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Sex differences in the association between
waist circumference and physical fitness
index among Tajik adolescents in the
Pamir Mountains of Xinjiang, China: an
observational study
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Abstract

Background It has been reported in the literature that waist circumference (WC) was related to physical fitness in
adolescents. However, the association between WC and PFl(physical fitness index), a comprehensive indicator of
physical fitness, has been less studied. In addition, it is not clear whether the association between WC and PFI changes
depending on altitude, ethnicity, and sex. This study further revealed the correlation between WC and PFl among
adolescents in high-altitude areas and provided references for the physical and healthy development of adolescents
in high-altitude areas.

Methods In this study, a total of 1705 Tajik adolescents aged 13-15 years were selected using stratified whole-
population sampling. WC and physical fitness items (grip strength, standing long jump, 50 m dash, and endurance
run) were assessed and a standardized method was used to calculate PFl. The association between WC and PFI was
analyzed by curvilinear regression analysis.

Results The mean and standard deviation of WC and PFI for Tajik adolescents aged 1315 years old on the Pamir

Plateau in Xinjiang, China, were 68.26+7.75 cm and —2.00 + 3.47 respectively. Comparison of PFl between groups

of Tajik adolescents with different WC showed that inter-group comparisons had significant effects with effect size
above 0.2. The Tajik adolescents' PFl reached its highest when WC was 61 cm for boys(-1.3207), and 60 cm for girls

(-1.0556).

Conclusions The association between WC and PFl in Tajik adolescents showed an inverted “U” curve, with no sex
difference. It is recommended that the WC of Tajik adolescents should be controlled between 60 and 61 cm to
maintain better PFl levels. The study provides support and reference for educational policy-making and public health

prevention in the Pamir Plateau in Xinjiang, China.
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Introduction

In recent years, with changing lifestyles, adolescents
have been spending more time in static behaviors and
screen time, and their levels of physical activity have been
declining [1]. In addition, many changes are taking place
in the dietary structure, including the continued increase
in behaviors such as high-energy diets and high-sugar
diets, which are leading to obesity and chronic diseases
among adolescents [2]. This has been accompanied by a
steady decline in physical fitness levels, including muscle
strength and cardiorespiratory fitness [3]. The physical
fitness index (PFI) is a comprehensive indicator of physi-
cal fitness in adolescents and has been widely used in sev-
eral studies [4, 5]. Physical fitness is an important marker
of adolescents’ physical and mental health and academic
performance and is strongly associated with most health
indicators [6]. A United States study found that only 40%
of adolescents have healthy cardiorespiratory fitness [7].
Adolescents in developing countries are no exception.
A national survey of Chinese adolescents from 1985 to
2014 showed that adolescents’ PFI in 2014 decreased by
0.8 compared to 1985 [8]. A study of adolescents in Xin-
jiang, China, also showed that the PFI of adolescents in
Xinjiang declined to -3.8 in 2014 compared to 1985 [9].
A decline in PFI will lead to a range of adverse problems,
including negative impacts on adolescents’ academic per-
formance, and mental health [5]. However, the factors
affecting PFI in adolescents are multifaceted, including
dietary behaviors, lifestyle, and exercise habit factors.
Fewer past studies have addressed WC and PFI [10].

WC is one of the important indicators of health for
adolescents, which can objectively reflect the health sta-
tus of adolescents [11]. Studies show that WC is more
sensitive and accurate in predicting chronic cardiovascu-
lar disease compared to body mass index (BMI) [12]. As
a result, in recent years, the changes in WC among ado-
lescents have attracted widespread attention around the
world [13]. A study of American youth shows that WC
is continuing to grow [14]. WC is also on the rise in Aus-
tralian adolescents, posing a serious threat to cardiovas-
cular health [15]. China is no exception, with youth WC
levels showing a continuing trend of increase [16]. It is
of concern that the continued increase in WC in adoles-
cents will not only have a negative impact on adolescent
health, but will also have a trajectory of negative impacts
on future adult health, leading to an increased risk of
chronic diseases, cardiovascular disease, diabetes, and
cancer in adulthood [17, 18].

The continuing increase in WC among adolescents
has many health consequences and has become a public
health issue for countries around the world. In addition
to this, the continued increase in WC also has a nega-
tive impact on physical fitness [19]. Studies have shown
that a sustained increase in WC will result in a downward
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trend in muscular strength and cardiorespiratory fitness
[20]. There are also studies confirming that an increase
in WC will lead to a decrease in muscle strength [21]. A
study of young people in Switzerland confirms that car-
diorespiratory fitness and physical health tend to decline
as WC and waist-to-height ratios increase [22]. It has also
been shown that an increase in WC in adolescents means
a continued increase in body weight, which will lead to
a decrease in performance in standing long jump and
endurance events, as participants need to overcome their
own greater body weight resistance during the assess-
ment of these events, which leads to a decrease in mus-
cular strength and endurance levels [23, 24]. Therefore,
there is a need to focus on the impact of changes in ado-
lescent WC on PFI to better promote adolescent health.

Tajiks live mainly in the Pamir Plateau region of Xin-
jiang, China [25]. The average altitude of this region is
more than 4,000 m above sea level, and living at high alti-
tudes for a long period has led to the formation of physi-
cal characteristics of Tajik youth that are different from
those of youth in the plains [26]. In addition, differences
in ethnic composition, living environments, and levels
of economic development have led to certain differences
in the physical health of Tajik adolescents living at high
altitudes and Han Chinese adolescents in the plains [25].
However, previous studies have mainly focused on the
study of a particular physical health item in Tajik ado-
lescents, such as lung capacity and BMI [25]. In contrast,
studies of PFI in Tajik adolescents have not been found.
At the same time, studying the association between WC
and PFI in Tajik adolescents will have a positive impact
on better promoting the physical fitness level of Tajik
adolescents in the future. This study aimed to analyze the
correlation between WC and PFI in adolescents at high
altitudes, to provide a reference for the physical health
development of adolescents at high altitudes. This study
hypothesized that there is a negative correlation between
WC and PFI and that this relationship does not change
according to sex.

Methods

Study design

The present study was conducted from September to
November 2023 in Tashkurgan Country, which is a
country of the Xinjiang Uygur Autonomous Region and
located in the southeastern part of the Pamir Plateau
with an average altitude of over 4,000 m.

Two junior high schools in Tashkurgan Country were
selected as the survey schools for this study. Stratified
whole cluster sampling was used to identify the partici-
pants and class was used as the sampling unit [27]. As a
result, all Tajik adolescents in the 1-3 grades from the
two junior high schools were selected as participants for
the present study.
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Inclusion and exclusion criteria

Inclusion criteria for the participants

The inclusion criteria for participants in this study were:
1)both the parents were Tajik; 2)T lived in Tashkurgan
County for three or more consecutive years; 3) both the
adolescents and their parents volunteered to be surveyed
for this study; 4)be able to participate in the relevant
physical fitness program; 5) 13—15 years old.

Exclusion criteria for the participants

The exclusion criteria for participants in this study were:
1)one of the fathers or mothers was non-Tajik; 2)the par-
ticipants were non-Tajik; 3)had not resided continuously
in Tashkurgan County for three years or more; 4)their
parents or guardians did not consent to the study’s inves-
tigations; 5)the participants themselves did not want to
take part in the study’s investigations; 6)the participants’
age was not in the range of 13-15 years.

This study adheres to the STROBE reporting guidelines
requirements [28]. The specific participant sampling pro-
cess is shown in Fig. 1.

This study complies with the ethical guidelines of the
Declaration of Helsinki. The study investigation was
tested with the informed consent of the participant’s par-
ents and the participants themselves. Participants were
asked to sign a written informed consent form before
testing. Participants under the age of 16 have obtained
informed consent from their parents or legal guardians.

Tashkurgan County was used as the sampling location for
participants in this study.

!
Two junior high schools in the region were selected as
survey schools for this study.

i

In the 2 schools, all classes from the first to the third year
of junior high school were used as the classes investigated
in this study. In the 2 schools, all classes from the first to
the third year of junior high school were used as the
classes investigated in this study.

In the 2 schools, all classes from the first
to the third year of junior high school
were used as the classes investigated in
this study.

After the survey, 1705 valid data were returned. The
effective return rate of the questionnaire was 93.8%.

Fig. 1 Flow chart for sampling Tajik adolescent participants
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This study was approved by the Human Subjects Ethics
Committee of Xinjiang Normal University (202305454).

Outcome measures

Waist circumference

WC was assessed following the instrumentation and
assessment methods required by the China National
Survey on Students’ Constitution and Health (CNSSCH)
[27]. A standard GARANT EG III nylon tape measure
was used for the evaluation of WC. Participants were
asked to wear as little clothing as possible, circle the waist
horizontally at 1 cm above the navel, and read the results
of the assessment. The assessment results were accurate
to 0.1 cm. After the assessment, a staff member filled in
the assessment results on a test card [27]. The assessment
is carried out in the school infirmary by sex.

Physical fitness index(PFI)

The PFI in this study included physical fitness items such
as grip strength, standing long jump, 50 m dash, and
endurance run. The assessment was conducted following
the instrumentation and assessment methods required
by the China National Survey on Students’ Constitution
and Health (CNSSCH) [27].

The specific assessment methods are as follows: (1)
Grip strength, the participant is in a standing position
with both arms hanging down naturally. The strong arm
is used to hold the handle of the grip strength meter, and
the grip strength meter is held with maximum strength.
Each participant was assessed twice and the highest
score was taken. The test results are accurate to 0.1 kg
[27]. (2) Standing long jump, which requires the partici-
pant to perform a standing long jump. The combination
is required to stand with both feet behind the starting
line and jump forward as far as they can with both feet,
measuring the vertical distance between their heels and
the starting line. The results are accurate to 0.1 cm [27].
(3) 50 m dash, which requires participants to run a dis-
tance of 50 m quickly in the shortest possible time. The
results were assessed to the nearest 0.01 s [27]. (4) Endur-
ance run, where participants tested 1000 m for boys and
800 m for girls. Participants were asked to complete
either the 1000 m—800 m in as short a time as possible. A
standing start was used for the measurement. The results
were assessed to the nearest “s“ [27].

Standardized Z-scores were calculated based on partic-
ipants’ assessment results for each physical fitness item,
using the mean and standard deviation of Han Chinese
13-15-year-old students from the 2019 China National
Survey on Students’ Constitution and Health (CNSSCH)
as a reference [27]. Z-scores are calculated separately
according to different ages and sex. Z-score = (actual
measurements —2019 test mean) / 2019 test standard
deviation. The calculation of PFI in this study included
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four physical fitness events. As the 50 m dash and endur-
ance run events were assessed using time, the shorter
the time, the better the participant’s performance on the
assessment. Specifically for:

PFI :Zgrﬁpsh‘s’n,gth =+ Zsf,lmdi,n,glmz,gjmrl[)

- Z5Om, dash — Z(zn,d'u,mn(:r% run

Quality control

Participants are required to be well prepared for the
assessment of the relevant physical fitness program to
prevent physical injuries. The assessment required that
as light clothing as possible be worn for the test. Assess-
ment staff calibrated the instrument as required before
each day’s assessment [27]. The assessment results were
filled out on an assessment card after the test, and par-
ticipants were asked not to make any alterations to their
assessment scores [27].

Statistical analysis

GPower 3.1 software was applied to estimate the required
sample size for this study, and the minimum sample size
output by the software was 1236 cases, and the minimum
sample size for inclusion in this study was 1484 cases
considering a 20% sample size loss. The actual sample
size of this study is 1705 cases, which meets the experi-
mental requirements [29].

The raw data from the assessment were checked against
the questionnaire for verification of out-of-range values.
In cases where there are missing scores for a particular
assessment, the mean values are substituted according
to age and sex. The different physical fitness indicators
were expressed as mean and standard deviation. Data
were tested for normality, and comparisons between
groups of data that met normality were made using the
independent samples t-test. Data that did not conform to
a normal distribution were compared using the Mann-
Whitney test.

The WC values of the participants were divided into
four groups of WC<25th Percentile, 25th<WC<50th
Percentile, 50th<WC<75th Percentile, and WC2>75th
Percentile according to the percentile of sex and age.
Comparisons of the assessment results of each physical
fitness item and PFI between different WC groups were
performed. Comparisons between groups were made
using effect size. The effect size between the two groups
was calculated based on the mean and standard devia-
tion. According to the relevant literature, effect size=0.2
is a small effect, effect size=0.5 is a medium effect, and
effect size=0.8 is a large effect [30]. The exploratory
analysis revealed that there is a curvilinear correlation
between WC and PFI, so a quadratic equation was used
to analyze the correlation between WC and PFIL. The
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analysis of the association between WC and PFI in this
study was analyzed using curvilinear regression analysis.
Curvilinear regression analysis was performed with PFI
as the dependent variable and WC as the independent
variable. Y=aX?+bX+c; X denotes WC, Y denotes PFI;
a, b, c denote constants. A statistical significance level of
0.05 was used. Data analysis and data visualization were
performed using SPSS 25.0 software and Graph Pad
Prism 8.0.2.

Results

This study tested 1817 Tajik adolescents aged 13—15 years
on physical fitness programs and basic demographic
information. After the survey, 112 invalid data were
excluded and 1705 valid data were returned. The effective
return rate of the questionnaire was 93.8% and 1705 data
(837 boys, 49.1%) were obtained for the present study.

The mean age of the participants was (14.05+0.81)
years. Overall, WC was assessed to be (68.26+7.75)
cm and PFI was (-2.00+£3.47) in Tajik adolescents aged
13-15 years. Comparison between sexes showed that
boys (69.50+7.86) had higher WC scores than girls
(67.07+7.44), and the difference was also statistically sig-
nificant (¢=6.558, P<0.001). PFI, as it is a non-normally
distributed data, after using the Mann-Whitney test,
showed that boys (-2.16%3.53) had lower PFI than girls
(-1.84%3.41), and the difference was statistically signifi-
cant (Z-value=-2.03, P=0.041).

Concerning the different physical fitness programs,
overall, boys performance in height, weight, grip
strength, standing long jump, and 50 m dash was higher
than girls, and the difference was statistically significant
(¢=15.069. 5.729. 23.282. 30.791. -20.617, P<0.001);
boys’ endurance run scores were lower than girls, and
the difference was also statistically significant (¢=9.537,
P<0.001). A comparison of the indicators by age group is
shown in Table 1.

The WC was divided into four groups according to the
percentiles of different sex and ages, and the effect size
was used for comparison between groups. For boys, over-
all, the PFI of Tajik adolescent boys in the Pamir Plateau
of Xinjiang, China, had a significant effect size of 0.2
or more for all group comparisons, except for group B,
which had no significant effect compared with group C
(effect size=0.1). Comparisons between groups of differ-
ent items in each age group are shown in Table 2.

For girls, overall, the PFI of Tajik adolescent girls in the
Pamir Plateau of Xinjiang, China, was compared among
the A/D, B/D, and C/D groups, with effect sizes of 0.5,
0.6, and 0.6, respectively, with a significant effect. Other
gradual comparisons had no significant effect. Compari-
sons between age groups for different items are shown in
Table 3.
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Table 1 Basic physical fitness status of Tajik adolescents on the Pamir Plateau in Xinjiang, China (M +SD)
Age(yrs) N Height Weight Waist Grip Standinglong 50 mdash  Endurance Physical
circumference  strength jump run fitness
index
Boys
13yrs 248 156.21+865 4645+1024 67.81+8.02 2513+£691 17186+2501 9.13£1.25 316.12+£5432  -197+3.19
14yrs 296 163.02+£829 5213+£1055 69.71+7.90 3067785 186.19+2641 8.89£1.29 300.57£5456  -207+348
15yrs 293 167.66+743  5571£9.90 70.72+£7.44 3468+840 197.38+£27.00 874+144 288.09+53.15 -242+383
13-15yrs 837 16263+9.31 51.7+£10.88 69.50£7.86 3043+£867 18586+2811 891+134 300.81£5509 -2.16+3.53
Girls
13yrs 276 15451+£6.28 4646+7.95 65.65+7.40 20.93£5.03 143.06+£21.02 1022+136 283.36+41.98 1.84£3.18
14yrs 276 157.24+579 48.84+795 67.38£7.53 2236542 14742+2262 1025£141 2764+43.01 -1.73+£3.33
15yrs 316 15861+587 5146+7.94 68.04+7.23 2324+£6.03 15259+£2292 1039+149 27527+413 -1.92+3.67
13-15yrs 868 156.87+6.21  49.04+821 67.07+£7.44 2223+£561 147.92+2256 1029+143 2782+42.17 1.84+341
Total
13yrs 524 155324753  4646+9.10 66.67+7.77 22.92+£634 15669+27.11 971141 298.87+50.87 -1.90+3.19
14yrs 572 160.23+7.75 5054+9.52 68.59+7.81 2066+£795 16748+3135 954£151 288915075  -191+341
15yrs 609 162.96+8.05 5351+£9.18 69.32+£7.45 2875+£924 17414+3353 959+1.68 28144+47.76  -2.16+3.75
13-15yrs 1705  159.7+839 50.35£9.70 68.26%7.75 26.26£835 166.54+31.73 961£155 289.30+£50.22 -200+347
Figure 2 shows the trend of the levels of each physi- Discussion

cal fitness item in different WC groups by sex and
age. Overall, PFI had the highest values in group C
(50th<WC<75th Percentile) and the lowest values in
group D (WC2=75th Percentile).

After stratification by sex, curvilinear regression analy-
ses were conducted with WC as the independent variable
and PFI as the dependent variable among Tajik adoles-
cents in the Pamir Plateau of Xinjiang, China. The follow-
ing curvilinear regression equation was derived:

Boys: Y =—272840.85%x X
+ —0.006958 * X2R? = 0.186

Girls: Y =—33.71+1.09%x X
+ —0.009096 * X2R? = 0.172

Note Y denotes PFL; X denotes WC.

Figure 3 shows the schematic diagram of the curvilinear
regression equation of WC and PFI. The PFI of Tajik ado-
lescents in the Pamir Plateau of Xinjiang, China, reached
its highest when the WC was 61 cm for boys, at -1.3207.
The PFI of girls reached its highest when the WC was
60 cm, at -1.0556.

Figure 4 shows the trend of PFI percentile changes
among Tajik adolescents on the Pamir Plateau in Xinji-
ang, China. Overall, the PFI of Tajik adolescents, both
boys and girls, showed a gradual increasing trend with
increasing percentile. Boys’ PFI increased from —12.18 in
P1 to 5.32 in P99; girls’ PFI increased from —11.34 in P1
to 5.07 in P99.

This study assessed WC and physical fitness programs
in Tajik adolescents from the Pamir Plateau in Xinjiang,
China. This study evaluated the WC and PFI status of
Tajik adolescents in the Pamir Plateau, Xinjiang, China.
The results showed that the WC of Tajik adolescent boys
was higher than that of girls, and the PFI of girls was
higher than that of boys. In general, WC and PFI among
Tajik adolescents showed an inverted U-shaped curve
relationship.

The results showed that the WC results were
(69.50+7.86) cm for Tajik boys and (67.0717.44) cm for
girls, and boys were higher than girls. Because girls pay
more attention to their body shape compared to boys,
they pay particular attention to the changes in their WC
in their lives and tend to maintain a reasonable WC range
by controlling their diet and increasing their exercise in
life [27]. A survey of Turkish adolescents aged 14—19
years showed that boys had higher levels of WC than
girls, consistent with the results of the present study, for
reasons related to innate genetic factors associated with
gender differences [31]. Another survey of European ado-
lescents also showed that boys had higher WC scores
than girls, because girls, compared with boys, pay more
attention to their external physical beauty in life, and
girls also pay more attention to diet control and exercise
in life, the WC of boys is higher than that of girls [19].
There is also a survey of Lithuanian adolescents that
proves the same conclusion, consistent with the findings
of this study [32]. The reasons for this result are influ-
enced by a combination of factors. First, compared with
boys, the concept of aesthetics determines that girls pay
more attention to their external body shape, so they are
especially controlling of WC. On the other hand, girls
pay more attention to dietary behavior in daily life, and
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girls are more controlled than boys in the intake of high-
energy snacks and high-fat foods. These reasons may be
important causes for girls’ WC being lower than boys! In
addition, there are also studies confirming that the age
group of 13-15 years old is at the peak of puberty, this
stage of adolescents and young people are more curi-
ous about things and behaviors, especially boys are more
curious about smoking and drinking, the occurrence
of these behaviors is also an important reason leading
to higher WC for boys than for girls [33]. In addition, a
survey also showed that boys were more obsessed with
online games compared to girls, leading to longer periods
of video screen behavior, which may also be an impor-
tant reason for boys’ higher WC than girls‘ [34]. It is of
concern that the WC of Tajik adolescents of the Pamir
Plateau in Xinjiang, China, for both boys and girls, is low
compared to that of Han Chinese adolescents of the same
age group in the plains [27]. The reason for this may be
because living in the Pamir Plateau, which has been a
high-altitude area for a long time, and being affected by
the harsh natural environment, together with the rela-
tively low level of economic development, resulted in
lower WC levels among adolescents in this region com-
pared to those in the plains. In addition, most of the ado-
lescents investigated in this study were boarding students
at school, who had been eating in the school canteen for
a long time, and their dietary behaviours were relatively
homogeneous compared to those in the school canteen,
as school canteens provide relatively homogeneous meals
with only four to six dishes at a time, students often have
food such as instant noodles for lunch or dinner, thus
leading to a homogeneous diet, which may also be an
important reason for the lower WC levels than those in
the plains. Overall, the WC of Tajik adolescents at high
altitudes was the same as that of Han Chinese in the
plains, with no significant differences [27]. It shows that
the changes in WC did not change because of the change
in altitude.

In terms of the PFI indicator, which is a comprehen-
sive reflection of physical fitness, boys (-2.16+3.53) had
a lower PFI than girls (-1.84%3.41) among Tajik adoles-
cents on the Pamir Plateau in Xinjiang, China. The reason
for this may be that Tajik adolescent boys living at high
altitudes are affected by a combination of factors such
as body weight. As can be seen from Table 1, the weight
of boys aged 13-15 years is 51.7 kg and that of girls is
49.04 kg, which is higher for boys than for girls, leading
to lower levels of performance in the standing long jump,
50 m dash, and endurance run events, which reflect ado-
lescent PFI. A study of American adolescents confirmed
that overweight and obese adolescents have lower speed
and endurance qualities than normal-weight adolescents
[35]. In addition, it may also be affected by the high-alti-
tude environment, resulting in lower oxygen content in
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the air. The excessive weight burden of boys compared
with girls makes the body need to take in more oxygen
to maintain the body’s oxygen supply, which may also be
an important reason for boys’ PFI to be lower than girls’
[36]. A survey of Tibetan adolescents at high altitudes in
China showed that cardiorespiratory fitness of Tibetan
adolescents before the age of 16 was lower than that in
the plains, and that cardiorespiratory fitness was nega-
tively correlated with altitude, the reason for this may be
because as the altitude increases, the oxygen in the air is
thinner, resulting in lower CRF levels [37]. The study also
found that the muscle strength of adolescents in the pla-
teau region was negatively correlated with altitude, indi-
cating that their muscle strength showed a decreasing
trend with increasing altitude, which may be related to
the lower muscle strength brought about by the natural
environment and the level of economic development in
high altitude regions [38].

The present study showed that the WC and PFI of Tajik
adolescents in the Pamir Plateau in Xinjiang, China,
showed an inverted “U”-shaped curvilinear association
for both boys and girls. The R? of the curvilinear regres-
sion equations for Tajik boys and girls were 0.186 and
0.172, respectively, and the equation models were sig-
nificant. This indicates that there is no sex difference in
the curvilinear association between WC and PFI for Tajik
boys and girls. It can be seen that both boys’ and girls’
WC of Tajik adolescents have some negative impact on
PFI at lower and higher levels. The regression equation
shows that PFI was highest when the WC was 61 cm for
Tajik boys and 60 cm for girls. This WC value can pro-
vide a theoretical reference for the promotion of WC
and physical fitness in Tajik adolescents at high altitude.
This reference value is also proposed for future exercise
interventions with Tajik adolescents. A survey of Chinese
adolescents showed a curvilinear association between
BMI and lung capacity, with negative effects on cardio-
respiratory fitness at both higher and lower BMIs, which
is consistent with the findings of this study [39]. It has
also been shown that WC is also curvilinearly related
to cardiorespiratory fitness in adolescents, with higher
WC values resulting in lower cardiorespiratory fitness
in adolescents [20]. In addition, the graph of percen-
tile trend in this study shows that the PFI of Tajik ado-
lescents, both boys, and girls, showed a gradual trend of
increase with the increase of percentile, which was rela-
tively consistent, and there was no sex difference in the
trend of change. Several studies have also confirmed that
an increase in WC in adolescents inevitably leads to an
increase in abdominal fat content of the body, increas-
ing body weight, and all these changes lead to a decrease
in the level of cardiorespiratory fitness and the need to
overcome a greater body weight resistance when exercis-
ing, which leads to a decrease in the PFI [40, 41].
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This study investigated the association between WC  best of our knowledge, this study is the first to analyze
and PFI in Tajik adolescents from the Pamir Plateau in  the association between WC and PFI in Tajik adolescents
Xinjiang, China. There are certain strengths and limita- on the Pamir Plateau in Xinjiang, China, which could
tions of this study. Strengths: On the one hand, to the provide strong support for the development of physical
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fitness and health among Tajik adolescents in this region.
On the other hand, this study has significant ethnic and
geographical characteristics. The area investigated in
this study is the only county in China where Tajiks live
in large numbers, and with an average altitude of more
than 4,000 m above sea level, the special ethnic and geo-
graphic environment is also a strength and feature of this
study. However, this study also has certain limitations.
Firstly, although this study investigated a large sample of
Tajik adolescents aged 13—15 years old, the age range of
the study was only limited to 13-15 years old, and future
studies should include a larger age range of adolescents
to better analyze the association that exists between WC
and PFI. Secondly, this study was a cross-sectional sur-
vey study, which only allowed us to understand the asso-
ciation but not the causal association. Prospective cohort
studies should be conducted in the future to analyze the
causal associations that exist between them.

Conclusions

This study is the first to investigate the association
between WC and PFI in Tajik adolescents on the Pamir
Plateau in Xinjiang, China. The association between WC
and PFI in Tajik adolescents showed an inverted “U”
shaped curve with no sex difference. It is recommended
that the WC of Tajik adolescents at high altitudes should
be controlled between 60 and 61 cm to maintain a better
level of PFI. In the future, the control of WC among Tajik
adolescents should be emphasized in the formulation of
educational policies and public health prevention in the
region, to better promote the improvement of adoles-
cents’ physical fitness level.
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