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Abstract 

Background: Xinjiang is an economically underdeveloped area in China, but the obesity rate of children and ado-
lescents is increasing year by year. Physical fitness and body mass index (BMI) are very important factors for healthy 
development, whereas few studies focus on the relationship between them in this region. This study aimed to explore 
the relationship between physical fitness and BMI of children and adolescents aged 7 to 18 in Xinjiang.

Method: A total of 17,356 children and adolescents aged 7–18 years were involved. BMI was divided into five levels 
by percentiles, from very low to very high. Physical fitness was evaluated by five indicators: grip strength, standing 
long jump, sit-and-reach, 50 m dash, and endurance running. Single-factor analysis of variance was used to compare 
the Z-scores of the five physical fitness indicators among different BMI levels for the four age groups by gender. A 
nonlinear quadratic regression model was used to evaluate the relationship between BMI and each indicator in the 
four age groups.

Result: There is a significant correlation between the five health-related indicators (grip strength, standing long 
jump, sit and reach, 50 m dash, endurance run) at two age groups (13-15 yrs., 16-18 yrs) of children and adolescents in 
Xinjiang, China. The range of the Pearson coefficient is 0.048 ~ 0.744. For the other two age groups (7-9 yrs., 10-12 yrs.,) 
significant correlations are found only in some indicators, and the Pearson coefficient ranges from 0.002 to 0.589. 
The relationship between BMI and physical fitness presents an U-shaped or inverted U-shaped curve in most age 
groups(R2 ranges from − 0.001 to 0.182. Children and adolescents with normal BMI score higher on physical fitness 
tests, and boys  (R2 ranges from − 0.001 to 0.182) are more pronounced than girls  (R2 ranges from 0.001 to 0.031).

Conclusion: Children and adolescents with a BMI above or below the normal ranges have lower physical fitness than 
those with normal BMI. BMI and physical fitness have an U-shaped or inverted U-shaped curve relationship, and the 
impact is more evident in boys than girls. Targeted actions such as improving the quality of physical education classes, 
advocating students to keep a balanced diet and physical exercise should be taken designedly.
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Introduction
Meta-analysis suggested that anthropometric indicators 
such as body mass index (BMI), waist circumference, and 
waist-to-height ratio can be used by health professionals 
to assess body fat in children and adolescents [1]. BMI 
was widely used due to its simplicity, easy measurement, 
and high reliability [2, 3]. BMI is positively related to 
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physical disorders such as hypertension, type 2 diabetes, 
and cardiovascular disease. It can also negatively affect 
the executive function, educational outcomes, and intel-
lectual development of children and adolescents [4–6]. 
Conversely, wasting and malnutrition caused by low BMI 
are also harmful to the physical and mental health of chil-
dren and adolescents [7, 8]. Therefore, the maintenance 
of a normal BMI is fundamental to the healthy develop-
ment of children and adolescents.

As a major component of physical health, physical fit-
ness is very important to the lives and learning of children 
and adolescents [9]. Physical fitness is a comprehensive 
indicator that closely reflects cardiopulmonary endur-
ance, muscle strength, speed, and flexibility in children 
and adolescents [10]. Stodden et  al. confirmed a posi-
tive correlation between physical fitness and the health 
of children and adolescents [11]. A study conducted by 
Barnett et  al. also reported that good physical fitness 
was correlated with better health during childhood and 
adolescence, which could continue into adulthood and 
confer many health benefits in adults, indicating that 
physical fitness is of great significance for future healthy 
development [12].

The relationship between BMI and physical fitness 
has recently been extensively researched, but has mainly 
been viewed from three angles. Firstly, overweight/
obese people have shown a negative linear relation-
ship between BMI and fitness [2, 13]. Secondly, BMI is a 
potential covariate for fitness [14, 15]. Thirdly, relation-
ship between the physical fitness and BMI during ado-
lescence is quadratic [16, 17]. However, most of these 
studies focused on the effect of higher BMI on physical 
fitness, the effect of underweight or malnutrition due to 
lower BMI was seldom involved.

Much of the published research in this area has focused 
on children and adolescents in developed regions. How-
ever, with a higher prevalence of underweight, develop-
ing areas should be more concerned given their poor 
medical facilities [18]. Xinjiang Uygur Autonomous 
Region, located in the northwest of China, is one of the 
underdeveloped provinces of China [19]. In 2016, the rate 
of malnutrition among Kazakh children and adolescents 
in Xinjiang was 17%, higher than in developed areas of 
China (0.9%) [20]. We have clarified the benefit of normal 
BMI on the overall physical fitness among Xinjiang chil-
dren and adolescents [21], but the effect of BMI on each 
physical fitness indicator remains unknown. Given the 
increased prevalence of obesity [22] and declined physi-
cal fitness levels [23] of Xinjiang children and adolescents 
since 1985, the present study hypothesized that there 
is a “U” or inverted “U”-shaped relationship between 
BMI and each physical fitness in Xinjiang children and 
adolescents.

Materials and methods
Data resources
Data were selected from the Chinese National Survey 
on Students’ Constitution and Health (CNSSCH), which 
is currently the largest national survey on the physical 
health of children and adolescents in China. This pro-
ject is conducted every 5 years from 1985 to 2014 by the 
national administrative departments, including the Min-
istry of Education, Ministry of Science and Technology, 
National Civil Affairs Commission, Ministry of Finance, 
National Health Commission of the People’s Republic of 
China, and the General Administration of Sport of China. 
All student names were numerically coded to avoid leak-
ing their personal information.

Participants
Participants in the present study were selected from the 
CNSSCH project in 2014 involved children and adoles-
cents age 7–18 years from the Xinjiang Uygur Autono-
mous Region, China. All the participants should have 
lived in Xinjiang for a minimum of 1 year and were 
required to undergo a simple examination before the test 
to ensure they are free from mental or physical illnesses. 
According to the arrangement of the State General 
Administration of Sport and the Ministry of Education of 
the People’s Republic of China, all the students in China 
have physical education classes 2–4 times a week and 
the students were organized to have one-hour collective 
physical exercise after class during weekdays without 
physical education classes.

This is a present situation research and the research 
variable belongs to counting data. Therefore, we used the 
sample estimation calculation formula as follows:

According to the Statistical Bulletin on educational 
Development of Xinjiang Uygur Autonomous Region 
in 2010, the population is 21,813,300 and there are 
2,939,100 children and adolescents, resulting that p 
equals to 0.1347(2,939,100/21,813,300) and n = 1096. 
Provided 10% of missing data, the sample size should be 
1206. The present study was conducted in six regions of 
Xinjiang. considering the urban and rural distribution, 
we tested 14,468 Xinjiang children and adolescents and 
obtained 17,356 valid data.

The recruitment procedure was divided into three 
stages: 1) Based on different levels of economic develop-
ment and geographical distribution of Xinjiang Uygur 

n =

Za/22 × p(1− p)

d2

d = 0.15× p, a = 0.05(two sides), Za/22 = 1.96
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Autonomous Region in China, six survey sites (Urumqi, 
Yining, Altay, Aksu, Kashi, and Atushi) were selected 
(Fig. 1) [24]; 2) Considering the large differences between 
urban and rural areas, 5 urban and 5 rural schools were 
selected as survey schools from each survey sites; 3) In 
each school, a stratified cluster sampling method was 
used to select classes from each grade, and students in 
the selected class were recruited as participants in the 
cluster. After excluding 768(4.24%) missing data, a total 
of 17,356 (boys 8671,49.96%) students were recruited as 
participants.

Physical fitness test
Physical fitness indicators (height, weight, grip strength, 
standing long jump, sit-and-reach, 50 m dash, and endur-
ance running) were tested by trained and qualified pro-
fessional testers and each tester took charge of one test 
[21]. All test procedures were conducted according to 
CNSSCH guidelines, which have been proved to be 
validated for Chinese children and adolescents [21, 24]. 
To ensure the accuracy of test data and reduce errors 

reported by the different test times of the day, each test 
was carried out at a set time, either in the morning or 
in the afternoon. Height, weight, grip strength, standing 
long jump, sit-and-reach, 50 m dash were measured from 
ages 7 to 18 years. Endurance run included eight 50 m 
shuttle runs (for both boys and girls aged 7–12 years) 
and distance running (1000 m endurance running for 
boys aged 13–18 years, and 800 m endurance running for 
girls aged 13–18 years). BMI was calculated by weight 
(kg) / height  (m2). The extreme values for each variable 
was defined as follows [24]: BMI ≤ 10 or > 40 kg/m− 2; 
grip strength < 1 kg or > 70 kg; standing long jump < 50 
or > 300 cm; sit-and-reach ≤ − 8 or > 26 cm; 50 m dash 
< 6.0 or > 16.0 s; 800 m running < 140 or > 400 s; 1000 m 
running < 150 or > 370 s; 50 m × 8 round running < 60 
or > 200 s.

To compare physical fitness of children and ado-
lescents with different BMI levels, BMI was divided 
into five levels by percentile for both boys and girls: 
very low (BMI < 5 percentiles); low (5 ≤ BMI < 15 per-
centiles); normal (15 ≤ BMI < 85 percentiles); high 

Fig. 1 Sampling diagram for children and adolescents in Xinjiang, China
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(85 ≤ BMI < 95 percentiles); very high (BMI ≥ 95 per-
centiles) [21]. As a result, the numerical value of 
BMI for each group is as followed: for boys: very low 
(BMI < 14.67 kg/m2);low (14.67 kg/m2 ≤ BMI < 15.69 kg/
m2); normal (15.69 kg/m2 ≤ BMI < 22.11 kg/m2); 
high (22.11 kg/m2 ≤ BMI < 25.02 kg/m2); very high 
(BMI ≥ 25.02 kg/m2); For girls: very low (BMI < 14.13 kg/
m2); low (14.13 kg/m2 ≤ BMI < 15.27 kg/m2); normal 
(15.27 kg/m2 ≤ BMI < 22.09 kg/m2); high (22.09 kg/
m2 ≤ BMI < 24.22 kg/m2); very high (BMI ≥ 24.22 kg/m2). 
Taking the mean and standard deviation (SD) of the cor-
responding gender and age as references, standardized 
Z-scores for BMI, grip strength, standing long jump, sit-
and-reach, 50 m dash, and endurance running were cal-
culated as Z- score = (measured value - reference value) 
/ reference SD [24]. The participants were divided into 
four age groups according to age and gender: 7–9 years, 
10–12 years, 13–15 years, and 16–18 years.

Statistical analyses
We analyzed the Z-scores of fitness indicators for boys 
and girls at different levels of BMI across age and gender 
groups. Single-factor variance analysis and the least sig-
nificant difference approach were used to compare the Z 
scores of each indicator between the different BMI levels 
by gender in the four age groups. Comparisons between 
groups are reflected by the effect size (Cohen’s d: small 
effect: 0.2; medium effect: 0.5; large effect: 0.8) [25]. A 
non-linear quadratic regression model was used to assess 
the association between BMI and fitness indicators in the 
age and gender groups. We performed regression analy-
sis to establish the eq. Y =  aX2 + bX + c (Y = Z-score of 
each physical fitness indicator, X = BMI Z-score), where 
a, b, and c are constants. Y was used as the dependent 
variable, and X was considered the independent variable. 
The level of statistical significance was set at 0.05, and all 
analyses were conducted using the statistical software 
SPSS version 23.0 (IBM, Armonk, NY, USA).

Results
After excluding 752 participants (4.2%) because of miss-
ing data or extreme values, 17,356 children and adoles-
cents (8671 boys and 8685 girls, Table 1) aged 7–18 years 
were recruited for the present study. Evaluation of BMI 
and physical fitness indicators of children and adoles-
cents aged 7–18 in Xinjiang, China (Table  2). Overall, 
height, weight, BMI, grip strength, and standing jump 
increased with age, reaching their highest level in the 
16–18 age group. The mean, SD, and Z-scores of the 
five fitness indicators with different BMI levels among 
boys (Table  3) and girls (Table  4) were compared, and 
the effect sizes between the different age groups were 
also calculated. Overall, children and adolescents with 

normal BMI performed best in standing long jump, sit-
and-reach, 50 m dash, endurance running, and children 
and adolescents with low and very low BMI achieved bet-
ter results than those with high BMI. The scores of grip 
strength gradually increased with BMI (Fig. 2).

The association between BMI Z-scores and Z-scores of 
the five fitness tests in the four age groups for boys and 
girls was presented in Fig. 3. Overall, for most age groups, 
the association presented as an inverted U - curve in grip 
strength  (R2 ranges from 0.024 to 0.182), standing long 
jump  (R2 ranges from 0.001 to 0.037), and sit-and-reach 
 (R2 ranges from − 0.001 to 0.021). Whereas for the 50 m 
dash  (R2 ranges from 0.001 to 0.047) and endurance run-
ning  (R2 ranges from 0.001 to 0.129), it presented as a U 
- curve since lower values mean better performance. The 
inverted U-curve and the U-curve indicated that perfor-
mance was best for children and adolescents with nor-
mal BMI. Whereas children and adolescents with a BMI 
higher or lower than the normal range resulted in lower 
performance. Children and adolescents with normal BMI 
score higher on physical fitness tests, and boys  (R2 ranges 
from − 0.001 to 0.182) are more pronounced than girls 
 (R2 ranges from 0.001 to 0.031).

Discussion
The presented study estimated the relationship between 
BMI and physical fitness for children and adolescents 
in Xinjiang, China. We found that the physical fit-
ness performance (grip strength, standing long jump, 
sit-and-reach, 50 m dash, and endurance running) in 
Xinjiang children and adolescents aged 7–18 years 
increased with age. Our results are consistent with 
findings among children and adolescents in China [26], 
Brazil [27], and adults in Germany [28]. The association 

Table 1 Sample distribution by gender and age for children and 
adolescents in Xinjiang, China

Age (yrs) Boys Girls Total

7 739 740 1479

8 713 723 1436

9 740 723 1463

10 724 748 1472

11 725 646 1371

12 704 716 1420

13 686 731 1417

14 727 714 1441

15 727 721 1448

16 736 746 1482

17 726 742 1468

18 724 735 1459

Total 8671 8685 17,356
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between the BMI Z-score and Z-score of grip strength, 
standing long jump, and sit-and-reach showed an 
inverted U-curve, which was consistent with the results 
from Casonatto [29] and Gulías [30]. The association 
between BMI Z- score and Z-score of 50 m dash and 
endurance running showed a U-curve, which was in 
line with the conclusions of Li [31] and Huang [32]. 
Children and adolescents with normal BMI had the 
best performance in physical fitness. Whereas children 
and adolescents with a BMI above or below the normal 
range performed poorly. With regard to gender differ-
ences, the impact of BMI on fitness was more evident 
among boys than girls, consistent with the findings of 
Dong et al. [26] and Santos et al. [33].

Grip strength and standing long jump reflect the 
muscle strength of the upper and lower limbs, respec-
tively. The association between BMI and grip strength 
of children and adolescents in the presented study was 
curvilinear, but almost linear in girls and young boys. 
The curvilinear association within boys aged 13–15 and 
16–18 was more obvious, while in the 7–9 age group, 
the association was almost linear. These findings sug-
gest that BMI has a stronger influence on grip strength 
among older Xinjiang children and adolescents. How-
ever, our results were inconsistent with the results of 
the study by Zaqout et al. [34], which suggested that the 
association between BMI and grip strength was linear, 
and grip strength performance was better in children 
and adolescents with higher BMI. One possible reason 
is that grip strength does not require support or move-
ment of body weight. Boys with high BMI can be much 

stronger and more powerful, leading to better grip 
strength compared to their peers [35].

Our results also showed that BMI has a curvilinear 
association with standing jump, which is consistent with 
the studies on European children and adolescents [34]. 
We also found that BMI had a more obvious impact on 
standing long jump in boys than in girls, which is consist-
ent with the research by Kwiecinski et  al. [16] in Polish 
youth. Whereas the association between BMI and stand-
ing jump performance in girls aged 16–18 in our study 
tended to be linear. The different associations between 
boys and girls can be explained by the difference in mus-
cular content in different genders.

Compared with other physical fitness, the performance 
of sit-and-reach was less affected by BMI, especially 
among girls. Unlike other physical fitness, sit-and-reach 
is not significantly affected by overweight since such 
activities do not have to overcome the resistance bought 
by high weight, and thus equally attractive to both under-
weight and overweight children and adolescents [36].

The 50 m dash and endurance running reflect speed 
ability and cardiorespiratory endurance level, respec-
tively. Our results showed that the influence of BMI on 
50 m dash performance in children and adolescents 
aged 7–18 in Xinjiang was more evident in boys than in 
girls. Girls aged 13–15 and 16–18 years showed a nearly 
positive linear relationship. Whereas girls aged 7–9 and 
10–12 and boys aged 7–18 had a clear association in the 
U-curve. These results are consistent with the results for 
Lopes [37] and Rodrigues [38]. A possible explanation 
for this can be the fact that lower BMI means less muscle 

Table 2 The status of BMI and physical fitness of children and adolescents aged 7–18 in Xinjiang, China

M Mean, SD Standard Deviation, BMI Body mass index

Age (yrs) n Height (cm) Weight (kg) BMI (kg/m2) Grip strength 
(kg)

Standing long 
jump (cm)

Sit and reach 
(cm)

50 m dash(s) Endurance 
run(s)

Boys
 7-9 yrs 2192 128.05 ± 7.64 27.67 ± 6.14 16.71 ± 2.33 11.37 ± 3.36 121.31 ± 20.30 4.39 ± 4.63 11.04 ± 1.22 136.01 ± 16.14

 10-12 yrs 2153 143.98 ± 8.93 38.31 ± 9.48 18.26 ± 3.04 17.54 ± 5.09 149.63 ± 20.59 4.14 ± 5.03 9.73 ± 1.00 122.85 ± 16.58

 13-15 yrs 2140 162.55 ± 9.39 52.08 ± 10.91 19.55 ± 2.84 30.63 ± 8.69 191.27 ± 25.85 6.78 ± 6.05 8.34 ± 0.95 285.67 ± 45.09

 16-18 yrs 2186 171.82 ± 6.34 62.45 ± 9.75 21.12 ± 2.85 41.87 ± 8.00 220.52 ± 24.51 11.11 ± 6.71 7.72 ± 0.82 253.79 ± 38.76

Girls
 7-9 yrs 2186 126.57 ± 7.99 25.89 ± 5.4 16.02 ± 2.01 9.56 ± 3.03 111.91 ± 19.73 6.69 ± 5.17 11.73 ± 1.26 143.40 ± 16.32

 10-12 yrs 2110 144.58 ± 9.20 37.26 ± 8.84 17.61 ± 2.71 15.46 ± 4.90 134.91 ± 19.96 6.53 ± 5.41 10.45 ± 1.04 133.90 ± 25.34

 13-15 yrs 2166 156.67 ± 6.18 48.99 ± 8.01 19.91 ± 2.72 22.15 ± 5.37 151.69 ± 20.39 8.21 ± 6.04 9.89 ± 1.11 272.26 ± 38.44

 16-18 yrs 2223 159.13 ± 5.62 53.38 ± 6.92 21.07 ± 2.47 24.60 ± 6.35 158.64 ± 19.34 10.8 ± 5.91 10.01 ± 1.16 266.22 ± 37.27

Total
 7-9 yrs 4378 127.31 ± 7.85 26.78 ± 5.85 16.37 ± 2.20 10.47 ± 3.32 116.62 ± 20.56 5.54 ± 5.04 11.38 ± 1.29 139.70 ± 16.64

 10-12 yrs 4263 144.28 ± 9.07 37.79 ± 9.18 17.94 ± 2.90 16.51 ± 5.10 142.35 ± 21.57 5.32 ± 5.35 10.09 ± 1.08 128.32 ± 22.07

 13-15 yrs 4306 159.59 ± 8.46 50.53 ± 9.68 19.73 ± 2.79 26.37 ± 8.37 171.36 ± 30.54 7.50 ± 6.09 9.12 ± 1.29 278.92 ± 42.40

 16-18 yrs 4409 165.42 ± 8.72 57.87 ± 9.58 21.10 ± 2.67 33.16 ± 11.25 189.32 ± 38.00 10.96 ± 6.32 8.87 ± 1.52 260.06 ± 38.51
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Fig. 2 Z-scores for the five physical fitness indicators among children and adolescents with different BMI levels in Xinjiang, China. Note: BMI<5 
Percentile(A); 5 ≤ BMI<15 Percentile(B); 15 ≤ BMI< 85 Percentile(C); 85 ≤ BMI < 95 Percentile(D); BMI ≥ 95 Percentile(E)



Page 9 of 11Chen et al. BMC Public Health         (2022) 22:1680  

Fig. 3 Association between BMI Z-scores and the five physical fitness items in the four age groups
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mass in adolescents, which can affect speed. Partici-
pants with higher BMI should overcome their resistance 
to weight, which results in a lower performance of the 
50 m dash. BMI and endurance running performance in 
our study showed a clear association of the U - curve for 
boys and girls aged 7–18 years, which was consistent with 
previous studies [16, 17, 39–41]. However, the results 
should be interpreted with caution, since overweight or 
obese persons with a high BMI must overcome greater 
resistance to weight during the test [39, 42]. Artero et al. 
[35] found that, after adjusting fat mass, the association 
between 10 m × 4 round running test performance and 
weight status in girls became non-significant, which was 
signed before adjustment.

The results of this study found out an inverted 
U-shaped or U-shaped curve relationship between BMI 
and physical fitness in Xinjiang children and adoles-
cents. Given the importance of physical fitness, children 
and adolescents can keep fit by maintaining a reasonable 
and normal BMI, thus reducing the incidence of disease 
caused by low physical fitness. Therefore, to improve 
physical fitness, targeted actions should be developed to 
address BMI-related effects in children and adolescents 
in Xinjiang. For example, the Physical Education and 
Health Curriculum Model of China, which was widely 
recognized in the field of physical education in China 
[43–45], should be carried out to help students maintain 
a normal BMI; Health courses also should be included 
in schools to make children and adolescents aware that 
they should keep a balanced diet and regular exercise. 
The government, communities, and families should also 
be united to take health promotion measures to keep the 
BMI of children and adolescents within the normal range 
[46].

There are some strengths in this study. The first 
strength is the large provincial representative sample, 
which has improved the objectivity and accuracy of the 
results, which has provided help to promote the healthy 
development of children and adolescents in Xinjiang, 
China. The second strength is that our study gives a pic-
ture of the patterns of how physical fitness changes with 
BMI in Xinjiang children and adolescents throughout the 
age (from 7 to 18 years old). However, there are also many 
limitations. The first limitation lies in the cross-sectional 
design which prevented the drawing of causal conclu-
sions. Addressing the increasing prevalence of obesity 
and reduced fitness among children and adolescents, 
longitudinal studies are still needed to make causal infer-
ences possible. The second limit is that, except for age 
and gender, we did not take into account other determi-
nants of physical fitness (e.g. physical activity). The third 
limitation of the study is that we only measured five com-
monly used physical fitness and more accurate measures 

such as body composition were not included. The fourth 
limitation is that we didn’t control maturity status. This 
research also has some practical application value. First, 
it provides basis for the physical health intervention for 
children and adolescents in Xinjiang Uygur Autonomous 
Region, China. Secondly, it provides a reference for the 
government to formulate local public health policies and 
education policies in the future.

Conclusions
This study evaluated the relationship between BMI and 
fitness in a large sample of children and adolescents in 
Xinjiang, China. Our result suggested BMI and physi-
cal fitness have an inverted U-shaped or U-shaped curve 
relationship in children and adolescents in Xinjiang, 
China, that is to say, children and adolescents with a BMI 
above or below the normal ranges have lower physical fit-
ness than those with normal BMI. Therefore, to improve 
physical fitness, targeted actions should be developed to 
address BMI-related effects in children and adolescents 
in Xinjiang.
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