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Abstract
Objectives  To identify spatial disparities and 
demographic characteristics of short stature, we 
analysed the prevalence of short stature collected in a 
nationwide health survey.
Settings  Data were obtained from the 2014 Chinese 
National Survey on Students Constitution and Health (a 
cross-sectional study of China). Participants came from 
30 provinces, autonomous regions, and municipalities 
(except Tibet, Hong Kong, Macao, and Taiwan).
Participants  There were 213 795 Han school children 
between 7 and 18 years old enrolled in our study. All 
participants were sampled by stratified cluster.
Primary and secondary outcome measures  Short 
stature; Chinese and WHO age-specific and gender-
specific height growth references were used for short 
stature assessment.
Results  The age-standardised and age–gender-
standardised prevalence of short stature nationwide 
was 3.70% and 2.69% according to Chinese and WHO 
growth references, respectively. The short stature 
prevalence differed significantly among age groups, 
urban and rural areas, and regions with different 
socioeconomic development levels (all p<0.0001). 
The prevalence was 2.23% in urban versus 5.12% in 
rural areas (p<0.001). The prevalence was 2.60% in 
developed, 3.72% in intermediately developed, and 
4.69% in underdeveloped regions (p<0.0001). These 
values were all according to China’s growth reference, 
but similar patterns were observed on prevalence 
based on the WHO reference. The spatial distribution 
of prevalence of short stature presented a clustered 
pattern. Moran’s I value was 0.474 (p<0.001) and 0.478 
(p<0.001) according to the Chinese and WHO growth 
references, respectively. The southwest part of China 
showed a higher prevalence of short stature, whereas 
lower prevalence of short stature was observed mainly 
in the northeast part of China.
Conclusions  There is an appreciably high prevalence 
of short stature in rural, underdeveloped areas of 
China. There are high prevalence spatial clusters of 
short stature in southwestern China. This provides 
corroborating evidence for a tailored strategy on short 
stature prevention and reduction in special areas.

Introduction
Short stature is a major morbid condition 
for children who are referred to paediatric 
endocrinologists.1–3 About half of new visits 
to the paediatric endocrine department 
are harassed by short stature.4 It is usually 
caused by multiple factors, including chil-
dren’s nutritional status, repeated infections 
due to unsanitary environmental conditions, 
and the existence of several unknown endo-
crine metabolic disorders.5 The causes of 
short stature are a wide spectrum and mainly 
divided into normal (eg, familial short stature 
and constitutional delay of growth) and 
pathological (eg, growth hormone deficiency, 
Turner syndrome, hypothyroidism, chronic 
diseases, idiopathic short stature).6 It is 
regrettable that some of the causes of morbid 
status remained unidentified, and this is what 
we call idiopathic short stature. With the 
advancement of molecular diagnostic tech-
niques, some unexplained causes for short 
stature have been gradually revealed. It can 
somewhat be attributed to genetic variation, 
indicating short stature as a phenotype of 

Strengths and limitations of this study

►► This is the first study to detect the spatial discrepan-
cy of prevalence of short stature in mainland China.

►► The results provide corroborating evidence for a 
tailored strategy on short stature prevention and re-
duction in special areas.

►► Our study raises a discussion that because of the 
geographical and climatic differences between 
north and south China, we may need to consider re-
gional differences in height when we diagnose short 
stature.

►► Our study is a cross-sectional study. We did not 
explore the cause of short stature and did not per-
form a follow-up to learn the adult heights of our 
participants.
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genetic diseases.4 Additionally, short stature affects chil-
dren’s physical and mental health. Children with short 
stature tend to suffer psychological disorders, such as 
low self-esteem, academic difficulties, social immaturity.7 
Short stature can still affect children’s health after they 
grow up. For instance, women with short stature were 
susceptible to have preterm birth when they became 
pregnant in adulthood.8 Therefore, identifying short 
stature in childhood is extremely important for physical 
and mental illness reduction and should be an imperative 
part of children’s health programmes.

The prevalence of short stature varies greatly among 
different regions due to diverse social development and 
natural environment.9–12 It has been reported that chil-
dren living in undeveloped areas were more likely to 
have stunted growth (or short stature). In 2017, the data 
showed that the prevalence of stunting in children under 
5 years old in East and South Africa and South Asia was 
34.1% and 35%, respectively.13 Another study showed 
that children in north China were taller, on average, than 
children in south China.14 In addition, children living 
in economically developed areas such as Hong Kong 
(located in the south of China) were also susceptible to a 
certain percentage of short stature, indicating that there 
are other reasons that cause short stature.15 For example, 
geographical and climate factors may play an important 
role in short stature. Is there a special spatial distribution 
of short stature in mainland China? Is this distribution 
associated with socioeconomic or geographical charac-
teristics? Unfortunately, data related to the geographical 
distribution of short stature in China is seldom reported. 
To fill such a gap, we analysed the schoolchildren’s 
height in a nationwide health survey, aiming to identify 
the spatial disparities and demographic characteristics of 
short stature.

Methods
Date collection and sampling
Data were collected from the 2014 Chinese National 
Survey on Students Constitution and Health (CNSSCH), 
a national health survey on schoolchildren. Eligible 
participants were Han Chinese individuals aged 7–18 
years old. The sampling procedures of CNSSCH have 
been reported.16 In summary, all participants were 
collected by stratified cluster sampling according to the 
principle of CNSSCH. Selected places in each province 
were graded into developed, intermediately  developed, 
underdeveloped levels based on the local socioeconomic 
development. Subsequently, children were divided into 
four strata: urban boys, rural boys, urban girls, and rural 
girls. Then, 50 people were collected in each unit (for 
each year of age, gender, the urban/rural, developed/
intermediately  developed/underdeveloped groups, 
and province). In the end, 213 795 Han schoolchildren 
were enrolled in our study, and they came from 30 prov-
inces, autonomous regions, or municipalities (except 
Tibet, Hong Kong, Macao, and Taiwan). The 18-year-old 

schoolchildren of Beijing could not be divided into three 
classes based on the condition of socioeconomic develop-
ment, so we excluded the data of this group.

This study was conducted in accordance with the guide-
lines laid down in the Declaration of Helsinki. We obtained 
informed consent from parents and schoolchildren.

Anthropometric measurements
Standing height (cm) was measured by trained staff 
following a standardised procedure, which was in accor-
dance with the anthropometry methods in the 2006 WHO 
Child Growth Reference.17 Height was measured to the 
nearest 0.1 cm with portable stadiometers. Children stood 
without shoes, their heels were together with toes apart 
at a 60o angle, and their backs were against a calibrated 
backboard.

Short stature is defined as a height below the third 
centile compared with children in the same age, gender, 
and ethnic population.18 In this study, we used China’s 
and WHO’s age-specific and gender-specific height 
growth references for short stature assessment.19

Statistical analysis
The demographic disparities of short stature were 
presented as a number (percent). Prevalence was 
age-standardised (or age–gender-standardised) directly 
to the China 2000 Census. Direct standardisation was 
conducted among provinces, municipalities, and auton-
omous regions to make comparisons of short stature 
across regions easier to interpret. The chi-square test 
was conducted to assess differences in prevalence of 
short stature among genders, age groups, urban/rural 
areas, and regions of different developmental levels. 
The Cochran–Armitage test was used for testing trend. 
Moran’s I, Getis-Ord Gi*, and Anselin Local Moran’s I 
were performed to identify spatial disparities. Getis-Ord 
Gi* and Anselin Local Moran’s I results were displayed 
on maps. Moran’s I was proposed by Patrick Alfred Pierce 
Moran in 1950 to measure spatial autocorrelation.20 21 
Moran’s I ranges from −1 to 1.22 Values approach to zero 
means lacking a spatial association (ie, a random distri-
bution), values approach to negative one means spatial 
dispersion, and values approach to positive one means 
clustering.22 Moran’s I statistics with p-values less than 
0.05 are considered statistically significant. Getis-Ord Gi* 
was proposed by Arthur Getis and Keith Ord in 1992.23 
In our study, positive Gi * Z-scores indicate clustering of 
high prevalence of short stature , scores near 0 indicate 
no clustering existed, and negative scores suggest clus-
tering of low prevalence of short stature. Local Moran’s 
I, proposed by Luc Anselin   in 1995, estimates interclu-
ster variation.24 We used the Anselin Local Moran’s I to 
estimate the spatial clustering of high–high clustering, 
low–low clustering, low–high clustering, and high–low 
clustering.22 Statistical analyses were performed using SAS 
V.9.4 (SAS Institute) and geographical disparities were 
analysed by ArcMap software V.10.2 (ESRI, Redlands, 
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California, USA). P values less than 0.05 (two-sided) were 
considered statistically significant.

Patient and public involvement
Participants were not involved in the design of this study.

Results
Characteristics of participating children
In total, 213 795 children, comprising 106 857 boys and 
106 938 girls, were enroled in our study. The participants 
were distributed evenly between sexes (ie, the ratio of 
boys and girls was close to 1:1) and among the groups 
of different ages, urban–rural areas, and regions with 
different socioeconomic development levels (table 1).

Prevalence of short stature
The nationwide prevalence of short stature was 3.67% 
and 2.70% according to the Chinese and WHO growth 
references, respectively. Based on the Chinese growth 
reference, short stature prevalence differed significantly 
among age groups, urban–rural areas, and regions 
with different socioeconomic development levels (all 
p<0.0001). This was especially true for urban versus rural 
areas (ie, 2.23 vs 5.12%, respectively; p<0.0001) and 
regions of varying socioeconomic development (ie, 2.60 
in developed, 3.72% in intermediately  developed, and 
4.69% in underdeveloped regions; p<0.0001) (table  2 
and figure  1A). Similar patterns were observed in the 

short stature prevalence based on the WHO reference 
(table 2 and figure 1A). The age-standardised and age–
gender-standardised prevalence of short stature nation-
wide was 3.70% and 2.69% according to the Chinese and 
WHO growth references, respectively. Notedly, the prev-
alence of short stature defined by the Chinese reference 
was higher than that based on the WHO reference.

We did not observe a gender difference in overall prev-
alence of short stature according to the Chinese growth 
reference (p=0.260). However, we observed this differ-
ence in prevalence evaluated by the WHO growth refer-
ence (p<0.0001). Since we found significant differences 
of prevalence of short stature in urban and rural areas and 
regions with different socioeconomic development levels, 
we then explored further to see if a gender difference of 
short stature existed in different areas and regions. Based 
on the Chinese reference, results (table 3) showed that 
there are no significant differences in prevalence of short 
stature between genders in urban or rural areas or in 
regions of different socioeconomic development levels. 
According to the WHO reference, there are significant 
differences in gender between urban or rural areas and 
among all the regions of different socioeconomic devel-
opment levels.

Then, we drew trajectories of prevalence of short 
stature across different ages for boys and girls in different 
areas of residence (urban/rural) and regions (ie, devel-
oped, intermediately  developed, or underdeveloped) 

Table 1  Characteristics of participating children in the national survey in 2014

Variables

N (%)

Boys
(n=106 857)

Girls
(n=106 938)

Both
(n=213 795)

Age (years)

 � 7 8944 (8.37) 8942 (8.36) 17 886 (8.37)

 � 8 8903 (8.33) 8929 (8.35) 17 832 (8.34)

 � 9 8962 (8.39) 8980 (8.40) 17 942 (8.39)

 � 10 8972 (8.40) 8967 (8.39) 17 939 (8.39)

 � 11 8982 (8.41) 8937 (8.36) 17 919 (8.38)

 � 12 8953 (8.38) 8951 (8.37) 17 904 (8.37)

 � 13 8968 (8.39) 8982 (8.40) 17 950 (8.40)

 � 14 8964 (8.39) 8969 (8.39) 17 933 (8.39)

 � 15 8973 (8.40) 8987 (8.40) 17 960 (8.40)

 � 16 8960 (8.39) 8967 (8.39) 17 927 (8.39)

 � 17 8952 (8.38) 8980 (8.40) 17 932 (8.39)

 � 18 8324 (7.79) 8347 (7.81) 16 671 (7.80)

Residence

 � Urban 53 502 (50.07) 53 537 (50.06) 107 039 (50.07)

 � Rural 53 355 (49.93) 53 401 (49.94) 106 756 (49.93)

Socioeconomic development

 � Developed 35 567 (33.28) 35 704 (33.39) 71 271 (33.34)

 � Intermediately developed 35 659 (33.37) 35 620 (33.31) 71 279 (33.34)

 � Under-developed 35 631 (33.34) 35 614 (33.30) 71 245 (33.32)

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-026634 on 16 July 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/


4 Ma J, et al. BMJ Open 2019;9:e026634. doi:10.1136/bmjopen-2018-026634

Open access�

(figure  1B,C, and online supplementary figure 1). The 
high prevalence of short stature in rural or undeveloped 
regions are consistent across all ages. In addition, we 
had two interesting findings that applied to all children 
no matter whether they lived in urban or rural areas or 
regions of different socioeconomic development levels. 
The first is that, in most cases, although the trajectories 
of short stature prevalence in different age groups fluctu-
ated, the lowest point was always in the 10–12 age group 
for boys and in the 7–9 age group for girls. The second 
finding is that, in most cases, the peak of prevalence of 

short stature appeared after the lowest point. Some of 
them followed closely in the next age group while others 
appeared in the 16–18 age group.

Spatial characteristics of short stature
The spatial distribution of prevalence of short stature 
presented a clustered pattern. Moran’s I value was 0.474 
(p<0.001) and 0.478 (p<0.001) according to the Chinese 
and WHO growth references, respectively. The maps of prev-
alence of short stature (figure 2A,B and online supplemen-
tary table 1) indicated that the distribution of prevalence 

Table 2  Prevalence of short stature in boys and girls according to China and WHO references

Stratification

Prevalence, %

Both Boys Girls

China reference

 � Age group (years)

 � �  7–9 1646 (3.07) 843 (3.14) 803 (2.99)

 � �  10–12 1878 (3.49) 867 (3.22) 1011 (3.76)

 � �  13–15 2396 (4.45) 1387 (5.16) 1009 (3.75)

 � �  16–18 1927 (3.67) 874 (3.33) 1053 (4.00)

 � �  P for trends <0.0001 <0.0001 <0.0001

 � Residence

 � �  Urban 2382 (2.23) 1189 (2.22) 1193 (2.23)

 � �  Rural 5465 (5.12) 2782 (5.21) 2683 (5.02)

 � �  P value for difference <0.0001 <0.0001 <0.0001

 � Socioeconomic development

 � �  Developed 1851 (2.60) 928 (2.61) 923 (2.59)

 � �  Intermediately developed 2652 (3.72) 1341 (3.76) 1311 (3.68)

 � �  Underdeveloped 3344 (4.69) 1702 (4.78) 1642 (4.61)

 � �  P for trends <0.0001 <0.0001 <0.0001

 � Total 7847 (3.67) 3971 (3.72) 3876 (3.62)

WHO reference

 � Age group (years)

 � �  7–9 776 (1.45) 331 (1.23) 445 (1.66)

 � �  10–12 994 (1.85) 164 (0.61) 830 (3.09)

 � �  13–15 1525 (2.83) 718 (2.67) 807 (3.00)

 � �  16–18 2485 (4.73) 1152 (4.39) 1333 (5.07)

 � �  P for trends <0.0001 <0.0001 <0.0001

 � Residence

 � �  Urban 1823 (1.70) 754 (1.41) 1069 (2.00)

 � �  Rural 3957 (3.71) 1611 (3.02) 2346 (4.39)

 � �  P value for difference <0.0001 <0.0001 <0.0001

 � Socioeconomic development

 � �  Developed 1377 (1.93) 549 (1.54) 828 (2.32)

 � �  Intermediately developed 1979 (2.78) 821 (2.30) 1158 (3.25)

 � �  Underdeveloped 2424 (3.40) 995 (2.79) 1429 (4.01)

 � �  P for trends <0.0001 <0.0001 <0.0001

 � �  Total 5780 (2.70) 2365.00 (2.21) 3415 (3.19)
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was spatially different. Southwest China showed higher prev-
alence of short stature while northeast China had compar-
atively lower prevalence. Anselin Local Moran I indicated 
that there was a high–high cluster in Sichuan, Guizhou, 
Guangxi, Guangdong, Chongqing, Hainan, Hunan, and 
Yunnan. A low–low cluster existed in some other prov-
inces like Liaoning, Jilin, Inner Mongolia, Beijing, Tianjin, 
Hebei, Shanxi, Shandong, Jiangsu, Shanghai, Zhejiang, and 
Anhui (figure  2C,D and online supplementary table 2). 

These results were consistent between the two references. 
According to the Chinese growth reference, Getis-Ord Gi* 
identified the following as hotspot-99% confidence areas: 
Sichuan, Yunnan, Guizhou, Guangxi, and Hainan. The 
hotspot-95% confidence areas were Chongqing, Hunan, 
and Guangdong. The hotspot-90% confidence area was 
Gansu. The coldspot-99% confidence areas were Liaoning, 
Beijing, Tianjin, Hebei, Shandong, Shanghai, and Jiangsu. 
The coldspot-95% confidence areas were Zhejiang, Anhui, 
Jilin, Inner Mongolia, and Shanxi (figure  2E and online 
supplementary table 3). According to the WHO growth 
reference, Getis-Ord Gi* identified the following hotspot-
99% confidence areas: Sichuan, Yunnan, Guizhou, Guangxi, 
and Hainan. The hotspot-95% confidence areas were 
Chongqing, Hunan, and Guangdong. The coldspot-99% 
confidence areas were Liaoning, Beijing, Tianjin, Hebei, 
Shandong, Shanghai, and Jiangsu. The coldspot-95% confi-
dence areas were Anhui, Jilin, Inner Mongolia, and Shanxi. 
The coldspot-90% confidence area was Zhejiang (figure 2F 
online supplementary table 3).

Discussion
In our study, the age-standardised and age–gender-stan-
dardised prevalence of short stature nationwide was 
3.70% and 2.69% according to Chinese and WHO 

Figure 1  (A) The discrepancy of prevalence between urban–rural and different regions. (B) The discrepancy of prevalence 
between different age groups according China growth reference. (C) The discrepancy of prevalence between different age 
groups according to WHO growth reference.

Table 3  Discrepancy of genders in different residence and 
regions

Stratification

China reference WHO reference

χ2 P value χ2 P value

Residence

 � Urban 0.004 0.947 55.163 <0.0001

 � Rural 1.981 0.159 141.122 <0.0001

Socioeconomic development

 � Developed 0.041 0.840 56.555 <0.0001

 � Intermediately 
developed

0.319 0.572 59.406 <0.0001

 � Underdeveloped 1.100 0.294 80.656 <0.0001

Total 1.270 0.260 195.227 <0.0001
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Figure 2  (A) The distribution of standardised prevalence according to China growth reference. (B) The distribution of 
standardised prevalence according to WHO growth reference. (C) The results of Anselin Local Moran’s I about standardised 
prevalence according to China growth reference. (D) The results of Anselin Local Moran’s I about standardised prevalence 
according to WHO growth reference. (E) The result of Hotspot Getis-Ord, Gi* about standardised prevalence according to China 
growth reference. (F) The result of Hotspot Getis-Ord, Gi* about standardised prevalence according to WHO growth reference.
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growth references, respectively. Regarding the termi-
nology of short stature, it is sometimes synonymous to 
‘stunted growth’ and also known as stunting or nutri-
tional stunting in children. According to WHO, stunting 
is defined as a Height-for-age Z-score <−2SD (SD) of the 
WHO Child Growth References.25 In China, the defini-
tion of short stature is a height-for-age below the third 
centile (−1.88 SD) or less than 2 SD compared with 
average height of children of the same age and gender.18 
Globally, the prevalence of stunting under 5 years old 
declined from 32.6% to 22.2% between 2000 and 2017.13 
One study in 2014 showed that the crude prevalence of 
stunting in Chinese schoolchildren between 7  and  18 
years old was 2.3% based on the WHO growth reference, 
which is lower than our result. This difference could 
be partly attributed to the different SD adopted in our 
study. We used the third centile (−1.88 SD) to define 
short stature, which is currently routine clinical prac-
tice in China. In Song’s study, −2 SD was used to assess 
stunting, which may have contributed to less diagnoses 
and a lower prevalence compared with our study. Their 
study also showed that, from 1985 to 2014, the national 
crude prevalence of stunting in Chinese schoolchildren 
decreased from 16.4% to 2.3%.26 Another study in Hong 
Kong processed in 2005 showed that the crude prevalence 
of short stature (ie, height below the third centile) was 
1.7% in 6–10-year-old children and was 4.4% in children 
aged 11–18 years based on the WHO growth reference. 
World Bank data showed that the prevalence of stunting 
in 2015 among children under 5 years old in South Asia, 
Sub-Saharan Africa, the Middle East and North Africa, 
East Asia and the Pacific, Latin America and the Carib-
bean, and Europe and Central Asia was 36.2, 35.2, 15.8, 
14.4, 10.1, and 9.2%, respectively.27 In conclusion, the 
total prevalence of short stature among Chinese school-
children being low and having a decreased trend may 
reflect improvements in many aspects of China in recent 
years. The prevalence of short stature helps us to know 
the nutritional and pathological condition of children 
and provide useful data to decision makers.

The prevalence of short stature was considerably higher 
in rural areas than in urban ones. The prevalence in the 
former was nearly 2.5 times higher than in the latter. With 
respect to regions with different socioeconomic devel-
opment levels, we observed a climbing trend of short 
stature in under- and intermediately  developed regions 
compared with developed ones. Both the higher preva-
lence in rural areas and less developed regions indicated 
that children living in socioeconomically delayed areas 
were at higher risk of having stunted growth. Based on 
the WHO growth reference, the prevalence of stunting in 
children was 16.4% and 5.7% in rural and urban China, 
respectively, in 2002.28 Economic development of China 
does not reduce inequalities in nutrition and health-
care services.29 A study has shown that there have been 
declining trends of urban–rural disparities since China’s 
Reform and Opening Policy was established in 1978.30 
However, the difference in the prevalence of short stature 

in rural and urban areas is still a concern. This inequality 
reminds us the need for policies to be implemented in 
this area.

Our study has shown differences in prevalence 
between age groups. These differences may be mainly 
because the increase of height in human beings does 
not occur at a constant velocity. The highest growth 
rate occurs in fetal life and infancy, then slows down 
during childhood, and the acceleration happens during 
puberty.31 The acceleration of the rate of height growth 
in puberty can partly explain the differences in prev-
alence of short stature in  different age groups. When 
does puberty begin in Chinese adolescents? Girls may 
begin puberty earlier than boys.32 33 One study showed 
that the median age of menarche in Chinese girls was 
12.47 years in 2010.34 Puberty starts almost 2 years 
before the age of menarche in girls. The median age of 
puberty onset (ie, testicular volume is 4 mL or greater) 
in urban Chinese boys was 10.55 years between 2003 
and 2005.35 Another study showed that  the menarche 
of Hong Kong Chinese girls occurred at 12.1 years, and 
the first nocturnal ejaculation occurred at 13.0 years 
for Hong Kong Chinese boys in 1996.36 The timing of 
puberty reported by literature is consistent with our 
study results. The lowest point of prevalence of short 
stature occurred in the 10–12 age groups for boys and 
7–9 age groups for girls, respectively. At these ages, 
Chinese boys and girls start puberty. The rate of height 
growth accelerated, and the prevalence of short stature 
lowered correspondingly. The phenomena of the peak 
appearing after the lowest point may indicate that, 
after puberty, the growth rate gradually decreased in 
these age groups, especially in the 16–18 age group. 
One study showed that most Chinese children will stop 
growing height by the time they reach 18 years of age.19 
On account of these changes in growing height rate 
during puberty, the diagnosis of short stature may be 
prudent for children between 7 and 18 years old.

As for gender differences in prevalence of short stature, 
the two growth references gave opposite results. We 
found that, in the 10–12 age group, the prevalence of 
short stature in boys based on the WHO reference was 
low at 0.61% (figure 2). We think that the reason behind 
this is related to the acceleration of puberty in Chinese 
boys of this age group and to the fact that the data of 
the WHO reference did not detect boys who are really 
short stature. Two studies in Argentinian and Polish chil-
dren showed growth variations, especially in adolescents, 
when comparing the WHO growth reference data with 
the recommend national references for clinical use.37 38 
Another study showed that Asian subpopulations have an 
earlier onset of puberty than other ethnic groups.39 In 
conclusion, using US children pubertal growth patterns 
(ie, WHO reference for 5–19 years based on the data of 
the US population) to assess Chinese children pubertal 
growth patterns may be inappropriate. We recommend 
the use of the Chinese growth reference for clinical 
assessment of Chinese adolescent.
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In terms of spatial distribution, our study showed that 
the prevalence of short stature was higher in southwest 
of China but lower in northeast China. With the devel-
opment of the geographic information system (GIS) 
technique, the research on the spatial distribution for 
diseases has gradually attracted people’s attention.22 40–43 
A study from Somalia shows that there is a high preva-
lence of stunting in the south area of the country, espe-
cially around the two main rivers of Juba and Shebelle.11 
There is a study in Ethiopia showing that they identified 
clusters of high prevalence of stunting in the eastern part 
and clusters of low prevalence in the western part of the 
district.12 In our study, we tried to explore the spatial 
discrepancy of prevalence of short stature in mainland 
China using Moran’s I, Getis-Ord Gi*, and Anselin Local 
Moran’s I, which are widely used in exploring the space–
time pattern of diseases. Our research shows that there is 
a significant difference in the prevalence of short stature 
in different areas of China. Specifically, there is a higher 
prevalence cluster for short stature in the southwestern 
region, especially in the Sichuan, Guizhou, Guangxi, 
Guangdong, Chongqing, Hainan, and Yunnan provinces. 
In the northeast region, there was a lower prevalence 
cluster for short stature, especially in Inner Mongolia, 
Beijing, Tianjin, Hebei, Liaoning, Jilin, Shandong, 
Shanxi, Shanghai, Zhejiang, Anhui, and Jiangsu. What 
accounts for this spatial discrepancy? Socioeconomic 
factors may account for something.44 45 Two studies about 
spatial difference of stunting mentioned above found that 
maternal education, food security, and access were asso-
ciated with stunting.11 12 In addition, the discrepancies in 
some disease conditions, such as repeated infections and 
endocrine metabolic disease, may affect the distribution 
of short stature. It is a complicated situation, and we hope 
we can deeply research this in future studies.

Another study that caught our attention found that, in 
mainland China, children of 7–18 years old living in the 
north had a higher height than children in the south on 
average.14 The maximum height difference of different 
regions was almost 4 to 5 cm.14 China is not a country of 
immigrants. Residents have lived here for thousands of 
years, and residents and the natural environment have 
developed adaptations. Because there is a disparity in 
the geographical and climatic environment between 
south and north China, we believe that the geograph-
ical and climatic factor may play an important role in 
short stature. First, altitudes may be an important factor 
for height growth and is associated with short stature. 
Peruvians and Tibetans lived at high altitude places and 
tend to be short.46–48 Because of the high altitude envi-
ronment, the body’s functions will exhibit high-altitude 
adaptations, such as larger lungs, better lung function, 
lower blood haemoglobin concentration, that may not 
be found in lowlanders.49 Short stature may be another 
type of adaption because animals living in high elevations 
tend to be smaller to adapt to an environment with a scar-
city of food.46 Even European settlers living in the Andes 
had statures 1–5 cm shorter than their compatriots living 

in lowland areas.50 Moreover, temperature, rainfall, and 
extreme weather events (floods/droughts) were reported 
to be associated with short stature.51–53 Regrettably, we did 
not explore the causes of short stature. The geographical 
and climatic factor may determine short stature to some 
degree. Therefore, children who live in hotspot areas 
(some places in southwestern China) will be diagnosed 
with short stature though they do not have a patholog-
ical condition. The prevalence of short stature will be 
overestimated. The solutions for this are to build growth 
reference based on the same area population or lower the 
cut-off value to diagnose short stature in these places.48 
We must be more prudent when we diagnose short stature 
of children from these areas and avoid excessive labora-
tory tests or therapy for these children. Further studies on 
this subject are needed, and we hope our study is raising a 
discussion on the topic.

Limitations
Height varies between different population groups world-
wide.54 55 The Dutch population is the tallest and the 
Peruvian population is the shortest population in the 
word.46 56 Even immigrants will retain genetic potential for 
height, as observed in Turkish children.57 The definition 
of short stature emphasises that the comparison of height 
needs to be taken between the same population group, 
race, or ethnicity.58 There are 56 ethics groups (nation-
alities) in China, as shown by the 2011 National Popula-
tion Census data. Of the Chinese population, 91.51% are 
of Han nationality and 8.49% are of ‘minority nationali-
ties.’59 A study compared the height of minority national-
ities with Han schoolchildren in southwest China. Results 
showed that the age of the rapid growth period in the 
southwest China minority nationality group was greater 
than that in the Han schoolchildren.60 Another study 
showed that the stunting prevalence of Tibetan children 
in Lasa (Tibet) was higher than the national prevalence.61 
Based on the above, the adult height or growth pattern 
of some minority nationalities may differ from the Han 
nationality in China, and it may be insightful to know the 
condition of short stature in these ethnic minorities to 
see if it is different to other groups (ie, the Han nation-
ality or other nationalities) who live in same geograph-
ical environment. Although we did not evaluate the short 
stature of ethnic minorities in our study, it is a meaningful 
research direction for later scholars. In our study, we also 
did not exclude the effect of the floating population (ie, 
individuals whose growth place and birth place are not 
the same). Because our study is cross-sectional, we also 
did not explore the causes of short stature and we did 
not perform a follow-up to learn the adult heights of our 
participants.

Conclusions
There is an appreciably high prevalence of short stature 
in rural, underdeveloped areas of China. This provides 
corroborating evidence for a tailored strategy for short 
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stature prevention and reduction in special areas. We also 
uncover that there are high prevalence spatial clusters of 
short stature in the southwestern China, such as Sichuan, 
Guizhou, Guangxi, Guangdong, Chongqing, Hainan, 
Yunnan provinces. Therefore, further study needs to be 
done in these places to detect the cause of short stature. 
Our results indicate that, aside from the racial factor, the 
regional factor may need to be considered when defining 
short stature.
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