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Strengths and limitations of this study

 ► With a large sample size, this study is a secondary 
analysis of census database of primary and second-
ary schoolchildren aged 7–18 years old in publicly 
maintained schools in Shandong Province.

 ► Geographic techniques to identify sex-specific spa-
tial patterns of childhood overweight/obesity (OW/
OB) as well as the presence of spatial clusters.

 ► This study provided information on the role that place 
might play in the health status and the prevention of 
disease, and improving interventions and health-re-
lated policies based on spatial heterogeneity.

 ► The absence of detailed information at the individual 
level limited research on the determinants of OW/OB 
on targeted clustered areas.

 ► As a cross-sectional study, the temporal and spatial 
trends of OW/OB cannot be verified.

AbStrACt
Objective Identifying the spatial patterns of childhood 
overweight/obesity (OW/OB) can help to guide resource 
allocation for preventive intervention in China. This 
study aims to estimate rates of childhood OW/OB across 
counties within Shandong Province, using geographic 
techniques to identify sex-specific spatial patterns of 
childhood OW/OB as well as the presence of spatial 
clusters.
Design Cross-sectional study.
Setting Shandong Province in China.
Participants and methods Data on 6 216 076 children 
and adolescents aged 7–18 years from the Primary and 
Secondary Schoolchildren Physical Examination Database 
for Shandong Province were used in this study. Spatial 
patterns of sex-specific prevalence of childhood OW/OB 
were mapped. Global autocorrelation statistic (Moran’s I) 
and the Local Indicator of Spatial Association (LISA) were 
applied to assess the degree of spatial autocorrelation.
results The overall prevalence of childhood OW/OB in 
Shandong province were 15.05% and 9.23%, respectively. 
Maps of the sex-specific prevalence of OW/OB 
demonstrate a marked geographical variation of childhood 
OW/OB in different regions. Prevalence of childhood OW/
OB had a significant positive spatial autocorrelation among 
both boys and girls. LISA analysis identified significant 
clusters (or ‘hot spots’) of childhood OW/OB in the eastern 
coastal region, central region and southwestern region.
Conclusions The prevalence of childhood OW/OB 
is highly spatially clustered. Geographically focused 
appropriate intervention should be introduced in current 
childhood OW/OB prevention and control strategy.

IntrODuCtIOn
Childhood obesity is one of the most 
serious public health challenges in the 21st 
century.1 The prevalence of overweight and 
obesity (OW/OB) among children and 
adolescent has been rising rapidly in many 
developed countries and is affecting many 
low and middle-income countries.2–5 With 
rapid economic development over the past 
decades, China has also witnessed an increase 
in the prevalence of childhood obesity.6 7 In 
2013, approximately 23.0% and 14.0% of 
Chinese boys and girls aged 2–19 years were 

overweight or obese.8 Overweight and obese 
children are more likely to stay obese into 
adulthood and develop non-communicable 
diseases like diabetes and cardiovascular 
diseases at a younger age.9–11 Even worse, 
childhood obesity is associated with a higher 
chance of premature death and disability in 
adulthood.12

Given its high prevalence and severe impact 
on health outcomes, researchers had poured 
attention into the modifiable determinants 
and driving factors of childhood OW/OB. 
Several studies have found that childhood 
OW/OB is multifactorial and complex and 
is considered to result when various genetic, 
behavioural, environmental, physiological, 
social and cultural factors interact.13–16 It is 
increasingly recognised that where we live 
has an impact on our health. For example, 
the term ‘built environment’ mainly deter-
mined leisure time physical activity through 
the availability of parks, playgrounds or sports 
clubs, road traffic and transportation systems 
and influenced dietary behaviour by spatial 
accessibility to food through the patterns of 
food outlets and restaurants.17 Changes in the 
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Figure 1 Location of the study area in Shandong Province, China. (The map has obtained permission from the National 
Administration of Surveying, Mapping and Geoinformation of China.)

lived-in and the built environment have been connected 
to the rise of obesity.18 19 However, the geographical rele-
vance between adjacent regions, especially in terms of life-
style and social factors, were often neglected in current 
studies in Chinese schoolchildren. Considering the fact 
that the prevalence of OW/OB at one health region are 
likely to be correlated with prevalence in nearby regions, 
ignoring the clustering effect could potentially lead to 
biassed estimation.20

Geographic Information System (GIS) is a potentially 
‘powerful evidence-based practice tool’ in community 
health, as it enables the identification of spatial epidemi-
ology or the incidence of disease and can allow for effec-
tive allocation of resource in a spatial setting.21 GIS has 
been employed in several innovative studies of OW/OB. 
For example, to explore regional variations and spatial 
clustering of obesity rates and to identify locations for 
targeted obesity intervention efforts.16 18 22–24 In addition, 
most of the previous analysis was conducted using large 
geographical units such as provincial or city level, making 
it difficult to provide effective implementation of local 
policies or decisions for obesity prevention. Selecting 
the most appropriate scale or the smaller geographical 
areas (ie, counties) makes the obesity interventions more 
targeted.

Shandong Province is an important littoral province in 
East China with a population of 99.46 million in 2016 and 
covers an area of 156 700  km2. It includes 140 counties 
belonging to 17 administration regions (figure 1). The 
prevalence of childhood obesity in Shandong Province in 
2010 reached 15.83% and 7.12% among boys and girls, 
respectively.25 In addition, the report of Primary and 
Secondary Schoolchildren Physical Examination in Shan-
dong province in 2015 showed that the overall overweight 

and obesity rates of children and adolescent were 30.8% 
and 12.8%, respectively.26 The childhood OW/OB rates 
in Shandong province grew rapidly which has caught 
up the prevalence of childhood OW/OB in developed 
countries.27

Hence, the present study aimed to estimate rates 
of childhood OW/OB at the county level and apply 
geographic techniques to examine the spatial patterns 
of childhood OW/OB by gender, in particular to iden-
tify spatial cluster of areas with higher rates of childhood 
OW/OB.

MethODS
Data sources and study design
This study comprised a cross-sectional secondary data 
analysis of the spatial distribution of childhood OW/OB, 
using data from Primary and Secondary Schoolchildren 
Physical Examination Database of Shandong Province. 
This database contains schoolchildren aged 7–18 years 
old from all public primary and secondary schools and 
vocational schools in 2017.

Shandong Province began to conduct health checkups 
for primary and secondary schoolchildren in 2009 
according to the requirements of the National Health 
Commission of China and apply free health check-up for 
them every year. Primary and Secondary Schoolchildren 
Physical Examination is organised by the Health Commis-
sion of Shandong Province (the author Wang Lu is one 
of the leaders of the investigation team). The contents 
of the medical examination mainly include medicine 
and surgery, ophthalmology, stomatology, physical indi-
cators and physiological function indicators. The specific 
process is as follows. Before the physical examination, the 
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Health Commission of Shandong Province selected and 
published the declared medical and health institutions. 
According to the published list of medical institutions, 
educational institutions select the nearest institution to 
enter schools for health examination of students. All 
measurements were performed by well-trained health 
professionals in each medical institution using the same 
type of apparatus and followed the same procedures and 
the uniform date. During the period of physical exam-
ination, a special supervision team went to each physical 
examination site to conduct quality inspections. After the 
physical examination, the medical institutions respon-
sible for the physical examination directly input the phys-
ical examination data into the Primary and Secondary 
Schoolchildren Physical Examination Database of Shan-
dong Province. After the data entry, the expert working 
group will conduct a random sampling check-up of all 
the entered physical examination data to ensure the data 
quality.

The physical examination was conducted by medical 
staffs from 1373 medical institutions in the whole prov-
ince. The physical examination rate was 93.96%, and 
data reporting rate was 100%. All schoolchildren volun-
tarily joined this study, and both schoolchildren and 
their parents/guardians were provided written informed 
consent. We extracted individual information of school-
children and adolescent, including codes of administra-
tive divisions, age, gender and measure of height and 
weight. Body mass index (BMI) was calculated (weight 
in kilograms divided by height in metres squared: kg/
m2). Childhood OW/OB was defined according to the 
classification reference in different age and gender of the 
Working Group for Obesity in China, the cut-off points 
of which are 85th and 95th percentiles of BMI, respec-
tively (overweight: 85th percentile ≤BMI <95th percen-
tile; obesity: BMI ≥95th percentile).28 Using demographic 
data from the 2010 census as the standard population, we 
estimated age-standardised rates of OW/OB for school-
children and adolescents aged 7–18 years older at the 
county level. The age-standardised rate is a value that 
represents the ratio of observed incidence of disease to 
the expected incidence of disease, whereas a value of zero 
indicates an area with no observed overweight and obese 
cases.

This study included 140 counties (city districts, coun-
ty-level cities and counties, often referred to here as 
‘counties’) of Shandong Province as spatial units. In prac-
tice, county is a basic unit of the administrative region 
in China and is also the registered permanent residence 
of the schoolchildren, which implements the national 
policies towards population health and health promotion 
directly. In addition, China's unique household registra-
tion system and student roll management system stipu-
lates that primary school and secondary school must be 
completed in the household registration area, that is, in 
the county. Primary and junior middle school admission 
is according to the admission dicing system based on the 
proximity principle. There is no big difference between 

the school districts and residence districts. Although 
few high school students need to go to school far away 
from their residential areas, these students are difficult to 
distinguish. This study included ‘county’ as spatial units, 
both the school district and the residential area are in one 
county. This greatly avoids the difference in childhood 
obesity rates due to differences between school districts 
and residential areas.

Statistical analysis
A two-part analysis was conducted: first, the spatial distri-
bution of age-standardised OW/OB rates was mapped for 
boys and girls. Following this, the second part focused on 
two aspects of the spatial clustering: the overall ‘global’ 
spatial clustering in the prevalence of OW/OB and the 
‘local’ patterns of OW/OB.

Global Moran’s I statistic is a measure of global spatial 
autocorrelation, a value representing the similarity in 
OW/OB rates between neighbouring regions, and the 
mathematical definition of Moran’s I is as follows.29 30
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Where  Wij   is the spatial weights assigned to pairs of units 
(ie, counties) between observations i and j, N is equal to 
the total number of pixels.

The Moran’s I statistic ranges from +1 (for positive 
spatial autocorrelation where high values are proximal 
to other high values or low values adjacent to low values, 
ie, clustering) to −1 (for negative autocorrelation where 
high values tend to be near low values, ie, dispersion). A 
statistically significant (Z score ≥1.96, p value <0.05) esti-
mate of Moran’s I indicates that neighbouring counties 
have a similar prevalence rate of OW/OB, and the cases 
are likely to cluster at the county level. Non-significant 
values indicate no spatial autocorrelation or that the data 
are randomly distributed within the study’s geograph-
ical boundaries. In the present analysis, neighbours were 
defined using rooks case adjacency, which considers that 
all regions with common borders are neighbours.

Moran's I statistic is a global test that does not identify 
where the clusters are located or what type of spatial auto-
correlation is occurring (eg, high–high cluster or low–
low cluster and so on). To evaluate the existence of local 
clusters, it is necessary to use local statistics. The local 
indicator of spatial autocorrelation (LISA) was there-
fore applied as an indicator of local spatial association.20 
The local spatial autocorrelation decomposes the global 
measurement into the contributions for each geographic 
region, detecting homogeneity or heterogeneity in values 
around a given observation or used as diagnostics for 
outliers in global patterns. The LISA measures whether, 
for each health region, the standardised rate of OW/OB 
is closer to the values of its neighbours. Inverse distance 
weighting squared is again used to conceptualise the 
spatial relationships. To ensure excellent statistical power 
and consider the computation times, 999 Monte Carlo 
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Figure 2 Age-standardised overweight rates for boys and girls by county level in Shandong province. (The map has obtained 
permission from the National Administration of Surveying, Mapping and Geoinformation of China.)

replications were set, and clusters with statistical signifi-
cance of p<0.05 were reported.

Cluster maps were created using the results of statistical 
testing to illustrate the local spatial patterns of significant 
positive and significant negative local spatial autocorrela-
tion. The local spatial autocorrelation analysis results in 
five categories of health regions: (1) ‘high–high’ indi-
cates clustering of high values of age-standardised OW/
OB rates (positive LISA value), (2) ‘low–high’ indicates 
that low values are surrounded by high values of age-stan-
dardised OW/OB rates (negative LISA value), (3) ‘low–
low’ indicates clustering of low values of age-standardised 
OW/OB rates (positive LISA value), (4) ‘high–low’ indi-
cates that high values are surrounded by low values of 
age-standardised OW/OB rates (negative LISA value) and 
(5) ‘not significant’ indicates that there is no spatial auto-
correlation. All analyses were conducted using GeoDA31 
and ArcGIS V.10.3. The geography files were provided 
by the National Administration of Surveying, Mapping, 
and Geo-information of China, the administrative organ-
isation in charge of surveying and mapping undertaking 
across China.

Patient and public involvement
No patients or public were involved in this study.

reSultS
Participants
After data cleaning, 6 216 076 qualified schoolchildren 
aged 7–18 years were finally included for analysis. Partic-
ipating children were primarily Han ethnicity (>80%) 
and were approximately equally distributed across sex 
(50.57% girls) with a mean (SD) age of 10.94 (2.62) years.

Prevalence of overweight and obesity
In Shandong province, the overall age-standardised rate 
of OW/OB was 15.05% and 9.23%, respectively, which 
were higher than the national average rates of 5.45% and 
2.83%. Also, the rate of overweight was 17.40% for boys 
and 12.73% for girls; the rate of obesity was 10.49% for 
boys and 7.97% for girls. The age-standardised rate of 

OW/OB in the county level was higher in boys than girls 
(χ2=30.44, p<0.001).

Age-standardised rates of overweight differed substan-
tially across health regions ranging from 9.3% in Qihe, 
Dezhou to 24.94% in Penglai, Yantai for boys and from 
8.19% in Linshu, Linyi to 19.15% in Longkou, Yantai 
for girls. Obesity rates varied substantially across health 
regions: from 3.59% in Changle, Weifang to 20.26% in 
Central District in Jining for boys and 3.45% in Zhanhua, 
Liaocheng to 13.5% in Central District in Jining for girls. 
Age-standardised rates were also mapped by gender at the 
county level and then classified by the rates (figures 2 and 
3).

Spatial autocorrelation and cluster identification
Based on the aforementioned, there was a marked 
geographical variation of children overweight/obesity in 
different regions indicating potential presence of spatial 
clusters or spatial heterogeneity. The Moran's I statistic 
was applied to test the overall spatial clustering. The 
results showed that there are significant positive spatial 
autocorrelations in the data. In particular, the Moran’s I 
statistic of age-standardised overweight rates was 0.3736 (p 
value=0.001) for boys and 0.3370 for girls (p value=0.001). 
In addition, the Moran’s I statistic of age-standardised 
obesity rates was 0.2312 (p value=0.001) for boys and 
0.1575 (p value=0.006) for girls. The level of spatial auto-
correlation across health regions for age-standardised 
OW/OB rates were slightly higher in boys than girls. For 
both sexes, the Moran’s I statistic and corresponding p 
values all suggest non-randomness in the overall spatial 
pattern of the age-standardised rates of overweight and 
obesity in Shandong province. Table 1 illustrates spatial 
correlation statistics and corresponding p values as esti-
mated by the Moran’s I statistic.

We applied LISA to explore more information on the 
type and location of clustering. County-level LISA signif-
icant clusters were observed for both OW/OB (figures 4 
and 5). For overweight boys, two larger hot spots (high–
high (HH)) was detected in the most counties of Yantai 
in eastern coastal region and Jining in the southwest, 
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Figure 3 Age-standardised obesity rates for boys and girls by county level in Shandong province. (The map has obtained 
permission from the National Administration of Surveying, Mapping and Geoinformation of China.)

Table 1 Spatial autocorrelation of age-standardised 
overweight/obesity rates in Shandong Province

Moran’s I Z value P value

Overweight

  Boys 0.3736 7.1726 0.001**

  Girls 0.3370 6.1104 0.001**

  Both sexes 0.2704 5.1601 0.001**

Obesity

  Boys 0.2312 4.4350 0.001**

  Girls 0.1575 3.0727 0.006**

  Both sexes 0.1130 2.2082 0.014*

*P<0.05; **P<0.01.

and one smaller hot spot (HH) was found in Jinan in the 
central province. Two large cool spots (low–low (LL)) 
were observed in the eastern and northwestern regions 
of Shandong province, and one smaller LL was found 
in a county in southwest. For the girls, the hot spot was 
comprised of the most counties in Yantai and two districts 
in Jinan and two counties in Jining. Two large cool spots 
were detected in the eastern regions (figure 4). However, 
the pattern of clusters for obesity was different compared 
with that of overweight (figure 5). For boys, the hot spot 
mainly distributed in the central region, and a small 
hot spot was detected in Qingdao in the eastern coastal 
region. For girls, three hot spots were detected in Weihai 
in the eastern coastal region, and in Jinan and Zibo in the 
central region and Jining in the southwest. Also, several 
counties showed a dispersed pattern of the cluster (high–
low (HL) or low–high (LH)) as displayed in figures 4 and 
5.

DISCuSSIOnS
The present study illustrates the marked variability of 
OW/OB prevalence in Shandong province at the gender 
and health region level. The results also indicated that 
the age-standardised rate of both overweight and obesity 
among boys was higher compared with girls. Our spatial 

analysis showed the presence of spatial heterogeneity 
using a significant positive spatial autocorrelation iden-
tified by Moran's I statistic for both boys and girls as well 
as the significant local clusters identified by LISA across 
the province.

The first concern is the Primary and Secondary School-
children Physical Examination Database of Shandong 
Province. The census of physical examination for primary 
and secondary schoolchildren began in Shandong Prov-
ince in 2009 and examined the physical condition of 
primary and secondary schoolchildren every year. With 
a census dataset, the physical health of every student can 
be mastered in addition to provide evidence for under-
standing the overall health of students. Several types of 
research have explored childhood health with the data 
from the National Surveys on Chinese Students’ Consti-
tution and Health in Shandong Province. The survey 
is conducted every 5 years, and the data are obtained 
by sampling method, and the existence of sampling 
errors makes the data less stable. Although the census 
design increases the accuracy and stability of the data, 
the absence of other information at the individual level 
limited research on the factors of schoolchildren’s health, 
such as socioeconomic factors, parental background and 
psychological status.

The difference in OW/OB between boys and girls is 
consistent with results from previous studies in Shandong 
and throughout China.32 33 Differences in age structure 
cannot explain this finding, as data have been age stan-
dardised. Instead, in addition to the possible biological/
genetic factors, behavioural factors, family environment 
and psychological factors (eg, body image perceptions) 
are also related to OW/OB in children. On a behavioural 
level, girls report being more attentive to food and its 
effects on health and weight control.34 A study reported 
that consumption of foods and beverages outside three 
main meals and potato chips were more popular in boys 
than in girls.35 Moreover, a review of studies found that 
boys are also higher users of TV and video games than 
girls, and these sedentary behaviours have also been asso-
ciated with body composition and BMI.36 There is some 
evidence that misconceptions about a child’s weight 
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Figure 4 Local indicator of spatial autocorrelationcluster maps for age-standardised overweight rates by county level 
in Shandong Province. (The map has obtained permission from the National Administration of Surveying, Mapping and 
Geoinformation of China.)

Figure 5 Local indicator of spatial autocorrelation cluster maps for age-standardised obesity rates by county level 
in Shandong Province. (The map has obtained permission from National Administration of Surveying, Mapping and 
Geoinformation of China.)

status were prevalent among parents and grandparents, 
and boys’ weight status was more frequently underes-
timated than girls.37 On a psychological level related to 
body image, girls self-perceive as overweight more often 
than do boys.38

The global spatial autocorrelation demonstrates that 
there is significant positive spatial autocorrelation in the 
data, which showed higher levels of correlation in similar 
OW/OB rates between neighbouring counties in the 
whole province. The spatial patterns of OW/OB might be 
explained by some possible reasons for neighbourhood 
characteristics. First, neighbouring county residents may 
share similar socioeconomic backgrounds; a well-estab-
lished correlate to obesity.39 Second, as residents in neigh-
bouring areas are likely to share similar lifestyles about 
diet, nutritional habits and physical activity, it could be 
that residents of adjacent areas with similar obesity rates, 
share behaviours that promote this condition.18 More-
over, adjacent areas also share similar social and built 
characteristics and therefore the clustered areas may also 
share similar features. It is worth noting that racial/ethnic 
differences might also be a possible reason. A previous 
study has shown that living in neighbourhoods with a 
higher proportion of foreign-born residents is associated 

with reduced child obesity risk.40 Further research would 
be necessary to tease out the actual mechanism driving 
the gradient in OW/OB in these areas. In addition, 
prospective cohort studies and experimental studies were 
needed to explore the long-term effects of neighbour-
hood environment directly to the development of obesity.

The LISA found also that the hot spots (HH) were 
detected in Yantai of the eastern coastal region, Jinan in 
the central region and Jining in the southwestern inland 
region among both boys and girls. Again, the cold spots 
(LL) and other dispersed patterns of the cluster (HL or 
LH) were observed. Some potential explanations for the 
different type of clusters are as follows. First, the regional 
socioeconomic status (SES) might be the influenced 
factor responsible for the geographic differences in the 
prevalence of childhood obesity. Some previous studies 
had confirmed that the regional SES affected to the distri-
bution of OW/OB positively in China. In other words, 
high SES youths are more likely to be OW/OB than other 
lower SES counterparts.41 The evidence provided by 
research indicated that OW/OB prevalence was greater 
and increased more quickly in the coastal counterparts.7 
Eastern coastal region has high SES with a more developed 
economy, the living standards, nutritional conditions and 
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public health are better than other SES districts. Second, 
with the fast-growing Chinese economy, the rapid urban-
isation has narrowed the disparity between coastal and 
inland counterparts and became a potential contributor 
that cannot be ignored.42 43 That is the reason why the 
hot spot of OW/OB for children also occurred in the 
inland region. In addition to the aforementioned factors, 
the traditional Chinese diet is shifting towards a diet with 
high fat, high energy density and low dietary fibre on the 
whole, changes which have resulted in rapid increases in 
the prevalence of OW/OB.44 Moreover, television viewing 
or surfing the Internet besides reducing physical activity 
also leads to increased consumption of energy-rich foods 
through incessant commercial advertisement.45 These 
factors lead to a rapid increase in the prevalence of over-
weight and obesity among children and adolescent.

The strength of this study is that the data come from 
the Primary and Secondary Schoolchildren Physical 
Examination Database with a large sample size in Shan-
dong Province, China. Examination survey provided 
direct measurements of weight and height and avoided 
bias in self-reported data. The results are important 
for understanding the role that place might play in the 
health status and suggesting the importance of improving 
interventions and health-related policies that are thus far 
mainly based on assumptions of spatial homogeneity. In 
addition, the findings verified the effectiveness of spatial 
data analysis methods and in particular the helpful means 
of cluster analysis for public health professionals and 
policymakers. For instance, based on the potential expla-
nations for the identified clusters, existing policies and 
practices could provide funding for physical education as 
well as recreation centres in communities most in need. 
Furthermore, it may be advantageous from the perspec-
tive that exploring areas of low prevalence to ascertain 
which factors might decrease the risk of the population. 
Further research is required to explore the underlying 
mechanism for the increased levels of OW/OB on clus-
tered areas and investigate the impact of area-level char-
acteristics on the spatial patterns identified.

This study has several limitations. First, the absence 
of detailed information at the individual level limited 
research on the determinants of OW/OB on targeted 
clustered areas. Second, the study may also be affected 
by the modifiable areal unit problem. The spatial scale 
used is not unique and typically arbitrary and modifiable; 
the spatial patterns of OW/OB identified may change 
depending on different scales. Also, we only analysed the 
data for 1 year, due to data availability, the temporal and 
spatial trends of OW/OB cannot be verified.

COnCluSIOnS
A high prevalence of childhood OW/OB was observed 
in Shandong Province, one of the populous provinces in 
China. There were marked sex-specific regional differ-
ences in the prevalence of childhood OW/OB, along 
with a tendency of spatial correlation of the childhood 

OW/OB. In addition, the spatial clusters provide valuable 
information on the identification of local geographical 
variation and elevated risk of OW/OB in Shandong prov-
ince. Therefore, prevention and health promotion inter-
ventions, as well as effective allocation of resources and 
services, should be implemented based on regional and 
population-specific demands. For the hot spots of child-
hood OW/OB, resource allocation is mainly concentrated 
in three aspects. First, through the health education of 
parents, they are encouraged to establish a healthy life-
style, which in turn affects children's cognition and diet 
behaviour. In addition, the schools should develop appro-
priate health strategies, including education on nutrition 
knowledge, increased physical activity and encourage 
children to establish health behaviours. Furthermore, 
the government should provide more interventions for 
hot spots of childhood OW/OB, including developing 
dietary guidelines, increasing community exercise facili-
ties and conducting health education.
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