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Abstract

Background The normalization of overweight problems among young children
has undermined future population quality to some extent, posing significant
risks to the sustainable development of China’ s human health capital stock.

Objective To scientifically understand the spatiotemporal evolution patterns
and future trends of overweight rates among children under five years old in
China, and to implement precise intervention measures for controlling the devel-
opment of childhood overweight phenomena and improving regional government
governance effectiveness.

Methods Based on high-resolution 5km$x$5km grid data of overweight rates
among children under five years old in China from 2000 to 2019, this paper
respectively employed the Theil-Sen median, Mann-Kendall test, and Hurst ex-
ponent to characterize the spatiotemporal evolution patterns and development
trends of overweight rates among Chinese children under five on a per-pixel
basis.

Results The overweight rate among children under five showed a significant in-
crease in 60.59% of regions, with the proportion of increasing trends in central
and eastern regions being much higher than in the western region; 25.33% of
regions exhibited no significant change in overweight rate evolution trends, yet
spatially were scattered in patches across parts of various provinces, such as
the middle reaches of the Yangtze River urban agglomeration; 14.08% of re-
gions displayed a significant decreasing evolution trend, concentrated in parts
of Xinjiang, Qinghai, Sichuan, and Yunnan in western China, as well as lo-
cal areas of Tianjin and Shandong in eastern China. Additionally, according
to the Hurst exponent, 84.87% of the study area demonstrated persistent or
trend-strengthening patterns.
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Conclusion This study found that the overweight rate among children under
five in China exhibits obvious spatial differentiation characteristics and has
a synergistic “U-shaped” relationship with regional development overall,
linking together a multi-stage development overweight problem complex of
“stunting-overweight decline period” - “overweight phenomenon plateau period”
- “overnutrition-overweight rise period” . Aiming at the social problem of
childhood overweight derived from the coupling of multiple factors, the research
results provide scientific support and policy reference for the government to
formulate region-specific policies, construct a three-tier linked governance
network of “government policy regulation-social concept permeation-family
health management” , and scientifically and precisely solve childhood overweight
problems.
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Abstract

Background: The phenomenon of overweight among young children has, to
a certain extent, compromised future population quality and poses significant
risks to the sustainable development of China’ s human health capital stock.
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Objective: To scientifically understand the spatio-temporal evolution patterns
and future trends of overweight rates among children under five in China, en-
abling precise interventions to control the development of childhood overweight
and improve regional governance effectiveness.

Methods: Based on high-precision 5km$x$5km grid data on overweight preva-
lence among children under five in China from 2000-2019, this study employed
the Theil-Sen median, Mann-Kendall test, and Hurst index to characterize
spatio-temporal evolution patterns and development trends pixel by pixel.

Results: Significant increases in overweight rates among children under five
were observed in 60.59% of regions, with the proportion of increasing trends sub-
stantially higher in central and eastern China than in western regions. 25.33%
of regions showed non-significant changes in overweight rates, yet these were
spatially scattered in patchy distributions across various provinces, such as the
middle reaches of the Yangtze River urban agglomeration. 14.08% of regions ex-
hibited significantly decreasing trends, concentrated in parts of Xinjiang, Qing-
hai, Sichuan, and Yunnan in western China, as well as localized areas in Tianjin
and Shandong in eastern China. Additionally, according to the Hurst index,
84.87% of the study area demonstrated persistent or trend-enhancing patterns.

Conclusion: This study reveals significant spatial differentiation in overweight
rates among children under five in China, with a synergistic U-shaped associa-
tion with regional development overall, linking together a multi-stage problem
cluster of overweight across “declining stage of stunting-overweight,” “stabi-
lization stage,” and “rising stage of overweight from overnutrition.” Addressing
overweight in young children as a social problem derived from coupled mul-
tidimensional factors, our findings provide scientific support and policy refer-
ences for government formulation of region-specific policies, construction of a
three-level governance network of “government policy regulation—social concept
penetration—family health management,” and scientifically precise solutions to
childhood overweight.

Keywords: children under five; overweight; spatio-temporal evolution patterns;
trend analysis; health geography; China

Stunting, wasting, overweight, and underweight are commonly used to measure
the degree and patterns of individual nutritional intake. However, approxi-
mately half of all countries globally had made no progress in improving child
overweight by 2020, with the situation still deteriorating in many regions. Early
attention to overweight among young children may be an effective pathway to
mitigating future childhood overweight. Researchers worldwide have conducted
surveys on childhood overweight rates, finding that an overweight or obese child
at age 4.5 has a fivefold probability of developing obesity by age 12. Modifi-
able influencing factors such as diet and physical activity can be substantially
improved during early childhood. As a critical period for establishing healthy
dietary behavior patterns and maintaining healthy growth trajectories, children
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under five can be regarded as a strategic population for chronic disease preven-
tion.

Currently, countries including Iran, Brazil, India, Ethiopia, and China have
conducted national and regional surveys on overweight rates among children
under five and explored their determinants. Additionally, some scholars have
conducted trend studies on overweight rates among children under five in specific
regions. Although many are review studies based on existing literature, some
have performed trend analysis using long-term tracking data. Notably, a fifteen-
year empirical study in Peru found that urban overweight rates among children
under five experienced a long-term decline, gradually stabilizing after 2005.

China’ s overweight problem among children under five is particularly severe,
with affected children reaching 6.964 million—the highest in the world. Indonesia,
ranking second, has less than half this number. Furthermore, China accounted
for 16.8% of the global total of overweight children under five in 2012, a figure
that rose to 17.9% by 2020. Therefore, analyzing the development trends of
childhood overweight in China is necessary to provide theoretical guidance for
alleviating this burden. Some scholars have explored trends in overweight rates
among Chinese children under five between 1989-2014, with some literature fur-
ther highlighting distinct spatial differentiation characteristics underlying these
trends. However, existing research on the spatio-temporal diagnosis of childhood
overweight in China suffers from limitations including outdated time series, low
spatial precision, and insufficient attention to young children.

Based on these gaps, this study employs high-precision grid data on overweight
rates among children under five from the Institute for Health Metrics and Eval-
uation (IHME) to characterize spatio-temporal evolution patterns across China
from 2000-2019 pixel by pixel (the minimum raster unit). By capturing evolu-
tion characteristics, we predict future change directions, providing early warn-
ings and evidence-based support for local governments to scientifically govern
childhood overweight. This work holds important applied value and strate-
gic significance for controlling overweight phenomena among Chinese children
under five, reducing future national disease burden, and implementing precise
interventions to improve regional governance effectiveness.

1.1 Data Sources

The overweight rate among children under five is defined as the proportion of
children under five whose weight-for-height exceeds two standard deviations of
the WHO growth reference standard. China’ s data on overweight rates among
children under five were obtained from THME’ s global 5km$x$5km grid esti-
mation dataset covering 105 low- and middle-income countries. This dataset’ s
geographic estimates are based on 420 household surveys from sample countries.
The Chinese grid data estimations draw from four surveys: the China Family
Dynamics Survey 2016 from the China Population and Development Research
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Center; the China Health and Nutrition Survey 1989-2011 from the Carolina
Population Center at the University of North Carolina at Chapel Hill and the
National Institute for Nutrition and Health; the Secular Trends in Growth and
Nutritional Outcomes of Children under Five Years Old in Xiamen; and the
China National Nutrition Survey 2002 from the Health Statistics Information
Center of the Ministry of Health. The results essentially cover all provinces in
mainland China (data for Hong Kong, Macau, and Taiwan are missing due to
limitations in the original data). Detailed descriptions of the dataset’ s spatio-
temporal estimation process are available in previous literature and are not
reiterated here.

1.2.1 Multi-year Raster Mean

ArcGIS 10.4 was used to calculate multi-year means for each pixel across the
raster data series using the following formula:

Z2019

¢ = Zei=2000 T

, = £i=2000%
n

where z; represents the time series data of overweight rates among children
under five for the same pixel.

1.2.2 Theil-Sen Median

The Theil-Sen median method was applied to calculate trends in the overweight
prevalence grid for Chinese children under five. This robust non-parametric sta-
tistical method offers high computational efficiency and is insensitive to outliers
and measurement errors, having been previously applied in trend analysis of
long-term time series data in astronomy and hydrology. This study uses the
method to estimate overall trends in overweight rates among children under five
over the past 20 years, with the data unit being the minimum raster unit—the
pixel. A positive Theil-Sen median (§) generally indicates an increasing trend
in overweight rates, while a negative value suggests a decreasing trend. The
calculation process for § is as follows:

. T;— X L.
Bzmedmn( = ),V]>z

where z; and z; represent the time series data of overweight rates among children
under five for the same pixel.
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1.2.3 Mann-Kendall Test

The Mann-Kendall test serves as an important non-parametric test that does
not require specific sample distributions and is minimally disturbed by out-
liers, commonly used to validate Theil-Sen median results. In this study, the
Mann-Kendall test is employed as a critical technical pathway to determine
the significance of trend estimates from the previous step, enabling secondary
classification of varying degrees of increasing and decreasing trends.

The Mann-Kendall test statistic S is calculated as:

n—1 n
S = Z Z sgn(z; — ;)
i=1 j=it1
where
1 ifx>0
sgn(z) =40 ifx=0

-1 ifxz <0

The expected value of S is zero, with variance:

Mn—D@n+@—§$ﬂQ@f—D@g+®
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where p is the number of tied groups in the dataset and ¢; is the number of data
points in the j-th tied group. S approximately follows a normal distribution,
thus enabling the Z transformation:

18>0
Z=20 if S=0
St iS5 <0

1.2.4 Hurst Index

The Hurst index reflects temporal autocorrelation, particularly capturing hidden
long-term trends (long-term memory) within sequences. It describes characteris-
tics of biased random walks (fractional Brownian motion) and was first proposed
by hydrologist Hurst. Building on previous applications of the Hurst index in
plant disease incidence studies, this study extends its use to explore development
patterns in human disease prevalence, estimating future development patterns
of overweight rates among Chinese children under five based on long-term trends.
However, since childhood overweight may be influenced by cultural and dietary
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habits exhibiting short-term correlations, direct Hurst index estimation could
introduce bias. Therefore, before formal Hurst index calculation, this study
generates corresponding residual sequences based on first-order autoregressive
equations to eliminate interference from linear dependencies.

X, =a+b0X,_ | +¢

where X, represents the overweight prevalence value for a given raster in year
t, a is the constant term, and ¢, is the residual term.

The detailed calculation process for the Hurst index of the residual sequence is
as follows:

If the residual sequence in this study is defined as OVERWEIGHT,, t =
1,2,...,n, then for positive integer 7, the mean sequence of this time series
is defined as:

1 T
OVERWEIGHT, = =Y OVERWEIGHT,, t=12,..,n
T =

The cumulative deviation sequence is defined as:

T

X(t,7)=> (OVERWEIGHT, - OVERWEIGHT,)

t=1

The range sequence is defined as:

,=max X (¢t,7) —min X(¢,7), wherer=1,2,...,n;1 <t <7

The standard deviation sequence is defined as:

S, = \/ 1 > (OVERWEIGHT, — OVERWEIGHT,)?, where 7 =1,2,...,n
T =

Thus, the Hurst index is defined as:

R, = (er)H

where H is the Hurst index and c is a scaling parameter. H can be estimated
through least squares fitting in double-logarithmic coordinates In(R_/S, ), In(7).
Generally, when H equals exactly 0.5, current conditions are considered not to
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affect the future, with overweight prevalence deviations from trend levels fol-
lowing a random walk. When 0 < H < 0.5, the series exhibits anti-persistence;
conversely, when 0.5 < H < 1, it shows enhanced memory with persistence or
trend strengthening.

ArcGIS 10.4 was used to extract raster data on overweight rates among chil-
dren under five in mainland China and generate first-order autoregressive resid-
ual sequences, with further trend analysis and prediction conducted using R
4.1.0. Theil-Sen median calculations and MK tests were implemented using the
sen.slope function from the R package trend, while Hurst index calculations
relied on R packages terra and reservoir.

2.1 Spatial Patterns of Overweight Among Children Under Five in
China, 2000-2019

To better observe spatial patterns of overweight rates across regions during the
20-year period, multi-year average overweight rates were calculated pixel by
pixel (excluding null values), yielding [Figure 1: see original paper]. Overall,
overweight among children under five in China over the past two decades was
most prevalent in most areas of Shandong and Hunan provinces, as well as
localized regions in Fujian, Guangdong, Hainan, Beijing, and Tianjin. Notably,
Hunan province showed the most widespread problem, with a provincial average
overweight rate of 29.42% over the 20-year period.

2.2 Characterizing Evolution Patterns of Overweight Among Children
Under Five in China, 2000-2019

Based on the coupling of Theil-Sen median and Mann-Kendall test results, evo-
lution trends over the past 20 years were categorized as: significantly decreas-
ing (99% confidence), significantly decreasing (95% confidence), non-significant
change (95% confidence), significantly increasing (95% confidence), and signifi-
cantly increasing (99% confidence), illustrated in [Figure 2: see original paper].
Concurrently, based on equal-area projection of raster data, area statistics for
these evolution trends were compiled in (null value areas excluded).

From the evolution trends of overweight rates over the past 20 years, the vast
majority of regions (60.59%) showed significant increases. The proportion of
regions with increasing trends was substantially higher in the relatively devel-
oped central and eastern regions compared to the less developed western regions.
25.33% of regions exhibited non-significant changes in overweight rates, yet these
were spatially scattered in patchy distributions across various provinces, such
as the middle reaches of the Yangtze River urban agglomeration. This further
demonstrates the heterogeneity in spatio-temporal evolution of overweight rates
among Chinese children under five, where coarse geographic boundary divisions
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may obscure actual change trends. Additionally, 14.08% of regions showed sig-
nificantly decreasing trends, concentrated in parts of Xinjiang, Qinghai, Sichuan,
and Yunnan in western China, as well as localized areas in Tianjin and Shandong
in eastern China.

2.3 Predicting Future Deviation Trends in Overweight Prevalence
Among Children Under Five in China

Based on Hurst index results from first-order autoregressive residual sequences,
future deviation trends from original levels were predicted for each pixel, with
regional areas and proportions calculated through geometric statistics from the
previous step, yielding [Figure 3: see original paper] and . Future trend changes
were classified into three categories: anti-persistence (0<H<0.5), random walk
(H=0.5), and persistence (0.5<H<1). We found that 84.87% of regions will
exhibit persistence or trend enhancement in the future, covering most of the
study area. Where original overweight prevalence was above trend levels, even
greater prevalence may occur in the future; where original prevalence was below
trend levels, even lower prevalence may result.

3 Discussion

Based on high-precision grid data on overweight rates among children under five
in China from 2000-2019, this study identified evolution patterns of childhood
overweight across the country and predicted future deviation trends from origi-
nal levels, pinpointing priority areas for addressing overweight among children
under five within China’ s uneven economic development landscape, thereby
promoting future population quality improvement and disease burden control.
The main conclusions are as follows:

3.1 Evolution Patterns of Overweight Among Children Under Five in
China: Significant Spatial Differentiation

According to Theil-Sen median and MK test results, overweight rates among chil-
dren under five have maintained increasing trends across most regions of China
over the past two decades, with this phenomenon more prevalent in the more
developed central and eastern regions. Previous literature indicates that over
the past decade, China has experienced faster growth in childhood overweight
from dietary and lifestyle changes than any other country, with increased con-
sumption of fried foods, animal-source foods, snacks, and sedentary time playing
important roles.

Notably, this study also detected decreasing trends in overweight rates among
children under five in both eastern and western China. For some better-
developed regions, particularly the Bohai Rim economic belt including Tianjin
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and Shandong, recent declining trends align with previous literature. Further
research suggests this trend may reverse in the next age group. Additionally,
in western China, surrounding Qinghai province, localized areas in Xinjiang,
Qinghai, Sichuan, and Yunnan also showed some degree of decline. Previous
research indicates that childhood overweight in relatively underdeveloped areas
may essentially be stunting—a form of “pseudo-overweight” —reflecting how
social structure and cultural factors affect young children’ s health through
dietary habits and behavior patterns.

Studies have identified inappropriate dietary choices in impoverished rural Chi-
nese households, such as reduced purchase of high-quality, high-cost protein
foods like animal-source products. This phenomenon, influenced by low educa-
tion levels, is more common in left-behind households centered on grandparents.
Additionally, insufficient physical activity is considered a potential risk factor for
stunting among young children in impoverished households. Furthermore, eth-
nic minority dietary habits and behavior patterns are also potential risk factors
for stunting-overweight, particularly given the concentration of ethnic minori-
ties in the aforementioned four western provinces. Fortunately, the declining
overweight rates in parts of these four western provinces may reflect mitigation
of childhood stunting problems in this region alongside regional development
over the past two decades.

3.2 “U-shaped” Three-stage Development Model for Young Childhood
Overweight: Where Do We Go From Here?

Overall, China’ s young childhood overweight problem shows a U-shaped re-
lationship with regional development. When regional development levels are
low, the apparent deficiency in residents’ economic status and education perme-
ates the core vulnerability of family nutrition, childcare concepts, and health
literacy, ultimately inducing overweight problems caused by stunting. During
early economic development, as families increase attention and investment in
nutrition, dietary structure, and physical activity for young children, relatively
healthy weight is maintained. When regions continue rapid development, resi-
dents experience extreme material abundance with continuously fractured and
transcendent cultural ecology and lifestyles, bringing negative impacts. High-
calorie diets and sedentary behavior—“diseases of afluence”’—become mainstream
lifestyle patterns for young children, and overweight from overnutrition begins
to increase. The Middle East has become a typical example of this final stage
over recent decades, where rapid modernization and urbanization have reduced
children’s physical activity levels and increased high-calorie intake, continuously
raising obesity and overweight prevalence.

From the Hurst index results, in most regions, without further effective inter-
vention, future development of overweight prevalence among children under five
may maintain or even strengthen increasing trends under this U-shaped three-
stage model. For regions with higher development levels, this could create sub-
stantial hidden dangers. These results further reveal concerns that previous poli-
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cies addressing young childhood overweight lacked a collaborative governance
perspective and precise intervention. Notably, as China achieved comprehensive
elimination of absolute poverty in 2020, future childhood overweight problems
will concentrate in relatively poor households, where “diseases of affluence” are
more likely to occur.

According to intervention protocols from WHO and Mexico’s National Academy
of Medicine, feasible solutions include “incorporating health into curricula, pro-
viding nutritious meals, and promoting physical activity through school pro-
grams,” “regulating child food marketing to avoid promoting any form of un-
healthy beverages and foods,” “front-of-package labeling systems that promote
healthy food choices and influence industry behavior and product formulation,”
and “economic incentives to promote healthy food consumption and taxes
to discourage unhealthy beverage and food consumption.” While we endorse
these macro-level regulatory approaches, we argue that simultaneous social in-
terventions should be based on regional economic and cultural ecology, further
strengthening the penetration and implantation of childcare concepts regard-
ing dietary health and physical activity to truly achieve primary prevention of
young childhood overweight.

3.3 Young Childhood Overweight as a Complex Spatio-temporal Spe-
cific Problem Driven by Multidimensional Factors: Region-specific
Policy Formulation and Multi-level Collaborative Governance Net-
work Construction

Young childhood overweight is a social problem derived from coupled multidi-
mensional factors. Beyond regional development as the primary driver, mul-
tiple factor drivers dominated by sociocultural factors should not be ignored.
China’ s young childhood overweight problem exhibits significant spatial het-
erogeneity and is not driven by a single factor. Based on regional development
trends, profiling characteristics of overweight children include dietary choice de-
diversification, daily dietary fat centralization, physical activity deficiency, and
comprehensive dietary behavior patterns driven by ethnic customs—all critical
entry points for blocking and intervention in the next stage, requiring combined
improvement through government macro-regulation, social cultural guidance,
and family health literacy enhancement.

Based on these findings, this paper proposes several policy considerations for
mitigating and controlling childhood overweight in China against the backdrop
of sustained economic development, illustrated in [Figure 4: see original paper]:

Formulate multi-stage precise interventions based on inherent re-
gional differences in economy, culture, and health: The key to preventing
adolescent and adult overweight or obesity lies in the first year of life. Therefore,
intervention from the perspective of young children themselves or their families
is most efficient. From a regional policy formulation standpoint, scientifically
determining the stage and type of overweight problems based on regional de-
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velopment status and young children’ s health conditions will be the primary
step. The core of addressing young childhood overweight will shift under dif-
ferent stage-specific problem orientations. For the “stunting-overweight decline
stage,” feasible solutions should identify and supplement nutrient deficiencies
in young children based on local dietary habits, with particular attention to
vulnerable groups such as poor and low socioeconomic status populations. For
the “overweight stabilization stage” to “overnutrition-overweight rising stage,”
intervention focus should shift to relatively poor populations in urban areas,
emphasizing dietary and behavioral patterns of young children in these fami-
lies. Approaches may include investing in family health education programs
and exercise facilities, implementing small-scale “junk food taxes,” and subsidiz-
ing “healthy food benefits” to promote healthy diets and lifestyles among the
general population. This proposition is cost-effective, particularly for jointly
controlling future health costs for residents and public fiscal costs.

Construct a three-level collaborative governance network of “gov-
ernment policy regulation—social concept penetration—family health
management” from a collaborative governance perspective: As a social
problem derived from coupled multidimensional factors, young childhood over-
weight concerns the human capital lifeline of national development, the cost
burden of social operation, and the quality and well-being of family growth,
requiring coordinated attention from the state, society, and families. The gov-
ernment employs broad policy instruments to regulate and govern unhealthy
commercial behaviors and cultural inputs at the macro level, helping establish
health literacy awareness among the entire population—especially health protec-
tion measures for young children not yet in education—through national health
plans and multiple policy and legislative pathways. Simultaneously, for rela-
tively poor regions and families, multi-faceted support and assistance focusing
on economic aid should be strengthened. The overall social ecology of healthy
diets, reasonable nutrition, healthy lifestyles, and physical activity should be
shaped through social guidance and penetration to improve overall health lit-
eracy and block young childhood overweight. Family education has long been
considered an efficient solution. The external emergence of health awareness and
social atmosphere ultimately internalizes into family-based health management
units for comprehensive management of young children’ s integrated dietary
behavior patterns. This policy-driven, society-guided, family-management ap-
proach advances the prevention threshold for childhood overweight and further
reduces the severity of future problems.

3.4 Limitations

This study has several limitations. First, factors such as dietary habits and
popular culture may cause short-term correlations in overweight rates among
children under five. Although this study employed first-order autoregressive
residual sequences to avoid certain linear dependencies, the Hurst index cannot
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exclude influences of some endogenous factors on local overweight rates, and the
relatively short time series may limit Hurst index accuracy, requiring cautious
interpretation of conclusions. Second, due to the extremely high precision of
overweight rate data, complete matching with corresponding economic geogra-
phy data is difficult, so exploration of causes behind spatio-temporal evolution
patterns of childhood overweight in China could not incorporate relevant indi-
cators and was primarily based on literature conclusions and logical inference.
Finally, since the minimum unit in this study’ s data is 5km$x $5km rather than
independent administrative units, and the target population is young children,
existing literature evidence is relatively weak, though this also demonstrates the
innovative nature of this study.
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