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Introduction: This study aimed to investigate the somatotype and obesity of adults in the 
Xinjiang Uygur Autonomous Region of China and to explore multivariate path analysis for 
the feasibility and scientificity of using somatotypes to evaluate obesity.
Subjects and Methods: According to anthropometric methods, a cross-sectional study was 
performed on 10 indexes of 3438 adults (1690 men and 1748 women, aged > 20 years) living in 
the Xinjiang Uygur Autonomous Region of China (including Kazakh, Kyrgyz, Xibe, Uzbek, 
Tatar and Tajik). The Heath-Carter anthropometric method and body mass index (BMI) were 
used to evaluate somatotype and obesity, respectively. The feasibility and scientificity of using 
somatotypes to evaluate obesity were analysed by correspondence analysis.
Results: Among the six populations, the somatotypes were mainly distributed as endo-
morphic mesomorph, mesomorph-endomorph and mesomorphic endomorph populations, 
accounting for 66.5% of males and 78.8% of females. The obesity rate (27.4% in males, 
27.8% in females) of the six populations in the Xinjiang Uygur Autonomous Region of 
China was much higher than the average Chinese adult obesity rate (12.1%) and the global 
adult obesity rate (male: 11%, female: 15%). The distribution of BMI was significantly 
different (male: P=0.000, female: P=0.033) in different populations, and the incidence of 
overweight and obesity in the Xinjiang Uygur Autonomous Region of China increased 
gradually. This study found that there were significant differences in somatotype distribution 
among different obesity groups in the Xinjiang Uygur Autonomous Region of China 
(P=0.000). There was a strong correlation between overweight or obesity and endomorph- 
mesomorph, endomorphic mesomorph and mesomorphic endomorph. Furthermore, this 
study indicated that using somatotypes to evaluate obesity was reliable and scientific.
Conclusion: This study concluded that the somatotype of overweight or obese people was mainly 
related to endomorphic mesomorph, mesomorph-endomorph, and mesomorphic endomorph.
Keywords: China, obesity, somatotype, Heath-Carter anthropometric method, body mass 
index, path analysis, Xinjiang

Introduction
Obesity, which affects human health worldwide, is a chronic disease with 
a complex aetiology and is a major global public health problem.1–4 As people’s 
lifestyles change, an oversupply of nutrition (leading to body fat accumulation) is 
the main reason for the occurrence of overweight/obesity.5 At present, there are 
many methods for nutrition assessment in academia, including subjective global 
assessment,6,7 nutritional risk screening 2002,8 mini-nutritional assessment,9 short- 
form mini-nutritional assessment,10,11 bioelectrical impedance analysis,12 dual 
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energy X-ray absorptiometry,13,14 computed 
tomography,15 and MRI.16,17 Although these methods are 
more accurate and quantitative, they cannot evaluate the 
overall obesity of the human body accurately.18 

Studies19,20 have shown that the Heath-Carter anthropo-
metric somatotype can comprehensively consider various 
factors affecting the human body (such as height, weight, 
skeletal muscle, body fat, etc.) and can compensate for the 
deficiencies of other methods in obesity evaluation. 
Endomorph is used to indicate the relative content of 
body fat, mesomorph is used to reflect the level of muscu-
loskeletal development, and ectomorph is used to show the 
relative linearity of the body.21 Susanne C et al22 found 
that endomorphy and the fat factor, mesomorphy and the 
skeletal muscle factor, and ectomorphy and the linearity of 
the body were positively correlated by factor analysis. The 
Heath-Carter anthropometric method23 has overcome the 
subjective and cumbersome shortcomings of other nutri-
tional evaluation methods and can accurately reflect fat-
ness and obesity. Furthermore, it is objective and 
universally applicable, and it is a more reliable method 
for evaluating obesity. Therefore, it is widely recom-
mended by the “International Biological Development 
Plan”. Some studies24,25 have found that the Heath- 
Carter anthropometric method can evaluate obesity. It has 
been reported that26,27 somatotype and obesity are closely 
related, and different somatotypes have been indicated to 
have different BMIs (endomorphy and cholesterol are 
positively correlated and negatively related to carbohy-
drate and inorganic element intake; mesomorphy is posi-
tively correlated with the intake of fat and inorganic 
elements; ectomorphy is related to high-intensity exercise 
and somatic cell quality). Koleva et al28 demonstrated that 
some people who are overweight or obese are closely 
related to endomorph-mesomorph, endomorphic meso-
morph, and mesomorphic endomorph.

With the improvement in the economic level, the diet-
ary habits of Chinese people have changed rapidly. Indeed, 
the number of overweight or obese people suffering from 
chronic diseases (hypertension, heart disease, periodontal 
disease, etc.) is gradually increasing.29–31 The Xinjiang 
Uygur Autonomous Region of China, inhabited by 47 
ethnic minorities (such as Kazakh, Kyrgyz and Uzbek), 
is located deep inland and surrounded by mountains in 
northwest China, which makes it difficult to reach by 
ocean currents. Therefore, a typical temperate continental 
climate has been formed in the Xinjiang Uygur 
Autonomous Region of China and is characterized by 

sparse precipitation, low relative humidity, long winters, 
long hours of sunshine, and large temperature differences. 
Residents have formed dietary habits of high protein, high 
calories, high sugar and a lack of inorganic nutrients, for 
example, beef, mutton, and fruit with high sugar content, 
along with a lifestyle lacking in exercise, which leads to 
obesity and a corresponding poor influence on their 
health.32 Studies33 have shown that the obesity rate 
(26.5%) in the Xinjiang Uygur Autonomous Region of 
China is much higher than that among average Chinese 
adults34 (12.1%) and the global adult35 obesity rate (male: 
11%, female: 15%). However, given the high obesity rate 
at present, it is urgent to explore a feasible and scientific 
method for evaluating obesity and preventing and control-
ling the incidence of obesity.

The aim of this study is therefore to investigate the soma-
totype with the Heath-Carter anthropometric method and the 
obesity rate with body mass index (BMI) and to explore 
multivariate path analysis for the feasibility and scientificity 
of using somatotype to evaluate obesity by selecting a large 
sample of six adult populations (Kazakhs, etc.) in the Xinjiang 
Uygur Autonomous Region of China for several generations. 
This work provides a new means for preventing and control-
ling the incidence of overweight or obesity in different 
populations.

Subjects and Methods
Ethics Statement
The study protocol was approved by the Research Ethics 
Committee of Jinzhou Medical University (ethics commit-
tee approval code: JZLL2015007) and was consistent with 
the Declaration of Helsinki. Before participation, verbal 
and written informed consent was approved by the 
Research Ethics Committee of Jinzhou Medical 
University, all study participants were fully informed of 
the aim and experimental procedures of the study, and 
verbal and written informed consent was obtained.

Data Sources and Participants
From May 2018 to May 2019, we went to Hefeng, Aketao, 
Mulei, and Qitai Counties and ILi city of Xinjiang Province, 
China, to conduct the cross-sectional survey by random 
sampling. This study contacted the local governments in 
advance. With the help of the local governments, Kazak, 
Kyrgyz, Xibe, Uzbek, Tatar and Tajik residents who sub-
mitted their household registrations and had lived in the 
above native locations for at least three generations, were 
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randomly coded according to their ID numbers, and the 
random number method was used to randomly select 
research subjects for data collection. A total of 3438 adults 
(1690 males and 1748 females, age >20 years old) in good 
health according to clinical medical evaluations who had the 
same living environment and eating habits were selected as 
participants. The average age was 43.21 years for men and 
42.53 years for women. The average age among different 
populations was not significantly different (P>0.5), as shown 
in Table 1.

Measurement of Anthropometry
According to Anthropometric Methods,36 each subject’s 
body weight was measured with a body weight measure-
ment device (Omron HBF-358, Powerlogics Co., Ltd., 
Korea). Height was measured with a Martin altimeter 
(Nanchang Measuring Instrument Factory, China). The 
triceps skinfold, subscapular skinfold, supraspinal skin-
fold, and medial calf skinfold were assessed by 
a skinfold thickness meter (Nantong Hyatt Fitness 
Measuring Equipment Co., Ltd., China), flexed upper 
arm and calf girth with a tape measure and skeletal 
breadths with a small sliding caliper (Chengdu Jingbo 
Diameter Precision Measurement Research Institute, 
China). Except for height and weight, other indicators 
were measured on the right side of the corresponding 
body parts. Height and girth were accurate to 1 mm, 
interosseous diameter was accurate to 0.05 mm, and 
skinfold thickness was accurate to 0.01 mm.

Judgement of Somatotype
Using the Heath-Carter Anthropometric Somatotype 
method,37 the three somatotype components were computed 

according to the Heath-Carter Anthropometric Somatotype 
Instruction Manual. The original data were input into 
Somatotype1.2.5 Software (M E R Goulding Software 
Development) to analyse 13 somatotype categories and 
draw a somatochart. Ponder index36= height, cm/(body 
weight, kg)0.33 (cm/kg0.33). If the Ponder index was 
≤38.25 cm/kg,0.33 ectomorphy=0.1. If the Ponder index was 
≥40.70 cm/kg,0.33 ectomorphy= Ponder index×0.732–28.58. 
Finally, if 38.25 cm/kg0.33<Ponder index<40.70 cm/kg,0.33 

ectomorphy= Ponder index×0.463–17.63.

Evaluation of Obesity
Studies38,39 in the Chinese population showed that low 
body weight was defined as a BMI <18.5 kg/m2 and 
normal body weight as 18.5 kg/m2 ≤ BMI < 24 kg/m2, 
24 kg/m2 ≤ BMI < 28 kg/m2 indicated overweight, and 
BMI ≥28 kg/m2 suggested obesity. Thus, overweight and 
obesity were defined by the Chinese standards in this 
study; obesity was defined as BMI ≥28 kg/m2, and over-
weight was defined as a BMI of 24–28 kg/m2.

Statistical Analysis
Quantitative data are expressed as the mean ± standard 
deviation (Mean ± SD), and categorical data are expressed 
as percentages (%). Differences in categorical data among 
Kazakh, Kyrgyz, Xibe, Uzbek, Tatar and Tajik were exam-
ined by the chi-square test, and differences in quantitative 
data were examined by ANOVA, followed by the post hoc 
test (Tukey) after the homogeneity of variance test. The 
correlation between somatotypes and obesity was assessed 
by correspondence analysis. All analysis procedures were 
performed by using SPSS 25.0 (IBM SPSS, Chicago, IL). 

Table 1 Valid Survey Samples of Six Populations in the Xinjiang Uygur Autonomous Region of China

Ethnicity Survey Site Male Female Total

N Age (Mean ± SD) N Age (Mean ± SD) N

Kazakh Hefeng 563 43.00±16.02 664 42.56±14.01 1227
Kyrgyz Aketao 549 42.25±14.16 608 41.92±11.05 1157

Xibe ILi 196 44.94±9.92 192 44.42±10.14 388

Uzbek Mulei 146 45.15±14.87 62 43.84±15.70 208
Tatar Qitai 100 44.91±12.39 59 44.22±13.89 159

Tajik Aketao 136 42.05±14.01 163 41.39±10.69 299

Total 1690 43.21±14.38 1748 42.53±12.43 3438

F 2.070 1.817

P 0.066 0.106

Notes: F, P significant one-way analysis of average year among the different populations F Value, P value.
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All tests were two tailed, and the significance level was set at 
α=0.05.

Results
This study (Table 2) showed that there were significant 
differences in ten Heath-Carter body variables among the 
six populations (P=0.000). Among the six populations, the 
skinfold thickness and biepicondylar breadth of the humerus 
were the largest among individuals of Xibe ethnicity, and the 
skinfold thickness and biepicondylar breadth of the femur 
were the smallest among the Kazakh. Flexed upper arm girth 
was the largest among the Tatar and the smallest among the 
Xibe, and the calf girth among the Tatar (male) and Kazakh 
(female) was the smallest. However, flexed upper arm girth, 
biepicondylar breadth of humerus, height and weight were 
the smallest among the Tajik, and the biepicondylar breadth 
of femur among the Kyrgyz was the largest among the six 
populations. BMI among the Tajik (male) was up to 24 kg/ 
m2, and BMI among the other populations was over 24.0 kg/ 
m2. Therefore, with the exception of the Kazakh and Kyrgyz 
(male), whose skeletal muscles were more developed, other 
groups (Kyrgyz women, Uzbek, Xibe, Tatar and Tajik) had 
higher skinfold thickness and lower body linearity.

The analysis results of the mean somatotype compo-
nents and Ponder index of different populations in the 
Xinjiang Uygur Autonomous Region of China are shown 
in Table 3. The somatotype of different populations was 
represented by endomorphy-mesomorphy-ectomorphy. The 
ponderal index ranged from 39.76 to 41.39 in males and 
from 39.59 to 40.08 in females. There were some differ-
ences among them (P=0.000). The results indicated that 
Kazakhs (3.6–4.4-1.7 for men, 4.1–4.7-1.2 for women) 
had less body fat and more developed musculoskeletal 
systems; however Xibe (7.0–3.8-1.4 for men, 8.0–4.1-1.0 
for women) had more body fat and a higher body linearity in 
women; Uzbeks (5.7–3.8-1.4 for men, 6.1–4.4-1.4 for 
women) had a lower body linearity; at the same time, the 
skeletal muscles of Tajiks (4.2–2.8-1.9 for men, 6.9–3.0-1.2 
for women) were underdeveloped; Tatars (5.4–4.0-1.0 for 
men, 5.8–3.6-1.2 for women) had the highest body linearity, 
and Kyrgyz (4.2–4.0-1.8 for men, 6.2–4.1-1.1 for women) 
were among the six Xinjiang Uygur populations in body 
characteristics.

The distribution of somatotype categories in different 
populations is shown in Table 4. The cumulative 66.5% of 
males and 78.8% of females were mainly distributed as 
endomorphic mesomorph, mesomorph-endomorph, and 
mesomorphic endomorph. Figure 1 shows that the mean 

somatotypes of different populations were mainly endo-
morph and mesomorph. Simultaneously, the six popula-
tions involved in this study other than Kazakh and Kyrgyz 
(males) were mainly distributed into mesomorph endo-
morphs, and the other populations were primarily distrib-
uted into mesomorphic endomorphs. Therefore, the results 
showed a dominance of the endomorph and mesomorph 
components among the six populations in the Xinjiang 
Uygur Autonomous Region of China.

Table 5 shows these results: the distribution of BMI 
was significantly different (male: P=0.000, female: 
P=0.033) in different populations. Among males, low 
body weight accounted for 2.2% of the population, normal 
body weight accounted for 40.4%, overweight accounted 
for 30.0%, and obesity accounted for 27.4%. Among 
females, low body weight accounted for 3.3% of the 
population, normal body weight accounted for 39.4%, 
overweight accounted for 29.5%, and obesity accounted 
for 27.8%. The total incidence of overweight and obesity 
in Kazakhs (54.8% of men, 58.5% of women), Kyrgyz 
(48.7% of men, 55.3% of women), Xibe (72.5% of men, 
64.3% of women), Uzbek (72.6% of men, 54.8% of 
women), Tatar (79.08% of men, 57.6% of women) and 
Tajik (50% of men, 48.5% of women) was higher than 
that (47.9%) reported by Yao XG et al41 in 2010. Thus, 
the incidence of overweight and obesity in the Xinjiang 
Uygur Autonomous Region of China has increased 
gradually.

This study found (Table 6) that there were significant 
differences in body type distribution among different obe-
sity groups in the Xinjiang Uygur Autonomous Region of 
China (P=0.000). Low body weights were mainly distrib-
uted into ectomorphic categories, while normal weights 
were relatively scattered among the different somatotype 
categories. Overweight and obesity were mainly distribu-
ted into endomorphic mesomorph (29.4%, 42.8% of men; 
24.8%, 46.5% of women), mesomorph-endomorph 
(15.4%, 10.8% of men; 8.4%, 6.17% of women), and 
mesomorphic endomorph (46.4%, 45.6% of men; 63.2%, 
47.1% of women). It could be concluded that the somato-
type of overweight or obese people was mainly related to 
endomorphic mesomorph, mesomorph-endomorph, and 
mesomorphic endomorph.

According to Table 7, the corresponding analysis of 
populations with different BMIs and somatotypes in the 
Xinjiang Uygur Autonomous Region of China (Table 7), 
the cumulative interpretation rates of the first dimension 
and second dimension of the male and female populations 
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explained 97.241% and 95.757% of the total information 
volume, respectively.

From the horizontal axis perspective, Figure 2 shows 
that there was a strong corresponding relationship between 
somatotype and BMI. In the inertia of the first and second 
dimensions, cumulative contributions were able to depict 
the information of all original data. Normal weight (BMI: 
18.5–24 kg/m2) was strongly correlated with the somato-
type of balanced ectomorph, balanced ectomorph, and five 
other somatotype categories in men; moreover, it was 
mainly associated with the somatotype of balanced ecto-
morph, balanced ectomorph, and three other somatotype 
categories in women. There was a strong correlation 
between overweight (BMI: 24~28 kg/m2) or obesity 
(BMI ≥28 kg/m2) and endomorphic mesomorph, meso-
morph-endomorph, and mesomorphic endomorph 
somatotypes.

Discussion
Previous studies33 have shown that the obesity incidence 
of adults in the Xinjiang Uygur Autonomous Region of 
China is higher than that of adults in Chinese inland areas 
and that of the global adult population. The incidence of 
obesity among adults in the Xinjiang Uygur Autonomous 
Region of China has become increasingly serious. 

Somatotype categories were evaluated according to the 
Heath-Carter Anthropometric Somatotype Instruction 
Manual.37 Bolonchuk WW et al27 pointed out that the 
endomorph, mesomorph and ectomorph could accurately 
reflect obesity in the human body. These results (Table 2) 
show that there are obvious differences in height, weight, 
BMI and other indicators among the different populations. 
Therefore, this study indicates that adults from the 
Xinjiang Uygur Autonomous Region of China generally 
show a tendency to be overweight or obese in terms of 
anthropometric indicators and somatotype. Such a trend 
can lead to a high incidence of diabetes, cardiovascular 
disease, periodontal disease and so on.29–31 Because Tajiks 
live on the Pamirs Plateau (4500 metres above sea level) 
and living conditions are very difficult, the incidence of 
overweight or obesity is lower than that of others. These 
results (Tables 3 and 4 and Figure 1) showed that the 
somatotypes of Kazakhs and Kyrgyz (men) were basically 
similar to those of Caucasians; however, the other popula-
tions had different somatotype factors and distributions.

Obesity is mainly caused by an oversupply of nutri-
tional intake32 and is able to give rise to a large number of 
chronic diseases.1–3 Assessment of obesity among adults 
in the Xinjiang Uygur Autonomous Region of China was 
conducted according to BMI. According to the WHO 

Table 3 Somatotype Characteristics of Six Different Populations

Ethnicity Male Female

N Somatotype Ponder Index 
(Mean ± SD)

X–Val Y-Val N Somatotype Ponder Index 
(Mean ± SD)

X–Val Y-Val

Kazakh 563 3.6–4.4-1.7 40.88±2.52 −1.88 3.58 664 4.1–4.7–1.2 39.73±2.59 −2.91 4.10
1.0–2.1-1.4 1.1–2.3-1.2

Kyrgyz 549 4.2–4.0-1.8 41.11±2.28 −2.46 1.94 608 6.2–4.1-1.1 39.74±2.35 −5.08 0.85
1.7–2.0-1.3 2.1–2.2-1.1

Xibe 196 7.0–3.8-1.4 40.35±2.48ab −5.66 −0.74 192 8.0–4.1-1.0 39.59±2.30 −7.02 −0.84
1.3–2.0-1.4 1.1–2.0-1.0

Uzbek 146 5.7–3.8-1.4 40.39±2.36ab −4.33 0.59 62 6.1–4.4-1.4 40.08±3.04 −4.63 1.31
1.7–2.1-1.3 1.8–2.2-1.5

Tatar 100 5.4–4.0-1.0 39.76±2.00ab −4.406 1.67 59 5.8–3.6-1.2 40.06±2.32 −4.61 0.14
1.0–2.3-1.0 0.9–1.8-1.2

Tajik 136 4.2–2.8-1.9 41.39±2.41cde −2.31 −0.55 163 6.9–3.0-1.2 40.00±2.50 −5.63 −2.21
1.7-1.6-1.5 1.9–2.0-1.2

Total 1690 4.5–4.0-1.6 40.83±2.42 −2.90 1.84 1748 5.6–4.2-1.1 39.77±2.48 −4.49 1.61
1.8–2.1-1.4 2.1–2.3-1.2

Notes: Somatotypes: endomorph-mesomorph-ectomorph, Ponderal index= height, cm/(body weight, kg).0.33 N, the number of subjects of different populations. a, 
Significant difference between Kazakh and other ethnicities. b, Significant difference between Kyrgyz and other ethnicities. c, Significant difference between Xibe and 
other ethnicities. d, Significant difference between Uzbek and other ethnicities. e, Significant difference between Tatar and other ethnicities. a b c d e P < 0.05.
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strategy,40 BMI was calculated as weight (kg) divided by 
height squared (m2). BMI ≥30 kg/m2 was defined as obe-
sity, and 25 kg/m2≤BMI <30 kg/m2 was defined as over-
weight. However, studies38,39 showed that low body 
weight was defined as a BMI <18.5 kg/m2 and normal 
body weight as 18.5 kg/m2 ≤ BMI < 24 kg/m2, 24 kg/m2 ≤ 
BMI < 28 kg/m2 indicated overweight and BMI ≥28 kg/m2 

suggested obesity for Chinese people. Therefore, this 
study used this measurement criteria for Chinese people. 
The incidences of obesity in Kazakh, Kyrgyz, Xibe, 
Uzbek, Tatar, and Tajik are shown in Table 5 and were 
higher than those of adults in Chinese inland areas 
(12.1%),42 those of adults worldwide,24 and the predicted 
global obesity rate in 2025 (18% in men, 21% in women) 
by NCD-RisC.2 Therefore, immediate importance should 
be attached to the control of the occurrence of obesity 
among adults in the Xinjiang Uygur Autonomous Region 
of China. Meanwhile, some effective measures should be 
taken. The long-term dietary habits of high protein, high 
calorie, high sugar, and lack of inorganic nutrients as well 
as the inactive lifestyle in this population may be the major 
reason for their obesity32 in the present study. However, 
obesity is usually related to genes, geographic location, 
lifestyle, etc.17,25,43,44 Thus, it should be considered com-
prehensively that different measures should be taken to 
control and prevent obesity according to different popula-
tions in the Xinjiang Uygur Autonomous Region of 
China.45,46 A study47 showed that mesoderm-type people 
had genetic traits of low metabolism and were usually 
prone to obesity. Some studies28,48 have shown that obe-
sity in different populations is closely related to changes in 
somatotypes. This study (Table 6) indicated that over-
weight and obesity in people in the Xinjiang Uygur 

Autonomous Region of China were mainly distributed in 
the endomorphic mesomorph, mesomorph-endomorph, 
and mesomorphic endomorph. This result was consistent 
with previous research conclusions. Olds T et al46 found 
that males (94%) were decidedly ectomorphic (high line-
arity), endomorphic (high fatness), and endomesomorphic 
(a mixture of muscularity and fatness). The females (85%) 
were clearly endomorphic, ectomorphic, and ectomeso-
morphic (a mixture of muscularity and linearity) and 
were overweight or obese. Susanne C et al22 conducted 
principal component analysis and found a high correspon-
dence between endomorphy and fatness factors in both 
sexes, that mesomorphy correlated positively with the 
muscular factor in males and negatively with the skeletal 
factor in both sexes, and that ectomorphy had a strong 
positive correlation with the skeletal factor and a negative 
correlation with the other two factors in both sexes. 
Therefore, most people had a markedly higher skinfold 
thickness and muscle mass and higher skinfold thickness 
was a more significant body measurement in this study. 
Some studies indicate that if the cumulative inertia ratio of 
the first n dimensions reached more than 70%, it could 
display most of the original information.47 In this study 
(Table 7), the first dimension of the male and female 
populations was 77.194% and 66.087%, the second dimen-
sion was 20.047% and 29.670%, and the total amount of 
information was 97.241% and 95.757%, respectively. 
Therefore, the cumulative contribution ratio of inertia of 
the first two dimensions could display the information of 
the original data. There was a significant difference 
between body type and different BMIs in this study. 
From the horizontal axis, Figure 2 shows that the BMI of 
overweight and obese individuals was highly related to the 

Figure 1 Distribution of the somatotypes of six different populations in the Xinjiang Uygur Autonomous Region of China (A-male, B-female).
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predominance of the endomorphic mesomorph, meso-
morph-endomorph, and mesomorphic endomorph in both 
sexes. A few studies28 showed that overweight and obese 
people with mesomorphic endomorphism had the charac-
teristics of a high-energy diet habit. Biljana et al24 sug-
gested that the somatotype of obese people usually 
corresponded with mesomorphs and endomorphs and was 
caused by specific metabolic abnormalities, which was 
also consistent with the results of this study. Therefore, 
the Heath-Carter somatotype method could closely link 
different BMIs with somatotypes to carry out scientific 
obesity evaluations. It could comprehensively consider 
various factors affecting the human body,19,20 overcome 
the shortcomings, such as subjectivity, of other nutrition 
evaluation methods, distinguish between overweight or 
obesity caused by body fat and free fatness, and compen-
sate for the deficiencies of height and body weight in 
nutrition evaluation.

One of the limitations of this study was that a cross- 
sectional survey was conducted to analyse the obesity and 
somatotype categories of six different populations in the 
Xinjiang Uygur Autonomous Region of China. As in 
cross-sectional studies, data on exposure and outcome are 
gathered simultaneously at a specific time point. Thus, 
prospective studies are necessary to confirm our findings. 
Previous studies have shown that the somatotype changes 
with age.48 Endomorphy and mesomorphy were dominant 
in elderly subjects. In fact, while height decreased with 
age (by approximately 1 cm per decade starting from 40 
years old),49 weight increased with a corresponding incre-
ment in the body mass index. Height is a very important 
indicator, and height changes cause somatotype changes in 
the Heath-Carter somatotype method.36 In this study, there 
was no longitudinal study on body type by age group. 
Therefore, the age-related body type of each population 
(unclear) should be studied further. Furthermore, some 

Table 7 Comparison of Different BMIs with Somatotypes of Adults in the Xinjiang Uygur Autonomous Region of China

Dimension Singular Value Inertia (Eigenvalue) χ2 P Inertia (%) Cumulative Inertia (%)

Male
1 0.733 0.537 77.194 77.194

2 0.374 0.140 20.047 97.241

3 0.139 0.019 2.759 100.000
Total 0.696 1176.016 0.000 100.000 100.000

Female

1 0.688 0.474 66.087 66.087

2 0.461 0.213 29.670 95.757
3 0.174 0.030 4.243 100.000

Total 0.717 1253.642 0.000 100.000 100.000

Figure 2 Corresponding analysis of BMI and somatotypes of the Xinjiang Uygur Autonomous Region of Chinese adults (A-male, B-female).
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studies have shown that overweight or obesity is caused by 
many factors (such as diet and metabolic 
abnormalities).26,42,44 This study should use the Heath- 
Carter somatotype method and BMI correspondence ana-
lysis conclusion to further study the causes of overweight 
or obesity and to provide better solutions for preventing 
and controlling overweight or obesity in different 
populations.
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