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Introduction

In order to curb the rapid population growth and combat 
poverty, China introduced the one-child policy in 1979. 
It has been regarded as one of the most controversial and 
aggressive family planning policies with far-reaching impli-
cations (Short and Zhai 1998) because of what the policy 
entailed: forced abortions and sterilizations, infanticide, 
sex-selective abortion, and infant abandonment. On the 
one hand, the policy was successful in reducing fertility for 
which it was designed and helped China achieve its unprec-
edented economic growth. On the other hand, the one-child 
policy engendered new problems as it transformed fam-
ily size and social structure in China. Many scholars have 
raised an awareness of problems such as imbalanced sex 
ratio at birth, followed by looming marriage market failure 
and aging population, the consequences of which include 
social upheaval, prevalence of commercial sex activity and 
sexually transmitted disease, childless elderly (Ebenstein 
and Sharygin 2009) and “little emperors,” spoiled only-
children who did not grow up with many social interactions 
(Cameron et al. 2013).

Pro-male bias and male-biased sex ratios in China are 
well-documented and the prevalent practice of son prefer-
ence is evident. Sen (1990) brought this issue to light with 
the estimate of 100 million missing women resulting from 
son preference. Short et al. (2001) explained that son prefer-
ence in Chinese culture results from a patriarchal, Confu-
cian view of gender. According to Confucian ideology, the 
ideal Chinese household consists of:

as many generations of the male line as possible and 
as many male siblings as possible. In China’s patri-
lineal society, only a son can carry on the family line. 
According to Confucian belief, one of the three grave 
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and after the policy. Second, as Short and Zhai (1998) con-
cluded, no single one-child policy existed, i.e., the policy 
varied considerably from location to location. Local vari-
ability was expected even by the authority, who admitted in 
1988 that the country was too vast and diverse for a uniform 
policy. Third, the stringency of the policy has varied con-
siderably over time (Bredenkamp 2009). Enforcement was 
tightened for the first 4 years during which second births 
were effectively forbidden. By 1983, some coercive mea-
sures, mandatory IUD insertions, abortions, and steriliza-
tions were reported. Fertility had been at about six births per 
woman up until 1970, but then had dropped to 2.2 births per 
woman by early 1980s (Bongaarts and Greenhalgh 1985). 
In early 1984, however, the severity was eased to suit local 
needs. In particular, there was a relaxation of rules for rural 
couples, who were allowed to have a second child if their 
first child was a daughter or disabled, implicitly re-enforcing 
societal preference for sons. Although the policy had been 
strictly enforced in urban areas, the implementation became 
less strict in the rural areas. Overall, due to the one-child 
policy, the fertility rate was greatly reduced as designed.

This paper examined the health status of Chinese boys 
and girls in the less stringent period of China’s one-child 
policy. When assessing how girls have fared under the one-
child policy, one can recognize two contradictory policy 
effects. On one hand, the one-child policy could have inten-
sified the gender bias and hence, reduce investment in girls. 
Zhai and Gao (2010) noted that the one-child policy might 
aggravate discrimination against girls particularly in rural 
areas because parents perceive investing in girls’ human 
capital to be risky since daughters are usually married out. 
On the other hand, the policy may have resulted in parents 
investing more in girls’ health, because the girls who were 
born were most likely wanted by the parents (Short et al. 
2001). Using data from the China Health and Nutrition Sur-
vey (CHNS) 1993–2009 waves, we examined the effects 
of child gender and number of siblings on children’s health 
status, noting particularly any gender gaps, under China’s 
one-child policy and amidst the tradition of son preference. 
We attempted to answer the following questions: Was there 
any difference in health status of only-child daughters and 
only-child sons? Was a one-child girl better off in health sta-
tus than a girl with siblings, particularly a male sibling(s)? 
What sibling composition made a girl’s health status worse 
off? If there was a gender gap, was this due to sibling rivalry 
for household resources or due to son preference?

Yu and Sarri (1997) examined health status of Chinese 
women from 1950s−1990s and found that infant mortal-
ity rates of females had been and remained high. Though 
female child mortality rates had declined dramatically, they 
still exhibited higher rates of deaths relative to boys, partic-
ularly in the rural areas. This was probably because daugh-
ters received less care and education, worked longer hours 

unfilial acts is to fail to have a son, and in pre-revolu-
tionary times, this was grounds for a man to divorce 
his wife. In addition, sons are considered a greater 
economic asset than daughters, who are usually lost to 
their natal household at marriage. Sons are expected 
to maintain financial and social ties with families 
throughout their lives and provide care for their aging 
parents. (Short et al. 2001, p. 915)

Li et al. (2011) estimated that the one-child policy resulted 
in about 7 extra boys per 100 girls for the 1991–2005 birth 
cohorts, which means the number of boys exceeded that of 
girls beyond the biologically stable range of gender ratio. 
Bulte et al. (2011) argued that son preference was the main 
driver in the reported male-biased sex ratio and the one-
child policy was responsible for about half of it.

China’s one-child policy was implemented in 1979 as 
a family planning policy. It was enforced at the provincial 
level. In principle, the one-child policy restricted urban 
couples to having only one child, while allowing additional 
children for some cases. Twins were an exception. Couples 
who were single children themselves and ethnic minorities 
were allowed to have a second child (Bulte et al. 2011). 
People who lived in remote areas could have a second child. 
Disabled couples and those engaged in hazardous occupa-
tions could also have a second child (Wu and Li 2012). The 
one-child policy was regulatory; however, the government 
employed incentives and disincentives to enhance the level 
of compliance. Those who complied with the policy were 
rewarded with extra food rations, better housing, health 
subsidies, and allotments of farmland (Bredenkamp 2009). 
Violation of the rule meant severe punishments. Violations 
required monetary penalties in the form of unaffordable 
fines and denied bonuses. For employees working in the 
public sectors, having an unsanctioned birth jeopardized 
employment status, opportunities for housing, and chances 
of promotion in the future (Wu and Li 2012). As a result of 
strict enforcement of the policy amidst a preference for sons 
and availability of sex-selection technology, what resulted 
was a male-biased sex ratio (Bulte et al. 2011; Ebenstein 
and Sharygin 2009; Li et al. 2011). In order to correct the 
imbalance in the sex ratio, in 2000, Chinese policymak-
ers launched initiatives to subsidize parents who had only 
daughters, known as the Care for Girls campaign, and sub-
sequently, in 2002, banned the use of ultrasound or other 
technologies for sex-selective abortion (Ebenstein and 
Sharygin 2009; Ebenstein 2011).

Many scholars have attempted to explore the impacts of 
one-child policy with limited success. There are three rea-
sons for this. First, little data exist to pursue a “difference-
in-difference” approach, i.e., estimate the sole exogenous 
impact of the policy on major outcome variables including 
anthropometric measurements by comparing periods before 
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resources relative to children with siblings, to the extent that 
the increased allocation may have adversely affected these 
only-children (Zhang et al. 2016).

Theoretically, we drew from human capital theory, the 
tradition of son preference, and theory of quantity-quality 
trade off. Human capital theory predicts that boys are favored 
by parents because the perceived returns to investing in sons 
are greater than investing in daughters in developing coun-
tries. On the other hand, son preference, which is a view 
of gender, is rooted in the tradition, culturally instilled and 
expressed in China. Son preference among many parents is 
clearly present, given the highly imbalanced sex ratio. It is 
a difficult task to determine what portion of gender gap in 
children’s health status, if any, is attributed each to son pref-
erence or human capital investment. It is also often the case 
that in an emerging economy like China, rising income will 
give rise to increased human capital and narrower gender 
gaps (Garg and Morduch 1998). Moreover, Li et al. (2011) 
argued that the gender wage gap could explain only a small 
portion of the male-biased sex ratios in China. Therefore, 
should the gender gap in health status be found between 
sons and daughters, we would arguably attribute all of it to 
son preference.

The theory of quantity–quantity trade-off was formally 
developed by Gary S. Becker (1960). Quantity of children 
is negatively correlated with quality of children per fam-
ily (Becker and Lewis 1973). Because parents must choose 
how to allocate available resources and time among their 
children, children often become rivals for binding house-
hold resources. Becker and Lewis (1973) explained that 
given the number of children per family:

the cost of an additional child, holding their quality 
constant, is greater, the higher their quality is, because 
higher-quality children cost more. Similarly, the cost 
of a unit increase in quality, holding number constant, 
is greater, the greater the number of children, because 
the improvement in quality has to apply to more units. 
(p. 81–82)

This led to one of our hypothesis that when sibling size 
increases, average child quality measured in terms of health 
status should worsen for a given household budget. Our 
paper drew theoretical and empirical ideas from Garg and 
Morduch (1998), who investigated whether sibling gender 
composition and sibling rivalry determined child health 
outcomes in Ghana. They found that on average, children 
with all sisters (and no brothers) did roughly 25–40 % better 
on measured health indicators than children with all broth-
ers (and no sisters). Garg and Morduch explored theoretical 
relationship between sibling composition and human capi-
tal. They speculated that there may be “spillover effects” 
for girls who have at least one brother, relative to girls with 
only sisters because having at least one son psychologically 

and were exposed to higher risk of morbidity and mortality. 
Song and Burgard (2008) studied children’s growth trajec-
tory in height over childhood and adolescence in China and 
particularly examining girls who survived infancy and early 
childhood found a male advantage in height over female 
counterparts in particular in the rural area during 1989–2000. 
Bian (1996) used data from 1990 and found number and 
structure of siblings were important determinants of paren-
tal monetary investment in their children in China. While 
parents in rural areas spent less on their children in abso-
lute terms, they spent a higher proportion of their income 
compared to urban parents and all parents treated their sons 
and daughters differently. Zhai and Gao (2010) examined 
whether child gender and having siblings affected center-
based care enrollment, which had increasingly become 
popular in China in recent decades due to the findings that 
center-based care tends to promote children’s academic 
achievement compared to parental or grandparent care. This 
study found that only-children had higher chances of receiv-
ing center-based care than those with siblings. Though there 
was no evidence that child gender mattered, they found that 
the presence of older, school-age male siblings lowered 
preschoolers’ chances of receiving center-based care. Lee 
(2012) examined the effects of one-child policy on gender 
equity in education. The author found that only children, 
particularly only-child girls, enjoyed greater opportunities 
for education, compared to children with siblings. There was 
no difference in educational attainment between only-child 
boys and only-child girls, while the gap between boys and 
girls both with siblings remained significant. Particularly, 
years of schooling for girls with brother(s) were 0.62 years 
lower than that of girls with sisters. Bredenkamp (2009) 
investigated what factors determined child nutritional status 
in the 1990s and examined the roles of the one-child policy 
and the health system reform. She found that being an only 
child increased nutritional status measured with height-for-
age z-scores (HAZs) by 0.12 more than those of children 
with siblings. But, the nutritional outcome of only-children 
was not significantly better in higher income households, 
and there was no significant difference in nutritional status 
between only-child boys and only-child girls. Furthermore, 
access to quality healthcare was not significantly linked 
with better health status. Finally, using a March 2003 health 
survey and the National Fixed-Point Survey (NFS) from 
rural households in China, Gao and Yao (2006) examined 
the gender gap in access to health care. They found that 
girls under age 9 got significantly fewer treatments than did 
boys, and that girls’ curative expenditures were sensitive to 
family income. Overall, these existing studies found that 
having more children, particularly male children, decreased 
resources available to family members and affected their 
human capital investments negatively. Only-children 
seemed to have enjoyed increased allocation of household 
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study used a different outcome measure (access to health) 
and looked only at rural China. We used same anthropomet-
ric outcome as Bredenkamp (2009) paper. Yet, in contrast 
to Bredenkamp (2009) who used data from 1991 to 2000 
and restricted data to children who were under the age of 
12, our data were more recent covering 1993 through 2009. 
We also restricted our analysis to children who were under 
8 years of age in order to minimize the risk of data reflecting 
genetic variation, as is the case of older children (Garg and 
Morduch 1998), and to avoid the risk of capturing indirect 
schooling and peer effects, making it an improvement on 
existing Chinese studies. Further, Bredenkamp investigated 
a difference in health outcomes between only-children and 
children with siblings but did not use number and composi-
tion of siblings to measure the gender gap as we did in this 
paper. Additionally to the extent of our knowledge, none of 
the previous studies explicitly addressed, as we did, whether 
the gender gap in health status under the one-child policy 
was due to sibling rivalry or son preference. Our paper also 
contributes to the existing literature by estimating the effects 
of number of siblings as well as composition of siblings on 
differential health status of girls and boys of age under 8 
using most recently available data in the context of China’s 
one-child policy.

The importance of investments in child health has been 
stressed by researchers such as Millimet and Wang (2011) 
and Strauss and Thomas (2007). Not only are adult health 
and skill development largely determined during the fetal 
and early childhood years, but adult stature is also positively 
associated with earnings at both the micro- and macro-eco-
nomic levels. Hence, the results in our study could bode 
important implications for girls’ health in later life, which 
might have far-reaching consequences for Chinese society 
(Osmani and Sen 2003).

Methods

Data

Data used in this study were obtained from the CHNS,1 
which is an international collaborative project between the 
University of North Carolina and the China National Insti-
tute of Nutrition and Food Safety. The CHNS employs a 
multistage, random cluster process to draw a sample of 
about 4400 households with a total of 26,000 individuals 
in seven provinces that are highly diversified in terms of 
social, economic, developmental, and demographic factors.

Our analysis was done using six waves of the CHNS 
survey from 1993, 1997, 2000, 2004, 2006 and 2009. Ear-
liest waves did not have health related variables and the 

1 Available at http://www.cpc.unc.edu/projects/china.

leads parents to treat daughters similarly to their sons. They 
also noted that:

girls with only brothers may be treated differently 
from girls with at least one sister. Without sisters, a 
single daughter may be treated similarly to the boys 
in the family, but differences may widen once another 
girl is added to the family. (p. 476)

The authors called this “reference group effects.” Whether 
there is a significant relationship between sibling compo-
sition and accumulated human capital is a case by case, 
empirical issue, and thus, to find the answer in the case of 
China is an interesting endeavor we hoped to accomplish in 
this paper.

Our hypothesis was that owing to the one-child policy, 
an only-child girl was better off in health status than a girl 
with siblings, particularly those with brothers, while the dif-
ference between only-child daughters and only-child sons 
was nonsignificant since one child was precious for parents 
regardless of gender. In particular, being one-child could 
be of great advantage, relative to other children with many 
siblings because one-child households would have more 
of household resources available for building up a child’s 
human capital. Also, due to a strong attitude of son prefer-
ence prevalent in China, we speculate that number of broth-
ers had a larger negative impact on girls’ nutritional status 
than number of sisters did. In the 1990s, the enforcement 
of the one-child policy became less stringent and ultra-
sound technologies, which enabled prenatal gender selec-
tion, became more available. This led us to believe that 
the girls who were born were “wanted” by parents (Short 
et al. 2001). Furthermore, economic and structural change 
towards industrialization coupled with increasing income 
and educational level often had a narrowing effect on gen-
der gap (Garg and Morduch 1998; Li and Cooney 1993; 
Murphy et al. 2011).

In our study, we measured children’s health status using 
objective measures such as anthropometric measures. 
Heights adjusted for age and gender had been used as an 
indicator of long term nutrition for children that could indi-
cate long term health status of a child (Strauss and Thomas 
1995). We found no significant difference in parents’ health 
investment between only-child son and only-child daugh-
ter. However, we found parents’ continued gender biases 
manifested in long-term health outcome for daughters under 
8 years of age, particularly in the rural areas where parents 
had multiple offspring. We also found that girls with one 
brother, and no more than one brother, were likely to ben-
efit from “spillover” effects, as opposed to boys who faced 
competition for household resources with another brother.

Our overall finding that girls were discriminated against 
in getting a fair share of household resources in rural areas 
is similar to the Gao and Yao (2006) paper. However, their 
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sibling composition effects, we used the whole sample of 
children below 18 years of age. Table 1 provides the defi-
nition of the variables used in our analysis. Of all children 
under eight in the sample, 14.2 % were stunted, 26.7 % 
resided in the urban area, 45 % were female, and 48.8 % 
were only-children.

Descriptive analysis of the sample revealed gender bias, 
which was further analyzed by empirical models later in 
the study. Table 2 presents the percentage of stunting by 
gender among only children and children with siblings 
for the sample restricted to age under 8. The first thing to 
note is that our data confirmed the imbalanced sex ratio 
widely discussed by many papers. Of children who were 
under 8 years old, the sex ratio of male to female devi-
ated far from the biologically stable range of 103 to 107 
(Li et al. 2011) for each year of the survey. The ratio had 
even increased from 122.33 in 1993 to 134.50 in 2009, 
despite the government’s effort through the legislative 
initiatives as discussed earlier in the introduction. While 
these numbers seem high, they were not implausible as 
these numbers were from a survey sample restricted to 
below 8 years of age. Other studies found similar sex 
ratios for survey data from China (Guilmoto 2012; Zhu 
et al. 2009). Second, the number of only-children had 

latest available 2011 round was not publicly available at 
the time we did this analysis. Our dataset consisted of a 
sample size of 12,308 children under 18 years of age, of 
which the sample of children under 8 years of age was 
4170. We analyzed health status using height for age mea-
sures. Height-for-age (HFA) is a measure of long-term 
health status, and we used HAZ, adjusted for gender and 
age in months, to reflect HFA. We used zanthro in Stata 
11 to come up with the HAZ. These scores were calcu-
lated based on WHO/UK/CDC growth charts (Vidmar 
et al. 2004). Following most studies, we used the WHO2 
criterion, where “stunting,” the indicator of extreme 
health outcomes, is defined as having a HAZ more than 
two standard deviations (SDs) below the median, (i.e., 
z-score less than −2) of the international reference. We 
excluded children with HAZs that are above 3.0 and below 
−5.0 from the analysis on the ground that those values are 
implausible (Bredenkamp 2009; WHO 1995). Our sample 
was restricted to children under 8 years of age to exam-
ine gender gap in long term health status by minimizing 
other confounding effects due to growth spurts, genetic, 
and peer impacts. Due to sample size issues, to analyze 

2 See The World Health Organization http://www.who.int/en/.

Table 1 Variable definitions and descriptive statistics (sample restricted to age <8, 1993–2009)

Variable Definition Descriptive statistics

Mean SD Min Max N

HAZ Height (cm) for age (months)—z-score calculated using zanthro −0.90 1.27 −4.99 4.04 3077
Stunted HFA being 2 standard deviations below the reference population 0.14 0.35 0.00 1.00 4170
Fatherheight Biological father’s height(cm) 167.06 6.33 145.20 186.00 3788
Motherheight Biological mother’s height(cm) 156.42 6.13 75.00 176.10 3940
Fatheredu Father’s cumulative years of schooling 8.84 3.10 0.00 20.00 3825
Motheredu Mother’s cumulative years of schooling 7.61 3.61 0.00 20.00 3693
Male_sibN Number of male siblings 0.29 0.50 0.00 4.00 4170
Female_sibN Number of female siblings 0.38 0.64 0.00 4.00 4170
Birth order A child’s rank by age among his/her siblings 1.49 0.69 1.00 5.00 4170
lhhinc_cpi Log of household monthly income inflated to 2009 9.50 1.01 1.83 13.61 4122
Urban Dummy variable: 1 for urban; 0 otherwise 0.27 0.44 0.00 1.00 4170
Urban female Dummy variable: 1 for urban & female; 0 otherwise 0.2859 0.4519 0 1 1875
One child Dummy variable: 1 for one child; 0 otherwise 0.49 0.50 0.00 1.00 4170
1997 Dummy variable: 1 for 1997 survey; 0 otherwise 0.22 0.41 0.00 1.00 4170
2000 Dummy variable: 1 for 2000 survey; 0 otherwise 0.12 0.32 0.00 1.00 4170
2004 Dummy variable: 1 for 2004 survey; 0 otherwise 0.14 0.34 0.00 1.00 4170
2006 Dummy variable: 1 for 2006 survey; 0 otherwise 0.12 0.32 0.00 1.00 4170
2009 Dummy variable: 1 for 2009 survey; 0 otherwise 0.13 0.34 0.00 1.00 4170
Age Age in month 55.60 27.40 0.13 97.33 4170
Age2 Age in month squared 3842.51 2903.22 0.02 9473.78 4170
Female Dummy variable: 1 for girls; 0 otherwise 0.45 0.50 0.00 1.00 4170
EarnerN Number of income earners in the household 2.28 1.16 0.00 8.00 4170
Sample Size (N) Number of observations for age <8, 1993–2009 4170
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increased dramatically. In 2009, 54.93 % of children were 
only-children compared to 30.3 % of children in 1993. 
Lastly, the percentage of stunting among children under 
eight fell from 21.29 % in 1993 to 4.66 % in 2009, by 
16.63 percentage points, as the percentage of only-chil-
dren and the average household income both increased. 
The comparison of percentage of stunting between only-
children and children with siblings revealed that in 1993, 
the percentage of stunting for children with siblings was 
much higher than that of only-children, 25.62 vs. 11.33 %; 
however, by 2009, the gap had narrowed to a 1.3 percent-
age point difference. Nonetheless, taking a closer look at 
the gender difference between boys and girls unveiled an 
interesting story. Among only-children, the gender dif-
ference in stunting was minimal. What was interesting 
was that, among children with siblings, the percentage of 
stunting among girls was persistently higher than that of 
boys throughout the years; besides, although the percent-
age of stunting between boys and girls differed only by 
0.6 percentage points in 1993, the gap had widened as 
large as 5.96 percentage points by 2009 (2.86 % for male 
children vs. 8.82 % for female children). This aberrant 
divergence is a potential manifestation of differences in 
the treatment of sons vs. daughters, and gave us a strong 
ground to investigate whether female children were dis-
advantaged due to either sibling rivalry and/or son pref-
erence, even after they were born.

Table 3 provides the average of HAZ for four groups 
of children under age 8: only-child boy, only-child girl, 
boy with sibling(s), and girl with sibling(s). Apparently, 
being only-children gave an advantage in nutritional sta-
tus in the absence of competition. HAZ was very similar 
among only children regardless of gender; however, the 
mean height for girls with sibling(s) was lower than for 
boys with sibling(s) by z-score 0.18. Although the result of 
the mean test suggested that the mean HAZ between boys 
and girls among children with sibling(s) were not signifi-
cantly different, the difference of z-score 0.18 warranted a 
further investigation for differential treatment for boys and 
girls by parents.
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Table 3 Average of height-for-age z-scores for four groups of children 
under 8 years of age

Mean HAZ One-child Child w/sibling(s)

Boy Girl Test of 
equal-
ity (p 
value)

Boy Girl Test of 
equal-
ity (p 
value)

−0.53 −0.58 (0.43) −1.14 −1.31 (0.22)

Variance ratio test, which preceeded two sample t test, is based on 
10 % significance level
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(1997, 2000, 2004, 2006, 2009) were included to control 
the economic trends of the years and the characteristic of 
how each survey was done. We treated 1993 as the reference 
year. Province dummies were used to control for province-
level heterogeneity. We treated province 9 as the reference. 
Our estimations included the heteroskedasticity-robust stan-
dard errors, because the estimator of pooled OLS produces 
incorrect standard errors and typically, overstates the reli-
ability of the estimator5 (Hill et al. 2010). This specification 
also gave the best R2 (=0.2799) among alternatives.

Sensitivity Analysis

We introduced various models to study the sensitivity of our 
estimates. The fixed effects (FE) and random effects (RE) 
models were applied in order to control for province-spe-
cific unobserved heterogeneity. There are a number of rea-
sons for unobserved province-specific components to affect 
child’s height-for-age. Different provinces may have differ-
ent attitudes towards gender. Different provinces may have 
different anticipations for gender roles for economic, geo-
graphic and cultural reasons. Different provinces may prob-
ably have different types or degrees of community services 
which nourish local children. Also, the provinces differed as 
to how stringent the enforcement of one-child policy was. 
These factors usually change very slowly over time, if any 
at all, and hence, the FE and RE models can eliminate these 
unobserved effects specific to the provinces and produce 
consistent estimates of gender bias, if any.

The income variable, lhhinc_cpi, is potentially endo-
geneous because of the simultaneous determination of 
household income and child’s health status. We emulated 
Bredenkamp (2009) and employed the number of income 
earner (earnerN) as an instrument variable (IV) to estimate 
a Two Stage Least Square (2SLS) model, though doing 
so undermines the efficiency of the OLS estimates for the 
sake of gaining the consistency of the IV estimates. Despite 
different model specification, the instrument, earnerN, 
was very strong with a t-statistic = 11.58 > 3.3 and an F 
value = 134.21 > 10 in the first stage regression and hence, a 
reliable instrument. Number of income earner, though cor-
related with income, should not directly impact nutritional 
status of children. Bredenkamp using data from the same 
time period used an over-identification test to confirm the 
instrument’s exogeneity and thus, validity.

Further, the number and nutritional status of children 
may be simultaneously determined and hence, the variables, 
onechild, male_sibN, and female_sibN in our model may be 
endogenous. Although under one-child policy, couples could 

5 We carried out Breusch-Pegan test and White test for heteroskedas-
ticity on the pooled OLS model. Both the tests confirmed the presence 
of heteroskedasticity.

Empirical Analysis

Main Model (OLS)

For the estimation of gender gap in health status under the 
one-child policy, the main model we used is a set of pooled 
ordinary least square (OLS) regression, clustered at the indi-
vidual level. The model estimated is:

where i denotes individuals and t denotes the survey year. The 
term, ε it , represents i.i.d. random error. We call this the pooled 
OLS. The dependent variable is HAZ. The main variables of 
interest are female and male_sibN. The binary variable female 
is to estimate the effect of being a female on her health status, 
relative to a male child. We expected the coefficient of female 
to be negative because of the pro-male bias. The variables of 
number of brothers and sisters (male_sibN and female_sibN) 
were constructed to measure the impacts of having addi-
tional sibling on child’s health status. Having more brothers 
(male_sibN) was expected to impose a larger negative effect 
on child’s health than having more sisters (female_sibN).

Other explanatory variables in the regression are as 
follows. Motherheight and fatherheight were included to 
control for genetic endowments of their children. For this 
purpose, children in the sample were matched with their 
biological parents. As many past studies had emphasized, 
parents’ years of education in particular mother’s education 
(motheredu), was expected to play a positive role in chil-
dren’s health. The dummy variable, urban, was designed 
to control regional impacts on health. Other control vari-
ables are: lhhinc_cpi3 (in 2009 yuan) and the dummy vari-
able, onechild. Both were expected to have a positive effect 
because household income increases resources available for 
a given family, and only-child does not face any compe-
titions for household resources. Age measured in months 
(age) and age squared (age2) were included to capture the 
growth-faltering of children commonly detected in devel-
oping countries (Bredenkamp 2009). Five survey years4 

3 Real household monthly income is a natural log form because it gave 
a better fit in terms of R2.
4 The number of observations used in the regression models is 930, 
438, 279, 325, 264, and 297 for the years 1993, 1997, 2000, 2004, 
2006, and 2009 respectively. .
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 – no brothers and no sisters, 1 brother and no sisters, 
2 brothers and no sisters, 3 brothers and no sisters, 4 
brothers and no sisters

 – no brothers and 1 sister, 1 brother and 1 sister, 2 broth-
ers and 1 sister, 3 brothers and 1 sister, 4 brothers and 
1 sister

 – no brothers and 2 sisters, 1 brother and 2 sisters, 2 broth-
ers and 2 sisters, 3 brothers and 2 sisters, 4 brothers and 
2 sisters

 – no brothers and 3 sisters, 1 brother and 3 sisters, 2 broth-
ers and 3 sisters, 3 brothers and 3 sisters, 4 brothers and 
3 sisters

 – no brothers and 4 sisters, 1 brother and 4 sisters, 2 broth-
ers and 4 sisters, 3 brothers and 4 sisters, 4 brothers and 
4 sisters

Of these groups, six sibling composition groups had suf-
ficient number of observations for a robust estimation. The 
specification differs slightly from the main OLS as the vari-
ables related to the number of siblings, namely, male_sibN, 
female_sibN, and onechild, were dropped to evade perfect 
multi-collinearity.

Results

Main Results: OLS with Sensitivity Analysis

Table 5 presents the results for the main pooled OLS 
model, along with the results for FE, RE, and the 2SLS 
model.8 The coefficients of the dummy variable indicating 
a female child (female) were consistently negative, and 
significant in the OLS model and 2SLS, but not in the FE 
and RE model. Yet, the magnitudes of the coefficient were 
comparable and consistent across all the models. This 
means that holding all else constant, being female was 
negatively correlated with HAZ with female children’s 
scored lower than male children’s by 0.08. While the 
coefficients of number of female siblings (female_sibN) 
were small and nonsignificant, coefficients of number of 

8 The Variance Inflation Factor (VIF) was used to assess the degree 
of multicollinearity. Using the pooled OLS model, the VIF values for 
all the variables but age and age2 were much <10 and the mean VIF 
was 6.77, which did not exceed 8, and therefore, multicollinearity was 
unlikely to be an issue.

have a limited number of children imposed by the rules to 
which they were subjected,6 there was temporal (Table 2) 
as well as spatial variations (Table 4) in the implementation 
of one-child policy. The number of children therefore was 
most likely a subject to parental choice, hence an endog-
enous variable. However, the variation in the number of 
children was most likely influenced by household budget 
constraints (ability to pay fines for additional children). 
Thus correcting for endogeneity around household income 
as described above helps reduce any significant endogene-
ity bias. Also, under the coercive one-child policy, it is not 
entirely impossible to assume that the number of children 
was exogenous in the present study.7

Subgroup Analysis

In order to further investigate how gender gap played out 
for specific groups of children, the OLS model was further 
applied to a sub-group analysis, namely: urban, rural, only-
child, child with siblings, boys, girls, only-child living in 
the urban area, only-child living in the rural area, child with 
siblings in the urban area, and child with siblings in the rural 
area.

Impacts of Sibling Composition

Lastly, we examined how the gender gap manifested among 
children with specific sibling composition. The sample of all 
children under 18 years of age was used in order to reason-
ably estimate as many groups as possible. The 25 dummy 
sibling composition groups were constructed as follows: a 
group of children with:

6 Although ethnic minority is an exception to the one-child policy, 
minorities comprised very small portion of our sample and thus, exclu-
sion of minorities did not change the estimates.
7 We tried many variables for the potential instrument for onechild. 
We list a few of them: “The first child is a girl,” “Parents have a sib-
ling,” “Mother has a career,” “The number of hours mother works,” 
“The number of siblings parents have,” “The years of marriage.” Nev-
ertheless, none produced consistent results, signifying that number of 
children in China may be exogenous under the influence of the one-
child policy. Furthermore, Lee (2012) concluded that a potential prob-
lem of variable onechild is not a serious issue as she found that the IV 
estimate and OLS estimate of onechild were very similar, which also 
favors our speculation that the potential endogeneity problem between 
children’s health status and fertility may be minimal.

Table 4 Proportion of only children vis-à-vis children with siblings for the nine provinces, 1993–2009

Liaoning Heilongjiang Jiangsu Shandong Henan Hubei Hunan Guangxi Guizhou

One-child 0.664 0.71 0.664 0.522 0.390 0.374 0.437 0.315 0.341
Child w/siblings 0.336 0.29 0.336 0.478 0.610 0.626 0.563 0.685 0.659
Observations 903 1158 1185 1145 1585 1496 1322 1820 1694
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In addition, the coefficients of parents’ height were posi-
tive and significant as expected. As noted by numerous stud-
ies, the coefficients of mother’s education were persistently 
positive and significant, suggesting mother’s education to be 
an important determinant for a child’s health. The sign and 
significance of coefficients of age and square of age con-
firmed that on average, the height for children under eight 
in China exhibited growth-faltering commonly observed in 
developing countries. The coefficient of urban was positive 
and significant, meaning that children who resided in the 
urban area had better health status than their counterparts 
in rural areas. Results also indicated that there were posi-
tive benefits to being one child. Though nonsignificant, the 
size effect of the coefficient of being only-child (onechild) 
was z-score 0.11 in all the models except the RE model. 
This value is very close to the estimate that Bredenkamp 
(2009) reported, which is z-score 0.119. The coefficient of 
log of household income (lhhinc_cpi) was positive but not 
significant, suggesting that household income was not a 
strong determinant of a child’s nutritional status on average 
beyond the overall upward economic trends.

male siblings (male_sibN) were negative and highly sig-
nificant in all models. Furthermore, the magnitudes of the 
negative effect of having one more brother were much 
larger than the negative effects of having one more sister. 
The effect size differed between the RE and the rest of 
the models. Regression outputs of the FE and RE models 
report the estimated values of the error serial correlation. 
These were 0.023 for FE and 0.000 for RE indicating that 
the province-specific unobserved heterogeneity eluci-
dated a small portion of the total variation in the residuals 
(Wooldridge 2010). Hence, serial correlation was of little 
concern, and the results from the pooled model could be 
considered reasonably reliable. Nonetheless, because the 
FE model controls for the unobserved, province-specific 
heterogeneity, and some of the explanatory variables are 
likely to be correlated with province FE, the magnitude 
of the coefficient of number of male siblings (male_sibN) 
in the FE model is a closer estimate to the true value. 
Thus we could conclude that all else equal, an additional 
brother in the household would decrease a child’s HAZ by 
as much as 0.17.

Independent variable Pooled OLS FE RE 2SLS

Female −0.081† −0.081 −0.076 −0.080†

(0.089) (0.184) (0.129) (0.09)
Number of male 

siblings
−0.166* −0.166* −0.183* −0.163*
(0.015) (0.047) (0.021) (0.016)

Number of female 
siblings

−0.037 −0.037 −0.045 −0.036
(0.441) (0.534) (0.451) (0.477)

Mother’s height 0.035*** 0.035** 0.044*** 0.036***
(0.000) (0.002) (0.000) (0.000)

Father’s height 0.046*** 0.046*** 0.052*** 0.046***
(0.000) (0.000) (0.000) (0.000)

Mother’s education 0.018* 0.018* 0.016* 0.019*
(0.013) (0.018) (0.012) (0.04)

Log of household 
income

0.03 0.03 0.028 0.013
(0.256) (0.254) (0.325) (0.913)

Urban 0.155** 0.155** 0.135*** 0.159*
(0.003) (0.001) (0.000) (0.011)

One child 0.109 0.109 0.152 0.115
(0.171) (0.293) (0.134) (0.148)

Age 0.022** 0.022** 0.022*** 0.022**
(0.001) (0.007) (0.000) (0.001)

Age squared −0.0002*** −0.0002** −0.0002*** −0.0002***
(0.000) (0.004) (0.000) (0.000)

R^2 0.2916 0.2042 0.2028 0.2915
Sample size 2516 2516 2516 2516

Each equation includes an intercept term, eight province dummies, and 5 year dummies. Numbers in 
parentheses are p values associated with heteroscedasticity-robust standard errors clustered at the indi-
vidual level
Statistical significance level: †p < .1; *p < .05, **p < .01, ***p < .001

Table 5 Gender gap in health 
status; main OLS results in 
comparison with FE, RE, and 
2SLS results (sample restricted 
to age <8, 1993–2009; depen-
dent variable: HAZ)
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Sub-Group Analysis

The OLS estimates for sub-groups of children are shown in 
Tables 6 and 7. According to Table 6, even though the coef-
ficients for female and number of male siblings for children 
living in urban areas (Column 1) and only-children (Col-
umn 3) were negative, they were statistically nonsignificant. 
In contrast, according to Column 2 in Table 6, on average, 
being female in the rural area reduced HAZ by 0.104. Also, 
for both boys only and girls only samples, having an addi-
tional male sibling had a negative impact on HAZs but the 
result was statistically significant for the girls only sample 
(Column 6). Further, household income had a positive 
impact on girls’ HAZ for the girl only sample, as shown in 
Table 6, Column 6. According to results disaggregated by 
rural/urban and with/without siblings as reported in Table 7, 
Column 4, the negative effect of having one more brother in 
rural households on HAZ was 0.158, and additionally, being 
female negatively affected a girl’s HAZ by approximately 
0.132 relative to male children in rural areas. This gender 
gap in rural areas was about 0.051 (=0.132 − 0.081) larger 
in magnitude than the result of the pooled OLS for the full 
sample seen in Table 5, Column 1. Average HAZ for chil-
dren with siblings in rural areas is 1.24. So 0.132 lowerHAZ 
meant 10.6 % lower height for these girls compared to boys.

Impacts of Sibling Composition

As explained earlier, 25 groups were constructed as pre-
sented in Table 8 in order to estimate the effect of being 

As discussed before, number of children and house-
hold income may be endogenous. Although household 
income turned out to be not a significant contributor to 
child’s height-for-age after the year FE were controlled, 
we estimated a 2SLS model, using an instrument, number 
of income earners in the household (earner) for house-
hold income. We used number of earners as an instru-
ment based on the validity test reported in Bredenkamp 
(2009) that used data from same period (of 1990s) as 
in this study. We expected that number of income earn-
ers in the household would positively impact nutritional 
status of children but only through the availability of 
higher incomes earned that would allow households more 
resources or access to high quality day care. In multi-
member households such as in the Chinese context, there 
was no reason to assume that number of income earn-
ers critically compromised sufficient number of caregiv-
ers for children hence possibly health of children. In the 
2SLS model, the size of coefficient of household income, 
0.013, was smaller than those in the other models, which 
was about 0.03, implying that household income was in 
fact endogenous. However, we stress here that the 2SLS 
model was estimated to check the sensitivity of the esti-
mates obtained by the main OLS model. The important 
result from the 2SLS model is the consistent size of the 
estimates of the variables obtained by the main OLS 
model even after part of the endogeneity problems were 
accounted for. In particular, the coefficients for female 
and number of male siblings remained consistent and 
robust across all specifications.

Table 6 Pooled OLS regression results for each sub-group (sample restricted to age <8, 1993–2009; dependent variable: HAZ)

Independent variable Urban Rural One-child W/siblings Boy only Girl only

Female −0.038 (0.671) −0.104† (0.063) −0.067 (0.352) −0.095 (0.131)
Number of male siblings −0.116 (0.381) −0.159* (0.038) −0.158* (0.027) −0.184* (0.026) −0.148 (0.202)
Number of female siblings 0.056 (0.648) −0.048 (0.352) −0.033 (0.505) 0.012 (0.848) −0.093 (0.200)
Mother’s height 0.046*** (0.000) 0.031*** (0.000) 0.029*** (0.000) 0.039*** (0.000) 0.040*** (0.000) 0.030*** (0.000)
Father’s height 0.045*** (0.000) 0.046*** (0.000) 0.041*** (0.000) 0.050*** (0.000) 0.041*** (0.000) 0.051*** 

(0.000)
Mother’s education 0.031* (0.040) 0.013 (0.117) 0.041** 0.002 (0.843) 0.022* (0.016) 0.014 (0.250)
Log of household income −0.043 (0.410) 0.050 (0.103) 0.021 (0.617) 0.030 (0.341) −0.019 (0.558) 0.095* (0.024)
Urban 0.069 (0.380) 0.249*** (0.000) 0.148* (0.028) 0.158† (0.062)
One child 0.076 (0.639) 0.146 (0.111) 0.099 (0.323) 0.135 (0.319)
Age 0.003 (0.838) 0.027*** (0.000) 0.015 (0.142) 0.029** (0.001) 0.015† (0.093) 0.031** (0.002)
Age squared −0.00004 (0.732) −0.0002*** 

(0.000)
−0.0001† 

(0.088)
−0.0002** (0.001) −0.0001† (0.077) −0.0003** 

(0.001)
R2 0.3604 0.2655 0.1921 0.2811 0.3113 0.2873
Sample size 662 1854 1107 1409 1405 1111

Each equation also includes an intercept term, eight province dummies, and 5 year dummies. Numbers in parentheses are p values associated 
with heteroscedasticity-robust standard errors clustered at the individual level
Statistical significance level: †p < .1; *p < .05, **p < .01, ***p < .001
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who resided in urban areas had better nutritional status than 
their counterparts in rural areas.

In China where one child policy was strictly enforced, 
the expectation would then be that children who were only 
boys or only girls were wanted by their parents regardless 
of gender, hence we should not expect to see a gender gap 
in health investments and thus in long term health status. 
This was indeed the case as our results showed no signifi-
cant gender gap in health status among single children. The 
anthropometric outcomes did not differ significantly by 
gender in urban areas as well, while they did among chil-
dren in the rural areas and children with siblings. These 
results for only-children and children living in the urban 
area were, however, expected since it is natural to think that 
parents invest in their only-child’s health regardless of gen-
der. Also, the results for the urban area were as expected 
for communities where the majority have only-children and 
are relatively wealthier as well as the environment which 
makes it difficult for parents to make a conspicuous differ-
ence in their children’s health investments by gender. In 
stark contrast, girls who lived in the rural area and had sib-
lings were clearly worse off. Was this difference between 
boys and girls because of sibling rivalry or because of son 
preference? The fact that we did not see a significant impact 
of having a female sibling on the health of children but we 
saw a strong negative impact of a male sibling seems to sug-
gest that the discrimination happened not because of sibling 
rivalry of resources but because of a strong male preference 
amongst parents.

Our results also show that having another male sibling 
had a peculiarly high negative impact on boys’ health status. 
We speculate that this could be a result of parental preference 

female on height-for-age relative to being male using the 
OLS model among children with specific sibling composi-
tions. Yet, only 6 groups out of 25 groups that had adequate 
number of observations were examined. For instance, a 
dummy variable of the group of 618 observations in Table 8 
takes 1 for a child with 1 brother and 1 sister, and 0 other-
wise. Table 8 presents these results. It can be seen that with-
out any sisters, girls who had just one brother was better off 
by HAZ 0.096 than boys who had one brother. Even though 
statistically not significant, the signs of the other coeffi-
cients were all in line with our expectations. A girl with no 
brothers and two sisters was worse off than a boy with the 
same sibling composition by 0.131 z-score. We surmise that 
this was because parents without a male offspring in a multi-
children household lacked the willingness to invest in their 
female children’s health.

Discussion

Our results confirmed our hypothesis that there was sig-
nificant gender gap in health status in rural China with girl 
children worse off than boys and having a male sibling 
reinforced this negative effect. The fact that having sisters 
had no significant effect but having brothers did points to 
the reason being son preference rather than sibling rivalry. 
If this were a sibling rivalry effect, it would not have mat-
tered whether it was male or female siblings competing for 
resources. However, since the male effect was so strong, 
this was indication of son preference where brothers took 
away from health investments in girls, creating a strong 
negative impact on girl’s long term health status. Children 

Independent 
Variable

Urban& Onechild Urban & w/siblings Rural & Onechild Rural & w/siblings

Female −0.087 (0.469) −0.008 (0.954) −0.060 (0.500) −0.132† (0.066)
Number of male 

siblings
−0.146 (0.341) −0.158* (0.045)

Number of female 
siblings

0.020 (0.886) −0.051 (0.342)

Mother’s height 0.041** (0.002) 0.058*** (0.000) 0.024* (0.018) 0.034*** (0.000)
Father’s height 0.042** (0.001) 0.042*** (0.000) 0.038*** (0.000) 0.051*** (0.000)
Mother’s education 0.037† (0.082) 0.029 (0.144) 0.045*** (0.002) −0.003 (0.792)
Log of household 

income
−0.020 (0.787) −0.100 (0.115) 0.023 (0.668) 0.060 (0.106)

Age −0.012 (0.534) 0.029 (0.118) 0.026* (0.027) 0.030** (0.003)
Age squared 0.0001 (0.582) −0.0002† (0.086) −0.0002* (0.014) −0.0002** (0.002)
R2 0.2489 0.4425 0.1687 0.2571
sample size 387 275 720 1134

Each equation also includes an intercept term, eight province dummies and 5 year dummies. Numbers in 
parentheses are p values associated with heteroscedasticity-robust standard errors clustered at the indi-
vidual level
Statistical significance level: †p < .1; *p < .05, **p < .01, ***p < .001

Table 7 Gender gap for rural 
and urban samples; pooled 
OLS regression results (sample 
restricted to age <8, 1993–
2009; dependent variable: HAZ)
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penchant for son is generally expressed. Interestingly, 
household income had a positive impact on girls’ HAZ in 
the girl-only sample. For example, using our sample, for a 
family with an average income, a 10 % increase in house-
hold monthly income (= approximately 2012 yuan, which 
is about US$295 in 2009 dollars) was estimated to increase 
a girl’s HAZ by approximately 0.01. This empirical result 
is consistent with the economic assumption that “parents’ 
aversion to the unequal treatment of their children increases 
with income” (Garg and Morduch 1998, p. 473). Other fac-
tors likely influencing a girl’s HAZ, such as urban residence 
or composition of siblings, are difficult to change in a short 
period of time by public policies, given that son preference 
seems tenaciously instilled in rural areas. The implication 
of these results is that, in the presence of son preference, 
improving a girl’s nutritional status could only be successful 
by targeting and expanding household budgets.

Finally, we also examined gender gap in health status by 
sibling composition and conclude that girls who had just one 
brother were better off than boys who had one brother. This 
result is consistent with what Garg and Morduch (1998) 
called “spillover effects,” that is, there may be spillovers 
for girls who have at least one brother, relative to girls with 
only sisters, because a single daughter with brothers may 
be treated similarly to boys by parents, whereas having a 
brother for boys simply means more competition for limited 
resources. The “spillover effects” seem to apply for a girl 
with two brothers as well. Nevertheless, adding another girl 
begets “reference group effects,” as observed in the nega-
tive sign, though of a smaller magnitude, for the group of 
a girl with one brother and one sister or with no brothers 
and one sister. A girl with no brothers and two sisters was 
worse off than boys with the same sibling composition due 
to absence of “spillover effects.” We surmise that this was 
because parents without a male offspring in a multi-children 
household lacked the willingness to invest in their female 
children’s health. While these results were as expected, the 
lack of statistical significance limits us from making stron-
ger conclusions. This is a limitation in our study that arises 
from a lack of sample size for various sibling compositions 
especially in the one-child policy era in China. A larger sam-
ple size would have allowed us to examine sibling composi-
tion effects in greater detail.

Conclusion

In this paper, we investigated whether there was evidence of 
gender gap in health status in China during the less stringent 
years of the One-child policy. We examined whether only-
child girls and boys fared better than children with siblings, 
particularly those with any brothers, and whether there was 
any difference in parental investments in child’s health 

for particular birth orders but found no such evidence.9 This 
effect could also be a result of other factors. For example, 
under one child policy, if the first born was a boy, in gen-
eral, a family was discouraged from having a second child 
unless the family was from a minority ethnic group, or if 
the first son had a serious disease or disability. Having the 
second or third son would incur hefty fines. The observed 
effect could be associated with the minority ethnic group 
status (many of this group live in hard-to-reach rural areas), 
chronic disease of the first born, and even the fine. Minority 
Chinese families may be in worse health to begin with and 
the effect of having a second son may be an over-estimate 
of the negative impact. As mentioned earlier in the paper, 
we did exclude ethnic minorities to check for this effect but 
the results did not change possibly because the sample size 
of ethnic minorities is too small. Also, if the first son had a 
chronic disease or if the family had to pay a hefty fine for a 
second child, these could be reasons for impact of a second 
son to show up as a negative impact on health of the first 
son (because the first son was of worse health to begin with 
or families had less resources), rather than the impact being 
truly due to the family’s preferential treatment of the son 
of higher birth order. Result obtained in this analysis could 
also be combined effect of all of these factors together.

Also, 28.59 % of female children lived in the urban area 
and 71.41 % lived in the rural areas (Table 1). The strong 
gender gap results, particularly in the rural areas, clearly 
illustrate that girls were of secondary importance to par-
ents in Chinese households in rural areas where a strong 

9 We controlled for birth order to tease out any birth order effects but 
found none.

Table 8 Impact of sibling composition on female height-for-age (sam-
ple restricted to age <18, 1993–2009)

Number of 
sisters

Number of brothers

0 1 2 3

0 0.03 0.096† 0.089 –
(3945) (1970) (186) (7)

1 −0.003 −0.036 – –
(1688) (618) (46) (4)

2 −0.131 – – –
(295) (91) (9)

3 – – – –
(28) (20)

4 – – – –
(15)

For each cell, the coefficient of “female” is reported and the number 
in parentheses is the sample size
Statistical significance level †p < .1; *p < .05, **p < .01, ***p < .001
(–) Signifies that the model was not estimated for the groups due to 
insufficient sample size
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children after the one child policy has been relaxed. Another 
interesting question for the future is: Would income transfer 
to families in rural areas bring about a change in the deep 
rooted culture of son preference or would it be a structural 
change in the Chinese society that will force girls to be val-
ued more?
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