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Abstract
Objective: To examine urban–rural disparity in childhood stunting, wasting and
malnutrition at national and subnational levels in Chinese primary-school children
in 2010 and 2014.
Design: Data were obtained from two nationwide cross-sectional surveys
conducted in 2010 and 2014. Malnutrition was classified using the Chinese
national ‘Screening Standard for Malnutrition of Children’.
Setting: All twenty-seven mainland provinces and four municipalities of
mainland China.
Participants: Children aged 7–12 years (n 215 214; 107 741 in 2010 and 107 473 in
2014) from thirty-one provinces.
Results: Stunting, wasting and malnutrition prevalence were 1·9, 12·3 and 13·7% in
2010, but decreased to 1·0, 9·4 and 10·2% in 2014, respectively. The prevalence of
stunting, wasting and malnutrition in both urban and rural children was higher in
western provinces, while lower in eastern provinces. Although the prevalence of
wasting and malnutrition was higher in rural children than their urban counter-
parts, the urban–rural disparity in both wasting and malnutrition decreased from
2010 to 2014 (prevalence OR: wasting, 1·35 to 1·16; malnutrition, 1·50 to 1·27). A
reversal occurred in 2014 in several eastern provinces where the prevalence of
wasting and malnutrition in urban children surpassed their rural peers. The urban–
rural disparity was larger in western provinces than eastern provinces.
Conclusions: The shrinking urban–rural disparity and the reversal in wasting and
malnutrition suggest that the malnutrition situation has improved during the post-
crisis period, especially in the western provinces. Region-specific policies and
interventions can be useful to sustainably mitigate malnutrition in Chinese
children, especially in rural areas and the western provinces.
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A global economic crisis broke out following a food crisis
in 2008. Based on a report from the FAO, the number of
people suffering from starvation reached over 1 billion
globally(1,2). It is estimated that the rate of malnutrition
declined in the 1990s, but the trends reversed in 2008 with
642 million people suffering from poor nutrition in Asia(3).
Children can be particularly vulnerable to economic crises
because they are more susceptible to undernourishment
as a result of increasing prices, scarcity of food and

reduced household income(4). Malnutrition can put chil-
dren at higher risk of infectious diseases, as well as lead to
adverse pregnancy outcomes such as maternal mortality,
delivery complications, preterm birth and intra-uterine
growth retardation(5,6).

The WHO estimated that the global prevalence of
underweight, wasting and stunting was respectively 15·7%
(101 million), 8·0% (52 million) and 25·7% (165 million)
for children aged < 5 years in 2011 using 639 national
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surveys from 142 countries(6,7). Jaacks et al.(8) found that
the highest prevalence of underweight occurred in Asia,
with an annual increase of 0·66% in rural areas in South
Asia, using national data collected from fifty-three low-
and middle-income countries. In China, malnutrition in
children aged < 5 years has always been higher in rural
areas due to lower socio-economic status (SES) in rural
areas(9). However, globally not all countries display the
same patterns and some such as the USA, Brazil and
Russia have a different pattern with a higher burden in
urban areas(10).

Recent changes in the urban–rural disparity in child-
hood malnutrition in China at national and subnational
levels have not been reported to date, especially since the
2008 global economic crisis. Analysing the subnational
distribution and reporting the changes in childhood mal-
nutrition over time may help to identify variation in at-risk
groups within the provinces.

Compared with children aged < 5 years, few studies of
malnutrition in primary-school children are available. The
nutritional status of children of primary-school age is
important as it directly affects their physical fitness and
health during and after puberty(11). Due to the Chinese
policy of nine years of compulsory education (usually
from age 7 to 16 years), all children aged 7–12 years are in
primary schools, which provides an environment where
nutritional status may be more amenable to policy inter-
vention(12–14). The present study uses the 2014 and 2010
data from the Chinese National Survey on Students’ Con-
stitution and Health (CNSSCH), two nationally repre-
sentative cross-sectional surveys completed post the
economic crisis.

The objectives of our study were to: (i) assess the
recent changes in malnutrition, including stunting and
wasting, among primary-school-aged children at ages 7
to 12 years; (ii) assess the changes in urban–rural dis-
parity from 2010 to 2014; and (iii) estimate subnational
geographic variation for urban–rural disparity in the
prevalence of stunting, wasting and malnutrition during
the post-crisis period.

Methods

Participants
Data were obtained from the 2010 and 2014 CNSSCH, the
largest nationally representative survey of school-aged
children designed to investigate their health status in
China. The CNSSCH included the thirty-one mainland
provinces and excluded Hong Kong, Macao and Taiwan.
Data were collected from the Han ethnicity group in all
provinces except Tibet where the Han ethnic group is a
minority, so data were collected from Tibetan children
only in Tibet. The participants were primary-school
students aged between 7 and 12 years. The sampling
procedures have previously been described in detail

elsewhere(15). Briefly, in each province, a multistage,
stratified, random cluster sampling was conducted to
select participants and yielded equal numbers at three
SES groups or prefecture-level cities (i.e. upper, mod-
erate, low) within each province, defined by regional
gross domestic product, total yearly income per capita,
average food consumption per capita, natural growth
rate of population and the regional social welfare index.
First, the primary schools with children aged 7–12 years
were randomly selected in each prefecture-level city
within provinces. Then, grades and classes were selected
randomly in the schools. Data were collected within the
same schools in 2010 and 2014. This procedure was used
to select both the urban and rural schools, except in
Tibet where only urban Tibetan children in Lasa were
surveyed for feasibility reasons. Participants were
involved in the study if they and their parents had lived
in the local areas for longer than 1 year. All eligible
participants underwent a medical examination before
data collection to ensure that they had no other overt
physical or mental disorders.

Our sample for these analyses included 107 741 children
in 2010 and 107 473 children in 2014, Five hundred and
seventy-five (286 in 2010 and 289 in 2014) participants
with missing data on weight and height were excluded
from our analyses. The surveys were conducted according
to the Declaration of Helsinki guidelines and were
approved by six ministries within China, including the
Ministry of Education, the General Administration of Sport,
the Ministry of Health, the State Ethnic Affairs Commission,
the Ministry of Science and Technology, and the Ministry
of Finance.

Measures and definition
Height and weight were measured to the nearest 0·1 cm
and 0·1 kg with a portable wall-mounted stadiometer and
standardized scale, respectively, taking the mean values of
three measurements, using a protocol from the 2006 WHO
Child Growth Standards(16). Measurements were con-
ducted by a team of trained field professionals who were
required to pass a training course in anthropometric
measurements. Participants were required to wear only
light clothing and stand straight, barefoot and at ease while
being measured. All measurement instruments were cali-
brated before use and standardized instruments were used
for the measurements at all survey sites.

The definition of stunting, wasting and malnutrition
followed the national screening standard for malnutri-
tion in Chinese school-aged children and adolescents
(WS/T456-2014)(17), which is based on the age- and sex-
specific BMI and the height reference standard for Chi-
nese children. BMI (kg/m2) was calculated as body
weight (in kilograms) divided by the square of height (in
metres). Wasting was defined as BMI less than age- and
sex-specific percentiles, whereas stunting was defined
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as height less than the corresponding age- and sex-
specific percentiles. Malnutrition was defined as either
stunting or wasting for each individual child. The thirty-
one mainland Chinese provinces were analysed in our
study and were divided into three regions, East, Central
and West, according to the geographical standard divi-
sion from the Chinese National Bureau of Statistics(18).
The geographical standard division and sample size for
2010 and 2014 in each province are presented in the
online supplementary material, Fig. S1. The classifica-
tion of urban and rural for these surveys was defined in
1985, so some rural areas may have experienced urba-
nization but still been classified as rural. The possible
impact of urbanization on the survey data has been
previously evaluated and suggested no effect on the
analysis(19).

Statistical analysis
We have summarized prevalence estimates for stunting,
wasting and malnutrition in 2010 and 2014 by urban and
rural areas. Continuous (anthropometric) and categorical
variables were compared between the survey years of
2010 and 2014 using t tests and χ2 tests, respectively. The
geographical distribution of stunting, wasting and mal-
nutrition was compared for the provinces (excluding
Hong Kong, Macau and Taiwan) between urban and rural
areas using Spmap in Stata. The prevalence gap between
urban and rural areas (defined for this purpose as the
prevalence in a rural area minus the prevalence in an
urban area in the same province) at the provincial level for
the two survey years has been presented using descriptive
statistics. Logistic regression was used to estimate the
prevalence odds ratio (POR) for stunting, wasting and
malnutrition in rural v. urban data adjusted for age, sex
and province-level SES status and to assess urban–rural
disparities between the two survey years. The same

calculation of POR was also conducted for the East, Cen-
tral and West regions of China. All analyses were per-
formed using the statistical software package Stata version
12.0. Two-sided P< 0·05 was considered significant.

Results

Characteristics of the study sample
As shown in Table 1, a total of 215 214 (107 741 in 2010
and 107 473 in 2014) Chinese children participated in the
study. The distributions for sex, age and urban/rural
children between the two survey years were quite simi-
lar. The prevalence of stunting, wasting and malnutrition
was 1·9 (95% CI 1·8, 2·0)%, 12·3 (95% CI 12·1, 12·5) %
and 13·7 (95% CI 13·5, 13·9) %, respectively, in 2010,
which decreased to 1·0 (95% CI 0·9, 1·1) %, 9·4 (95% CI
9·3, 9·6) % and 10·2 (95% CI 10·0, 10·4) %, respectively,
in 2014.

Urban–rural disparity in stunting, wasting and
malnutrition by age group
The prevalence of stunting, wasting and malnutrition was
stable across the age bands from 7 to 12 years in both
survey years (2010 and 2014), except for age 9 years
where there was a notable increase in stunting in rural
children within both survey years. Prevalence of stunting,
wasting and malnutrition decreased in all age groups
between 2010 and 2014. The prevalence of stunting,
wasting and malnutrition was higher in rural children than
in their urban peers. Further, the decreases seen were
higher in rural areas than those seen in urban areas for
corresponding ages (Fig. 1 and online supplementary
material, Table S1). For example, the average decrease in
malnutrition in rural areas was 4·8%, compared with 2·2%
in urban areas.

Table 1 Basic information of the 7- to 12-year-old Chinese children included in the Chinese
National Survey on Students’ Constitution and Health in 2010 and 2014

2010
(n 107741)

2014
(n 107473)

Variable n % n % χ2 test* P value

Boys 53863 50·0 53767 50·0 0·027 0·870
Urban 53832 50·0 53832 50·0 0·119 0·730

Mean SD Mean SD t test* P value

Age (years) 9·5 1·7 9·5 1·7 0·011 0·992
Height (cm) 138·4 11·8 139·9 11·9 28·319 <0·001
Weight (kg) 33·3 10·1 35·0 10·8 38·297 <0·001

% 95% CI % 95% CI t test* P value

Stunting 1·9 1·8, 2·0 1·0 0·9, 1·1 349·519 <0·001
Wasting 12·3 12·1, 12·5 9·4 9·3, 9·6 446·428 <0·001
Malnutrition 13·7 13·5, 13·9 10·2 10·0, 10·4 632·623 <0·001

*The χ2 test and the t test were used to compare categorical and continuous variables between survey years of
2010 and 2014, respectively.
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Changes in the prevalence of stunting, wasting and
malnutrition at the provincial level
Figure 2 shows higher prevalence of stunting, wasting
and malnutrition to be distributed mainly in the western
and south-western provinces (including Qinghai, Guizhou
and Tibet province), with similar distributions in 2010 and
2014. However, the rate of change was also higher in the
western provinces, where larger decreases in stunting,
wasting and malnutrition were seen; for example, Xinjiang
with the largest decrease of 9·1%. Geographically we can
see that the prevalence of stunting, wasting and mal-
nutrition decreases as one moves from the west of China
to the east of China.

Notably, several provinces presented an increase in
prevalence from 2010 to 2014, such as Heilongjiang,
Liaoning and Hunan for stunting, Ningxia and Shanxi for
wasting, and Shanxi for malnutrition (see online supple-
mentary material, Tables S2, S3 and S4).

Changes in urban–rural disparity for stunting,
wasting and malnutrition at the provincial level
Figure 3 presents a further analysis of subnational dis-
tribution for the prevalence of malnutrition in urban and
rural areas between 2010 and 2014. The majority of pro-
vinces showed a drop in prevalence between 2010 and 2014
in both urban and rural populations; again the provinces
with higher malnutrition prevalence are found mainly in the
south-west regions of China. For the provinces with
the largest decreases in malnutrition between 2010 and 2014
the changes were more marked in the rural children than in
the urban children, and again are mainly distributed in the
western regions, such as Qinghai, Xinjiang, Gansu, Guizhou
and Shaanxi. In addition, three provinces (Heilongjiang,
Tianjin and Fujian) presented changes that are in opposition
to the main findings, with increased malnutrition found in
urban children during this period. Two provinces (Ningxia
and Shanxi) showed increased malnutrition for rural chil-
dren. Similar trends were also observed for stunting and
wasting prevalence (see online supplementary material, Fig.
S2, Fig. S3 and Table S3, Table S4).

Figure 4 shows the prevalence gap between urban and
rural areas in 2010 and 2014. Overall, the prevalence gap for
stunting, wasting and malnutrition between rural and urban
areas in 2014 shrank compared with the corresponding
prevalence gap recorded in 2010. In both 2010 and 2014,
the prevalence gaps between rural and urban were larger in
the western and south-western provinces compared with
the eastern provinces, such as Xinjiang, Qinghai, Gansu,
Sichuan, Guizhou and Guangxi. Notably, in some provinces
the prevalence in urban areas was higher than in rural areas,
and this gap increased between 2010 and 2014. For exam-
ple, Shandong province presented a reverse gap for stunt-
ing, wasting and malnutrition and Inner Mongolia for
wasting in 2010. In 2014 this expanded to a further six
provinces for malnutrition and nine provinces for wasting
(see online supplementary material, Table S5).
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Prevalence odds ratios of urban v. rural children
for stunting, wasting and malnutrition
The POR of rural v. urban children for wasting and mal-
nutrition decreased significantly from 2010 to 2014
(P< 0·001). The POR for stunting increased slightly but
were not statistically significant (P= 0·196). A similar
decrease in POR was also observed in the East, Central and

West regions. The increase in POR that is seen as a gradient
from the east to west geographically suggests a larger
urban–rural disparity in the west compared with the east of
China. For example, the POR of rural v. urban children for
malnutrition in 2014 in the East, Central and West regions
were 1·11 (95% CI 1·04, 1·19), 1·23 (95% CI 1·13, 1·33) and
1·42 (95% CI 1·34, 1·51), respectively, lower than the
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Fig. 4 The change in prevalence gap for stunting, wasting and malnutrition in 7- to 12-year-old children, in rural v. urban areas, in
different Chinese provinces between 2010 and 2014: (A) stunting gap (rural v. urban) 2010; (B) stunting gap (rural v. urban) 2014;
(C) wasting gap (rural v. urban) 2010; (D) wasting gap (rural v. urban) 2014; (E) malnutrition gap (rural v. urban) 2010; (F)
malnutrition gap (rural v. urban) 2014
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corresponding regional POR in 2010 of 1·32 (95% CI 1·24,
1·41), 1·33 (95% CI 1·24, 1·43) and 1·75 (95% CI 1·66, 1·84),
respectively, demonstrating both the decreases overall and
the geographic differences (Table 2).

Discussion

The present study is the first looking at the available data
on national and subnational trends in malnutrition after the
2008 global economic crisis in China. As the economic
situation improves so does children’s nutritional sta-
tus(20,21). As such, assessing children and young people’s
nutritional status post the global economic crisis in China
is crucial. Based on over 100 000 children aged 7–12 years
in China surveyed in 2010 and 2014, we found that the
prevalence of malnutrition, including stunting and wast-
ing, decreased between 2010 and 2014. Despite the global
economic crisis, the measured malnutrition in Chinese
primary-school children in our study decreased between
2010 and 2014, and the urban–rural disparity decreased
over the same time period due largely to a decrease in
malnutrition prevalence in rural areas, suggesting that the
global economic crisis appears to have had little effect on
the nutritional status of Chinese children.

Several factors could have protected Chinese children
from the nutritional consequences of the economic crisis.
First, agriculture policies implemented by the Chinese
Government over the last 20 years included measures
such as the removal of agricultural taxes, slaughtering
taxes and changes to other production policies, price
protection policies and more favourable policies for
farmers. These changes have ensured the continuous
growth of food production and stable prices, which
guaranteed access to food sources(22,23). Second, the
nutritional policies for students such as ‘the standard
amount of nutritional supply for a student’s lunch’
(1998)(24), ‘the nutrition improvement programme among
rural compulsory education students’ (2011)(25) and ‘free
compulsory education in rural areas’ (2006)(26) imple-
mented by the Chinese Government might be the driver
that is improving Chinese children’s nutritional status
overall and the shrinking urban–rural disparity. Third, the

Chinese Government’s combined social security and
development policies, such as the Rural Cooperative
Medical Scheme and the New Farmers’ Social Security
System, have increased public investment in farming
communities and reduced financial burden in rural famil-
ies, which has left more money available for food(27). The
combination of agricultural production policies, education
improvement policies, social security and medical policies
has enabled China to overcome the 2008–2009 crisis and
sustain nutritional improvement with a narrowing in
urban–rural disparity. Data from the National Bureau of
Statistics of China on the Engel’s coefficients, the propor-
tion of family income that is spent on food(28), for urban
and rural residents supports the effects of these policies:
37·9 and 43·7% in 2010 dropped to 35·6 and 37·9% in
2014 for urban and rural residents, respectively(29). Of
note, the disparity between urban and rural income spent
on food has also decreased while at the same time mal-
nutrition has decreased.

Worldwide, the hunger problem increased after the
global economic crisis and the subsequent food crisis in
the second half of 2008(30). China’s patterns of malnutrition
from 2010 to 2014 appear quite different from patterns that
have emerged from other countries during and after the
crisis. Urban–rural disparity increased in East Asia, the
Pacific and South Asia, while it decreased in sub-Saharan
Africa(8). Our results provide important insights into what
happened to Chinese children’s nutritional status during
this critical period. Previous studies from the National
Food and Nutrition Surveillance System in China showed
consistent findings that the prevalence of underweight and
stunting in children aged <5 years decreased from 1990 to
2010(3). Wu and Qi(31) used the data from nine Chinese
provinces and found that the urban–rural gap in stunting
within these populations reduced dramatically from 1991
to 2009. Several other studies(32,33) showed a reduced
urban–rural disparity in total energy intake and in the
consumption of meat and meat products, suggesting that
the convergence of diet between urban and rural popu-
lations might partly explain the shrinking gap between
urban and rural malnutrition.

For the first time ever, our results have shown a new
phenomenon of a reversal in the national and provincial

Table 2 Prevalence odds ratios (POR) and 95% CI for stunting, wasting and malnutrition in 7- to 12-year-old children, in rural v. urban areas,
in different Chinese regions between 2010 and 2014

Stunting Wasting Malnutrition

2010 2014 2010 2014 2010 2014

Region POR 95% CI POR 95% CI P POR 95% CI POR 95% CI P POR 95% CI POR 95% CI P

East 2·50 2·03, 3·08 3·01 2·16, 4·21 0·509 1·28 1·20, 1·37 1·08 1·01, 1·16 0·001 1·32 1·24, 1·41 1·11 1·04, 1·19 <0·001
Central 3·51 2·58, 4·78 3·94 3·26, 4·75 0·332 1·23 1·14, 1·33 1·13 1·04, 1·23 0·135 1·33 1·24, 1·43 1·23 1·13, 1·33 0·138
West 3·83 3·37, 4·35 4·57 3·18, 6·56 0·805 1·47 1·39, 1·56 1·26 1·18, 1·34 <0·001 1·75 1·66, 1·84 1·42 1·34, 1·51 <0·001
Total 3·40 3·07, 3·77 3·83 3·30, 4·44 0·196 1·35 1·30, 1·40 1·16 1·12, 1·21 <0·001 1·50 1·44, 1·55 1·27 1·22, 1·32 <0·001

POR adjusted for sex, age and socio-economic status. P values were used to compare the differences in POR between survey years of 2010 and 2014.
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urban–rural disparity in childhood malnutrition: the pre-
valence of malnutrition in urban areas surpassed that in
rural areas in several provinces. Descriptive analysis has
shown that the improvement in nutritional status was more
prominent in rural areas than in urban areas in many
provinces.

The present study shows geographic disparities. The
prevalence of malnutrition for both urban and rural chil-
dren was higher in the western provinces, especially in
south-western regions, and lower in the eastern provinces,
especially in north-eastern regions. The diminishing dis-
parity in malnutrition appears to be due to faster
improvement in rural areas compared with urban areas.
Additionally, it might be that the changes in disparity are
associated with the SES of the areas, i.e. areas of higher
SES (eastern China) had lower differences than areas of
low SES (west China). Inequality in SES occurs in different
Chinese provinces, with eastern provinces being the most
economically developed, followed by the central and the
western provinces(34). Prior studies found that provincial
disparity in nutritional status was associated with eco-
nomic growth, and thus improving economic status can
improve the nutritional conditions of the children in poor
families(31). In other developing countries such as Brazil,
India and Mexico, a higher burden of underweight in rural
areas is experienced compared with urban areas, and
these countries underwent an increase in the urban–rural
differences in childhood underweight(8,10,35). Similar
trends were observed in some other middle-income
countries in Eastern Europe and Central Asia(8). Different
patterns were observed in developed countries. For
example, one study in the USA found that while children
from rural areas had a higher risk of being underweight
compared with urban children during 1971 to 1974, a
reversal occurred from 1988 when the prevalence of
underweight in urban children surpassed that of rural
children(10).

Some provinces with a higher SES had a higher pre-
valence of malnutrition in urban children compared with
their rural peers, such as Shandong, Jiangsu and Zhejiang,
whose per capita gross domestic product ranked top in the
thirty-one national provinces, respectively(36). As China’s
economy continues to develop, this kind of reversal pat-
tern might be expected in all Chinese provinces. Other
developing countries might face the same urban–rural
reversal in nutritional status in the future and our pro-
vincial results might provide a useful reference for coun-
tries in developing effective interventions. While more
resources aimed at improving childhood malnutrition
should continue to be focused on rural areas, the dis-
parities in SES within urban areas should also be con-
sidered when designing programmes and policies
addressing malnutrition(37).

The present study has the following limitations. First,
because we used data from two cross-sectional surveys,
the data cannot be used to infer causality. However, the

CNSSCH is a nationally representative data set with a large
sample size, and the prevalence estimated in the 2010 and
2014 surveys met our requirements for a descriptive
analysis looking at both provincial-level data and the
urban–rural divide. Second, our study adopted the stan-
dard Chinese definition for malnutrition, including wasting
and stunting, and did not use the WHO or International
Obesity Task Force thinness definition. This standard is
one of most appropriate that was not only suitable for
Chinese children but consistent with the Eastern Asia
ethnic characteristics of body fatness growth, which could
eliminate the influence of different populations with dif-
ferent growth pattern and fat accumulation(38,39). Third, for
Tibet, only urban children of Tibetan ethnic background
were included, therefore these data were excluded from
the urban–rural comparison analyses. The difference
between these two groups was not explored, but when
excluded from the analyses it did not change the results.

Conclusion

In summary, the prevalence of malnutrition, including
stunting and wasting, in children aged 7–12 years
decreased between 2010 and 2014. Prevalence of mal-
nutrition for both urban and rural children was higher in
the western provinces, especially in south-west regions,
and lower in the eastern provinces, especially in north-
east regions. Although malnutrition prevalence in rural
areas was higher than in urban areas, it reduced more in
rural areas and the urban–rural disparity shrank over this
period as a result. A reversal in urban–rural disparity was
seen in a few high-SES provinces where the malnutrition
prevalence in urban areas surpassed rural areas. The
shrinking urban–rural disparity for malnutrition pre-
valence appears to be driven by the SES of the provinces.
Region-specific policies and interventions are warranted
to sustainably improve the nutritional status of Chinese
children.
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