
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=rero20

Economic Research-Ekonomska Istraživanja

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/rero20

The effect of a sibling on the first-born child’s
health: evidence from two-child families in China

Qundi Feng, Chung-Ping A. Loh, Fancun Meng, Tao Bu & Qinying He

To cite this article: Qundi Feng, Chung-Ping A. Loh, Fancun Meng, Tao Bu & Qinying
He (2022) The effect of a sibling on the first-born child’s health: evidence from two-
child families in China, Economic Research-Ekonomska Istraživanja, 35:1, 676-691, DOI:
10.1080/1331677X.2021.1931912

To link to this article:  https://doi.org/10.1080/1331677X.2021.1931912

© 2021 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

Published online: 18 Jun 2021.

Submit your article to this journal 

Article views: 1303

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=rero20
https://www.tandfonline.com/loi/rero20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/1331677X.2021.1931912
https://doi.org/10.1080/1331677X.2021.1931912
https://www.tandfonline.com/action/authorSubmission?journalCode=rero20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=rero20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/1331677X.2021.1931912
https://www.tandfonline.com/doi/mlt/10.1080/1331677X.2021.1931912
http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2021.1931912&domain=pdf&date_stamp=2021-06-18
http://crossmark.crossref.org/dialog/?doi=10.1080/1331677X.2021.1931912&domain=pdf&date_stamp=2021-06-18


The effect of a sibling on the first-born child’s health:
evidence from two-child families in China

Qundi Fenga , Chung-Ping A. Lohb, Fancun Mengc, Tao Bud and Qinying Hea

aCollege of Economics & Management, South China Agricultural University, Guangzhou, P.R. China;
bDepartment of Economics and Geography, Coggin College of Business, University of North Florida,
Jacksonville, FL, USA; cSchool of Public Health, Shantou University, Shantou, P. R. China; dSchool of
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ABSTRACT
The first-born child’s quality may be affected by a younger sibling
in a family based on the quantity-quality trade-off theory. Using
data from the China Health and Nutrition Survey, we examine the
causal effect of having a younger sibling on the health of the
first-born child aged 2–12 in China. We use instrumental variables
to address the potential endogeneity of having a younger sibling
in the extended regression model. We found that having a sibling
significantly decreases the height-for-age z-scores of the first-born
child, and the greater age gap may alleviate the effect. Further
analysis shows that the effect is particularly strong for the pre-
school child under 6 years old and the child in a low-income fam-
ily or the rural area. A sibling influences the first-born child’s
health by dietary pattern, physical activities, and medical services
utilization. The robustness checks, based on individual fixed-
effects model and propensity score matching approach, validate
our findings, which suggest that future preventive intervention on
the deterioration of first-born child’s health during the implemen-
tation of the universal two-child policy.
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1. Introduction

Increased attention has been paid to discuss the demographic, health, and social
effects of the universal two-child policy in China1 (Gong et al., 2016; Zeng &
Hesketh, 2016; Li, 2016; Zhao, 2017; Liu, 2020). Implementing the two-child policy
may help increase China’s birth rate, remove the oppressive elements of the one-child
policy, and accumulate human capital for economic growth (Zhai, 2014, Zeng &
Hesketh, 2016; Li et al., 2019). However, the quantity-quality trade-off (QQ) theory
suggests that children with more siblings tend to have worse outcomes in education
and health, the two main factors of human capital (Becker & Lewis, 1973; Becker &
Tomes, 1976; Li et al., 2008; Angrist et al., 2010). Although we cannot directly
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observe the consequences of implementing the two-child policy so far, analyzing the
impact of a younger sibling on the first-born child’s health outcome with data of
existing two-child families is of interest2.

Although the QQ theory suggests that a reduction in child quantity may improve
child quality under the resource constraint (Becker, 1960; Becker & Lewis, 1973;
Becker & Tomes, 1976), the majority of previous studies focused on the impact of
sibling size on child quality (Li et al., 2008; Liu, 2014; Liang & Gibson, 2018). Some
empirical research supported a negative association between sibling size and child-
ren’s academic achievement (e.g., Wolfe & Behrman, 1986; Hanushek, 1992).
However, Black and Salvanes (2005) found that the effect of sibling size on the child’s
quality is not monotonic across the number of children. Qian (2013) even found that
an additional child significantly increased school enrollment of first-born children.

Most recent studies isolate the causal effect of sibling size on child quality using a
natural experiment or instrument variable (IV) method (Rosenzweig & Zhang, 2009;
Angrist et al., 2010; Zhang et al., 2016; Hai, 2017; Argys & Averett, 2019). One
important method for tackling endogeneity is to use the exogenous variations in sib-
ling size caused by the natural occurrence of twins or the one-child policy (Li et al.,
2008; Qian, 2013; Liu, 2014). The majority of studies use the gender composition of
the first two children (Angrist et al., 2010) or the gender of the first child (Lee, 2008)
as the instrument for sibling size. The former instrument’s idea is that parents with
several same-gender offspring are more likely to have an additional child (Angrist &
Evans, 1998). The latter instrument is based on the general preference for sons in
Asian countries, which indicates that the parents would like to have a second birth,
even third birth until they have a son if the first child was female (Lee, 2008).

Encouraged by China’s two-child policy, couples tend to have a second child, and
then the resource may be diluted for the first child within the family. Some empirical
studies test the QQ theory from dietary quality based on the China Health and
Nutrition Survey (CHNS). Liang and Gibson (2018) found children’s relative energy
and protein intakes decrease due to an increase in sibling size, especially for the first-
born children. Chen et al. (2019) found that the weight/height and nutrient intake of
first-born girls, but not first-born boys, significantly decrease with an exogenous
increase in child quantity due to the relaxation of the one-child policy3.

To predict the impact of the two-child policy, this paper will analyze the effect of
a younger sibling on a first-born child’s health outcomes with data from the
1991–2015 CHNS using an IV. We estimate the impact by using an extended regres-
sion model (ERM), which is a more suitable approach for binary endogenous varia-
bles4. We further employ the individual fixed-effects (FE) panel model to control for
time-invariant cross-household heterogeneity and propensity score matching (PSM)
method to estimate the causal effects in a sample without random placement. We
also test the heterogeneity of this effect across the income distribution, age, gender,
and residential household registration (Hukou). We find that having a younger sibling
significantly reduces height-for-age z-scores of the first-born child, particularly for the
child under 6 years old and the child in a low-income family or the rural area.
Furthermore, the effect of a younger sibling on the first child’s health may be allevi-
ated by the greater age gap. Moreover, we investigate the channel by which having a
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younger sibling influence the first-born child’s height and find that a child’s health
outcomes can be explained by changes in dietary patterns, physical activity, and util-
ization of medical services due to the family resource constraint. Our results provide
empirical evidence of the QQ theory in China.

We highlight two contributions to the existing literature on children’s health
development. First, we predict the health effect of the two-child policy by combining
one-child and two-child families with studying the younger child’s impact on
anthropometric of the first-born child. Second, besides physical activity, and utiliza-
tion of medical services, we test the response of dietary diversity and nutrient intake
to an increase in sibling size due to the dilution of family resources, including family
income and parents’ accompany time.

The rest of this article is organized as follows. Section 2 describes our data and
descriptive analysis. Section 3 illustrates the econometric method. Section 4 presents
the empirical results. In Section 5, we do some robustness checks and mechanism
analysis. We conclude in Section 6 with a discussion and remarks.

2. Data and descriptive analysis

The data used in this article are from CHNS, an ongoing international collaborative
project between the Carolina Population Center at the University of North Carolina
at Chapel Hill and the National Institute of Nutrition and Food Safety at the Chinese
Center for Disease Control and Prevention. The survey covers individuals in about
7200 households from communities with diverse socioeconomic backgrounds in 15
provinces and major cities5. The Chinese provinces and mega-cities vary substantially
in geography and economic development. The CHNS data provide detailed economic,
demographic, and health information in ten waves during 1989, 1991, 1993, 1997,
2000, 2004, 2006, 2009, 2011, and 2015 so they cover years during the era of rapid
economic transition that witnessed considerable health development in children.

The survey uses a multistage random cluster sampling method based on different
income levels (high, medium, and low) and weighted sampling. After randomly
selecting four counties and two cities with each province, the CHNS randomly identi-
fies villages and towns in each county, urban, and suburban region in each city. It
then selects 20 households from each of these communities. In this study, we use the
subsample of CHNS that was collected for the children at the time of the survey. For
our purposes, we first keep the first-born children aged 2–12 at the time of the sur-
vey6. Second, we do not include the children from 1989 in our sample because the
health and nutritional data in wave 1989 were collected only from preschoolers and
adults aged 20–45 and the questionnaire and sampling were substantially different
from those used in subsequent waves. Finally, we also exclude the families with three
or more children in the main analysis and the sample size is 58797, 33.83% of them
have a younger sibling. In the empirical analysis, all of the data are pooled to identify
the effect of having a younger sibling.

Importantly, the CHNS records anthropometrical measurements, including height
and weight, for each individual8. In general, there are three measures of children’s
health outcomes (Shao, 2007). The first is clinical indicators, such as child mortality,
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child morbidity, injuries, etc. the second is self-reported health status. The last is
anthropometrical measurements, such as height, weight, waistline, etc. In this paper,
we use height as a child health outcome because it is a sensitive measure of health
in childhood that reflects the interaction of genetic potential for height with nutri-
tion and their long-term health status, exposure to infectious diseases, and access to
medical facilities. To make height comparable among children of different ages and
gender, we use height-for-age z-scores (HAZ), which is defined as the number of
standard deviations that a person’s height is away from the median height of a refer-
ence population of healthy children of the same age and sex. We use the information
extracted from the growth chart published by World Health Organization (WHO) as
the reference height distribution. The negative mean values of HAZ in Table 1 mean
that the average height of Chinese children is lower than the average level according
to growth standards for children specified by WHO.

We used three-day average carbohydrates, fat, and protein in this paper to measure
the children’s nutrition intake. The CHNS respondents kept three-day records of their
food consumption about the nutrition intake, in terms of meals per person per day
and daily food intake. This information was then checked by the research team and
reported as three-day average daily intakes for fat, protein, carbohydrates, and total
energy from all sources, with energy measured in kilocalories (kcal) and the other
three items in grams.

In addition, we computed the children’s dietary diversity score based on the food
consumption for the same three consecutive days. First, we categorized the food items
into eight major food groups based on WHO’s Young Children Feeding guidelines
(IYCF) and Dietary Guidelines for Chinese Residents (Swindale & Bilinsky, 2005).
The eight major food groups are: (i) grains, roots, and tubers; (ii) vegetables; (iii)
fruits; (iv) dairy products; (v) legumes and nuts; (vi) flesh foods (meat, poultry); (vii)
seafood; (viii) egg. Second, calculate the score for each food group. The score of a
child is zero if food intake in a group is below the minimum limit value (the

Table 1. The descriptions of key variables for first-born children with or without a sibling.

Variable name

Without a sibling Having a sibling

DifferenceN Mean Std. Dev. N Mean Std. Dev.

HAZ (height-for-age z-score) 3981 �0.352 1.285 1898 �1.024 1.201 0.672���
Boy (1¼ boy; 0¼ girl) 3981 0.565 0.496 1898 0.450 0.498 0.115���
Age (year) 3981 7.089 2.891 1898 8.329 2.543 �1.240���
Hukou (1¼ rural; 0¼ urban) 3981 0.594 0.491 1898 0.858 0.349 �0.265���
Log of household income per capita 3981 8.653 1.056 1898 7.933 1.000 0.720���
Mother’s age (year) 3981 31.785 5.000 1898 31.617 3.860 0.168�
Mother’s BMI 3981 22.255 3.161 1898 22.071 3.163 0.184��
Mother’s educational years (year) 3981 9.282 3.294 1898 6.957 3.279 2.325���
Carbohydrates (g):three-day average 4208 204.093 86.216 1926 263.628 100.882 �59.535���
Fat (g):three-day average 4208 52.158 33.631 1926 45.02 28.414 7.136���
Protein(g):three-day average 4208 48.010 27.919 1926 48.967 18.391 �0.957 ���
Dietary variety score: three-day average 2912 2.559 2.208 937 1.774 1.898 0.785���
Having medical insurance (1¼ yes; 0¼ no) 4450 0.500 0.5000 2084 0.309 0.496 0.191���
Children age <6: does physical exercise? 1133 0.553 1.332 173 0.428 1.04 0.125
Children age 6þ: does physical exercise? 1987 0.424 1.021 873 0.260 0.778 0.164���
Notes: �, �� and ��� represent significance at the 10%, 5% and 1% levels, respectively. Having a sibling means that
the first-born child has a younger sibling at the time of survey.
Source: Authors’ calculations using data from the China Health and Nutrition Survey (1991–2015).
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minimum limit value of soybean food is 5 g, and the others are 25 g); otherwise, the
score is one. Third, the group scores are then summed to obtain the dietary diversity
score, which ranges from zero to eight. We only got dietary diversity scores of chil-
dren from 1997 to 2011 because Chinese Food composition before 1997, and the
nutrient intake information from the 2015 CHNS data are not available.

In terms of physical activity, it was the indicator of whether a child usually does
physical exercises, such as running, playing football, volleyball, badminton, or other
sports. As the CHNS data on physical activity apply to two different age groups (<6
or 6þ years), our analysis used these two different age groups.

A two-sample t-test is used to formally test whether there is a statistical difference
in characteristics between children with or without a younger sibling. The corre-
sponding results are given in the last column of Table 1. It is shown that children
with a younger sibling have lower HAZ than those without a more youthful sibling
on average. The children having a younger sibling are more likely to come from a
family with lower income, lower educational level, and elder mother. The average car-
bohydrates, protein intake and dietary score are higher for children without a sibling,
who are also more likely to have medical insurance and perform well in doing phys-
ical activity.

3. Empirical method

To assess the relationship between younger sibling and first child’s health outcome,
our general estimation approach is given below following Liu (2014) and Chen et al.
(2019):

Yit ¼ b0 þ b1Ysiblingsit þ b2Xit þ b3Zit þ eit (1)

where Yit is the HAZ for child i in year t: Ysiblingsit is a binary variable, which
equals to one if child i has a younger sibling at wave t and zero otherwise. The vector
Xit has a set of child characteristics, including gender, age, and Hukou. The vector Zit

includes household per-capita income, age, body mass index, and years of education
of the mother. The dummy variables of province and survey year are also controlled.
b1 is the parameter of interest, which measures the change in the first-born child’s
height-for-age z-score after having a younger sibling.eit is an error term assumed to
be normally distributed.

The fertility decisions are potentially endogenous if some unobservable variables
such as parent’s preference, genetic, potentially affect both having a second child and
the height of the first child. First, to alleviate the endogeneity, we control a rich set of
covariates that may affect the decision to have a second child. For instance, the moth-
er’s education level affects a child’s dietary pattern and physical activities and thus a
child’s height. At the same time, the mother’s education level may also affect the fer-
tility decision. Similarly, the mother’s age at the time of the child’s birth may be both
a determinant of having a second child and a height outcome predictor. Second, we
use IV to deal with the possible endogeneity problem. The IV should be correlated
with having a younger sibling while not directly affecting the child’s height.
Specifically, the proportion of the families with two children excluding the family of
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child i to the total number of families in the same community is used to serve as the
IV for the dummy variable of having a younger sibling. The proportion does not
affect a child’s height outcome but is correlated with sibling size9. Third, we use
individual fixed effects panel models to examine how sibling size affects child health
outcomes in height because it can avoid the endogeneity problem induced by time-
invariant unobservable factors that confound comparisons of outcomes. Finally, we
use the PSM method to estimate the causal effects in a sample without ran-
dom placement.

4. Empirical result

4.1. Impact of having a sibling on first-born child’s health

Table 2 represents the estimation results for the effect of having a younger sibling on
the first child’s HAZ with two models. The OLS regression results are given in
Column (1) of Table 2, which shows that the younger sibling has a significant nega-
tive effect on a child’s HAZ.

Table 2. Effect of having a sibling on the first-born child’s HAZ.

Variables

(2)

(1)
OLS

ERM
(3)
OLS1st stage 2nd stage

HAZ Having a sibling HAZ HAZ

Having a sibling �0.178��� �0.810���
(0.0368) (0.124)

IV 1.720���
(0.0984)

age gap 0.0351���
(0.0129)

Boy 0.0592�� �0.513��� �0.00985 0.0670
(0.0294) (0.0432) (0.0334) (0.0488)

Age 0.0423��� 0.239��� 0.0744��� 0.0384���
(0.00716) (0.0117) (0.0100) (0.0132)

Hukou �0.193��� 0.502��� �0.0876� �0.261���
(0.0367) (0.0596) (0.0448) (0.0708)

Log of household income per capita 0.0572��� �0.233��� 0.0135 0.0900���
(0.0185) (0.0277) (0.0206) (0.0303)

Mother’s age �0.00214 �0.0614��� �0.0105�� �0.0150�
(0.00428) (0.00687) (0.00464) (0.00839)

Mother’s BMI 0.0172��� 0.0133� 0.0175��� 0.0100
(0.00498) (0.00722) (0.00504) (0.00804)

Mother’s years of education (year) 0.0517��� �0.0456��� 0.0420��� 0.0465���
(0.00501) (0.00753) (0.00544) (0.00804)

Constant �1.994��� �0.00362 �1.331��� �1.154���
(0.260) (0.549) (0.290) (0.387)

Observations 5,879 5,808 5,808 1,898
Control of wave dummies YES YES YES YES
Control of province dummies YES YES YES YES
Durbin-Wu-Hausman stat. 16.398���
F-stat. 499.907���
Notes: �, �� and ��� represent significance at the 10%, 5% and 1% levels, respectively. Robust standard errors are
in parentheses. Having a sibling means that the first-born has a younger sibling at the time of the survey. The value
of Durbin-Wu-Hausman stat. and F-stat. show no presence of weak IV. That the sample size in Column (1) is larger
than that in Column (2) was caused by the missing of the instrument variable.
Source: Authors’ calculations using data from the China Health and Nutrition Survey (1991–2015).
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Considering that having a younger sibling is a binary endogenous variable, an
ERM is used and the corresponding estimation results are reported in Column (2).
The Durbin-Wu-Hausman statistic is 16.398 and significant, indicating that there
exists an endogeneity problem. The first stage regression, a Probit model, is used to
predict the probability of having a second child in a family. After controlling for vari-
ables such as the age of the child, gender, Hukou, and mother’s education, the IV
coefficient is significant and positive, indicating no presence of weak IV. Families in
a community always have similar fertility concept that is affected by the same culture,
such as Confucianism encouraging the patrilineal and patriarchal system, which
stresses the importance of continuing the family line through male offspring, receiv-
ing the family inheritance, and reinforcing male dominance within a family (Short
et al. 2001). In addition, families in a community also experience a similar environ-
ment of fertility policy. Therefore, a family living in a community with more two-
child families is more likely to have a second child.

The magnitude of the coefficient of having a younger sibling from the ERM is
greater than that from OLS, pointing to the stronger negative effect of having a
younger sibling on the first-born child’s anthropometric outcome in height. The HAZ
of first-born children decreased by 0.810 standard deviations, meaning that the height
of a 5-year-old child decreased by approximately 3.72 cm10. The value is much larger
than the previous study’s estimates that focused on the increase in sibling size (Hai,
2017), which is 0.149 standard deviations of HAZ. The mother’s education level is
also correlated with the child’s HAZ positively. The mother’s higher educational level
would contribute to child health outcomes through better dietary knowledge and
feeding behavior (Variyam et al., 1999).

Since the reference group in Column (1) and (2) is the children who have no sib-
lings, we could not include the age gap between two children. In order to obtain the
effect of the age gap on the first-born child’s health outcome, we only keep the fami-
lies with two children. We found that the age gap positively affects the first-born
child’s HAZ in Column (3). Therefore, a younger sibling’s effect on a first-born
child’s health may be alleviated by the greater age gap between first-born children
and second-born children.

4.2. Heterogeneity analysis

Table 3 shows the effects of having a sibling on the first-born child’s HAZ across the
income distribution, age, gender, and Hukou. In panel A, we stratify the sample by
quintiles based on income per capita. At the bottom 20th quintile, there are strong
significant effects on first-born child’s health, but the effect is relatively small from
20th quintile onwards. It is shown that the resource constraints faced by low-income
families are more stringent.

In panel B, when splitting the sample into three groups by age, we find that the
effect is larger for the pre-school child under 2–6 years old, and the effect is relatively
smaller for the child above 6 years old. One possible explanation is that the child at a
younger age has less adaptability when the external environment changes. In panel C,
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we find that the impact of having a sibling is not much different between boys
and girls.

In panel D, the result shows that having a sibling has a significantly negative effect
on the first-born child’s HAZ in rural and urban areas. The negative effects are stron-
ger in rural areas than in urban areas. From the result above, the impacts of having a
sibling on the first-born child seem to be greater when the child in a relatively weak
situation, such as low-income family, rural areas, and younger age.

4.3. Mechanism analysis

We test the channel by examining the impact of a younger sibling on dietary patterns,
physical activity, and utilization of the first-born child’s medical services. The dietary
pattern (i.e., dietary diversity and nutrient intake), physical activity, and utilization of
medical services are measures of parental investment in children and important inputs
into human capital that have their own long-term impacts (Behrman et al., 1988).

Table 4 illustrates the effect of having a younger sibling on the first-born child’s
dietary patterns. The dietary diversity score, intake of fat, and protein significantly
decrease by 0.808, 13.01 g, and 1.855 g, respectively, but carbohydrates significantly
increase by 34.83 g. The effects are stronger for children in rural areas. The findings
support that the family with more children will face more resource constraints, and
will reduce dietary diversity, and consume more food with more carbohydrates

Table 3. Impacts of having a sibling on the first-born child’s HAZ across the income distribution,
age, gender, or Hukou.

Panel A: Stratified by household income per capita (quintiles)

Bottom 20th
percentile

20th–40th
percentile

40th–60th
percentile

60th–80th
percentile

Top 20th
percentile

Having a sibling �0.933�� �0.518 �0.495� �0.764��� �0.721��
(0.436) (0.373) (0.254) (0.264) (0.306)

Observations 1,014 1,195 1,310 1,295 994
Panel B: Stratified by age

2<¼age < 6 6<¼age < 9 9<¼age<¼12

Having a sibling �1.059��� �0.638��� �0.717���
(0.299) (0.224) (0.131)

Observations 1,910 1,799 2,099
Panel C: Stratified by gender

Boy Girl

Having a sibling �0.796��� �0.760���
(0.157) (0.175)

Observations 3,068 2,740
Panel D: Stratified by Hukou

Rural Urban

Having a sibling �0.703��� �0.578��
(0.156) (0.270)

Observations 3,961 1,847

Notes: �, �� and ��� represent significance at the 10%, 5% and 1% levels, respectively. Robust standard errors are
in parentheses. The additional control here is the age of children, the age of the mother, the body mass index of
the mother, the years of education of the mother, the household per-capita income (inflated 2015), as well as the
fixed effects of province and wave. Having a sibling means that the first-born has a younger sibling at the time of
the survey. All the results above are based on the IV estimation method. The value of Durbin-Wu-Hausman stat. and
F-stat. show no presence of weak IV.
Source: Authors’ calculations using data from the China Health and Nutrition Survey (1991–2015).
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but less fat and protein. Diets with more fat and protein are traditionally seen as
better nutrition than carbohydrate-rich diets in China (Zhang et al., 2016). The
higher income elasticity for protein and fat also reflects this. Moreover, the level
of economic development in rural areas is lower than that in urban. Thus the
dietary patterns of rural children are relatively single, and they consume more sta-
ple food.

In addition, utilization of medical services and physical activity are also important
to child health.Children engaged in sports activities show better morphological char-
acteristics, as well as a lower body mass index, skin folds, and body fat, than children
who do not play sports (Ak et al., 2020). Table 5 presents the effect of a sibling on
the first-born child’s utilization of medical services and physical activity. The results
are based on IV regressions. Medical insurance and activity are both binary variables,
which equal to 1 if the first-born child has medical insurance or does phys-
ical exercise.

From Table 5, we find that having a younger sibling significantly reduces the first-
born child’s probability of having medical insurance and doing physical exercise. An
extra child makes families facing greater budget constraints, and then the parent
would not buy medical insurance for their children. Moreover, the second child’s
birth will also reduce the time that parents spend on taking care of the first-born
child, so the first child may do less physical exercise without the companion of their
parents. It is worth noting that the effect on formal physical activity is insignificant

Table 4. Impact of having a sibling on first-born child’s dietary pattern.

Variables

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

Dietary diversity score Carbohydrates (g) Fat (g) Protein (g)

Having a sibling �0.808��� 34.83��� �13.01��� �1.855���
(0.0853) (4.631) (2.347) (0.389)

Boy �0.0989��� 20.19��� 1.260 3.755���
(0.0293) (0.423) (1.018) (0.908)

Age 0.0492��� 12.37��� 3.445��� 3.033���
(0.00769) (0.793) (0.158) (0.0933)

Hukou �0.0782�� 5.689��� �4.439��� �2.532���
(0.0371) (1.344) (1.558) (0.486)

Log of household income per capita 0.0539��� 0.0437 3.185��� 1.792���
(0.0161) (1.929) (0.485) (0.202)

Mother’s age �0.00491 0.961��� 0.00174 0.0663
(0.00393) (0.311) (0.134) (0.0622)

Mother’s BMI �0.00387 �0.548��� �0.0159 0.111���
(0.00445) (0.197) (0.161) (0.0220)

Mother’s years of education (year) 0.0171��� �2.225�� 0.614��� 0.371���
(0.00536) (0.950) (0.188) (0.134)

Constant 0.158 140.9��� �7.071 7.263���
(0.252) (22.27) (5.743) (2.074)

Observations 3,784 5,888 5,888 5,888
Control of wave dummies YES YES YES YES
Control of province dummies YES YES YES YES
Durbin-Wu-Hausman stat. 18.478��� 68.909� 85.820� 361.71��
F-stat. 141.673��� 55.895� 55.895� 55.895�
Notes: �, �� and ��� represent significance at the 10%, 5% and 1% levels, respectively. Robust standard errors are
in parentheses. Having a sibling means that the first-born has a younger sibling at the time of the survey. All the
results above are based on the IV estimation method. The value of Durbin-Wu-Hausman stat. and F-stat. show no
presence of weak IV.
Source: The data in column 1 is from 1997 to 2015 CHNS, while the data in columns 2–4 are from 1991 to 2015 CHNS.

684 Q. FENG ET AL.



for a child below 6-year-old because a child younger than 6-year-old cannot do lots
of formal physical activity indeed.

What’s more, we also test the channel by examining the impact of dietary pattern, phys-
ical activity, and medical services utilization on the first-born child HAZ11. The result indi-
cated that a child with a higher dietary score has a higher HAZ, which is valid for
children’s nutrition intake of carbohydrates, fat, and protein. Furthermore, a child with med-
ical insurance also benefits his/her HAZ. However, physical exercise to obtain a higher HAZ
does not seem to be effective for children, which the limited sample size may bias results.

4.4. Robustness check

In this section, we carry out four stands of robustness check in Tables 6 and 7. The
estimation results from the individual fixed-effects models in Column (1) of Table 6
also show a significant negative effect of having a younger sibling, which is consistent
with the IV estimation. In addition to HAZ, weight-for-age Z-scores (WAZ) is
another important health outcome (Shao, 2007). Thus, we examine the effect of a
younger sibling on a child’s health outcome in weight. The estimation results are pre-
sented in Column (2) of Table 6, which shows that the WAZ of the first-born child
significantly decreased by 0.638 standard deviations, meaning that the weight of a 5-
year-old child decreased by approximately 1.91 kg.12.

Since there are more out-of-plan children in reality, where the families with two or
more children are very common, particularly in rural China, we expand the sample

Table 5. Impact of having a sibling on first-born child’s medical insurance and activity.

Variables

(1) (2) (3)
ERM ERM ERM

Medical insurance Activity(Age < 6) Activity(Age>¼6)

Having a sibling �1.135��� �0.0789 �0.824���
(0.101) (0.494) (0.181)

Boy �0.109��� 0.0395 0.00823
(0.0380) (0.0806) (0.0595)

Age 0.0615��� 0.302��� 0.123���
(0.0103) (0.0413) (0.0176)

Hukou 0.217��� �0.305��� 0.0724
(0.0496) (0.0948) (0.0702)

Log of household income per capita 0.126��� 0.146��� �0.0235
(0.0227) (0.0488) (0.0295)

Mother’s age �0.00858 0.00137 �0.0102
(0.00565) (0.0122) (0.00790)

Mother’s BMI 0.0224��� �0.00508 �0.00753
(0.00600) (0.0117) (0.00826)

Mother’s years of education (year) 0.00819 0.0491��� 0.0167
(0.00657) (0.0164) (0.0107)

Constant �1.979��� 38.00� �93.18���
(0.353) (19.89) (10.25)

Observations 6,456 1,288 2,805
Control of wave dummies YES YES YES
Control of province dummies YES YES YES

Notes: �, �� and ��� represent significance at the 10%, 5% and 1% levels, respectively. Robust standard errors are
in parentheses. Having a sibling means that the first-born has a younger sibling at the time of the survey. All the
results above are based on the IV estimation method. The value of Durbin-Wu-Hausman stat. and F-stat. show no
presence of weak IV. Our physical activity analysis includes two different age groups (<6 or 6þ years) because
CHNS questionnaires divide the sample into these two different age groups.
Source: Authors’ calculations using data from the China Health and Nutrition Survey (1991–2015).

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 685



to families with at least two children. The results are given in Column (3) of Table 6,
which indicate that the number of a sibling has a negative and significant effect on
the first-born child’s height. The magnitude of the effect (0.566) is much smaller than
the finding in Table 2. Our findings are consistent with those in Qian (2013) examin-
ing sibling size’s effect on academic performance when considering birth order.

Furthermore, we use the PSM method to assess potential differences in health out-
comes between the first-born child who with a younger sibling and those without a

Table 6. The estimation results of robustness check.

VARIABLES

(1) (2) (3)
FE ERM ERM
HAZ WAZ HAZ

Having a sibling �0.0613� �0.638��� –
(0.00506) (0.105) –

Number of siblings – – �0.566���
– – (0.0884)

Boy – 0.0975��� �0.0137
– (0.0331) (0.0327)

Age �0.438 �0.00937 0.0673���
(0.269) (0.0109) (0.00909)

Hukou – �0.0865�� �0.115���
– (0.0437) (0.0434)

Log of household income per capita �0.00373�� 0.0261 0.0245
(0.000187) (0.0211) (0.0199)

Mother’s age �0.00661 �0.00923 �0.00893��
(0.00776) (0.00565) (0.00439)

Mother’s BMI 0.0227 0.0519��� 0.0169���
(0.0237) (0.00631) (0.00490)

Mother’s years of education (year) �0.0204 0.0309��� 0.0420���
(0.00671) (0.00581) (0.00508)

Constant �2.582 �1.220��� �1.435���
(1.097) (0.313) (0.287)

Observations 6,467 4,548 6,130
Number of idind 3514 – –
R-squared 0.065 – –
Control of wave dummies YES YES YES
Control of province dummies – YES YES
Durbin-Wu-Hausman stat. – 6.168��� 25.5189���
F-stat. – 357.857��� 722.743���
Notes: �, �� and ��� represent significance at the 10%, 5% and 1% levels, respectively. Robust standard errors are
in parentheses. In Column (1), we used a fixed-effects model to estimate the effect of having a younger sibling on a
child’s HAZ. In Column (2), we estimated the effect of having a younger sibling on a child’s WAZ. In Column (3), we
estimated the effect of the number of siblings on a child’s HAZ.
Source: Authors’ calculations using data from the China Health and Nutrition Survey (1991–2015).

Table 7. Impact of having a sibling on first-born child’s health: estimated by PSM.
HAZ WAZ

kernel
matching

Nearest neighbor
matching

kernel
matching

Nearest neighbor
matching

ATT �0.2578��� �0.2571��� �0.2784��� �0.2170���
Observations
Treated group 1,898 1,331
Untreated group 3,981 3,256

Notes: �, �� and ��� represent significance at the 10%, 5% and 1% levels, respectively. The observed covariates are the
age of children, the age of the mother, the body mass index of the mother, the years of education of the mother, the
household per-capita income (inflated 2015), as well as province and wave. Two groups are identified: those children with a
younger sibling (treated group) and those who do not have a younger sibling (untreated group).
Source: Authors’ calculations using data from the China Health and Nutrition Survey (1991–2015).
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younger sibling. PSM balances the distributions of observed covariates between a
treatment group and a control group based on the similarity of their predicted proba-
bilities of having a given facility (their “propensity scores”). The key to using PSM is
to conduct a control group and a treatment group. We therefore use the control vari-
ables in Table 1 to construct the control group and treatment group. A balance check
is conducted. It is shown in general, that although the systematic difference between
the control group and treatment group exists in the unmatched sample, there is no
systematic difference in the control variables between the control group and treat-
ment group in the matched sample. The P-value is significant and insignificant in the
unmatched sample and in the matched sample, respectively. The results in Table 7
indicate that the first-born child with a younger sibling has significantly lower height
and weight than those without a younger sibling, which is also consistent with the IV
estimation. Overall, we show that the estimated effect of having a sibling on the first-
born child’s health outcome is robust.

5. Conclusions and discussion

This paper estimates the effect of having a younger sibling on the first-born child’s
health outcome in height, and it reveals the channels by which the height outcome is
affected. We address the endogeneity of having a younger sibling using instrumental
variables estimation in ERM based on a sample of 2–12-year-old from the CHNS data.

Our results from the empirical analysis show that having a younger sibling has a
significant negative effect on the first-born child’s height-for-age z-scores, and the
effect becomes stronger with an increase in sibling size. The effect is particularly
stronger for the pre-school child and the child in a low-income family or the rural
area. It also provides evidence that having a younger sibling affects the first-born
child’s health mainly through decreased dietary patterns, intake of fat and protein,
utilization of medical service, physical activity, and increases in carbohydrates.
Furthermore, the robustness checks validate our conclusions and strengthen
our arguments.

Previous research paid more attention to the overall effect of sibling size, so they
ignored the specific effect on individual children in different birth order. Although
our study focuses on the first-born children with a younger sibling, our result is con-
sistent with some previous findings on the effect of sibling size from other countries,
such as Lee (2008), which found that sibling size had adverse effects on investment in
education per child in South Korea. However, Angrist et al. (2010) and Lafortune
and Lee (2014) found that a child’s schooling can be increased by having more sib-
lings, indicating that the presence of siblings directly enhances child welfare, which
may be explained by that child with siblings benefit socially or take on more respon-
sibility. Black and Salvanes (2005) found a negative correlation between sibling size
and children’s educational attainment becomes negligible after controlling for birth
orders by using a rich data set on Norway’s entire population. Therefore, it is reason-
able to consider birth order when testing the QQ theory.

We consider the effect of the second-born children on first-born children’s health
outcome, whose meaningful results have more detailed implications. These findings
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extend the literature on child health in developing countries. The advantage of this
study provides new evidence that the first-born child’ health would be affected by the
younger child, which also support the theory of quantity-quality trade-off in China.
Our findings point out the potential effects of an extra child on the first-born child’s
health and the health inequality between rural and urban areas under the universal
two-child policy in China. To avoid the potential negative effect of an increase in sib-
ling size on children’s quality, especially rural children, the government should put
more effort into future preventive intervention. Specifically, the government should
pay more attention to nutrition programs, such as subsidizing food that is important
for children’s body growth and providing training programs to increase resident’s
knowledge of nutrition and health.

Our study has some limitations, which provide directions in which further research
might develop. We only used data from 1991 to 2015 of CHNS due to the unavail-
ability of more recent data. Since there are few three or more children families in
China so far, the same topic can be searched for the effect on the first and second
children in three-child studies, and results can be compared in the future and other
countries. Although our study’s concept is limited to China, these results may pro-
duce useful pieces of information, which might help developing countries in the pro-
cess of creating policies to improve human capital.

Notes

1. China has brought to an end its one-child policy and replaced it with a universal two-
child policy that allows all couples to have a second child since 1st June 2016. The one-
child policy was introduced in 1979.

2. The CHNS data shows that one-child families account for about 54%, and two-child
families accounted for about 40% in 2015. There exist two-child families during the
implementation of the one-child policy because of the following reasons. First, a couple
could have a second child, but the violation of the one-child policy incurs severe
punishments in the form of unaffordable fines and denied bonuses. Second, rural couples
in most provinces are allowed to have a second child if their first child is a girl, the so-
called 1.5-child policy. Third, two or more children are allowed for ethnic minorities,
who account for around 9% of the total population. What’s more, in 2013, China put
forward a selective two-child policy that a second child is allowed if either parent
originates from a one-child family.

3. Chen et al. (2019) defined the IV based on two questions in the community
questionnaire of the CHNS: “For couples of your village/neighborhood, are they allowed
to have two children?” and “For couples of Han nationality, are they allowed to have one
more child if their first child is a girl?”. However, we could not apply this IV in our
research because we cannot obtain the community-level data of CHNS, which requires
applicants to provide the approval of the local institutional review board or
ethics committee.

4. An ERM fits a linear regression model that accommodates any kind of endogenous
covariates, such as continuous, binary, and ordinal endogenous covariates. However, the
two-stage least square (2SLS) regression is only suitable for continuous endogenous
variables to tackle endogeneity problem.

5. Data from Beijing, Chongqing, Guangxi, Guizhou, Heilongjiang, Henan, Hubei, Hunan,
Jiangsu, Liaoning, Shanxi, Shandong, Shanghai, Yunnan, and Zhejiang were collected.

6. We do not include older children because puberty starts about age 13, and growth spurts
during puberty and after that can make anthropometric measures less reliable. Another
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reason is that children older than 13 years of age are likely to have more control over
their own food choices, and their health is less affected by household composition (He
et al., 2018).

7. We also excluded children whose absolute values of HAZ exceed 5 from the analysis on
the ground that those values are implausible. See http://www.who.int/en/. This sample
size (5879) is for the analysis of HAZ as dependent variables using OLS.

8. Trained health workers who followed standard protocol and techniques collected the
height and weight measurements for all survey participants. Height was measured
without shoes to the nearest tenth of a centimeter with a portable stadiometer. Weight
was measured in light indoor clothing without shoes to the nearest tenth of a kilogram
with a balance beam scale. Each of these measurements was taken by at least two health
workers. One worker took the measurement, and the other recorded the readings.

9. The community means either an entire village or only a few blocks in cities. The CHNS
sample communities are drawn from cities, suburbs, towns, or villages of China, all
entities that are legally identified by the National Bureau of Statistics of China. In survey
data, we do not know the community’s exact name, but we can see the community code
for each household. So the households are from the same community if their community
codes are the same.

10. The child’s HAZ is converted into height, according to the child growth standards of the
WHO. https://www.who.int/childgrowth/standards/technical_report/en/

11. The table of result is available on request.
12. The child’s weight-for-age z-score is converted into weight, according to the child growth

standards of the WHO. https://www.who.int/childgrowth/standards/technical_report/en/
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