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Ryoko Morozumi1* , Kenta Matsumura2, Kei Hamazaki2,3, Akiko Tsuchida2,3, Ayako Takamori2,
Hidekuni Inadera2,3 and the Japan Environment and Children’s Study (JECS) Group

Abstract

Background: Previous studies revealed positive, negative, and no influence of social capital on the health outcomes of
pregnant women. It was considered that such differences were caused by the disparities of outcome measures and
sample sizes between studies. Our chief aim was to verify the positive influence of social capital on the health
condition of pregnant women using established health outcome measures and large-scale nationwide survey data.

Methods: We employed questionnaire survey data from 79,210 respondents to the Japan Environment and Children’s
Study, and physical and mental component summary scores from the 8-Item Short-Form Health Survey as outcome
measures. We estimated the effect of individual and neighborhood social capitals on physical and mental component
summary scores. To consider the property that the richness of social capital would be generally determined by
individual characteristics, and to estimate the causal influence of social capital on health without bias caused by said
property, we adopted average treatment effect estimation with inverse probability weighting. Generally, average
treatment effects are based on the difference of average outcomes between treated and untreated groups in an
intervention. In this research, we reckoned individuals’ different levels of social capital as a kind of non-randomized
treatment for respective individuals, and we applied average treatment effect estimation. The analysis regarded
pregnant women with the lowest level of social capital as untreated samples and women with other levels of social
capitals as treated samples.

Results: For mental component summary score, the maximum average treatment effects in the comparison between
the lowest and highest levels of social capital were approximately 4.4 and 1.6 for individual and neighborhood social
capital, respectively. The average treatment effects for the physical component summary score were negligible for both
social capital types.
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Conclusions: Social capital particularly contributes to improving mental component summary score in pregnant
women. The likelihood of a mentally healthy pregnancy may be increased by enhancing social capital.

Keywords: Social capital, SF-8, Inverse probability weighting, Average treatment effect, Pregnant women, Japan
Environment and Children’s Study

Background
The influence of social capital on health has been widely
discussed in existing literature; however, these previous
studies have produced conflicting findings regarding
whether social capital (in the form of social networking
and cohesion) can, through communication and social
support, enhance health outcomes [1].
We analyzed the effects of social capital on women’s

health during pregnancy. In Japan, the social environment
surrounding pregnant women has evolved in recent de-
cades, with existing trends toward nuclear families, rural
depopulation, and higher urban population densities being
considered to have weakened intergenerational exchanges
and community ties [2]. Importantly, it is unclear whether
such weakened social ties negatively affect health during
pregnancy. In particular, if there is a negative association
between a lack of access to social capital and healthy preg-
nancy, this could mean that current societal trends are
having a significant negative overall effect in this regard.
Conversely, if social capital has a positive impact on health
during pregnancy, it could, in conjunction with standard
medical interventions, offer a means of alleviating physical
and mental difficulties for pregnant women.
Previous studies have investigated the effect of social

capital on several indicators of health during pregnancy,
including self-rated health [3]; 12-Item Short-Form Health
Survey (SF-12) scores [4]; symptoms of depression and
anxiety [4–9]; pregnancy complications [4, 10, 11]; oral-
health-related quality of life (OHRQoL) [12]; preterm
birth [4, 8, 11, 13–22]; and low birth weight [4, 13, 20, 21].
Of these investigations, those of self-rated health, SF-12
scores, symptoms of depression and anxiety, pregnancy
complications, and OHRQoL have reported that social
capital has a favorable positive influence in this regard.
However, the analyses of the influence of social capital on
preterm birth and low birth weight have produced incon-
sistent results, with some studies reporting positive rela-
tionships [4, 8, 11, 20–22] and others reporting no effect
or a negative effect [13–19].
In the most relevant study to the present research, the

SF-12 was administered to pregnant women in Berlin,
and social support was consequently found to have a
positive influence on their scores [4] (the SF-12 is a
shorter version of the 36-Item Short-Form Health Sur-
vey [SF-36], which is widely used to measure functional
health and well-being, and is based on self-reports from

respondents). However, this previous study was
conducted across a limited geographic area and exam-
ined fewer than 1000 respondents; thus, analysis of
large-scale nationwide data is needed to assess the
generalizability of the researchers’ findings.
Considering this, we sought to clarify the impact of so-

cial capital on health during pregnancy using a large na-
tionwide sample. More specifically, our study analyzed
data gathered by the Japan Environment and Children’s
Study (JECS), which is a nationwide birth cohort study
sponsored by the Ministry of the Environment of Japan.
The primary aim of the JECS is to analyze the effect of
environmental risk factors on children’s health, and the
project is being conducted in 15 regional centers across
Japan (Hokkaido, Miyagi, Fukushima, Chiba, Kanagawa,
Koshin, Toyama, Aichi, Kyoto, Osaka, Hyogo, Tottori,
Kochi, Fukuoka, and south Kyushu/Okinawa). As part of
JECS, researchers recruited expectant mothers from
these areas between 2011 and 2014, of which approxi-
mately 100,000 pregnancies registered. The project will
continue to follow these parents and children until the
children reach 13 years of age. The design of the JECS
has been reported in detail elsewhere [23–25].
We used nationwide survey data from the JECS to in-

vestigate the impact individual and neighborhood social
capital have on the physical and mental component
summary (PCS and MCS, respectively) scores of the 8-
Item Short-Form Health Survey (SF-8; another short
version of the SF-36). This research is expected to make
two main contributions: first, the results should clarify
whether social capital has a positive impact on health;
and second, the results obtained from this large-scale
dataset should reveal general attributes of the Japanese
population. Previous studies of social capital have dis-
cussed both its positive and negative effects. Examples of
negative impacts would be the exclusion of outsiders
and strong enforcement of local norms [1, 26, 27]. To
determine its true impact, the effect of social capital
should be verified based on validated measurement
scores and data. If the scale of the positive impact is
smaller than that of the negative impact, this may indi-
cate that social capital has an overall negative impact.
Conversely, if our investigation finds that the positive
impact is large and statistically significant, this could
contribute to the promotion of health-care policies that
focus on the social capital of pregnant women.
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Methods
Study design
The JECS gathered medical records, questionnaire re-
sults, and biological specimens from pregnant women
from pregnancy through to child-rearing, with the con-
tent of the data collected depending on the stage of ges-
tation, parturition, and childcare. This method of
investigation enabled researchers to determine partici-
pants’ characteristics throughout the period in question.
We used the data obtained from the questionnaires

and medical records. Pregnant women completed the
first questionnaire (M-T1) during their first trimester,
and the second questionnaire (M-T2) during their sec-
ond and third trimesters. These respondents answered
the questionnaires and returned them in person at sub-
sequent prenatal visits or by sending them via mail to
JECS Regional Centers. Where possible, the centers ad-
dressed incomplete questionnaires by performing subse-
quent face-to-face or telephone interviews with the
respondents [24]. The participating women also re-
cruited their partners, and there are approximately half
as many registered fathers in the dataset as there are
registered mothers. We limited the data used in our ana-
lysis to the mothers’ responses; this was to avoid the risk
of sample selection bias that could be caused by includ-
ing fathers’ responses. M-T1 includes question items
concerning family characteristics, disease, tobacco use,
substance use, working status, working environment,
and various other topics. Moreover, M-T2 contains
question items pertaining to health status, dietary habits,
tobacco use, sleep quality, home appliances, substance
use, working status, education history, household in-
come, and social capital. Finally, medical records follow-
ing delivery (Dr-0 m) contain details regarding the
newborn baby, obstetric and delivery complications, and
other topics.
From M-T1, we used the information regarding

family characteristics, self-reported history of disease,
and labor-force participation; moreover, from M-T2
we used the PCS and MCS scores, age, experience of
stressful events, education history, household income,
and level of social capital (stressful events included
experiencing, over the course of the previous year,
the death and/or illness of a loved one, the loss of
the respondent’s and/or spouse’s job, the acquiring of
a significant mortgage, divorce, moving home, and
marital problems). The presence of obstetric compli-
cations was identified using information from M-T2
and Dr-0 m. In Dr-0 m, physicians reported the timing
and diagnosis of obstetric complications; if the diag-
nosis of an obstetric complication was recorded prior
to the respondent completing M-T2, we regarded the
respondent as having experienced a pregnancy with
an obstetric complication.

Outcome measures
In our statistical analysis, we considered the PCS and
MCS scores as outcome variables. Specifically, the SF-8
PCS and MCS scores were calculated based on the re-
spondents’ answers to the question items in M-T2,
which includes items assessing general health, physical
functioning, role-physical, bodily pain, vitality, social
functioning, mental health, and role-emotional. The PCS
and MCS scores measure physical and mental function-
ing, respectively, with higher scores indicating better
health status; the validity of the Japanese translation of
these question items has been verified in previous re-
search [28].

Exposure
The main exposures are the variables measuring preg-
nant women’s social capital. As previous studies concep-
tualized, we regarded the resources embodied by the
individual’s social network as individual social capital;
and the resources formed by social cohesion, such as the
stocks of trust or reciprocal relationships within the
community, as neighborhood social capital [3, 12, 29].
The M-T2 questionnaire contained question items per-
taining to individual communication and evaluation of
trust in and support received from neighbors.
Supplementary Table 1 (Additional File 1) shows the

question items related to social capital. The contents of
the questions concerning individual social capital (ques-
tions A to D) are similar to those of the six questions
from the Social Support Questionnaire (SSQ) [30]. In re-
sponse to these questions, the respondents provide in-
formation regarding how often and strongly they depend
on others. The variables we extracted from the questions
represented social capital in terms of social networking
at the individual level. Moreover, the questions on
neighborhood social capital (questions E and F) are simi-
lar to the “social cohesion and trust” components of a
questionnaire used in the Project on Human Develop-
ment in Chicago Neighborhoods (PHDCN) [31]. Ques-
tions E and F require respondents to evaluate their
degree of trust in and the support they receive from
their neighbors. The answers respondents provide to
these questions imply group attributes, measured in
terms of individual understanding. The variables we ex-
tracted from these questions were considered to reflect
social cohesion

Participants
Research groups can access the JECS data through the
JECS Program Office’s regional centers. We used the
“jecs-ag-20160424” dataset, which includes questionnaire
responses from mothers and fathers and medical records
from physicians from the time of registration to 1 month
after parturition. Before beginning the statistical analysis,
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we excluded some portions of the dataset, in accordance
with our research criteria. More specifically, the total
number of pregnancies registered in the dataset was 103,
099. Women registered with multiple pregnancies within
the survey period were included but, for each woman,
we limited the data to that for the first pregnancy, which
reduced the dataset to 97,454. Data from respondents
who withdrew consent were eliminated; this resulted in
a further reduction to 97,425 participants. Finally, we
targeted data from only participating women who an-
swered all question items related to the variables used in
our analysis. Thus, we ultimately analyzed a dataset of
responses obtained from 79,210 respondents. The study
flow chart is shown in Fig. 1.

Statistical analysis
To estimate the causal influence of social capital on
health, we adopted average treatment effect (ATE) esti-
mation with an inverse probability weighting (IPW) esti-
mator. In the analysis, it is required to consider the
property that the richness of social capital would be en-
dogenously determined by individual characteristics in
general, and to measure the causal influence without
bias caused by said property. Generally, ATE is based on
the difference of average outcomes between treated and
untreated groups in an intervention. In this research, we
reckoned individuals’ different levels of social capital as
a kind of non-randomized treatment for respective indi-
viduals, and we applied the method of the ATE
estimation.
The IPW estimator is useful to control the bias caused

by non-randomized treatment. In cases where the treat-
ment is not randomized, a simple comparison of out-
come averages between treated and untreated groups

highlights both the effects of the treatment and the dif-
ferences in characteristics between them. For the correc-
tion of the sample selection bias caused by the
characteristic differences, the IPW estimator is valuable
in ATE estimation.
We regarded pregnant women with the lowest level

of social capital as untreated samples and the women
with other levels of social capitals as treated samples
in the ATE estimation with the IPW estimator. When
the level of social capital is determined by individual
characteristics, the characteristics would differ be-
tween treated and untreated samples. Our analysis
used the IPW estimator to avoid the bias caused by
the characteristic differences.
In IPW, the reciprocal of the probabilities of the as-

signment to the treated and untreated groups for re-
spective samples are estimated and employed as the
weighting variables in the calculation of averages within
the groups. The variables control the effect of the non-
randomized assignment on the averages.
The IPW estimator requires a regression equation for

assigning samples between the treated and untreated
groups. As a dependent variable, the equation has a di-
chotomous variable that is equal to “1” for treated sam-
ples and “0” for untreated samples. The individual
characteristics considered to affect the sample assign-
ment are used as the independent variables. The results
of this estimation provide for each individual predicted
probabilities regarding their level of belonging to the
treated and untreated groups, respectively; this predicted
probability is generally called a “propensity score.” The
inverse probability, namely, the reciprocal of the propen-
sity score, is used in the IPW estimator. Thus, we re-
spectively calculated the weighted averages for the

Fig. 1 Study flow chart
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treated and untreated samples using the inverse prob-
abilities as the weighting variables.
The mathematical specification of the IPW estimator

is as follows. For individual i, zi is a dichotomous vari-
able that reflects his/her assignment to the treated and
untreated groups, respectively. If a sample is assigned to
the treated group, zi = 1; if the sample is assigned to the
untreated group, zi = 0. xi represents the vector of the
covariates for the assignment. The predicted probability
that the sample is assigned to the treated group is de-
scribed as ei = p(zi = 1| xi), and the range of the probabil-
ity is 0 to 1. This probability is individual i‘s propensity
score. The predicted probability that the sample is

Table 1 Background characteristics of the participants

Characteristics Respondents n (%)

The 8-item Short-Form Health Survey

PCS scores: mean (range) 45.64 (5.72–65.45)

MCS scores: mean (range) 49.13 (12.87–
73.33)

Age (years): mean (range) 31.19 (15–47)

Marital status

Unmarried, divorced, or bereaved 2896 (3.66)

Married or in a common-law
relationship

76,314 (96.34)

Number of children

0 36,813 (46.48)

≥ 1 42,397 (53.52)

Self-reported history of disease

No 12,416 (15.67

Yes 66,794 (84.33)

Obstetric complications

No 64,957 (82.01)

Yes 14,253 (17.99)

Experience of any stressful events

No 44,535 (56.22)

Yes 34,675 (43.78)

Labor force participation

No 25,481 (32.17)

Yes 53,729 (67.83)

Mother’s academic history

Junior high or high school 27,181 (34.32)

Technical college or vocational school 19,461 (24.57)

College, university, or graduate school 32,568 (41.12)

Father’s academic history

Junior high or high school 33,870 (42.76)

Technical college or vocational school 16,219 (20.48)

College, university, or graduate school 29,121 (36.76)

Household income (million JPY/year)

< 2 4200 (5.30)

2–4 27,004 (34.09)

4–6 26,364 (33.28)

6–8 12,819 (16.18)

8–10 5366 (6.77)

≥ 10 3457 (4.36)

Individual social capital

A: Is there someone available to you who shows you love and
affection?

None of the time 3310 (4.18)

A little of the time 6127 (7.74)

Some of the time 22,244 (28.08)

Table 1 Background characteristics of the participants
(Continued)

Characteristics Respondents n (%)

Most of the time 6583 (8.31)

All of the time 40,946 (51.69)

B: Is there someone whom you can count on for emotional support
(discuss prolems or help you make a difficult decision)?

None of the time 1675 (2.11)

A little of the time 5859 (7.40)

Some of the time 15,852 (20.01)

Most of the time 8171 (10.32)

All of the time 47,653 (60.16)

C: How often do you have a desired level of contact with someone
whom you feel close to, trust, and can confide in?

None of the time 1198 (1.51)

A little of the time 10,316 (13.02)

Some of the time 30,605 (38.64)

Most of the time 14,794 (18.68)

All of the time 22,297 (28.15)

D: Number of friends or neighbors with whom you can casually share
your concerns

None 786 (0.99)

One or two 30,184 (38.11)

Three or more 48,240 (60.90)

Neighborhood social capital

E: Neighbors trust each other.

Disagree 16,107 (20.33)

Somewhat disagree 19,625 (24.78)

Somewhat agree 36,802 (46.46)

Agree 6676 (8.43)

F: Neighbors help each other.

Disagree 15,687 (19.80)

Somewhat disagree 19,619 (24.77)

Somewhat agree 36,326 (45.86)

Agree 7578 (9.57)

PCS Physical Component Summary, MCS Mental Component Summary
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Table 2 Comparison of means between groups of pregnant women (PCS and MCS scores)

Score type PCS score MCS score

Characteristics n M SD p M SD p

Age (years)

< 35 58,144 45.89 6.12 < 0.001a 49.05 6.22 < 0.001a

≥ 35 21,066 44.94 6.44 49.34 6.20

Marital status

Unmarried, divorced, or bereaved 2896 46.48 6.28 < 0.001a 47.12 6.73 < 0.001a

Married or in a common-law relationship 76,314 45.61 6.22 49.21 6.19

Number of children

0 36,813 45.84 6.16 < 0.001a 49.17 6.27 0.073

≥ 1 42,397 45.46 6.26 49.09 6.18

Self-reported history of disease

No 12,416 46.72 5.89 < 0.001a 49.61 5.83 < 0.001a

Yes 66,794 45.44 6.26 49.04 6.28

Obstetric complications

No 64,957 46.02 5.92 < 0.001a 49.36 6.06 < 0.001a

Yes 14,253 43.88 7.20 48.09 6.78

Experience of any stressful events

No 44,535 45.87 6.04 < 0.001a 50.26 5.70 < 0.001a

Yes 34,675 45.34 6.43 47.68 6.55

Labor force participation

No 25,481 46.01 6.22 < 0.001a 49.20 6.15 0.037b

Yes 53,729 45.46 6.21 49.10 6.25

Mother’s academic history

Junior high or high school, technical college, or vocational school 46,642 45.77 6.20 < 0.001a 48.76 6.26 < 0.001a

College, university, or graduate school 32,568 45.46 6.24 49.66 6.11

Father’s academic history

Junior high or high school, technical college, or vocational school 50,089 45.75 6.21 < 0.001a 48.89 6.25 < 0.001a

College, university, or graduate school 29,121 45.45 6.24 49.55 6.13

Household income (million JPY/year)

< 4 31,204 46.10 6.09 < 0.001a 48.62 6.31 < 0.001a

≥ 4 48,006 45.34 6.29 49.46 6.14

Individual social capital

A: Is there someone available to you who shows you love and affection?

None of the time, a little of the time 9437 45.81 6.25 0.004a 47.49 6.78 < 0.001a

Some of the time, most of the time, all of the time 69,773 45.61 6.22 49.35 6.11

B: Is there someone whom you can count on for emotional support (discuss problems or help you make a difficult decision)?

None of the time, a little of the time 7534 45.61 6.38 0.640 46.67 6.95 < 0.001a

Some of the time, most of the time, all of the time 71,676 45.64 6.20 49.39 6.08

C: How often do you have a desired level of contact with someone whom you feel close to, trust, and can confide in?

None of the time, a little of the time 11,514 45.64 6.26 0.937 47.51 6.72 < 0.001a

Some of the time, most of the time, all of the time 67,696 45.64 6.21 49.40 6.09

D: Number of friends or neighbors with whom you can casually share your concerns

None, one, or two 30,970 45.55 6.27 < 0.001a 48.15 6.47 < 0.001a

Three or more 48,240 45.70 6.19 49.76 5.97
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assigned to the untreated group is 1 − ei. These predicted
probabilities are generally obtained from the results of
logistic regression analysis. When yi is an outcome of in-
dividual i, the weighted average of the outcome variable
among the treated samples using the inverse probability

is Êðy1Þ ¼
PN1

i¼1

ziyi
ei
=
PN1

i¼1

zi
ei
. Moreover, the weighted average

among the untreated samples is Êðy0Þ ¼
PN0

i¼1

ð1 − ziÞyi
1 − ei

=
PN0

i¼1
ð1 − ziÞ
1 − ei

. The ATE is calculated by Êðy1Þ − Êðy0Þ [32–37].
In the survey from which our data are sourced, the

question items pertaining to social capital present three
or more response choices, allowing for different levels of
social capital. Based on their answers to these questions,
the samples are divided into groups representing various
levels of social capital. Each answer is transformed into a
categorical variable. We calculated the predicted prob-
ability through multinomial logistic regression, with the
categorical variable set as a dependent variable. The
group with the lowest level of social capital was regarded
as the untreated group; the other groups were regarded
as the treated groups. The analysis considered the ATE
between the groups with the lowest and some different
medium levels of social capital, as well as the ATE be-
tween the groups with the lowest and highest levels of
social capital.
The following example illustrates the method we used

to calculate the ATE, based on a question item for which
an individual selects an answer from three options. Specif-
ically, one of the items on the questionnaire regarding so-
cial capital is: “The number of friends or neighbors to
whom you can talk casually about your concerns” (Supple-
mentary Table 1, Additional File 1). The associated re-
sponse options are: “none,” “one or two,” and “three or
more.” This question item creates three groups with dif-
ferent levels of social capital. In our analysis process, first,
the multinomial logistic regression analysis is performed,
which provides the probabilities that the respective

options are selected by an individual. When the predicted
probabilities are described as ei0 (for “none”), ei1 (for “one
or two”), and ei2 (for “three or more”), respectively, for in-
dividual i, ei0 + ei1 + ei2 = 1. We calculate the weighted av-
erages of the outcome variable for the respective groups
using the reciprocal of the predicted probabilities. The
weighted average of the outcome among untreated sam-

ples who select “none” is: Êðy0Þ ¼
PN0

i¼1

yi
ei0
=
PN0

i¼1

1
ei0
. Similarly,

the weighted averages among treated samples who select

“one or two” and “three or more” are expressed as: Êðy1Þ

¼ PN1

i¼1

yi
ei1
=
PN1

i¼1

1
ei1

and Êðy2Þ ¼
PN2

i¼1

yi
ei2
=
PN2

i¼1

1
ei2
, respectively. The

ATEs are calculated by Êðy1Þ − Êðy0Þ and Êðy2Þ − Êðy0Þ.
To calculate ATE based on the IPW estimator, two as-

sumptions must be satisfied, otherwise this ATE evalu-
ation cannot be justified [38]. One assumption is that
each sample has a positive possibility of receiving each
treatment level. When there is at least some overlap
between the estimated density of the propensity
scores that treated samples are assigned to an un-
treated group and the estimated density of the pro-
pensity scores that untreated samples are assigned to
an untreated group, the overlap assumption is not vi-
olated. If the estimated density for the treated sam-
ples has most of its mass near 0, while for the
untreated samples the estimated density is near 1,
these densities do not have an overlapping region,
and the overlap assumption is violated [38, 39].
The second assumption is that the means of the covar-

iates corrected by the IPW estimator are balanced be-
tween treated and untreated samples. When the means
of the covariates of the treated samples are close to
those of the untreated samples, the assumption can be
considered as not being violated [38, 40]. Before obtain-
ing the ATEs, the validity of these assumptions must be
checked.

Table 2 Comparison of means between groups of pregnant women (PCS and MCS scores) (Continued)

Score type PCS score MCS score

Characteristics n M SD p M SD p

Neighborhood social capital

E: Neighbors trust each other.

Disagree, somewhat disagree 35,732 45.45 6.32 < 0.001a 48.51 6.48 < 0.001a

Somewhat agree, agree 43,478 45.79 6.13 49.64 5.94

F: Neighbors help each other.

Disagree, somewhat disagree 35,306 45.45 6.32 < 0.001a 48.60 6.48 < 0.001a

Somewhat agree, agree 43,904 45.79 6.14 49.56 5.97

PCS Physical Component Summary, MCS Mental Component Summary
ap < 0.01, bp < 0.05
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Table 3 Comparison of means between groups of pregnant women

Individual social capital A: Is there someone available to
you who shows you love and
affection?

B: Is there someone whom you
can count on for emotional
support (discuss problems or help
you make a difficult decision)?

Characteristics n M SD p M SD p

Age (years)

< 35 58,144 2.94 1.22 < 0.001a 3.20 1.12 < 0.001a

≥ 35 21,066 3.00 1.20 3.16 1.12

Marital status

Unmarried, divorced, or bereaved 2896 2.65 1.27 < 0.001a 2.91 1.22 < 0.001a

Married or in a common-law relationship 76,314 2.97 1.21 3.20 1.11

Number of children

0 36,813 3.01 1.19 < 0.001a 3.22 1.10 < 0.001a

≥ 1 42,397 2.91 1.24 3.16 1.13

Self-reported history of disease

No 12,416 2.86 1.25 < 0.001a 3.16 1.13 0.001a

Yes 66,794 2.97 1.21 3.20 1.12

Obstetric complications

No 64,957 2.96 1.22 0.041b 3.19 1.12 0.026b

Yes 14,253 2.94 1.21 3.17 1.12

Experience of any stressful events

No 44,535 2.99 1.21 < 0.001a 3.25 1.09 < 0.001a

Yes 34,675 2.92 1.22 3.11 1.15

Labor force participation

No 25,481 2.96 1.23 0.980 3.19 1.13 0.417

Yes 53,729 2.96 1.21 3.19 1.11

Mother’s academic history

Junior high or high school, technical college, or vocational school 46,642 2.82 1.25 < 0.001a 3.10 1.16 < 0.001a

College, university, or graduate school 32,568 3.15 1.14 3.32 1.05

Father’s academic history

Junior high or high school, technical college, or vocational school 50,089 2.87 1.24 < 0.001a 3.13 1.14 < 0.001a

College, university, or graduate school 29,121 3.11 1.16 3.30 1.07

Household income (million JPY/year)

< 4 31,204 2.79 1.26 < 0.001a 3.07 1.17 < 0.001a

≥ 4 48,006 3.06 1.18 3.27 1.07

Response options for A and B: none of the time = 0, a little of the time = 1, some of the time = 2, most of the time = 3, all of the time = 4
ap < 0.01, bp < 0.05

Individual social capital C: How often do you have a
desired level of contact with
someone whom you feel close to,
trust, and can confide in?

D: Number of friends or neighbors
with whom you can casually share
your concerns

Characteristics n M SD p M SD p

Age (years)

< 35 58,144 2.60 1.08 < 0.001a 1.60 0.51 < 0.001a

≥ 35 21,066 2.55 1.07 1.58 0.52

Marital status

Unmarried, divorced, or bereaved 2896 2.47 1.11 < 0.001a 1.50 0.55 < 0.001a

Married or in a common-law relationship 76,314 2.59 1.07 1.60 0.51
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Table 3 Comparison of means between groups of pregnant women (Continued)

Number of children

0 36,813 2.61 1.06 < 0.001a 1.61 0.51 < 0.001a

≥ 1 42,397 2.57 1.09 1.59 0.51

Self-reported history of disease

No 12,416 2.57 1.08 0.010a 1.60 0.51 0.888

Yes 66,794 2.59 1.07 1.60 0.51

Obstetric complications

No 64,957 2.59 1.08 0.768 1.60 0.51 0.270

Yes 14,253 2.59 1.07 1.59 0.51

Experience of any stressful events

No 44,535 2.64 1.07 < 0.001a 1.62 0.50 < 0.001a

Yes 34,675 2.52 1.08 1.57 0.52

Labor force participation

No 25,481 2.62 1.08 < 0.001a 1.59 0.52 < 0.001a

Yes 53,729 2.58 1.07 1.60 0.51

Mother’s academic history

Junior high or high school, technical college, or vocational school 46,642 2.50 1.08 < 0.001a 1.57 0.52 < 0.001a

College, university, or graduate school 32,568 2.72 1.05 1.64 0.49

Father’s academic history

Junior high or high school, technical college, or vocational school 50,089 2.53 1.08 < 0.001a 1.58 0.52 < 0.001a

College, university, or graduate school 29,121 2.69 1.06 1.62 0.50

Household income (million JPY/year)

< 4 31,204 2.50 1.09 < 0.001a 1.56 0.52 < 0.001a

≥ 4 48,006 2.65 1.06 1.63 0.50

Response options for C: none of the time = 0, a little of the time = 1, some of the time = 2, most of the time = 3, all of the time = 4
Response options for D: none = 0, one or two = 1, three or more = 2
ap < 0.01

Neighborhood social capital E: Neighbors trust each other. F: Neighbors help each other.

Characteristics n Mean SD p Mean SD p

Age (years)

< 35 58,144 1.38 0.91 < 0.001a 1.40 0.93 < 0.001a

≥ 35 21,066 1.57 0.87 1.58 0.86

Marital status

Unmarried, divorced, or bereaved 2896 1.16 0.94 < 0.001a 1.22 0.96 < 0.001a

Married or in a common-law relationship 76,314 1.44 0.90 1.46 0.91

Number of children

0 36,813 1.24 0.92 < 0.001a 1.25 0.93 < 0.001a

≥ 1 42,397 1.60 0.86 1.63 0.86

Self-reported history of disease

No 12,416 1.45 0.92 0.018b 1.48 0.93 < 0.001a

Yes 66,794 1.43 0.90 1.45 0.91

Obstetric complications

No 64,957 1.44 0.90 < 0.001a 1.46 0.91 < 0.001a

Yes 14,253 1.40 0.91 1.42 0.92

Experience of any stressful events

No 44,535 1.47 0.90 < 0.001a 1.48 0.91 < 0.001a
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All analyses were performed using the STATA MP
software package, version 15.0 (STATA Corporation,
College Station, TX).

Results
The summary statistics of the variables we used are
shown in Table 1. These summary statistics indicate the
individual characteristics of the participating pregnant
women. The mean PCS and MCS scores were 45.64 and
49.13, respectively. Most participants were married (in-
cluding common-law marriage). Approximately half did
not have children prior to the current pregnancy. Of the
pregnant women in this sample, over 80% had been di-
agnosed with at least one type of disease, approximately
20% had experienced at least one obstetric complication,
and over 40% reported experiencing at least one stressful
event in the past year.
The summary statistics also revealed the sample pro-

files of individual and neighborhood social capital. For
questions A to F, responding “none of the time,” “none,”
or “disagree” indicated the lowest level of social capital.
First, regarding individual social capital (questions A to
D), for questions A to C 10–15% of the pregnant women
responded “none of the time” or “a little of the time,”
thereby indicating that they had low levels of individual
social capital. Moreover, the responses to question D in-
dicated that approximately 40% of the respondents did
not have three or more friends or neighbors with whom
they could casually discuss their concerns. Regarding
neighborhood social capital, responding “disagree” or
“somewhat disagree” to questions E and F indicated low
levels of neighborhood social capital; overall, approxi-
mately 45% of respondents answered “disagree” or
“somewhat disagree” to these questions.

A two-sample t-test that compared the respective
mean health statuses of the two groups showed that
both PCS and MCS scores were related to age, marital
status, disease, obstetric complications, stressful events,
labor-force participation, mothers’ and fathers’ academic
histories, and household income (Table 2). For individ-
ual and neighborhood social capital, the difference in the
two-sample mean was generally greater for the MCS
score than for the PCS score. In addition, the group with
a higher level of social capital had better physical and
mental health statuses, with a few exceptions.
The two-sample t-test of social capital revealed a cor-

relation between social capital and certain individual
characteristics (Table 3). More specifically, high individ-
ual social capital (measured in questions A to D) was
found to be related to being married, having no previous
children, experiencing no stressful events, having a
higher education level, and having a higher household
income (Table 3). Moreover, high neighborhood social
capital (questions E and F) was found to be associated
with older age, being married, having children, having
no current disease, having no obstetric complications,
experiencing no stressful events, not participating in the
labor force, having a higher education level, and having
a higher household income (Table 3).
The ATEs for the PCS and MCS scores showed the

degree that social capital affected physical and mental
health. The weighted averages and ATEs were obtained
through IPW estimation. The ATEs were obtained via
subtracting the weighted average of the group with the
lowest level of social capital from that of the group with
other levels of social capital. The ATEs indicate how so-
cial capital influences the summary scores of the treated
groups compared to the untreated group. If the ATE is

Table 3 Comparison of means between groups of pregnant women (Continued)

Yes 34,675 1.38 0.91 1.41 0.92

Labor force participation

No 25,481 1.54 0.89 < 0.001a 1.56 0.90 < 0.001a

Yes 53,729 1.38 0.91 1.40 0.92

Mother’s academic history

Junior high or high school, technical college, or vocational school 46,642 1.37 0.92 < 0.001a 1.41 0.93 < 0.001a

College, university, or graduate school 32,568 1.51 0.88 1.51 0.89

Father’s academic history

Junior high or high school, technical college, or vocational school 50,089 1.40 0.91 < 0.001a 1.44 0.92 < 0.001a

College, university, or graduate school 29,121 1.48 0.90 1.47 0.90

Household income (million JPY/year)

< 4 31,204 1.36 0.92 < 0.001a 1.40 0.93 < 0.001a

≥ 4 48,006 1.47 0.89 1.48 0.90

Response options for E and F: disagree = 0, somewhat disagree = 1, somewhat agree = 2, agree = 3
ap < 0.01, bp < 0.05
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Table 4 ATEs for PCS scores across different indicators of social capital

Individual social capital COEF SE 95% CI p

A: Is there someone available to you who shows you love and affection?

Weighted average None of the time 46.10 0.11 45.87 46.32 < 0.001a

Weighted average A little of the time 45.39 0.09 45.22 45.57 < 0.001a

Weighted average Some of the time 45.55 0.04 45.47 45.63 < 0.001a

Weighted average Most of the time 45.49 0.07 45.35 45.64 < 0.001a

Weighted average All of the time 45.70 0.03 45.64 45.76 < 0.001a

ATE A little of the time vs. none of the time −0.71 0.14 −0.99 −0.42 < 0.001a

ATE Some of the time vs. none of the time −0.55 0.12 −0.79 −0.31 < 0.001a

ATE Most of the time vs. none of the time −0.61 0.14 −0.87 −0.34 < 0.001a

ATE All of the time vs. none of the time −0.40 0.12 −0.63 − 0.17 0.001a

B: Is there someone whom you can count on for emotional support (discuss problems or help you make a difficult decision)?

Weighted average None of the time 45.66 0.16 45.35 45.97 < 0.001a

Weighted average A little of the time 45.45 0.09 45.28 45.62 < 0.001a

Weighted average Some of the time 45.46 0.05 45.37 45.56 < 0.001a

Weighted average Most of the time 45.37 0.07 45.24 45.50 < 0.001a

Weighted average All of the time 45.75 0.03 45.70 45.81 < 0.001a

ATE A little of the time vs. none of the time −0.21 0.18 −0.57 0.14 0.238

ATE Some of the time vs. none of the time −0.20 0.17 −0.52 0.13 0.231

ATE Most of the time vs. none of the time −0.29 0.17 −0.63 0.04 0.089

ATE All of the time vs. none of the time 0.09 0.16 −0.22 0.41 0.572

C: How often do you have a desired level of contact with someone whom you feel close to, trust, and can confide in?

Weighted average None of the time 45.45 0.25 44.97 45.94 < 0.001a

Weighted average A little of the time 45.62 0.06 45.50 45.74 < 0.001a

Weighted average Some of the time 45.53 0.03 45.46 45.60 < 0.001a

Weighted average Most of the time 45.69 0.05 45.60 45.79 < 0.001a

Weighted average All of the time 45.76 0.04 45.67 45.84 < 0.001a

ATE A little of the time vs. none of the time 0.17 0.25 −0.33 0.67 0.509

ATE Some of the time vs. none of the time 0.08 0.25 −0.41 0.57 0.753

ATE Most of the time vs. none of the time 0.24 0.25 −0.25 0.73 0.340

ATE All of the time vs. none of the time 0.30 0.25 −0.19 0.79 0.226

D: Number of friends or neighbors with whom you can casually share your concerns

Weighted average None 44.94 0.32 44.32 45.56 < 0.001a

Weighted average One or two 45.54 0.04 45.47 45.61 < 0.001a

Weighted average Three or more 45.70 0.03 45.65 45.76 < 0.001a

ATE One or two vs. none 0.60 0.32 −0.02 1.23 0.060

ATE Three or more vs. none 0.77 0.32 0.14 1.39 0.016b

Neighborhood social capital

E: Neighbors trust each other

Weighted average Disagree 45.32 0.05 45.21 45.42 < 0.001a

Weighted average Somewhat disagree 45.45 0.04 45.36 45.53 < 0.001a

Weighted average Somewhat agree 45.81 0.03 45.75 45.88 < 0.001a

Weighted average Agree 46.22 0.08 46.06 46.38 < 0.001a

ATE Somewhat disagree vs. disagree 0.13 0.07 −0.01 0.27 0.065

ATE Somewhat agree vs. disagree 0.50 0.06 0.37 0.62 < 0.001a
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positive and the magnitude is large, it can be concluded
that social capital largely improves the summary score.
Before assessing the ATE values, we needed to verify

the validities of the assumptions. We first found that the
estimated densities of the propensity scores for the
treated and untreated groups overlapped in the respect-
ive question items; this finding indicated that the overlap
assumption was not violated. Second, we calculated the
standardized differences, shown in Supplementary Ta-
bles 2-1 (Additional file 2), 2–2 (Additional file 3), and
2–3 (Additional file 4), as performed in previous re-
search [38, 40]. These tables indicate the standardized
difference between the means of the treated and un-
treated groups before and after correction by the IPW
estimator. If the standardized difference calculated from
the data weighted by the inverse probability is close to
zero when compared with that from the raw data, the
correction made to balance the treated and untreated
groups can be regarded as appropriate. These tables
show that the differences from the weighted data are ap-
proximately zero. Overall, the differences from the
weighted data are smaller than those from the raw data;
thus, we can conclude that the assumption of the bal-
ance between the treated and untreated groups was
satisfied.
The ATEs for the PCS scores indicated a significant

negative impact of social capital in question A, and a
positive impact of social capital in question D (Table 4).
Moreover, a positive impact of social capital on the PCS
score was observed for neighborhood social capital
(Table 4). For example, the ATEs for question E were
0.50 and 0.90 for “somewhat agree vs. disagree” and
“agree vs. disagree,” respectively (a value of 0.90 indi-
cates that the PCS score for respondents who most
strongly feel mutual trust is 0.90 higher than that of re-
spondents who feel no mutual trust). These tables show
that the absolute values of the impacts of individual and
neighborhood social capital on the PCS scores were be-
tween 0 and 1. These results indicate that social capital

has a negligible effect on physical health during
pregnancy.
The ATEs of the MCS scores are reported in Tables 5.

Except for “a little of the time vs. none of the time” for
questions A and B, the statistically significant ATEs
within pairs of different levels of individual social capital
were all positive (Table 5). Further, all ATEs relating to
neighborhood social capital were positive and statisti-
cally significant (Table 5). These ATEs show that higher
levels of social capital have a larger positive impact on
mental health. We can identify a proportional relation-
ship between the level of social capital and the scale of
the ATE. In questions A, B, E, and F, the largest differ-
ences in the MCS score associated with the highest
levels of social capital were approximately 1.0–1.6.
Moreover, for questions C and D, the largest differences
caused by social capital were approximately 3.6 and 4.4,
respectively. The maximum effects of individual and
neighborhood social capital were approximately 4.4
(question D) and 1.6 (question E), respectively. The re-
sults for the PCS and MCS scores imply that both indi-
vidual and neighborhood social capital have some degree
of positive impact on mental health, with this being par-
ticularly true for neighborhood social capital.

Discussion
Our research contributes to existing literature by identi-
fying the positive impact social capital has on the mental
health of pregnant women. Furthermore, by using na-
tionwide survey data collected across Japan, the
generalizability of our findings relating to social capital
and health during pregnancy is high; in comparison, a
previous work that used scores obtained from the SF-12
[4] examined fewer than 1000 participants.
Our results indicate that, for pregnant women, a lack

of social ties is associated with worse health; this was es-
pecially notable in regard to mental health during preg-
nancy. This finding, showing that the mental health of
pregnant women is improved by social capital, can have

Table 4 ATEs for PCS scores across different indicators of social capital (Continued)

ATE Agree vs. disagree 0.90 0.10 0.71 1.10 < 0.001a

F: Neighbors help each other.

Weighted average Disagree 45.33 0.06 45.22 45.44 < 0.001a

Weighted average Somewhat disagree 45.45 0.04 45.36 45.54 < 0.001a

Weighted average Somewhat agree 45.82 0.03 45.75 45.88 < 0.001a

Weighted average Agree 46.04 0.08 45.89 46.20 < 0.001a

ATE Somewhat disagree vs. disagree 0.12 0.07 −0.02 0.26 0.094

ATE Somewhat agree vs. disagree 0.48 0.06 0.36 0.61 < 0.001a

ATE Agree vs. disagree 0.71 0.10 0.52 0.90 < 0.001a

ATE average treatment effect, PCS Physical Component Summary
ap < 0.01, bp < 0.05
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Table 5 ATEs for MCS scores across different indicators of social capital

Individual social capital COEF SE 95% CI p

A: Is there someone available to you who shows you love and affection?

Weighted average None of the time 48.73 0.12 48.50 48.97 < 0.001a

Weighted average A little of the time 47.28 0.09 47.10 47.46 < 0.001a

Weighted average Some of the time 48.65 0.04 48.57 48.73 < 0.001a

Weighted average Most of the time 48.80 0.07 48.66 48.95 < 0.001a

Weighted average All of the time 49.75 0.03 49.69 49.81 < 0.001a

ATE A little of the time vs. none of the time −1.45 0.15 −1.75 −1.16 < 0.001a

ATE Some of the time vs. none of the time −0.08 0.13 −0.33 0.17 0.542

ATE Most of the time vs. none of the time 0.07 0.14 −0.20 0.35 0.607

ATE All of the time vs. none of the time 1.02 0.12 0.78 1.26 < 0.001a

B: Is there someone whom you can count on for emotional support (discuss problems or help you make a difficult decision)?

Weighted average None of the time 48.15 0.17 47.82 48.48 < 0.001a

Weighted average A little of the time 46.87 0.09 46.69 47.06 < 0.001a

Weighted average Some of the time 48.42 0.05 48.33 48.52 < 0.001a

Weighted average Most of the time 48.60 0.06 48.47 48.72 < 0.001a

Weighted average All of the time 49.78 0.03 49.72 49.83 < 0.001a

ATE A little of the time vs. none of the time −1.28 0.19 −1.65 −0.90 < 0.001a

ATE Some of the time vs. none of the time 0.27 0.18 −0.07 0.62 0.120

ATE Most of the time vs. none of the time 0.45 0.18 0.09 0.80 0.014b

ATE All of the time vs. none of the time 1.63 0.17 1.29 1.96 < 0.001a

C: How often do you have a desired level of contact with someone whom you feel close to, trust, and can confide in?

Weighted average None of the time 46.26 0.27 45.74 46.78 < 0.001a

Weighted average A little of the time 47.98 0.06 47.86 48.11 < 0.001a

Weighted average Some of the time 48.96 0.03 48.89 49.02 < 0.001a

Weighted average Most of the time 49.40 0.05 49.30 49.49 < 0.001a

Weighted average All of the time 49.86 0.04 49.78 49.94 < 0.001a

ATE A little of the time vs. none of the time 1.72 0.27 1.18 2.26 < 0.001a

ATE Some of the time vs. none of the time 2.69 0.27 2.17 3.22 < 0.001a

ATE Most of the time vs. none of the time 3.13 0.27 2.61 3.66 < 0.001a

ATE All of the time vs. none of the time 3.60 0.27 3.07 4.12 < 0.001a

D: Number of friends or neighbors with whom you can casually share your concerns

Weighted average None 45.32 0.32 44.70 45.94 < 0.001a

Weighted average One or two 48.39 0.04 48.32 48.46 < 0.001a

Weighted average Three or more 49.67 0.03 49.62 49.73 < 0.001a

ATE One or two vs. none 3.07 0.32 2.44 3.69 < 0.001a

ATE Three or more vs. none 4.35 0.32 3.73 4.98 < 0.001a

Neighborhood social capital

E: Neighbors trust each other.

Weighted average Disagree 48.33 0.06 48.22 48.44 < 0.001a

Weighted average Somewhat disagree 48.84 0.04 48.75 48.92 < 0.001a

Weighted average Somewhat agree 49.45 0.03 49.39 49.52 < 0.001a

Weighted average Agree 49.92 0.08 49.76 50.08 < 0.001a

ATE Somewhat disagree vs. disagree 0.51 0.07 0.37 0.64 < 0.001a

ATE Somewhat agree vs. disagree 1.12 0.06 1.00 1.25 < 0.001a
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important implications for the future practice, and also
suggests that Japanese people should endeavor to con-
struct appropriate social ties.
It is also important to explain the relevance of this

study in terms of comparing its design with that of
previous related research. Studies that have measured
the effect of social capital on health can be catego-
rized into four groups in terms of the data type ex-
amined: (1) individual social capital and health
outcomes, (2) individual social capital and group-level
health outcomes, (3) group-level social capital and in-
dividual health outcomes, and (4) group-level social
capital and health outcomes [1]. Our study can be
categorized into designs 1 and 3. PCS and MCS
scores, individual-level social capital, and group-level
social capital were measured through the participants’
responses. The question items relating to social cap-
ital required participants to provide information re-
garding their communication network at the
individual level and to evaluate their degree of trust
in and support received from their neighbors. This
evaluation indicates their neighbors’ group attributes
and is regarded as a collective factor. The variables of
individual and neighborhood social capital indicate
the degree of individual network resources available
to participants and the participants’ social cohesion,
respectively.
This study differs from previous studies that have ana-

lyzed the influence of social capital using JECS data [9,
10]. One such study, which used the Kessler 6-Item Psy-
chological Distress Scale (K6) as an outcome measure,
did not consider the neighborhood social capital data
obtained through questions E and F [9]. Another study
considered gestational diabetes mellitus as an outcome;
while this research used the question items we applied
in our analysis, the researchers also examined responses
to question items concerning the degree of regional pub-
lic safety, mutual trust, and mutual assistance through

principal component analysis [10]. The JECS question
items for mutual trust and assistance are: “Would you
say that most people can be trusted?” and “Would you
say that most of the time people try to be helpful, or that
they are mostly thinking of themselves?” This measure
of generalized trust is debatable, because the question
items do not specify a reference area for the respondent
[41]. Further, questions that ask about generalized trust
may cause respondents to report certain perceptions that
are unrelated to their life within their communities [41].
Therefore, such question items are gradually being re-
moved in favor of items that refer to familiar or personal
trust [41]. The question items in the JECS survey regard-
ing regional public safety and mutual assistance also
present similar problems, as they do not clearly specify a
reference area. Our study regarded both individual net-
working and social cohesion as social capital to be inves-
tigated, and our analysis purposely did not include
question items concerning regional public safety and
generalized feelings.
A limitation to our analysis is that we did not obtain

detailed information related to social capital, such as
friends’ and neighbors’ characteristics. Network analysis
of social capital, using the “position generator” and “re-
source generator” measurement instruments, could iden-
tify the effectiveness of individual network members
[42]. However, identification of substantial functions
among network members is difficult in analysis of na-
tionwide survey data sourced from a large number of
question items.

Conclusions
We used JECS data to analyze the impact of social cap-
ital on the health of pregnant women in Japan. We cal-
culated ATEs of social capital on the PCS and MCS
scores of the SF-8 using the IPW estimator. We conse-
quently found that social capital has a degree of positive
influence on MCS score. This result implies that

Table 5 ATEs for MCS scores across different indicators of social capital (Continued)

ATE Agree vs. disagree 1.59 0.10 1.40 1.79 < 0.001a

F: Neighbors help each other.

Weighted average Disagree 48.41 0.06 48.29 48.52 < 0.001a

Weighted average Somewhat disagree 48.84 0.04 48.75 48.92 < 0.001a

Weighted average Somewhat agree 49.39 0.03 49.33 49.45 < 0.001a

Weighted average Agree 49.82 0.08 49.67 49.96 < 0.001a

ATE Somewhat disagree vs. disagree 0.43 0.07 0.29 0.57 < 0.001a

ATE Somewhat agree vs. disagree 0.99 0.06 0.86 1.11 < 0.001a

ATE Agree vs. disagree 1.41 0.09 1.22 1.59 < 0.001a

ATE average treatment effect, MCS Mental Component Summary
ap < 0.01, bp < 0.05
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enhancing social capital would contribute to improving
women’s mental health during pregnancy.
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