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Background: Cardiopulmonary fitness is associated with several physical health 
indicators in children and adolescents and has shown a downward trend in 
recent years. The 20-m SRT has received widespread attention from scholars as 
a recognized indirect measure for evaluating cardiopulmonary fitness. However, 
few studies have analyzed the association between the weight-adjusted waist 
index (WWI), a novel indicator, and cardiopulmonary fitness in Chinese children 
and adolescents.

Methods: In this study, 41,523 children and adolescents aged 6–17 years in 
China were assessed for weight, waist circumference, 20-m SRT, and related 
covariates. One-way ANOVA, LSD, and curvilinear regression analyses were 
used to analyze the associations that existed between WWI and 20-m SRT.

Results: Comparison of WWI and 20-m SRT scores among Chinese children 
and adolescents of different ages showed statistically significant differences (F-
values of 2179.297 and 4956.795, respectively, p < 0.001). Overall, the 20-m SRT 
scores of both boys and girls showed a general trend of increasing with age, 
with a maximum of 48.78 laps and 31.17 laps in the age group of 15–17 years, 
respectively. The differences in 20-m SRT scores were statistically significant 
(p < 0.001) when compared between different WWI groups. Both lower and 
higher WWI resulted in lower 20-m SRT scores, more significantly in boys 
compared to girls.

Conclusion: There is an inverted “U” curve relationship between WWI and 20-m 
SRT in Chinese children and adolescents aged 6–17 years, and this relationship 
is reflected in different genders and age groups. In the future, we should ensure 
that the WWI of children and adolescents is within a reasonable range to better 
promote cardiopulmonary fitness.

KEYWORDS

children and adolescents, weight-adjusted waist index, cardiopulmonary fitness, 
associations, cross-sectional survey 1 introduction

OPEN ACCESS

EDITED BY

Minghui Li,  
University of Tennessee Health Science 
Center (UTHSC), United States

REVIEWED BY

Anna Brzek,  
Medical University of Silesia, Poland
Alba Rusillo Magdaleno,  
University of Jaén, Spain
Agnieszka Wasiluk,  
Józef Piłsudski University of Physical 
Education in Warsaw, Poland

*CORRESPONDENCE

Nana Tang  
 tangnana_123@126.com

RECEIVED 03 January 2025
ACCEPTED 25 March 2025
PUBLISHED 22 April 2025

CITATION

Zhang Z, Tang N, Yao M and Zhao Z (2025) 
Association between weight-adjusted waist 
index and 20-meter shuttle run test in 
Chinese children and adolescents: a 
multicenter cross-sectional survey.
Front. Public Health 13:1550741.
doi: 10.3389/fpubh.2025.1550741

COPYRIGHT

© 2025 Zhang, Tang, Yao and Zhao. This is an 
open-access article distributed under the 
terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or 
reproduction in other forums is permitted, 
provided the original author(s) and the 
copyright owner(s) are credited and that the 
original publication in this journal is cited, in 
accordance with accepted academic 
practice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms.

TYPE Original Research
PUBLISHED 22 April 2025
DOI 10.3389/fpubh.2025.1550741

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2025.1550741&domain=pdf&date_stamp=2025-04-22
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1550741/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1550741/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1550741/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1550741/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1550741/full
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1550741/full
mailto:tangnana_123@126.com
https://doi.org/10.3389/fpubh.2025.1550741
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2025.1550741


Zhang et al. 10.3389/fpubh.2025.1550741

Frontiers in Public Health 02 frontiersin.org

1 Introduction

Cardiopulmonary fitness is an important factor in the physical 
health of children and adolescents, with a significance and impact on 
their physical and mental health, academic performance, executive 
functioning, and future achievement (1–3). The 20-m SRT is currently 
the most commonly used assessment of cardiopulmonary fitness in 
children and adolescents worldwide (4). A study of 20-m SRT in 
children and adolescents from more than 50 countries around the 
world showed a strong association between cardiopulmonary fitness, 
as assessed by 20-m SRT, and several health outcomes (5). Multiple 
studies have confirmed that reduced cardiopulmonary fitness is 
associated with increased mental health risk, decreased physical 
fitness, and decreased academic performance (6–8). It has been found 
that increased cardiopulmonary fitness helps to increase the elasticity 
and function of the body’s blood vessels, lowering blood lipid 
concentrations and increasing capillary density, thereby improving 
vascular health (9). It has also been shown that cardiopulmonary 
fitness is negatively associated with the risk of developing metabolic 
syndrome, including hypertension, hyperglycemia, dyslipidemia, and 
obesity (10). An analysis of a cohort of 750,302 people found that 
participants with the worst cardiopulmonary fitness were significantly 
associated with a 309% increased risk of death (11, 12). However, with 
the constant changes in modern lifestyles, such as the decline in 
physical activity levels, the prolongation of static behaviors, the 
increase in the time spent on video screen behaviors, and the 
occurrence of obesity problems, all of which are important reasons for 
the decline in cardiopulmonary fitness among children and 
adolescents from year to year (13). Studies have shown a positive 
correlation between decreased levels of physical activity and decreased 
cardiopulmonary fitness (14). It has also been shown that obese 
children and adolescents have lower levels of cardiopulmonary fitness 
compared to normal-weight individuals (15). This shows that there is 
a strong association between fat content and cardiopulmonary fitness. 
In addition, it has also been found that cardiopulmonary fitness is 
significantly associated with physical activity and that fat mass is 
negatively associated with cardiopulmonary fitness (16). It can be seen 
that the causes of the decline in cardiopulmonary fitness among 
children and adolescents are manifold, and the main reasons affecting 
the decline in cardiopulmonary fitness among adolescents should 
be discovered through investigation and research, and appropriate 
interventions should be carried out according to the reasons, to better 
improve the level of cardiopulmonary fitness among children and 
adolescents. The fitness level of children and adolescents.

In recent years, WWI as a new type of index for assessing body 
obesity in children and adolescents has received extensive 
attention from scholars.WWI is an important index for assessing 
body composition, which eliminates the influence of body weight 
on body composition, and its assessment results are more 
objective and real. A study comparing the relationship between 
eight body fat metrics, including BMI, waist circumference, waist-
to-hip ratio, waist-to-height ratio, and WWI, and the risk of 
diabetes, cardiovascular disease, and nonaccidental death found 
that WWI had the most robust and consistent association with 
cardiovascular disease and nonaccidental death risk (17). It has 
also been shown that when the WWI is higher than 11.2, there is 
a significant association between cardiovascular disease and 
all-cause mortality and that it is an effective predictor of 

cardiovascular disease (18). It can be  seen that WWI has 
significant effects and advantages in assessing the level of human 
health. However, with the change of lifestyle, the intake of high-
energy food has led to the seriousness of the problem of obesity 
and the trend of increase, which will inevitably lead to the 
increasing value of WWI, and thus negatively affect the 
development of physical and mental health (19). However, several 
past studies have focused on the relationship between conventional 
BMI, waist circumference, and other indicators and health 
outcomes in children and adolescents, while fewer studies have 
addressed the relationship between WWI and related health 
indicators (20). For this reason, future studies should be conducted 
on WWI to analyze the associations that exist with 
health outcomes.

WWI is a novel indicator for evaluating body composition in 
recent years, and its related studies are relatively few. What kind 
of relationship exists between 20-m SRT, an important indicator 
for evaluating cardiopulmonary fitness in children and 
adolescents, and WWI needs to be  further investigated and 
studied. In addition, past studies have found even fewer studies 
on the relationship between WWI and related physical fitness 
indicators in children and adolescents (21). Moreover, past 
research on WWI and physical fitness indicators has mainly 
focused on children and adolescents in Western developed 
countries, and there are few studies on Chinese children and 
adolescents at the national level (22). In this study, 41,523 children 
and adolescents aged 6–17 years from five regions of China were 
assessed for WWI and 20-m SRT, to analyze the association 
between WWI and cardiopulmonary fitness in Chinese children 
and adolescents, and to provide necessary support and assistance 
for the development of physical fitness and interventions for 
Chinese children and adolescents.

2 Methods

2.1 Participants

In this study, 41,523 children and adolescents aged 6–17 years 
from different regions of China were assessed for the WWI and 
20-m SRT indicators using a three-stage stratified whole-cluster 
random sampling method. The specific participant sampling 
process was as follows. First, based on the geographic regional 
distribution of China, Heilongjiang in the northern region of 
China, Guangzhou in the southern region, Jiangsu in the eastern 
region, Xinjiang in the western region, and Henan in the central 
region were selected as the survey areas for this study. Second, 
provincial capital cities and non-provincial capital cities were 
selected in each region as cities from which participants were 
drawn. Two elementary, middle, and high school schools were 
identified in each city. Third, in each school, 4 teaching classes 
were randomly selected in a cluster according to the class as the 
whole cluster sampling unit for each grade. A total of 43,106 
children and adolescents aged 6–17 years from 960 teaching 
classes were sampled in this study. A total of 1,583 invalid data 
were excluded after assessment and a total of 96.33% valid data 
were recovered. The inclusion criteria for participants in this 
study were: children and adolescents aged 6–17 years who were 
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enrolled in school, without physical disability, without serious 
mental illness, and with informed consent from the participants 
themselves and their guardians. Exclusion criteria were: missing 
of main demographic information, such as missing of age and 
gender information; response rate of the questionnaire was less 
than 80%. The specific process of sampling participants for this 
study is shown in Figure 1.

This study was conducted by the Declaration of Helsinki. 
Informed consent was obtained from parents or guardians before 
the assessment of participants in this study, and participants 
volunteered to be assessed for this study. This study was approved 
by the Ethics Committee of Huanghuai University (415789542) in 
May 2023.

2.2 Weight-adjusted waist index (WWI)

The WWI was calculated based on participants’ weight and 
waist circumference assessments. The formula is waist 
circumference (cm) divided by the square root of weight (kg) (23). 
In this study, weight and waist circumference were assessed 
according to the assessment methods and instruments required by 
the China National Survey on Students’ Constitution and Health 
(CNSSCH) (24). Weight was assessed to the nearest 0.1 kg and 
waist circumference to the nearest 0.1 cm. Participants were asked 
to empty their bowels before weight and waist circumference 
assessments and to wear light clothing for the assessments. Waist 
circumference was assessed by staff of the same sex. In this study, 
after stratifying the participants’ WWI based on age and gender, 

they were categorized into 5 equal scores according to percentile 
to compare the relationship between different WWI levels and 
20-m SRT scores.

2.3 20-meter shuttle run test (20-m SRT)

The 20-m SRT is widely used as an indirect assessment of 
cardiopulmonary fitness in children and adolescents in most countries 
worldwide (25). The 20-m SRT test developed by Cooper Laboratories 
in the United States was used in this study (26). The 20-m SRT was 
assessed by drawing a starting line at each end of a distance of 20 m. 
When the participant heard a beep from the CD player, he or she ran 
at the appropriate speed to the opposite end of the line, and when 
he or she heard the beep again from the SD player, he or she ran to the 
opposite end of the line, and so on back and forth, with each 20-m 
distance run being recorded as 1 lap (times). The speed at which the 
participant ran was controlled by the CD music, starting at an initial 
speed of 8.0 km/h, 9.0 km/h in the 2nd minute, and then accelerating 
by one-speed level per minute, i.e., increasing by 0.5 km/h each time. 
The tester did his/her best to complete the speed levels, and when he/
she could not follow the tempo to reach the 20 m ending on 2 
consecutive occasions, then the test was over, and the last laps were 
recorded. The complete 20-mSRT consists of 247 laps in 21 levels.

2.4 Quality control

All staff members of the Institute who participate in the 
assessment undergo rigorous assessment training and assessment 
before the assessment, and those who are qualified after the assessment 
participate in the assessment work. After the assessment of the 
participants, the staff will fill in the assessment results on the 
assessment cards of the participants, and the participants are required 
to strictly prohibit alteration. Staff members are required to calibrate 
the instruments and equipment used in the assessment before each 
day’s assessment, and the assessment can only be carried out after they 
have passed the calibration.

2.5 Statistical analysis

Height, weight, waist circumference, WWI, and 20-m SRT scores 
in this study were expressed using mean and standard deviation. The 
proportional distribution of the number of boys and girls in different 
age groups was expressed using percentages. Comparison of 
continuous variables between different age groups was done by using 
one-way method analysis. After WWI was stratified according to 
different ages and genders in this study, it was divided into five groups 
according to percentile: WWI <20th (A), 20th ≤ WWWI <40th (B), 
40th ≤ WWWI <60th (C), 60th ≤ WWWI <80th (D), and WWI 
≥80th (E). Comparisons between different WWI groups and 20-m 
SRT scores were compared using one-way ANOVA. Comparisons 
between different WWI groups were performed using LSD for 
between-group comparisons.

Based on past research experience, the association between WWI 
and 20-m SRT in children and adolescents in this study was analyzed 
using curvilinear regression. Curvilinear regression analysis was 

FIGURE 1

Participant sampling process.
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performed with laps of 20-m SRT as the dependent variable and WWI 
as the independent variable. To understand the association between 
WWI and 20-m SRT in different age groups, children and adolescents 
aged 6–17 years were divided into four groups in this study, which 
were 6–8 years, 9–11 years, 12–14 years, and 15–17 years, respectively. 
The regression equation was established for each age group based on 
the results of the curvilinear regression analysis, Y = aX2 + bX + c, 
where a, b, and c are the constant terms, Y denotes 20-m SRT, and X 
denotes WWI. Adjusted R2 values are reported for each equation.

The data in this study were analyzed using SPSS 25.0 software, and 
the pictures were created using Graph Pad Prism 8 software. p < 0.05 
was used as a two-sided test level.

3 Results

In this study, 41,523 children and adolescents aged 6–17 years 
were assessed in five geographic regions of China, including 21,424 
boys (51.6%) and 20,099 girls (48.4%). The mean age of the 
participants was (11.38 ± 3.46) years. The number of boys and girls in 
each age group is shown in Table 1.

Table 2 shows the comparison of WWI and 20-m SRT scores of 
Chinese adolescents in different age groups. Overall, the differences 
in Height, Weight, Waist circumference, WWI, and 20-m SRT scores 
of Chinese adolescents in different age groups were statistically 
significant when compared to each other (F-values of 37,356.238, 
18,420.620, 43,646.565, 2,179.297, and 4,956.795, respectively, 
p < 0.001). Overall, the 20-m SRT scores of boys and girls showed an 
increasing trend with increasing age and were highest at 48.78laps and 
31.17laps in the age group of 15–17 years, respectively. The results of 
the analysis in terms of boys and girls are presented in Table 2.

Table 3 shows the comparison of 20-m SRT scores of Chinese 
children and adolescents aged 6–17 years with different WWIs. 
Overall, the differences in 20-m SRT scores were statistically 
significant when compared between different WWI groups 
(p < 0.001). Comparisons between the age groups were made using 
the LSD method, and the results showed that, except for the B/C group 

of 6–8 years, the A/E group of 9–11 years, the A/E group of 
12–14 years, and the B/C and C/D groups, and the A/C group of 
15–17 years, which had no significant differences, the differences were 
statistically significant when compared to each other (p < 0.05). For 
boys and girls, the comparison of results between groups of WWI at 
different ages is shown in Table 3.

Figure 2 shows the trend of 20-m SRT scores of Chinese children 
and adolescents aged 6–17 years in different WWI groups. As can 
be seen from the figure, boys’ 20-m SRT scores in different WWI 
groups were generally higher than those of girls, and the trend of 
change was more pronounced compared with that of girls. Overall the 
20-m SRT scores of boys and girls were highest when their WWI was 
in the range of group B. The 20-m SRT scores of boys and girls were 
higher than those of girls in different WWI groups.

In this study, the curvilinear regression analysis was performed by 
stratifying by gender, using 20-m SRT as the dependent variable (Y) 
and WWI as the independent variable (X), and the following 
curvilinear regression equation was derived:

Boys:

 
2 26 – 8years,Y 0.210 3.571X 4.315 0.031.R= − × + + =

 
2 29 –11years,Y 0.292 4.498X 12.647 0.030.R= − × + + =

 
2 212 –14years,Y 0.656 10.802X 0.881 0.017.R= − × + + =

 
2 215 –17years,Y 1.175 21.042X 44.185 0.016.R= − × + − =

Girls:

 
2 26 – 8years,Y 0.160 2.544X 8.815 0.025.R= − × + + =

 
2 29 –11years,Y 0.331 6.657X 9.051 0.009.R= − × + − =

 
2 212 –14years,Y 0.509 12.200X 40.679 0.048.R= − × + − =

 
2 215 –17years,Y 0.537 9.313X 8.560 0.010.R= − × + − =

Total:

 
2 26 – 8years,Y 0.188 3.121X 6.208 0.027.R= − × + + =

 
2 29 –11years,Y 0.284 5.049X 4.323 0.013.R= − × + + =

 
2 212 –14years,Y 0.483 9.723X 11.874 0.006.R= − × + − =

 
2 215 –17years,Y 0.765 13.778X 21.510 0.007.R= − × + − =

The graphs were plotted based on the curvilinear regression 
equations. Figure 3 shows the trend of WWI and 20-m SRT scores of 
Chinese children and adolescents. As can be seen from the figure, the 
relationship between WWI and 20-m SRT scores of Chinese children 
and adolescents shows an inverted “U” curve. The effect of WWI on 
the 20-m SRT was more pronounced in boys than in girls. In addition, 

TABLE 1 Distribution of the number of children and adolescents aged 
6–17 by age group in China [n (%)].

Age (years) Boys Girls Total

6 years 2,310 (53.7) 1988 (46.3) 4,298

7 years 1,537 (52.2) 1,408 (47.8) 2,945

8 years 1779 (49.7) 1797 (50.3) 3,576

9 years 1885 (52.8) 1,688 (47.2) 3,573

10 years 1874 (53.3) 1,645 (46.7) 3,519

11 years 1751 (53.5) 1,522 (46.5) 3,273

12 years 1,684 (52.4) 1,528 (47.6) 3,212

13 years 1722 (52.3) 1,572 (47.7) 3,294

14 years 1911 (51.6) 1795 (48.4) 3,706

15 years 1972 (50.5) 1936 (49.5) 3,908

16 years 1,639 (48.5) 1738 (51.5) 3,377

17 years 1,360 (47.9) 1,482 (52.1) 2,842

6–17 years 21,424 (51.6) 20,099 (48.4) 41,523
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the effect of WWI on 20-m SRT scores was more pronounced in the 
older age groups than in the younger age groups.

4 Discussion

To the best of our knowledge, this study is the first to use a 
nationwide sample from China to analyze the association that exists 
between WWI and 20-m SRT in children and adolescents. The results 
of this study showed that the 20-m SRT scores of Chinese children and 
adolescents aged 6–17 years showed an overall increasing trend with 
age, with the highest values in the 15–17 years age group. This finding 
is consistent with the conclusions of many domestic and international 
studies (2, 27). The 20-m SRT score mainly reflects cardiopulmonary 
fitness in children and adolescents. Cardiopulmonary fitness was 
found to show a gradual increase in childhood and adolescence as the 
cardiopulmonary organs matured, whereas in late adulthood it 
showed a Decrease in cardiopulmonary fitness (28). The results of the 
present study also showed that boys’ 20-m SRT levels were higher than 
girls’ in all age groups of Chinese children and adolescents, which is 
consistent with the findings of several past studies (29, 30). The reason 
for this is that boys and girls are genetically predisposed to higher 
levels of cardiopulmonary fitness due to their more developed skeletal 
muscles, which may be an important reason for higher 20-m SRT 
scores than girls. It has also been suggested that boys are more active 

by nature and participate in moderate to high-intensity physical 
activities for a longer period in their daily lives, which will inevitably 
lead to higher levels of cardiopulmonary fitness during exercise, and 
this may also be  the main reason why boys’ 20-m SRT scores are 
higher than those of girls.

The results of the present study also showed that the differences 
in 20-m SRT scores between different WWI groups were statistically 
significant and that the overall 20-m SRT scores of children and 
adolescents in the 40th ≤ WWI <60th group had the highest 
WWI. This suggests that in the future, WWI should be  kept at a 
moderate level in Chinese children and adolescents to ensure that 
cardiopulmonary fitness is at the highest level. Past studies have 
shown that WWI is an important indicator of body composition in 
children and adolescents, and there is a close correlation between an 
increase in WWI and several levels of physical fitness, with an increase 
in WWI reflecting an increase in body weight, which can lead to a 
decrease in physical fitness and level. Elevated WWI in the children 
and adolescents in this study implies an increase in body weight, and 
the assessment process of performing the 20-m SRT will inevitably 
require the participants to overcome a greater body weight resistance, 
which will lead to a decrease in 20-m SRT performance. It has also 
been shown that higher body weight individuals need to ingest more 
oxygen to maintain the body’s demand for oxygen during high-
intensity cardiopulmonary fitness testing, thus placing higher 
demands on the cardiorespiratory system, whereas participants’ 

TABLE 2 Comparison of WWI and 20-m SRT scores among Chinese adolescents of different ages.

N Height
[M (SD)]

Weight
[M (SD)]

Waist 
circumference

[M (SD)]

WWI
[M (SD)]

20-m 
SRT(laps)
[M (SD)]

Boys

  6–8 years 5,626 132.06 ± 9.11 30.11 ± 7.64 57.30 ± 11.10 10.56 ± 1.82 17.96 ± 8.72

  9–11 years 5,510 149.56 ± 10.02 42.39 ± 10.87 65.78 ± 10.90 10.22 ± 1.35 27.64 ± 12.61

  12–14 years 5,317 168.69 ± 8.47 57.30 ± 12.29 70.88 ± 10.43 9.43 ± 1.11 43.63 ± 18.22

  15–17 years 4,971 173.56 ± 6.27 63.37 ± 11.09 74.04 ± 9.74 9.34 ± 0.94 48.78 ± 19.82

  F-value 26074.496 10754.901 2569.333 1036.521 4622.11

  p-value <0.001 <0.001 <0.001 <0.001 <0.001

Girls

  6–8 years 5,193 130.93 ± 8.88 28.01 ± 6.44 55.02 ± 9.21 10.51 ± 1.64 17.43 ± 7.93

  9–11 years 4,855 149.72 ± 9.12 40.24 ± 9.42 62.81 ± 9.05 10.01 ± 1.25 23.85 ± 10.63

  12–14 years 4,895 160.92 ± 5.94 50.89 ± 8.18 66.23 ± 8.17 9.33 ± 1.01 28.32 ± 13.84

  15–17 years 5,156 161.95 ± 5.55 52.51 ± 7.16 67.06 ± 7.38 9.28 ± 0.88 31.17 ± 11.24

  F-value 18723.553 10680.885 2155.914 1166.324 1505.559

  P-value <0.001 <0.001 <0.001 <0.001 <0.001

Total

  6–8 years 10,819 131.52 ± 9.02 29.10 ± 7.17 56.20 ± 10.30 10.54 ± 1.74 17.71 ± 8.35

  9–11 years 10,365 149.63 ± 9.61 41.38 ± 10.28 64.39 ± 10.18 10.12 ± 1.31 25.86 ± 11.88

  12–14 years 10,212 164.97 ± 8.33 54.23 ± 11.00 68.65 ± 9.70 9.38 ± 1.06 36.29 ± 17.98

  15–17 years 10,127 167.65 ± 8.29 57.84 ± 10.77 70.49 ± 9.30 9.31 ± 0.91 39.81 ± 18.29

  F-value 37356.238 18420.620 4364.565 2179.297 4956.795

  P-value <0.001 <0.001 <0.001 <0.001 <0.001

M ± SD, mean ± standard deviation.
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TABLE 3 Comparison of 20-m SRT scores across WWI in Chinese children and adolescents aged 6–17 years old.

Age (yr)

WWI < 20th
(A)

20th ≤ WWI  
< 40th (B)

40th ≤ WWI  
< 60th (C)

60th ≤ WWI  
< 80th (D)

WWI ≥ 80th
(E) F-

value

P-
value LSD #

N M (SD) N M (SD) N M (SD) N M (SD) N M (SD) A/B A/C A/D A/E B/C B/D B/E C/D C/E D/E

Boys

  6–8 years 682 17.58 ± 8.39 277 20.69 ± 9.51 584 21.18 ± 9.18 1,463 19.69 ± 9.24 2,620 16.09 ± 7.78 75.673 <0.001 # # # # — — # # # #

  9–11 years 657 27.84 ± 13.88 719 31.23 ± 13.26 1,054 30.35 ± 13.27 1,558 27.74 ± 12.21 1,522 23.87 ± 10.50 63.427 <0.001 # # — # — # # # # #

  12–14 years 1,410 44.50 ± 18.82 1,396 45.92 ± 18.10 1,295 44.16 ± 17.63 830 41.71 ± 17.36 386 34.52 ± 17.11 33.849 <0.001 # — # # # # # # # #

  15–17 years 1,401 49.13 ± 20.37 1,582 50.98 ± 20.20 1,137 48.92 ± 19.17 643 45.46 ± 18.24 208 39.18 ± 17.02 22.073 <0.001 # — # # # # # # # #

Girls

  6–8 years 592 17.28 ± 7.86 293 19.99 ± 9.15 696 19.63 ± 8.14 1,439 18.70 ± 8.19 2,173 15.58 ± 7.06 62.714 <0.001 # # # # — # # # # #

  9–11 years 683 18.55 ± 13.00 811 26.59 ± 9.89 1,159 25.70 ± 9.71 1,209 24.62 ± 10.01 993 22.18 ± 9.60 76.978 <0.001 # # # # — # # # # #

  12–14 years 1,368 20.04 ± 13.67 1,480 32.25 ± 11.45 1,225 31.47 ± 11.76 609 31.73 ± 15.04 213 26.43 ± 14.55 208.431 <0.001 # # # # — — # — # #

  15–17 years 1,516 31.25 ± 11.34 1791 32.36 ± 11.44 1,138 31.10 ± 10.66 535 28.68 ± 11.18 176 26.34 ± 9.62 20.068 <0.001 # — # # # # # # # #

Total

  6–8 years 1,274 17.44 ± 8.14 570 20.33 ± 9.33 1,280 20.34 ± 8.66 2,902 19.20 ± 8.75 4,793 15.86 ± 7.46 134.541 <0.001 # # # # — # # # # #

  9–11 years 1,340 23.10 ± 14.21 1,530 28.77 ± 11.82 2,213 27.91 ± 11.77 2,767 26.37 ± 11.41 2,515 23.20 ± 10.18 93.508 <0.001 # # # — # # # # # #

  12–14 years 2,778 32.46 ± 20.53 2,876 38.89 ± 16.53 2,520 37.99 ± 16.34 1,439 37.48 ± 17.13 599 31.65 ± 16.69 65.447 <0.001 # # # — — # # — # #

  15–17 years 2,917 39.84 ± 18.60 3,373 41.09 ± 18.63 2,275 40.01 ± 17.88 1,178 37.84 ± 17.55 384 33.29 ± 15.49 19.975 <0.001 # — # # # # # # # #

M ± SD, mean ± standard deviation. # indicates a significant difference for LSD intergroup comparisons, P < 0.05.
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limited cardiorespiratory fitness is unable to safeguard the body’s 
exercise system’s demand for oxygen, leading to a decrease in exercise 
capacity, and thus increased body weight leads to a decrease in 
cardiorespiratory fitness level decreases. It is noteworthy that the 
relationship between WWI and 20-m SRT performance in this study 
showed an inverted “U” curve, i.e., low or high WWI led to a decrease 
in 20-m SRT performance. Lower WWI means lower body weight, 
and there is an association between lower body weight and muscle 
mass. Lower muscle mass during 20-m SRT will affect the level of 
muscular endurance and muscular strength, which is an important 
reason for the lower performance of 20-m SRT (31). Previous studies 
have shown that waist circumference and cardiopulmonary fitness are 
independently associated with indices of insulin resistance and 
glucose tolerance and mediate the association between moderate to 
vigorous physical activity and insulin resistance in an abdominally 
obese population (32). A survey of showed that the odds of alanine 
aminotransferase (ALT) > 30 increased 1.06-fold for each 1-cm 
increase in waist circumference, and there was a strong association 
between ALT levels and cardiopulmonary fitness, and a significant 
WWI-cardiopulmonary fitness association between WWI and 

cardiopulmonary fitness (33). It has also been shown that increased 
WWI may be closely associated with obesity-induced changes in gut 
flora, which can lead to mild inflammation in the body, which affects 
the body’s cardiorespiratory system and leads to lower 20-m SRT 
scores in those with higher WWI (34). It is evident that there is a 
strong correlation between WWI and 20-m SRT scores and that the 
reasons for this are multiple.

There are certain strengths and limitations of this study. In 
terms of strengths, on the one hand, to the best of our knowledge, 
this study is the first to use a national sample to analyze the 
association between WWI and 20-m SRT in Chinese children and 
adolescents, which provides a reference and helps to improve and 
intervene in cardiopulmonary fitness in Chinese children and 
adolescents. On the other hand, this study has a large sample size 
and involves participants from five major geographic regions in 
China, which makes the study sample representative. However, this 
study also has some limitations. First, the 20-m SRT was used to 
assess cardiopulmonary fitness in this study, and the 20-m SRT is 
an indirect measure. In the future, the cardiopulmonary exercise 
test (CPET), which is more objective, should be  used to more 

FIGURE 2

Trends in 20-m SRT scores of Chinese children and adolescents aged 6–17 years in different WWI subgroups. WWI < 20th (A), 20th WWI < 40th (B), 
40th WWI < 60th (C), 60th ≤ WWI < 80th (D), WWI 80th (E).

FIGURE 3

Trends in the performance of Chinese children and adolescents on the WWI and the 20-m SRT.
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accurately assess the relationship between WWI and 
cardiopulmonary fitness. Cardiopulmonary fitness. Secondly, this 
study should include corresponding covariates to more accurately 
analyze the association between WWI and cardiopulmonary fitness.

5 Conclusion

The relationship between WWI and 20-m SRT in Chinese 
children and adolescents has an inverted “U” curve, and this 
association was found in different genders and age groups. Both lower 
and higher WWI resulted in lower 20-m SRT scores, and the 
association was more pronounced in boys than in girls. In the future, 
Chinese children and adolescents should maintain a reasonable WWI 
value to ensure a high level of cardiopulmonary fitness and promote 
their physical and mental health. At the same time, the conclusion of 
this study provides a strong reference for health professionals, 
educational administrators and policy makers, and also provides help 
for effective intervention of cardiorespiratory fitness of adolescents.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by this study was 
approved by the Ethics Committee of Huanghuai University 
(415789542). The studies were conducted in accordance with the local 
legislation and institutional requirements. Written informed consent 
for participation in this study was provided by the participants’ legal 
guardians/next of kin.

Author contributions

ZEZ: Formal analysis, Methodology, Resources, Supervision, 
Validation, Visualization, Writing – original draft, Writing – review & 

editing. NT: Conceptualization, Data curation, Supervision, Writing – 
original draft, Writing – review & editing. MY: Conceptualization, 
Data curation, Methodology, Project administration, Supervision, 
Validation, Writing – original draft, Writing – review & editing. ZIZ: 
Supervision, Writing – original draft, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This study was funded by 
the Ministry of Education‘s School-Enterprise Cooperation Research 
and Development Project (6425867).

Acknowledgments

Thanks to all participants for their support and assistance with 
our research.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Lang JJ, Tremblay MS, Leger L, Olds T, Tomkinson GR. International variability in 

20  m shuttle run performance in children and youth: who are the fittest from a 
50-country comparison? A systematic literature review with pooling of aggregate results. 
Br J Sports Med. (2018) 52:276. doi: 10.1136/bjsports-2016-096224

 2. Zhang F, Yin X, Bi C, Li Y, Sun Y, Zhang T, et al. Normative reference values and 
international comparisons for the 20-metre shuttle run test: analysis of 69,960 test results 
among chinese children and youth. J Sports Sci Med. (2020) 19:478–88.

 3. Bi C, Cai R, Zhao Y, Lin H, Liu H. Associations between cardiorespiratory fitness 
and executive function in chinese adolescents. Sci Rep. (2024) 14:21089. doi: 
10.1038/s41598-024-62481-6

 4. Tomkinson GR, Carver KD, Atkinson F, Daniell ND, Lewis LK, Fitzgerald JS, et al. 
European normative values for physical fitness in children and adolescents aged 9-17 
years: results from 2 779 165 eurofit performances representing 30 countries. Br J Sports 
Med. (2018) 52:1445–14563. doi: 10.1136/bjsports-2017-098253

 5. Tomkinson GR, Lang JJ, Tremblay MS, Dale M, Leblanc AG, Belanger K, et al. 
International normative 20 m shuttle run values from 1 142 026 children and youth 

representing 50 countries. Br J Sports Med. (2017) 51:1545–54. doi: 10.1136/bjsports- 
2016-095987

 6. Kokkinos P, Faselis C, Pittaras A, Samuel I, Lavie CJ, Ross R, et al. Stroke incidence 
in patients with hypertension according to cardiorespiratory fitness. Hypertension. 
(2024) 81:1747–57. doi: 10.1161/HYPERTENSIONAHA.124.23066

 7. Kokkinos P, Faselis C, Samuel I, Lavie CJ, Zhang J, Vargas JD, et al. Changes in 
cardiorespiratory fitness and survival in patients with or without cardiovascular disease. 
J Am Coll Cardiol. (2023) 81:1137–47. doi: 10.1016/j.jacc.2023.01.027

 8. Pan A, Sun C, Lowe S, Yau V, Wu Y. The relationship between cardiorespiratory 
fitness and mortality. J Am  Coll Cardiol. (2022) 80:e395. doi: 10.1016/j.jacc. 
2022.08.811

 9. Kokkinos P, Faselis C, Myers J. Reply: the relationship between cardiorespiratory 
fitness and mortality. J Am Coll Cardiol. (2022) 80:e397. doi: 10.1016/j.jacc.2022.09.047

 10. Kokkinos P, Faselis C, Pittaras A, Samuel I, Lavie CJ, Vargas JD, et al. 
Cardiorespiratory fitness and risk of heart failure with preserved ejection fraction. Eur 
J Heart Fail. (2024) 26:1163–71. doi: 10.1002/ejhf.3117

https://doi.org/10.3389/fpubh.2025.1550741
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1136/bjsports-2016-096224
https://doi.org/10.1038/s41598-024-62481-6
https://doi.org/10.1136/bjsports-2017-098253
https://doi.org/10.1136/bjsports-2016-095987
https://doi.org/10.1136/bjsports-2016-095987
https://doi.org/10.1161/HYPERTENSIONAHA.124.23066
https://doi.org/10.1016/j.jacc.2023.01.027
https://doi.org/10.1016/j.jacc.2022.08.811
https://doi.org/10.1016/j.jacc.2022.08.811
https://doi.org/10.1016/j.jacc.2022.09.047
https://doi.org/10.1002/ejhf.3117


Zhang et al. 10.3389/fpubh.2025.1550741

Frontiers in Public Health 09 frontiersin.org

 11. Kokkinos P, Faselis C, Samuel I, Pittaras A, Doumas M, Murphy R, et al. 
Cardiorespiratory fitness and mortality risk across the spectra of age, race, and sex. J 
Am Coll Cardiol. (2022) 80:598–609. doi: 10.1016/j.jacc.2022.05.031

 12. Kandola A, Ashdown-Franks G, Stubbs B, Osborn D, Hayes JF. The association 
between cardiorespiratory fitness and the incidence of common mental health disorders: 
a systematic review and meta-analysis. J Affect Disord. (2019) 257:748–57. doi: 
10.1016/j.jad.2019.07.088

 13. Elagizi A, Kachur S, Carbone S, Lavie CJ, Blair SN. A review of obesity, physical 
activity, and cardiovascular disease. Curr Obes Rep. (2020) 9:571–81. doi: 
10.1007/s13679-020-00403-z

 14. Carbone S, Del BM, Ozemek C, Lavie CJ. Obesity, risk of diabetes and role of 
physical activity, exercise training and cardiorespiratory fitness. Prog Cardiovasc Dis. 
(2019) 62:327–33. doi: 10.1016/j.pcad.2019.08.004

 15. Swift DL, Johannsen NM, Lavie CJ, Earnest CP, Church TS. The role of exercise 
and physical activity in weight loss and maintenance. Prog Cardiovasc Dis. (2014) 
56:441–7. doi: 10.1016/j.pcad.2013.09.012

 16. Gonzalez-Galvez N, Ribeiro JC, Mota J. Cardiorespiratory fitness, obesity and 
physical activity in schoolchildren: the effect of mediation. Int J Environ Res Public 
Health. (2022):19. doi: 10.3390/ijerph192316262

 17. Liu S, Yu J, Wang L, Zhang X, Wang F, Zhu Y. Weight-adjusted waist index as a 
practical predictor for diabetes, cardiovascular disease, and non-accidental mortality 
risk. Nutr Metab Cardiovasc Dis. (2024) 34:2498–510. doi: 10.1016/j.numecd.2024.06.012

 18. Ding C, Shi Y, Li J, Li M, Hu L, Rao J, et al. Association of weight-adjusted-waist 
index with all-cause and cardiovascular mortality in China: a prospective cohort study. 
Nutr Metab Cardiovasc Dis. (2022) 32:1210–7. doi: 10.1016/j.numecd.2022.01.033

 19. Li X, Zhou Q. Relationship of weight-adjusted waist index and developmental 
disabilities in children 6 to 17 years of age: a cross-sectional study. Front Endocrinol. 
(2024) 15:1406996. doi: 10.3389/fendo.2024.1406996

 20. Booth ML, Hunter C, Gore CJ, Bauman A, Owen N. The relationship between 
body mass index and waist circumference: implications for estimates of the population 
prevalence of overweight. Int J Obes Relat Metab Disord. (2000) 24:1058–61. doi: 
10.1038/sj.ijo.0801359

 21. Wang X, Yang S, He G, Xie L. The association between weight-adjusted-waist index 
and total bone mineral density in adolescents: nhanes 2011-2018. Front Endocrinol. 
(2023) 14:1191501. doi: 10.3389/fendo.2023.1191501

 22. Liu H, Zhi J, Zhang C, Huang S, Ma Y, Luo D, et al. Association between weight-
adjusted waist index and depressive symptoms: a nationally representative cross-
sectional study from nhanes 2005 to 2018. J Affect Disord. (2024) 350:49–57. doi: 
10.1016/j.jad.2024.01.104

 23. Tao Z, Zuo P, Ma G. The association between weight-adjusted waist circumference 
index and cardiovascular disease and mortality in patients with diabetes. Sci Rep. (2024) 
14:18973. doi: 10.1038/s41598-024-69712-w

 24. CNSSCH Association. Report on the 2019th national survey on students’constitution 
and health. Beijing: China College & University Press (2022). 25–41.

 25. Eglitis E, Singh B, Olds T, Virgara R, Machell A, Richardson M, et al. Health effects 
of children's summer holiday programs: a systematic review and meta-analysis. Int J 
Behav Nutr Phys Act. (2024) 21:119. doi: 10.1186/s12966-024-01658-8

 26. Lang JJ. Exploring the utility of cardiorespiratory fitness as a population health 
surveillance indicator for children and youth: an international analysis of results from 
the 20-m shuttle run test. Appl Physiol Nutr Metab. (2018) 43:211. doi: 10.1139/apnm- 
2017-0728

 27. Silva G, Aires L, Mota J, Oliveira J, Ribeiro JC. Normative and criterion-related 
standards for shuttle run performance in youth. Pediatr Exerc Sci. (2012) 24:157–69. doi: 
10.1123/pes.24.2.157

 28. Buchan DS, Knox G, Jones AM, Tomkinson GR, Baker JS. Utility of international 
normative 20 m shuttle run values for identifying youth at increased cardiometabolic 
risk. J Sports Sci. (2019) 37:507–14. doi: 10.1080/02640414.2018.1511318

 29. Moreira C, Santos R, Ruiz JR, Vale S, Soares-Miranda L, Marques AI, et al. Comparison 
of different vo(2max) equations in the ability to discriminate the metabolic risk in portuguese 
adolescents. J Sci Med Sport. (2011) 14:79–84. doi: 10.1016/j.jsams.2010.07.003

 30. Liu NY, Plowman SA, Looney MA. The reliability and validity of the 20-meter 
shuttle test in american students 12 to 15 years old. Res Q Exerc Sport. (1992) 63:360–5. 
doi: 10.1080/02701367.1992.10608757

 31. Xu L, Zhou H. The association between weight-adjusted-waist index and muscle 
strength in adults: a population-based study. Front Public Health. (2024) 12:1429244. 
doi: 10.3389/fpubh.2024.1429244

 32. Kang M, Joo M, Hong H, Kang H. Eating speed, physical activity, and 
cardiorespiratory fitness are independent predictors of metabolic syndrome in korean 
university students. Nutrients. (2021) 13:13. doi: 10.3390/nu13072420

 33. Trilk JL, Ortaglia A, Blair SN, Bottai M, Church TS, Pate RR. Cardiorespiratory 
fitness, waist circumference, and alanine aminotransferase in youth. Med Sci Sports 
Exerc. (2013) 45:722–7. doi: 10.1249/MSS.0b013e31827aa875

 34. Zhang FL, Ren JX, Zhang P, Jin H, Qu Y, Yu Y, et al. Strong association of waist 
circumference (wc), body mass index (bmi), waist-to-height ratio (whtr), and waist-
to-hip ratio (whr) with diabetes: a population-based cross-sectional study in Jilin 
province, China. J Diabetes Res. (2021) 2021:8812431. doi: 10.1155/2021/ 
8812431

https://doi.org/10.3389/fpubh.2025.1550741
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.jacc.2022.05.031
https://doi.org/10.1016/j.jad.2019.07.088
https://doi.org/10.1007/s13679-020-00403-z
https://doi.org/10.1016/j.pcad.2019.08.004
https://doi.org/10.1016/j.pcad.2013.09.012
https://doi.org/10.3390/ijerph192316262
https://doi.org/10.1016/j.numecd.2024.06.012
https://doi.org/10.1016/j.numecd.2022.01.033
https://doi.org/10.3389/fendo.2024.1406996
https://doi.org/10.1038/sj.ijo.0801359
https://doi.org/10.3389/fendo.2023.1191501
https://doi.org/10.1016/j.jad.2024.01.104
https://doi.org/10.1038/s41598-024-69712-w
https://doi.org/10.1186/s12966-024-01658-8
https://doi.org/10.1139/apnm-2017-0728
https://doi.org/10.1139/apnm-2017-0728
https://doi.org/10.1123/pes.24.2.157
https://doi.org/10.1080/02640414.2018.1511318
https://doi.org/10.1016/j.jsams.2010.07.003
https://doi.org/10.1080/02701367.1992.10608757
https://doi.org/10.3389/fpubh.2024.1429244
https://doi.org/10.3390/nu13072420
https://doi.org/10.1249/MSS.0b013e31827aa875
https://doi.org/10.1155/2021/8812431
https://doi.org/10.1155/2021/8812431

	Association between weight-adjusted waist index and 20-meter shuttle run test in Chinese children and adolescents: a multicenter cross-sectional survey
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Weight-adjusted waist index (WWI)
	2.3 20-meter shuttle run test (20-m SRT)
	2.4 Quality control
	2.5 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion

	References

