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Abstract

Background: Hukou is the household registration system in China that determines eligibility for various welfare
benefits, such as health care, education, housing, and employment. The hukou system may lead to nutritional and
health disparities in China. We aim at examining the role of the hukou system in affecting urban-rural disparities in
child nutrition, and disentangling the institutional effect of hukou from the effect of urban/rural residence on child
nutrition-related health outcomes.

Methods: This study uses data from the China Health and Nutrition Survey 1993–2009 with a sample of 9616
children under the age of 18. We compute height-for-age z-score and weight-for-age z-score for children. We use
both descriptive statistics and multiple regression techniques to study the levels and significance of the association
between child nutrition-related health outcomes and hukou type.

Results: Children with urban hukou have 0.25 (P < 0.01) higher height z-scores and 0.15 (P < 0.01) higher weight
z-scores than children with rural hukou, and this difference by urban vs. rural hukou status is larger than the
difference in height and weight (0.23 and 0.09, respectively) by urban vs. rural residence. Controlling for place of
residence, children with urban hukou had 0.18 higher height z-scores and 0.17 (P < 0.01) higher weight z-scores
than children with rural hukou.

Conclusions: The hukou system exacerbates urban-rural disparities in child nutrition-related health outcomes
independent of the well-known disparity stemming from urban-rural residence. Fortunately, however, child health
disparities due to hukou have been declining since 2000.
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Background
Health disparities between urban and rural residents pose
serious problems for many countries in the world [1–3].
China also has striking urban-rural health differences for
both adults [4, 5] and children, the latter of who are more
vulnerable to malnutrition and infectious diseases [6]. It is
crucial to understand the nature of these urban-rural
health disparities and improve population health by better
targeting resources. Consistent with the literature on other
countries, previous studies in China focus mainly on
health disparities due to living locations (urban vs. rural).

However, this literature has not considered health dispar-
ities associated with China’s specific institution restricting
internal migration—the so-called rural–urban dual hukou
system. The objective of this paper is to examine the role
of the hukou system in affecting urban-rural disparities in
child nutrition, and to disentangle the institutional effect
of hukou from the effect of residence on child nutrition-
related health outcomes.
Hukou is the household registration system in China

created in 1955 to restrict internal population move-
ment, especially rural-to-urban migration [7]. Two types
of hukou exist in China: rural hukou (also called agricul-
tural hukou) and urban hukou (also called non-
agricultural hukou). Hukou status was assigned to each
child at birth mainly according to mothers’ hukou status
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until 1998. Since 1998, children’s hukou status can be
inherited from either their mother or father. There are
limited opportunities for a rural hukou holder to change
to an urban hukou, such as formal employment by state-
owned enterprises, enrollment in colleges or universities,
demobilization from military services, and promotion to
senior administrative jobs. Even if an individual with
rural hukou resides in urban area, however, he or she is
not permitted to change to urban hukou status without
legal permission. Importantly, one’s particular hukou sta-
tus affects eligibility for different welfare benefits, such
as health care, education, labor, housing, and social sub-
sidies [8, 9].
How might the hukou system contribute to urban-

rural disparities of child nutrition-related health out-
comes in China? First, China has seen accelerating in-
ternal migration across the entire country, growing from
50 million in 1990 to 236 million in 2012 (about 18 % of
the Chinese population). Due to their rural hukou status,
rural-to-urban migrants are considered to be temporary
employees in urban areas, and as such are not entitled
to many welfare benefits and community services avail-
able to their urban counterparts. For example, the most
serious barrier created by the hukou system is that mi-
grant children lack access to public schools in urban
areas. Due to these restrictions and poor housing condi-
tions in urban areas, all members of a rural household
cannot relocate to cities together [10]. An estimated 23
million children less than 14 years of age are left behind,
living without parents, but with grandparents or relatives
in rural villages [11]. Studies show that despite the
income-enhancing effects of migration, children who are
left behind have less health care access, lower intake of
essential nutrients, worse physical development, and
lower health-related quality of life [12–15].
Another important restriction related to the hukou

system is that there are currently separate health insur-
ance systems designed for people with urban and rural
hukou status in China, which differ in financing levels
and insurance benefits. Urban health insurance (i.e.,
employee-based health insurance for the urban
employed population or retirees, and urban resident
health insurance for non-employed urban hukou holders
including children) typically offers better health cover-
age, protection, and reimbursement than rural health in-
surance. Rural health insurance (referred to in China as
the New Cooperative Medical Scheme or NCMS), is a
public health insurance program operated at the county
level. People with rural hukou are expected to participate
in the local NCMS and to seek health services from spe-
cific providers mostly within their home county. More-
over, most health resources are located in urban China,
which are usually considered out-of-network for NCMS
enrollees. For example, in 2012, there were 3.9

physicians per 1000 people in urban China, but only 1.4
physicians per 1000 people in rural China. Children with
rural hukou, no matter whether they are left behind or
migrate to urban areas with their parents, are unable to
use their NCMS benefits in urban areas [16, 17], but
must obtain care in rural areas that offer fewer health
care resources. These barriers to access may have poten-
tially important implications for their incidence of dis-
eases and thus health and nutritional status. Childhood
malnutrition is a serious health problem which is signifi-
cantly associated with long-term developmental deficits
and high child mortality. Recent statistics reveal that the
child (5 years and younger) mortality rate in urban areas
was 5.9 % in 2012, but almost three times
higher—16.2 %—in rural areas [18]. The most important
reason for child mortality is malnutrition.
Motivated by the above facts, the present study seeks

to analyze whether urban/rural residence and/or urban/
rural hukou lead to the rural–urban disparities in
nutrition-related health outcomes in China. The previ-
ous literature on health disparities in China usually con-
founds the impacts of urban/rural location and hukou,
and only focuses on the health effects of urban/rural
residence, ignoring the institutional effect of the hukou
system. Yet quantifying the individual effects of geo-
graphic location and the hukou system on health dispar-
ities has important public policy implications. If these
disparities only reflect differences in the availability of
adequate nutrition and health resources across urban/
rural locations, the policy implication would be to in-
crease public healthcare facilities and access to adequate
nutrition in rural areas. But if these disparities are
mainly due to the urban/rural hukou, the fragmented
health insurance structure as well as internal migration
control may need to be reformed.
It is quite possible that both residential location and

hukou status play important roles. Moreover, these two
factors may work interactively. To examine this issue, we
will test for interaction effects between urban/rural loca-
tion and urban/rural hukou. One hypothesis is that living
in urban areas may reduce the negative effects of rural
hukou on child nutrition-related health outcomes. For ex-
ample, rural-to-urban migrant children who live with their
parents may have better nutrition compared to children
who are left behind in rural areas, since incomes in the
urban areas are much higher. In addition, we employ lon-
gitudinal data to examine whether these urban and rural
disparities had changed from 1993 to 2009.

Methods
Data
We use data from the China Health and Nutrition Sur-
vey (CHNS) conducted by the Carolina Population Cen-
ter, the US National Institute of Nutrition and Food
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Safety, and the Chinese Center for Disease Control and
Prevention. The CHNS is an ongoing longitudinal survey
from 1989 to 2009 covering 9 provinces (Guangxi, Gui-
zhou, Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Liao-
ning, and Shandong) that differ considerably in terms of
geography and economic development and include ap-
proximately 45 % of China’s total population. In each
sample province, counties were stratified into three in-
come levels and then a weighted sampling technique
was employed to select four counties randomly. The
provincial capital and a low-income city are included
when feasible in each province. The primary sampling
units of CHNS are urban neighborhoods and suburban
villages within the sampled cities and townships and vil-
lages within the sampled counties. The overall survey in
each wave includes approximately 4400 households and
19,000 individuals. The response rate was quite high for
each wave of the survey, on average 88 % at the individ-
ual level and 90 % at the household level [19].

Ethic approval
China Health and Nutrition Survey data are publicly
available and the researchers from the Carolina Popula-
tion Center had received ethic approval the University of
North Carolina at Chapel Hill.
The CHNS survey has collected eight waves of data in

1989, 1991, 1993, 1997, 2000, 2004, 2006, and 2009,1 but
the hukou information has been only asked in waves
since 1993. Thus, in this analysis we use CHNS 1993–
2009, and focus on the sample of children under the age
of 18 in each wave. The study sample is a pooled cross
sectional data set with 9616 observations, including
2481 observations in 1993, 2107 observations in 1997,
1774 observations in 2000, 1291 observations in 2004,
and 1006 observations in 2006, and 957 in 2009.

Variables
The CHNS records height and weight for each respond-
ent, measured by a physician, nurse, health worker or
other health professional, which avoids recall bias associ-
ated with self-reported data. To measure nutrition-related
health outcomes, we construct two anthropometric mea-
sures: height-for-age z-score and weight-for-age z-score,
using the reference standards of the World Health
Organization (WHO) growth chart. The z-scores are cal-
culated as the difference between actual height (weight)
and mean height (weight) divided by the standard devi-
ation in the reference children population of same age and
gender, which have been widely used as important out-
come measures of child nutritional status in the literature
[20–23]. According to WHO (2006) and the previous
studies [24, 25], height-for-age z-score is a good indicator
measuring the long-run health and nutritional experience
of all children under 18 years of age, while weight-for-age

z-score reflects short-term changes in child nutritional
status but is only a suitable measure for children under
10 years of age. Therefore, we compute height-for-age z-
scores for all children from 0 to 17.99 and weight-for-age
z-score for children aged 0 to 10.
Based on a survey question on respondents’ current

household registration status, we construct one main ex-
planatory variable indicating whether a child has an
urban or a rural hukou (urban hukou = 1, rural hukou =
0). A second key explanatory variable is a dichotomous
variable indicating whether a child resides in an urban
or a rural area. In contrast to the urban definition in the
US that is a densely populated area consisting of 50,000
or more people [26], urban location as defined by the
National Bureau of Statistics of China is an urban dis-
trict, city or town with a population density greater than
1500/km2. Following this administrative definition, we
classify city neighborhoods and county town neighbor-
hoods as urban areas and classify suburban and rural vil-
lages as rural areas in CHNS.
The other covariates relevant to child nutrition-related

health outcomes include child and household character-
istics. Child demographic characteristics include age,
gender, Han nationality (Han is the largest ethnic group
in China), student status, whether the child has health
insurance coverage, and whether the child lives with his/
her mother, father or grandparents at the survey time.
Household measures include household income per
capita, gender of household head, household size, and
parents’ demographic and socioeconomic characteristics.
The specific parents’ variables used in the analysis are
parents’ age, height, BMI, education, smoking status and
alcohol consumption. Both smoking status and alcohol
consumption are measured as binary variables indicating
whether the mother or father smokes cigarettes at the
survey time, and whether the mother or father has
drunk any alcoholic beverage in the previous year.
In addition, we include provincial binary variables to

control for regional differences that may be associated
with child health and nutritional status. Five wave binary
indicators for survey periods are included to capture
time trend effects as well.

Statistical analyses
In the analysis, we use both descriptive statistics and
multiple regression techniques to study the levels and
significance of the association between child nutrition-
related health outcomes and hukou type. We use the
chi-square test for dichotomous variables and Student’s
t-test for continuous variables. The descriptive analysis
compares outcomes and other confounding variables by
residence and hukou status. Then we employ a multi-
variate regression approach to examine the impact of
hukou type on child nutrition-related health outcomes,
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after controlling for place of residence and other child
and parents’ sociodemographic characteristics, using
pooled CHNS data for 1993–2009. Ordinary least
squares estimation is conducted for the continuous nu-
tritional outcome variables measured by height-for-age
and weight-for-age z-scores. There are four model speci-
fications for each outcome variable. Models 1 and 2 in-
clude a binary variable for urban residence and another
one for urban hukou, respectively, to separately investi-
gate differential effects of urban residence and urban
hukou on child health and nutritional outcomes. Model
3 controls for both hukou status and place of residence.
Model 4 extends Model 3 to include an interaction term
between hukou status and place of residence. Moreover,
we also perform the multivariate regression analyses for
different time periods and regions and examine whether
health disparities associated with residence and/or hukou
changed from 1993 to 2009, or varied between coastal
and interior regions.

Results
Bivariate results
Table 1 displays descriptive statistics for the full study
sample and separately for children with different resi-
dence-hukou status. Approximately 25 % of the sam-
ple resides in urban areas. But 12.4 % of these urban
residents have rural hukou, and 13.7 % of those living
in rural areas have urban hukou. Thus, place of resi-
dence does not define one’s hukou status in many
cases. Approximately one-third of children have urban
hukou in our sample. Our previous study finds signifi-
cant differences in health and nutritional status be-
tween children with urban and rural residence [6].
However, even for those children with the same resi-
dence, most of the variables listed in Table 1 differ
significantly by hukou status. For example, children
with urban hukou had significantly higher height-for-
age z-scores than those with rural hukou, no matter
whether they lived in urban or rural areas. The differ-
ence in weight-for-age z-score by hukou status is also
highly significant (p < 0.001) for children with rural
residence, but only significant at the 10 % level for
those with urban residence.
Hukou status is also associated with significant differ-

ences in socioeconomic and demographic characteristics.
Compared with urban hukou children, rural hukou chil-
dren are less likely to be students, have lower rates of
health insurance coverage and larger household size, but
are less likely to live with grandparents. Parents of chil-
dren with urban hukou have higher incomes and better
educational attainment than their rural counterparts.
Most of these differences are statistically significant with
P < 0.001. In rural areas, parents of urban hukou children

were significantly taller than their rural counterparts,
but this height difference between parents is not signifi-
cant in urban areas.

Multivariate results
Table 2 presents the results of the multivariate analysis
for child height-for-age z-scores using the total sample
of children under 18 years of age, and Table 3 reports
the results for weight-for-age z-scores using the sample
of children aged 0–10. In these estimates, we pool the
six waves of CHNS data and control for the possible
confounding effect of the covariates, including binary in-
dicators for each wave and each province.
In Table 2, the results in columns (1) and (2) reveal

significant differences in height-for-age z-scores between
children living in urban and rural areas as well as be-
tween children with urban and rural hukou. Children
with urban hukou have 0.25 higher height-for-age z-
scores (i.e., 1.59 centimeters for a 10-year-old boy,2 for
example) than children with rural hukou, while the dif-
ference by rural–urban residence is 0.23 z-scores (i.e.,
1.47 centimeters for a 10-year-old boy).
Column (3) controls for both hukou type and place of

residence to separate the institutional effect of hukou
type from the spatial effect of residence on child
nutrition-related health outcome. These results indicate
that, independent of the advantage of urban residence,
urban hukou status has an additional positive and signifi-
cant effect on child height-for-age z-score. Controlling
for place of residence, children with urban hukou had
0.18 higher height-for-age z-scores (i.e., 1.15 centimeters
in height for a 10-year-old boy) than children with rural
hukou. In contrast, the net advantage in height-for-age
z-scores for those children living in urban areas is only
0.12 (i.e., 0.76 centimeters in height for a 10-year-old
boy), net of hukou status.
In column (4) of Table 2, we add an interaction term

between hukou status and residence. The results reveal
that, among the sample of children under 18 years of
age, the most disadvantaged children were those with
rural hukou, regardless of whether they lived in urban or
rural areas, That is, children with rural hukou do just as
poorly whether they live in rural or urban areas. In con-
trast, the most advantaged children were those who had
urban hukou and lived in urban areas. The difference be-
tween these two groups is approximately 0.30 height-
for-age z-scores (i.e., 1.91 centimeters in height for a 10-
year-old boy). Among children with urban hukou, those
living in rural areas had 0.16 significantly lower height-
for-age z-scores (i.e., 1.02 centimeters in height for a 10-
year-old boy) than those living in urban areas.
In the analysis for weight-for-age z-scores using the

sample aged 0–10 in Table 3, we find similar results to
those reported in Table 2. Specifically, when we control
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Table 1 Name and descriptive statistics for study variables by residency and hukou status

Urban Residents Rural Residents

Variable Full Urban hukou Rural hukou Urban hukou Rural hukou

Sample Size N = 9616 N = 2103 N = 298 N = 985 N = 6230

Health and nutritional status

Height-for-age z-score −0.83 −0.36 −0.77 *** −0.51 −1.04 ***

Weight-for-age z-scorea −0.56 −0.18 −0.39 * −0.19 −0.73 ***

Control variables

Girl 0.47 0.47 0.41 * 0.49 0.47

Han 0.85 0.89 0.94 *** 0.91 0.82 ***

Student 0.79 0.84 0.75 *** 0.85 0.76 ***

Health insurance 0.27 0.29 0.23 ** 0.31 0.26 ***

Child age ***

0–5 0.08 0.07 0.08 0.05 0.09

6–11 0.46 0.43 0.41 0.45 0.47

12–17 0.47 0.50 0.51 0.50 0.45

Living with mother 0.90 0.86 0.90 0.90 0.91

Living with father 0.93 0.91 0.93 0.93 0.93

Living with grandparents 0.27 0.31 0.18 *** 0.32 0.26 ***

Household head is male 0.84 0.78 0.81 0.80 0.87 ***

Household size 4.38 3.84 4.42 *** 4.14 4.60 ***

Household income (in 2009 value) ** ***

< 10,000 0.28 0.26 0.34 0.17 0.31

10,001–20,000 0.34 0.34 0.28 0.31 0.34

20,001–30,000 0.17 0.17 0.17 0.21 0.16

30,000 and above 0.21 0.23 0.20 0.31 0.19

Mother’s age 37.81 38.24 38.39 37.59 37.67

Mother’s height 155.86 157.52 158.01 156.97 155.04 ***

Mother’s BMI 22.55 22.61 23.10 ** 22.85 22.46 ***

Mother’s education *** ***

< primary school 0.23 0.07 0.16 0.12 0.31

Primary school 0.23 0.11 0.26 0.14 0.29

Lower middle school 0.34 0.35 0.44 0.44 0.32

Upper middle school 0.17 0.40 0.14 0.25 0.08

College 0.02 0.08 0.00 0.04 0.00

Mother smokes 0.02 0.01 0.00 0.01 0.03 ***

Mother drinks 0.10 0.12 0.06 *** 0.09 0.10

Father’s age 39.34 40.34 39.14 *** 39.29 39.04

Father’s height 166.38 168.32 167.58 * 167.90 165.47 ***

Father’s BMI 22.53 23.38 23.93 *** 23.27 22.08 ***

Father’s education *** ***

< primary school 0.09 0.03 0.10 0.05 0.12

Primary school 0.21 0.09 0.18 0.14 0.27

Lower middle school 0.43 0.36 0.38 0.45 0.45

Upper middle school 0.23 0.40 0.32 0.30 0.16
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for residence and hukou type in columns (1) and (2) of
Table 3, respectively, we find that the weight difference
between children with urban and rural hukou is 0.15 z-
scores, which is larger than the difference (0.09 z-scores)
between children with urban and rural residence. More-
over, as shown in column (3), the positive effect of urban
hukou on weight-for-age z-scores is robust to the inclu-
sion of residence. The difference between children with
urban and rural hukou is still 0.16 weight-for-age z-
scores (i.e., approximately 0.81 kilograms for a 10-year-
old boy, for example) and significant at the 1 % level,
whereas the difference by residence disappears after con-
trolling for hukou status. In column (4), the interaction
term between hukou status and residence is insignificant,
and we again find that only hukou status, not residence,
leads to significant differences in weight-for-age z-
scores.

Inter-temporal and regional effects
To study the heterogeneous effects of hukou status on
child health and nutritional status in China, we also esti-
mate multivariate regression models for different time
periods and regions. The coefficients on key explanatory
variables are reported in Table 4.

The upper Panel of Table 4 presents the multivariate
results for two time periods, 1993–1997 and 2000–2009,
separately. The results show that children with urban
hukou were consistently better than children with rural
hukou in terms of height-for-age z-scores, but these dif-
ferences decreased from the period 1993–1997 to 2000–
2009. Controlling for both hukou and residence, we find
only a significant positive effect (0.29 z-scores, P < 0.01)
of urban hukou but an insignificant effect of urban resi-
dence on children’s height-for-age z-score in the period
1993–1997; however, in the period 2000–2009 the height
disparities due to hukou status declined to 0.08 z-scores
and were only significant at the 10 % level. Moreover, of
the children aged from 0 to 10, those with urban hukou
had 0.21–0.24 greater weight-for-age z-scores than those
with rural hukou in the period 1993–1997, while this
weight disparity disappeared in the period 2000–2009.
In the lower Panel of Table 4, we compare the results

for the relatively more developed coastal regions and the
less developed non-coastal regions. These results indi-
cate that the differences in both height and weight z-
scores by hukou status are more pronounced for chil-
dren in coastal regions than those in non-coastal re-
gions. Controlling for both residence and hukou status,
there are only significant height and weight disparities

Table 1 Name and descriptive statistics for study variables by residency and hukou status (Continued)

College 0.03 0.13 0.02 0.06 0.00

Father smokes 0.67 0.64 0.65 0.67 0.67

Father drinks 0.69 0.72 0.74 0.68 0.68

Presence of mother 0.91 0.89 0.91 0.91 0.92

Presence of father 0.88 0.84 0.87 0.88 0.90 *

Province *** ***

Liaoning 0.08 0.07 0.03 0.18 0.07

Heilongjiang 0.09 0.11 0.00 0.03 0.10

Jiangsu 0.10 0.12 0.01 0.14 0.09

Shandong 0.09 0.09 0.22 0.13 0.07

Henan 0.11 0.11 0.19 0.03 0.12

Hubei 0.12 0.09 0.14 0.11 0.12

Hunan 0.11 0.11 0.27 0.27 0.08

Guangxi 0.15 0.13 0.06 0.07 0.17

Guizhuo 0.16 0.16 0.08 0.04 0.18

Wave ** ***

1993 0.26 0.23 0.31 0.21 0.27

1997 0.22 0.21 0.21 0.19 0.23

2000 0.18 0.20 0.17 0.20 0.18

2004 0.13 0.14 0.08 0.16 0.13

2006 0.10 0.11 0.11 0.12 0.10

2009 0.10 0.10 0.11 0.12 0.10

χ2 test for category variables and t-test for continuous variables. * p < 0.10, ** p < 0.05, *** p < 0.01
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by hukou status but no significant disparities by place of
residence in coastal regions. However, in non-coastal re-
gions there are both significant height disparities by
hukou and by residence.

Discussion
The present study finds that overall, hukou status has a
stronger association with disparities in child height and
weight z-scores than rural/urban residence in China.

Table 2 Multivariate analyses of children’s height-for-age z-score using pooled CHNS data 1993–2009

Height-for-age z-score (Children aged 0–17.99)

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

Urban residency 0.23*** 0.12*** 0.01

Urban hukou 0.25*** 0.18*** 0.14***

Urban residency × urban hukou 0.16**

Health insurance 0.15*** 0.15*** 0.15*** 0.15***

Child age: 0–5 reference reference reference reference

Child age: 6–11 −0.04 −0.06 −0.06 −0.06

Child age: 12–17 −0.19*** −0.21*** −0.20*** −0.20***

Girl −0.02 −0.02 −0.02 −0.02

Han 0.00 −0.00 −0.01 −0.01

Student 0.06* 0.05* 0.05* 0.05*

Living with mother −0.09 −0.12 −0.12 −0.12

Living with father 0.32*** 0.30*** 0.30*** 0.30***

Living with grandparents 0.13*** 0.12*** 0.11*** 0.11***

Household income: <10,000 reference reference reference reference

Household income: 10,001–20,000 0.07*** 0.06** 0.07** 0.07**

Household income: 20,001–30,000 0.15*** 0.14*** 0.14*** 0.14***

Household income: >30,000 0.14*** 0.12*** 0.13*** 0.13***

Household head is male −0.11** −0.09* −0.09* −0.09*

Household size −0.05*** −0.05*** −0.05*** −0.05***

Mother’s age 0.00 0.00 0.00 0.00

Mother’s height 0.04*** 0.04*** 0.04*** 0.04***

Mother’s BMI 0.04*** 0.04*** 0.04*** 0.04***

Mother’s education

< primary school reference reference reference reference

Primary school −0.03 −0.03 −0.04 −0.04

Middle school 0.03 0.01 0.00 0.01

High school 0.09** 0.06 0.05 0.05

College 0.05 0.01 −0.01 −0.01

Father’s age 0.01*** 0.01** 0.01** 0.01**

Father’s height 0.04*** 0.04*** 0.04*** 0.04***

Father’s BMI 0.02*** 0.02*** 0.02*** 0.02***

Father’s education

< primary school reference reference reference reference

Primary school 0.08* 0.07* 0.07* 0.07

Middle school 0.09** 0.08* 0.08* 0.07*

High school 0.11** 0.10** 0.10** 0.09**

College 0.33*** 0.31*** 0.30*** 0.29***

N 9745 9616 9616 9616

(i) * p < 0.10, ** p < 0.05, *** p < 0.01; (ii) other covariates include indicators for whether mother or father is missing in the survey, provincial dummies, wave
dummies and a constant, which are not reported here
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The previous literature that takes little account of the ef-
fects of hukou policy in China may fail to capture the
whole picture of urban-rural differences in child nutri-
tional status and associated health outcomes.

Controlling for both hukou and residence, we find that
the net advantages of urban hukou on child height and
weight are 0.18 and 0.16 z-scores (i.e., 1.15 centimeters
in height and 0.81 kilograms for a 10-year-old boy, for

Table 3 Multivariate analyses of children’s weight-for-age z-score using pooled CHNS data 1993–2009

Weight-for-age z-score (Children aged 0–10)

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

Urban residency 0.09** −0.00 −0.08

Urban hukou 0.15*** 0.16*** 0.13**

Urban residency × urban hukou 0.11

Health insurance 0.09** 0.09** 0.09** 0.09**

Child age: 0–5 reference reference reference reference

Child age: 6–11 −0.35*** −0.36*** −0.36*** −0.36***

Child age: 12–17 0.00 0.00 0.00 0.00

Girl −0.15*** −0.14*** −0.14*** −0.14***

Han −0.02 −0.03 −0.03 −0.03

Student −0.03 −0.04 −0.04 −0.04

Living with mother 0.06 0.10 0.10 0.11

Living with father 0.23 0.16 0.16 0.16

Living with grandparents 0.11** 0.09** 0.09** 0.09**

Household income: <10,000 reference reference reference reference

Household income: 10,001–20,000 −0.00 0.00 0.00 0.00

Household income: 20,001–30,000 −0.00 −0.00 −0.00 −0.00

Household income: >30,000 0.01 0.01 0.01 0.01

Household head is male 0.05 0.05 0.05 0.05

Household size −0.03* −0.03 −0.03 −0.03

Mother’s age −0.00 0.00 0.00 0.00

Mother’s height 0.03*** 0.03*** 0.03*** 0.03***

Mother’s BMI 0.07*** 0.07*** 0.07*** 0.07***

Mother’s education

< primary school reference reference reference reference

Primary school −0.11* −0.11* −0.11* −0.12*

Middle school 0.02 −0.00 −0.00 −0.00

High school 0.05 0.02 0.02 0.02

College 0.36** 0.30* 0.31* 0.30*

Father’s age 0.00 0.00 0.00 0.00

Father’s height 0.03*** 0.03*** 0.03*** 0.03***

Father’s BMI 0.06*** 0.06*** 0.06*** 0.06***

Father’s education

< primary school reference reference reference reference

Primary school −0.11 −0.12 −0.12 −0.12

Middle school −0.09 −0.10 −0.10 −0.10

High school 0.04 0.03 0.03 0.03

College 0.21 0.18 0.18 0.18

N 3575 3525 3525 3525

(i) * p < 0.10, ** p < 0.05, *** p < 0.01; (ii) other covariates include indicators for whether mother or father is missing in the survey, provincial dummies, wave
dummies and a constant, which are not reported here
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example). The magnitude of these effects is striking, as
the literature show that the disparities of child nutri-
tional status by urban/rural residence are about 0.28–
0.45 height-for-age z-score and 0.19 weight-for-age z-
score in China [6, 22]. Moreover, previous studies focus-
ing on the determinants of child nutritional status in
China find that only-child status is associated with 0.12
units higher height-for-age z-score [23]; paternal job loss
reduces height-for-age and weight-for-age z-scores by
0.33–0.34 units [27]; and a water quality improvement
program leads to an increase in child height by 0.962
centimeters in rural China [28]. Thus, this study adds to
the body of literature by showing that rural hukou has
an additional-and indeed a stronger-negative impact on
child nutrition-related health outcomes, independent of

the well-established nutritional disadvantage of rural
residence.
As coastal China has high levels of urbanization and

fewer disparities in income and health resources by
urban-rural residence, we find that the urban-rural health
disparities are mainly associated with hukou in coastal
China, but associated with both residence and hukou in
inland China. These findings suggest that allocating more
health resources to rural areas may not solve urban-rural
health disparities completely, as the institutional hurdles
associated with hukou persist in China.
This study has some limitations that must be acknowl-

edged. First, due to data limitations, we use anthropo-
metric indicators to measure child nutrition-related
health outcome. But child health status is

Table 4 Multivariate analyses by periods and by regions

Height-for-age z-score Weight-for-age z-score

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

1993–1997 2000–2009 1993–1997 2000–2009

Only control for residence

Urban residency 0.25*** 0.19*** 0.11* 0.04

Only control for Hukou

Urban hukou 0.33*** 0.15*** 0.21*** 0.05

Without interaction

Urban residency 0.07 0.15*** −0.04 0.03

Urban hukou 0.29*** 0.08* 0.24*** 0.04

With interaction

Urban residency −0.12 0.15* −0.11 0.04

Urban hukou 0.20*** 0.06 0.20** 0.04

Urban residency × urban hukou 0.29*** 0.00 0.11 −0.02

N 4588 5028 1998 1527

Coastal Regions Non-Coastal Regions Coastal Regions Non-Coastal Regions

Only control for residence

Urban residency 0.18*** 0.26*** 0.08 0.10*

Only control for Hukou

Urban hukou 0.32*** 0.21*** 0.26*** 0.10*

Without interaction

Urban residency 0.00 0.19*** −0.10 0.08

Urban hukou 0.32*** 0.10** 0.31*** 0.05

With interaction

Urban residency −0.21* 0.07 −0.39* 0.02

Urban hukou 0.27*** 0.04 0.26*** 0.02

Urban residency × urban hukou 0.27* 0.19** 0.36 0.10

N 3434 6182 1180 2345

(i) * p < 0.10, ** p < 0.05, *** p < 0.01; (ii) other control variables include child’s characteristics as age, gender, nationality, student status, and indicators of living
with mother, father, or grandparents; household characteristics as household income, gender of household head, and household size; mother’s characteristics if
present in the survey, such as mother’s age, height, BMI, education, and an indicator for the presence of mother in the survey; father’s characteristics if present in
the survey, such as father’s age, height, BMI, education, and an indicator for the presence of father in the survey; indicators of provinces; and a constant, which
are not reported here
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multidimensional and nutritional status is only one di-
mension, albeit an important one. However, none of the
existing studies has ever examined the effect of hukou
policy on health outcomes, including child nutritional
outcome. Our findings are consistent with the broader
literature on the hukou system in China, which suggests
that the hukou system is the major cause of rural–urban
disparities in social and economic outcomes at the indi-
vidual level, such as income, education, healthcare bene-
fits and employment [7, 8]. Future work is needed to
explore more health disparities associated with the
hukou policy.
Second, we are unable to identify the place of origin

and migration status of parents and children in the
CHNS data, and cannot control for this effect in the
multivariate analysis. The hukou system not only splits
the population into urban and rural hukou holders, but
also links people with their place of origin. Migrants
without local hukou, especially in big cities, are not enti-
tled to the full spectrum of welfare programs provided
by local governments [9]. With an increasing trend of
internal migration in China since the 1990s, it is import-
ant to further evaluate the distinction between local and
non-local hukou as a critical factor in predicting chil-
dren’s health status in future research, when the data be-
come available.
The main reason for child health disparities due to

hukou is that hukou restricts access to health care, edu-
cation, employment and other welfare benefits for rural
people. There are two channels linking hukou and chil-
dren’s nutritional status. The first channel is that rural
children are usually left behind due to the hukou restric-
tions on their eligibility for local compulsory education,
as well as high urban living costs given their migrant
parents’ limited income. Rural parents, who move to
long-distance destination cities or have lengthy com-
mutes to and from work, may spend less time on food
preparation and child healthcare [13]. Left-behind chil-
dren are living with their grandparents or attend board-
ing schools in rural China. They are more likely to suffer
from malnutrition problems because of limited health
knowledge of grandparents, poor food quality in board-
ing schools [29], or lack of access to safe drinking water
in rural villages [24, 28].
The second channel is through the hukou-related

health insurance types. Rural hukou people are only eli-
gible for the rural health insurance program, which has
much more limited health benefits and lower health re-
imbursement compared to the urban health insurance
program. Moreover, despite an increasing number of
rural migrants moving to urban areas for employment in
the past two decades, they cannot use their local NCMS
in places other than their hometown, and have little ac-
cess to health insurance programs in the cities where

they work. As a result, for example, pregnant migrant
women lack access to prenatal care and support, which
may have a negative impact on birth outcomes, and in
turn, correlate with worse nutritional status of children
later in life [30, 31]. Moreover, there are direct barriers
to health care access for many rural migrant children in
urban China, including lack of regular well-baby
checkups and immunization.
Rural children’s lack of access to preventive and

curative health services may lead to worse nutrition-
related health outcomes due to high incidence and se-
verity of illness [23, 32, 33]. Childhood disease is also
associated with reduced dietary intake, poor nutrient
absorption, and high needs for nutrients to fight dis-
ease, which may lead to depletion of nutritional stores
and consequently growth retardation, especially for
young children [34–36].

Conclusions
An encouraging finding is that the child health dispar-
ities due to hukou have been declining since 2000. This
probably reflects the improvement of rural children’s nu-
trition intake associated with income growth, as well as
the separation of some welfare benefits (i.e. primary edu-
cation) from hukou status during the ongoing hukou re-
form. However, our results after the year 2000 still show
that child health disparities in term of height are more
serious than that in terms of weight. Further efforts are
needed to address these child health disparity issues.
Fortunately, the Chinese government has recently an-
nounced plans to abolish the hukou system altogether.
Our results attest to the wisdom of this new policy. An
additional policy initiative to reduce if not eliminate
rural/urban health disparities is to improve the rural
health insurance system substantially and develop a
more comprehensive health system offering the same
health insurance coverage for all of China’s population.

Consent
People studied in the China Health and Nutrition survey
had given their consent for the data to be published and
the analyses using these data to be published. The writ-
ten consents can be obtained from Carolina Population
Center at the University of North Carolina Chapel Hill.

Availability of data and materials
The data used in this study are China Health and Nutri-
tion Survey and are publicly available from http://
www.cpc.unc.edu/projects/china.

Endnotes
1The ninth wave of the CHNS data was collected in

2011, but data on child height and weight have not been
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released yet when the present study was conducted. So
we are not able to include 2011 wave of CHNS data.

2The average height and weight for a 10-year-old boy
are 137.8 centimeters and 31.2 kilograms according to
the WHO growth chart.
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