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Abstract

Background Maternal mental health is a global concern including in China. However, evidence on early prevention
of maternal mental health problems in low- and middle-income countries is scarcely reported. This study sought to
assess the effectiveness of a community-based home-visiting program facilitated by local Community Health Workers
(CHWs) in rural areas of western China.

Methods This study used randomized controlled trial, 592 pregnant women in the sample were randomly divided
into treatment group and control group, and pregnant women in the treatment group received home visits from
community health workers(CHWSs).The main outcome was the mental health of pregnant women, which was
measured using the Depression Anxiety and Stress Scale-21 (DASS-21). Average treatment effect analysis and local
treatment effect analysis were used to analyze the effects of the CHWs"home-visiting intervention on maternal
mental health.

Results The regression analysis showed that the home-visiting intervention did not have a positive impact on
maternal mental health in rural areas. However, the effects of the intervention varied depending on family support.
Specifically, when the husband accompanies antenatal care, the home-visiting intervention had a significant positive
effect, reducing maternal depression and stress tendency scores by 0.1 and 2.14 points respectively (10% significance
level). Additionally, for pregnant women with a satisfactory relationship with their husbands, the intervention reduced
their depression scores by 0.61 and anxiety scores by 0.52 (10% significance level).

Conclusions The interventions were not effective in improving the mental health of pregnant women on average.
However, when pregnant women received greater family support and had a satisfying marital relationship, the
interventions had a significant positive impact. Therefore, optimizing the design of the Community Health Worker
(CHW) home-visiting intervention is essential to enhance its effectiveness.

Trial registration Registration number ISRCTN98898991.Registered 26/03/2019.
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Introduction

Women in the prenatal, perinatal, and postnatal peri-
ods are at high risk of maternal mental health problems
such as depression, anxiety, and stress. According to the
World Health Organization, more than 10% of prenatal
women and 13% of postnatal women were experiencing
mental health problems to various degrees of severity
globally (WHO) [1]. Previous empirical research indi-
cated an incidence of prenatal depression ranging from
6% to 38% across different regions [2]. In low- and mid-
dle-income countries (LMICs), these incidences are con-
siderably higher, with approximately 15% to 57% [3] of
mothers reporting symptoms of sadness and anxiety due
to exposure to risk factors of mental health such as pov-
erty, unemployment, and poor mental health services [4].

Numerous studies have reported robust associations
between maternal mental health and peripartum or
postpartum complications, stillbirth, low birth weight,
congenital malformations, and stunted growth [5-7],
thus making it among the factors most responsible for
maternal and child morbidity and mortality. Addition-
ally, maternal mental health was also reported to be a sig-
nificant predictor of a compromised child’s cognitive and
socio-emotional development [8, 9].

China confronts significant mental health challenges
among peri- and postnatal women with no exceptions,
like other LMICs. Previous studies have reported a
combined prevalence of maternal depression at 16.3%,
encompassing rates of 19.7% for prenatal depression and
14.8% for postnatal depression [10]. Additionally, dispari-
ties exist based on reproductive and urban-rural divides.
For instance, primiparous women experience higher rates
of postpartum depression compared to women with prior
childbirth experiences [11, 12]. Rural areas exhibit higher
incidences of maternal depression, ranging from 23% to
32%, in contrast to around 15.5% observed in urban set-
tings [13-15].

Regrettably, despite the known disparities in urban and
rural maternal mental health status [16], in most eco-
nomically disadvantaged rural areas, the overall status of
maternal mental health problems is probably underesti-
mated due to the lack of routine screening. Moreover, the
shortage of mental health resources makes it even more
difficult to effectively carry out prevention and treatment
services of maternal mental health risks in rural areas. It
is therefore urgently needed for policymakers to boost
the quality of maternal and child health services in order
to improve the psychological health of peri- and postna-
tal women in rural China.

Some empirical studies in low- and middle-income
countries (LMICs) suggest that home-visiting programs
delivered by community health workers (CHWSs) can
effectively improve maternal mental health in economi-
cally disadvantaged areas. These programs typically
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involve regular home visits by trained CHWs to preg-
nant and postpartum women, providing services such as
basic prenatal health checks, guidance on maternal care
and postpartum recovery, and infant feeding and child-
rearing practices [17]. This integrated model of service
delivery has been widely implemented and evaluated
in various LMIC settings, showing positive impacts on
maternal and child health outcomes, including mental
health improvements [18, 19]. Inspired by these success-
ful experiences, our study draws on the structure of exist-
ing home-visit programs and evaluates their potential
effectiveness in the context of rural China, where empiri-
cal evidence on such interventions remains limited.

The goal of this study is therefore to evaluate the impact
of a home visiting program delivered by local community
health workers (CHWSs) on promoting maternal mental
health in rural China. To identify the causal relationship
between the intervention and maternal mental health, we
conducted a cluster randomized controlled trial (RCT) in
rural western China, which was recognized as the “golden
standard” for impact evaluation.

Methods

Sampling and randomization

This study was conducted in 10 economically disadvan-
taged counties in a northwestern province of China.
According to the National Bureau of Statistics of China
(NBSC), in 2020, the average per capita income in rural
China was 17,131 RMB (2,483 USD), while in the study
province it was only 13,317 RMB (1,930 USD), ranking
27th out of 31 provinces. This setting reflects the typi-
cal challenges faced by underdeveloped rural regions in
China, including poverty, health service shortages, and
traditional gender norms, making it a relevant context for
studying maternal health interventions.

To determine the sample size needed for this study, we
assumed an intraclass correlation coefficient of 0.05 and
an R-squared of 0.5. As is standard in much of literatures
[20, 21], we set mental health standardized effect size =
0.25. We then calculated that we required at least 8 indi-
viduals per township. The final desired sample size was
set at 550.

Figure 1 shows the trail sampling process. Within the
sample region, we followed a three-step protocol to select
the study sample. First, we randomly selected five prefec-
ture-level cities in the province. Then, within each city,
we randomly selected two economically underdeveloped
counties, resulting in a total of ten counties. Second, in
each sample county, we randomly selected ten townships
from a list provided by the local Health Bureau, exclud-
ing the township that housed the county seat due to its
wealthier and more urban characteristics. For counties
with more than ten townships, we randomly selected ten.
For counties with fewer than ten townships, all townships
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Randomly selected 10 counties with low

Enrollment economic development in 5 prefecture-

level cities in a province in northwest

Within each county, randomly selected 10
townships to participate in thestudy (less
than 10 townships, all townships were
included), totaling 79 townships

'

Randomly selected pregnant women

from each township were enrolled

Baseline survey time: March 2021

Randomization allocation (79 townships, n =592)
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Fig. 1 The flow of the study participants through the trial according to the criteria recommended in the CONSORT guideline
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were included, totaling 79 townships. Finally, Within the
selected townships, a list of households with pregnant
women was obtained from the local health administra-
tor (the Township Health Center). We then randomly
selected ten households from each list. In townships with
fewer than ten eligible households, all were included.

Inclusion and exclusion criteria. To ensure that partici-
pants could fully engage in the intervention and provide
reliable information, we applied the following inclusion:
(1) aged between 18 and 45 years; (2) had resided in the
study area for at least one year prior to enrollment. We
excluded participants who had been diagnosed with
severe mental disorders (e.g., schizophrenia, bipolar
disorder) or had significant cognitive impairment that
would hinder informed participation. Based on these cri-
teria, 14 out of the initial 606 identified pregnant women
were excluded from the study. Finally, A total of 592 eligi-
ble pregnant women from 79 townships were enrolled in
the study. All 592 eligible pregnant women agreed to par-
ticipate in the project and completed the baseline survey.

As shown in Fig. 1. Baseline survey was conducted
in March 2021. After initial data analysis, we randomly
allocated 41 sample townships to the treatment arm
of the study and 38 townships to the control arm using
computer-generated random numbers. The random allo-
cation was stratified at county level to ensure that the
randomization process accounts for potential differences
between counties. The home-visiting services started
immediately after the allocation on May. Midline survey
was conducted in December 2021, which was 8 months
after the allocation.

Intervention

Households in the treatment group received a structured
caregiver education intervention aimed at improving
early childhood nutrition and health, as well as mater-
nal well-being. The intervention was delivered through
monthly home visits and follow-up phone calls by trained
community health workers (CHWs), covering the period
from early pregnancy to six months postpartum, depend-
ing on the gestational age at enrolment.

CHWs were recruited from women and children’s spe-
cialists working in township health centers. All CHWs
were female, with an average age of 33 years, and over
80% had completed at least junior college education.
Each home visit lasted approximately 40 to 60 min and
included educational sessions, demonstrations, and
interactive discussions designed to help families absorb
and apply key health information. Households in the con-
trol group received no intervention.

Content
To ensure scientific rigor and practical feasibility, the
stage-based curriculum used during the visits was jointly
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developed by our research team in collaboration with
experts in medicine, pediatrics, and psychology from
Stanford University School of Medicine, Peking Univer-
sity Health Science Center, and Xi'an Medical University.
The curriculum was structured around the physiological
and psychological needs of women and infants at differ-
ent perinatal stages. Core topics included (as shown in
Fig. 2):

folic acid supplementation and maternal nutrition,
psychological adjustment during pregnancy,
preparation for breastfeeding and newborn care,
postpartum recovery and self-care,

family communication and support strategies.

SN e

CHWs followed a structured manual and used printed
materials and visual aids to deliver content in an acces-
sible and culturally appropriate manner. The intervention
also emphasized emotional support and encouraged the
involvement of husbands or other family members dur-
ing the visits, aiming to enhance social support within
the household.

Supervision

The selected CHWSs underwent a 5-day systematic Train-
ing of the Trainers (TOT) prior to home visiting. This
covered maternal nutrition and health, communication
skills, home visit process, and quality monitoring. We
also conducted advanced training sessions for CHWs
every three months to reinforce their skills.

After the intervention was initiated, we also collected
process data through a systematic approach involving the
supervision and documentation by county-level super-
visors. Community Health Workers (CHWSs) recorded
their home visits and documented the visits with photos
and written reports. The supervisors in each county were
responsible for collecting these records and reporting
the CHWSs’ activities to the research team on a regular
basis. All process data were securely stored and properly
cleaned. Our researchers analysed and reviewed the data
to examine the quality and quantity of the home visits.

Outcome measures

We used a questionnaire survey method in our study,
with trained enumerators conducting face-to-face inter-
views with every participant.

We conducted two rounds of surveys, referred to as
the baseline survey in March 2021 and midline surveys
in December 2021. Both surveys collected data on mater-
nal mental health, perceived social support, and demo-
graphic characteristics of sample pregnant women. The
outcome measures used in this article are explained as
follows in detail.
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Pregnancy Nutrition
Pregnancy Hygiene and Health

Maternity Check

Pregnancy Psychological Adjustment

Prevention of
Preterm Labor

Fig. 2 Framework of the curriculum content

Maternal mental health: The main outcome of this
research is maternal mental health. In each survey round,
participating women completed the Depression, Anxi-
ety, and Stress Scales-21 (DASS-21), developed by Lovi-
bond [22]. The DASS-21 has been empirically validated
and demonstrates high internal consistency among preg-
nant women from diverse cultural backgrounds, mak-
ing it a reliable tool for assessing maternal mental health
[23]. Numerous studies in China have further supported
its accuracy in reflecting maternal mental health levels
[24-26].

The DASS-21 assesses tendencies of depression, anxi-
ety, and stress in individuals aged 24 and older [27]. Stud-
ies have demonstrated the DASS-21’s high reliability and
validity globally and in China as well [28, 29]. The scale
comprises 21 items, divided into three subscales: depres-
sion, anxiety, and stress. Each subscale has 7 items scored
from 0 (did not apply to me at all over the last week) to
3 (applied to me very much or most of the time over the
past week). Because the DASS-21 is a short form version
of the DASS (the Long Form has 42 items), the final score
of each item groups (Depression, Anxiety and Stress)
needs to be multiplied by two (x2). Therefore, each sub-
scale scores range from 0 to 42, with higher scores indi-
cating a greater likelihood of experiencing depression,
anxiety, or stress in the previous week.

Labor and Delivery

Preparation for

B;: :;:T;;ﬁg Problem Solving
Colostrum Nutrition
Postpartum Psychological Adjustment
Baby Hygiene Care
Prevention of Baby Diseases

Vaccinations
Growth
monitoring
Bathe
Complementary
Feeding

In this paper, DASS-21 scores are defined in three
ways: (1) individual subscale scores for depression, anxi-
ety, and stress; (2) a dummy variable indicating any ten-
dency toward depression (score>9), anxiety (score>7),
or stress (score>14), coded as 1 if present and O other-
wise; and (3) a dummy variable indicating moderate to
severe tendency toward depression (score>13), anxiety
(score >9), or stress (score > 18), coded as 1 if present and
0 otherwise.

Demographic characteristics: We collected information
on maternal, child, and household characteristics. Mater-
nal characteristics included age, education level, employ-
ment status, timeliness of prenatal care, gestational age,
and number of illnesses during pregnancy. Child char-
acteristics included gender and first-born status. House-
hold characteristics included years of marriage, number
of household members, household asset index, husband’s
age, education level, and employment status.

Baseline characteristics, balance, and attrition of sample
The balance test is a statistical method that compares
whether the sample pregnant women in the treatment
and control arms are statistically identical in terms
of baseline characteristics, and the results respond to
whether the randomized controlled trials assignment was
appropriate and whether the counterfactual assumptions
were met.
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Table 1 Balance test
Variable Control (n=290) Treatment (n=302) P-value
mean £ SD or N (%) mean £ SD or N (%)
Panel A: mental health
Depression (1=Yes) 62 (21.2%) 57 (19.0%) 0.498
Anxiety (1=Yes) 71 (24.3%) 72 (24.0%) 0.929
Pressure (1=Yes) 32 (11.0%) 40 (13.3%) 0377
Panel B: Maternal Characteristics
Maternal Age 28.80 £4.28 2872 £4.30 0.81
Maternal Education (1= >9years) 113 (38.7%) 118 (39.3%) 0.874
Mother has a work (1 =Yes) 62 (21.2%) 63 (21.0%) 0.945
Gestational age 618+ 197 6.09 £1.96 0.543
Takes pregnancy test on time (1 =Yes) 197 (67.5%) 204 (68.0%) 0.889
Number of illnesses during pregnancy 1.04+1.16 1.13+1.20 0.359
Panel C: Baby Characteristics
Male (1=men) — — —
first-born (1=Yes) 104 (35.7%) 108 (36.0%) 0.922
Panel D: Household Characteristics
Marriageable age 4.82+390 498 +4.16 0619
Number of household members 6.94 +0.84 7.00+0.92 0.395
Household asset index (1=>0) 161 (55.1%) 165 (55.0%) 0.973
Husband's age 31.09+4.35 31.11+497 0.957
Husband's education (1= >9years) 136 (46.6%) 132 (44.0%) 0.529
Husband has a work (1 =Yes) 263 (90.1%) 266 (88.7%) 0.58
Table 1 presents the descriptive statistics and balance  gaple 2 Attrition test
tests of baseline characteristics between the treatment Independent variable Dependent
and control groups. There was no significant difference variable:
between the two groups in all variables, proving the basic attrition
premise of the randomized controlled trials. (1=Yes;0=No)
Panel A provides the baseline percentage of the ten- ~ eatment(l=Tes) 004
dencies of mental health problems. Overall, about 20% of (0.02)
our sample had demonstrated tendencies of depression, ~ “ontrol variables
almost a quarter of them had anxiety tendencies, and ~ Mente!health o ves
about 11%-13% reported feeling stressed. Maternal Chara_d?”mcs ves
Panel B provides the baseline statistics for pregnant Baby characteristics o ves
. Household characteristics Yes
women. The average age of pregnant women is around
28 at baseline, and about 40% of them have over 9 years Constant 013
of education on average, but only 20% reported that they 023
. . . County FE Yes
were previously employed. Slightly over two-thirds of the 0 0026
pregnant women were able to take regular prenatal care. Observations 552

About 36% of them were about to have their first child.

Some of the household characteristics are presented in
Panel C including the socioeconomic status of the house-
hold, family size, and basic characteristics of the father. It
is worth noting that the average family size of the house-
holds is nearly 7 people, and it was common for our par-
ticipating women to live with either their parents or their
parents-in-law. Fathers remain the main labor force in
the family, with nearly 90% of fathers employed.

The attrition was acceptable in both intervention and
control groups in our sample. Of the 592 samples at base-
line, a total of 65 pregnant women dropped out due to
reasons such as being out of work, being unable to be

contacted, or experiencing unexpected miscarriages,
etc., with 37 in the control group and 28 in the treat-
ment group, yielding an overall attrition rate of 11.0%. As
shown in Table 2, the attrition rate is balanced between
the treatment and control groups. In Table S2 (see
Appendix A), we further tested if the baseline character-
istics are still balanced after removing attritted samples,
and the differences in maternal and household character-
istics are all insignificant, indicating that the sample attri-
tion will not cause bias in the estimation outcomes in this
research.
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Estimation strategy

Average treatment effect

In a randomized controlled trial, comparisons of the
mean(s) of the outcome variable(s) between the treat-
ment control groups provide unbiased estimates of the
program effects on outcomes due to random treatment
assignment. We estimated the intent-to-treat (ITT)
effects of the CHW intervention by using the ordinary
least squares (OLS) regression models and the basic
specification of the model is as follows:

Yvij_midline =ap+ alTij + O‘21/1'3‘_baseline (1)
+ agXij + €5

Where Yj qine is the mental health of postpartum
woman i in town j at midline. T; is a dummy that indi-
cates the treatment assignment of pregnant or postpar-
tum woman i in town j. Yj; i 1S the mental health of
pregnant woman i in town j at baseline. X;; represents a
vector of baseline variables that would be correlated with
pregnant or postpartum women’s mental health. These
baseline variables include maternal, child, and house-
hold characteristics. The coefficient al captures the ITT
effects of the CHW home visiting intervention on preg-
nant or postpartum women’s mental health. We con-
trolled for randomization strata (county) and adjusted
the robust standard errors(se) for clustering at the town
level because individual values within the same towns
are correlated, which might result in biased se in the

regression.

Local treatment effect

The CHW home visit for pregnant women in the treat-
ment group in this study still had compliance issues, such
as the presence of some pregnant women in the treatment
group who did not receive home visiting from CHW as
set in the program. According to our process data, the
overall compliance rate in the treatment group was 65%.
To address this issue, we also analyzed the Treatment on
the Treated (TOT) effect of the intervention.

The research team collected and recorded the num-
ber of home visits received by pregnant women during
project implementation. The total number of home visits
for the treatment group was based on monthly records,
where completed visits were marked as 1 and incomplete
visits as 0 for each month. The final count was the sum of
these monthly records. The instrumental variable being
whether the sample was assigned into treatment groups,
which were randomly assigned and highly correlated
with whether the sample received home visit instructions
on time but not with other unobservable variables. The
TOT analysis was carried out using the following model:

First stage:
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Attend,;j = BO + ﬂl Treatmentij + 52 }/ijibaseline

2
+ B3 Xij + B countyiq + €ij @

Second stage:

Y;jimidline =% +tm Attendz] + 72 Y;jibaseline

3
+ 793 Xij + 74 county;q + €5 ®)

Where Attend;; is the total number of home visits
received by pregnant or postpartum women i in town
j from the start of the program until the end of it. The
remaining variables are the same as in the Eq. (1). The
coefficient yl captures the TOT effects of the CHW
home visiting intervention on pregnant or postpartum
women’s mental health.

Heterogeneity analysis

To examine the heterogeneity effect of the intervention
among pregnant women with different characteristics,
we constructed a set of interaction variables. Analysis
was conducted using the following specifications:

Yij midline = 00 + 01 Tij + 62 Yij pasetine + 03 Tij 4

* Hyj + Hij + 04 Xij + +eij (4)
Where Hj is a variable that includes basic household
characteristics, including maternal age, education level,
whether or not they work, whether or not they have
a first child, baby gender, and household assets. The
remaining variables are the same as in the Eq. (1). The
heterogeneous effect of the intervention is represented
by the interaction term coefficient ¢ .

Results

The average treatment effects on maternal mental health
Table 3 presents the estimated ITT effects of the home
visiting program on maternal mental health (depression,
anxiety, and stress). According to the results of regression
(1) (2) (3), there was no significant effect of the CHW
home visit on maternal depressive, anxiety, and stress
tendency scores compared to the control group. In accor-
dance with the findings of regressions (4), (5), and (6),
we also treated the dependent variable as a dummy vari-
able for the presence of a specific mental health problem,
but this did not change the conclusion that there was
no influence of home visits on maternal mental health.
Despite further adjustment for the dependent variable
(an investigation of the predisposition to moderate or
higher mental health problems), the regressions (7), (8),
and (9) still no evidence of a short-term effect of the
home visiting intervention on improving maternal men-

tal health.
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Table 3 ITT effect of intervention on maternal mental health (depression, anxiety, stress)

Mental Health Score

Presence of Mental Health

Presence of Moderate or Higher Mental Health

Problems Problems
Depression Anxiety Stress Depression Anxiety Stress Depression Anxiety Stress
(1) (2) (3) (4) (5) (6) (7) (8) (9)
Treatment 0.51 040 0.27 0.01 -0.03 0.01 0.00 0.02 0.03
(0.49) (0.33) (051)  (0.03) (0.03) (0.03)  (0.02) (0.02) (0.02)
Baseline depression scores  Yes Yes Yes
Baseline anxiety scores Yes Yes Yes
Baseline stress scores Yes Yes Yes
Control variables Yes Yes Yes Yes Yes Yes Yes Yes Yes
Constant 3.96 2.89 6.92% 022 -0.03 -0.07 -0.19 -0.02 -0.06
(3.93) (2.66) (3.86) (0.24) (0.24) (0.19) (022 (0.20) (0.14)
County FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
R2 0.190 0.194 0241 0138 0.152 0175 0124 0.165 0.148
Observations 527 527 527 527 527 527 527 527 527

OLS estimates are reported, and robust standard errors, clustered at the town level, are presented in parentheses

*p<0.10
** p<0.05
**% pc0.01

Table 4 TOT effect of intervention on maternal mental health
(depression, anxiety, stress)
First stage Second stage regression results

regression Depression Anxiety  Stress

results

(1M (2) (3) (4)
Number of home 0.10 0.08 0.05
visits

0.11) (0.08) 0.11)

Treatment (1=Yes) 5.09%**

(0.14)
Baseline depression  Yes Yes
scores
Baseline anxiety Yes Yes
scores
Baseline stress Yes Yes
scores
Control variables Yes Yes Yes Yes
Constant 1.83 3.78 2.75 6.81

(1.09) (4.17) (3.07) (4.22)
County FE Yes Yes Yes Yes
R2 0.739 0.189 0.193 0.240
Observations 527 527 527 527

Control variables include maternal characteristics. baby characteristics and
household characteristics;OLS estimates are reported, and robust standard
errors, clustered at the town level, are presented in parentheses

*p<0.10
**¥p<0.05
**%p<0.01

Local treatment effects on maternal mental health

The lack of significant effects of the mean causal effect
of the home visit intervention on maternal depres-
sion, anxiety, and stress tendencies may be due to pos-
sible adherence problems in this study. Specifically, some
pregnant women in the treatment group sample did not

receive home visits from CHW as required by the pro-
gram or had low participation, or those who were willing
to receive home visits were often pregnant women with
certain traits, resulting in selective bias. To overcome this
problem, we evaluated the effect of the number of home
visit interventions on the level of maternal mental health
(Treatment on the Treated, TOT).

Table 4 reports the results of TOT regressions on the
effect of the number of home visits on maternal mental
health. Column (1) shows the results of the first stage
regression, where “whether the sample was assigned to
the treatment group” is the independent variable and “the
number of times the sample received from the home visit
intervention” is the dependent variable, which shows a
high correlation between the two at the 1% significance
level and also verifies that the results showed that they
were highly correlated at 1% significance level, and also
verified the validity of “whether the sample was assigned
to the treatment group” as an instrumental variable. And,
more importantly, this variable was randomly assigned
and was not correlated with other unobservable variables
that may affect maternal mental health. Column (2) (3)
(4) shows the results of the second stage regression, with
coeflicients and significance levels indicating that the
actual number of home visits received did not have a sig-
nificant effect on maternal mental health, which is con-
sistent with the I'TT regression results.

Heterogeneous effect of the intervention on maternal
mental health

Because maternal mental health is closely influenced by
family dynamics, this study explores the heterogeneity of
intervention effects based on different sources of famil-
ial support. In particular, we examine whether the impact
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of the home visit intervention on maternal mental health
varies depending on support from the husband or from
the mother-in-law/mother.

To assess the moderating role of husband support,
we used a binary variable derived from participants’
responses to whether their husband was the primary
person accompanying them to antenatal checkups. The
heterogeneity analysis results based on husband support
are presented in Table 5. The depression and stress ten-
dency scores were significantly lower in the sample with a
husband accompanying antenatal care, with a 0.19 points
(1.74 minus 1.93) point reduction in the depression ten-
dency score (10% significance level, column 1, row 3) and
a 0.08 (1.24 minus 1.32) points reduction in the anxiety
tendency score (10% significance level, column 2, row 3),
a 0.39 (1.45 minus 1.84) points reduction in the anxiety
tendency score (10% significance level, column 3, row 3).
However, Table 5 indicated that none of the home-visit-
ing programs significantly reduce maternal depression,
anxiety, or stress scores in the heterogeneous regression
analysis with mother-in-law/mother support.

In order to confirm the impact of the treatment on
maternal mental health under two conditions of family
member support, Table 6 also uses the sample’s self-rated
marital relationship and mother-in-law-daughter-in-law
relationship at the base period. The results are gener-
ally consistent with Table 5. According to the regression

Table 5 Heterogeneity effect: Family support
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results in Table 6, the depressive score was decreased
by 0.61 (1.15 minus 1.76) points (10% significance level,
column 1, row 3), and the anxiety score was decreased
by 0.52 (0.94 minus 1.46) points (10% significance level,
column 2, row 3). However, the stress score was not sig-
nificantly affected by the treatment for the sample with
a satisfactory marital relationship. In contrast, there was
no significant decrease in depression, anxiety, and stress
tendency scores for the sample with satisfactory mother-
in-law-daughter-in-law relationships.

In addition, this study examined the variety of CHW
home visit on maternal mental health in terms of fun-
damental maternal, infant, and family traits. The basic
characteristic factors included maternal age, mater-
nal education level, and whether the pregnant woman
worked. More specifically, the interaction terms of the
intervention variables with these basic characteris-
tic variables were included in the regression analysis,
but none of them were significant (See Appendix A for
details).

Discussion

To the best of our knowledge, this is the first large-scale
randomized controlled trial evaluating the effectiveness
of a home-visiting program on maternal mental health
in rural China. We evaluated the average treatment effect
and treatment on the treated effect of the intervention

Depression Anxiety Stress Depression Anxiety Stress
(M (2) (3) (4) (5) (6)
Treatment 1.74%* 1.24* 1.45% 0.02 0.14 -0.04
(0.78) (0.63) (0.86) (0.52) (0.35) (0.51)
Husband accompanying antenatal care (1=Yes) 143 0.86 148
(0.76) (0.67) (0.97)
Treatment * Husband accompanying antenatal care -1.93% -1.32% -1.84%
(0.98) (0.77) (1.01)
Mother-in-law/mother accompanying antenatal care (1=Yes) -2.25%* -0.86 -2.06%*
(1.04) (0.77) (0.94)
Treatment * Mother-in-law/mother accompanying antenatal care 342% 1.76 2.14
(1.85) (1.38) (1.77)
Baseline depression scores Yes Yes
Baseline stress scores Yes Yes
Baseline anxiety scores Yes Yes
Control variables Yes Yes Yes Yes Yes Yes
Constant 365 277 6.51% 5.23 350 7.76%
(3.91) (2.69) (3.84) (4.05) (2.70) (4.05)
County FE Yes Yes Yes Yes Yes Yes
R2 0.192 0.194 0.243 0.195 0.194 0.243
Observations 527 527 527 527 527 527

Control variables include maternal characteristics. baby characteristics and household characteristics; OLS estimates are reported, and robust standard errors,

clustered at the town level, are presented in parentheses
*p<0.10

*¥p<0.05

**%p<0.01
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Table 6 Heterogeneity effect: Family relationship
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Depression  Anxiety Stress  Depression Anxiety  Stress
(1) (2) (3) (4) (5) (6)
Treatment 1.15% 0.94%* 0.57 -0.13 -0.02 -0.46
(0.66) (0.46) (0.71) (1.15) (0.77) (0.95)
Husband and wife satisfactory relationship (1=Yes) -0.65 0.26 -1.32
(0.78) (0.60) (0.86)
Treatment * Husband and wife satisfactory relationship -1.76% -1.46% -0.93
(0.95) (0.74) (1.08)
Mother-in-law and daughter-in-law satisfactory relationship (1=Yes) -1.57 -0.84 -240%%
(1.01) (0.70) (0.80)
Treatment * Mother-in-law and daughter-in-law satisfactory relationship 0.80 0.53 0.83
(1.33) (0.94) (1.14)
Baseline depression scores Yes Yes
Baseline anxiety scores Yes Yes
Baseline stress scores Yes Yes
Control variables Yes Yes Yes Yes Yes Yes
Constant 5.05 3.12 8.26%* 532 3.59 9.15%*
(4.10) (2.76) (3.86) (4.02) (2.84) (3.97)
County FE Yes Yes Yes Yes Yes Yes
R2 0.194 0.194 0.245 0.192 0.193 0.253
Observations 526 526 526 527 527 527

Control variables include maternal characteristics. baby characteristics and household characteristics; OLS estimates are reported, and robust standard errors,

clustered at the town level, are presented in parentheses
*p<0.10

** p<0.05

*** p<0.01

on tendencies of depression, anxiety, and stress among
postnatal women. We also evaluated the heterogeneity
of effects among subgroups with different characteris-
tics, using data from 79 townships in rural northwestern
China. The intervention implementation was completed
in cooperation with the provincial Health Commission
where the research team is based.

The baseline data indicated that over 20% of the par-
ticipating pregnant women showed any tendencies
of depression, about 24% of them have tendencies of
anxiety, and about 11%-13% have tendencies of feel-
ing stressed. The prevalence is higher when compared
with the findings of a meta-analysis conducted in China
[30], but slightly lower than research conducted in other
developing countries [31, 32].

We find that the home-visiting program did not have
significant effects on maternal health outcomes on aver-
age in terms of tendencies of depression, anxiety, and
stress. According to our analysis, this is likely due to
the compliance of our sample and inadequate dosage of
home visits. Numerous studies have demonstrated that
the effectiveness of home visiting largely depends on the
content, executive, and dose [33, 34]. However, the over-
all compliance rate of 65% was relatively low compared
with programs with significant effects [35, 36]. Despite
the influence of the pandemic, the lack of continuity and
motivation among the CHWSs may also contribute to low

compliance rates, such as inadequate supervision and
management [37, 38] and insufficient incentives [39].

Despite the insignificant average treatment effect, the
heterogeneity of effects was found among subgroups
with different characteristics, particularly among house-
holds with stronger spousal support. This finding can be
explained both theoretically and empirically. According
to Bronfenbrenner’s (1980) theory of social ecological
systems, individual behavior can be significantly influ-
enced by the family environment they live in, especially
the behavior of the husband [40]. Empirically, our find-
ing aligns with previous studies that have emphasized
the importance of family relationships for maternal men-
tal health [41, 42]. When husbands care for their preg-
nant wives, they can offer additional emotional support
and evidence-based prenatal care, which helps produce
a greater impact of the program [43, 44]. Interestingly,
when the primary supporter was the mother-in-law or
mother, the heterogeneous effects of the intervention dis-
appeared. This underscores the crucial role of husband
involvement, as their support seems to complement the
intervention more effectively than that of the mother-in-
law or mother.

Several limitations should be acknowledged when con-
sidering our results. First, the data come primarily from
a rural location in a northwest Chinese province, and the
sample is not nationally representative, therefore external
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validity is insufficient. Using data from multiple prov-
inces to examine the effects of home visit interventions
on rural maternal mental health in the future could make
the findings more representative. Second, our interven-
tion was designed as a preventive measure for the general
population, rather than as a treatment for severe mental
disorders. Future research should address this gap by
developing specialized interventions tailored to meet the
needs of this vulnerable group, involving trained mental
health professionals. Additionally, we must consider the
potential bias introduced by the Hawthorne effect, where
participants may alter their behavior due to the aware-
ness of being observed, which could affect the outcomes
of our intervention.

Conclusion

Although the home-visiting program delivered by CHWs
did not lead to statistically significant improvements in
overall maternal mental health outcomes, the interven-
tion showed meaningful benefits in specific family con-
texts: it significantly reduced symptoms of depression
and stress among pregnant women whose husbands
accompanied them to antenatal care, and among those
with satisfactory marital relationships. These findings
suggest that while the general effect may be limited, the
intervention holds practical value when integrated with
family support mechanisms. Strengthening the psycho-
social component of home visits and actively involv-
ing key family members—particularly husbands—can
enhance the effectiveness of such programs. Future
maternal health interventions should consider combining
individualized counseling with broader family engage-
ment to build a more holistic support system for preg-
nant women in low-resource settings.
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