we
introduced “Prenatal Psychological Stress of Couples,”
explaining its causes, symptoms, and negative impacts, and
emphasized equal attention to the partners’ prenatal
psychological stress. In the fourth week, parents were taught
“How to Interact With the Fetus During Pregnancy,” including
“Mindful Touching of Fetal Movement” and “Mindful Listening
to the Fetal Heart With the Help of a Fetal Heart Monitor.” In
the fifth week, “Mindful Stretching” and “Ice-Holding Exercise”
were explained and demonstrated to the couple, requiring their
cooperation. In the sixth week, the couple learned “Learning
Mindful Eye Contact, Hugging, Listening/Speaking to Support
Each Other.” This module aimed to integrate mindfulness into
daily life, prompting couples to purposefully pay attention to,
respond to, and be attuned to each other in their daily living.

In the audio-guided home practice section, there was detailed
guidance on mindfulness exercises that specifically involved
couple collaboration and interaction (Multimedia Appendix 2).
Couples were expected to study and practice together, and the
mini-program tracked users’ logins and learning activities. While
each partner’s mini-program was linked, couples shared one
account for convenience, with the program asking them to
confirm whether they were studying and practicing together.
Researchers sent standardized WeChat reminders when the first
day’s content of each module was unlocked: “Hello! Week X’s
courses have been unlocked. Remember to attend classes and
practice mindfulness with your partner daily during your free
time.” The Coach Guiding sessions were held at the end of the
second and sixth weeks, each lasting 15-20 minutes. Conducted
as group WeChat video conferences led by project team
personnel, these sessions included a Q&A to address
participants’ questions, along with encouragement and sharing.
The session at the end of the sixth week also included a
summary. Multimedia Appendix 2 depicts the program outline,
and Figure 1 presents a screenshot of the mini-program.
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Figure 1. The interface display of the WeChat mini-program “Mindfulness Brightens Pregnant Couples’ Moods.”.

Outcomes
The primary outcomes were couples’ psychological stress
response symptoms during pregnancy, including depression,
anxiety, and perceived stress, assessed at baseline (12-20 weeks
of gestation, T1), within 2 weeks of completion of the
intervention (approximately 20-28 weeks of gestation, T2), and
6 weeks post partum (T3). Secondary outcomes included other
psychological outcomes of couples (including fatigue, sleep
issues, prenatal attachment, and perceived partner
responsiveness) at T1 and T2, and infant neuropsychological
development assessed by wives at T3.

Measures
The Edinburgh Postpartum Depression Scale (EPDS) [41]
consists of 10 items, each scored on a 4-point scale (0-3), with
total scores ranging from 0 to 30. Higher scores indicate more
severe symptoms. A sum score of 9 or higher is used to screen
for mild or possible depression symptoms [42]. It is a validated
tool for assessing prenatal depression [43], including the Chinese
version [44].

The 7-item Generalized Anxiety Disorder Questionnaire
(GAD-7) [45] is a widely used tool, applicable to clinical
practice and research. Each item is scored on a scale from 0 to
3, and the total scores range from 0 to 21, with higher scores
signifying greater anxiety levels. A score of 5 or higher on the
GAD-7 may indicate possible anxiety symptoms [46]. The
Chinese version of the GAD-7 has shown good psychometric
properties [47].

The 10-item Perceived Stress Scale (PSS-10) [48] is scored on
a scale from 0 to 4 for each item, with total scores ranging from
0 to 40. Higher scores reflect higher perceived stress. A score
of 14 or above suggests moderate to high levels of perceived
stress [49]. The Chinese version has shown reliability and
validity [50].

The Chalder Fatigue Scale, which was used to assess the severity
of physical and mental fatigue [51], consists of 14 items. Each
item has 2 response options (yes or no), and the scale yields
total scores ranging from 0 to 14. Higher scores indicate higher
chronic fatigue levels. The Chinese version of the Chalder
Fatigue Scale-14 has demonstrated satisfactory reliability and
validity [52].

We used the 8-item Athens Insomnia Scale (AIS) to assess sleep
problems. This validated instrument quantifies sleep difficulties
according to the International Classification of Diseases, 10th
Revision diagnostic criteria [53]. The AIS is rated on a 0-3 scale,
and total scores range from 0 to 24, with higher scores indicating
poorer sleep quality. The Chinese AIS version has also been
shown to be reliable and valid [54].

The 12-item Perceived Partner Responsiveness Scale [55] was
used to assess marital intimacy. Each item is rated on a 7-point
Likert scale (1-7). The average of all 12 items should be
calculated, with higher scores indicating greater perceived
partner responsiveness by the respondent. In terms of shared
experiences and coping with stress, this scale may be more
applicable than one-way relationship measurement instruments
[56]. The Chinese version of the Perceived Partner
Responsiveness Scale is a valid and reliable tool for measuring
adult partners’ intimate relationships [57].

The 20-item Five Facet Mindfulness Questionnaire [58] was
used to assess mindfulness level. Each item can be rated on a
1-5 scale, from “strongly disagree” to “strongly agree.” The
total score ranges from 20 to 100, and higher scores indicate
higher mindfulness level.

Parental bonding to the fetus was measured using the Maternal
Antenatal Attachment Scale/Paternal Antenatal Attachment
Scale (MAAS/PAAS) [59,60]. The MAAS comprises 19 items,
while the PAAS contains 16 items. All items in the
MAAS/PAAS are rated on a 5-point Likert scale (1-5).
Consequently, the total scores of the MAAS range from 19 to
95, while those of the PAAS range from 16 to 80. Higher scores
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indicate a higher level of bonding with the fetus. The Chinese
versions of MAAS and PAAS are valid and reliable tools for
measuring parental bonding to the fetus [61,62].

Infants’ neuropsychological development was measured using
the Age and Stages Questionnaire–Third Edition [63]. The
assessment consists of 30 items rated on a 3-point Likert scale,
covering 5 domains that evaluate the development of key
functional areas in infants: communication, gross motor, fine
motor, problem-solving, and personal-social. For each domain,
the total score ranges from 0 to 60, with lower scores indicating
poorer developmental behaviors.

Infant temperament was measured using the Early Infancy
Temperament Questionnaire [64,65]. This 76-item, 9-dimension
parent questionnaire is designed to evaluate temperament
characteristics in infants aged 1-4 months. The 9 dimensions
include activity level, rhythmicity, approach, intensity of
reaction, quality of mood, attention span, distractibility,
threshold of reaction, and adaptability. Each item is rated on a
6-point frequency scale, ranging from “almost never” to “almost
always.” Higher scores on each dimension indicate greater
activity, irregular rhythm, easier withdrawal, stronger reactions,
a more negative mood, shorter persistence, greater distractibility,
a lower reaction threshold, and slower adaptation, indicating a
more negative infant temperament and greater caretaking
difficulty [66].

Demographic Characteristics, Pregnancy Conditions,
and Neonatal Outcomes
The sociodemographic questionnaire covered age, ethnic group,
education level, residence, monthly family income, whether the
couple resided together, whether the pregnancy was planned,
and specific pregnancy-related details of the pregnant woman,
such as gestational age, adverse pregnancy history (including
abortion or induced labor), and prenatal complications (eg,
anemia, subhypothyroidism, gestational diabetes,
pregnancy-induced hypertension, gestational heart disease,
threatened abortion, and placenta previa). Neonatal outcome
information, including birth weight and gestational age at
delivery, was obtained by interviewing the parents post partum.

Collection of Outcome Data
The outcome data were collected using paper-based and
electronic questionnaires. The baseline assessment was mainly
conducted using paper-based questionnaires. During subsequent
assessments, we sent electronic questionnaire links using the
WenjuanXing platform through WeChat. For participants who
preferred not to complete the electronic version, supplementary
paper questionnaires with identical content were made available.

Adherence
Module completion was defined as completing at least 1
thematic session and 3 of the 6 formal practice sessions per
week. Intervention compliance was defined as completing at
least 3 modules, including video courses and home practices.
The WeChat mini-program supported participants’daily learning

and formal practice. The intervention completion rate was
calculated as the proportion of participants who completed the
intervention among those in the intervention group.

Statistical Analysis
Data were expressed as mean (SD), n (%), and 95% CI. A series
of chi-square tests, Fisher exact tests, and 2-tailed t tests were
performed to assess demographic differences between the
intervention and control groups. Linear regression analysis was
used to assess the relationship between the frequency of
mindfulness learning, practice time, and psychological distress
indices. A generalized estimated equation (GEE) was used to
assess the impact of the intervention on psychological stress
responses. An independent-samples t test was used to examine
the effect of the intervention on the infants’neuropsychological
development. The false discovery rate with Benjamini-Hochberg
correction was used to adjust the P values.

Our RCT analysis adhered to the intention-to-treat principle.
All randomly assigned participants were included in the final
statistical analysis to minimize bias caused by dropouts or
insufficient compliance. The GEE can handle correlation issues
in longitudinal follow-up data and, to some extent, enables
robust estimation with missing outcome data. In this study, there
were no missing baseline outcome variables; therefore, all
participants were included in the analysis. For individual missing
cases during the follow-up period, the GEE method could still
perform effective estimation, thus ensuring the robustness of
the results.

We conducted a partial correlation analysis to explore the
relationship between infant temperament dimensions and
parental psychological distress at T2 while controlling for T1
distress. Using the SPSS PROCESS plugin (Model 4; IBM
Corp), we examined whether the intervention affected infants’
neuropsychological development by mitigating couples’
psychological distress during pregnancy. The bias-corrected
nonparametric percentile bootstrapping method (n=5000) was
used to test the significance of the mediation effect, with a 95%
CI not including 0 indicating a significant mediation effect. As
the mediation analysis was exploratory, no correction for
multiplicity was performed.

Results

Sample Characteristics
We initially approached 408 pregnant couples between 12 and
20 weeks of gestation and obtained a final sample of 160 couples
(Figure 2). Among the 160 couples, 141 (88.1%) completed the
assessment after the intervention (T2), and 2 couples (one each
from the intervention and control groups) were lost to follow-up.
In addition, 17 individuals (wives or husbands) from different
couples were lost to follow-up. Specifically, 2 wives and 5
husbands dropped out of the intervention group, whereas 6
wives and 8 husbands dropped out of the control group. The
overall dropout rate was 5% (8/160) for wives and 8.13%
(13/160) for husbands.
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Figure 2. Participant flow diagram. CC: complete case; ITT: intention-to-treat; T1: baseline (12-20 weeks of gestation); T2: 2 weeks after completion
of the intervention (approximately 20-28 weeks of gestation); T3: 6 weeks postpartum.

At T3, 117 (73.1%) couples completed the assessment. In total,
16 couples dropped out of the intervention group and 19 dropped
out of the control group. In addition, 8 individuals (wives or
husbands) from different couples were lost to follow-up.
Specifically, 18 wives and 17 husbands dropped out of the
intervention group, whereas 23 wives and 20 husbands dropped
out of the control group. This resulted in an overall dropout rate
of 25.6% (41/160) for wives and 23.1% (37/160) for husbands.

Table 1 presents the sample characteristics at baseline (T1).
Pregnant women’s mean age was 26.89 (SD 2.78) years, and
the mean gestational age was approximately 14.11 (SD 2.55)
weeks. Partners’ mean age was 29.01 (SD 3.21) years. There
were no single pregnant women among the participants. The
mean gestational age at delivery was 38.92 (SD 1.48) weeks,
and the mean infant birth weight was 3261.68 (SD 465.71)
grams.
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Table 1. Demographic characteristics and pregnancy-related conditions of couples. A currency exchange rate of Yuan ¥1=US $0.1401 is applicable.

Intervention group (n=80)Control group (n=80)Overall (N=160)Characteristic

Pregnant women

26.74 (2.90)27.05 (2.67)26.89 (2.78)Age (in years), mean (SD)

Nationality, n (%)

67 (83.8)68 (85.0)135 (84.4)Han

13 (16.3)12 (15.0)25 (15.6)National minority

Education, n (%)

12 (15.0)14 (17.5)26 (16.3)High school or less

27 (33.8)30 (37.5)57 (35.6)Junior college

41 (51.3)36 (45.0)77 (48.1)Undergraduate or above

14.43 (2.73)13.79 (2.34)14.11 (2.55)Gestational age (in weeks), mean (SD)

Adverse pregnancy history (yes), n (%)

12 (15.0)18 (22.5)30 (18.8)Yes

68 (85.0)62 (77.5)130 (81.3)No

Complications during pregnancy, n (%)

16 (20.0)21 (26.3)123 (76.9)Yes

64 (80.0)59 (73.8)37 (23.1)No

Current employment status, n (%)

63 (78.8)63 (78.8)126 (78.8)Yes

17 (21.3)17 (21.3)34 (21.3)No

21.56 (3.53)21.99 (3.30)21.77 (3.42)Prepregnancy BMI (kg/m2), mean (SD)

22.18 (3.61)22.63 (3.38)22.40 (3.49)Current BMI (kg/m2), mean (SD)

Husbands

29.13 (3.73)28.90 (2.60)29.01 (3.21)Age (in years), mean (SD)

Nationality, n (%)

65 (81.3)70 (87.5)135 (84.4)Han

15 (18.8)10 (12.5)25 (15.6)National minority

Education, n (%)

16 (20.0)17 (21.3)33 (20.6)High school or less

29 (36.3)28 (35.0)57 (35.6)Junior college

35 (43.8)35 (43.8)70 (43.8)Undergraduate or above

Current employment status, n (%)

79 (98.8)79 (98.8)158 (98.8)Yes

1 (1.3)1 (1.3)2 (1.3)No

24.12 (3.55)24.27 (3.48)24.19 (3.50)Current BMI (kg/m2), mean (SD)

Conditions of couples

Residence, n (%)

68 (85.0)63 (78.8)131 (81.9)Urban

12 (15.0)17 (21.3)29 (18.1)Rural

Monthly household income (¥), n (%)

17 (21.3)14 (17.5)31 (19.4)<5000

37 (46.3)46 (57.5)83 (51.9)5000-8999
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Intervention group (n=80)Control group (n=80)Overall (N=160)Characteristic

26 (32.5)20 (25.0)46 (28.8)≥9000

Both partners intended this pregnancy, n (%)

52 (65.0)58 (72.5)110 (68.8)Yes

28 (35.0)22 (27.5)50 (31.3)No

Mode of pregnancy, n (%)

79 (98.8)80 (100.0)159 (99.4)Natural pregnancy

1 (1.3)0 (0)1 (0.6)Assisted pregnancy

Characteristics of infants, mean (SD)

38.69 (1.46)39.15 (1.47)38.92 (1.48)Gestational age at birth (in weeks), mean
(SD)

3192.22 (466.10)3329.00 (458.87)3261.68 (465.71)Birth weight (g), mean (SD)

In addition, the findings revealed that among 160 couples, at
least 1 partner in 148 (92.5%) couples tested positive for at least
1 of the 3 primary outcomes (EPDS≥9 [42], GAD-7≥5 [46],
and PSS-10≥14 [49]). Specifically, 134 (83.8%) wives and 106
(66.3%) husbands tested positive for at least 1 of these 3
outcomes (Multimedia Appendix 3).

As shown in Multimedia Appendices 4 and 5, there were no
statistically significant differences in the distribution of
treatment allocation, general demographic data, and baseline
psychological distress indicators between dropout and
nondropout samples of pregnant women and partners at T2 and
T3 (P>.05). For partners, there were no statistically significant
differences in the distribution of all baseline psychological
outcomes and mindfulness levels between the dropout and
nondropout samples at T2 and T3 (P>.05). However, pregnant
women who dropped out at T2 had higher mindfulness and
maternal-fetal bonding levels than those who remained.

Adherence
In the intervention group, 45 (56.25%) couples completed theme
courses for at least 3 modules, but only 37 (46.25%) completed
theme courses and formal home exercises for 3 weeks or more,
meeting the compliance criteria for this study. Specifically,
pregnant women completed the theme courses and home
exercises for an average of 3.36 (SD 2.28) weeks and 2.41 (SD
2.23) weeks, respectively, and an average of 15.09 (SD 12.23)
sessions in total (range 0-42 sessions), while partners completed
them for an average of 3.08 (SD 2.31) weeks and 1.85 (SD 1.87)
weeks, respectively, and an average of 12.50 (SD 11.32) sessions

in total (range 0-41 sessions). A total of 41 (51.25%) pregnant
women and 37 (46.25%) partners met the study compliance
criteria. Approximately 74 (92.75%) couples received the first
coaching guidance session, and 43 (53.75%) received the second
session.

Considering that the frequency of learning and practice may
affect the psychological stress response and mindfulness levels,
we conducted a series of linear regression analyses. The results
revealed that the total number of class sessions for learning
mindfulness and formal home practice was not significantly
associated with psychological outcomes or mindfulness levels
at T2 (in all analyzed models, P>.05, and the 95% CI for the
regression coefficient included 0) (Multimedia Appendix 6).

Effectiveness on Primary Outcomes
As shown in Table 2 and Figure 3, the results for pregnant
women indicated a significant time×group interaction for
symptoms of depression (Wald χ²1=10.1; q=.002) and perceived
stress (Wald χ²1=18.6; q<.001). Changes in depression and
perceived stress symptoms from preintervention to
postintervention differed significantly between the intervention
and control groups. In the intervention group, depression and
perceived stress symptoms at T2 were significantly lower
compared with the control group, with Cohen d values of 0.49
and 0.67, respectively. The outcomes imply an nonsignificant
time×group interaction for symptoms of anxiety (Wald χ²1=2.5;
q=.11). Nevertheless, the anxiety levels of pregnant women in
the intervention group were lower than those of pregnant women
in the control group.

J Med Internet Res 2025 | vol. 27 | e77260 | p. 9https://www.jmir.org/2025/1/e77260
(page number not for citation purposes)

Tian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Overall test results and between-group differences in couples’ psychological distress from the generalized estimating equations analysis. T1:
baseline (12-20 weeks of gestation); T2: 2 weeks after completion of the intervention (approximately 20-28 weeks of gestation).

Group×timeCohen d (95% CI)Estimated mean difference,
(95% CI)

Intervention
group, mean
(SD)

Control group,
mean (SD)

Outcomes

q value

(FDRa ad-
justed)P value

Wald χ2

(df)

Maternal depression

.002.00110.1 (1)N/Ab–0.76 (–2.34 to 0.81)9.28 (5.50)10.04 (4.71)T1

N/AN/AN/A0.65 (0.32 to 0.98)–3.56 (–5.22 to –1.90)6.40 (4.64)9.84 (5.86)T2

Paternal depression

.006.0029.6 (1)N/A0.81 (–0.71 to 2.34)6.94 (5.45)6.13 (4.38)T1

N/AN/AN/A0.38 (0.05 to 0.70)–1.95 (–3.55 to –0.34)5.39 (4.69)7.28 (5.39)T2

Maternal anxiety

0.11.112.5 (1)N/A–0.80 (–1.89 to 0.29)5.04 (3.39)5.84 (3.70)T1

N/AN/AN/A0.49 (0.17 to 0.81)–1.80 (–2.93 to –0.66)3.90 (3.00)5.66 (4.14)T2

Paternal anxiety

0.42.420.7 (1)N/A–0.65 (–1.62 to 0.32)3.00 (3.20)3.65 (3.09)T1

N/AN/AN/A0.29 (–0.03 to 0.62)–1.14 (–2.30 to 0.01)3.11 (3.41)4.17 (3.81)T2

Maternal perceived stress

<.001<.00118.7 (1)N/A–0.06 (–1.69 to 1.56)14.85 (5.46)14.91 (5.08)T1

N/AN/AN/A0.67 (0.34 to 1.00)–4.01 (–5.89 to –2.14)11.50 (5.76)15.53 (6.23)T2

Paternal perceived stress

.26.181.8 (1)N/A0.51 (–1.23 to 2.26)13.46 (5.98)12.95 (5.34)T1

N/AN/AN/A0.16 (–0.16 to 0.48)–1.08 (–3.33 to 1.17)11.53 (7.96)12.67 (6.04)T2

aFDR: false discovery rate.
bN/A: Not available.

Figure 3. Changes in psychological distress of couples over time in the intervention group and the control group. T1: baseline (12-20 weeks of gestation);
T2: 2 weeks after completion of the intervention (approximately 20-28 weeks of gestation).

For partners, the results indicated a significant time×group
interaction for symptoms of depression (Wald χ²1=9.6; q=.006).
Changes in depressive symptoms from preintervention to
postintervention differed significantly between the intervention
and control groups. Depression symptoms at T2 were
significantly lower in the intervention group than in the control
group with Cohen d=0.38. The results also showed a
nonsignificant time×group interaction for symptoms of anxiety

(Wald χ²1=0.7; q=.42) and perceived stress (Wald χ²1=1.8;
q=.26). Changes in anxiety and perceived stress symptoms did
not differ significantly between the intervention and control
groups from preintervention to postintervention.
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Effectiveness on Secondary Outcomes

Postpartum Psychological Distress
The results for wives at 6 weeks post partum (T3) revealed a
significant time×group interaction for symptoms of depression
(Wald χ²1=13.5; q=.002) and perceived stress (Wald χ²1=8.6;
q=.01). For husbands, the results indicated a significant
time×group interaction for symptoms of depression (Wald
χ²1=13.2; q=.002). However, regarding anxiety, neither wives
(Wald χ²1=1.8; q=.26) nor husbands (Wald χ²1=2.2; q=.24) had
a significant time×group interaction. Nevertheless, in the
intervention group, parental anxiety levels and perceived
parental stress at T3 were significantly lower than in the control
group (Multimedia Appendix 7).

Other Psychological Outcomes
Our findings also showed a significant time×group interaction
for symptoms of sleep problems (Wald χ²1=6.0; q=.045), fatigue
(Wald χ²1=5.7; q=.045), and perceived partner responsiveness
(Wald χ²1=12.7; q=.003) among pregnant women at T2

(Multimedia Appendix 8). However, no such effect was
observed for partners.

Mindfulness Level
Our findings showed a significant time×group interaction for
mindfulness level at T2 among pregnant women (Wald χ²1=13.6;
P<.001) and partners (Wald χ²1=4.7; P=.03) (Multimedia
Appendix 9).

Infant Neuropsychological Development
The independent-samples t test results indicated that the average
scores of the infants’ activity level (t122=3.845; q <.001),
approach (t122=2.330, q=.049), intensity of reaction (t122=3.398;
q=.004), quality of mood (t122=5.124; q<.001), distractibility
(t122=4.087; q<.001), and adaptability (t122=3.138; q=.006) in
the control group were statistically significantly higher than
those in the intervention group, and the Cohen d values ranged
from 0.42 to 0.92. However, no significant differences were
found in the development of the 5 functional areas
(communication, gross motor, fine motor, problem-solving, and
personal-social) of infants (all q>.05) (Table 3).

Table 3. Differences in infant neuropsychological development between the intervention and control groups.

Cohen d (95% CI)
q value (FDRa

adjusted)P value2-tailed t (df)
Intervention group,
mean (SD)

Control group, mean
(SD)

Early Infancy Temperament Questionnaire

0.69 (0.33 to 1.06)<.001<.0013.845 (122)3.42 (0.63)3.93 (0.84)Activity level

0.26 (–0.10 to 0.61).17.161.433 (122)3.13 (0.59)3.28 (0.51)Rhythmicity

0.42 (0.06 to 0.77).049.022.330 (122)2.75 (0.90)3.16 (1.05)Approach

0.61 (0.25 to 0.97).004.0013.398 (122)3.44 (0.96)4.04 (1.02)Intensity of reaction

0.17 (–0.17 to 0.53).27.330.969 (122)3.33 (0.85)3.48 (0.87)Attention span

0.73 (0.37 to 1.10)<.001<.0014.087 (122)2.58 (0.81)3.21 (0.90)Distractibility

–0.05 (0 to 0.32).47.79–0.273 (122)4.08 (0.63)4.05 (0.66)Threshold of reaction

0.92 (0.55 to 1.29)<.001<.0015.124 (122)3.06 (0.65)3.67 (0.68)Quality of mood

0.56 (0.20 to 0.92).006.0023.138 (122)2.67 (0.71)3.20 (1.13)Adaptability

Age and Stages Questionnaire–Third Edition

–0.17 (0 to 0.51).43.349–0.94 0 (122)46.03 (10.28)44.18 (11.63)Communication

–0.15 (0 to 0.49).44.41–0.835 (122)48.33 (13.14)46.39 (12.72)Gross motor

–0.07 (0 to 0.41).44.68–0.414 (122)47.94 (9.66)47.21 (9.81)Fine motor

–0.20 (0 to 0.54).79.27–1.099 (122)52.38 (9.50)50.16 (12.68)Problem-solving

–0.31 (0 to 0.66).73.08–1.745 (122)43.57 (12.36)39.75 (11.99)Personal-social

aFDR: false discovery rate.

Mediation Analysis
The 6 types of infants’ temperament scores (activity level,
approach, adaptability, intensity of reaction, quality of mood,
and distractibility) at 6 weeks in the intervention group were
significantly lower than those in the control group. Therefore,
we conducted a partial correlation analysis to explore the
relationship between infants’ 6 types of temperament and

parental psychological distress at T2, adjusting for psychological
distress at T1.

The infants’approach at T3 was positively related with maternal
depressive symptoms (r=0.237; P=.01) and perceived stress
(r=0.239; P=.01) at T2. Similarly, adaptability was positively
associated with maternal depression (r=0.228; P=.01) and
perceived stress (r=0.235; P=.01), intensity of reaction was
positively associated with maternal depression (r=0.219; P=.02)
and perceived stress (r=0.316; P=.001), quality of mood was
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positively associated with maternal depression symptoms
(r=0.247; P=.007) and perceived stress (r=0.345; P<.001), and
distractibility was positively correlated with maternal depression
symptoms (r=0.254; P=.006) and perceived stress (r=0.318;
P<.001). However, all 6 types of infant temperament were
unrelated to paternal psychological distress at T2 (P>.05;
Multimedia Appendix 10).

Based on the partial correlation results, we tested 10 mediation
models, examining the indirect effect of treatment allocation
(0=control group and 1=intervention group) on infant approach,
intensity of reaction, quality of mood, distractibility, and
adaptability through maternal depressive and perceived stress

symptoms at T2. The mediating effect analysis showed that
treatment allocation positively predicted maternal perceived
stress at T2, and maternal perceived stress positively predicted
infant approach, intensity of reaction, quality of mood, and
distractibility (P<.05) (Multimedia Appendix 11). Bootstrap
tests indicated that maternal perceived stress at T2 mediated
the relationship between treatment allocation and infant
approach (indirect effect=–0.148, 95% CI –0.324 to –0.006),
intensity of reaction (indirect effect=–0.200, 95% CI –0.413 to
–0.035), quality of mood (indirect effect=–0.122, 95% CI –0.250
to –0.020), and distractibility (indirect effect=–0.149, 95% CI
–0.289 to –0.030), with all mediating effects reaching statistical
significance (Figure 4).

Figure 4. The mediating analysis of maternal psychological distress between treatment allocation and infant neuropsychological development. The
path coefficients are unstandardized coefficients. Maternal perceived stress at T1 was adjusted. *P<.05; **P<.01;***P<.001; T1: baseline (12-20 weeks
of gestation); T2: 2 weeks after completion of the intervention (approximately 20-28 weeks of gestation).

Discussion

Primary Findings
Leveraging the convenience, accessibility, and flexibility of the
WeChat mini-program, this study explored a moderately
practical and effective approach to delivering psychological
interventions for parental health. This holds particular
significance in northwest China, where mental health resources
are relatively scarce and economic and cultural development
remains relatively constrained. Our findings indicated that
couples who participated in the dMBI-EP experienced reduced
psychological distress levels, as evidenced by lower average
levels of depression and perceived stress compared with those
in the control group post intervention. Moreover, the digital
MBI appeared to have a ripple effect, contributing to infant
temperament development at 6 weeks.

This study used a preventive intervention approach that achieved
a small-to-medium effect on couples’ psychological distress
and mindfulness levels. A systematic review and meta-analysis
[17] published in 2023 indicated that the effect size of digital
MBIs in reducing the psychological stress responses of pregnant
women was small to medium. In terms of specific psychological
metrics, the dMBI-EP most significantly affected depression in
couples and more extensively affected pregnant women’s
psychology, as it covered areas such as perceived stress, sleep,
fatigue, and perceived partner responsiveness, in addition to
depression, with less evident effects on these aspects in partners.
However, this intervention had no significant impact on the
parents’ general anxiety disorder symptoms. This differs from

an earlier study on pregnant women with high anxiety symptoms
(GAD-7≥10) [8]. Because our participants (especially husbands)
had low baseline GAD-7 scores, we presume that our
nonsignificant results may be associated with a floor effect, as
there was little room for their anxiety to change.

Previous studies on couples’ interventions during pregnancy
have yielded mixed results. In the Netherlands, a universal
psychoeducational program for couples failed to reduce
psychological distress or improve caregiving quality [67]. In
contrast, a Korean couple-centered antenatal education program
effectively decreased maternal prenatal depression and stress
while enhancing parent–fetal attachment [68]. In the United
Kingdom, a brief 4-week Mindfulness-Based Childbirth and
Parenting program implemented within the National Health
Service as a nonrandomized intervention demonstrated broader
benefits; pregnant women showed reduced anxiety, depression,
and pregnancy-related distress, whereas their partners exhibited
decreased anxiety and depression, with potential stress reduction
[69]. Another randomized intervention study from the United
States found that the 4-week Mindful Transition to Parenthood
Program significantly improved partners’ relationship
satisfaction, mindfulness, and negative emotions with a
medium-to-large effect size. However, for pregnant women,
the program had no significant effect on any variable [15].
Systematic reviews and meta-analyses [17,18,70] have suggested
that mindfulness interventions (including digital mindfulness
interventions) during pregnancy may improve maternal
prepartum and postpartum depression, anxiety, and stress,
although their effects on husbands remain unclear. This study
extends these findings by suggesting that mindfulness-based
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couple interventions could potentially produce both short- and
long-term benefits for couples. However, the intervention had
a greater effect on maternal psychological distress and other
psychological outcomes (including sleep problems, fatigue, and
perceived partner responsiveness) prepartum and postpartum,
whereas its impact on paternal psychological distress was
limited. One possible reason is that, in this study, husbands had
milder baseline psychological stress responses than wives.
However, even with relatively low baseline distress levels,
husbands potentially benefited from the intervention. This may
indicate the beneficial nature of our intervention and suggest
the value of further improving and promoting it.

In addition, differences in the degree of participation in the
interventions may account for this discrepancy. First, husbands
may face a more acute shortage of time for the intervention than
pregnant women. This can be attributed to the fact that husbands
often face increased financial responsibilities and are generally
less likely to receive work exemptions during pregnancy and
the postpartum period. In contrast, some pregnant women may
stop working for various reasons [71]. Based on the baseline
results of this study, 78.8% of wives and 98.8% of husbands
were employed. This is consistent with a study conducted in
another province of China, which showed that the proportion
of employed pregnant women was lower than that of their
partners (72.2% vs 95.3%) [72]. Second, husbands often find
it difficult to step into the role due to their inability to experience
the same physical changes firsthand as pregnant women do [73],
and the deep-rooted influence of traditional gender norms and
stereotypes makes them perceive themselves often as playing
a subsidiary role during pregnancy, viewing themselves
primarily as providers, caregivers, protectors, and companions
rather than central figures [74,75]. Some men believe that
“pregnancy and childbirth are primarily the affairs of wives”
or that “their presence in the experience was not acknowledged”
and view themselves as “powerless,” “unimportant,” or
“outsiders” [74,76]. Consequently, their motivation to participate
in prenatal interventions is relatively low. Finally, the
attractiveness of our intervention for husbands may be a concern.
For a long time, husbands’ physical and psychological needs
have seldom been addressed. This, in turn, has led to a
widespread lack of understanding and targeted support [77].
Many existing prenatal health care service programs have also
made fathers feel “alienated” [78]. This suggests that existing
intervention measures should be improved based on further
research on husbands (such as barriers to participating in the
intervention and intervention preference) to align more closely
with their concerns and needs.

Secondary Findings

Duration of Learning and Practice and Outcome
Improvement
The results of this study also revealed that the total number of
class sessions on learning mindfulness and formal home practice
was not significantly associated with parental psychological
distress and mindfulness at T2. Research findings on the
relationship between mindfulness practice frequency and
intervention outcomes have been inconsistent. Some evidence
shows a small yet significant association between practice and

outcomes [79]. However, other evidence indicates that neither
practice duration nor the frequency of practice days correlates
with outcome improvements [80]. Our results support this
hypothesis. The possible reasons for this irrelevance are as
follows: first, the core factor contributing to the effectiveness
of the intervention may not be the learning duration. Instead,
elements such as intervention content and practice quality play
a role [80], as everyone differs in learning input, comprehension,
and the quality of their learning, all of which influence
outcomes. Second, the distribution of the intervention content
in terms of class hours was uneven, and there were differences
in content density and course rhythm among the different course
types and practice items. Third, informal mindfulness practice
was not recorded because it might have been difficult to quantify
and report accurately. However, compared to formal practice,
informal mindfulness practice is brief and easy to implement.
It represents an individualized way of developing a mindful
state and integrating it into daily life [81,82], and has been
proven to be more closely associated with improvements in
intervention outcomes than formal practices [83,84]. Fourth,
the recorded individual learning durations of some participants
were based on the co-learning records of couples, which may
have been inaccurate.

Interestingly, pregnant women who dropped out at T2
demonstrated higher baseline levels of mindfulness and
maternal–fetal attachment. This could imply that these
participants had already internalized basic mindfulness
techniques and that the intervention might not have offered
sufficient depth or challenges to keep them engaged. Future
interventions should consider incorporating tiered or advanced
content to maintain the interest and engagement of participants
with varying levels of mindfulness experience.

The Ripple effect of dMBI-EP on Infant’s
Neuropsychological Development
Our dMBI-EP seemingly exhibited a ripple effect on infant
neuropsychological development at 6 weeks, influencing various
dimensions such as activity, approach, intensity of reaction,
quality of mood, distractibility, and adaptability, and presented
a medium-to-large effect size. Moreover, the effects on the
infants’ approach, intensity of reaction, quality of mood, and
distractibility were mediated by reductions in maternal perceived
stress symptoms at T2. These findings align with previous
research indicating that maternal mindfulness during pregnancy
can shape certain aspects of infant temperament, primarily
through the reduction of maternal psychological distress [40,85].
Notably, given that both infants’ temperament and mothers’
psychological status can affect mother–infant interaction and
bonding, which in turn influences mothers’ perception of their
infants [86,87], and considering that our infant temperament
results are solely based on mothers’ reports rather than objective
measurements, it is difficult to distinguish the impact of
confounding factors on our intervention results. However, the
effect size of our intervention on infant temperament reached
a medium-to-large magnitude. This suggests that the intervention
likely had a tangible impact on the offspring despite potential
reporting bias.
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Our analysis revealed minimal evidence that MBIs improve
infants’ neuropsychological development by alleviating the
psychological distress of husbands. This finding may be
attributable to several factors. First, the intervention
demonstrated weaker effects in reducing psychological distress
in husbands than in wives, potentially diminishing its
downstream impact on infant outcomes. Second, given the
fetus’s uterine development, paternal psychological states during
pregnancy likely exert a limited direct physiological influence
on fetal neurodevelopment. This mechanistic limitation is
corroborated by observational studies showing consistent and
robust associations between maternal prenatal distress and infant
neuropsychological impairments [88], whereas investigations
of paternal distress have yielded mixed findings. An American
study showed that prenatal paternal stress predicts infant
parasympathetic functioning at 7 months [89]. A birth cohort
study in the Taiwan region of China found that prenatal paternal
depression was associated with offspring tic disorders,
developmental delays, developmental speech or language
disorders, and developmental coordination disorder [90].
However, a United Kingdom study based on the Avon
Longitudinal Study of Parents and Children population cohort
found that paternal antenatal depression was not associated with
an increased risk of anxiety [91]. A study in Norway found no
evidence that paternal prenatal depressive symptoms could
predict behavioral problems in children [92]. This study, which
used an RCT design, revealed that reducing husbands’ prenatal
psychological distress had a negligible impact on infants’
neurodevelopment, thus adding new evidence to this research
field.

Limitations
This study has several limitations. First, it was conducted at a
single specialized hospital in Northwest China. The participants
might have had relatively lower educational attainment and
income level than those in Eastern China, which limits the
generalizability of the findings to more diverse populations or
regions with varying health care infrastructures. Second, this
study relied on self-reports, which may have introduced
subjective bias. Participants might have been influenced by
social desirability, memory bias, or emotional states, potentially
distorting the data. This could undermine the reliability of the
results and warrants caution when interpreting our findings.
Future work could assess the efficacy of dMBI-EP using
diagnostic assessments and objective biological measurements
for a more comprehensive clinical evaluation. Third, 38.0%
(155/408) of the couples approached (one or both parties)
declined to participate. As the mental health status of the
participants who refused was not evaluated, we could not
confirm the differences between those who refused and those

who agreed to participate in this study’s population. This
potential limitation may have affected the interpretation and
generalizability of the findings. Fourth, although our original
intention was to conduct a universal preventive intervention (ie,
enroll all participants regardless of their baseline psychological
distress status), only 12 (7.5%) couples had both parties testing
negative for all 3 primary outcomes. Instead, this study
ultimately included a high proportion of couples in which at
least 1 partner had actual psychological distress and required
timely intervention, achieving a natural enrichment of
populations with a high need for psychological distress support.
This outcome may be attributed to the high-stress recruitment
setting for pregnant couples in the real world, coupled with
self-selection bias among study participants, making it difficult
for the sample to represent the general population and limiting
the generalizability of the results. Fifth, intervention compliance
was lower than ideal, especially among husbands. Such a
shortcoming is relatively common in electronic interventions,
particularly those that are “father-inclusive” [93]. Compliance
regarding the “Coach Guiding” part was especially poor because
participants had no unified available time and were generally
not accustomed to joining strangers’ WeChat groups for
relatively private discussions and sharing. This was highly
unfavorable for promoting coaching in the form of WeChat
group video conferences. Therefore, we had no choice but to
provide guidance to participants through one-on-one online or
face-to-face means; we also summarized the learning
experiences of active sharers and disseminated them in the form
of pictures and texts using WeChat.

Conclusions
This RCT suggests that the dMBI-EP may have reduced
psychological distress scores in couples, with potentially
sustained benefits extending into the early postpartum period.
More pronounced effects of the intervention were observed on
maternal mental health, which might have mediated the positive
influence of the intervention on multiple domains of infant
neuropsychological development. Our findings tentatively
contribute to the field in 3 ways. First, they provide empirical
support for digital couple interventions as a promising approach
to reducing perinatal mental health disparities, particularly in
resource-limited settings. Second, they support and expand the
“fetal programming” hypothesis by demonstrating maternal
psychological states during pregnancy as modifiable factors
that are likely to shape infant neuropsychological development.
Finally, the findings highlight the significance of implementing
interventions for couples and suggest the necessity of
continuously and constructively exploring modes and methods
of father-inclusive mental health interventions.

Acknowledgments
The authors thank all the couples who participated in this study. This research was supported by the National Natural Science
Foundation of China (grants 32400913 and 32071084), and the Natural Science Foundation of Shandong Province (grant
ZR2023QC208). The authors declare that no generative AI was used in any portion of the manuscript writing.

Data Availability
The datasets are available from the corresponding author upon reasonable request.

J Med Internet Res 2025 | vol. 27 | e77260 | p. 14https://www.jmir.org/2025/1/e77260
(page number not for citation purposes)

Tian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Authors' Contributions
Conceptualization: FLC (lead), XZ (equal), YXT (equal)
Data curation: YXT
Formal analysis: YXT (lead), YQH, JW, MYD (supporting)
Funding acquisition: FLC
Investigation: YXT, RM, XDL, KYG, HF, CPW
Methodology: YXT, XZ, JW
Project administration: FLC (lead), XZ (equal), YXT (supporting)
Resources: FLC, YXT
Supervision: FLC, XZ, NXC
Validation: all authors
Visualization: YXT
Writing – original draft: YXT (lead), XZ (supporting)
Writing – review & editing: FLC (lead), XZ (supporting), NXC (supporting), JW (supporting)

Conflicts of Interest
None declared.

Multimedia Appendix 1
CONSORT-eHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 1363 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Mindfulness program outline.
[DOCX File , 32 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Psychological Symptom Screening Positivity Among Expectant Parents.
[DOCX File , 30 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Comparison of baseline information between dropout and non - dropout samples (T2).
[DOCX File , 43 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Comparison of baseline information between dropout and non - dropout samples(T3).
[DOCX File , 36 KB-Multimedia Appendix 5]

Multimedia Appendix 6
Linear regression analyses of total class sessions for learning mindfulness and formal home practice on parental psychological
stress response outcomes.
[DOCX File , 30 KB-Multimedia Appendix 6]

Multimedia Appendix 7
Overall test results and between - group differences in postpartum parental psychological distress in the generalized estimating
equations analysis.
[DOCX File , 18 KB-Multimedia Appendix 7]

Multimedia Appendix 8
Overall test results and between - group differences in other psychological outcomes of expectant parents in the generalized
estimating equations analysis.
[DOCX File , 34 KB-Multimedia Appendix 8]

J Med Internet Res 2025 | vol. 27 | e77260 | p. 15https://www.jmir.org/2025/1/e77260
(page number not for citation purposes)

Tian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app1.pdf&filename=eed77f666714b092ad098a38220d0371.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app1.pdf&filename=eed77f666714b092ad098a38220d0371.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app2.docx&filename=69c3a557ba8bbbdf0a8a4efac31e6f35.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app2.docx&filename=69c3a557ba8bbbdf0a8a4efac31e6f35.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app3.docx&filename=9eb16bd20cdcf239649221b20a6b9b84.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app3.docx&filename=9eb16bd20cdcf239649221b20a6b9b84.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app4.docx&filename=c87f975f4c4a56bf1ba2cf0ea7b376b5.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app4.docx&filename=c87f975f4c4a56bf1ba2cf0ea7b376b5.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app5.docx&filename=9b687dd841ca2fb05e0bd68d76f8d2c6.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app5.docx&filename=9b687dd841ca2fb05e0bd68d76f8d2c6.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app6.docx&filename=35d6120a4cd03836084c72ab0b69e7bf.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app6.docx&filename=35d6120a4cd03836084c72ab0b69e7bf.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app7.docx&filename=eeaccfb1feef13a80f6a4c980975b140.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app7.docx&filename=eeaccfb1feef13a80f6a4c980975b140.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app8.docx&filename=c323be82a44cc0d9acc950bbbee9d246.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app8.docx&filename=c323be82a44cc0d9acc950bbbee9d246.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 9
Overall test results and between-group differences in expectant parental mindfulness level in the generalized estimating equations
analysis.
[DOCX File , 28 KB-Multimedia Appendix 9]

Multimedia Appendix 10
Correlation between expectant parental psychological distress during pregnancy and infant temperament.
[DOCX File , 28 KB-Multimedia Appendix 10]

Multimedia Appendix 11
The mediating role of maternal perceived stress (T2) between treatment allocation and infant temperament.
[DOCX File , 20 KB-Multimedia Appendix 11]

References

1. Morse CA, Buist A, Durkin S. First-time parenthood: influences on pre- and postnatal adjustment in fathers and mothers.
J Psychosom Obstet Gynaecol. 2000;21(2):109-120. [FREE Full text] [doi: 10.3109/01674820009075616] [Medline:
10994183]

2. Challacombe FL, Pietikäinen JT, Kiviruusu O, Saarenpää-Heikkilä O, Paunio T, Paavonen EJ. Paternal perinatal stress is
associated with children's emotional problems at 2 years. J Child Psychol Psychiatry. 2023;64(2):277-288. [FREE Full
text] [doi: 10.1111/jcpp.13695] [Medline: 36215991]

3. Cameron EE, Sedov ID, Tomfohr-Madsen LM. Prevalence of paternal depression in pregnancy and the postpartum: an
updated meta-analysis. J Affect Disord. 2016;206:189-203. [doi: 10.1016/j.jad.2016.07.044] [Medline: 27475890]

4. Hatfield E, Cacioppo JT, Rapson RL. Emotional Contagion. Cambridge. Cambridge University Press; 1994.
5. Kabat-Zinn J. Mindfulness-based interventions in context: past, present, and future. Clinical Psychology Science & Practice.

2010;10(2):144-156. [doi: 10.1093/clipsy/bpg016]
6. Cavanagh K, Churchard A, O'Hanlon P, Mundy T, Votolato P, Jones F, et al. A randomised controlled trial of a brief online

mindfulness-based intervention in a non-clinical population: replication and extension. Mindfulness (N Y).
2018;9(4):1191-1205. [FREE Full text] [doi: 10.1007/s12671-017-0856-1] [Medline: 30100934]

7. Goetz M, Schiele C, Müller M, Matthies LM, Deutsch TM, Spano C, et al. Effects of a brief electronic mindfulness-based
intervention on relieving prenatal depression and anxiety in hospitalized high-risk pregnant women: exploratory pilot study.
J Med Internet Res. 2020;22(8):e17593. [FREE Full text] [doi: 10.2196/17593] [Medline: 32780023]

8. Goodman JH, Guarino A, Chenausky K, Klein L, Prager J, Petersen R, et al. CALM Pregnancy: results of a pilot study of
mindfulness-based cognitive therapy for perinatal anxiety. Arch Womens Ment Health. 2014;17(5):373-387. [FREE Full
text] [doi: 10.1007/s00737-013-0402-7] [Medline: 24449191]

9. Sari Y, Hsu YY, Nguyen TTB. The effects of a mindfulness-based intervention on mental health outcomes in pregnant
woman: a systematic review and meta-analysis. J Nurs Res. 2023;31(6):e306. [doi: 10.1097/jnr.0000000000000586]
[Medline: 38036493]

10. Reangsing C, Punsuwun S, Oerther S. Effects of mindfulness-based interventions (MBIs) on depression in pregnant women:
a systematic review and meta-analysis. J Affect Disord. 2024;352:51-59. [doi: 10.1016/j.jad.2024.02.049] [Medline:
38360361]

11. Vázquez-Lara MD, Ruger-Navarrete A, Mohamed-Abdel-Lah S, Gómez-Urquiza JL, Fernández-Carrasco FJ, Rodríguez-Díaz
L, et al. The impact of mindfulness programmes on anxiety, depression and stress during pregnancy: a systematic review
and meta-analysis. Healthcare (Basel). 2025;13(12):1378. [FREE Full text] [doi: 10.3390/healthcare13121378] [Medline:
40565405]

12. Trapani S, Caglioni M, Villa G, Manara DF, Caruso R. Mindfulness-based interventions during pregnancy and long-term
effects on postpartum depression and maternal mental health: a systematic review and meta-analysis of randomized controlled
trials. J Integr Complement Med. 2024;30(2):107-120. [doi: 10.1089/jicm.2023.0114] [Medline: 37638799]

13. Gao W, Zhang Q, Zhang L, Xu M, Zhu Y, Han J. Efficacy of couple-based dyadic interventions on the relationship outcomes
of couples with cancer: a systematic review and network meta-analysis. Eur J Oncol Nurs. 2025;75:102798. [doi:
10.1016/j.ejon.2025.102798] [Medline: 39914129]

14. Van der Meulen R, Veringa-Skiba I, Van Steensel F, Bögels SM, De Bruin EI. Mindfulness-based childbirth and parenting
for pregnant women with high fear of childbirth and their partners: outcomes of a randomized controlled trial assessing
short- and longer-term effects on psychological well-being, birth and pregnancy experience. Midwifery. 2023;116:103545.
[FREE Full text] [doi: 10.1016/j.midw.2022.103545] [Medline: 36375411]

15. Gambrel LE, Piercy FP. Mindfulness-based relationship education for couples expecting their first child--part 1: a randomized
mixed-methods program evaluation. J Marital Fam Ther. 2015;41(1):5-24. [doi: 10.1111/jmft.12066] [Medline: 24433518]

J Med Internet Res 2025 | vol. 27 | e77260 | p. 16https://www.jmir.org/2025/1/e77260
(page number not for citation purposes)

Tian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app9.docx&filename=f170e5f69bd7046a6fb607cf9f9cac23.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app9.docx&filename=f170e5f69bd7046a6fb607cf9f9cac23.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app10.docx&filename=14c6ad929ebb20d4b028e18d2063f9c3.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app10.docx&filename=14c6ad929ebb20d4b028e18d2063f9c3.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app11.docx&filename=244b38ffc060dbd90efa63f4416487db.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e77260_app11.docx&filename=244b38ffc060dbd90efa63f4416487db.docx
https://www.tandfonline.com/doi/10.3109/01674820009075616?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.3109/01674820009075616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10994183&dopt=Abstract
https://europepmc.org/abstract/MED/36215991
https://europepmc.org/abstract/MED/36215991
http://dx.doi.org/10.1111/jcpp.13695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36215991&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2016.07.044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27475890&dopt=Abstract
http://dx.doi.org/10.1093/clipsy/bpg016
https://europepmc.org/abstract/MED/30100934
http://dx.doi.org/10.1007/s12671-017-0856-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30100934&dopt=Abstract
https://www.jmir.org/2020/8/e17593/
http://dx.doi.org/10.2196/17593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32780023&dopt=Abstract
https://europepmc.org/abstract/MED/24449191
https://europepmc.org/abstract/MED/24449191
http://dx.doi.org/10.1007/s00737-013-0402-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24449191&dopt=Abstract
http://dx.doi.org/10.1097/jnr.0000000000000586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38036493&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2024.02.049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38360361&dopt=Abstract
https://www.mdpi.com/resolver?pii=healthcare13121378
http://dx.doi.org/10.3390/healthcare13121378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40565405&dopt=Abstract
http://dx.doi.org/10.1089/jicm.2023.0114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37638799&dopt=Abstract
http://dx.doi.org/10.1016/j.ejon.2025.102798
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39914129&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0266-6138(22)00293-5
http://dx.doi.org/10.1016/j.midw.2022.103545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36375411&dopt=Abstract
http://dx.doi.org/10.1111/jmft.12066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24433518&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


16. Price-Blackshear MA, Pratscher SD, Oyler DL, Armer JM, Cheng A, Cheng MX, et al. Online couples mindfulness-based
intervention for young breast cancer survivors and their partners: a randomized-control trial. J Psychosoc Oncol.
2020;38(5):592-611. [doi: 10.1080/07347332.2020.1778150] [Medline: 32552446]

17. Mefrouche ML, Siegmann E, Böhme S, Berking M, Kornhuber J. The effect of digital mindfulness interventions on
depressive, anxiety, and stress symptoms in pregnant women: a systematic review and meta-analysis. Eur J Investig Health
Psychol Educ. 2023;13(9):1694-1706. [FREE Full text] [doi: 10.3390/ejihpe13090122] [Medline: 37754461]

18. Min W, Jiang C, Li Z, Wang Z. The effect of mindfulness-based interventions during pregnancy on postpartum mental
health: a meta-analysis. J Affect Disord. 2023;331:452-460. [doi: 10.1016/j.jad.2023.03.053] [Medline: 36963518]

19. Bucci S, Schwannauer M, Berry N. The digital revolution and its impact on mental health care. Psychol Psychother.
2019;92(2):277-297. [doi: 10.1111/papt.12222] [Medline: 30924316]

20. Khosravi M, Azar G. A systematic review of reviews on the advantages of mHealth utilization in mental health services:
a viable option for large populations in low-resource settings. Glob Ment Health (Camb). 2024;11:e43. [FREE Full text]
[doi: 10.1017/gmh.2024.39] [Medline: 38690573]

21. Wu Q, Huang Y, Helena van Velthoven M, Wang W, Chang S, Zhang Y. Feasibility of using WeChat to improve infant
and young child feeding in rural areas in China: a mixed quantitative and qualitative study. PLoS One. 2021;16(2):e0246942.
[FREE Full text] [doi: 10.1371/journal.pone.0246942] [Medline: 33630873]

22. Zhang X, Li Y, Wang J, Mao F, Wu L, Huang Y, et al. Effectiveness of digital guided self-help mindfulness training during
pregnancy on maternal psychological distress and infant neuropsychological development: randomized controlled trial. J
Med Internet Res. 2023;25:e41298. [FREE Full text] [doi: 10.2196/41298] [Medline: 36763452]

23. Duan Y, Liang W, Guo L, Zhan H, Xia C, Ma H, et al. Effectiveness of a wechat mini program-based intervention on
promoting multiple health behavior changes among Chinese patients with cardiovascular diseases in home-based
rehabilitation: randomized controlled trial. J Med Internet Res. 2025;27:e66249. [FREE Full text] [doi: 10.2196/66249]
[Medline: 40460318]

24. Boivin M. An introduction to the neuropsychology of African children within a co-constructivist paradigm. In:
Neuropsychology of Children in Africa: Perspectives on Risk and Resilience. New York. Springer New York; 2013:1-16.

25. Rothbart MK. Handbook of child psychology. In: Social, Emotional, and Personality Development. New Jersey. John Wiley
& Sons, Inc; 2006:99-166.

26. Mallise CA, Lane AE, Woolard AJ, Whalen OM, Murphy VE, Karayanidis F, et al. The temperament features associated
with autism spectrum disorder in childhood: a systematic review. Res Dev Disabil. 2020;104:103711. [doi:
10.1016/j.ridd.2020.103711] [Medline: 32599501]

27. Berenbaum S. Neuropsychological follow-up in neonatal screening: issues, methods and findings. Acta Paediatr Suppl.
1999;88(432):83-87. [doi: 10.1080/080352599750029475]

28. Takács L, Putnam SP, Monk C, Dahlen HG, Thornton C, Bartoš F, et al. Associations between mode of birth and
neuropsychological development in children aged 4 years: results from a birth cohort study. Child Psychiatry Hum Dev.
2021;52(6):1094-1105. [FREE Full text] [doi: 10.1007/s10578-020-01084-4] [Medline: 33128716]

29. Jones NA, Sloan A. Neurohormones and temperament interact during infant development. Philos Trans R Soc Lond B Biol
Sci. 2018;373(1744):20170159. [FREE Full text] [doi: 10.1098/rstb.2017.0159] [Medline: 29483344]

30. Gartstein MA, Skinner MK. Prenatal influences on temperament development: the role of environmental epigenetics. Dev
Psychopathol. 2018;30(4):1269-1303. [FREE Full text] [doi: 10.1017/S0954579417001730] [Medline: 29229018]

31. Field T. Prenatal depression effects on early development: a review. Infant Behav Dev. 2011;34(1):1-14. [doi:
10.1016/j.infbeh.2010.09.008] [Medline: 20970195]

32. Erickson NL, Gartstein MA, Dotson JAW. Review of prenatal maternal mental health and the development of infant
temperament. J Obstet Gynecol Neonatal Nurs. 2017;46(4):588-600. [doi: 10.1016/j.jogn.2017.03.008] [Medline: 28571833]

33. Erickson NL, Gartstein MA, Dotson JAW. Review of prenatal maternal mental health and the development of infant
temperament. J Obstet Gynecol Neonatal Nurs. 2017;46(4):588-600. [doi: 10.1016/j.jogn.2017.03.008] [Medline: 28571833]

34. Kępińska AP, Smout S, Robakis TK, Cohen LE, Mahjani ICG, Skalkidou A, et al. Association of parental prenatal mental
health on offspring neurodevelopmental disorders: a systematic review and meta-analysis. medRxiv. 2024. [FREE Full
text] [doi: 10.1101/2024.09.12.24313571] [Medline: 39314949]

35. Bondi BC, Tassone VK, Bucsea O, Desrocher M, Pepler DJ. A systematic review of neurodevelopmental assessments in
infancy and early childhood: developing a conceptual framework, repository of measures, and clinical recommendations.
Neuropsychol Rev. 2025;35(2):337-353. [doi: 10.1007/s11065-024-09641-7] [Medline: 38693469]

36. Zhang X, Lin P, Sun J, Sun Y, Shao D, Cao D, et al. Prenatal stress self-help mindfulness intervention via social media: a
randomized controlled trial. J Ment Health. 2023;32(1):206-215. [doi: 10.1080/09638237.2021.1952947] [Medline:
34264775]

37. Victorson D, Morgan T, Kutikov A, Novakovic K, Kundu S, Horowitz B, et al. Mindfulness-based stress reduction for men
on active surveillance for prostate cancer and their spouses: design and methodology of a randomized controlled trial.
Contemp Clin Trials. 2023;125:107059. [FREE Full text] [doi: 10.1016/j.cct.2022.107059] [Medline: 36563902]

38. Schellekens MP, van den Hurk DG, Prins JB, Molema J, Donders ART, Woertman WH, et al. Study protocol of a randomized
controlled trial comparing mindfulness-based stress reduction with treatment as usual in reducing psychological distress

J Med Internet Res 2025 | vol. 27 | e77260 | p. 17https://www.jmir.org/2025/1/e77260
(page number not for citation purposes)

Tian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1080/07347332.2020.1778150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32552446&dopt=Abstract
https://www.mdpi.com/resolver?pii=ejihpe13090122
http://dx.doi.org/10.3390/ejihpe13090122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37754461&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2023.03.053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36963518&dopt=Abstract
http://dx.doi.org/10.1111/papt.12222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30924316&dopt=Abstract
https://europepmc.org/abstract/MED/38690573
http://dx.doi.org/10.1017/gmh.2024.39
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38690573&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0246942
http://dx.doi.org/10.1371/journal.pone.0246942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33630873&dopt=Abstract
https://www.jmir.org/2023//e41298/
http://dx.doi.org/10.2196/41298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36763452&dopt=Abstract
https://www.jmir.org/2025//e66249/
http://dx.doi.org/10.2196/66249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40460318&dopt=Abstract
http://dx.doi.org/10.1016/j.ridd.2020.103711
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32599501&dopt=Abstract
http://dx.doi.org/10.1080/080352599750029475
https://europepmc.org/abstract/MED/33128716
http://dx.doi.org/10.1007/s10578-020-01084-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33128716&dopt=Abstract
https://europepmc.org/abstract/MED/29483344
http://dx.doi.org/10.1098/rstb.2017.0159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29483344&dopt=Abstract
https://europepmc.org/abstract/MED/29229018
http://dx.doi.org/10.1017/S0954579417001730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29229018&dopt=Abstract
http://dx.doi.org/10.1016/j.infbeh.2010.09.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20970195&dopt=Abstract
http://dx.doi.org/10.1016/j.jogn.2017.03.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28571833&dopt=Abstract
http://dx.doi.org/10.1016/j.jogn.2017.03.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28571833&dopt=Abstract
https://doi.org/10.1101/2024.09.12.24313571
https://doi.org/10.1101/2024.09.12.24313571
http://dx.doi.org/10.1101/2024.09.12.24313571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39314949&dopt=Abstract
http://dx.doi.org/10.1007/s11065-024-09641-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38693469&dopt=Abstract
http://dx.doi.org/10.1080/09638237.2021.1952947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34264775&dopt=Abstract
https://europepmc.org/abstract/MED/36563902
http://dx.doi.org/10.1016/j.cct.2022.107059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36563902&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


in patients with lung cancer and their partners: the MILON study. BMC Cancer. 2014;14:3. [FREE Full text] [doi:
10.1186/1471-2407-14-3] [Medline: 24386906]

39. Bardacke N. Mindful Birthing: Training the Mind, Body, and Heart for Childbirth and Beyond. New York City. HarperCollins;
2012.

40. Zhang X, Li Y, Wang J, Mao F, Wu L, Huang Y, et al. Effectiveness of digital guided self-help mindfulness training during
pregnancy on maternal psychological distress and infant neuropsychological development: randomized controlled trial. J
Med Internet Res. 2023;25:e41298. [FREE Full text] [doi: 10.2196/41298] [Medline: 36763452]

41. Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression. Development of the 10-item Edinburgh postnatal
depression scale. Br J Psychiatry. 1987;150:782-786. [doi: 10.1192/bjp.150.6.782] [Medline: 3651732]

42. Gao M, Hu J, Yang L, Ding N, Wei X, Li L, et al. Association of sleep quality during pregnancy with stress and depression:
a prospective birth cohort study in China. BMC Pregnancy Childbirth. 2019;19(1):444. [FREE Full text] [doi:
10.1186/s12884-019-2583-1] [Medline: 31775666]

43. Pinto TM, Figueiredo B. Couple's relationship and depressive symptoms during the transition to parenthood and toddler's
emotional and behavioral problems. Int J Environ Res Public Health. 2022;19(6):3610. [FREE Full text] [doi:
10.3390/ijerph19063610] [Medline: 35329297]

44. Zhang Y, Sun H, Li W, Luo X, Liu T, Fang F, et al. Maternal and paternal depression during pregnancy in china: prevalence,
correlates, and network analysis. Neuropsychiatr Dis Treat. 2021;17:2269-2280. [FREE Full text] [doi:
10.2147/NDT.S321675] [Medline: 34285487]

45. Spitzer RL, Kroenke K, Williams JBW, Löwe B. A brief measure for assessing generalized anxiety disorder: the GAD-7.
Arch Intern Med. 2006;166(10):1092-1097. [doi: 10.1001/archinte.166.10.1092] [Medline: 16717171]

46. Yang H, Pan Y, Chen W, Yang X, Liu B, Yuan N, et al. Prevalence of and relevant factors for depression and anxiety
symptoms among pregnant women on the eastern seaboard of China in the post-COVID-19 era: a cross-sectional study.
BMC Psychiatry. 2023;23(1):564. [FREE Full text] [doi: 10.1186/s12888-023-05059-2] [Medline: 37550657]

47. He XY. Reliability and validity of a generalized anxiety scale in general hospital outpatients. Shanghai Arch Psychiatry.
2010;22(4):200-203. [doi: 10.3969/j.issn.1002-0829.2010.04.002]

48. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav. 1983;24(4):385-396.
[Medline: 6668417]

49. Zhou X, Rao L, Yang D, Wang T, Li H, Liu Z. Effects of maternal pre-pregnancy body mass index and gestational weight
gain on antenatal mental disorders in China: a prospective study. BMC Pregnancy Childbirth. 2023;23(1):188. [FREE Full
text] [doi: 10.1186/s12884-023-05502-y] [Medline: 36934260]

50. Wang Z, Wang Y, Wu Z, Chen D, Chen J, Xiao Z. Reliability and validity of the Chinese version of Perceived Stress Scale.
J Shanghai Jiao Tong Univ Med Sci. 2015;35(10):1448-1451. [doi: 10.3969/j.issn.1674-8115.2015.10.004]

51. Chalder T, Berelowitz G, Pawlikowska T, Watts L, Wessely S, Wright D, et al. Development of a fatigue scale. J Psychosom
Res. 1993;37(2):147-153. [doi: 10.1016/0022-3999(93)90081-p] [Medline: 8463991]

52. Wong WS, Fielding R. Construct validity of the Chinese version of the Chalder Fatigue Scale in a Chinese community
sample. J Psychosom Res. 2010;68(1):89-93. [doi: 10.1016/j.jpsychores.2009.05.008] [Medline: 20004305]

53. Soldatos CR, Dikeos DG, Paparrigopoulos TJ. Athens Insomnia Scale: validation of an instrument based on ICD-10 criteria.
J Psychosom Res. 2000;48(6):555-560. [doi: 10.1016/s0022-3999(00)00095-7] [Medline: 11033374]

54. Chung K, Kan KK, Yeung W. Assessing insomnia in adolescents: comparison of insomnia severity index, Athens Insomnia
Scale and sleep quality index. Sleep Med. 2011;12(5):463-470. [doi: 10.1016/j.sleep.2010.09.019] [Medline: 21493134]

55. Reis HT, Maniaci MR, Caprariello PA, Eastwick PW, Finkel EJ. Familiarity does indeed promote attraction in live interaction.
J Pers Soc Psychol. 2011;101(3):557-570. [doi: 10.1037/a0022885] [Medline: 21381850]

56. Reis HT. Affective interdependence in close relationships. In: Mikulincer M, Shaver PR, editors. Mechanisms of Social
Connection: From Brain to Group. Washington DC. American Psychological Association; 2014:255-271.

57. Yang SC, Wang ZX, Liu ZL, Li YS. Reliability and validity test of perceived partner responsiveness scale in Chinese
version. Chin J Clin Psychol. 2019;27(5):950-953. [doi: 10.16128/j.cnki.1005-3611.2019.05.020]

58. Hou J, Wong SY, Lo HH, Mak WW, Ma HS. Validation of a Chinese version of the five facet mindfulness questionnaire
in Hong Kong and development of a short form. Assessment. 2014;21(3):363-371. [doi: 10.1177/1073191113485121]
[Medline: 23596271]

59. Condon JT. The assessment of antenatal emotional attachment: development of a questionnaire instrument. Br J Med
Psychol. 1993;66(2):167-183. [doi: 10.1111/j.2044-8341.1993.tb01739.x] [Medline: 8353110]

60. Condon JT, Corkindale CJ, Boyce P. Assessment of postnatal paternal–infant attachment: development of a questionnaire
instrument. J Reprod Infant Psychol. 2008;26(3):195-210. [doi: 10.1080/02646830701691335]

61. NIE G, F.H.-x. Validity and reliability of the Chinese version of the Maternal Antenatal Attachment Scale. Chin J Clin
Psychol. 2017;25(4):675-677. [FREE Full text]

62. Shao X, Li SL. Chinese version of the Paternal Antenatal Attachment Scale and evaluation of its reliability and validity. J
Nurs Adm. 2020;20(11):774-777. [FREE Full text]

J Med Internet Res 2025 | vol. 27 | e77260 | p. 18https://www.jmir.org/2025/1/e77260
(page number not for citation purposes)

Tian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-14-3
http://dx.doi.org/10.1186/1471-2407-14-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24386906&dopt=Abstract
https://www.jmir.org/2023//e41298/
http://dx.doi.org/10.2196/41298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36763452&dopt=Abstract
http://dx.doi.org/10.1192/bjp.150.6.782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3651732&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-019-2583-1
http://dx.doi.org/10.1186/s12884-019-2583-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31775666&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph19063610
http://dx.doi.org/10.3390/ijerph19063610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35329297&dopt=Abstract
https://www.tandfonline.com/doi/10.2147/NDT.S321675?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2147/NDT.S321675
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34285487&dopt=Abstract
http://dx.doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16717171&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-023-05059-2
http://dx.doi.org/10.1186/s12888-023-05059-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37550657&dopt=Abstract
http://dx.doi.org/10.3969/j.issn.1002-0829.2010.04.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6668417&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-023-05502-y
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-023-05502-y
http://dx.doi.org/10.1186/s12884-023-05502-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36934260&dopt=Abstract
http://dx.doi.org/10.3969/j.issn.1674-8115.2015.10.004
http://dx.doi.org/10.1016/0022-3999(93)90081-p
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8463991&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychores.2009.05.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20004305&dopt=Abstract
http://dx.doi.org/10.1016/s0022-3999(00)00095-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11033374&dopt=Abstract
http://dx.doi.org/10.1016/j.sleep.2010.09.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21493134&dopt=Abstract
http://dx.doi.org/10.1037/a0022885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21381850&dopt=Abstract
http://dx.doi.org/10.16128/j.cnki.1005-3611.2019.05.020
http://dx.doi.org/10.1177/1073191113485121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23596271&dopt=Abstract
http://dx.doi.org/10.1111/j.2044-8341.1993.tb01739.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8353110&dopt=Abstract
http://dx.doi.org/10.1080/02646830701691335
https://www.cnki.com.cn/Article/CJFDTotal-ZGXL201704022.htm
https://www.cnki.com.cn/Article/CJFDTotal-ZGXL202011013.htm
http://www.w3.org/Style/XSL
http://www.renderx.com/


63. Li Q, Huang J, Cai D, Chou W-C, Zeeshan M, Chu C, et al. Prenatal exposure to legacy and alternative per- and
polyfluoroalkyl substances and neuropsychological development trajectories over the first 3 years of life. Environ Sci
Technol. 2023;57(9):3746-3757. [doi: 10.1021/acs.est.3c00747] [Medline: 36800558]

64. Medoff-Cooper B, Carey WB, McDevitt SC. The Early Infancy Temperament Questionnaire. J Dev Behav Pediatr.
1993;14(4):230-235. [doi: 10.1097/00004703-199308000-00003] [Medline: 8408665]

65. Bhat A, Chowdayya R, Selvam S, Khan A, Kolts R, Srinivasan K. Maternal prenatal psychological distress and temperament
in 1-4 month old infants: a study in a non-Western population. Infant Behav Dev. 2015;39:35-41. [doi:
10.1016/j.infbeh.2014.12.002] [Medline: 25766103]

66. Chong S, Broekman BF, Qiu A, Aris IM, Chan YH, Rifkin-Graboi A, et al. Anxiety and depression during pregnancy and
temperament in early infancy: findings from a multi-ethnic, Asian, prospective birth cohort study. Infant Ment Health J.
2016;37(5):584-598. [doi: 10.1002/imhj.21582] [Medline: 27548536]

67. Missler M, van Straten A, Denissen J, Donker T, Beijers R. Effectiveness of a psycho-educational intervention for expecting
parents to prevent postpartum parenting stress, depression and anxiety: a randomized controlled trial. BMC Pregnancy
Childbirth. 2020;20(1):658. [FREE Full text] [doi: 10.1186/s12884-020-03341-9] [Medline: 33129314]

68. Koh M, Kim J, Yoo H, Kim SA, Ahn S. Development and application of a couple-centered antenatal education program
in Korea. Korean J Women Health Nurs. 2021;27(2):141-152. [FREE Full text] [doi: 10.4069/kjwhn.2021.06.20] [Medline:
36313137]

69. Warriner S, Crane C, Dymond M, Krusche A. An evaluation of mindfulness-based childbirth and parenting courses for
pregnant women and prospective fathers/partners within the UK NHS (MBCP-4-NHS). Midwifery. 2018;64:1-10. [doi:
10.1016/j.midw.2018.05.004] [Medline: 29843001]

70. Dhillon A, Sparkes E, Duarte RV. Mindfulness-based interventions during pregnancy: a systematic review and meta-analysis.
Mindfulness (N Y). 2017;8(6):1421-1437. [FREE Full text] [doi: 10.1007/s12671-017-0726-x] [Medline: 29201244]

71. MacDonald LA, Johnson CY, Lu M, Santiago-Colón A, Adam GP, Kimmel HJ, et al. Physical job demands in pregnancy
and associated musculoskeletal health and employment outcomes: a systematic review. Am J Obstet Gynecol.
2024;230(6):583-599.e16. [doi: 10.1016/j.ajog.2023.12.014] [Medline: 38109950]

72. Liu M, Fang Y, Liu M, Wu M, Zhang J, Niu T, et al. Dyadic coping and associated factors in women with high-risk
pregnancy and their spouses: do they interact? Midwifery. 2024;134:104006. [doi: 10.1016/j.midw.2024.104006] [Medline:
38697013]

73. Baldwin S, Malone M, Sandall J, Bick D. Mental health and wellbeing during the transition to fatherhood: a systematic
review of first time fathers' experiences. JBI Database System Rev Implement Rep. 2018;16(11):2118-2191. [FREE Full
text] [doi: 10.11124/JBISRIR-2017-003773] [Medline: 30289768]

74. Chin R, Daiches A, Hall P. A qualitative exploration of first-time fathers' experiences of becoming a father. Community
Pract. 2011;84(7):19-23. [Medline: 21941706]

75. Alvarenga WDA, Sousa MDCSC, Sales JKLD, Neris RR, DeMontigny F, Nascimento LC. Elements of fatherhood involved
in the gestational period: a scoping review. Rev Bras Enferm. 2024;77(1):e20230029. [FREE Full text] [doi:
10.1590/0034-7167-2023-0029] [Medline: 38716905]

76. Daniels E, Arden-Close E, Mayers A. Be quiet and man up: a qualitative questionnaire study into fathers who witnessed
their partner's birth trauma. BMC Pregnancy Childbirth. 2020;20(1):236. [FREE Full text] [doi: 10.1186/s12884-020-02902-2]
[Medline: 32321470]

77. Wells MB. Literature review shows that fathers are still not receiving the support they want and need from Swedish child
health professionals. Acta Paediatr. 2016;105(9):1014-1023. [doi: 10.1111/apa.13501] [Medline: 27310679]

78. Nambile Cumber S, Williams A, Elden H, Bogren M. Fathers' involvement in pregnancy and childbirth in Africa: an
integrative systematic review. Glob Health Action. 2024;17(1):2372906. [FREE Full text] [doi:
10.1080/16549716.2024.2372906] [Medline: 38993149]

79. Parsons CE, Crane C, Parsons LJ, Fjorback LO, Kuyken W. Home practice in mindfulness-based cognitive therapy and
mindfulness-based stress reduction: a systematic review and meta-analysis of participants' mindfulness practice and its
association with outcomes. Behav Res Ther. 2017;95:29-41. [FREE Full text] [doi: 10.1016/j.brat.2017.05.004] [Medline:
28527330]

80. Ribeiro L, Atchley RM, Oken BS. Adherence to practice of mindfulness in novice meditators: practices chosen, amount
of time practiced, and long-term effects following a mindfulness-based intervention. Mindfulness (N Y). 2018;9(2):401-411.
[FREE Full text] [doi: 10.1007/s12671-017-0781-3] [Medline: 30881517]

81. Huang C, Tu B, Zhang H, Huang J. Mindfulness practice and job performance in social workers: mediation effect of work
engagement. Int J Environ Res Public Health. 2022;19(17):10739. [FREE Full text] [doi: 10.3390/ijerph191710739]
[Medline: 36078454]

82. Barceló-Soler A, Morillo-Sarto H, Fernández-Martínez S, Monreal-Bartolomé A, Chambel MJ, Gardiner P, et al. A systematic
review of the adherence to home-practice meditation exercises in patients with chronic pain. Int J Environ Res Public
Health. 2023;20(5):4438. [FREE Full text] [doi: 10.3390/ijerph20054438] [Medline: 36901448]

J Med Internet Res 2025 | vol. 27 | e77260 | p. 19https://www.jmir.org/2025/1/e77260
(page number not for citation purposes)

Tian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1021/acs.est.3c00747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36800558&dopt=Abstract
http://dx.doi.org/10.1097/00004703-199308000-00003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8408665&dopt=Abstract
http://dx.doi.org/10.1016/j.infbeh.2014.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25766103&dopt=Abstract
http://dx.doi.org/10.1002/imhj.21582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27548536&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-020-03341-9
http://dx.doi.org/10.1186/s12884-020-03341-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33129314&dopt=Abstract
https://europepmc.org/abstract/MED/36313137
http://dx.doi.org/10.4069/kjwhn.2021.06.20
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36313137&dopt=Abstract
http://dx.doi.org/10.1016/j.midw.2018.05.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29843001&dopt=Abstract
https://europepmc.org/abstract/MED/29201244
http://dx.doi.org/10.1007/s12671-017-0726-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29201244&dopt=Abstract
http://dx.doi.org/10.1016/j.ajog.2023.12.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38109950&dopt=Abstract
http://dx.doi.org/10.1016/j.midw.2024.104006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38697013&dopt=Abstract
https://europepmc.org/abstract/MED/30289768
https://europepmc.org/abstract/MED/30289768
http://dx.doi.org/10.11124/JBISRIR-2017-003773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30289768&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21941706&dopt=Abstract
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S0034-71672024000100308&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.1590/0034-7167-2023-0029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38716905&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-020-02902-2
http://dx.doi.org/10.1186/s12884-020-02902-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32321470&dopt=Abstract
http://dx.doi.org/10.1111/apa.13501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27310679&dopt=Abstract
https://www.tandfonline.com/doi/10.1080/16549716.2024.2372906?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/16549716.2024.2372906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38993149&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0005-7967(17)30097-9
http://dx.doi.org/10.1016/j.brat.2017.05.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28527330&dopt=Abstract
https://europepmc.org/abstract/MED/30881517
http://dx.doi.org/10.1007/s12671-017-0781-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30881517&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph191710739
http://dx.doi.org/10.3390/ijerph191710739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36078454&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph20054438
http://dx.doi.org/10.3390/ijerph20054438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36901448&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


83. Kakoschke N, Hassed C, Chambers R, Lee K. The importance of formal versus informal mindfulness practice for enhancing
psychological wellbeing and study engagement in a medical student cohort with a 5-week mindfulness-based lifestyle
program. PLoS One. 2021;16(10):e0258999. [FREE Full text] [doi: 10.1371/journal.pone.0258999] [Medline: 34673830]

84. Brintz CE, Polser G, Coronado RA, French B, Faurot KR, Gaylord SA. Are formal and informal home mindfulness practice
quantities associated with outcomes? Results from a pilot study of a four-week mindfulness intervention for chronic pain
management. Glob Adv Integr Med Health. 2024;13:27536130241236775. [FREE Full text] [doi:
10.1177/27536130241236775] [Medline: 38434590]

85. van den Heuvel M, Johannes M, Henrichs J, Van den Bergh B. Maternal mindfulness during pregnancy and infant
socio-emotional development and temperament: the mediating role of maternal anxiety. Early Hum Dev. 2015;91(2):103-108.
[doi: 10.1016/j.earlhumdev.2014.12.003] [Medline: 25577496]

86. Madsen KB, Rask CU, Olsen J, Niclasen J, Obel C. Depression-related distortions in maternal reports of child behaviour
problems. Eur Child Adolesc Psychiatry. 2020;29(3):275-285. [doi: 10.1007/s00787-019-01351-3] [Medline: 31114966]

87. Shapiro AF, Jolley SN, Hildebrandt U, Spieker SJ. The effects of early postpartum depression on infant temperament. Early
Child Dev Care. 2020;190(12):1918-1930. [FREE Full text] [doi: 10.1080/03004430.2018.1552947] [Medline: 33716380]

88. O'Donnell KJ, Glover V, Barker ED, O'Connor TG. The persisting effect of maternal mood in pregnancy on childhood
psychopathology. Dev Psychopathol. 2014;26(2):393-403. [doi: 10.1017/S0954579414000029] [Medline: 24621564]

89. Gao M, Brown MA, Neff D, Crowell SE, Conradt E. Prenatal paternal stress predicts infant parasympathetic functioning
above and beyond maternal prenatal stress. J Reprod Infant Psychol. 2022;40(6):563-576. [FREE Full text] [doi:
10.1080/02646838.2021.1941822] [Medline: 34176368]

90. Lin Y, Tsai S, Bai Y, Chen T, Chen M. Risk of neurodevelopmental disorders in offspring of parents with major depressive
disorder: a birth cohort study. J Autism Dev Disord. 2024. [doi: 10.1007/s10803-024-06502-3] [Medline: 39088144]

91. Capron LE, Glover V, Pearson RM, Evans J, O'Connor TG, Stein A, et al. Associations of maternal and paternal antenatal
mood with offspring anxiety disorder at age 18 years. J Affect Disord. 2015;187:20-26. [doi: 10.1016/j.jad.2015.08.012]
[Medline: 26301478]

92. Gjerde LC, Eilertsen EM, Reichborn-Kjennerud T, McAdams TA, Zachrisson HD, Zambrana IM, et al. Maternal perinatal
and concurrent depressive symptoms and child behavior problems: a sibling comparison study. J Child Psychol Psychiatry.
2017;58(7):779-786. [FREE Full text] [doi: 10.1111/jcpp.12704] [Medline: 28229455]

93. Jeong J, Sullivan EF, McCann JK, McCoy DC, Yousafzai AK. Implementation characteristics of father-inclusive interventions
in low- and middle-income countries: a systematic review. Ann N Y Acad Sci. 2023;1520(1):34-52. [FREE Full text] [doi:
10.1111/nyas.14941] [Medline: 36482863]

Abbreviations
AIS: Athens Insomnia Scale
CONSORT-EHEALTH: Consolidated Standards of Reporting Trials of Electronic and Mobile Health Interventions
and Online Telehealth
dMBI-EP: digital mindfulness-based intervention for expectant parents
EPDS: Edinburgh Postpartum Depression Scale
GAD-7: Generalized Anxiety Disorder Questionnaire
GEE: generalized estimated equation
MAAS: Maternal Antenatal Attachment Scale
MBI: mindfulness-based intervention
PAAS: Paternal Antenatal Attachment Scale
PSS-10: Perceived Stress Scale
RCT: randomized controlled trial

Edited by T de Azevedo Cardoso, N Cahill; submitted 10.May.2025; peer-reviewed by J Gerlach, LL Leng; comments to author
02.Jun.2025; revised version received 19.Jul.2025; accepted 30.Sep.2025; published 21.Nov.2025

Please cite as:
Tian Y, Ma R, Cui N, Wang J, Huang Y, Guo K, Liu X, Fang H, Dong M, Wan C, Zhang X, Cao F
Effects of Digital Mindfulness Training for Couples on Psychological Distress and Infant Neuropsychological Development: Randomized
Controlled Trial
J Med Internet Res 2025;27:e77260
URL: https://www.jmir.org/2025/1/e77260
doi: 10.2196/77260
PMID:

J Med Internet Res 2025 | vol. 27 | e77260 | p. 20https://www.jmir.org/2025/1/e77260
(page number not for citation purposes)

Tian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://dx.plos.org/10.1371/journal.pone.0258999
http://dx.doi.org/10.1371/journal.pone.0258999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34673830&dopt=Abstract
https://europepmc.org/abstract/MED/38434590
http://dx.doi.org/10.1177/27536130241236775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38434590&dopt=Abstract
http://dx.doi.org/10.1016/j.earlhumdev.2014.12.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25577496&dopt=Abstract
http://dx.doi.org/10.1007/s00787-019-01351-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31114966&dopt=Abstract
https://europepmc.org/abstract/MED/33716380
http://dx.doi.org/10.1080/03004430.2018.1552947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33716380&dopt=Abstract
http://dx.doi.org/10.1017/S0954579414000029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24621564&dopt=Abstract
https://europepmc.org/abstract/MED/34176368
http://dx.doi.org/10.1080/02646838.2021.1941822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34176368&dopt=Abstract
http://dx.doi.org/10.1007/s10803-024-06502-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39088144&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2015.08.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26301478&dopt=Abstract
https://europepmc.org/abstract/MED/28229455
http://dx.doi.org/10.1111/jcpp.12704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28229455&dopt=Abstract
https://europepmc.org/abstract/MED/36482863
http://dx.doi.org/10.1111/nyas.14941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36482863&dopt=Abstract
https://www.jmir.org/2025/1/e77260
http://dx.doi.org/10.2196/77260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Yunxia Tian, Rui Ma, Naixue Cui, Juan Wang, Yongqi Huang, Kaiyan Guo, Xiaodong Liu, Hui Fang, Mengyuan Dong, Caiping
Wan, Xuan Zhang, Fenglin Cao. Originally published in the Journal of Medical Internet Research (https://www.jmir.org),
21.Nov.2025. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research (ISSN 1438-8871), is properly cited. The
complete bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and
license information must be included.

J Med Internet Res 2025 | vol. 27 | e77260 | p. 21https://www.jmir.org/2025/1/e77260
(page number not for citation purposes)

Tian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

