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Relationship between body mass index iy

and physical fitness of children and adolescents
in Xinjiang, China: a cross-sectional study
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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 7-18years 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 (13-15yrs,, 16-18yrs) of children and adolescents in
Xinjiang, China. The range of the Pearson coefficient is 0.048 ~ 0.744. For the other two age groups (7-9yrs., 10-12yrs.)
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(R? ranges from — 0.001 to 0.182. Children and adolescents with normal BMI score higher on physical fitness
tests, and boys (R? ranges from —0.001 to 0.182) are more pronounced than girls (R 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

*Correspondence: xj_liuyang1020@163.com to assess body fat in children and adolescents [1]. BMI
4Institute of Physical Education, Xinjiang Normal University, Urumchi 830054, ~ was widely used due to its simplicity, easy measurement,
China 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.
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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—18years 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:

Za/22 x p(l—p)
n= FD

d = 0.15 x p,a = 0.05(two sides), Zz/z/22 =1.96

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
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Autonomous Region in China, six survey sites (Urumgi,
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
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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 18years. Endurance run included eight 50m
shuttle runs (for both boys and girls aged 7-12years)
and distance running (1000m endurance running for
boys aged 13-18years, and 800 m endurance running for
girls aged 13-18years). BMI was calculated by weight
(kg) / height (m?). The extreme values for each variable
was defined as follows [24]: BMI<10 or>40kg/m~%
grip strength <1kg or>70kg; standing long jump <50
or>300cm; sit-and-reach <—8 or>26cm; 50m dash
<6.0 or>16.0s; 800m running <140 or>400s; 1000 m
running <150 or>370s; 50m x 8 round running <60
or>200s.

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
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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/m?);low  (14.67 kg/m? < BMI<15.69kg/
m?); normal (15.69kg/m? < BMI<22.11kg/m?);
high (22.11kg/m?<BMI<25.02kg/m?); very high
(BMI > 25.02kg/m?); For girls: very low (BMI<14.13kg/
m?); low (14.13kg/m*<BMI<15.27kg/m?); normal
(15.27kg/m* <BMI<22.09kg/m?);  high  (22.09kg/
m? <BMI <24.22kg/m?); very high (BMI > 24.22kg/m?).
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, 50m 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: 7-9vyears,
10-12years, 13—15years, and 16—18years.

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=aX?+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—18years
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
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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

normal BMI performed best in standing long jump, sit-
and-reach, 50m 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 (R? ranges from 0.024 to 0.182), standing long
jump (R? ranges from 0.001 to 0.037), and sit-and-reach
(R? ranges from —0.001 to 0.021). Whereas for the 50m
dash (R? ranges from 0.001 to 0.047) and endurance run-
ning (R* 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 (R* ranges
from —0.001 to 0.182) are more pronounced than girls
(R? 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, 50m dash, and endurance running) in
Xinjiang children and adolescents aged 7-18years
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
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Table 2 The status of BMI and physical fitness of children and adolescents aged 7-18 in Xinjiang, China
Age (yrs) n Height (cm) Weight (kg) BMI (kg/mz) Grip strength  Standinglong Sitandreach 50mdash(s) Endurance
(kg) jump (cm) (cm) run(s)
Boys
7-9yrs 2192 12805+ 764 2767+£614 1671233 11374£336 12131 +£2030 439+463 11.04£122 13601 +£16.14
10-12yrs 2153 14398 +£893 38314948 1826+304 17.54+509 14963 £2059 4.14+503 973+£100 12285+ 1658
13-15yrs 2140 162554939 5208 £ 1091 19.55+284 3063 £ 869 191.27 £ 2585 6.78 £6.05 834 + 0.95 285.67 £ 45.09
16-18yrs 2186 171.82+634 6245+975 21.12£285 4187 £8.00 22052 £2451 11.11+£6.71 7.72+£0.82 253.79 £38.76
Girls
7-9yrs 2186 12657 +£799 2589+54 1602 £201 956 £3.03 11191 4+£19.73 669 +£5.17 11.73£126 14340+ 16.32
10-12yrs 2110 14458 £920 3726+884 1761 £271 1546=+490 13491 +£1996 653 +£541 10454+1.04 13390+ 2534
13-15yrs 2166 15667 £6.18 4899 £+ 801 1991 £272 2215+537 15169 42039 821 £6.04 989+ 1.11 27226 £ 3844
16-18yrs 2223 159.13£562 5338+692 21.07+247 24604635 15864 £1934 108+ 591 1001 £1.16 26622 £+ 37.27
Total
7-9yrs 4378 12731£785 26784585 1637+£220 1047 +332 11662 £ 2056 554+ 504 11.38£129 13970 £ 16.64
10-12yrs 4263 14428 +£907 37794+918 17944+290 1651510 142354+ 2157 532+£535 1009 £1.08 12832+ 2207
13-15yrs 4306 159.59+846 50534+968 19734+279 26374837 17136 £ 3054 750+ 6.09 912+ 1.29 27892 £+ 42.40
16-18yrs 4409 16542 +£872 5787+958 21.10£267 33.16+£1125 189.32+3800 10.96+6.32 887+ 152  260.06 £ 38.51

M Mean, SD Standard Deviation, BMI Body mass index

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 Gulias [30]. The association
between BMI Z- score and Z-score of 50m 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 50m dash and endurance running reflect speed
ability and cardiorespiratory endurance level, respec-
tively. Our results showed that the influence of BMI on
50m 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—18years 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



(2022) 22:1680 Page 6 of 11

Chen et al. BMC Public Health

unJ dueINPUd/J {Yysep ws/d ‘yaeas pue us/D ‘dwnf buo| buipuels/g ‘yibuans dub/y 's00>d e

‘sdno.ib 1USISYIP USSMIS(Q BZIS 109))9

Xapul ssew Apog (/g ‘UoleINSQ pPIepuRlS JS ‘UBSIN W

oS0 el'l L0 80 o0 o0 S0 L0 oS0 €0 (85CL) S0 80L (€¥0'1) 0720 61T (£20'L) S6¥0— CTESL (STL'L) €970— 61T (0vL'L) Z600 80L sikg8L-91
oS0 0l V0 80 oC0 o0 60 £0 10 10 (¥101)8680 90l (180°1) 1S€0 SlT (26610 ¥900— 66¥L (L00'L) OvL'0 ¥lT  (#E60) #0000 90L S1hGL-€L
0G0 o€l 80 €l 80 00 ol L0 10 10 (£260)2LEL 80L (Z101)8 €lc  (8680)¥¥L0 CLSL (£16°0) 85 €17 (9260) LEC0o /0L sihzL-0L
o0 L0 oS50 80 S50 00 90 /0 L0 L0 (L0 ¥¥60 60L (0¥0'1) $890 8LZ  (906°0) 0CCO LESL (L160) 8610 0CC  (€9610) LOEO 80L sik6-L uniaduRINpUS
T0 oS0 €0 €0 10 0 00 TO 50 £0 (8ELL)S 801 (cL0'1)86C0 6lT (9560) L¥O0O— TESL (620'1) 1020 6lT  (ZEL'L)96¥0 80L Sik8L-9L
€0 oS0 €0 0 L0 €0 L0 TO oS50 o0  (92€1)0€L0 90l (6LI1)08E0 SLT (€660 9800 6611 (7£80) LLTO PIT Coo 1)SL90 901 sIkGL-€L
0 80 V0 90 o0 o0 90 C¢0 CO0 00 (72010901 80L (rl60) L €lz  (896°0) LZCO TLSL (¥90'1) 00v0 €lz  (/g60) L0 /0L SikzL-0L
0 90 o0 0 00 o0 ¢#0 00 ¢O0 00 (€611)201 60l (€90°1) 6850 8LC  (0CO°L) ¥6E0 LESL 0z ¢/S0 0Tz (¢e01) 9650 80L sike6-L ysep wos
L0 0 L0 00 10 €0 e£0 o0 oS0 £0 (6£610) C¥00— 80l (€160) 2200 61T  (8060)8€L'0 TESL (S980)¥900— 617 (0760)8LE0— 80l sikgL-9L
'0 L0 00 L0 €0 o0 L0 TO 0 00 (€580)¥¥L'0— 90L (L60)9S00— SLT (/€80) ¥SO0— 66¥L (96/°0)86C0— +LT (1T/0) €470— 90L SAKGL-€L
¢0 10 00 L0 L0 L0 €0 o0 o0 €0 (C080)SELO— 80l (#€80)0L00— €LT (66£0)8200— CTLSL (/££0)7800— €l (S5/°0) Lye0— /0L SiKZL-0L
10 00 10 10 00 10 L0 L0 ¢O0 L0 (0880)£9C0— 60l (8/80)€c€0— 8l (S5180) LECO— £ESL (09L£0) STE0— 0CC (06£°0) SLEO— 8O0L s1k6-L yoesl pue s
70 80 0 90 0 L0 TO TO 50 70 (9/60)85/0— 80l (8L60) S¥E0— 61T (800'L) LOO0O— TESL (986°0) LELO— 61T (0€0'L) LESO— 80L sahkgL-91
T0 oF0 o0 00 o0 /0 L0 o£0 90 0 (0£60)0850— 90L (S00'L) /60— ST (SL60)SLTO— 660l (/#80)¥/S0— ¥l (19/0)00L0— 901 sihGL-€L
70 L0 €0 90 o0 L0 90 ¢0 TO 00 (9280)6£60— 80L (S¥60)/C90— €17 (¥880)0LE0— CLSL (9€80) ¥L¥0— €1T (68£0) 8770~ L0l SIKTL-OL dwn(
70 G0 el'0 S0 L0 L0 90 CO 00 L0 (1860)6S0°L— 60l (F260)0/90— 8LT (#/60)CES0— [ESL (CL60)L650— 0CC (T¥60) SOS0— 80L sike-,  Buo| Bupues
L0 «S0 €0 60 ¢80 oS0 o€l ol'l ¢80 £0  (6¥60)C0S0O 80l (601 €6€0 61T (#/60)€900 CESL (Ch60) C8E0— 61T (€€60)7890— 80L SiK8L-9L
€0 90 €0 oSl el'l 80 oLl oFl 60 €0  (80°1)9/£0 90L OLLL) P00 Sl (900'L) 2620~ 66¥L (C080)¥90'L— +1T (06£0)S9TL— 90l SIKGL-€L
00 90 90 el'l ol'l oS50 o'l o€l o£0 €0 (0¥60)681°0 80L me 0) 1610 €LT (596°0)69€0— TLSL (08£0)9/20— €L (8€L0) /60— [0l sikzi-0L
L0 2G50 90 80 60 €0 80 ¢80 0 L0 (5860)€5L0 60l (ShO1) S 8l (8660)8E0— [ESL (9960) 1£L90— 0cCZ (8LO1)6L90— 80L sike-,  yibuans dub
i/a 3/5> d/> 3/9 a/a >/ 3I/Y A/V D/V a/¥ (@s)uesy N (@s)uesw N (as) uesiy N (@s)uesw N (@s)uesw N
(@
#P SU34y0D (P WPS6<IWG  YIs6>ING>Uisg (D) YIS8>ING > WSL  (A)UISL>ING > YIS (V)UIs>1INg  (sK) aby S1s9L

eUIYD ‘Buelfuly Ul SAOG 10§ S|9A3] [ING U121 Buowe s1o1edipul ssauly [ed1sAyd aAY ay3 10§ $2102s-7 JO Uuosiiedwod) € ajqeL



Page 7 of 11

(2022) 22:1680

Chen et al. BMC Public Health

unJ dueINPUd/3 {Yysep ws/d ‘yaeas pue us/D ‘dwnf buo| buipuels/g ‘yibuans dub/y 's00>d e

‘sdno.ib 1USISYIP USSMIS(Q BZIS 109))9

Xapul ssew Apog [)//g ‘UolIeINSQ pPIepURlS JS ‘UBSIN W

€0 V0 ol0 0 CTO 00 €0 00 L0 10 (2ZCl)S090 oLl (860°1) LLTO €2C  (9€l'L)60L°0 9561 (6T ¥800 Sz (08L'L)¥ECO 601 SIK8L-9L
90 L0 o0 ¢80 o0 00 60 £0 L0 00 (60l)6r0l 0L (100 ¥SYO 91T  (0£0°1) 6€C0 0TSl (r/01)S6L0 Slz  (1480)88L0 80L SIKGL-€L
ol0 70 €0 oS0 €0 L0 o¥0 €0 00 10 (S#£0)8 ¥Ol (G699 ¥80'L Tle (1S ¥/90 8L¥L (L€ 7650 Tle  (1zTl)$890 #0L sikzL-0L
0 S0 L0 S50 L0 00 o0 L0 10 L0 (PESLEELL 60l  (9860)€S90 8lT  (8L0L) £SO TESL (1201 8LS0 8lZ  (6£0°1)T8S0 601 sik6-L uniadueINpUd
L0 TO0 10 .£0 10 10 «£0 ¢0 10 00 vO'l)8870 OLL  (190'1)SkE0 €cC  (9¥0'L) L6CO 9551 (2/0'1)S0T0 Sz (000'L) 6810 601 SiKg8L-9L
L0 €0 10 ¢€0 10 00 0 CO0 10 L0 (€91'1)0450 £0L  (9¢L'L)¥E¥0 9lc  (680'L) 890 0TSL (#01'1)9/Z0 Slz  (L00'1)78L0 80l SIASL-€L
€0 o#0 L0 €0 00 10 L0 10 o0 L0 (60L1)SC60 ¥0L Ammo )S¥90 ¢l (6¥0'L) LOS0 8/l (8660) ¥¥90 Clz  (80T'L)¥/£0 ¥0L sikzL-0L
T0 00 L0 TO o0 o0 10 €0 TO 00 (ccolClLo 601  (1£80)%CS0 8LC  (6£0°L) LL90 TESL (061°1)8680 8LC  (8SL1)S980 601 sik6-L ysep wos
L0 TO0 L0 €0 oC0 o0 50 &0 €0 L0 (/980)6070— OLL (8580)6¢0— €2C (L/80)0/€0— 9551 (L¥60)SLS0— STC (4080) €¢90— 60L Sik8L-9L
0 00 00 TO oC0 o0 €0 o£0 €0 L0 (8980) L0S0— /0L (5260)0S¥0— 91T (2880)89F0— 0TSl (S280)¥¥90— SLT (61£0)9€/0— 80L SIKGL-EL
L0 L0 €0 €0 o¥0 o0 o0 oS50 €0 L0 (1/80)0SE0— ¥0L (8080) Z6C0— TLT (€£80) L/¥0— 8/¥L (0080) %290~ TLT (€€80) ZL/0— 0L SihZL-OL
00 €0 oC0 ¢S50 S0 oC0 L0 280 oS0 €0 (886°0)88€0— 60l (6960)SLE0— 8lT (£260)0090— C€SL (6680) ¥¢80— 8LC (cZ80) LSO'L— 601 sik6-L yoeal pue s
L0 €0 oC0 90 o¥0 €0 €0 0 L0 TO0 (L€60)0590— 0Ll (LLO'L) /S50~ €2C (€860) /80— 9551 (E¥60)SCL0— SCC (€86°0) LLE0— 601 SiAgL-9L
€0 0 L0 0 L0 00 0 L0 00 00 (#Z01)Cl80— /0L (5/60)¥870— 9LT (000'L) CO¥0— 0CSL (€001 96€0— SLT (€10'1) ¢S€0— 80l SsahSL-€L
T0 €0 o0 £0 L0 L0 L0 10 o0 O (€50'1)1880— #0L (6L0°1)0890— ZLlT (L/60)/CS0— 8/l (9160)S090— CLT (0860)9/L0— 0L SAKZL-0L dwn(
'O ¢O0 L0 10 00 L0 ¢O L0 00 L0 (2980)86£0— 60l (SCO'L)0EL0— 8lT (866°0) LEYO— CESL (E¥O'L)90L0— 8LT (610°1)6090— 601 sike-L  Buo| buipuels
T0 €0 L0 50 o0 €0 &80 50 o0 TO  (8¥T'L)6CCO OLL (96¥'1) €100— €7C (L€T1)T8LO— 9SSl (OEL) 6LF0— STC (P90'L) #290— 601 sihkgL-9L
L0 T0 €0 90 o0 &0 o60 01 o0 €0 (18U'L)ELO0— /0L  (FTL)TELO 9l (SOL'L)97T0— 0TSl (SL60) /90— SLT (€160) 7660~ 80L SIAGL-€L
10 90 90 ol'l ol'l 50 €1 oL 0 €0 (60T'1) 1220 ¥0L  (9LL'L)20L0 ¢lZ (050°1)9050— 8/FL (€€80)9560— ¢lT (0560)Z8L'L— +0L sikg1L-0L
L0 oS0 70 90 ¢S50 L0 60 80 70 o0 (990'1)S000 60L (LSOL)SLL0O— 8lT (£101)9870— T€SL (2880)¥9S0— 8L (9880) 6880~ 601 sik6-L yibuains dub
i/a 3/5> d/> 3/9 a/a >/ 3I/Y A/V D/V a/¥ (@s)uesy N (@s)uesw N (@s) uesiy N (@s)uesw N (@s)uesw N
(@ )
#P SU34y0D (@ WIs6<IWg  UYIS6>ING > Yiss YISS>ING > YasL  (8) YISL>IWEG > Yas (V) YIs>INg  (s1K) by S1s9L

eUIYD ‘Buelfuly Ul s|I6 10§ S|AS] |G JUIS-IP Buowe s101edIpuUl sSaUlY [edIsAyd Ay ay) J0j $2103s-7 JO uosiiedwo)) § ajqer



Chen et al. BMC Public Health  (2022) 22:1680 Page 8 of 11

Boys Girls u 7-9yrs A 10-12yrs
1.5+ 1.5 e 13-15yrs ¢ 16-18yrs
1.0+ 1.0

Y 0.5+ . . N 05
) " . 5 *
E 0.0 vvvmmnmnnnnnnnannanans L SO @it S 0.0 v vvenmmmnnnniiaiaans ' ......... 2 ......... .-
= | . i & oo .
=) -0.5 v . = -0.5 . = [ ]
-0 A . 104 ° A
. A
-1.5 T T T T T -1.5 T T T T T
A B C D E A B C D E
1.5 Boys 1.5 Girls
1.0 1.0
% N
=3
£ 054 £ 0.5+
Z =
g 0.0 g 0.0
I PPt s 0 e e e
7:3 ¢ : . f" s :
= = ° 'Y
5054 4 a S -0.5
2 T A L T
K @ !
1.0 B -1.0
-1.5 T T T T T -1.5 T T T T T
A B C D E A B C D E
1.5+ Boys 1.5+ Girls
1.0 1.0
N i N _
105 N 05
g . §
-; 00— .............. i ......... FSEEEREREES ‘ ......... :.... -; 0-0— .................................................
5 ‘ H - u - § * ' h
£ 0.5 057 : .
-1.0— -1.0 n
-1.5 T T T T T -L5 T T T T T
A B C D E A B C D E
15 Boys 1.5+ Girls
1.0 " 1.0 - N
. . : ! u A b
N 059 2 : - : . N 0.5 N ' 3
3 ot g I
= 00— ........................ P R R R = 0.0— .................................................
£ =
@ 0.5 @ 0.5
-1.0 -1.0
-L.5 T T T T T -1.5 T T T T T
A B C D E A B C D E
1.5— Boys N 1.5+ Girls
1.0-] . v 1.0-] s !
*
N - N 4 A n
2 0.5 Z 054 " s g . ¢
£ 1 ¥ Iy K 2 s . . .
2 0.0 - &eeeeiii G 2 0.0 crveeenreeees R S s
£ -05- . £ 05+
-1.0 -1.0
-1.5 T T T T T -1.5 T T T T T
A B C D E A B C D E

Fig. 2 Z-scores for the five physical fitness indicators among children and adolescents with different BMI levels in Xinjiang, China. Note: BMI<5
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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
50m 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 10m x 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 18years 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
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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 BMlI-related effects in children and adolescents
in Xinjiang.
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