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Abstract: There is often significant spatial heterogeneity in the factors influencing physical fitness 

in adolescents, yet less attention has been paid to this in established studies. Based on the 2018 Chi-

nese National Student Physical Fitness Standard Test data, this study uses a multi-scale, geograph-

ically weighted regression (MGWR) model combined with a K-means clustering algorithm to con-

struct a spatial regression model of the factors influencing adolescent physical fitness, and to inves-

tigate the degree of spatial variation in the physical fitness of Chinese adolescents from a socio-

ecological perspective of health promotion. The following conclusions were drawn: the performance 

of the youth physical fitness regression model was significantly improved after taking spatial scale 

and heterogeneity into account. At the provincial scale, the non-farm output, average altitude, and 

precipitation of each region were strongly related to youth physical fitness, and each influencing 

factor generally showed a banded spatial heterogeneity pattern, which can be summarized into four 

types: N–S, E–W, NE–SW, and SE–NW. From the perspective of youth physical fitness, China can 

be divided into three regions of influence: the socio-economic-influenced region, mainly including 

the eastern region and some of the central provinces of China; the natural-environment-influenced 

region, which mainly includes the northwestern part of China and some provinces in the highland 

region; and the multi-factor joint-influenced region, which mainly includes the provinces in the cen-

tral and northeastern regions of China. Finally, this study provides syndemic suggestions for phys-

ical fitness and health promotion for youths in each region. 

Keywords: physical fitness; influencing factors; spatial heterogeneity; regional clustering; K-means; 

multi-scale geographically weighted regression (MGWR); social–ecological model 

 

1. Introduction and Literature Review 

1.1. Current State of Physical Fitness 

Physical fitness, as a measure of the ability to perform activities efficiently in daily 

life, is also an important component of promoting a healthy and active lifestyle [1,2]. Peak 

physical fitness in humans usually occurs during adolescence and continues [3,4]. Thus, 

the reduction in physical fitness that occurs during adolescence can pose a significant 

threat to the national public health system [5,6]. There are many reasons for the decline in 

physical fitness; socio-economic conditions, geography, and local government policies are 

considered as external factors that affect physical fitness [7]. In addition to this, over-

weight and obesity caused by high body fat percentage in individuals, and an undesirable 

lifestyle, including sedentary behavior, insufficient physical activity, and excessive video 

screen time, are intrinsic factors that may lead to lower physical fitness in children and 

adolescents [8,9]. Currently, there are approximately 1.2 billion adolescents worldwide, 

and their numbers are rising and are expected to peak around the 2030s, when they will 

account for one-sixth of the world’s total population [10]. However, over the past few 
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decades, the physical fitness of children and adolescents worldwide has not been encour-

aging. A review of a sample size of more than 100,000 children and adolescents indicated 

that global adolescent physical fitness declined by nearly 10% between 1975 and 2000, 

with particularly significant declines in endurance and flexibility qualities [11,12]. The 

same downward trend in exercise performance (both anaerobic and aerobic capacity) has 

also been found by researchers [13]. After entering the 21st century, most studies from 

various countries show that the overall situation is still very serious, although the declin-

ing trend of children and adolescents’ physical fitness has been reduced [14]. The decline 

in adolescent physical fitness has been particularly pronounced in Asia [15], where the 

total increase in body fat among children from the 1950s to the end of the 20th century 

was more than twice that of other countries. Even after the 21st century, adolescent body 

fat levels have stabilized in some countries, including Europe and America [16,17]; how-

ever, in most Asian countries, adolescent body fat levels continue to increase, which indi-

rectly leads to a further decline in the physical activity and physical fitness levels of these 

adolescents [18,19]. The huge size of the population and its potentially important influ-

ence have led to an increased focus on the assessment of adolescent physical fitness and 

its interventions in recent years in various countries as well. The whole life-cycle theory 

provides an important perspective for relevant public health actions, and health interven-

tions during adolescence can provide a solid foundation for future physical fitness and 

health levels in adulthood [20]. It is worth noting that adolescent fitness is not only influ-

enced by genetic factors, but also closely related to the living environment in which the 

individual lives, such as the adolescent’s family context, the community in which the 

youth lives, the school, and the geographic location at the macro-spatial scale [21,22]. All 

these elements can influence the planning and implementation of health interventions. 

Therefore, clarifying and establishing quantitative models of the relationship between 

multiple influencing factors and adolescent physical fitness is particularly important for 

the development of intervention strategies that effectively promote adolescent physical 

fitness development [23]. 

1.2. Factors Influencing Physical Fitness 

The ecological model of health promotion is considered an effective research method 

for sustainability in the field of public health [24]. The theoretical framework and adaptive 

model underlying this approach are flexible and modifiable. The ecological model of 

health promotion allows for a more integrated and comprehensive approach to physical 

fitness and health issues than health benefit promotion approaches that focus on a single 

dimension [25]. Environmental factors that influence human health have multi-dimen-

sional properties, and the environment can be classified into different dimensions accord-

ing to specific research objectives, principles, and criteria. For example, according to the 

composition of environmental elements, these can be divided into atmospheric environ-

ment, soil environment, marine environment, and other types; according to the different 

spatial scales, the environment can be divided into global environment, regional environ-

ment, local environment, etc.; according to the dominant way of human use, the environ-

ment can be divided into urban environment, rural environment, and socio-economic en-

vironment, etc. [26,27]. WHO attributes up to 24% of global deaths to the environment 

[28]. Assessment reports from around the world also show different trends in the physical 

fitness of youths in different geographic locations [29,30]. The effects of geographic loca-

tion include the natural and built environment in which humans live and the socio-eco-

nomic environment that has developed based on it. In recent years, the number of empir-

ical studies on the effects of environmental changes on physical fitness due to different 

geographical locations has started to increase. Overall, previous research has focused on 

individual behavior, family environment, and school [31–33]. Most of the effects caused 

by these small-scale environmental factors are related to the culture of the country or re-

gion where they are located and the educational background, and are part of the social 

environment. As research on adolescent physical fitness has intensified, social factors such 
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as economics, migration, and urbanization have received progressively more attention. 

Existing studies have shown that socio-economic factors can influence the physical fitness 

and health of a population to some extent [34–36]. Children and adolescents living in 

higher socio-economic development and without immigrant backgrounds have higher 

physical fitness [37,38]. The effect of urbanization on adolescent physical fitness and 

health remains controversial. On the one hand, accelerated urbanization brings more 

healthcare opportunities and sports facilities to the population, which are beneficial for 

physical fitness and health promotion, but on the other hand, rapid urbanization changes 

the lifestyle of the population, such as prolonging sedentary and other undesirable behav-

iors. Extreme weather and environmental pollution associated with urbanization has also 

reduced the amount of time people spend outdoors, which has a negative impact on phys-

ical fitness [39,40]. Population health is inextricably linked to climate change and the nat-

ural environment [41–43]. Some of the scholars’ studies emphasize the mechanisms of the 

natural and built environment that influence adolescents’ physical fitness. For example, 

the altitude of the area where they are located is the main natural environmental factor 

influencing the development of physical fitness and form in children and adolescents [44–

46]. Existing studies have shown that there is a highly significant correlation between hu-

man aerobic capacity and altitude, and that appropriate altitude can effectively enhance 

human aerobic capacity [47]. At the same time, children living at high altitudes have 

higher levels of physical activity relative to children living at lower altitudes because the 

expansion of the built environment at lower altitudes imposes many spatial constraints 

on children’s activities [46,48]. The area of green space coverage is not only related to 

physical fitness and health behaviors, but is also considered to be one of the determinants 

of the prevention of mental illness [43,49]. At the same time, studies on the built environ-

ment and adolescent physical fitness have shown that the intensity of road traffic is sig-

nificantly and negatively associated with adolescent physical fitness, while positive 

changes in the built environment can contribute to the improvement of adolescent physi-

cal fitness through the mediating effect of physical activity [50–52]. From the perspective 

of the social ecology of health promotion, since individual behaviors always occur in the 

environment in which they are located and there are interactions between individuals and 

the environment, it is necessary to give attention to the complexity and dynamic interac-

tions of different categories of environmental factors and to advocate a multi-scale, inter-

disciplinary, and syndemic approach to research [53]. 

1.3. Hypotheses and Objectives 

Environmental factors affecting adolescent physical fitness are often geographically 

and spatially differentiated, and research on the spatial heterogeneity of adolescent phys-

ical fitness drivers is imperative. On the one hand, adolescents in different geographic 

regions have different physical forms, physiological functions, and motor qualities, and 

although these indicators together constitute physical fitness, they are differentiated into 

different weights due to changes in location [54,55]. On the other hand, the factors influ-

encing physical fitness are not completely mobile in space. As the location of geospatial 

regions changes, the influence of various environmental factors on body mass also change, 

with a non-global character [56]. It is due to the existence of spatial heterogeneity that if a 

uniform standard method is used to assess physical fitness indicators for various popula-

tions that are in different geographic settings, the impact caused by locational differences 

between various types of areas may be overlooked, resulting in an inability to assess the 

physical fitness status of adolescents correctly and effectively [57]. Nevertheless, due to 

the limited data acquisition, there is still a lack of research on the spatial heterogeneity of 

factors influencing adolescent physical fitness at macro-spatial scales. In addition, the 

identification of regions based on the spatial heterogeneity of influencing factors and thus 

the construction of a comprehensive intervention applicable to adolescent physical fitness 

is also an urgent task [58,59]. For possible spatial heterogeneity, the traditionally used 

global regression models (e.g., OLS models) lack explanations for spatial variability and 
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ignore causal relationships between independent and dependent variables in local geo-

graphic areas, whereas geographically weighted regression (GWR) accommodates the ex-

istence of spatial heterogeneity [60]. 

Based on this, this study used Chinese regional characteristic indicators with the 

physical fitness of the study population—junior secondary school students (12–15 years 

old)—in selected regions to investigate the spatial heterogeneity of factors influencing ad-

olescent physical fitness across regions at the provincial scale in China. This was per-

formed by using a multi-scale, geographically weighted regression model (MGWR) and 

applying a K-means clustering algorithm for clusters of regions with similar influencing 

factors. This work is expected to quantify the disparity in youth physical fitness develop-

ment in different geographical locations and provide a reference for future thematic area 

identification in public health. 

2. Methodology 

2.1. Multi-Scale, Geographically Weighted Regression 

Because the model parameters constructed by ordinary least squares (OLS) are 

global, they do not reflect well the spatial heterogeneity of parameters that exist over dif-

ferent geographic spaces. The variability that exists in spatial data should be taken into 

account in conducting the analysis of youth physical fitness problems in different regions 

[61]. This study introduces a spatial regression model to investigate the possible spatial 

heterogeneity in the influencing factors of adolescent physical fitness. There are several 

types of spatial regression models, and the classical geographically weighted regression 

model (GWR) is based on a fixed bandwidth for regression analysis, which assumes the 

same scale of spatial heterogeneity for each type of influencing factor and the same range 

of influence at different spatial locations. The results of GWR may lead to bias in the final 

parameters, making them less explanatory for the spatial heterogeneity of influencing fac-

tors of student fitness in different regions [62]. Multi-scale, geographically weighted re-

gression (MGWR), on the other hand, relaxes the assumption of equal spatial scales, al-

lowing the bandwidth in the model to adjust according to different explanatory variables 

[61,63]. Therefore, MGWR can effectively optimize and avoid analytical errors caused by 

the shortcomings of previous geographically weighted regression models due to the in-

fluence of scale homogenization [64]. This study first obtained the correct explanatory 

variables by constructing OLS, after which MGWR was used to explore the spatial rela-

tionship between student physical fitness and explanatory variables. The MGWR equa-

tion is shown below: 

�� =�����
(��, ��)���

�

���

+ �� (1) 

In Equation (1), �� is the physical fitness of students in region j, ����
 is the most 

appropriate sample bandwidth in region j, ��� is the observation of the � variable at �, 

and �� is the random error term. The kernel function and bandwidth selection criteria for 

MGWR refer to the GWR determination criteria, and the bandwidth is determined using 

the corrected Akaike information criteria (AICc). The AICc is a measure of model perfor-

mance that is useful for comparing different regression models. Given the complexity of 

the model, a model with a lower AICc value will fit the observed data better and is useful 

for comparing models that apply to the same dependent variable and have different ex-

planatory variables [65]. 

���� = 2� ln(�) + � ln(2�) + �
� + tr(�)

� − 2 − tr(�)
 (2)

where � represents the number of sample observations, � represents the standard devi-

ation of the error term, and tr(�), as a bandwidth function, is expressed as the trace value 

of the � matrix in the regression model. 
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2.2. K-Means Clustering 

Clustering analysis is a technique for statistical data analysis. Cluster analysis has 

received wide application in many fields, including machine learning, data mining, pat-

tern recognition, image analysis, etc. [66]. Clustering is the division of similar objects into 

different groups or more subsets by static classification. Spatial clustering is an important 

part of spatial data mining, which mainly clusters or classifies entities according to their 

characteristics; identifies clusters or densely distributed regions in large-scale multi-di-

mensional spatial data sets according to a certain distance or similarity measure; and di-

vides the data into a series of mutually distinguishable groups to find the overall spatial 

distribution patterns and typical patterns of the data sets [67]. This study was based on 

the Calinski–Harabasz pseudo-F index to measure the within-group similarity and be-

tween-group variability of different grouping approaches and to spatially cluster the re-

gional characteristic indicators affecting adolescent physical fitness. The K-means algo-

rithm uses the mean of all data samples within each cluster subset as a representative 

point for that cluster, and its main idea is to optimize the criterion function for evaluating 

the clustering performance by dividing the data set into different classes through an iter-

ative process. Each cluster generated by the algorithm has similar intra-group attributes 

and independent inter-group attributes [68]. If the Calinski–Harabasz pseudo-F index is 

high, it means that the intra-group distance of the clustering results is small while the 

group spacing is large, and the clustering results are more reliable. The equation is shown 

below: 

� =

��

�� − 1

1 − ��

� − ��

, �� = (��� − ���) ���⁄  (3) 

In the equation, n denotes the number of elements and �� denotes the number of 

classes (groups). ��� reflects the difference between groups. ��� is the statistic reflect-

ing the similarity within groups. In this study, the K-means clustering algorithm was used 

to identify areas of similarity in the relevant factors that have an impact on adolescent 

physical fitness, and for each clustered area of influence, a syndemic public health guide-

line can be proposed. 

3. Data Collection and Analysis Process 

3.1. Data Sources 

The physical fitness data were obtained from the 2018 Chinese National Student 

Physical Fitness Standard (CNSPFS) survey conducted by the Ministry of Education of 

the People’s Republic of China. Physical fitness data were obtained according to the ran-

domization principle, and combined stratified and whole-group sampling was used to 

draw equal proportions of samples from 31 provinces (excluding Hong Kong, Macao, and 

Taiwan) in mainland China; the specific sampling schemes can be found in previous lit-

erature [69]. The final number of valid samples obtained from the screening of this study 

was 48,922. According to the evaluation criteria of CNSPFS, students’ physical fitness sta-

tus are classified into three grades according to the composite score of physical fitness test: 

high grade (≥80), medium grade (≥60 and <79.9), and low grade (<60). The dependent var-

iables in this study were the detection rates of the three grades of high, medium, and low 

physical fitness of middle school students in 31 provinces in mainland China in 2018, re-

spectively, and the detection rate of physical fitness grades in each region was equal to 

the percentage of the number of corresponding grades in that region to the total sample 

size in that region. 

The physical fitness test protocol for students in mainland China mainly includes 

three aspects: physical form, physiological function, and motor quality. The test indexes 

in this study included seven items: BMI, lung capacity, 50-m sprint, seated forward bend, 

standing long jump, pull-ups/sit-ups, and endurance running. The scores of each 
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individual index were calculated for each student with reference to the gender and age 

scoring criteria in CNSPFS. The students with excellent performance in pull-ups/sit-ups 

and endurance running were given extra points, which were determined according to the 

actual test results, with an upper limit of 20 points. Finally, the overall score of each stu-

dent was calculated according to the weight of individual indexes. Physical Fitness Score 

= BMI × 0.15 + lung capacity × 0.15 + 50 m run × 0.2 + seated forward bend × 0.1 + standing 

long jump × 0.1 + pull-ups/sit-ups × 0.1 + endurance run × 0.2 [70,71]. Prior to testing, all 

potential participants provided written informed consent from the school and parents to 

ensure that the participating student was free of disease and injury and fit to take the 

physical fitness test. All testing instruments were consistent at each testing site and were 

calibrated prior to use. All staff members are pre-trained, and they have passed relevant 

tests. School nurses and third-party monitors are available at the testing sites to prevent 

injuries to subjects during the testing and to monitor that the physical fitness tests are 

being conducted properly according to CNSPFS standards. 

This study attempts to explain the degree of variability in adolescent physical fitness 

from a socio-ecological perspective. The explanatory variables were selected mainly 

around two dimensions: geographical environmental factors (including natural environ-

mental variables and built environment variables) and socio-economic factors that can 

represent the regional development status (including regional economic variables, urban 

attribute variables, cultural and educational variables, healthcare variables, and sports de-

velopment variables). Finally, a total of 12 regional characteristic indicators that may affect 

the regional adolescent physical fitness status were obtained (Table 1). The theoretical ba-

sis for the selection of explanatory variables is mainly derived from the socio-ecological 

model of health promotion, that is, the health status of a population is always influenced 

by the combination of the ecological environment, economic environment, and social pol-

icies in which it is located [72,73]. The indicators of environmental and socio-economic 

indicators together with other regional characteristics selected for this study were ob-

tained from the official data released by the National Bureau of Statistics of China. 

Table 1. Description of the variables and data sources. 

Name Description Data Source 

Dependent variables 

EGR 
Percentage of youth with a physical fitness score ≥80 per 

province (%) 

CNSPFS PR 
Percentage of youth with a physical fitness score ≥60 and 

<79.9 per province (%) 

FR 
Percentage of youth with a physical fitness score <60 per 

province (%) 

Explanatory variables 

Altitude Average altitude per province (m) Chinese altitude barometer 

Rain Annual total precipitation per province (mm) 

China Environment Statistics Yearbook 2018 Forest Percentage of forest area per province (%) 

Temperature Average air temperature (0.1 °C) 

Green space Area of green space in parks per province (km3) 
China Statistical Yearbook 2018 

Playground Sum of playground area of junior high schools (m2) 

Healthcare Health care spending per province (yuan) China Social Statistics Yearbook 2018 

Non-farm output The ratio of provincial non-farm output to GDP (%) 
National Bureau of Statistics 

Road density Length of primary and secondary roads per sq. km. (%) 

Urban The ratio of urban population to total population (%) China Statistical Yearbook 2018 

Education Average number of years of education (year) 
Bulletin of the National Population Census 

2020 

Athletes Number of athletes above Level 2 per province China Education Statistics Yearbook 2018 

EGR = excellent and good rates of physical fitness; PR = passing rate of physical fitness; FR = fail-

ure rate of physical fitness. 
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3.2. Model Construction 

An OLS model of youth physical fitness status and regional characteristics indicators 

was first constructed in SPSS 26.0 to obtain the correct explanatory variables and to verify 

the correlation between potential influences such as environment and socio-economic fac-

tors of each region and youth physical fitness. The OLS model needed to satisfy the con-

ditions that the data had chi-square and normal distribution, and that there was no multi-

collinearity among the independent variables [74]. In this study, variance inflation factor 

(VIF) <5 and Shapiro–Wilk test of significance p > 0.05 were selected as screening condi-

tions to further extract the eligible explanatory variables (Table 2). There is an association 

between some regional characteristic indicators and the physical fitness of junior high 

school students. The preliminary normality test of these elementary indicators showed 

that variables such as percentage of forest area, non-farm output, and road density satis-

fied normal distribution alone and could be directly included in the regression model for 

calculation. Some of the explanatory variables that do not conform to the normal distribu-

tion, such as the average altitude of the provinces, the annual precipitation, and the area 

of school playgrounds, cannot be directly included in the regression model for calculation. 

Therefore, in this study, these explanatory variables were made to better conform to the 

normal distribution by taking the natural logarithm [72]. 

Table 2. Tests for normality and covariance of factors influencing physical fitness. 

Variable Name Shapiro–Wilk p Tolerance VIF 

Frost 0.937 0.070 –0.110 –0.109 

Non–farm output 0.940 0.081 0.543 0.544 

Road density 0.976 0.698 0.015 0.016 

Altitude 1 0.967 0.438 –0.072 –0.069 

Rain 2 0.935 0.062 0.525 0.554 

Playground 3 0.944 0.106 0.145 0.149 
1,2,3 Variables converted to natural logarithms. 

In this study, the explanatory and dependent variables after pre-processing were in-

cluded and three OLS models were constructed (Table 3). From model 1, it was found that 

the physical fitness high-grade rate (EGR) was significantly and positively influenced by 

the annual precipitation (Rain) and non-farm structure ratio of the region (non-farm out-

put). Junior school students living in areas with relatively higher precipitation, wetter nat-

ural environment, and more developed secondary and tertiary economic industries had 

better physical fitness. As shown in Model 2, the physical fitness mid-grade rate (PR) was 

significantly and positively correlated with the average altitude of the region, the PR was 

deeply influenced by the natural environment, and the junior high school students with a 

composite score in the range of 60–79.9 on the physical fitness test were generally distrib-

uted in regions with relatively high average altitude. From model 3, the physical fitness 

low-grade rate (FR) is significantly and negatively correlated with the average altitude of 

the region (Altitude), the annual precipitation (Rain), and the ratio of non-farm structures 

in the region (non-farm output). If adolescents live for a long time in an area with low 

precipitation, low altitude, and where agriculture is the main source of economy, it may 

be detrimental to their physical fitness improvement and development. 

Table 3. Overall results of the three types of regression models (OLS). 

OLS 
Model 1: EGR Model 2: PR Model 3: FR 

β |t| β |t| β |t| 

Frost −0.127 0.696 0.047 0.258 0.159 0.821 

Non-farm output 0.528 3.069 −0.279 1.624 −0.574 3.145 

Road density −0.019 0.083 0.102 0.458 −0.075 0.318 
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Altitude −0.106 0.535 0.667 3.377 −0.519 2.471 

Rain 0.470 2.250 −0.005 0.022 −0.764 3.445 

Playground 0.154 1.068 −0.134 0.929 −0.113 0.739 

F-statistic 5.900 5.921 4.778 

P-F statistic 0.001 0.001 0.002 

R2 0.596 0.597 0.544 

AICc 82.427 82.359 86.156 

RSS 12.525 12.498 14.126 

Durbin-Watson 2.155 2.327 2.294 

To determine whether the explanatory variables exhibited spatial heterogeneity in 

the regression model, after obtaining appropriate explanatory variables for adolescent 

physical fitness status through OLS models, the same explanatory variables were incor-

porated into MGWR2.2 to construct a multi-scale, geographically weighted regression 

model of adolescent physical fitness and influencing factors using the detection rates of 

three physical fitness classes, high, medium, and low, as the basis for classification (Table 

4). Comparing the results of the MGWR and OLS models, the R2 of the adolescent physical 

fitness regression model improved significantly after considering the spatial local charac-

teristics and the changes in spatial scales. The AICc and the residual sum of squares of 

each model also show a decreasing trend, indicating that the MGWR model has better 

ability to fit and explain the spatial pattern of variables, and is therefore better than the 

OLS model. As a local regression model, the variability variables in MGWR have unique 

R2, standard errors, and t-values at each sample point. In summary, the reliability of the 

MGWR model was further validated by the comparison results from the regression anal-

ysis model. Through the MGWR model, this study further analyzes the degree of differ-

entiation across sample areas and the spatial pattern of drivers influencing youth physical 

fitness status. To explain the spatial divergence patterns of the influencing factors more 

effectively, the impact coefficients of the explanatory variables in the MGWR model of 

EGR, PR, and FR were selected to satisfy the significance test (|t|≥1.96) for statistical anal-

ysis in this study. Spatially divergent pattern maps of the influencing factors were pro-

duced in ArcGIS 10.7, and the degree of influence for each variable was classified into five 

categories based on color according to Jenks’ method: highest, relatively higher, medium, 

relatively lower, and lowest. 

Table 4. Overall results of the three types of regression models (MGWR). 

MGWR 
Model 1: EGR Model 2: PR Model 3: FR 

  |t|   |t|   |t| 

Intercept −0.042 0.336 0.005 0.036 0.074 0.609 

Frost −0.110 0.621 0.043 0.241 0.075 0.442 

Non-farm output 0.542 3.263 −0.339 1.946 −0.530 3.091 

Road density 0.014 0.067 0.112 0.511 −0.119 0.577 

Altitude −0.072 0.376 0.641 3.321 −0.552 3.024 

Rain 0.503 2.401 −0.042 0.207 −0.724 3.748 

Playground 0.146 1.048 −0.122 0.865 −0.126 0.931 

tr(S) 7.664 7.607 8.754 

Degree of freedom 23.336 23.393 22.246 

R2 0.636 0.626 0.690 

AICc 81.813 82.394 81.548 

RSS 11.281 11.581 9.614 
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4. Results and Discussion 

4.1. Spatial Patterns of Influence Factors 

The results showed that the factors influencing the physical fitness of adolescents 

showed a significant pattern of banded spatial heterogeneity (Figure 1). The non-farm in-

dustrial structure ratio, also known as the non-farm output ratio, is calculated as the ratio 

of the production value of secondary and tertiary industries to the gross domestic product 

of the region. When upgrading of regional industrial structures accelerates, the ratio of 

non-farm industrial structures also increases. The non-farm industrial structure ratio is 

also the main explanatory variable for evaluating the social development and economic 

changes in a region [75]. In this study, firstly, from the MGWR model of EGR (Figure 1a), 

the effect of non-farm output on the physical fitness high-grade rate of students is positive, 

taking values between 0.539–0.544, with a mean value of 0.542. This indicates that for 

every 1 percentage point increase in the non-agricultural structure ratio, the improvement 

space of the physical fitness high-grade rate of youth in the region is between 0.539–0.544 

percentage points, with different increases in different regions and an average increase of 

about 0.542%. From the spatial pattern distribution for the coefficients, the influence of 

non-farm output on EGR shows an E–W directional spatial pattern in general, with the 

variable coefficients increasing in a gradient from west to east. The highest influence is 

found in Fujian and Zhejiang provinces in the eastern coastal region, and in the northeast-

ern region (Heilongjiang, Jilin, and Liaoning). In western China, such as Xinjiang and Ti-

bet, the non-farm output has a weaker contribution to EGR, which reflects the variability 

in the positive influence mechanism of the non-agricultural industrial structure ratio on 

the youth high physical fitness population in different regions. In the PR model (Figure 

1c), the non-farm output had a statistically significant effect on the physical fitness mid-

grade rate. The values ranged from −0.419 to −0.207, with a mean value of −0.339. From a 

statistical point of view, the non-farm output had an overall negative effect on the physical 

fitness mid-grade rate of the district youth; however, the decrease in the rate of medium 

physical fitness scores does not necessarily mean a decrease in the overall level of student 

fitness in the region, and should be evaluated specifically in relation to the overall change 

in the high-grade rate as well as the low-grade rate of student physical fitness in the re-

gion. From the spatial pattern distribution for PR model coefficients, the variable coeffi-

cients show an N–S spatial pattern. It is mainly the provinces in southern and some central 

regions of China whose coefficients of non-farm output are statistically significant, and 

their negative influence gradually decreases from north to south. From the MGWR model 

of FR (Figure 1e), the effect of non-farm output on the low-grade rate in youth physical 

fitness in each region is negative, taking values between −0.841 and −0.394, with a mean 

value of −0.530. In terms of coefficient absolute value, the range of variation in the inten-

sity of its effect is the largest among all variables. The coefficient changes drastically with 

the change in spatial location. On average, for every 1% increase in the rate of non-farm 

output, the low-grade rate of student physical fitness in the area decreases by 0.53%. The 

coefficient shows a NE–SW spatial pattern in China’s significant provinces, with the neg-

ative influence of the non-farm output gradually decreasing from the northeast toward 

the southwest. It is worth noting that the highest negative influence of non-farm output is 

still in the northeast (Heilongjiang, Jilin, and Liaoning), which indicates an urgent need 

for industrial structure upgrading in this area, and, on the other hand, it also explains the 

geographic reasons for low physical fitness and more serious overweight and obesity in 

youths in the Northeast China for a long time. 
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Figure 1. Spatial patterns of factors influencing Chinese adolescents’ physical fitness in 2018. (a) 

Non-farm output in the EGR group; (b) Rain in the EGR group; (c) non-farm output in the PR 

group; (d) Altitude in the PR group; (e) non-farm output in the FR group; (f) Altitude in the FR 

group; (g) Rain in the FR group. 

Precipitation is the depth of liquid or solid (after melting) water that falls from the 

sky to the ground during a certain period and accumulates on the water surface without 

evaporation, infiltration, or loss. In meteorology, the amount of rain and snow that falls 

in a year and is collectively melted into water is called annual precipitation. Precipitation 

is an important factor in measuring climate change. This study found that annual regional 

precipitation has an important effect on physical fitness among many natural environ-

mental factors. Precipitation was statistically significant in both the EGR and FR models, 

with a positive effect on the physical fitness of adolescents in each region. In the EGR 

model (Figure 1b), the coefficient of influence varies between 0.448 and 0.554, with a mean 

value of 0.503. This indicates that for every 1 mm increase in annual precipitation in each 

region of China, the average increase in the high-grade rate of physical fitness of junior 

high school students in that region is close to 0.503%. From the MGWR model of FR (Fig-

ure 1g), the range of variation in the influence of precipitation coefficient is between −0.726 

and −0.719, with a mean value of −0.724. This indicates that the annual precipitation has a 

large influence on the failure rate of student physical fitness, with for each 1 mm decrease, 

the average increase in the rate of low physical fitness in the region is close to 0.724%. In 

terms of the regional distribution in annual precipitation, the coastal areas of southeast 

China are the first to receive water vapor from the southeast monsoon, resulting in abun-

dant precipitation. The northwestern region is deep inland and far from the sea, so the 

annual precipitation in China generally shows a decreasing pattern from southeast to 

northwest. The spatial pattern of coefficient influence also corresponds to the same pat-

tern. In both the EGR and FR models, the influence of precipitation on body mass shows 

a decreasing trend from southeast to northwest, and the areas with the greatest change in 

physical fitness are mainly concentrated in the area southeast of the 800 mm iso-rainfall 

line. 

Changes in the natural environment brought about by altitude can affect the human 

body in a variety of ways. The most important reaction to the arrival from the plain at a 

lower altitude to the plateau zone at a higher altitude is the hyperventilation of the lungs 

caused by the decrease in the partial pressure of oxygen, and long-term exposure to the 

plateau area causes changes in the morphological development of the body [76]. In a cer-

tain altitude range, the body can tolerate hypoxia through various adaptations to the low 

oxygen environment, and the individual’s physical fitness, especially physiological func-

tions, will change. The changes mainly include physiological as well as metabolic adapta-

tions, increased pulmonary ventilation and regulation of acid–base balance in the body, 

increased erythropoiesis and changes in local circulation and cellular metabolism, which 
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clearly favor oxygen transport and utilization [77]. According to the results obtained from 

this study, altitude was a significant influence factor in the PR model and in the FR model. 

For Chinese adolescents’ mid-grade physical fitness rate, the influence of altitude ranged 

from 0.638 to 0.642, with a mean value of 0.641. For every 1 m increase in altitude, the mid-

grade physical fitness rate of regional adolescents increased by 0.641 percentage points. 

The altitude of each province in China basically shows a gradual decreasing trend from 

northwest to southeast; however, the spatial pattern of altitude coefficients from the PR 

model (Figure 1d) shows that the influence of altitude on youth physical fitness gradually 

increases from northwest to southeast direction, which is opposite to the trend of altitude 

in China. This phenomenon may be because the altitude in the northwestern part of China 

is already at a high plateau and sub-plateau, and even though there are differences in 

altitude in this part, the overall altitude is at a high level, thus causing a diminishing mar-

ginal effect on the change in physical fitness. In the southeast of China, especially along 

the coast, the altitude is generally lower and in the plains. Even small changes in altitude 

can lead to large changes in coefficient effects between provinces in this topography. From 

the FR model (Figure 1f), the effect of mean altitude ranged from −0.554 to −0.551 with a 

mean value of −0.552, which had a negative effect on the rate of low physical fitness rating. 

It shows that the rate of low physical fitness in each province decreased by 0.552% on 

average with an increase of 1 m in altitude. The spatial pattern of the influencing factors 

shows that the negative influence of altitude gradually decreases from northwest to south-

east of China. The reason for this phenomenon may be due to the fact that the rate of low 

physical fitness grade is affected by a combination of influencing factors, and currently 

still depends mainly on the socio-economic development conditions. For the northwestern 

region of China, owing to the relatively weak level of economic and social development, 

the provinces’ physical fitness status is mainly influenced by the natural environment. In 

contrast, owing to the high level of urbanization and the relatively better economic con-

ditions in the eastern coastal regions, the influence of low fitness rate by altitude is weak-

ened. 

4.2. Identification and Classification of the Influence Areas 

Through the construction of OLS and MGWR models, key factors influencing the 

physical fitness of junior high school students in each region of China were uncovered. 

Based on this, this study used the K-means multivariate clustering algorithm to cluster 

each variable of variability to identify the areas of influence on youth physical fitness and 

to cluster each provincial area in China. The validity of the final clusters was measured by 

the Calinski–Harabasz pseudo-F index, and the value of the statistic was calculated sepa-

rately for each clustering scheme (Figure 2). The value of the pseudo-F index was maxi-

mum when k = 3 (Figure 3). Therefore, clustering analysis was performed when k = 3 was 

set. 

 

Figure 2. Pseudo-F index based region clustering basis. 



Int. J. Environ. Res. Public Health 2023, 20, 3836 13 of 19 
 

 

 

Figure 3. Standardized multivariate clustering boxplots. 

The results of multiple clustering show that provinces in the same category exhibit 

obvious spatial clustering characteristics (Figure 4). According to the differences in the 

factors influencing the physical fitness status of adolescents in different types of zones 

(Table 5), region I contains 11 provinces and cities: Beijing, Tianjin, Shandong, Henan, 

Chongqing, Hubei, Anhui, Jiangsu, Shanghai, Zhejiang, and Guangdong. Compared to 

other regions, this region has the lowest average altitude, the highest percentage of non-

farm output, and the highest road network density. Most of the geographical locations in 

region I are in the plains (mainly between the central and eastern parts of China) and 

eastern coastal areas, and generally have a high degree of socio-economic development, 

more urbanized development, and convenient transportation, so region I can be regarded 

as a socio-economic-influenced region. Region II contains seven provinces: Inner Mongo-

lia, Shanxi, Ningxia, Gansu, Qinghai, Xinjiang, and Tibet. For region II, it can be clearly 

found that it is mainly influenced by the natural environment, the mean value of altitude 

is the highest, the area of forest cover is also significantly lower than in other regions, and 

the socio-economic development is lower; most of the provinces are mainly within the 

western region, the geographical characteristics are more obvious, and it can be seen as a 

natural-environment-influenced region. Region III contains 13 provinces: Heilongjiang, 

Jilin, Liaoning, Hebei, Shaanxi, Sichuan, Yunnan, Guizhou, Hunan, Jiangxi, Fujian, 

Guangxi, and Hainan. The mean values of each influencing factor of youth physical fitness 

in this region basically did not contain maximum or minimum values. Compared with the 

other two types of regions, the development of influencing factors in region III is more 

balanced, and most of the provinces included belong to central China and some north-

eastern regions, which can be regarded as a multi-factor joint-influenced region. The K-

means algorithm enables multivariate clustering of factors influencing adolescent physi-

cal fitness, which can identify areas affected by similar factors, and thus provides a basis 

for regional scientific physical fitness promotion guidance programs and the realization 

of health-oriented urban planning policies. 

Table 5. Properties of the various influence regions. 

Variables Region (Ⅰ) Region (Ⅱ) Region (Ⅲ) 

Frost 31.90 12.76 48.19 

Non-farm output 95.24 90.55 88.09 

Road density 1.66 0.34 0.86 

Altitude 1.31 3.13 2.19 

Rain 3.02 2.62 2.98 

Playground 7.14 6.71 7.15 

Number of Provinces 11 7 13 
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Figure 4. Regional clustering of factors influencing Chinese adolescents’ physical fitness. 

5. Conclusions 

This study uses a multi-scale, geographically weighted regression model, supported 

by the 2018 China Student Physical Fitness Standards (CNSPFS) sample review data, for 

the spatially divergent patterns of factors influencing the physical fitness status of adoles-

cents at the provincial scale in China, and finally a regional clustering exercise using the 

K-means method for each region of China based on the model results, leading to the fol-

lowing main conclusions: 

1. From the model results, the multi-scale, geographically weighted regression model 

(MGWR) results are more reliable than the ordinary least squares model (OLS). The 

results of the OLS model in this study did not identify the statistical significance of 

the non-farm output in the rank rate for physical fitness, but the MGWR found a 

significant influence of this factor in southern China, so considering the spatial het-

erogeneity and spatial scale of the influence factor affects the model results and anal-

ysis of the youth physical fitness study. 

2. Among the three multi-scale, geographically weighted regression models con-

structed, for the model of the physical fitness high-grade rate, the strength of influ-

ence for each indicator from the largest to the smallest is the non-farm output and the 

annual precipitation of each region, the regression coefficients are all positive. 

Among them, the spatial heterogeneity of annual precipitation is strong, so that the 

effect of this factor on the physical fitness high-grade rate changes dramatically de-

pending on the spatial location. In the model of the physical fitness mid-grade rate, 

the non-farm output has a high influence in local areas, while the average altitude 

has a higher influence on the physical fitness mid-grade rate in all regions of the 

country. However, the judgment of the regional physical fitness status cannot be 

made solely from the change in the number of people with intermediate fitness test 

grades. It should be analyzed together with the changes in the number of people who 

reach high and low fitness grades in the region. There are three statistically signifi-

cant influencing factors in the model of low physical fitness rate, and all of them are 

negative for the model, among which the coefficient of influence of the natural envi-

ronment has the largest absolute value, indicating that the natural environment of 



Int. J. Environ. Res. Public Health 2023, 20, 3836 15 of 19 
 

 

residence has a greater influence on the low physical fitness rate of Chinese adoles-

cents. 

3. According to the characteristics of the factors influencing youth physical fitness at 

the provincial spatial scale, the 31 provinces in mainland China can be clustered into 

three major influenced regions. Among them, Region I mainly includes provinces in 

eastern and some central regions of China, which are mainly influenced by social and 

economic factors. Region II mainly includes provinces in northwestern China and 

some highland areas, which are mainly influenced by natural environmental factors. 

Region III mainly includes provinces in the central and northeastern regions of 

China, and this region is influenced by a combination of factors. 

Planning Implications 

In response to the above findings, the following suggestions can be made for the pro-

motion and development of youth physical fitness in different regions: In terms of the 

development of youth physical fitness in China, the most important socio-economic influ-

encing factor is the ratio of non-farm output. Combined with the spatial pattern of the 

non-farm output in mainland China, the most profound influence is in the eastern coastal 

region and the northeastern region of China. Therefore, to improve the physical fitness 

and health level of regional youths and reduce the social impact caused by the sub-stand-

ard physical fitness of regional youths, we should accelerate the upgrading of industrial 

structure in the region and promote the development of the national economy and urban-

ization. At the same time, the construction of the fitness environment should be strength-

ened to promote the positive interaction between social drivers, environmental drivers, 

and individual youth lifestyles. From the perspective of this study, the future improve-

ment of regional students’ physical fitness can start from the idea of accelerating industrial 

restructuring to stimulate regional economic and social development and cultivate a 

healthy environment adapted to the development of adolescent physical fitness. The east-

ern region of China should maintain an open economy, make full use of the resource con-

ditions of domestic and international markets, and continue to upgrade and transform its 

economic structure to maintain the momentum of the high regional physical fitness rate 

and drive the healthy development of adolescent physical fitness in the surrounding ar-

eas. The factors influencing youth physical fitness in Northeast China are more complex 

and should be given high attention in the future. A quantitative spatial model for the re-

lationship between climate change, socio-economic development characteristics, and 

youth physical fitness in northeastern China can be established by narrowing the scope of 

the study and further refining the spatial scale to the county and city level. 

In addition, it is necessary to face the fact that there are large regional differences in 

the physical fitness status of Chinese students and the factors influencing it, and to de-

velop targeted public health guidance programs according to local conditions. It is neces-

sary to establish sub-regional urban planning mechanisms and strengthen inter-regional 

linkages to fully consider the unevenness of various indicators of physical fitness due to 

different geographical locations. For region I, it is necessary to provide an advantageous 

fitness environment and conditions for young students living in this area, promote the 

upgrading and transformation of the industrial structure, and focus on strengthening the 

transformation of the built-up areas of the city, enhancing the construction of sports facil-

ities and public health services, and approaching the development concept of a healthy 

community and even a healthy city. For region II, it is necessary to give attention to the 

impact of natural environmental factors on the physical fitness of young students, to im-

plement more flexible scientific fitness guidance according to the changes in their natural 

environment, and to give more play to the geographical environment and climatic ad-

vantages of the region, while the construction of infrastructure should also receive atten-

tion. For region III, the influence of multiple factors on the physical fitness of junior high 

school students should be considered comprehensively to promote the rational allocation 

of resources from all parties. At the same time, for the multiplicity and complexity of 
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factors influencing this type of area, future research should be increased on the influence 

mechanisms of youth physical fitness and health risks due to changes in the comprehen-

sive regional characteristics of this type of area. 

There are, however, still limitations to this study. Owing to the complex composition 

of physical fitness itself and the fact that the mechanisms influencing adolescent physical 

fitness are complex, various factors influence this issue in different ways. Therefore, the 

results of this study based on cross-sectional data and the MGWR model need to be fully 

validated by subsequent studies to determine whether there is a spatial and temporal lag 

effect of various influencing factors on adolescent physical fitness and whether changes 

in the spatial scale of the study area may interfere with the results to some extent. 

Author Contributions: Conceptualization, Z.T. and Y.Z.; methodology, Z.T., Z.K. and X.J.; software, 

Z.T., J.Y. and T.S.; validation, Y.Z., Z.K. and X.J.; formal analysis, Z.T., J.Y. and T.S.; investigation, 

Z.T., J.Y. and T.S.; resources, Z.T., Z.K. and X.J.; data curation, Z.T., Z.K. and X.J.; writing—original 

draft preparation, Z.T., Y.Z., J.Y. and T.S.; writing—review and editing, Z.T., J.Y. and T.S.; visuali-

zation, Z.T., J.Y. and T.S.; supervision, Y.Z., Z.K. and X.J.; project administration, Z.T. and Y.Z.; 

funding acquisition, Y.Z., Z.K. and X.J. All authors have read and agreed to the published version 

of the manuscript. 

Funding: This research was funded by the Research Program for Intelligent Upgrading of National 

Physical Fitness Testing Technology, Ministry of Science and Technology of China, grant number 

2020YFC2006701. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Acknowledgments: The authors would like to thank the editors and the anonymous reviewers for 

their insightful suggestions and comments. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Dong, Y.H.; Lau, P.W.; Dong, B.; Zou, Z.Y.; Yang, Y.D.; Wen, B.; Ma, Y.H.; Hu, P.J.; Song, Y.; Ma, J. Trends in physical fitness, 

growth, and nutritional status of Chinese children and adolescents: A retrospective analysis of 1·5 million students from six 

successive national surveys between 1985 and 2014. Lancet Child Adolesc. Health 2019, 3, 871–880. https://doi.org/10.1016/S2352-

4642(19)30302-5. 

2. Poon, E.T.-C.; Tomkinson, G.; Huang, W.Y.; Wong, S.H. Temporal trends in the physical fitness of Hong Kong adolescents 

between 1998 and 2015. Int. J. Sport. Med. 2022. https://doi.org/10.1055/a-1738-2072. 

3. Ortega, F.B.; Ruiz, J.R.; Castillo, M.J.; Sjöström, M. Physical fitness in childhood and adolescence: A powerful marker of health. 

Int. J. Obes. 2008, 32, 1–11. https://doi.org/10.1038/sj.ijo.0803774. 

4. Dong, Y.H.; Jan, C.; Ma, Y.H.; Dong, B.; Zou, Z.Y.; Yang, Y.D.; Xu, R.B.; Song, Y.; Ma, J.; Sawyer, S.M. Economic development 

and the nutritional status of Chinese school-aged children and adolescents from 1995 to 2014: An analysis of five successive 

national surveys. Lancet Diabetes Endocrinol. 2019, 7, 288–299. https://doi.org/10.1016/S2213-8587(19)30075-0. 

5. Drenowatz, C.; Hinterkörner, F.; Greier, K. Physical fitness and motor competence in upper Austrian elementary school 

children—Study protocol and preliminary findings of a state-wide fitness testing program. Front. Sport. Act. Living 2021, 3, 

635478. https://doi.org/10.3389/fspor.2021.635478. 

6. Shribman, S. Adolescent health: An opportunity not to be missed. Lancet 2007, 369, 1788–1789. https://doi.org/10.1016/S0140-

6736(07)60811-3. 

7. Hanssen-Doose, A.; Niessner, C.; Oriwol, D.; Bös, K.; Woll, A.; Worth, A. Population-based trends in physical fitness of children 

and adolescents in Germany, 2003–2017. Eur. J. Sport Sci. 2021, 21, 1204–1214. https://doi.org/10.1080/17461391.2020.1793003. 

8. Chen, P. Physical activity, physical fitness, and body mass index in the Chinese child and adolescent populations: An update 

from the 2016 Physical Activity and Fitness in China—The Youth Study. J. Sport Health Sci. 2017, 6, 381. 

https://doi.org/10.1016/j.jshs.2017.09.011. 

9. Ekelund, U.; Luan, J.a.; Sherar, L.B.; Esliger, D.W.; Griew, P.; Cooper, A.; Collaborators, I.C.s.A.D. Moderate to vigorous physical 

activity and sedentary time and cardiometabolic risk factors in children and adolescents. JAMA 2012, 307, 704–712. 

https://doi.org/10.1001/jama.2012.156. 

10. Girum, T.; Shumbej, T.; Shewangizaw, M. Burden of malaria in Ethiopia, 2000–2016: Findings from the Global Health Estimates 

2016. Trop. Dis. Travel Med. Vaccines 2019, 5, 11. https://doi.org/10.1186/s40794-019-0090-z. 



Int. J. Environ. Res. Public Health 2023, 20, 3836 17 of 19 
 

 

11. Bös, K.; Oberger, J.; Lämmle, L.; Opper, E.; Romahn, N.; Tittlbach, S.; Wagner, M.O.; Woll, A.; Worth, A. Motorische 

Leistungsfähigkeit von Kindern; Hofmann: Schorndorf, Germany, 2008; pp. 137–158. 

12. Schmidt, W.; Hartmann-Tews, I.; Brettschneider, W.-D. Erster Deutscher Kinder-und Jugendsportbericht; Hofmann: Schorndorf, 

Germany, 2003. 

13. Tomkinson, G.R.; Olds, T.S. Secular changes in pediatric aerobic fitness test performance: The global picture. In Pediatric Fitness; 

Karger Publishers: Basel, Switzerland, 2007; Volume 50, pp. 46–66. 

14. Eberhardt, T.; Niessner, C.; Oriwol, D.; Buchal, L.; Worth, A.; Bös, K. Secular trends in physical fitness of children and 

adolescents: A review of large-scale epidemiological studies published after 2006. Int. J. Environ. Res. Public Health 2020, 17, 5671. 

https://doi.org/10.3390/ijerph17165671. 

15. Tomkinson, G.R.; Macfarlane, D.; Noi, S.; Kim, D.-Y.; Wang, Z.Z.; Hong, R. Temporal changes in long-distance running 

performance of Asian children between 1964 and 2009. Sport. Med. 2012, 42, 267–279. https://doi.org/10.2165/11599160-

000000000-00000. 

16. Ogden, C.L.; Carroll, M.D.; Flegal, K.M. High body mass index for age among US children and adolescents, 2003–2006. JAMA 

2008, 299, 2401–2405. https://doi.org/10.1001/jama.299.20.2401. 

17. Sjöberg, A.; Lissner, L.; Albertsson-Wikland, K.; Mårild, S. Recent anthropometric trends among Swedish school children: 

Evidence for decreasing prevalence of overweight in girls. Acta Paediatr. 2008, 97, 118–123. https://doi.org/10.1111/j.1651-

2227.2007.00613.x. 

18. Tomkinson, G.R.; Lang, J.J.; Tremblay, M.S. Temporal trends in the cardiorespiratory fitness of children and adolescents 

representing 19 high-income and upper middle-income countries between 1981 and 2014. Br. J. Sport. Med. 2019, 53, 478–486. 

https://doi.org/10.1136/bjsports-2017-097982. 

19. Kaster, T.; Dooley, F.L.; Fitzgerald, J.S.; Walch, T.J.; Annandale, M.; Ferrar, K.; Lang, J.J.; Smith, J.J.; Tomkinson, G.R. Temporal 

trends in the sit-ups performance of 9,939,289 children and adolescents between 1964 and 2017. J. Sport. Sci. 2020, 38, 1913–1923. 

https://doi.org/10.1080/02640414.2020.1763764. 

20. WHO. Health for the World’s Adolescents: A Second Chance in the Second Decade: Summary; World Health Organization: Geneva, 

Switzerland, 2014. 

21. Đurić, S.; Sember, V.; Starc, G.; Sorić, M.; Kovač, M.; Jurak, G. Secular trends in muscular fitness from 1983 to 2014 among 

Slovenian children and adolescents. Scand. J. Med. Sci. Sport. 2021, 31, 1853–1861. https://doi.org/10.1111/sms.13981. 

22. Merino-De Haro, I.; Mora-Gonzalez, J.; Cadenas-Sanchez, C.; Borras, P.A.; Benito, P.J.; Chiva-Bartoll, O.; Torrijos-Niño, C.; 

Samaniego-Sánchez, C.; Quesada-Granados, J.J.; Sánchez-Delgado, A. Higher socioeconomic status is related to healthier levels 

of fatness and fitness already at 3 to 5 years of age: The PREFIT project: Relation between socioeconomic status, fatness and 

fitness in preschoolers. J. Sport. Sci. 2019, 37, 1327–1337. https://doi.org/10.1080/02640414.2018.1558509. 

23. Ruedl, G.; Niedermeier, M.; Wimmer, L.; Ploner, V.; Pocecco, E.; Cocca, A.; Greier, K. Impact of Parental Education and Physical 

Activity on the Long-Term Development of the Physical Fitness of Primary School Children: An Observational Study. Int. J. 

Environ. Res. Public Health 2021, 18, 8736. https://doi.org/10.3390/ijerph18168736. 

24. Wold, B.; Mittelmark, M.B. Health-promotion research over three decades: The social-ecological model and challenges in 

implementation of interventions. Scand. J. Public Health 2018, 46, 20–26. https://doi.org/10.1177/1403494817743893. 

25. Wang, X.Z.; Guo, Q.; Jin, Y.; Li, Y.Q.; Wu, H.Q.; Ji, L. Theoretical origin and framework construction of adolescent sports and 

health promotion in China. China Sport Sci. 2014, 34, 3–14. https://doi.org/10.3969/j.issn.1000-677X.2014.03.001. 

26. Moos, R.H. Conceptualizations of human environments. Am. Psychol. 1973, 28, 652. https://doi.org/10.1037/h0035722. 

27. Moos, R.H. Systems for the Assessment and Classification of Human Environments: An Overview. 1973. Available online: 

https://eric.ed.gov/?id=ED069781 (accessed on 17 February 2023). 

28. WHO. Estimating Environmental Health Impacts. Available online: https://www.who.int/activities/environmental-health-

impacts (accessed on 20 January 2023). 

29. Kocić, J.; Stojanović, D.; Stanković, S.; Petrović, L.; Ignjatović, A.; Savić, Z.; Milenković, V.; Stojanović, T.; Momčilović, Z. Muscle 

strength test performance changes over time in Serbian children. Acta Med. Median. 2019, 58, 154–160. 

https://doi.org/10.5633/amm.2019.0223. 

30. Venckunas, T.; Emeljanovas, A.; Mieziene, B.; Volbekiene, V. Secular trends in physical fitness and body size in Lithuanian 

children and adolescents between 1992 and 2012. J. Epidemiol. Community Health 2017, 71, 181–187. https://doi.org/10.1136/jech-

2016-207307. 

31. Rivera-Ochoa, M.; Brazo-Sayavera, J.; Vizmanos-Lamotte, B.; Mañas, A.; López-Taylor, J.R.; González-Gross, M.; Guadalupe-

Grau, A. Health-related factors in rural and urban Mexican adolescents from the State of Jalisco: The HELENA-MEX study. Int. 

J. Environ. Res. Public Health 2020, 17, 8959. https://doi.org/10.3390/ijerph17238959. 

32. Lee, E.-J.; So, W.-Y.; Youn, H.-S.; Kim, J. Effects of school-based physical activity programs on health-related physical fitness of 

korean adolescents: A preliminary study. Int. J. Environ. Res. Public Health 2021, 18, 2976. https://doi.org/10.3390/ijerph18062976. 

33. Li, W.; Cui, Y.F.; Gong, Q.; Huang, C.; Guo, F. The Association of Smartphone Usage Duration with Physical Fitness among 

Chinese University Students. Int. J. Environ. Res. Public Health 2022, 19, 572. https://doi.org/10.3390/ijerph19010572. 

34. Wolfe, A.M.; Lee, J.A.; Laurson, K.R. Socioeconomic status and physical fitness in youth: Findings from the NHANES National 

Youth Fitness Survey. J. Sport. Sci. 2020, 38, 534–541. https://doi.org/10.1080/02640414.2020.1713688. 

35. Wouters, M.; Evenhuis, H.M.; Hilgenkamp, T.I. Physical fitness of children and adolescents with moderate to severe intellectual 

disabilities. Disabil. Rehabil. 2020, 42, 2542–2552. https://doi.org/10.1080/09638288.2019.1573932. 



Int. J. Environ. Res. Public Health 2023, 20, 3836 18 of 19 
 

 

36. Evaristo, S.; Moreira, C.; Lopes, L.; Oliveira, A.; Abreu, S.; Agostinis-Sobrinho, C.; Oliveira-Santos, J.; Póvoas, S.; Santos, R.; 

Mota, J. Muscular fitness and cardiorespiratory fitness are associated with health-related quality of life: Results from labmed 

physical activity study. J. Exerc. Sci. Fit. 2019, 17, 55–61. https://doi.org/10.1016/j.jesf.2019.01.002. 

37. Ruedl, G.; Ewald, P.; Niedermeier, M.; Kirschner, W.; Kopp, M.; Drenowatz, C.; Greier, K. Long-term effect of migration 

background on the development of physical fitness among primary school children. Scand. J. Med. Sci. Sport. 2019, 29, 124–131. 

https://doi.org/10.1111/sms.13316. 

38. Klein, M.; Fröhlich, M.; Pieter, A.; Emrich, E. Socio-economic status and motor performance of children and adolescents. Eur. J. 

Sport Sci. 2016, 16, 229–236. https://doi.org/10.1080/17461391.2014.1001876. 

39. Hou, B.; Nazroo, J.; Banks, J.; Marshall, A. Are cities good for health? A study of the impacts of planned urbanization in China. 

Int. J. Epidemiol. 2019, 48, 1083–1090. https://doi.org/10.1093/ije/dyz031. 

40. Ventriglio, A.; Torales, J.; Castaldelli-Maia, J.M.; De Berardis, D.; Bhugra, D. Urbanization and emerging mental health issues. 

CNS Spectr. 2021, 26, 43–50. https://doi.org/10.1017/S1092852920001236. 

41. Zhao, X.Y.; Wang, W.J.; Wan, W.Y. Regional inequalities of residents’ health level in China: 2003–2013. Acta Geogr. Sin. 2017, 72, 

14. https://doi.org/10.11821/dlxb201704010. 

42. Zhang, R.; Zhang, C.Q.; Rhodes, R.E. The pathways linking objectively-measured greenspace exposure and mental health: A 

systematic review of observational studies. Environ. Res. 2021, 198, 111233. https://doi.org/10.1016/j.envres.2021.111233. 

43. Nieuwenhuijsen, M.J. Influence of urban and transport planning and the city environment on cardiovascular disease. Nat. Rev. 

Cardiol. 2018, 15, 432–438. https://doi.org/10.1038/s41569-018-0003-2. 

44. Bi, C.J.; Lin, H.N.; Zhang, J.; Gui, X.Y.; Shi, Z. Regional variation in growth status: A cross-sectional survey among Tibetan 

adolescents living at three different high altitudes in Tibet, China. Am. J. Hum. Biol. 2022, e23856. 

https://doi.org/10.1002/ajhb.23856. 

45. Bustamante, A.; Santos, C.; Pereira, S.; Freitas, D.; Katzmarzyk, P.T.; Maia, J. Regional variation in growth status. The Peruvian 

health and optimist growth study. Am. J. Hum. Biol. 2022, 34, e23704. https://doi.org/10.1002/ajhb.23704. 

46. Santos, C.; Bustamante, A.; Vasconcelos, O.; Pereira, S.; Garganta, R.; Lightfoot, J.T.; Tani, G.; Hedeker, D.; Katzmarzyk, P.T.; 

Maia, J. Sibling Resemblances in Physical Fitness in Three Distinct Regions in Peru: The Peruvian Sibling Study on Growth and 

Health. Behav. Genet. 2022, 52, 195–204. https://doi.org/10.1007/s10519-022-10099-7. 

47. Bustamante Valdivia, A.; Maia, J.; Nevill, A. Identifying the ideal body size and shape characteristics associated with children’s 

physical performance tests in P eru. Scand. J. Med. Sci. Sport. 2015, 25, e155-e165. https://doi.org/10.1111/sms.12231. 

48. Sharma, B.; Chavez, R.C.; Nam, E.W. Prevalence and correlates of insufficient physical activity in school adolescents in Peru. 

Rev. Saude Publica 2018, 52, S1518–S8787. 

49. Bratman, G.N.; Anderson, C.B.; Berman, M.G.; Cochran, B.; De Vries, S.; Flanders, J.; Folke, C.; Frumkin, H.; Gross, J.J.; Hartig, 

T. Nature and mental health: An ecosystem service perspective. Sci. Adv. 2019, 5, eaax0903. 

https://doi.org/10.1126/sciadv.aax0903. 

50. Vanhelst, J.; Béghin, L.; Salleron, J.; Ruiz, J.R.; Ortega, F.B.; De Bourdeaudhuij, I.; Molnar, D.; Manios, Y.; Widhalm, K.; Vicente-

Rodriguez, G. A favorable built environment is associated with better physical fitness in European adolescents. Prev. Med. 2013, 

57, 844–849. https://doi.org/10.1016/j.ypmed.2013.09.015. 

51. Cheah, W.L.; Chang, C.T.; Saimon, R. Environment factors associated with adolescents’ body mass index, physical activity and 

physical fitness in Kuching South City, Sarawak: A cross-sectional study. Int. J. Adolesc. Med. Health 2012, 24, 331–337. 

https://doi.org/10.1515/ijamh.2012.048. 

52. Lu, Z.; Li, Z.; Mao, C.; Tan, Y.; Zhang, X.; Zhang, L.; Zhu, W.; Sun, Y. Correlation between Campus-Built Environment and 

Physical Fitness in College Students in Xi’an—A GIS Approach. Int. J. Environ. Res. Public Health 2022, 19, 7948. 

https://doi.org/10.3390/ijerph19137948. 

53. Sharma, M. Theoretical Foundations of Health Education and Health Promotion; Jones & Bartlett Learning: Burlington, MA, USA, 

2021. 

54. Xu, L.; Wang, F.X. Dynamic Variation of the Height of 18-years-old Chinese Students in 20 years—Distribution Characteristics 

of Different Regions. J. Beijing Sport Univ. 2010, 11, 63–66. https://doi.org/CNKI:SUN:BJTD.0.2010-11-019. 

55. Li, S.; Zhang, Y.F.; Sheng, L. Influence of Body Function Index to Constitution and Geographical Distribution. Sport. Sci. 2016, 

37, 102–109. https://doi.org/10.13598/j.issn1004-4590.2016.06.015. 

56. Wang, L.; Hu, J.C. Study on the Spatial Distribution Pattern of Physical Health in China. China Sport Sci. 2021, 41, 52–58. 

https://doi.org/10.16469/j.css.202107006. 

57. Ning, Z.Y.; Zhou, W.H.; Wang, Y.T. Research on the Necessity of Establishing the Regional Physical Fitness Evaluation 

Standards. J. Nanjing Norm. Univ. 2012, 35, 149–152. https://doi.org/10.3969/j.issn.1001-4616.2012.03.026. 

58. Zhang, Y.F.; Li, S.; Jiang, S.E. Research on Formulation of Measurement Standards for Citizens’ Physical Fitness in Macao. China 

Sport Sci. Technol. 2019, 55, 12–21. https://doi.org/10.16470/j.csst.2019213. 

59. Zhang, Y.F.; Jiang, C.M.; Cai, R.; Zhou, J.H.; Wu, D.M. Comparative Study on Public Health of Residents in 

Macao,Bejing,Shanghai and Tianjin. China Sport Sci. Technol. 2015, 51, 125–133. https://doi.org/10.16470/j.csst.201504018. 

60. Geddes, A.; Fotheringham, A.S.; Libby, G.; Steele, R.J. Colorectal cancer screening participation: Exploring relationship 

heterogeneity and scale differences using multiscale geographically weighted regression. Geospat. Health 2021, 16, 103–112. 

61. Lao, X.; Gu, H.Y. Unveiling various spatial patterns of determinants of hukou transfer intentions in China: A multi-scale 

geographically weighted regression approach. Growth Chang. 2020, 51, 1860–1876. https://doi.org/10.1111/grow.12429. 



Int. J. Environ. Res. Public Health 2023, 20, 3836 19 of 19 
 

 

62. Lao, X.; Gu, H.Y.; Yu, H.C.; Xiao, F. Exploring the spatially-varying effects of human capital on urban innovation in China. Appl. 

Spat. Anal. Policy 2021, 14, 827–848. https://doi.org/10.1007/s12061-021-09380-9. 

63. Yang, W. An extension of geographically weighted regression with flexible bandwidths. University of St Andrews: St Andrews, 

UK, 2014. 

64. Gu, H.Y.; Yu, H.C.; Sachdeva, M.; Liu, Y. Analyzing the distribution of researchers in China: An approach using multiscale 

geographically weighted regression. Growth Chang. 2021, 52, 443–459. https://doi.org/10.1111/grow.12453. 

65. Yu, H.C.; Fotheringham, A.S.; Li, Z.Q.; Oshan, T.; Kang, W.; Wolf, L.J. Inference in multiscale geographically weighted 

regression. Geogr. Anal. 2020, 52, 87–106. https://doi.org/10.1111/gean.12189. 

66. Frades, I.; Matthiesen, R. Overview on techniques in cluster analysis. Bioinform. Methods Clin. Res. 2010, 593, 81–107. 

https://doi.org/10.1007/978-1-60327-194-3_5. 

67. Grubesic, T.H.; Wei, R.; Murray, A.T. Spatial clustering overview and comparison: Accuracy, sensitivity, and computational 

expense. Ann. Assoc. Am. Geogr. 2014, 104, 1134–1156. https://doi.org/10.1080/00045608.2014.958389. 

68. Gorunescu, F. Data Mining: Concepts, Models and Techniques; Springer Science & Business Media: Berlin, Germany, 2011; Volume 

12. 

69. Tong, Z.H.; Kong, Z.X.; Jia, X.; Zhang, H.Y.; Zhang, Y.M. Multiscale Impact of Environmental and Socio-Economic Factors on 

Low Physical Fitness among Chinese Adolescents and Regionalized Coping Strategies. Int. J. Environ. Res. Public Health 2022, 

19, 13504. https://doi.org/10.3390/ijerph192013504. 

70. Zhu, Z.; Yang, Y.; Kong, Z.; Zhang, Y.; Zhuang, J. Prevalence of physical fitness in Chinese school-aged children: Findings from 

the 2016 Physical Activity and Fitness in China—The Youth Study. J. Sport Health Sci. 2017, 6, 395–403. 

https://doi.org/10.1016/j.jshs.2017.09.003. 

71. Ministry of Education of the People’s Republic of China. Notice of the Ministry of Education on the National Student Physical 

Fitness Standard (Revised 2014). Available online: 

http://www.moe.gov.cn/s78/A17/twys_left/moe_938/moe_792/s3273/201407/t20140708_171692.html (accessed on 15 February 

2023). 

72. Chen, L.; Zhang, Z.X.; Long, Y. Association between leisure-time physical activity and the built environment in China: Empirical 

evidence from an accelerometer and GPS-based fitness app. PLoS ONE 2021, 16, e0260570. 

https://doi.org/10.1371/journal.pone.0260570. 

73. Fang, C.; Liu, H.; Luo, K.; Xiaohua, Y.U. Comprehensive regionalization of human geography in China. Acta Geogr. Sin. 2017, 

72, 179–196. https://doi.org/10.11821/dlxb201702001. 

74. Ernst, A.F.; Albers, C.J. Regression assumptions in clinical psychology research practice—A systematic review of common 

misconceptions. PeerJ. 2017, 5, e3323. https://doi.org/10.7717/peerj.3323. 

75. Cui, X.J.; Cai, W.B. The Impact of Education on the Employment Quality of Migrant Population in Ethnic Minority Areas: An 

Analysis Based on the Data of the 2018 China Migrant Population Dynamic Monitoring Survey. J. Southwest Univ. Natl. 2021, 

42, 41–52. https://doi.org/10.3969/j.issn.1004-3926.2021.06.006. 

76. Niermeyer, S.; Andrade Mollinedo, P.; Huicho, L. Child health and living at high altitude. Arch. Dis. Child. 2009, 94, 806–811. 

https://doi.org/10.1136/adc.2008.141838. 

77. Naeije, R. Physiological adaptation of the cardiovascular system to high altitude. Prog. Cardiovasc. Dis. 2010, 52, 456–466. 

https://doi.org/10.1016/j.pcad.2010.03.004. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 

 


