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Background: The negative consequences of childbearing on mothers are called the

motherhood penalty, and it manifests in the aspects of women’s physical and mental

health. In May 2021, China relaxed its birth policy that allowed a married couple to

have three children. It gives women the opportunity to have more children, but also may

increase more risks to mothers’ physical and mental health.

Objectives: The objectives of this study were to clarify the relationships between the

fertility and the physical/mental health of women of childbearing age and empirically

confirm the existence of the motherhood health penalty in China.

Materials and Methods: Using a nationally representative dataset from the China

Labor-force Dynamics Survey 2018, we examined the effects of fertility on the physical

and mental health of Chinese women of childbearing age. Physical health was self-rated,

and mental health was assessed according to the Center for Epidemiological Studies

Depression scale. The instrumental variable approach and the models of inverse

probability of treatment weighting of propensity scores and regression adjustment were

employed to overcome the endogeneity between fertility and health of women.

Results: The empirical results showed that the total number of births had significant

adverse impacts on the physical and mental health of women of childbearing age, which

empirically demonstrated the existence of the motherhood health penalty in China. The

results of heterogeneity analysis indicated that the physical and mental health of the

rural women was more easily affected by childbearing compared with that of the urban

samples. In a mechanism analysis, the pathways of income and the multiple roles played

by mothers were found to mediate the impacts of the total number of births on the

physical and mental health of women. The robustness checks showed that the results

of this study were robust.

Conclusions: The findings of this study extend the motherhood penalty to the health

domain, and they have important implications for improving healthcare policy for women

of childbearing age in China and other countries and regions and promoting gender

equality in the healthcare field.
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INTRODUCTION

The negative consequences of childbearing on mothers are
collectively called the motherhood penalty, which is manifested
in many aspects (1–4). It is acknowledged that in many cultures,
the mothers suffer a wage disadvantage compared with non-
mothers in the labor market; this disparity is known as the
motherhood wage penalty (5, 6). Following the prior studies
on the motherhood wage penalty (1–6), we focused on the
negative effects of childbearing on the physical and mental health
of the mothers of childbearing age, namely, the motherhood
health penalty.

Although it is widely accepted that childbearing is correlated
with the worse physical and mental health outcomes for
women, the theoretical explanations for this phenomenon are
diverse. The explanations for the negative associations between
childbearing and women’s health outcomes can be broadly
grouped into the following three categories: The physiological
damage of fertility, the limited family resources, and the multiple
roles played by mothers (Figure 1).

The first theoretical explanation for the health effects of
childbearing on women is physiological. From the physiological
perspective, a greater number of births means the shorter
interbirth intervals, which increases the possibility of physical
damage, postnatal or prenatal depression, and mortality of the
mother (7–9). One study demonstrated that the women who
gave birth to more children were more prone to anxiety and
depression symptoms (10). The one-child policy implemented
in China was also proven to significantly reduce the physical
damage and mortality of women by reducing the total number
of pregnancies and births (11). Some evidence-based medical
studies and meta-analyses have suggested that the process of
childbearing and the maintenance of body functions compete for
resources, and childbearing tends to cause lingering effects in the
form of chronic diseases (12–14); for example, the childbearing
affects mother’s lipid and glucose metabolism, and the higher the
number of births, the more likely the occurrences of obesity and
chronic arteriosclerosis (15).

The second explanation for the motherhood health penalty
is that the childbearing reduces family resources for mothers.
From the perspective of family resource allocation, the economic
budget in a family is constrained and limited (16). To provide

FIGURE 1 | Pathways through which the fertility affects the health of women.

the children with a better life, when family resources are limited,
mothers may choose to sacrifice their own welfare; for example,
decreasing their health investment and nutritional intake (17).
Therefore, the limited family resources allocated to mothers are
reduced, and the childbearing leads to an adverse impact on their
health status. A study focusing on the impact of child structure
on mothers’ health found that in rural areas of China, women
with hypertension who had more sons were less likely to receive
medical treatment for the condition (18). This is a reflection of
the family resource concessions and health sacrifices made by
mothers for their children.

The third explanation for the motherhood health penalty is
the multiple roles that mothers need to play. In China, the
mother has been traditionally seen as the primary caregiver
of a family; thus, the mothers are generally considered to
be responsible for performing the housework, taking care of
husbands and aged parents, and bearing and caring for children
(19). Correspondingly, women play multiple roles, including
wife, child, and mother. With the development of socioeconomic
status, women have gradually moved beyond these family
roles, attempting to shed the stereotypical gender image of the
traditional housewife by becoming professionals, despite the
associated occupational stress (20–23). However, according to the
energy/time limitation theory, people have finite energy and time,
and the multiple roles of women consume considerable amounts
of both (24). A higher number of births suggests that women need
to dedicate much more effort to housework and childcare, take
longer career breaks, and experience more professional stress,
which might be detrimental to their health (25).

Although these three explanations from the existing literature
indeed link the negative effects of fertility to mothers’
physical and mental health outcomes, studies demonstrating
the relationship between fertility and health outcomes and
the existence of the motherhood health penalty in China
remain elusive. First, when discussing the negative impact of
reproductive behavior on women’s health, the previous studies
have mainly examined the women of all ages with childbearing
experience. In terms of the Chinese context considered in this
study, the relaxation of the birth policy primarily affected the
number of births of women of childbearing age, rather than
women of all ages. Therefore, it is of practical significance
to focus on women of childbearing age as the study subject.
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Second, a few studies have clarified the relationship between
the fertility and mothers’ physical and mental health from
an empirical perspective due to the endogeneity caused by
potential confounding factors. Third, although the pathways
through which fertility impacts the physical and mental health of
women were discussed in the existing literature, studies largely
focused on the physiological damage aspect based on medical
analysis, whereas few studies attempted to empirically examine
the pathways of family resources and multiple roles.

In this study, we attempted to address these three research
gaps. First, based on a nationally representative dataset from
the China Labor-force Dynamics Survey 2018 (CLDS2018), we
focused on women of childbearing age, which was a practical
contribution of this study. The findings in this study can
aid policy makers in establishing targeted health policies and
supports that can improve the health of women of childbearing
age in developing countries and regions. Second, to deal with the
endogeneity caused by potential confounding factors, we adopted
a pertinent instrumental variable (IV)—gender of the first child,
and used the inverse probability of treatment weighting of
propensity scores followed by regression adjustment (IPTW–RA)
for managing multiple treatment groups. Third, we empirically
tested the potential pathways of family resources and themultiple
roles. In this way, we connected fertility with the health of women
of childbearing age.

The remainder of this study is organized as follows: In
section Chinese Context, we described the Chinese context of the
motherhood health penalty. In section Materials and Methods,
the method adopted in this study was described in detail,
including data, the measurements of variables, and empirical
models. In section Results, the empirical results were provided.
The discussion, policy implications, and limitations of this
study were discussed in section Discussion. Section Conclusions
presented our conclusions.

CHINESE CONTEXT

The evolution of the birth policy, traditional cultural practices,
and the improvement of women’s social status all make China
an ideal research background in which to explore the effects
of fertility on the physical and mental health of women of
childbearing age.

The birth policy evolution and traditional cultural practices of
patriarchy in China provide a perspective for re-examining the
health status of women of childbearing age. After the foundation
of the People’s Republic of China, the stable living environment
led to an increase in the natural growth rate of the population,
which, at one point, reached 22% (26). To control the country’s
explosive population growth, in 1980, China’s one-child policy
for married couples was formalized: In general circumstances,
a married couple could only have one child. This birth quota
was strictly enforced with punitive measures for violations (26).
The couples who exceeded the birth quota were required to
pay expensive social compensation fees, and the civil servant
couples who violated the policy faced additional administrative
punishment or disciplinary sanctions (27). However, for many

centuries, the Chinese society pursued a patriarchal family system
and preferred sons over daughters (28, 29). The traditional
preference for sons and discrimination against daughters were
more predominant in the underdeveloped rural areas than the
urban areas (30). Therefore, in 1988, to prevent sex-selective
abortion, the Chinese government amended the one-child policy
and allowed some couples to have a second child under certain
conditions; the main exception to the policy applied to the
couples who lived in certain rural areas and whose first child was
a girl (31, 32). Although the one-child policy was amended, the
adjustment was only implemented in some underdeveloped rural
areas, not all rural areas, let alone the urban areas. Thus, when
the first child was a girl, parents who preferred a son but did not
satisfy the certain conditions (i.e., couples in an urban area or in
a rural area where couples were not permitted to have a second
child even if the first child was a girl) were willing to take the risk
of receiving strict penalties to have more children.

Despite violations of the policy, a prior study found that
the one-child policy played a crucial role in controlling the
population of China, preventing the addition of approximately
200 million people (33). However, in today’s Chinese context, the
demographic dividends are disappearing, and the fertility rate is
gradually declining owing to the previously implemented strict
one-child policy (34, 35). The progressive relaxation of the birth
policy has been a major trend to cope with these practical issues.
In 2015, the universal two-child policy (allowing amarried couple
to have two children) was established, which marked the end of
the one-child policy after being implemented for 35 years (36). In
2021, the three-child policy was promulgated, allowing a married
couple in China to have three children (37).

However, with the birth policy evolution and the cultural
practices of patriarchy, childbearing age women’s status of
fertility subject seems to be ignored to a certain extent. Women
endure the government’s regulation of birth quotas and the
family’s expectation of sons. Therefore, because of the birth policy
and the cultural practices of patriarchy, mothers who violate the
birth policy bear an economic burden due to social compensation
fees, as well as the health burdens associated with bearing sons.

Despite China’s historical tradition of prioritizing boys over
girls, women’s social status has continually improved since the
foundation of the People’s Republic of China. In 1949, to promote
gender equality in the political and work domains, the slogan
“women can hold up half of the sky” was put forward, and “equal
pay for equal work” was written into the Chinese Constitution
(38, 39). In the sphere of private life, the Marriage Law in
1950 stipulated the freedom of marriage and explicitly stated
that in the marital relationship, the rights and interests of the
wife were equal to those of the husband (40). The improving
social status of women enhanced their ability to attain education,
narrowed the gender gap in the labor market, and decreased
household inequality.With their improving social status, millions
of women of childbearing age have increasingly suffered a
more stressful role, “the working mother” (22). As a country
strongly influenced by Confucian culture, raising offspring and
continuing the family line are crucial filial responsibilities of
women (41). The traditional Chinese family culture advocated
that “there are three forms of unfilial conduct, of which the
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worst is to have no descendants.” Working mothers face a
conflict between family and work, namely, the conflict between
traditional values and modern ideas (23). Therefore, the Chinese
women of childbearing age suffer stress from their families and
workplaces, and their health becomes vulnerable.

MATERIALS AND METHODS

Data
The data employed in this study are from the CLDS2018. The
CLDS2018 was conducted by Sun Yat-sen University, and it
resulted in one of the largest and most nationally representative
datasets in China. The main content of the dataset included
respondents’ personal characteristics (e.g., birth year, education,
income, and marital status) and family characteristics (e.g., the
number of family members and self-rated family social status).
The dataset was collected from respondents in 29 provincial
administrative units of China to ensure its representativeness.

In this study, we focused on women of childbearing age,
which was defined by the United Nations as 15–49 years old
(42). Consequently, after excluding samples with invalid answers
(inapplicable, unclear, and missing answers), 4,245 observations
of women of childbearing age were used in this study.

Measurements
Explained Variables
The explained variables are the physical and mental health of
women of childbearing age. For physical health, self-ratings
were used. Respondents were asked, “How do you evaluate your
current health?” The answer was given as a number on a five-
point Likert scale ranging from “1” (very unhealthy) to “5” (very
healthy). Considering the subjectivity of self-rated health, to test
the robustness of the results, we employed the objective index
of body mass index (BMI) as the alternative explained variable.
According to the World Health Organization, a normal BMI
between 18.5 and 23 (18.5≤ BMI < 23) is appropriate for Asians
(43). Therefore, in this study, the range of BMI from 18.5 to 23
(18.5 ≤ BMI < 23) was regarded as normal range in physical
health. If respondent’s BMI ranged from 18.5 to 23 (18.5 ≤ BMI
< 23), the variable of BMI was coded as “1”; otherwise, “0.”

The mental health of the sampled women was assessed by
using the Center for Epidemiological Studies Depression (CES-
D) scale. The CES-D scale is widely used for assessing mental
health, and the prior studies have confirmed its validity and
reliability for mental health assessment in China (44, 45). The
total score of the CES-D scale ranged from “20” to “80.” The
higher the CES-D score, the deeper the depression, and the worse
the mental health.

Explanatory Variable
The total number of births by women of childbearing age is the
core explanatory variable. It was obtained by asking respondents
the question, “How many children have you had?” The variable
of the total number of births was numerical.

Mediating Variables
To explore the potential channels through which the total
number of births impacts the physical and mental health of
women of childbearing age, we empirically tested the mediating
effects of family resource limitations and the multiple roles of
women. Income is the pillar of family resources and provides
vital support that allows women to maintain good health (46).
Compared to the high-income women, the low-income women
may face more financial restrictions on health investment and,
ultimately, have the worse health outcomes (47). Therefore, in
this study, we used income as the proxy variable of family
resources. Income was a continuous variable and was measured
by the total annual income of respondents in 2017, incorporating
wage income, operating income, property income, and transfer
income. Self-sufficient agricultural production was converted
into total income according to market value. In the empirical
analysis, we used the natural logarithm of income.

The variable of multiple roles was binary and was determined
by asking two questions: “Have you ever engaged in work
with income in the past year?” and “Are you responsible for
the household chores (cooking, washing, and sweeping) and
childcare?” The variable of multiple roles was coded “1” if the
answers to the two questions were both “Yes” and was “0”
otherwise.

Control Variables
To determine the effects of fertility on the physical and mental
health of women of childbearing age, we controlled the following
variables: Age, education, lifestyles (smoking, drinking, and
regular exercise), Hukou, marital status, father, mother, migrant
experience, and regional effect.

Age: Because an individual’s health deteriorates with
increment of age, age is a vital factor influencing an individual’s
physical and mental health (48). Age was a continuous variable
in this study.

Education: People with a higher level of education tend to
have better healthcare literacy and better health outcomes (49).
Education was measured by years of schooling.

Lifestyles: Smoking, drinking, and regular exercise are all the
factors that affect health (50). The respondents were asked, “Do
you have the habit of smoking/drinking/regular exercise?” This
variable was coded “1” for “yes” and “0” otherwise.

Hukou: This variable represents the area where the
respondent’s household is registered (“Hukou” in Chinese),
that is, rural or urban household registration (51). There is a
disparity in medical security development between urban and
rural areas in China; medical security is closely related to the
area where an individual’s household is registered (52). Thus,
the area where a respondent’s household is registered might be a
factor affecting health. Hukou was a dummy variable. The urban
household registration was coded “1,” whereas rural household
registration was coded “0.”

Marital status: Establishing a marital relationship may
alleviate health problems (53), and married women may obtain
help in housework and childcare from their husbands. Therefore,
in this study marital status was binary and divided into the
following two categories: Married and other (including the status
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TABLE 1 | Descriptive statistics.

Variable Mean SD Min. Max.

Physical health 3.747 0.907 1 5

BMI 0.415 0.493 0 1

Mental health 27.888 8.576 20 80

Total number of births 1.793 0.776 1 7

Logarithm of income 10.243 1.155 1.609 14.914

Multiple roles 0.863 0.344 0 1

Gender of the first child 0.449 0.497 0 1

Age 41.057 7.191 18 49

Education 9.212 4.000 0 19

Smoking 0.299 0.458 0 1

Drinking 0.214 0.410 0 1

Exercise 0.317 0.465 0 1

Father 0.425 0.494 0 1

Mother 0.521 0.500 0 1

Migrant experience 0.117 0.322 0 1

Variable Item Freq. Precent

Hukou Urban 879 20.71

Rural 3,366 79.29

Marital status Married 4,007 94.39

Other 238 5.61

N 4,245

of separated, divorced, widowed, and never married). Marital
status was coded “1” if the answer was “married” and “0”
otherwise.

Father and mother: Women of childbearing age have older
parents to help with their housework and child care, which is
important to alleviate work-family contradiction and good for
their health to a certain extent (54). Older parents are living
and in good health, which is the premise of taking care of
grandchildren (55). The control variables of father and mother
were obtained from the questions: “Is your father/mother still
living and in good health?” The answer of “Yes” was coded as
“1”; otherwise “0.”

Migrant experience: The migrant women generally have
limited access to full labor rights, limited medical consumption
capacity, and exclusion from the formal health system of the
area where they migrated (52, 56). Thus, the migrant experience
would be a factor affecting health. The migrant experience
was obtained from the question: “Have you leaved the area of
residence registration for more than half a year?” The answer of
“Yes” was coded as “1”; otherwise, 0. In the empirical part, we
controlled the regional effect according to the provinces where
the respondents were located. The descriptive analysis of these
variables is provided in Table 1.

Empirical Model
As the physical health of the sampled women is represented by
the discrete and ordered data, the ordered probit model can be
used to estimate the effect of fertility on the physical health of

women of childbearing age. The ordered probit model can be
written as follows:

Physical health∗ = α0 + βx+ γZ + ε, (1)

where physical health∗ is the explained variable, representing the
physical health of women of childbearing age; α0 is the intercept
term; x is the explanatory variable, namely, total number of
births; Z represents control variables; β and γ are coefficient
vectors; and ε is an error term.

In the model, Physical health∗ cannot be observed directly,
whereas Physical health can be observed. The selection rule of
Physical health is as follows:

Physical health =























= 1 If Physical health∗ ≤ 1
= 2 1 < Physical health∗ ≤ µ1
= 3 µ1 < Physical health∗ ≤ µ2

· · · · · ·

= J Physical health∗ ≥ µJ−2

, (2)

where µ1 < µ2 < · · · ≤ µJ−2 are unknown parameters
estimated together with β and γ .

The mental health of women of childbearing age was a
continuous variable, and the ordinary least squares (OLS) model
was employed to estimate the effect of fertility on the sampled
women’s mental health. The OLSmodel can be written as follows:

Mental health = α1 + δx + ϑZ + η, (3)

where Mental health is the explained variable, meaning the
mental health of women of childbearing age assessed by the CES-
D scale; x and Z have the same meaning as in Equation (1);
α1 is the intercept term; δ and ϑ are coefficients; and η is the
error term.

Although the ordered probit and OLS models can indicate the
effects of fertility on the sampled women’s physical and mental
health to a certain extent, the endogeneity is still a considerable
problem that needs to be solved. Although most of the factors
influencing health are controlled, the endogeneity caused by
potential confounding factors cannot be ignored. To address the
endogeneity problem, the IV-ordered probit and the IV two-stage
least squares (IV-2SLS) models were employed (57).

We chose the gender of the first child as the IV. Theoretically,
the gender of the first child is qualified to meet the requirements
of relevance and exclusion of the IV. For relevance, because
of the pursuit of the patriarchal family system and the relative
liberalization of the birth policy, parents whose first child is a girl
are more likely to have more children. As such, women’s total
number of births might be closely related to gender of the first
child. For exclusion, the gender of the child is almost random,
which does not directly affect women’s health. Therefore, the
IV satisfies the relevance and exclusion requirements. The IV in
this study was a binary variable. The gender of the first child of
respondent is girl was code as “1”; otherwise “0.”

The IV was subjected to diagnostic tests. According to
weak IV identification tests, the Cragg–Donald Wald F statistic
and Kleibergen–Paap rk Wald F statistic were 210.909 and
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206.395, respectively, which were both significantly higher
than 16.38, the critical value of the Stock–Yogo weak IV
test (10%). Thus, the null hypothesis that the IV was weak
was not supported. The Kleibergen–Paap rk LM statistic
was 196.973 and significant at the 1% significance level,
which rejected the null assumption of the under-identification
and revealed that the IV closely related to the endogenous
variable, the total number of births. Furthermore, in the first
regression stage, the F value was 206.390. In sum, the IV
theoretically and empirically meets the relevance and exclusion
requirements, and the results estimated by the IV approach
are reliable.

Except for the IV approach, we further employed the
IPTW-RA method for managing multiple treatment groups and
overcoming the selective bias. The propensity score technique is
a widespread method to eliminate the pretreatment imbalances
on observed variables and examine the effects of treatments or
interventions. The propensity score was mostly used to control
for imbalances and compared two treatment groups of interest
(i.e., groups of treatment and control) (58). Nonetheless, the
propensity score techniques can be extended to three multiple
treatment groups (i.e., the groups of treatment A, treatment B,
and control) or more (59).

The IPTW-RA is a joint model composed of inverse
probability weighted model and regression adjustment model,
and it can manage multiple treatment groups (59). It is
a dual robust estimation method. If only the endogenous
problem under observable variables is considered, the consistent
estimation can be obtained once one of the outcome model or
treatment model is set correctly (60). Therefore, it is a more
effective estimationmethod among variousmethods to overcome
selective bias, and the results of the IPTW-RA is more robust
and suitable for the estimation of multiple treatment groups (60).
Therefore, in this study, we categorized the sampled women
into three groups (i.e., women with one child, women with
two children, and women with three and more children), and
assessed between-group differences in physical andmental health
outcomes of the sampled women by using the IPTW-RA after
balancing groups.

Moreover, 1,000 times bootstrap estimation was used to
test the mediating effects of income and multiple roles in
the influence of fertility on physical and mental health of
women of childbearing age. The basic principle underlying the
test for mediating effects in the bootstrap approach is that
the standard error estimation and confidence interval (CI),
which are calculated based on the assumption of a normal
distribution, are imprecise as the indirect effect estimation
generally do not follow normal distribution (61). MacKinnon
et al. argued that the usage of bootstrap estimation can control
the estimation errors and provide the CIs with good statistical
capacity (62).

To test the mediation effect, the bootstrap estimation draws
many bootstrap samples (generally, 1,000). The indirect effect is
estimated for each bootstrap sample, and a bootstrap distribution
of the estimated indirect effect is calculated. If the 95% CI of
the bootstrap distribution does not overlap with zero, a null
hypothesis can be rejected and then the mediating effect is

confirmed (61). The STATA 15.0 (StataCorp. LP., College Station,
TX, USA) was used for all statistical analyses.

RESULTS

Descriptive Analysis
Table 1 shows the results of the descriptive analysis (N = 4,245).
For the explained variables, the average value for physical health
was 3.747 (SD = 0.907) on a five-point Likert scale of 1–5. The
objective index of BMI had an average value of 0.415 (SD =

0.493), which indicated that 41.5% of the respondents’ BMI were
in normal range. The mean value for mental health was 27.888
(SD = 8.576) on a scale of 20–80. The explanatory variable, the
total number of births, ranged from 1 to 7, with a mean value of
1.793 (SD= 0.776).

In terms of the mediating variables, the logarithm of income
had a mean value of 10.243 (SD = 1.155) and ranged from 1.609
to 14.914. The variable of multiple roles ranged from 0 to 1 and
had amean value of 0.863 (SD= 0.344). The IV, gender of the first
child had a mean value of 0.449 (SD = 0.497), which suggested
that 44.9% of the sampled women’s the first child was a daughter.

Among the control variables, age ranged from 18 to 49 years,
with a mean value of 41.057 (SD= 7.191). The average amount of
education was 9.212 (SD = 4.000) years, with a minimum value
of 0 years (illiteracy) and a maximum value of 19 years (master’s).
In terms of lifestyles, 29.9% of the sampled women smoked,
21.4% drank alcohol, and 31.7% exercised regularly. The 42.5 and
52.1% of the respondents’ fathers and mothers were still living
and in good health, respectively. The 11.7% of the sampled had
half of a year migrant experience. A total of 20.71% of sampled
women’s households (Hukou) were registered in an urban area,
and 94.39% were married.

Benchmark Regression
The ordered probit and OLS models were employed for
benchmark regressions to estimate the effects of fertility on
the physical and mental health of women of childbearing age,
respectively, and the results are shown in Table 2. The results
in columns 1 and 2 of Table 2 reported the effect of fertility
on physical health of women of childbearing age. The results in
column 1 were estimated without controls, whereas the results in
column 2 were estimated after adding all controls. The results in
both columns 1 and 2 showed that the total number of births was
significantly and negatively associated with the sampled women’s
physical health (β =−0.151, p < 0.01; β =−0.082, p < 0.01).

The results in column 3 without controls and column 4 with
all controls added were similar, and they both demonstrated that
the total number of births was significantly correlated with the
mental health of women of childbearing age (δ = 2.830, p < 0.01;
δ = 2.532, p < 0.01). This finding indicated that the higher the
number of births, the greater the score on the CES-D scale, and
the worse the mental health status of women of childbearing age.

The results inTable 2 confirmed the negative effects of fertility
on the physical and mental health of women of childbearing age
and preliminarily demonstrated the existence of the motherhood
health penalty in China. However, the problem of endogeneity
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TABLE 2 | Effects of fertility on physical and mental health of women of

childbearing age.

Variable Physical health Mental health

(Ordered probit) (OLS)

(1) (2) (3) (4)

Total number of births −0.151*** −0.082*** 2.830*** 2.532***

(0.021) (0.023) (0.164) (0.176)

Age −0.017*** −0.012

(0.002) (0.019)

Education 0.010** −0.090**

(0.005) (0.039)

Smoking 0.068* −0.822***

(0.040) (0.301)

Drinking 0.054 0.691**

(0.044) (0.335)

Exercise 0.100*** −0.433

(0.038) (0.284)

Hukou 0.009 −0.186

(0.041) (0.314)

Marital status 0.069 −0.718

(0.072) (0.550)

Father 0.035 −0.647**

(0.040) (0.306)

Mother −0.001 0.170

(0.040) (0.303)

Migrant experience −0.170*** 0.084

(0.053) (0.400)

Logarithm of income 0.105*** −0.626***

(0.016) (0.125)

Province Yes Yes Yes Yes

Pseudo R2 0.012 0.028 – –

Adj-R2 – – 0.085 0.097

N 4,245

Standard errors in the parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.

was not solved. Thus, we employed the IV to address it in
next section.

Instrumental Variable Approach
The results in Table 3 presented the impacts of fertility on the
physical and mental health of women of childbearing age after
addressing the problems of endogeneity. As observed in columns
1 and 2 in Table 3, by employing IV-ordered probit models, the
total number of births was significantly and negatively related to
the sampled women’s physical health (β =−0.271, p < 0.01; β =

−0.204, p < 0.01). This meant that after solving the endogeneity
problem, the impact of fertility on the physical health of women
of childbearing age was still negative.

Similarly, the results in columns 3 and 4, which were estimated
by employing IV-2SLS models, indicated that the total number
of births was significantly associated with the sampled women’s
mental health (δ = 2.990, p < 0.01; δ = 2.833, p < 0.01).
The results suggested that after endogeneity was addressed, the

TABLE 3 | Impacts of fertility on physical and mental health of women of

childbearing age.

Variable Physical health Mental health

(IV-Ordered probit) (IV-2SLS)

(1) (2) (3) (4)

Total number of births −0.271*** −0.204*** 2.990*** 2.833***

(0.067) (0.072) (0.806) (0.804)

Age −0.017*** −0.012

(0.002) (0.019)

Education 0.006 −0.073

(0.006) (0.059)

Smoking 0.066* −0.858***

(0.040) (0.316)

Drinking 0.062 0.708**

(0.043) (0.337)

Exercise 0.078** −0.400

(0.037) (0.297)

Hukou 0.009 −0.192

(0.040) (0.314)

Marital status 0.108 −0.816

(0.074) (0.606)

Father 0.032 −0.639**

(0.039) (0.307)

Mother −0.001 0.160

(0.039) (0.304)

Migrant experience −0.178*** 0.077

(0.052) (0.400)

Logarithm of income 0.094*** −0.610***

(0.017) (0.132)

atanhrho_12 0.094* 0.089* – –

(0.054) (0.053) – –

Province Yes Yes Yes Yes

R2 – – 0.085 0.099

Weak IV identification test Cragg–Donald Wald F statistic 210.909

Kleibergen–Paap rk Wald F statistic 206.395

Under–identification test Kleibergen–Paap rk LM statistic 196.973

F-value of the first stage 206.390

N 4,245

Standard errors in the parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.

conclusion that a higher number of births was associated with
a higher CES-D score and thus poorer mental health among
women of childbearing age remained valid.

Inverse Probability of Treatment Weighting
and Regression Adjustment
Table 4 provides the average treatment effect (ATE) estimated by
the IPTW-RA method after dealing with the self-selectivity. The
results in Table 4 showed that for the physical health, the ATEs
of the women with two children and women with three and more
children were−0.075 (p < 0.05, CI: from−0.137 to−0.013) and
−0.139 (p < 0.01, CI: from −0.237 to −0.042), respectively. It
indicated that compared to the womenwith one child, the women
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TABLE 4 | Results of inverse probability of treatment weighting regression

adjustment (IPTW–RA).

ATE 95% CI

Lower Upper

Physical health

Two children vs. One child −0.075** −0.137 −0.013

(0.032)

Three and more children vs. One child −0.139*** −0.237 −0.042

(0.050)

Mental health

Two children vs. One child −0.275 −0.872 0.321

(0.346)

Three and more children vs. One child 5.246*** 4.490 6.000

(0.384)

Robust standard errors in the parentheses; ***p < 0.01, **p < 0.05. ATE means the

average treatment effect, and CI is the confidence interval. The treatment model is

Multinomial Logit Model (MLN). After weighted, the covariates passed the balance test.

with two children and the women with three and more children
had the worse physical health. Thus, the effect of fertility on the
physical health of women of childbearing age was still significant
and negative.

For mental health, as shown in Table 4, the ATE of women
with two children had an insignificant value of −0.275 (CI:
from −0.872 to 0.321), and that of women with three children
had a significant value of 5.246 (p < 0.01, CI: from 4.490 to
6.000). These results suggested that women with two children
did not show a significant worse mental health compared with
women with one child, but women with three children observed
a significant worse mental health. The results estimated by the
IPTW-RAmethod were roughly consistent with the results using
the baseline models and IV approach.

Heterogeneity Analysis
As mentioned in the Control Variables section, there is a
large disparity between urban and rural areas in China,
and the medical care that women receive is closely related
to the area where their household is registered (51, 52).
Therefore, there may be significant differences in the impact
of fertility on the health of women whose households are
registered in different regions. We grouped the entire sample
into two subgroups according to the area where the sampled
women’s households were registered: The urban samples and
rural samples.

The results in Table 5 showed the different impacts of
fertility on women’s physical and mental health with the
use of IV-ordered probit and IV-2SLS models, respectively.
It can be observed in Table 5 that the total number of
births was significantly and negatively associated with rural
women’s physical health (β = −0.210, p < 0.01), whereas
the results of urban samples were insignificant. Furthermore,
the total number of births was also significantly related
to rural women’s mental health (δ = 2.758, p < 0.01),
but the results of urban samples were insignificant. The

TABLE 5 | Heterogenous impacts of fertility on physical and mental health of

women of childbearing age.

Variable Physical health Mental health

(IV-Ordered probit) (IV-2SLS)

Urban Rural Urban Rural

Total number of births −0.170 −0.210*** 3.066 2.758***

(0.165) (0.080) (2.015) (0.869)

Age −0.018*** −0.016*** 0.026 −0.024

(0.005) (0.003) (0.042) (0.021)

Education −0.015 0.013* 0.052 −0.113*

(0.014) (0.007) (0.148) (0.063)

Smoking 0.015 0.078* −0.799 −0.895**

(0.088) (0.045) (0.728) (0.349)

Drinking 0.131 0.048 −0.081 0.900**

(0.094) (0.049) (0.765) (0.377)

Exercise 0.180** 0.053 −0.084 −0.509

(0.081) (0.042) (0.644) (0.333)

Marital status 0.200 0.080 −3.593** −0.085

(0.166) (0.083) (1.465) (0.664)

Father 0.060 0.019 0.024 −0.786**

(0.085) (0.044) (0.677) (0.343)

Mother −0.006 0.001 −0.096 0.226

(0.087) (0.044) (0.688) (0.338)

Migrant experience −0.240* −0.190*** −1.236 0.522

(0.123) (0.057) (1.022) (0.440)

Logarithm of income 0.037 0.105*** 0.049 −0.729***

(0.038) (0.018) (0.310) (0.146)

atanhrho_12 0.067 0.094 – –

(0.118) (0.059) – –

Province Yes Yes Yes Yes

R2 – – 0.073 0.114

N 879 3,366 879 3,366

Standard errors in the parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.

results indicated that compared with urban women, who may
receive better medical treatment, rural women’s physical and
mental health may be more substantially and easily impacted
by fertility.

Robustness Check
Replacing Data and Teasing out Effect of Abortion
Women’s abortion experience is a factor should be considered
when looking at the impact of fertility on women’s physical
and mental health. However, the CLDS2018 did not involve the
information related women’s abortion experience. We further
employed the CLDS2016 dataset which concerned women’s
abortion experience to control the effect of abortion experience
on women’s health and test the robustness of the results. The
variable of abortion experience was obtained in the CLDS2016
by the question of “Have you ever had an abortion experience?”
The answer of “Yes” was coded as “1”; otherwise “0.” The results
of replacing data and teasing out effect of abortion were provided
in Table 6.
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TABLE 6 | Robustness check of using the CLDS2016 and teasing out the effect

of abortion.

Variable Physical health Mental health

Ordered probit IV–ordered probit OLS IV−2SLS

Total number of births −0.535*** −0.742*** 1.250*** 1.904***

(0.055) (0.093) (0.412) (0.709)

Age −0.024*** −0.022*** −0.055 −0.061

(0.007) (0.007) (0.052) (0.053)

Education −0.012 −0.019 −0.113 −0.090

(0.012) (0.012) (0.093) (0.092)

Smoking −0.800*** −0.818*** 5.714*** 5.795**

(0.272) (0.271) (2.127) (2.712)

Drinking 0.267 0.285 −2.241 −2.305**

(0.209) (0.209) (1.612) (1.066)

Exercise 0.059 0.031 −1.115 −1.027

(0.093) (0.094) (0.719) (0.705)

Hukou −0.081 −0.101* 0.020 0.083

(0.056) (0.056) (0.434) (0.389)

Marital status 0.429** 0.443** −3.600** −3.663

(0.212) (0.211) (1.646) (2.276)

Father 0.025 0.029 −0.504 −0.520

(0.085) (0.085) (0.659) (0.645)

Mother 0.004 −0.010 −0.215 −0.174

(0.096) (0.096) (0.748) (0.748)

Migrant experience 0.070 0.140 −0.106 −0.322

(0.110) (0.113) (0.856) (0.865)

Abortion experience −0.258*** −0.249*** 2.217*** 2.197***

(0.092) (0.092) (0.712) (0.756)

Logarithm of income 0.072* 0.052 −0.259 −0.199

(0.040) (0.040) (0.306) (0.319)

atanhrho_12 – 0.180*** – –

– (0.069) – –

Province Yes Yes Yes Yes

Pseudo R2 0.075 – – –

R2 – – 0.079 0.076

Weak IV identification test Cragg–Donald Wald F statistic 337.550

Kleibergen–Paap rk Wald F statistic 575.856

Under–identification test Kleibergen–Paap rk LM statistic 230.980

F value of the first stage 575.860

N 823

Standard errors in the parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.

It can be observed fromTable 6, when the dataset was replaced
and the effects of abortion on women’s health were controlled,
the baseline regression results of ordered probit and OLS models
showed that total number of births was significantly associated
with physical (β = −0.535, p < 0.01) and mental health (δ =

1.250, p < 0.01). The results of IV-ordered probit and IV-2SLS
models reported that the total number of births significantly
related to physical health (β = −0.742, p < 0.01) and mental
health (δ =1.904, p < 0.01) of women of childbearing age. Thus,
by replacing the dataset and teasing out the effect of abortion, the
results in this study were stable.

TABLE 7 | Conley et al. (63) plausibly exogenous bounds.

Variable UCI LTZ

Physical Mental Physical Mental health

health health health health

Total

number

of births

(−0.367 to −0.027)(1.255 to 4.397)(−0.363 to −0.024)(1.271 to 4.401)

Control

variables

Yes Yes Yes Yes

Province Yes Yes Yes Yes

The estimator of the lower bound and the upper bound for the coefficient of total number

of births is shown in parentheses with a 95% significance level.

Relaxing Instrument Exogeneity
As the second-best way to test the robustness of the results,
assuming that the IV—the variable of gender of the first child
failed to satisfy the usual exogeneity condition, we tested the
parameter sensitivity following Conley et al. (63) plausibly
exogenous estimation method. Table 7 reported the plausibly
exogenous estimation results of union of confidence intervals
(UCI) and local to zero (LTZ) methods.

For the physical health, the bounds on the endogenous
variable of women’s total number of births estimated with
the UCI method were (−0.367 to −0.027), and the bounds
estimated with the LTZ method were (−0.363 to −0.024).
For mental health, the bounds estimated by UCI and LTZ
methods were (1.255−4.397) and (1.271-4.401), respectively.
The coefficients of β , −0.204 (physical health) and δ, 2.833
(mental health) estimated in the IV regression were both within
the corresponding intervals in the UCI and LTZ methods. It
was meant that although the exogeneity of the instrument was
relaxed, our results of the IV approach were still valid.

Alternative Explained Variable
To overcome the bias associated with self-rated health
classifications, the variable of BMI was applied to estimate
the impact of fertility on physical and mental health of women
of childbearing age. As the variable of BMI was a binary variable,
the probit model was suitable for estimation. The probit and
IV-probit regression results are displayed in Table 8. It can be
observed from Table 8 that the coefficients of total number
of births were negative and significant in the probit model
(coefficient=−0.080, p < 0.01) and IV-probit model (coefficient
=−0.322, p < 0.01).

Overall, the results of the series of robustness checks indicated
that total number of births did have a negative impact on
physical and mental health of women of childbearing age, and
the existence of the motherhood health penalty in China can
be demonstrated.

Mechanism Analysis
After the negative impacts of fertility on the physical and
mental health of women of childbearing age were verified,
the potential mechanisms through which fertility affected the
physical andmental health of women of childbearing were tested.
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TABLE 8 | Robustness check of alternative explained variable BMI.

Variable BMI

Probit IV–probit

Total number of births −0.080*** −0.322***

(0.028) (0.120)

Age −0.009*** −0.009***

(0.003) (0.003)

Education 0.006 −0.007

(0.006) (0.009)

Smoking 0.118** 0.146***

(0.047) (0.048)

Drinking 0.005 −0.009

(0.052) (0.052)

Exercise 0.082* 0.054

(0.044) (0.046)

Hukou 0.006 0.012

(0.049) (0.049)

Marital status 0.064 0.141

(0.086) (0.094)

Father 0.117** 0.110**

(0.048) (0.048)

Mother −0.005 0.003

(0.048) (0.047)

Migrant experience −0.092 −0.086

(0.062) (0.062)

Logarithm of income 0.075*** 0.061***

(0.020) (0.021)

Province Yes Yes

Pseudo R2 0.022 –

Wald test – 4.040** (p < 0.05)

N 4,245

Standard errors in the parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.

The bootstrap estimation procedure was applied to test the
significance of the mediating effects of income andmultiple roles.
Bootstrap samples were drawn 1,000 times to test the mediating
effects. The 95% CIs of the indirect effects are shown in Table 9.
It can be concluded from Table 9 that the model pathways of
Total number of births → Income → Physical health, Total
number of births → Income → Mental health, Total number
of births → Multiple roles → Physical health, and Total
number of births → Multiple roles → Mental health were
all significant.

Furthermore, no corresponding 95% CIs overlapped
with zero. It can be concluded that the variables of income
and multiple roles mediated the impacts of the total
number of births on the physical and mental health of
Chinese women of childbearing age. The results proved
that the fertility impacted the physical and mental health of
women of childbearing age through the potential channels
of limited family resources and the multiple roles played
by mothers.

TABLE 9 | Mediating effects of income and multiple roles in fertility effects on

physical and mental health of women of childbearing age.

Model pathway Indirect effect Percentile 95% CI

Lower Upper

Total number of −0.010*** −0.013 −0.002

births→ Income→ Physical health (0.003)

Total number of 0.101*** 0.054 0.157

births→ Income→ Mental health (0.026)

Total number of births→ Multiple −0.008*** −0.013 −0.002

roles→ Physical health (0.003)

Total number of births→ Multiple 0.092*** 0.041 0.144

roles→ Mental health (0.027)

Bootstrap standard errors in the parentheses; ***p < 0.01. CI means confidence interval.

The control variables were included in the process of bootstrapping.

DISCUSSION

In 2015, the United Nations adopted 17 sustainable development
goals (SDGs) to be achieved by 2030, including gender equality
(64). The motherhood penalty is a crucial topic in the field of
gender equality. In this study, focusing on Chinese women of
childbearing age, we employed nationally representative survey
data (CLDS2018), examined the effects of fertility on mothers’
physical and mental health, and demonstrated the motherhood
health penalty in China. The findings are as discussed in
the following.

First, after addressing endogeneity, the results estimated by
using the IV-ordered probit model and IV-2SLS model indicated
that, in general, the greater the total number of births, the worse
the physical and mental health of women of childbearing age.
The results of IPTW-RA method showed that although women
with two children did not have a significant worse mental health
compared with women with one child, the women with three
children had a significant worse mental health. Having more
children means that the women experience more childbearing
life events. This exerts stress on physical functions and leads to
the accumulation of health disadvantages with adverse effects
on women’s health. These health sacrifices made by women are
irreversible to a large extent and have lasting negative effects
(65). The financial support and accompanying care provided
by multiple children to women in their old age may not
compensate for the health sacrifices they made during their
childbearing years.

Second, the results of heterogeneity analysis showed that
fertility more easily affected the physical and mental health of
rural women compared with urban women. In China, there
are evident development disparities being addressed between
rural and urban areas, including gaps in income, social security,
education, and infrastructure (66–68). Compared with urban
women, rural women may experience poorer reproductive
healthcare and medical treatment. In addition, to provide better
financial support for families, rural males in the labor force
transfer to urban areas for work, resulting in the phenomenon
of rural left-behind women. The number of left-behind wives in
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Chinese rural areas reached 47million in 2019 (69). As such, rural
women may shoulder the accumulated pressures of housework,
farming, and taking care of children alone, which has serious
negative impacts on their physical and mental health.

Third, in the mechanism analysis, income and multiple roles
were found to mediate the impacts of fertility on the physical
and mental health of women of childbearing age. Women’s
income is a vital financial resource to support their healthcare,
and the motherhood income penalty has been demonstrated
by extensive research in different cultural contexts. In the
United States, for every child born, the mothers experience
a 7% reduction in income (70); in the United Kingdom and
Germany, every child that a woman bears decreases her income
by about 9% (71). In China, women’s income decreases by
about 17% in the year of childbirth (72). The low income of
Chinese women of childbearing age has led to a decline in their
living standards and poor health. Furthermore, as the traditional
primary caregiver of the family, women often shoulder labor-
intensive family responsibilities, such as performing household
chores and educating children. Most women today have their
own careers, so they also experience the professional pressure
of the workplace. The adverse influences on the physical and
mental health of women arising from their multiple roles cannot
be neglected.

From these findings, some policy implications can be drawn
to mitigate the motherhood health penalty in China and
other developing counties or regions. First, in addition to
paying attention to the demographic dividend and economic
development resulting from increased rates of childbirth, the
government should also focus on the health of women of
childbearing age. In particular, the three-child policy announced
in May 2021 provides opportunities for women to have more
children, but it may also increase uncertainty and risks to
their health and exacerbate the effects of the health penalty.
As we proved, the third child can bring about women’s
significant worse physical and mental health. Therefore, under
the condition of birth policy relaxing, maternity leave formothers
and paternity leave for fathers should be stipulated by the
government and implemented efficiently across industries and
departments. Moreover, there were about 50 million infants
under 3 years old in China, but the nursery school enrollment
rate of children under 3 years old was <5% in 2020 (73).
The institutional arrangements of childcare services, which can
reduce the physical and mental pressure on mothers, can be
substantially strengthened.

Second, to improve the physical and mental health of rural
women of childbearing age, the government can vigorously
develop medical facilities and enhance the professional ability of
medical personnel in rural areas. The government can accelerate
rural vitalization and encourage workers in the labor force to
remain in the countryside, build their hometown, and share the
pressures of housework, farming, and raising children with their
wives. In addition, the government can also regularly carry out
physical health examinations and mental health counseling for
women in rural areas.

Third, to ensure the income of women of childbearing age,
the working and family-friendly policy can be improved and

refined. Compared with developed countries, the working and
family-friendly policy for women in China is still in its infancy
(74). An employer can create a favorable and flexible workplace
atmosphere for mothers, for instance, by allowing them to
work from home to ensure that they earn an income and help
them to cope with conflicts between family and work. The
government can institutionalize anti-discrimination measures to
protect mothers’ employment and emphasize the empowerment
of trade unions to strengthen mothers’ bargaining power in the
labor market. Furthermore, to relieve mothers’ stress caused by
their multiple roles, fathers should be encouraged to participate
in family chores and childcare. There is a social phenomenon
known as “widowed child-rearing” in China (75). This term refers
to the mother providing emotional and educational support to
the children while the father plays a minimal role in childcare
(75). Therefore, to overcome the health problems caused by the
pressure of multiple roles, it is necessary to encourage fathers to
participate in family affairs and childcare.

There are some limitations in this study and possible
directions for further studies. First, although we used the IV
approach to address the endogeneity issue produced by potential
confounding variables, it is undeniable that being a mother
also leads to happiness and self-fulfillment in women. Thus,
motherhoodmay be conducive to women’s health outcomes. This
positive effect of motherhood on women of childbearing age was
not considered in this study due to the limitation of the dataset.
Therefore, if data are available, further research can try to address
this limitation.

Second, in addition to the extensive discussions of the
motherhood wage penalty, the fatherhood wage premium has
also received much attention. By comparing the health status of
fathers and mothers, the gender-based health inequality caused
by childbearing may be revealed. Therefore, future research
focusing on the motherhood health penalty can examine the
existence of the fatherhood health premium.

Third, as the CLDS did not involve the questions related to
respondents’ husband such as husbands’ time consumed in doing
housework and childcare, we controlled the marital status of
women of childbearing age to control the influence of husbands
as much as possible. The further study can empirically test the
effect of husbands’ time consuming in housework and childcare
on physical and mental health of women of childbearing if the
data is available.

CONCLUSIONS

This study empirically clarifies the relationship between fertility
and the health outcomes of women of childbearing age in China.
The results of IV approach indicated that fertility had significant
adverse impacts on mothers’ physical and mental health, which
demonstrated the existence of the motherhood health penalty in
China. The results of IPTW-RA method suggested that although
women with two children did not have a significant worse mental
health compared with women with one child, the women with
three children had a significant worse mental health. The results
of heterogeneity analysis showed that the impacts of fertility
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on physical and mental health differ between rural and urban
mothers. The income and multiple roles were demonstrated to
play mediating roles in the impacts of fertility on the physical and
mental health of women of childbearing age. The findings of this
study extended the motherhood penalty from the labor market to
the health domain and had important implications for improving
the healthcare policy for women of childbearing age in China and
other countries and regions.
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