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Abstract

Background: Although the problem of malnutrition among children in China has greatly improved in recent years, there is a
gap compared to developed countries, and there are differences between provinces. Research on long-term comprehensive trends
in child growth failure (CGF) in China is needed for further improvement.

Objective: The purpose of this study was to examine trends in stunting, wasting, and underweight among children younger than
5 years in China from 2000 to 2019, and predict CGF till 2030.

Methods: We conducted a cross-sectional analysis using data from the local burden of disease (LBD) database. Using Joinpoint
Regression Software, we examined trends in CGF among children younger than 5 years in China from 2000 to 2019, and predicted
the trends of prevalence in 2030, using the Holt-Winters model with trends but without seasonal components. The assessment
was performed with Stata 17 (StataCorp). Data were analyzed from October 17, 2023, to November 22, 2023.

Results: In 2019, the prevalences of stunting, wasting, and underweight decreased to 12%, 3%, and 4%, respectively (decreases
of 36.9%, 25.0%, and 42.9%, respectively, compared with the values in 2000). The prevalence of CGF decreased rapidly from
2000 to 2010, and the downward trend slowed down after 2010. Most provinces had stagnated processes of trends after 2017.
The age group with the highest stunting prevalence was children aged 1 to 4 years, and the highest prevalence of wasting and
underweight was noted in early neonatal infants. From 2000 to 2019, the prevalence of CGF declined in all age groups of children.
The largest relative decrease in stunting and underweight was noted in children aged 1 to 4 years, and the largest decrease in
wasting was noted in early neonatal infants. The prevalences of stunting, wasting, and underweight in China are estimated to
decrease to 11.4%, 3.2%, and 4.1%, respectively, by 2030. China has nationally met the World Health Organization’s Global
Nutrition Targets for 2030 for stunting but not for wasting.

Conclusions: This study provides data on the prevalence and trends of CGF among children younger than 5 years and reports
declines in CGF. There remain areas with slow progress in China. Most units have achieved the goal for stunting prevalence but
not wasting prevalence.

(JMIR Public Health Surveill 2024;10:e58564) doi: 10.2196/58564
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Introduction

Nutritional status during childhood has an effect on children’s
short-term and long-term health and survival [1-4]. Child growth
failure (CGF), expressed as stunting, wasting, and underweight
in children younger than 5 years (age 0-59 months) [5], is a
specific subset of undernutrition [5], which is related to high
morbidity and mortality globally [6]. According to estimates
from the Global Burden of Diseases, Injuries, and Risk Factors
Study (GBD) 2021, a decline in CGF has contributed to a
decrease in global child mortality [7]. The report “The State of
Food Security and Nutrition in the World 2023” stated that at
least one in every 3 children worldwide experienced CGF
between 2000 and 2022 [8]. Until 2022, approximately 148.1
million children younger than 5 years worldwide experienced
stunting. Although the wasting prevalence has decreased, over
6.8% (45 million) of children younger than 5 years have still
experienced wasting [8]. Another study showed that the
worldwide prevalences of stunting, wasting, and underweight
among children were approximately 24.1%, 7.41%, and 14.7%,
respectively, in 2020 [9]. Overall, child undernutrition remains
a major global health concern [6].

Low-income and lower middle–income countries (LMICs) had
the heaviest burden of CGF [6,8,10]. Although the prevalence
of stunting and wasting has been decreasing in LMICs in recent
years, progress is slow, and regional differences are significant
[5,11]. In addition, only 26.7% of LMICs will achieve
national-level targets for both stunting and wasting by 2025,
and only 4.8% will achieve these 2 goals globally [5], remaining
far from the World Health Organization (WHO) Global
Nutrition Targets (GNTs) to reduce stunting by 40% and wasting
to less than 5% by 2025 [5,12]. It was estimated that the
COVID-19 pandemic increased the child mortality rate
associated with wasting by more than 20% [8]. Therefore,
overcoming this global health challenge has become even more
urgent.

China is one of the low- and middle-income countries. Over
the past 30 years, the problem of undernutrition among children
in China has been significantly improved [13]. However, there
is still a gap compared to developed countries [14]. In addition,
a survey found that the Chinese official data on malnutrition
are inconsistent with the results of academic surveys owing to
sampling and measurement factors [15]. Although a study has
mapped high spatial-resolution estimates of CGF indicators
from 2000 to 2017 across 105 LMICs [5], there is no detailed
introduction to the Chinese region. No long-term comprehensive
trends in CGF in China have been reported, and thus, long-term
CGF research of children younger than 5 years throughout China
is needed. In this study, we used the local burden of disease
(LBD) 2019 database to analyze the previously unknown overall
and regional trends in CGF in China from 2000 to 2019 and
predict CGF by 2030.

Methods

Overview and Data Collection
The study collected standardized disease definitions, available
data, and prevalence information on children younger than 5

years in the provinces and cities of China. The study included
data from the Institute for Health Metrics and Evaluation
(IHME) gathered by LBD CGF collaborators, which were
available in public online repositories, data that were publicly
available upon request from the data provider, and data that
were not publicly available due to restrictions by the data
provider and which were used under license for this study. More
information about each data source is available on the Global
Health Data Exchange (GHDx) [5,16,17]. The analysis covered
relevant metrics in national, 33 provincial-level, and 362
municipal-level administrative divisions in mainland China,
Hong Kong, and Macao from 2000 to 2019. Data were analyzed
from October 17, 2023, to November 22, 2023.

LBD compiled an extensive geopositioned dataset for the study,
which included data from 460 household surveys and reports
representing 4.6 million children. The data covered estimates
of annual prevalence in 105 LMICs for each year between 2000
to 2019. The collaborators first comprehensively mapped high
spatial-resolution estimates of CGF indicators from 2000 to
2017 across 105 LMICs, providing an accurate public health
tool to support efficient targeting of local-level interventions to
vulnerable populations. Their maps identified high-prevalence
areas even within nations otherwise succeeding in reducing
overall CGF prevalence. They highlighted where the
highest-need populations reside to support decision makers in
planning interventions adapted locally and in efficiently
directing resources toward reducing CGF and its health
implications [5].

CGF Assessment
CGF, expressed as stunting, wasting, and underweight in
children younger than 5 years (age 0-59 months), is a specific
subset of malnutrition characterized by insufficient height or
weight against age-specific growth reference standards [5].
Owing to the fact that WHO Child Growth Standards can reflect
the true growth status and potential of children younger than 5
years and that the reference population is well representative,
we mainly adopted them based on the comparability
requirements between studies in China.

Height/length-for-age z-score (HAZ) can be used to assess the
chronic malnutrition status of children. Stunting is defined as
a HAZ that is more than two SDs below the median of the WHO
standards for child growth [18].

Weight-for-height/length z-score (WHZ) can be used to
investigate acute malnutrition in children. Wasting is defined
as a WHZ that is more than two SDs below the median of the
WHO standards for child growth. Severe wasting is defined as
a WHZ that is more than three SDs below the median of the
WHO standards for child growth [18].

Weight-for-age z-score (WAZ) can be used to determine the
short-term and long-term nutritional status of children.
Underweight is defined as a WAZ that is more than two SDs
below the median of the WHO standards for child growth [18].

Statistical Analysis
The prevalence of stunting, wasting, or underweight in children
younger than 5 years in China was the main indicator used to
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reflect the health situation of children. Each prevalence is
reported with 95% uncertainty interval (UI) according to the
LBD algorithm. There are 4 age groups among children younger
than 5 years, including early, late, and postneonatal infants, and
children aged 1 to 4 years. All relevant metrics were estimated
separately for the 2 sexes and various age groups (ie, 0-6 days,
7-27 days, 28 days through 11 months, 1-4 years, and 0-5 years)
from 2000 to 2019. We used Excel 2017 (Microsoft Corp) to
organize the data, established time series data files in CSV
format between 2000 to 2019, and used Joinpoint Regression
Software (Version 5.0.2; National Cancer Institute) for statistical
analysis. In addition, Joinpoint regression (JPR) program was
used to estimate the annual prevalence of CGF in China.
Joinpoint is a statistical software for the analysis of trends using
Joinpoint models, usually used to examine changes in trends.
The reason we chose JPR was that JPR has certain advantages
in processing long-term disease data from multiple trend
segments. Moreover, JPR divides trend changes into several
statistically significant trend segments through model fitting,
and thus, this data processing method of segmentation is more
reasonable than manual segmentation. After segmentation,
researchers can clearly see the ascending segment, rapid
ascending segment, gentle segment, descending segment, and
rapid descending segment. Furthermore, the background and
reasons for the generation of segmentation points can be
analyzed, providing a basis for future medical policy formulation
and resource allocation [19].

We used the normality test on the dependent variable, which
followed a Poisson distribution. Therefore, we used a
logarithmic linear model for analysis. The annual percentage
change (APC), average annual percentage change (AAPC), and
95% CI are the main indicators for Joinpoint analysis. The
number of joinpoints we set was three. APC is used to evaluate
the trend of changes in various time periods, while AAPC is
used to evaluate the trend of changes throughout the period,
showing that the overall prevalence trend in the area increases
or decreases monotonously between 2000 to 2019. If APC is
<0, it indicates that the prevalence trend is decreasing year by
year, while if it is >0, it indicates that the prevalence trend is
increasing. All calculations were performed using Stata 17
(StataCorp). All P values were 2-sided, and P<.001 was
considered statistically significant. In addition, we used the
Holt-Winters model with trends but without seasonal
components to predict the trends of prevalence in 2030, and the
assessment was performed with Stata 17.

Ethical Considerations
This study used data from the IHME, which were collected by
LBD CGF collaborators, and this has been approved by the
institutional review board of the University of Washington
School of Medicine. Our research is based on the secondary
analysis of data derived from the IHME. As this is a secondary
analysis of existing data, no additional human participant
research ethics review or informed consent was required. Study
data were anonymized and deidentified to protect the privacy
and confidentiality of the study participants. Our analysis

complied with the Guidelines on Accurate and Transparent
Health Estimate Reporting [20].

Results

Trend of Stunting Prevalence in 2000 and 2019 in
Children Younger Than 5 Years
Overall, the estimated stunting prevalence in children younger
than 5 years across China decreased by 36.9% from 19% (95%
UI 17%-21%) in 2000 to 12% (95% UI 2%-27%) in 2019
(Multimedia Appendix 1). In 2019, the prevalence was similar
between boys and girls (Multimedia Appendix 2). The 3
provinces with the highest prevalence were Guizhou (26%),
Xizang (22%), and Hunan (20%) (Figure 1A; Multimedia
Appendix 1).

From 2000 to 2019, the stunting prevalence in China showed
a significant downward trend (AAPC –2.48%, 95% CI –2.62%
to –2.34%; P<.001; Multimedia Appendix 1). JPR analysis
showed that the steepest slope occurred in 2000-2004 (APC
–4.34%, 95% CI –4.50% to –4.19%; P<.001) in both males and
females. From 2004 to 2019, the rate of decline slowed down
(Tables 1-4; Figure 2A; Multimedia Appendix 3). At the
provincial level, the trends of stunting prevalence varied
significantly across the 33 provinces (Figure 1B; Multimedia
Appendix 1), with the highest AAPC in Ningxia (AAPC
–5.08%, 95% UI –5.38% to –4.79%; P<.001) and the lowest
AAPC in Shanghai (AAPC –0.72%, 95% UI –1.08% to –0.35%;
P<.001). There were various directions in the trends of stunting
in children younger than 5 years by province (Tables 1-4).
Among the provinces, 25 showed significant downward trends
of stunting in children younger than 5 years at all joinpoints,
while the other 8 did not, and 6 provinces (Anhui, Jilin, Ningxia,
Shanxi, Yunnan, and Macao) showed a gradual increase since
2017 (Tables 1-4). The disparities between their highest- and
lowest-prevalence units from 2000 to 2019 reduced in most
provinces, and densely populated areas may have a relatively
low stunting prevalence (Multimedia Appendix 1). At the
municipal level, the stunting prevalence in 98.9% (n=358) of
units showed downward trends (Multimedia Appendix 4), and
the 3 with the highest AAPC were Alxa (AAPC –7.23%;
P<.001), Baynnur (AAPC –7.11%; P<.001), and Wuhai (AAPC
–6.98%; P<.001). Four units with upward trends were Xiamen
(AAPC 1.54%; P=.66), Shenzhen (AAPC 1.07%; P=.66),
Zhuhai (AAPC 0.16%; P=.95), and Central and Western Hong
Kong (AAPC 0.22%; P=.89).

From 2000 to 2019, the stunting prevalence declined in all age
groups of children (Multimedia Appendix 5), and the prevalence
was similar between boys and girls (Multimedia Appendix 6).
The largest decline (AAPC –1.95%; P<.001) occurred in
children aged 1 to 4 years. The decreasing trend in prevalence
was the lowest among postneonatal infants (AAPC –1.95%;
P<.001; Multimedia Appendix 5). The trends of stunting
prevalence were similar in the early and late neonatal periods
(Multimedia Appendix 5).
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Figure 1. Prevalence of child growth failure in children younger than 5 years in China in 2019 and AAPCs from 2000 to 2019. (A) Prevalence of
stunting in 2019; (B) AAPC in stunting from 2000 to 2019; (C) Prevalence of wasting in 2019; (D) AAPC in wasting from 2000 to 2019; (E) Prevalence
of underweight in 2019; (F) AAPC in underweight from 2000 to 2019. AAPC: average annual percentage change.
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Figure 2. Joinpoint regression analysis of trends in child growth failure in children younger than 5 years in China from 2000 to 2019. (A) Stunting
trends; (B) Wasting trends; (C) Underweight trends.

Table 1. Annual percentage changes in child growth failure in children younger than 5 years in China.

UnderweightWastingStuntingLocation

P valueAPC (95% CI)YearP valueAPC (95% CI)YearP valueAPCa (95% CI)Year

<.001–4.52 (–4.58 to
–4.46)

2000-
2005

<.001–0.85 (–0.88 to
–0.82)

2000-
2004

<.001–4.34 (–4.50 to –4.19)2000-
2004

China

<.001–3.74 (–3.84 to
–3.64)

2005-
2010

<.001–0.92 (–0.94 to
–0.90)

2004-
2010

<.001–3.18 (–3.51 to –2.85)2004-
2008

China

<.001–2.08 (–2.15 to
–2.01)

2010-
2017

<.001–0.29 (–0.30 to
–0.27)

2010-
2017

<.001–1.85 (–1.87 to –1.84)2008-
2017

China

.930.03 (–0.75 to 0.82)2017-
2019

.750.03 (–0.16 to
0.21)

2017-
2019

.91–0.08 (–1.48 to 1.34)2017-
2019

China

aAPC: annual percentage change.

JMIR Public Health Surveill 2024 | vol. 10 | e58564 | p. 5https://publichealth.jmir.org/2024/1/e58564
(page number not for citation purposes)

Zhang et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Annual percentage changes in child growth failure in children younger than 5 years in Anhui, Beijing, Chongqing, Fujian, Gansu, Guangdong,
Guangxi, Guizhou, Hainan, Hebei, and Heilongjiang provinces in China.

UnderweightWastingStuntingLocation

P valueAPC (95% CI)YearP valueAPC (95% CI)YearP valueAPCa (95% CI)Year

<.001–3.37 (–3.57 to
–3.17)

2000-
2004

<.001–0.76 (–0.80 to
–0.72)

2000-
2002

<.001–3.43 (–3.63 to –3.23)2000-
2004

Anhui

<.001–1.93 (–2.09 to
–1.76)

2004-
2010

<.001–0.58 (–0.58 to
–0.57)

2002-
2010

<.001–1.07 (–1.15 to –0.99)2004-
2009

Anhui

<.001–3.35 (–3.48 to
–3.21)

2010-
2017

<.001–0.51 (–0.51 to
–0.50)

2010-
2017

<.001–3.16 (–3.27 to –3.05)2009-
2015

Anhui

.490.41 (–0.87 to
1.70)

2017-
2019

.890.00 (–0.06 to
0.06)

2017-
2019

.540.44 (–1.08 to 1.98)2015-
2019

Anhui

<.001–4.25 (–4.42 to
–4.08)

2000-
2004

<.001–0.60 (–0.75 to
–0.45)

2000-
2002

<.001–4.74 (–4.91 to –4.58)2000-
2004

Beijing

.005–0.92 (–1.49 to
–0.35)

2004-
2007

<.001–0.55 (–0.58 to
–0.52)

2002-
2009

.990.00 (–0.50 to 0.49)2004-
2011

Beijing

<.001–0.35 (–0.46 to
–0.23)

2007-
2014

.69–0.01 (–0.05 to
0.03)

2009-
2015

.020.94 (0.22 to 1.66)2011-
2017

Beijing

<.001–0.46 (–0.65 to
–0.27)

2014-
2019

.003–0.10 (–0.16 to
–0.05)

2015-
2019

<.001–0.21 (–0.27 to –0.14)2017-
2019

Beijing

<.001–3.57 (–3.66 to
–3.48)

2000-
2006

<.001–0.84 (–0.89 to
–0.79)

2000-
2005

<.001–3.86 (–4.01 to –3.71)2000-
2004

Chongqing

<.001–3.78 (–4.12 to
–3.44)

2006-
2010

<.001–1.09 (–1.24 to
–0.94)

2005-
2009

<.001–2.82 (–2.92 to –2.73)2004-
2007

Chongqing

<.001–2.56 (–2.70 to
–2.42)

2010-
2017

.02–0.43 (–0.76 to
–0.10)

2009-
2012

<.001–2.18 (–2.20 to –2.16)2007-
2010

Chongqing

.910.06 (–1.07 to
1.21)

2017-
2019

<.001–0.21 (–0.26 to
–0.16)

2012-
2019

.79–0.09 (–0.83 to 0.66)2010-
2019

Chongqing

<.001–5.17 (–5.51 to
–4.83)

2000-
2004

<.001–0.90 (–0.91 to
–0.89)

2000-
2009

<.001–6.00 (–6.90 to –5.09)2000-
2003

Fujian

<.001–3.00 (–3.58 to
–2.42)

2004-
2008

<.001–0.40 (–0.55 to
–0.26)

2009-
2012

<.001–4.01 (–5.00 to –3.01)2003-
2008

Fujian

<.001–1.73 (–1.79 to
–1.67)

2008-
2017

<.001–0.27 (–0.31 to
–0.23)

2012-
2017

<.001–1.31 (–1.35 to –1.27)2008-
2017

Fujian

.86–0.14 (–1.86 to
1.62)

2017-
2019

.40–0.08 (–0.28 to
0.12)

2017-
2019

.63–0.44 (–2.42 to 1.59)2017-
2019

Fujian

<.001–3.94 (–4.07 to
–3.82)

2000-
2003

<.001–0.69 (–0.72 to
–0.66)

2000-
2005

<.001–3.69 (–3.97 to –3.41)2000-
2002

Gansu

<.001–3.47 (–3.51 to
–3.42)

2003-
2010

<.001–0.84 (–0.89 to
–0.80)

2005-
2010

<.001–3.08 (–3.42 to –2.74)2002-
2005

Gansu

<.001–2.53 (–2.58 to
–2.47)

2010-
2017

<.001–0.27 (–0.30 to
–0.25)

2010-
2017

<.001–2.08 (–2.10 to –2.07)2005-
2017

Gansu

.480.12 (–0.25 to
0.50)

2017-
2019

.960.00 (–0.21 to
0.20)

2017-
2019

.91–0.04 (–0.74 to 0.67)2017-
2019

Gansu

<.001–4.75 (–4.91 to
–4.59)

2000-
2004

<.001–0.57 (–0.60 to
–0.54)

2000-
2005

<.001–4.88 (–4.98 to –4.77)2000-
2002

Guangdong

<.001–3.12 (–3.31 to
–2.92)

2004-
2009

<.001–0.94 (–1.02 to
–0.87)

2005-
2009

<.001–2.29 (–2.62 to –1.96)2002-
2005

Guangdong

<.001–1.54 (–1.61 to
–1.48)

2009-
2017

.12–0.13 (–0.30 to
0.04)

2009-
2012

<.001–1.27 (–1.28 to –1.25)2005-
2017

Guangdong

.860.08 (–0.93 to
1.11)

2017-
2019

.02–0.03 (–0.06 to
–0.01)

2012-
2019

.76–0.11 (–0.88 to 0.67)2017-
2019

Guangdong
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UnderweightWastingStuntingLocation

P valueAPC (95% CI)YearP valueAPC (95% CI)YearP valueAPCa (95% CI)Year

<.001–3.63 (–3.76 to
–3.50)

2000-
2004

<.001–0.91 (–0.95 to
–0.86)

2000-
2005

<.001–4.27 (–4.41 to –4.13)2000-
2004

Guangxi

<.001–2.40 (–2.88 to
–1.91)

2004-
2007

<.001–1.25 (–1.38 to
–1.13)

2005-
2009

<.001–2.65 (–3.07 to –2.22)2004-
2007

Guangxi

<.001–1.53 (–1.58 to
–1.48)

2007-
2017

.007–0.46 (–0.76 to
–0.16)

2009-
2012

<.001–1.72 (–1.75 to –1.69)2007-
2017

Guangxi

.43–0.42 (–1.56 to
0.74)

2017-
2019

<.001–0.19 (–0.24 to
–0.15)

2012-
2019

.38–0.48 (–1.64 to 0.69)2017-
2019

Guangxi

<.001–2.61 (–2.66 to
–2.56)

2000-
2005

<.001–0.76 (–0.78 to
–0.74)

2000-
2005

<.001–1.97 (–2.01 to –1.94)2000-
2004

Guizhou

<.001–4.25 (–4.34 to
–4.16)

2005-
2010

<.001–1.03 (–1.06 to
–1.01)

2005-
2010

<.001–2.41 (–2.44 to –2.37)2004-
2007

Guizhou

<.001–3.44 (–3.53 to
–3.36)

2010-
2017

<.001–0.48 (–0.50 to
–0.46)

2010-
2017

<.001–2.56 (–2.97 to –2.15)2007-
2017

Guizhou

.63–0.17 (–0.94 to
0.60)

2017-
2019

.64–0.03 (–0.19 to
0.13)

2017-
2019

.43–0.30 (–1.14 to 0.54)2017-
2019

Guizhou

<.001–3.15 (–3.26 to
–3.05)

2000-
2005

<.001–0.27 (–0.30 to
–0.23)

2000-
2005

<.001–3.43 (–3.62 to –3.24)2000-
2005

Hainan

<.001–3.70 (–3.88 to
–3.51)

2005-
2010

<.001–1.20 (–1.30 to
–1.10)

2005-
2009

<.001–2.57 (–2.66 to –2.48)2005-
2014

Hainan

<.001–1.78 (–1.90 to
–1.66)

2010-
2017

.008–0.36 (–0.60 to
–0.12)

2009-
2012

<.001–1.54 (–1.57 to –1.50)2014-
2017

Hainan

.68–0.23 (–1.46 to
1.01)

2017-
2019

<.001–0.12 (–0.16 to
–0.08)

2012-
2019

.50–0.28 (–1.19 to 0.63)2017-
2019

Hainan

<.001–4.21 (–4.34 to
–4.07)

2000-
2004

<.001–0.84 (–0.88 to
–0.81)

2000-
2005

<.001–4.62 (–4.77 to –4.46)2000-
2003

Hebei

<.001–2.85 (–3.01 to
–2.69)

2004-
2009

<.001–1.11 (–1.21 to
–1.00)

2005-
2009

<.001–2.43 (–2.68 to –2.19)2003-
2009

Hebei

<.001–1.44 (–1.51 to
–1.37)

2009-
2017

.003–0.38 (–0.59 to
–0.17)

2009-
2012

<.001–1.12 (–1.13 to –1.10)2009-
2017

Hebei

.960.02 (–0.94 to
0.99)

2017-
2019

<.001–0.14 (–0.17 to
–0.10)

2012-
2019

.51–0.22 (–0.92 to 0.49)2017-
2019

Hebei

<.001–4.88 (–5.06 to
–4.69)

2000-
2004

<.001–0.99 (–1.13 to
–0.86)

2000-
2003

<.001–7.59 (–7.77 to –7.42)2000-
2003

Heilongjiang

<.001–3.15 (–3.50 to
–2.80)

2004-
2008

<.001–0.78 (–0.84 to
–0.71)

2003-
2009

<.001–5.20 (–5.74 to –4.65)2003-
2006

Heilongjiang

<.001–1.55 (–1.95 to
–1.14)

2008-
2012

.90–0.01 (–0.16 to
0.14)

2009-
2013

<.001–2.49 (–2.76 to –2.23)2006-
2017

Heilongjiang

<.001–0.57 (–0.71 to
–0.42)

2012-
2019

<.0010.19 (0.13 to 0.25)2013-
2019

<.001–0.92 (–1.25 to –0.59)2017-
2019

Heilongjiang

aAPC: annual percentage change.
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Table 3. Annual percentage changes in child growth failure in children younger than 5 years in Henan, Hubei, Hunan, Jiangsu, Jiangxi, Jilin, Liaoning,
Inner Mongolia, Ningxia, Qinghai, and Shaanxi provinces in China.

UnderweightWastingStuntingLocation

P valueAPC (95% CI)YearP valueAPC (95% CI)YearP valueAPCa (95% CI)Year

<.001–3.21 (–3.26 to
–3.16)

2000-
2005

<.001–0.99 (–1.01 to
–0.98)

2000-
2007

<.001–2.93 (–2.98 to –2.89)2000-
2005

Henan

<.001–3.95 (–4.02 to
–3.87)

2005-
2010

<.001–0.70 (–0.87 to
–0.53)

2007-
2010

<.001–2.25 (–2.83 to –1.67)2005-
2009

Henan

<.001–1.89 (–1.94 to
–1.85)

2010-
2017

<.001–0.28 (–0.30 to
–0.25)

2010-
2017

<.001–1.50 (–1.56 to –1.44)2009-
2014

Henan

.58–0.10 (–0.46 to
0.28)

2017-
2019

.71–0.04 (–0.30 to
0.21)

2017-
2019

.70–0.18 (–1.17 to 0.82)2014-
2019

Henan

<.001–5.90 (–6.02 to
–5.78)

2000-
2004

<.001–1.04 (–1.04 to
–1.03)

2000-
2009

<.001–4.72 (–5.12 to –4.33)2000-
2007

Hubei

<.001–3.50 (–3.91 to
–3.09)

2004-
2007

<.001–0.47 (–0.58 to
–0.35)

2009-
2012

.02–1.52 (–2.71 to –0.33)2007-
2010

Hubei

<.001–2.08 (–2.12 to
–2.03)

2007-
2017

<.001–0.37 (–0.40 to
–0.35)

2012-
2017

.44–0.56 (–2.12 to 1.03)2010-
2017

Hubei

.970.01 (–0.70 to
0.73)

2017-
2019

.31–0.07 (–0.23 to
0.08)

2017-
2019

<.001–1.40 (–1.56 to –1.24)2017-
2019

Hubei

<.001–3.29 (–3.36 to
–3.22)

2000-
2004

<.001–0.90 (–0.91 to
–0.88)

2000-
2005

<.001–2.88 (–3.00 to –2.77)2000-
2004

Hunan

<.001–2.88 (–2.97 to
–2.78)

2004-
2009

<.001–0.68 (–0.70 to
–0.66)

2005-
2010

<.001–2.01 (–2.27 to –1.74)2004-
2007

Hunan

<.001–1.79 (–1.83 to
–1.75)

2009-
2017

<.001–0.35 (–0.36 to
–0.34)

2010-
2017

<.001–1.23 (–1.25 to –1.20)2007-
2010

Hunan

.66–0.11 (–0.64 to
0.43)

2017-
2019

.65–0.03 (–0.17 to
0.11)

2017-
2019

.60–0.24 (–1.22 to 0.75)2010-
2019

Hunan

<.001–3.78 (–3.85 to
–3.71)

2000-
2005

<.001–0.98 (–0.99 to
–0.97)

2000-
2009

<.001–3.96 (–4.01 to –3.90)2000-
2004

Jiangsu

<.001–3.09 (–3.21 to
–2.96)

2005-
2010

<.001–0.51 (–0.61 to
–0.40)

2009-
2012

<.001–2.23 (–2.35 to –2.12)2004-
2008

Jiangsu

<.001–1.46 (–1.54 to
–1.39)

2010-
2017

<.001–0.35 (–0.37 to
–0.32)

2012-
2017

<.001–1.31 (–1.37 to –1.26)2008-
2017

Jiangsu

.91–0.04 (–0.77 to
0.70)

2017-
2019

.77–0.02 (–0.15 to
0.11)

2017-
2019

.97–0.02 (–1.02 to 0.99)2017-
2019

Jiangsu

<.001–4.41 (–4.49 to
–4.34)

2000-
2007

<.001–1.22 (–1.24 to
–1.21)

2000-
2007

<.001–4.15 (–4.30 to –4.01)2000-
2005

Jiangxi

<.001–3.74 (–4.30 to
–3.17)

2007-
2010

<.001–0.97 (–1.06 to
–0.88)

2007-
2010

<.001–3.08 (–3.41 to –2.74)2005-
2010

Jiangxi

<.001–2.40 (–2.50 to
–2.29)

2010-
2017

<.001–0.30 (–0.32 to
–0.29)

2010-
2017

<.001–2.04 (–2.07 to –2.02)2010-
2017

Jiangxi

.97–0.02 (–1.08 to
1.05)

2017-
2019

.930.01 (–0.14 to
0.15)

2017-
2019

.79–0.14 (–1.24 to 0.98)2017-
2019

Jiangxi

<.001–3.80 (–4.00 to
–3.60)

2000-
2003

<.001–0.85 (–0.87 to
–0.84)

2000-
2006

<.001–3.74 (–3.93 to –3.55)2000-
2004

Jilin

<.001–2.85 (–2.97 to
–2.74)

2003-
2009

<.001–1.00 (–1.11 to
–0.89)

2006-
2009

<.001–1.53 (–1.67 to –1.38)2004-
2008

Jilin

<.001–2.20 (–2.31 to
–2.10)

2009-
2016

<.001–0.43 (–0.47 to
–0.40)

2009-
2014

<.001–1.76 (–1.85 to –1.67)2008-
2017

Jilin

.12–0.29 (–0.67 to
0.10)

2016-
2019

.23–0.02 (–0.05 to
0.01)

2014-
2019

.570.29 (–0.83 to 1.43)2017-
2019

Jilin
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UnderweightWastingStuntingLocation

P valueAPC (95% CI)YearP valueAPC (95% CI)YearP valueAPCa (95% CI)Year

<.001–4.89 (–4.98 to
–4.80)

2000-
2005

<.001–0.98 (–1.01 to
–0.94)

2000-
2004

<.001–5.11 (–5.31 to –4.92)2000-
2004

Liaoning

<.001–3.01 (–3.32 to
–2.71)

2005-
2009

<.001–0.69 (–0.75 to
–0.63)

2004-
2008

<.001–2.74 (–3.31 to –2.16)2004-
2010

Liaoning

<.001–1.40 (–1.60 to
–1.20)

2009-
2014

<.001–0.31 (–0.44 to
–0.18)

2008-
2011

<.001–1.25 (–1.57 to –0.93)2010-
2017

Liaoning

<.001–0.49 (–0.67 to
–0.30)

2014-
2019

.006–0.03 (–0.04 to
–0.01)

2011-
2019

<.001–0.57 (–0.67 to –0.46)2017-
2019

Liaoning

<.001–8.00 (–8.25 to
–7.75)

2000-
2004

<.001–0.92 (–0.94 to
–0.90)

2000-
2005

<.001–7.74 (–7.82 to –7.67)2000-
2004

Inner Mongo-
lia

<.001–6.28 (–6.60 to
–5.96)

2004-
2009

<.001–1.38 (–1.44 to
–1.32)

2005-
2009

<.001–5.10 (–6.02 to –4.17)2004-
2007

Inner Mongo-
lia

<.001–2.72 (–3.06 to
–2.38)

2009-
2014

<.001–0.47 (–0.52 to
–0.42)

2009-
2013

<.001–2.53 (–2.94 to –2.12)2007-
2011

Inner Mongo-
lia

<.001–1.02 (–1.38 to
–0.67)

2014-
2019

.004–0.05 (–0.07 to
–0.02)

2013-
2019

.22–0.69 (–1.85 to 0.49)2011-
2019

Inner Mongo-
lia

<.001–8.68 (–8.80 to
–8.55)

2000-
2007

<.001–0.99 (–1.01 to
–0.97)

2000-
2005

<.001–8.16 (–8.28 to –8.03)2000-
2008

Ningxia

<.001–6.64 (–7.69 to
–5.58)

2007-
2010

<.001–1.26 (–1.32 to
–1.20)

2005-
2009

<.001–4.89 (–5.99 to –3.77)2008-
2011

Ningxia

<.001–2.24 (–2.44 to
–2.03)

2010-
2017

.001–0.22 (–0.33 to
–0.12)

2009-
2012

<.001–2.64 (–2.88 to –2.40)2011-
2016

Ningxia

.700.28 (–1.28 to
1.87)

2017-
2019

<.001–0.05 (–0.07 to
–0.04)

2012-
2019

.970.04 (–2.69 to 2.85)2016-
2019

Ningxia

<.001–3.67 (–3.69 to
–3.65)

2000-
2009

<.001–0.85 (–0.90 to
–0.80)

2000-
2005

<.001–3.19 (–3.26 to –3.11)2000-
2008

Qinghai

<.001–2.96 (–3.22 to
–2.69)

2009-
2012

<.001–1.15 (–1.29 to
–1.01)

2005-
2009

<.001–2.65 (–2.80 to –2.51)2008-
2011

Qinghai

<.001–2.53 (–2.62 to
–2.43)

2012-
2017

.003–0.46 (–0.72 to
–0.20)

2009-
2012

<.001–2.07 (–2.08 to –2.05)2011-
2017

Qinghai

.89–0.02 (–0.35 to
0.31)

2017-
2019

<.001–0.16 (–0.20 to
–0.12)

2012-
2019

.45–0.13 (–0.50 to 0.24)2017-
2019

Qinghai

<.001–4.37 (–4.51 to
–4.24)

2000-
2004

<.001–0.69 (–0.72 to
–0.66)

2000-
2005

<.001–4.35 (–4.50 to –4.20)2000-
2003

Shaanxi

<.001–3.75 (–3.85 to
–3.65)

2004-
2010

<.001–0.95 (–1.00 to
–0.90)

2005-
2010

<.001–2.91 (–3.18 to –2.64)2003-
2006

Shaanxi

<.001–2.00 (–2.08 to
–1.92)

2010-
2017

<.001–0.27 (–0.29 to
–0.24)

2010-
2017

<.001–1.67 (–1.70 to –1.64)2006-
2017

Shaanxi

.740.10 (–0.54 to
0.74)

2017-
2019

.660.04 (–0.18 to
0.27)

2017-
2019

.93–0.04 (–1.02 to 0.95)2017-
2019

Shaanxi

aAPC: annual percentage change.
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Table 4. Annual percentage changes in child growth failure in children younger than 5 years in Shandong, Shanghai Shanxi, Sichuan, Tianjin, Xinjiang,
Xizang, Yunnan, Zhejiang, Hong Kong, and Macao provinces in China.

UnderweightWastingStuntingLocation

P valueAPC (95% CI)YearP valueAPC (95% CI)YearP valueAPCa (95% CI)Year

<.001–6.08 (–6.24 to
–5.92)

2000-
2004

<.001–1.54 (–1.60 to
–1.48)

2000-
2004

<.001–7.83 (–9.11 to –6.53)2000-
2004

Shandong

<.001–2.70 (–3.33 to
–2.08)

2004-
2007

<.001–0.96 (–1.15 to
–0.77)

2004-
2007

<.001–5.33 (–6.96 to –3.67)2004-
2008

Shandong

<.001–1.29 (–1.35 to
–1.22)

2007-
2017

<.001–0.56 (–0.76 to
–0.35)

2007-
2010

<.001–2.13 (–2.19 to –2.06)2008-
2017

Shandong

.90–0.07 (–1.20 to
1.08)

2017-
2019

<.001–0.11 (–0.13 to
–0.09)

2010-
2019

.85–0.30 (–3.65 to 3.18)2017-
2019

Shandong

<.001–4.51 (–4.79 to
–4.22)

2000-
2004

<.001–0.57 (–0.60 to
–0.55)

2000-
2005

<.001–5.58 (–7.20 to –3.93)2000-
2002

Shanghai

.87–0.08 (–1.16 to
1.01)

2004-
2007

<.001–0.67 (–0.74 to
–0.59)

2005-
2009

.01–2.99 (–5.11 to –0.82)2002-
2005

Shanghai

.040.17 (0.01 to 0.32)2007-
2015

.16–0.02 (–0.06 to
0.01)

2009-
2015

<.0011.52 (1.18 to 1.86)2005-
2017

Shanghai

<.001–1.07 (–1.50 to
–0.63)

2015-
2019

<.001–0.11 (–0.16 to
–0.07)

2015-
2019

.045–0.27 (–0.53 to –0.01)2017-
2019

Shanghai

<.001–4.23 (–4.46 to
–4.00)

2000-
2003

<.001–0.66 (–0.69 to
–0.63)

2000-
2005

<.001–4.10 (–4.31 to –3.89)2000-
2002

Shanxi

<.001–3.50 (–3.60 to
–3.41)

2003-
2010

<.001–1.00 (–1.09 to
–0.91)

2005-
2009

<.001–2.77 (–3.32 to –2.21)2002-
2005

Shanxi

<.001–1.90 (–2.00 to
–1.81)

2010-
2017

.004–0.28 (–0.44 to
–0.11)

2009-
2012

<.001–1.72 (–1.76 to –1.68)2005-
2011

Shanxi

.390.34 (–0.51 to
1.19)

2017-
2019

.02–0.03 (–0.06 to
0.00)

2012-
2019

.700.25 (–1.17 to 1.69)2011-
2019

Shanxi

<.001–7.35 (–7.48 to
–7.21)

2000-
2005

<.001–1.01 (–1.03 to
–1.00)

2000-
2009

<.001–6.16 (–7.23 to –5.07)2000-
2004

Sichuan

<.001–8.53 (–8.74 to
–8.32)

2005-
2010

.004–0.40 (–0.62 to
–0.17)

2009-
2012

<.001–6.92 (–7.08 to –6.75)2004-
2007

Sichuan

<.001–3.27 (–3.49 to
–3.05)

2010-
2016

<.001–0.21 (–0.27 to
–0.15)

2012-
2017

<.001–3.87 (–4.50 to –3.25)2007-
2017

Sichuan

.04–0.66 (–1.26 to
–0.06)

2016-
2019

.91–0.02 (–0.31 to
0.28)

2017-
2019

<.001–1.41 (–1.96 to –0.85)2017-
2019

Sichuan

<.001–5.31 (–5.45 to
–5.18)

2000-
2004

<.001–0.71 (–0.74 to
–0.69)

2000-
2006

<.001–5.66 (–5.83 to –5.49)2000-
2002

Tianjin

<.001–2.31 (–2.55 to
–2.08)

2004-
2008

<.001–0.77 (–1.01 to
–0.54)

2006-
2009

<.001–1.19 (–1.68 to –0.70)2002-
2010

Tianjin

<.001–0.90 (–0.96 to
–0.84)

2008-
2017

.02–0.27 (–0.48 to
–0.06)

2009-
2012

.08–0.23 (–0.50 to 0.03)2010-
2015

Tianjin

.88–0.06 (–0.89 to
0.78)

2017-
2019

<.001–0.11 (–0.14 to
–0.07)

2012-
2019

<.001–0.59 (–0.67 to –0.50)2015-
2019

Tianjin

<.001–3.74 (–3.78 to
–3.71)

2000-
2010

<.001–0.68 (–0.73 to
–0.63)

2000-
2005

<.001–3.54 (–3.70 to –3.38)2000-
2004

Xinjiang

<.001–1.58 (–1.83 to
–1.32)

2010-
2014

<.001–1.15 (–1.28 to
–1.01)

2005-
2009

<.001–2.44 (–2.65 to –2.23)2004-
2007

Xinjiang

<.001–2.24 (–2.76 to
–1.71)

2014-
2017

.02–0.31 (–0.56 to
–0.07)

2009-
2012

<.001–1.43 (–1.51 to –1.34)2007-
2011

Xinjiang

.75–0.09 (–0.71 to
0.53)

2017-
2019

<.001–0.15 (–0.18 to
–0.11)

2012-
2019

.27–0.52 (–1.52 to 0.49)2011-
2019

Xinjiang
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UnderweightWastingStuntingLocation

P valueAPC (95% CI)YearP valueAPC (95% CI)YearP valueAPCa (95% CI)Year

<.001–2.60 (–2.67 to
–2.53)

2000-
2005

<.001–0.36 (–0.41 to
–0.32)

2000-
2005

<.001–2.11 (–2.23 to –1.99)2000-
2004

Xizang

<.001–1.67 (–1.72 to
–1.63)

2005-
2014

<.001–0.89 (–0.99 to
–0.80)

2005-
2009

<.001–0.72 (–0.77 to –0.67)2004-
2009

Xizang

<.001–2.10 (–2.60 to
–1.61)

2014-
2017

.005–0.32 (–0.51 to
–0.12)

2009-
2012

<.001–1.55 (–1.82 to –1.28)2009-
2017

Xizang

.63–0.13 (–0.70 to
0.45)

2017-
2019

<.001–0.12 (–0.15 to
–0.09)

2012-
2019

.70–0.13 (–0.87 to 0.61)2017-
2019

Xizang

<.001–6.62 (–6.79 to
–6.45)

2000-
2004

<.001–0.81 (–0.83 to
–0.79)

2000-
2005

<.001–5.06 (–5.19 to –4.93)2000-
2004

Yunnan

<.001–7.62 (–7.75 to
–7.49)

2004-
2010

<.001–1.12 (–1.15 to
–1.09)

2005-
2010

<.001–6.02 (–6.11 to –5.92)2004-
2013

Yunnan

<.001–3.37 (–3.49 to
–3.25)

2010-
2017

<.001–0.34 (–0.36 to
–0.32)

2010-
2017

<.001–3.26 (–3.34 to –3.19)2013-
2017

Yunnan

.630.23 (–0.79 to
1.26)

2017-
2019

.74–0.03 (–0.19 to
0.14)

2017-
2019

.710.17 (–0.82 to 1.17)2017-
2019

Yunnan

<.001–7.90 (–8.25 to
–7.56)

2000-
2004

<.001–0.86 (–0.89 to
–0.84)

2000-
2005

<.001–7.83 (–8.16 to –7.49)2000-
2004

Zhejiang

<.001–5.98 (–6.35 to
–5.61)

2004-
2009

<.001–0.91 (–0.97 to
–0.84)

2005-
2009

<.001–5.71 (–6.19 to –5.22)2004-
2010

Zhejiang

<.001–2.29 (–2.89 to
–1.68)

2009-
2013

.37–0.05 (–0.18 to
0.08)

2009-
2012

<.001–2.70 (–3.02 to –2.38)2010-
2017

Zhejiang

<.001–1.03 (–1.31 to
–0.75)

2013-
2019

.040.02 (0.00 to 0.04)2012-
2019

<.001–1.14 (–1.55 to –0.73)2017-
2019

Zhejiang

<.001–0.79 (–0.84 to
–0.74)

2000-
2005

<.0011.91 (1.75 to 2.07)2000-
2007

<.001–0.22 (–0.26 to –0.18)2000-
2004

Hong Kong

<.001–1.21 (–1.24 to
–1.18)

2005-
2013

.140.50 (–0.21 to
1.22)

2007-
2011

<.001–1.09 (–1.16 to –1.02)2004-
2009

Hong Kong

<.001–1.04 (–1.15 to
–0.93)

2013-
2017

<.001–2.47 (–2.70 to
–2.25)

2011-
2017

<.001–2.27 (–2.31 to –2.23)2009-
2014

Hong Kong

.860.03 (–0.33 to
0.39)

2017-
2019

.52–0.61 (–2.62 to
1.45)

2017-
2019

.51–0.17 (–0.73 to 0.39)2014-
2019

Hong Kong

<.001–2.11 (–2.15 to
–2.06)

2000-
2005

<.0010.70 (0.63 to 0.78)2000-
2005

<.001–3.14 (–3.24 to –3.05)2000-
2006

Macao

<.001–0.98 (–1.04 to
–0.93)

2005-
2010

<.001–0.22 (–0.31 to
–0.13)

2005-
2010

<.001–0.11 (–0.15 to –0.08)2006-
2011

Macao

<.001–1.39 (–1.43 to
–1.34)

2010-
2016

<.001–0.85 (–0.90 to
–0.79)

2010-
2017

<.001–0.92 (–0.96 to –0.88)2011-
2017

Macao

.003–0.26 (–0.41 to
–0.11)

2016-
2019

.910.03 (–0.55 to
0.61)

2017-
2019

.650.13 (–0.49 to 0.76)2017-
2019

Macao

aAPC: annual percentage change.

Trend of Wasting Prevalence in 2000 and 2019 in
Children Younger Than 5 Years
Childhood wasting was less widespread than stunting, affecting
4% (3%-5%) of children younger than 5 years in China in 2000
and 3% (1%-8%) by 2019 (Multimedia Appendix 1). In 2019,
the prevalence was similar between boys and girls (Multimedia
Appendix 2). Among the 33 provinces, the wasting prevalence
was the highest in Guangxi (5%) (Figure 1C; Multimedia
Appendix 1).

From 2000 to 2019, there was a slow downward trend (AAPC
–0.57%, 95% CI –0.59% to –0.55%; P<.001) in the wasting
prevalence, which was smoother compared to the stunting
prevalence in China (Multimedia Appendix 1). The analysis
showed that the greatest increase occurred in 2004-2010 (APC
–0.92%, 95% CI –0.94% to –0.90%; P<.001), and from 2010
to 2019, there was a steady trend in China as a whole and in
most provinces (Tables 1-4; Figure 2B; Multimedia Appendix
3). At the provincial level, the trends of wasting prevalence
varied significantly across the 33 provinces (Figure 1D;
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Multimedia Appendix 1), with the highest AAPC in Jilin (AAPC
–0.72%, 95% UI –0.74% to –0.70%; P<.001) and the lowest
AAPC in Macao (AAPC –0.05%, 95% UI –0.29% to 0.19%;
P=.67). There were various directions in the trends of wasting
in children younger than 5 years by province (Tables 1-4).
Among the provinces, 25 showed significant downward trends
of wasting in children younger than 5 years at all joinpoints,
while the other 8 did not, and 3 provinces (Jiangxi, Shanxi, and
Macao) showed a gradual increase since 2017, while 2 (Anhui
and Gansu) remained stable since 2017 (Tables 1-4). There was
a noticeable increase in the wasting prevalence from 2000 to
2004 in the Hong Kong province (APC 1.91%, 95% UI
1.75%-2.07%; P<.001), with an upward trend in the 11 years
spanning from 2000 to 2011 (Table 4). At the municipal level,
the wasting prevalence in 90.0% (n=326) of units showed
downward trends (Multimedia Appendix 4), and the 3 with the
highest AAPC were Chengde (AAPC –2.18%; P=.01),
Zhangjiakou (AAPC –2.11%; P=.06), and Baicheng (AAPC
–1.89%; P<.001). Three units with the most significant upward
trends were Jixi (AAPC 0.95%; P=.07), Yanbian Korean
Autonomous Prefecture (AAPC 0.90%; P=.02), and
Shuangyashan (AAPC 0.86%; P=.03), while those with stable
trends were Jilin (AAPC 0.00%; P=.99) and Wong Tai Sin of
Hong Kong province (AAPC 0.00%; P=.99).

The prevalence was the highest among early neonatal infants
in both 2000 and 2019 (16% and 11%, respectively) (Multimedia
Appendix 5). From 2000 to 2019, the wasting prevalence
declined in all age groups of children (Multimedia Appendix
5), and the prevalence was similar between boys and girls
(Multimedia Appendix 6). The largest decline (AAPC –1.95%;
P<.001) occurred in the early neonatal period. The trends of
wasting prevalence were similar in the late and postneonatal
periods, as well as in children aged 1 to 4 years and those aged
younger than 5 years (Multimedia Appendix 5).

Trend of Underweight Prevalence in 2000 and 2019 in
Children Younger Than 5 Years
During the same period, the estimated underweight prevalence
in children younger than 5 years decreased by 42.9% from 7%
(6%-9%) in 2000 to 4% (2%-9%) in 2019 (Multimedia
Appendix 1). The 3 provinces with the highest prevalence were
Xizang (9%), Guizhou (9%), and Guangxi (8%) (Figure 1E;
Multimedia Appendix 1). The prevalence was similar between
boys and girls in 2019 (Multimedia Appendix 2).

From 2000 to 2019, the underweight prevalence in China
demonstrated a significant downward trend (AAPC –2.95%,
95% CI –3.02% to –2.87%; P<.001) (Multimedia Appendix 1).
JPR analysis showed that the most substantial changes occurred
in 2000-2005 (APC –4.52%, 95% CI –4.58% to –4.46%;
P<.001) in China. The trend decreased steadily from 2005 to
2017 and remained stable after 2017 (Tables 1-4; Figure 2C;
Multimedia Appendix 3). At the provincial level, the trends of
underweight prevalence varied significantly across the 33
provinces (Figure 1F; Multimedia Appendix 1), with the highest
AAPC in Sichuan (AAPC –5.36%, 95% UI –5.47% to –5.25%;
P<.001) and the lowest AAPC in Hong Kong (AAPC –0.93%,

95% UI –0.98% to 0.89%; P<.001). There were various
directions in the trends of underweight in children younger than
5 years by province (Tables 1-4). Most provinces showed
significant downward trends of underweight in children younger
than 5 years before 2010, and then, the downward trend slowed
down (Tables 1-4). At the municipal level, the underweight
prevalence in 95.9% (n=347) of units showed downward trends
(Multimedia Appendix 4), and the 3 units with the highest
AAPC were Kunming (AAPC –7.87%; P<.001), Qujing (AAPC
–7.97%; P<.001), and Zhaotong (AAPC –8.69%; P<.001),
which are all in Yunnan province. Three units with the most
significant upward trends were Yanbian Korean Autonomous
Prefecture (AAPC 1.28%; P=.003), Turfan (AAPC 0.98%;
P=.63), and Changji Hui Autonomous Prefecture (AAPC 0.93%;
P=.57).

The prevalence was the highest among early neonatal infants
in both 2000 and 2019 (15% and 9%, respectively) (Multimedia
Appendix 5). From 2000 to 2019, the underweight prevalence
declined in all age groups of children (Multimedia Appendix
5), which was similar between boys and girls (Multimedia
Appendix 6). The largest decline (AAPC –3.03%; P<.001)
occurred in children aged 1 to 4 years. The downward trend in
prevalence was the lowest among early neonatal infants (AAPC
–2.36%; P<.001; Multimedia Appendix 5). The trends of
underweight prevalence were similar in the late and postneonatal
periods, as well as in children aged 1 to 4 years and those aged
younger than 5 years (Multimedia Appendix 5).

Prospects for Reaching 2030 Targets in Children
Younger Than 5 Years
It was estimated that the stunting prevalence in children younger
than 5 years would decrease to 11.1% (boys: 11.7%, girls:
10.5%) by 2030 (Table 5; Figure 3A). China will achieve the
WHO GNT (50% reduction in the number of children with
stunting from the baseline in 2012) of 13.5% for stunting (Figure
3A). In fact, China had achieved the target by 2010 (Table 5)
at the national level. Although China will achieve the WHO
GNT for stunting, it will not meet the target (<5%) of the China
National Program for Child Development (2021-2030) based
on current trajectories. At the provincial level, 82% of provinces
(27/33) will achieve the WHO GNT, and only 9% (3/33;
Ningxia, Zhejiang, and Hong Kong) will meet the target (<5%)
of the China National Program for Child Development
(2021-2030) (Multimedia Appendix 7). The variation of
temporary trends according to sex was similar (Table 5; Figure
3). The wasting prevalence is estimated to decrease to 3.2%
(boys: 3.2%, girls: 3.2%) in 2030. China might not nationally
meet the WHO GNT for wasting (<3%) by 2030 (Table 5;
Figure 3B). At the provincial level, 36% of provinces (12/33)
will achieve the WHO GNT for wasting (Multimedia Appendix
7). The underweight prevalence will decrease to 4.1% (boys:
4.4%, girls: 3.6%) in 2030 (Figure 3C). Only 33% (11/33) of
provinces will meet the WHO GNTs for both stunting and
wasting by 2030. The stunting prevalence in all age groups had
achieved the 2030 WHO target in 2019. In contrast, the wasting
prevalence in all age groups has not achieved the WHO target.
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Table 5. Projections of child growth failure in children younger than 5 years in China by 2025 and 2030.

Underweight, %Wasting, %Stunting, %Year

BothFemaleMaleBothFemaleMaleBothFemaleMale

4.13.74.43.23.23.111.410.911.82025

4.13.64.43.23.23.211.110.511.72030

Figure 3. Trends and predictions of child growth failure in children younger than 5 years in China from 2000 to 2030. (A) Stunting trends and predictions;
(B) Wasting trends and predictions; (C) Underweight trends and predictions.

Discussion

Principal Findings
In this study, the prevalences of stunting, wasting, and
underweight decreased by 36.9%, 25.0%, and 42.9%,
respectively. In addition, the prevalence of CGF showed
downward trends from 2000 to 2019 in China as a whole, in all
33 provinces, and in the vast majority of cities, which is in
concordance with a previous study based on 2 national surveys
between 2002 and 2013 [21].

The explanation for the observed downward trends is likely
complex. The crude exclusive breastfeeding rate under 6 months
was 20.7% in 2013 [22]. A survey report on the influencing
factors of breastfeeding in China showed that in 2019, the
exclusive breastfeeding rate under 6 months was 29.2% [23].
A number of national programs promoted healthful food choices
and increased support for families and communities. For

example, a series of the China National Program for Child
Development (2001-2010, 2011-2020, and 2021-2030) whose
implementation would provide important guarantees for the
realization of children’s rights to survival, development,
protection, and participation [24]. The 2000 Dietary Guidelines
for Chinese helped the people make beneficial and healthy
dietary choices and behavioral changes [25]. Steady progress
is seen on mother’s education, the nutrition of women before
and during pregnancy, the development of the economy, levels
of exclusive breastfeeding, and the implementation of the policy,
which are likely to have contributed to these changes [26-29].
Therefore, providing in-depth analysis of the major drivers
behind these concerning trends and evidence-based policy
recommendations to address them is important.

The downward trend slowed down during the assessment period.
Most provinces had stagnated processes of trends after 2017.
The signs of increasing hunger globally that first began to appear
since 2017 may have led to the trends of CGF in this study. In
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2017, China had a relatively low prevalence of national CGF
in Asia [5]. Therefore, it is understandable that the downward
trend has slowed down.

In first administrative-level units, most provinces reduced
disparities between their highest- and lowest-prevalence units
between 2000 and 2019. A possible explanation for this might
be that health plans (“pilot project to improve children’s
nutrition in poor areas”) have been released by the government
to reduce the gap between provinces [30]. To improve the health
level of children in impoverished areas, the central government
has specially arranged subsidy funds for the children’s nutrition
improvement project, providing Yingyangbao (YYB;
complementary food supplement) with protein, vitamins, and
minerals for infants and young children aged 6 to 23 months in
concentrated and contiguous poor areas every day [31].
Although most provinces successfully reduced the prevalence
of CGF, there remain areas with slow progress. In second
administrative-level units, the declines were still uneven. The
further reduction of inequality will require targeted strategies
to lessen CGF in each province and will need further and much
more detailed analysis.

Findings Among Age Groups
The age group with the highest stunting prevalence was children
aged 1 to 4 years, and the highest prevalence of wasting and
underweight was noted in early neonatal infants. The prevalence
of stunting and underweight declined significantly in all age
groups of children from 2000 to 2019. The largest decline in
the wasting prevalence occurred in early neonatal infants, and
the downward trend among late and postneonatal infants was
relatively low. A recent study showed that early postnatal
stunting predisposed children to subsequent and persistent
stunting [32]. Children who were wasted before the age of 6
months had faster recovery and shorter episodes than did
children who were wasted at older ages. The findings of these
studies suggest that the period from the prenatal stage to 6
months should be the focus of preventive wasting interventions
[33,34]. Thus, early intervention is important. A guideline for
healthy nurturing and care of infants and young children younger
than 3 years was released in 2022, which targeted children
younger than 3 years. Targeted strategies are needed to reduce

CGF in children younger than 1 year, and more attention should
be paid to late and postneonatal infants.

Public Health Implications
According to the predictions in this study, China has achieved
the goal regarding stunting prevalence. However, the goal
regarding wasting prevalence has not been achieved. A national
assessment of the patterns of CGF may help policymakers to
develop appropriate prevention and management strategies.

Limitations
This study has some limitations. The analysis heavily depended
on data from LBD. There were differences between the data
estimated through complex modeling in this study and in earlier
studies [15]. In addition, the data were gathered before the
popularity of COVID-19. Owing to the potential impacts of the
pandemic, predictions based on prepandemic data may be
affected. A study showed that the relatively high stunting rate
in children younger than 3 years in 2021 may be associated with
the influence of COVID-19 [35]. In the future, the data based
on China after the pandemic should be modeled.

Conclusions
Over the past 20 years, the prevalence of CGF has gradually
decreased. The downward trend has slowed down, and there
remain areas with slow progress. The findings of this
cross-sectional study suggest that although widespread declines
in CGF have occurred in China, local underachievement and
stagnated processes of trends after 2017 are still present. China
has nationally met the WHO GNTs for stunting but not for
wasting. Furthermore, early interventions for children are
crucial.

These findings can be used by governments at the subnational
level to identify major problems of CGF and facilitate priority
setting. The findings can help to evaluate the effectiveness of
national and provincial public health policies and intervention
programs in the same period based on the investigation of trends
at the provincial level in China in the past 2 decades. Although
densely populated areas may have relatively low prevalence of
CGF, the absolute number of affected children may still be high;
thus, both relative and absolute estimates are important to
determine where additional attention is needed.

Acknowledgments
We thank all the local burden of disease child growth failure collaborators for their great efforts. We thank Dr Yafeng Wang for
providing statistical methodology consultation. This work was supported in part by grant BJ2023081 from the Top Talent Support
Program for young and middle-aged people of Wuxi Health Committee.

Data Availability
The full output of the analyses and the underlying data used in the analyses are publicly available via the Global Health Data
Exchange [17]. To download the data used in these analyses, please visit the Institute for Health Metrics and Evaluation customized
online data visualization tools [36]. Only publicly available data were used in this study. The datasets generated or analyzed
during this study are available from the corresponding author upon reasonable request.

Authors' Contributions
Z Zhang, SL, and Z Zhai contributed equally as the first authors of this manuscript. HZ was responsible for the conception and
design of this study. Z Zhang and YZ were responsible for the acquisition, analysis, and interpretation of data. Z Zhang and SL

JMIR Public Health Surveill 2024 | vol. 10 | e58564 | p. 14https://publichealth.jmir.org/2024/1/e58564
(page number not for citation purposes)

Zhang et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


wrote the first draft, interpreted the data, and wrote the final version of the manuscript. HZ was responsible for critical revision
of the manuscript for important intellectual content. TQ, YZ, and Z Zhai contributed to statistical analysis. All authors critically
revised the manuscript for important intellectual content and approved the final version of the manuscript. The authors have read
and approved the final manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Prevalence and trends of child growth failure in children younger than 5 years in China from 2000 to 2019.
[DOCX File , 26 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Prevalence and trends of child growth failure according to sex in children younger than 5 years in China from 2000 to 2019.
[DOCX File , 59 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Prevalence and trends of child growth failure in children younger than 5 years in 362 municipal-level administrative divisions of
China from 2000 to 2019.
[DOCX File , 340 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Prevalence and trends of child growth failure in boys and girls younger than 5 years in China from 2000 to 2019.
[DOCX File , 40 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Prevalence and trends of child growth failure in 5 age groups in China from 2000 to 2019.
[DOCX File , 50 KB-Multimedia Appendix 5]

Multimedia Appendix 6
Prevalence and trends of child growth failure in 5 age groups by sex in China from 2000 to 2019.
[DOCX File , 76 KB-Multimedia Appendix 6]

Multimedia Appendix 7
Projections of stunting and wasting by 2025 and 2030.
[DOCX File , 16 KB-Multimedia Appendix 7]

References

1. Bhutta ZA, Berkley JA, Bandsma RHJ, Kerac M, Trehan I, Briend A. Severe childhood malnutrition. Nat Rev Dis Primers.
Sep 21, 2017;3:17067. [FREE Full text] [doi: 10.1038/nrdp.2017.67] [Medline: 28933421]

2. de Onis M, Branca F. Childhood stunting: a global perspective. Matern Child Nutr. May 2016;12 Suppl 1(Suppl 1):12-26.
[FREE Full text] [doi: 10.1111/mcn.12231] [Medline: 27187907]

3. Wells JC, Sawaya AL, Wibaek R, Mwangome M, Poullas MS, Yajnik CS, et al. The double burden of malnutrition:
aetiological pathways and consequences for health. Lancet. Jan 04, 2020;395(10217):75-88. [FREE Full text] [doi:
10.1016/S0140-6736(19)32472-9] [Medline: 31852605]

4. Pizzol D, Tudor F, Racalbuto V, Bertoldo A, Veronese N, Smith L. Systematic review and meta-analysis found that
malnutrition was associated with poor cognitive development. Acta Paediatr. Oct 2021;110(10):2704-2710. [doi:
10.1111/apa.15964] [Medline: 34077582]

5. Local Burden of Disease Child Growth Failure Collaborators. Mapping child growth failure across low- and middle-income
countries. Nature. Jan 8, 2020;577(7789):231-234. [FREE Full text] [doi: 10.1038/s41586-019-1878-8] [Medline: 31915393]

6. Victora CG, Christian P, Vidaletti LP, Gatica-Domínguez G, Menon P, Black RE. Revisiting maternal and child undernutrition
in low-income and middle-income countries: variable progress towards an unfinished agenda. Lancet. Apr 10,
2021;397(10282):1388-1399. [FREE Full text] [doi: 10.1016/S0140-6736(21)00394-9] [Medline: 33691094]

JMIR Public Health Surveill 2024 | vol. 10 | e58564 | p. 15https://publichealth.jmir.org/2024/1/e58564
(page number not for citation purposes)

Zhang et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=publichealth_v10i1e58564_app1.docx&filename=3abbcdac5936f6162dcc6f1495db7520.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e58564_app1.docx&filename=3abbcdac5936f6162dcc6f1495db7520.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e58564_app2.docx&filename=0bef4abcfc7a1ee7e9a42002a77583e0.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e58564_app2.docx&filename=0bef4abcfc7a1ee7e9a42002a77583e0.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e58564_app3.docx&filename=b033b7dbdcbe882955d63c485bae8fa7.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e58564_app3.docx&filename=b033b7dbdcbe882955d63c485bae8fa7.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e58564_app4.docx&filename=d651d1d1d83e1154d8a564e39b98effa.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e58564_app4.docx&filename=d651d1d1d83e1154d8a564e39b98effa.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e58564_app5.docx&filename=3626f9dbd201a5f909b2b895d85ccca3.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e58564_app5.docx&filename=3626f9dbd201a5f909b2b895d85ccca3.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e58564_app6.docx&filename=8e635db92aebc2ef40e94e5e348671f9.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e58564_app6.docx&filename=8e635db92aebc2ef40e94e5e348671f9.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e58564_app7.docx&filename=4d0e71d1b05f4d793654b68defd78be0.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e58564_app7.docx&filename=4d0e71d1b05f4d793654b68defd78be0.docx
https://europepmc.org/abstract/MED/28933421
http://dx.doi.org/10.1038/nrdp.2017.67
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28933421&dopt=Abstract
https://europepmc.org/abstract/MED/27187907
http://dx.doi.org/10.1111/mcn.12231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27187907&dopt=Abstract
https://europepmc.org/abstract/MED/31852605
http://dx.doi.org/10.1016/S0140-6736(19)32472-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31852605&dopt=Abstract
http://dx.doi.org/10.1111/apa.15964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34077582&dopt=Abstract
https://europepmc.org/abstract/MED/31915393
http://dx.doi.org/10.1038/s41586-019-1878-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31915393&dopt=Abstract
https://europepmc.org/abstract/MED/33691094
http://dx.doi.org/10.1016/S0140-6736(21)00394-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33691094&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. GBD 2021 Risk Factors Collaborators. Global burden and strength of evidence for 88 risk factors in 204 countries and 811
subnational locations, 1990-2021: a systematic analysis for the Global Burden of Disease Study 2021. Lancet. May 18,
2024;403(10440):2162-2203. [FREE Full text] [doi: 10.1016/S0140-6736(24)00933-4] [Medline: 38762324]

8. FAO, IFAD, UNICEF, WFP, WHO. Urbanization, agrifood systems transformation and healthy diets across the rural–urban
continuum. In: The State of Food Security and Nutrition in the World 2023. Rome. FAO; 2023:316.

9. Fitzgerald R, Manguerra H, Arndt MB, Gardner WM, Chang Y, Zigler B, et al. Current dichotomous metrics obscure trends
in severe and extreme child growth failure. Science advances. May 20, 2022;8(20):eabm8954. [FREE Full text] [doi:
10.1126/sciadv.abm8954] [Medline: 35594349]

10. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M, et al. MaternalChild Nutrition Study Group. Maternal
and child undernutrition and overweight in low-income and middle-income countries. Lancet. Jun 6, 2013;382(9890):427-451.
[doi: 10.1016/S0140-6736(13)60937-X] [Medline: 23746772]

11. Black MM, Trude ACB, Lutter CK. All children thrive: integration of nutrition and early childhood development. Annual
review of nutrition. Sep 23, 2020;40:375-406. [doi: 10.1146/annurev-nutr-120219-023757] [Medline: 32966185]

12. United Nations Decade of Action on Nutrition (2016–2025). World Health Organization. Dec 19, 2022. URL: https://apps.
who.int/gb/ebwha/pdf_files/EB152/B152_24-en.pdf [accessed 2024-09-12]

13. Yang B, Huang X, Liu Q, Tang S, Story M, Chen Y, et al. Child nutrition trends over the past two decades and challenges
for achieving nutrition SDGs and national targets in China. Int J Environ Res Public Health. Feb 11, 2020;17(4):1129.
[FREE Full text] [doi: 10.3390/ijerph17041129] [Medline: 32053904]

14. Gan Y, Guo C. A review on current situation, influencing factors and intervention strategies of malnutrition among 0-5
children in China. Chin J Women Children Health. Jul 20, 2015;06(04):99-103. [FREE Full text] [doi:
10.19757/j.cnki.issn1674-7763]

15. Liu JM. Analysis of the malnutrition status of children in China. Jiangsu Soc Sci. Jan 10, 2019:59-68. [doi:
10.13858/j.cnki.cn32-1312/c.2019.01.008]

16. Osgood-Zimmerman A, Millear AI, Stubbs RW, Shields C, Pickering BV, Earl L, et al. Mapping child growth failure in
Africa between 2000 and 2015. Nature. Feb 28, 2018;555(7694):41-47. [FREE Full text] [doi: 10.1038/nature25760]
[Medline: 29493591]

17. Global Health Data Exchange. URL: https://ghdx.healthdata.org/ [accessed 2024-09-12]
18. WHO Multicentre Growth Reference Study Group. WHO Child Growth Standards based on length/height, weight and age.

Acta paediatrica. Apr 1, 2006;450:76-85. [doi: 10.1111/j.1651-2227.2006.tb02378.x] [Medline: 16817681]
19. Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint regression with applications to cancer rates. Stat

Med. Feb 15, 2000;19(3):335-351. [doi: 10.1002/(sici)1097-0258(20000215)19:3<335::aid-sim336>3.0.co;2-z] [Medline:
10649300]

20. Stevens GA, Alkema L, Black RE, Boerma JT, Collins GS, Ezzati M, et al. Guidelines for accurate and transparent health
estimates reporting: the GATHER statement. Lancet. Dec 10, 2016;388(10062):e19-e23. [doi:
10.1016/S0140-6736(16)30388-9] [Medline: 27371184]

21. Yu DM, Zhao LY, Yang ZY, Chang SY, Yu WT, Fang HY, et al. Comparison of undernutrition prevalence of children
under 5 years in China between 2002 and 2013. Biomed Environ Sci. Mar 2016;29(3):165-176. [doi: 10.3967/bes2016.021]
[Medline: 27109127]

22. Duan Y, Yang Z, Lai J, Yu D, Chang S, Pang X, et al. Exclusive breastfeeding rate and complementary feeding indicators
in China: a national representative survey in 2013. Nutrients. Feb 22, 2018;10(2):249. [FREE Full text] [doi:
10.3390/nu10020249] [Medline: 29470415]

23. A survey report on the influencing factors of breastfeeding in China. China Development Research Foundation. Feb 25,
2019. URL: https://www.cdrf.org.cn/jjhdt/4853.jhtml [accessed 2024-09-12]

24. Statistical Monitoring Report of China National Program for Child Development (2021-2030) in 2021. National Bureau
of Statistics of China. Apr 21, 2023. URL: https://www.stats.gov.cn/english/PressRelease/202305/t20230508_1939253.
html [accessed 2024-09-12]

25. Wei L, Dong X. A study on the development trends of children's policies in China: based on the content analysis of China
national program for child development from 1991 to 2020. Chin Youth Study. Mar 5, 2012:87-91. [doi:
10.19633/j.cnki.11-2579/d.2012.03.019]

26. Dong Y, Jan C, Ma Y, Dong B, Zou Z, Yang Y, et al. Economic development and the nutritional status of Chinese school-aged
children and adolescents from 1995 to 2014: an analysis of five successive national surveys. Lancet Diabetes Endocrinol.
Apr 2019;7(4):288-299. [doi: 10.1016/S2213-8587(19)30075-0] [Medline: 30902266]

27. Gakidou E, Cowling K, Lozano R, Murray CJL. Increased educational attainment and its effect on child mortality in 175
countries between 1970 and 2009: a systematic analysis. Lancet. Sep 18, 2010;376(9745):959-974. [doi:
10.1016/S0140-6736(10)61257-3] [Medline: 20851260]

28. Stamenkovic Z, Djikanovic B, Laaser U, Bjegovic-Mikanovic V. The role of mother's education in the nutritional status
of children in Serbia. Public health nutrition. Apr 18, 2016;19(15):2734-2742. [FREE Full text] [doi:
10.1017/S1368980016000768] [Medline: 27087502]

JMIR Public Health Surveill 2024 | vol. 10 | e58564 | p. 16https://publichealth.jmir.org/2024/1/e58564
(page number not for citation purposes)

Zhang et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://air.unimi.it/handle/2434/1062008
http://dx.doi.org/10.1016/S0140-6736(24)00933-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38762324&dopt=Abstract
https:///www.science.org/doi/10.1126/sciadv.abm8954?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1126/sciadv.abm8954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35594349&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(13)60937-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23746772&dopt=Abstract
http://dx.doi.org/10.1146/annurev-nutr-120219-023757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32966185&dopt=Abstract
https://apps.who.int/gb/ebwha/pdf_files/EB152/B152_24-en.pdf
https://apps.who.int/gb/ebwha/pdf_files/EB152/B152_24-en.pdf
https://www.mdpi.com/resolver?pii=ijerph17041129
http://dx.doi.org/10.3390/ijerph17041129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32053904&dopt=Abstract
http://cnki.kmlib.yn.cn/kcms/detail/detail.aspx?filename=YZWS201504033&dbcode=CJFD&dbname=CJFDTEMP
http://dx.doi.org/10.19757/j.cnki.issn1674-7763
http://dx.doi.org/10.13858/j.cnki.cn32-1312/c.2019.01.008
https://europepmc.org/abstract/MED/29493591
http://dx.doi.org/10.1038/nature25760
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29493591&dopt=Abstract
https://ghdx.healthdata.org/
http://dx.doi.org/10.1111/j.1651-2227.2006.tb02378.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16817681&dopt=Abstract
http://dx.doi.org/10.1002/(sici)1097-0258(20000215)19:3<335::aid-sim336>3.0.co;2-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10649300&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(16)30388-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27371184&dopt=Abstract
http://dx.doi.org/10.3967/bes2016.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27109127&dopt=Abstract
https://www.mdpi.com/resolver?pii=nu10020249
http://dx.doi.org/10.3390/nu10020249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29470415&dopt=Abstract
https://www.cdrf.org.cn/jjhdt/4853.jhtml
https://www.stats.gov.cn/english/PressRelease/202305/t20230508_1939253.html
https://www.stats.gov.cn/english/PressRelease/202305/t20230508_1939253.html
http://dx.doi.org/10.19633/j.cnki.11-2579/d.2012.03.019
http://dx.doi.org/10.1016/S2213-8587(19)30075-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30902266&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(10)61257-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20851260&dopt=Abstract
https://europepmc.org/abstract/MED/27087502
http://dx.doi.org/10.1017/S1368980016000768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27087502&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Jiang S, Sung J, Sawhney R, Cai J, Xu H, Ng SK, et al. The determinants of growth failure in children under five in 25
low- and middle-income countries. J Glob Health. Aug 04, 2023;13:04077. [FREE Full text] [doi: 10.7189/jogh.13.04077]
[Medline: 37539855]

30. Lei L, Yao H, Xie X, Zeng E, Yu Q, Deng Z, et al. Facilitated effect of "pilot project to improve children's nutrition in poor
areas" on growth and development of children under 5 years old in poor areas of Guangxi. Guangxi Med J. Mar 30,
2023;45(6):686-689. [FREE Full text] [doi: 10.11675/j.issn.0253-4304.2023.06.13]

31. Li H, Yuan S, Zheng J, Feng B, Xiao J, Wu F, et al. Association between Yingyangbao intervention and nutritional and
health status among infants and young children in poverty-stricken areas of Hunan province. Chin J Public Health. Nov 8,
2022;38(12):1560-1565. [FREE Full text] [doi: 10.11847/zgggws1137868]

32. Mertens A, Benjamin-Chung J, Colford JM, Coyle J, van der Laan MJ, Hubbard AE, et al. Causes and consequences of
child growth faltering in low-resource settings. Nature. Sep 2023;621(7979):568-576. [FREE Full text] [doi:
10.1038/s41586-023-06501-x] [Medline: 37704722]

33. Benjamin-Chung J, Mertens A, Colford JM, Hubbard AE, van der Laan MJ, Coyle J, et al. Early-childhood linear growth
faltering in low- and middle-income countries. Nature. Sep 2023;621(7979):550-557. [FREE Full text] [doi:
10.1038/s41586-023-06418-5] [Medline: 37704719]

34. Mertens A, Benjamin-Chung J, Colford JM, Hubbard AE, van der Laan MJ, Coyle J, et al. Child wasting and concurrent
stunting in low- and middle-income countries. Nature. Sep 2023;621(7979):558-567. [FREE Full text] [doi:
10.1038/s41586-023-06480-z] [Medline: 37704720]

35. Ma X, Yang X, Yin H, Wang Y, Tian Y, Long C, et al. Stunting among kindergarten children in China in the context of
COVID-19: A cross-sectional study. Front Pediatr. 2022;10:913722. [FREE Full text] [doi: 10.3389/fped.2022.913722]
[Medline: 35990001]

36. Double Burden of Malnutrition. Institute for Health Metrics and Evaluation (IHME). URL: https://vizhub.healthdata.org/
lbd/cgf# [accessed 2023-10-17]

Abbreviations
AAPC: average annual percentage change
APC: annual percentage change
CGF: child growth failure
GNT: Global Nutrition Target
HAZ: height/length-for-age z-score
IHME: Institute for Health Metrics and Evaluation
JPR: joinpoint regression
LBD: local burden of disease
LMICs: low-income and lower middle–income countries
UI: uncertainty interval
WAZ: weight-for-age z-score
WHO: World Health Organization
WHZ: weight-for-height/length z-score

Edited by A Mavragani; submitted 19.03.24; peer-reviewed by S Pawar, NS Tibebu, R Khezri; comments to author 08.07.24; revised
version received 21.07.24; accepted 23.08.24; published 09.10.24

Please cite as:
Zhang Z, Li S, Zhai Z, Qiu T, Zhou Y, Zhang H
Temporal Trends in the Prevalence of Child Undernutrition in China From 2000 to 2019, With Projections of Prevalence in 2030:
Cross-Sectional Analysis
JMIR Public Health Surveill 2024;10:e58564
URL: https://publichealth.jmir.org/2024/1/e58564
doi: 10.2196/58564
PMID: 39382950

©Zeyu Zhang, Sijia Li, Zidan Zhai, Ting Qiu, Yu Zhou, Heng Zhang. Originally published in JMIR Public Health and Surveillance
(https://publichealth.jmir.org), 09.10.2024. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Public Health and Surveillance, is properly cited. The complete

JMIR Public Health Surveill 2024 | vol. 10 | e58564 | p. 17https://publichealth.jmir.org/2024/1/e58564
(page number not for citation purposes)

Zhang et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://europepmc.org/abstract/MED/37539855
http://dx.doi.org/10.7189/jogh.13.04077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37539855&dopt=Abstract
https://gxyxzz.gxmi.net/web/doc/13348
http://dx.doi.org/10.11675/j.issn.0253-4304.2023.06.13
https://www.zgggws.com/en/article/doi/10.11847/zgggws1137868
http://dx.doi.org/10.11847/zgggws1137868
https://europepmc.org/abstract/MED/37704722
http://dx.doi.org/10.1038/s41586-023-06501-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37704722&dopt=Abstract
https://europepmc.org/abstract/MED/37704719
http://dx.doi.org/10.1038/s41586-023-06418-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37704719&dopt=Abstract
https://europepmc.org/abstract/MED/37704720
http://dx.doi.org/10.1038/s41586-023-06480-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37704720&dopt=Abstract
https://europepmc.org/abstract/MED/35990001
http://dx.doi.org/10.3389/fped.2022.913722
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35990001&dopt=Abstract
https://vizhub.healthdata.org/lbd/cgf#
https://vizhub.healthdata.org/lbd/cgf#
https://publichealth.jmir.org/2024/1/e58564
http://dx.doi.org/10.2196/58564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39382950&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


bibliographic information, a link to the original publication on https://publichealth.jmir.org, as well as this copyright and license
information must be included.

JMIR Public Health Surveill 2024 | vol. 10 | e58564 | p. 18https://publichealth.jmir.org/2024/1/e58564
(page number not for citation purposes)

Zhang et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

