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The impact of basketball on the
physical health of Chinese middle
school students aged 12–18: a
systematic review and
meta-analysis

Sun Richen, Xu Xiaolong, Lin Weilong, Sun Xiaoning* and
Wang Hengtong*

School of Physical Education, Guangzhou Sport University, Guangzhou, China

Purpose: This systematic review evaluates the impact of basketball on the
physical fitness of Chinese middle school students, providing evidence-based
support for research on how basketball enhances the physical health of Chinese
students aged 12–18.
Method: Using CNKI, WanFang, WeiPu, PubMed, Web of Science, Embase, and
Cochrane as search databases, the search period spanned from the inception
of each database to March 4, 2025. Literature screening was conducted using
the PICOST model. Ultimately, nine publications comprising 16 studies were
included. Quality assessment was conducted using the PRISMA statement and
the Cochrane Handbook for Systematic Reviews of Interventions. Statistical
analysis and publication bias testing were performed using Review Manager 5.4
and Stata 17 software.
Result: The study included 736 secondary school students, comprising 387 in
the experimental group and 349 in the control group. Meta-analysis findings
indicate that basketball positively impacts secondary school pupils’ physical
fitness, with statistically significant outcomes. However, effects vary across
different fitness components. Basketball demonstrated statistically significant
effects on 50 m sprint performance [MD = −0.41 s, 95% CI (−0.45, −0.36),
P < 0.00001]. Basketball training also produced statistically significant effects
on sit-and-reach flexibility [MD = 2.22 cm, 95% CI (1.02, 3.41), P = 0.0003 <

0.05]. Basketball participation yielded statistically significant effects on middle
school students’ standing long jump performance [MD = 4.18 cm, 95% CI
(2.56, 5.79), P < 0.00001]. Basketball participation had statistically significant
effects on middle school students’ sit-up performance [MD = 4.58 t, 95% CI
(2.66, 6.50), P < 0.00001]. Basketball participation had a statistically significant
effect on secondary school students’ 1,000 m performance [MD = −11.70 s,
95% CI (−20.00, −3.39), P = 0.006 < 0.05]. Basketball participation had a
statistically significant effect on secondary school pupils’ 800 m performance
[MD = −10.59 s, 95% CI (−15.46, −5.72), P < 0.0001]. However, basketball
participation did not yield statistically significant effects on pull-up performance.
Conclusion: Basketball training yields comprehensive benefits for enhancing
the physical fitness of secondary school students, with improvements
primarily observed in speed, flexibility, strength, and endurance. However, no
significant enhancement in upper-body strength was noted. The extent of
improvement varied according to gender, year group, and duration of the
intervention programme.
Systematic review registration: PROSPERO, identifier CRD420251022157.
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1 Introduction

Currently, the decline in physical fitness among adolescents
worldwide has become a serious public health challenge. The
World Health Organization (WHO) has consistently warned
that over 80% of adolescents worldwide fail to meet its
recommended standard of at least 60 min of moderate-to-vigorous
physical activity daily. This phenomenon has led to a series of
health issues, including rising rates of overweight and obesity,
declining cardiorespiratory fitness, insufficient muscle strength,
and persistently high rates of myopia. These problems pose long-
term threats to individuals’ future health trajectories and the
overall societal burden of disease. Middle school students are
in adolescence, a critical transition period from childhood to
adulthood. This stage represents not only a “golden window”
of rapid physical development and peak physiological plasticity
but also a pivotal time for establishing lifelong habits and
behavioral patterns. Therefore, implementing effective health
interventions during this phase—particularly enhancing physical
fitness through increased physical activity—holds crucial strategic
importance. Physical exercise, as a structured and planned form
of bodily activity, is widely recognized as the most effective
and economical means to counteract physical health issues
among adolescents. Among various sports, basketball demonstrates
immense potential for promoting adolescent physical health due to
its unique attributes and global popularity. Basketball is not only
a sport widely favored by adolescents, but its inherent movement
patterns also align closely with the demands of physical health
development. It is a comprehensive full-body exercise integrating
high-intensity intermittent sprints (anaerobic exercise), sustained
running (aerobic exercise), jumping, throwing, and physical
contact. This allows for the simultaneous development of multiple
physical qualities including speed, strength, agility, coordination,
and endurance (1). Furthermore, as a team sport, basketball
cultivates teamwork, communication skills, and decision-making
abilities among adolescents, positively contributing to their
psychosocial development. Some studies indicate that long-term
basketball training not only improves physical fitness but also
enhances participants’ functional capacity and overall quality of
life. Therefore, integrating basketball as a core component of
school physical education or promoting it through extracurricular
programs represents an attractive and feasible pathway to enhance
the physical health of middle school students. Academic circles
have extensively explored the health benefits of basketball. Wei
(2) noted in their research that basketball significantly positively
impacts students’ physical fitness and mental health, strongly
recommending schools enhance basketball participation through
measures like expanding basketball clubs and improving facilities
(3). This perspective aligns with numerous international studies.
Research conclusions are relatively consistent regarding strength,
speed, and agility. For instance, a 2024 study on adolescent
basketball players found that Complex Training significantly
improved endurance, speed, power, and agility (4). An earlier
study also confirmed that a 4-week plyometric training program
effectively enhanced basketball players’ speed, agility, and lower-
body muscle strength (5). Shengnan and Jing (6) also observed
improvements in upper-body strength through “Little Basketball,”

though the study did not explicitly address developmental stage
differences. Collectively, these studies demonstrate that basketball’s
frequent sprints, direction changes, jumps, and shots effectively
stimulate the neuromuscular system, promoting strength, speed,
and agility development. A 15-week basketball training program
similarly observed significant improvements in female students’
sprint speed and agility (7). The positive impact of basketball
on cardiorespiratory endurance is also widely recognized. The
continuous full-court running and high-intensity transitions
between offense and defense in basketball provide excellent
cardiovascular training. Multiple studies indicate that regular
basketball training significantly increases adolescents’ maximal
oxygen uptake (VO2max), the gold standard for measuring
cardiorespiratory endurance (8–14). One study even explored the
positive relationship between aerobic capacity and agility, as well
as core muscular endurance, suggesting the foundational role of
cardiorespiratory fitness in overall physical fitness (15). However,
regarding body composition and flexibility, existing research
findings remain somewhat controversial and uncertain. Yanlei (16)
noted in his meta-analysis that basketball can moderately improve
adolescent body composition, though the effect is not pronounced.
He also found no significant enhancement in flexibility from
basketball training (16). This finding aligns with some international
studies, where conflicting reports exist regarding basketball
training’s effects on body composition and blood pressure, with
inconsistent outcomes on flexibility improvement (17). This
discrepancy may stem from basketball’s technical movements
predominantly involving explosive contractions of large muscle
groups, with limited emphasis on extensive joint stretching. In
contrast, Chen Deyi (49) concluded that long-term basketball
participation significantly enhances speed, strength, endurance,
agility, and “flexibility” in senior high school male students. This
divergence in conclusions underscores the need for deeper, more
systematic research on basketball’s impact on specific physical
attributes, particularly flexibility (9). While existing research offers
valuable insights into basketball’s impact on adolescent health,
several notable gaps remain: inconsistent findings: as noted earlier,
conclusions regarding basketball’s effects on body composition and
flexibility vary significantly, even contradicting each other. Lack of
comparative systematic reviews: while numerous individual studies
exist on basketball’s effects, few systematic reviews or meta-analyses
directly compare basketball with other team sports in terms of
improving overall health indicators among middle school students
(10, 18–26). Generalizability concerns: many studies sample “youth
basketball athletes,” who may be selected individuals with training
intensities and systematic approaches far exceeding those of typical
middle school students. Thus, the direct applicability of these
findings to school-based, universal basketball programs for all
students remains questionable (27–29). Insufficient quantification
of effects: most studies provide qualitative conclusions or single
effect values, lacking a comprehensive, quantitative evidence
system to precisely describe the average effect size of basketball
on various physical health indicators among secondary school
students. To address these research gaps, this study aims to employ
a meta-analysis methodology to systematically retrieve, screen, and
synthesize quantitative research from domestic and international
sources on the impact of basketball interventions on the physical
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health of secondary school students. This study will strictly adhere
to systematic review inclusion and exclusion criteria, extract
data from qualifying literature, conduct quality assessments, and
ultimately combine effect sizes using statistical methods. Through
this meta-analysis, this study aims to provide educators, sports
policymakers, and parents with more comprehensive and reliable
scientific evidence regarding the health benefits of basketball. This
will offer a clear and feasible practical pathway for optimizing
school physical education curriculum design, promoting youth
sports activities, and effectively enhancing the physical health levels
of secondary school students in China and globally.

2 Materials and methods

2.1 Research registration

To prevent duplicate research, this study has been prospectively
registered with PROSPERO CRD420251022157, ensuring
complete consistency between the research methodology and the
registered protocol.

2.2 Sources of data

2.2.1 Retrieval personnel
The first and second authors conducted the literature search

independently and double-blinded, strictly adhering to the
PRISMA Guidelines (30). The PRISMA Checklist, included in
the Supplementary Data Sheet 1, explicitly outlines the research
methodology and all relevant aspects of this review.

2.2.2 Retrieval time
The search includes studies published up to March 4, 2025.

2.2.3 Database
This study was conducted in CNKI, WeiPu, WanFang,

PubMed, Embase, Cochrane, and Web of Science.

2.2.4 Search keywords
Search terms: Basketball, Basketballs, Netball, Netballs, Middle

school student, middle school students, high school students,
physical health, physical health status.

2.2.5 Retrieval strategy
This study conducted a search across the CNKI, WeiPu,

WanFang, PubMed, Embase, Cochrane, Web of Science databases.
The search was conducted in either Chinese or English, with
no restrictions on time or region. The search query was:
(((“Basketball”[Mesh]) OR ((((Basketball) OR (Basketballs)) OR
(Netball)) OR (Netballs))) AND (((Middle school student) OR
(middle school students)) OR (high school students))) AND
(((((((((physical health) OR (physical health status)) OR (50-m

sprint)) OR (sit-and-reach)) OR (standing long jump)) OR (pull-
ups)) OR (one-minute sit-ups)) OR (1000-m run)) OR (800-
m run)).

2.3 Inclusion and exclusion criteria for
literature

The inclusion and exclusion of literature was conducted
independently by two authors. The PICOST criteria [P
(participants); I (intervention); C (comparison); O (outcome);
S (study design); T (time)] were applied (31). In the event of
disagreement during the final screening, a third author was
consulted to facilitate discussion until consensus was reached.
Inclusion criteria required compliance with the following
conditions: (a) study population: secondary school pupils, aged
12–18 years; (b) intervention: experimental group received
basketball-based intervention (physical education classes,
basketball training, extracurricular basketball activities); (c)
comparison: control group did not receive basketball-specific
intervention; (d) outcome measures: studies must include at least
one or more of the following: 50-m sprint, sit-and-reach, standing
long jump, pull-ups (males)/1-min sit-ups (females), 1,000-m run
(males)/800-m run (females); (e) study design: controlled trials;
and (f) intervention duration: the study must clearly specify the
intervention period. Studies failing to meet these inclusion criteria
will be excluded.

2.4 Assessment of literature bias risk

Two independent researchers conducted a bias analysis of
the included literature according to the Cochrane Handbook
for Systematic Reviews. This primarily encompassed: random
sequence generation (whether allocation between the experimental
and control groups was fully random), allocation concealment
(whether those implementing the basketball intervention were
aware of the allocation beforehand), and blinding of participants
or personnel (whether basketball intervention practitioners and
participants knew their respective group assignments), blinding of
outcome assessors (whether outcome assessors knew which group
participants belonged, potentially skewing results), incomplete
outcome data (whether study results were missing), selective
reporting (whether study results omitted test scores or key primary
outcomes), and other biases (other factors influencing intervention
outcomes). The overall risk assessment of the article is categorized
into three levels: (a) high-risk articles: any article containing at least
one high-risk item; (b) unknown-risk articles: articles without high-
risk items but containing unknown-risk items; and (c) low-risk
articles: articles without either high-risk or unknown-risk items.

2.5 Extraction of data information

Compile and summarize the basic information of articles
included in the analysis, extracting relevant details. Should any
data be missing, attempt to contact the authors via email to seek
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completion of the information. Number the included articles and
extract data from the selected literature, primarily comprising:
authors, publication year, study subjects, intervention duration,
subjects’ gender, and sample size. As shown in Table 1 below.

2.6 Statistical methods

Statistical analysis was performed using Review Manager 5.4
and Stata 17 software. Since the 50-m sprint, sit-and-reach,
standing long jump, pull-ups (male)/1-min sit-ups (female), and
1,000-m run (male)/800-m run (female) were continuous variables,
the analysis utilized the mean difference (MD), confidence interval
(95% CI), and total effect value Z. Heterogeneity among included
studies was assessed using the I² statistic: I² = 0 indicated
no heterogeneity; I² between 0 and 50% suggested acceptable
heterogeneity, warranting a fixed-effects model; I² > 50% indicated
substantial heterogeneity, requiring a random-effects model (32).
The significance level was set at P = 0.05, and subgroup analyses
were conducted to ensure reliability of results. When more than
eight studies are included, a publication bias test is performed.

3 Results

3.1 Literature search and screening

Search keywords: basketball, basketball sport, tennis, tennis
sport, junior high school students, senior high school students,
physical health, physical health status. The databases included:
CNKI, WeiPu, WanFang, PubMed, Embase, Cochrane, Web of
Science. This search encompassed virtually all relevant literature
from the inception of these databases up to 4 March 2025,
yielding a total of 724 articles. During the screening process, the
retrieved literature was first imported into the EndNote reference
management software. Machine screening and manual review
identified 97 duplicate articles. Further examination of titles and
abstracts revealed that 418 articles were entirely irrelevant to
this study. Full-text review revealed 13 conference proceedings
or review articles, 69 non-basketball intervention studies, 42
studies not involving secondary school students, 31 non-controlled
trials, 35 studies with outcome measures incompatible with this
study’s criteria, and 10 studies lacking published experimental
data. Ultimately, nine studies were included. Figure 1 illustrates the
PRISMA screening process. Table 1 presents the basic information
of the included studies.

3.2 Fundamental characteristics of included
literature and evaluation of literature
quality

The nine articles included in this study comprised: six studies
showed high risk of bias, three had unknown risk of bias, and
the overall quality of the included literature was low. The nine
articles included a total of 762 secondary school pupils: 387 in the
experimental groups and 349 in the control groups. Quality analysis
of the included articles was conducted using Review Manager 5.4

software to generate a risk of bias plot. As shown in Figures 2, 3.
The specific scores for each article are presented in Figure 4.

3.3 Meta-analysis results

3.3.1 The impact of basketball on speed qualities
among Chinese middle school students
3.3.1.1 Integrity test

The 50-m sprint time is selected as the evaluation metric for
measuring middle school students’ speed fitness. Eight publications
comprising 14 studies (33–40) were included, examining the
impact of basketball training on 50-m sprint performance among
secondary school pupils. The total sample comprised 646 pupils,
with 323 assigned to the experimental group and 323 to the control
group. Heterogeneity analysis revealed moderate heterogeneity
among studies (I² = 50, P < 0.05), necessitating the use of a
fixed-effects model for effect estimation. Results are presented
in Figure 5. Compared with the control group, the experimental
group demonstrated a substantial and statistically significant
improvement in 50 m performance [MD =−0.41 s, 95% CI (−0.45,
−0.36), Z = 17.72, P < 0.00001].

3.3.1.2 Publication bias assessment
The funnel plot (Figure 6) indicates that publications are

distributed symmetrically around the mean effect size, suggesting
minimal publication bias. Egger’s test (t = 1.47, P = 0.171 > 0.05)
further confirms the absence of significant publication bias.

3.3.1.3 Meta-regression and moderator subgroup analysis
Given that the heterogeneity of effect sizes exceeded 50%,

meta-analyses were conducted by grouping studies based on
gender, intervention duration, and educational stage, as determined
by literature characteristics. Results are presented in Table 2,
indicating gender as the primary source of heterogeneity. Gender,
grade level, and intervention duration were explored as moderating
variables to identify key factors influencing basketball’s effect
on 50 m sprint performance. Regarding gender, females (MD =
−0.461 s) outperformed males (MD = −0.390 s). By educational
stage, junior secondary students (MD = −0.429 s) demonstrated
superiority over senior secondary students (MD = −0.22 s).
Concerning intervention duration, programme lasting <18 weeks
(MD = −0.415 s) yielded better outcomes than those ≥18 weeks
(MD =−0.280 s).

3.3.1.4 Sensitivity analysis
Firstly, switching between random-effects and fixed-effects

models and re-conducting statistical analyses revealed no
significant alterations in all statistical outcomes. Secondly,
assessing the influence of each study by sequentially excluding one
study demonstrated that the pooled effect size MD (0.36 s, 0.43 s)
and I² ranged from 2 to 54%, with P < 0.00001. This indicates the
meta-analysis results are stable and reliable (Figure 7).
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TABLE 1 Basic characteristics of included studies.

Rank Author Year Object Time
(weeks)

Gender Sample size

Male Female Experimental Control

1 Liu ZW 2022 Junior high school
student

12 40 40 40 40

2 Zhou ZG 2020 Junior high school
student

36 28 14 14

3 Zhou C 2018 High school student 52 110 57 53

4 Zhang XX 2023 High school student 16 52 28 40 40

5 Zhang XC 2022 Junior high school
student

17 64 40 52 52

6 Li HY 2010 High school student 52 53 29 41 41

7 Yang T 2021 Junior high school
student

12 64 49 56 57

8 Yang XJ 2010 Junior high school
student

52 61 48 72 37

9 Zhao TC 2015 High school student 8 30 15 15

3.3.2 The impact of basketball on flexibility in
Chinese middle school students
3.3.2.1 Integrity check

The sit-and-reach test is commonly used as an evaluation
metric for assessing the physical fitness and health status of middle
school students. This paper also employs the sit-and-reach test
as its evaluation metric. The impact of basketball training on
sit-and-reach performance among secondary school students was
examined across nine studies (33–41), comprising 15 investigations
involving 736 pupils: 387 in experimental groups and 349 in control
groups. Heterogeneity testing revealed substantial heterogeneity (I²
= 91, P < 0.00001). Consequently, a random-effects model was
employed for analysis. As illustrated in Figure 8, the intervention
group demonstrated a significant improvement in sit-and-reach
test scores compared to the control group [MD = 2.22 cm, 95% CI
(1.02, 3.41), P = 0.0003 < 0.05], indicating statistical significance.

3.3.2.2 Publication bias test
The funnel plot (Figure 9) indicates that most studies are

distributed on both sides of the mean effect, with no apparent
publication bias. This conclusion is supported by the results of
Egger’s test (t = 1.90, P = 0.08 > 0.05), thus confirming the absence
of significant publication bias.

3.3.2.3 Meta-regression and moderator subgroup analysis
Given that the heterogeneity of the meta-analysis exceeded

50%, the meta-analysis was conducted with gender, grade level,
and intervention cycle as moderator variables based on the
inclusion criteria from the literature. The results are presented in
Table 4. Grade level may be a contributing factor to the elevated
heterogeneity. Subgroup analyses were conducted based on gender,
year group, and intervention cycle, as presented in Table 5. Results
indicated that male participants (MD = 2.296 cm) demonstrated
superior performance compared to female participants (MD =
1.994 cm) (Table 3); No significant difference was observed between
the experimental and control groups in senior secondary school
(P = 0.164 > 0.05), whereas a significant difference was found

in junior secondary school (P < 0.0001), with the experimental
group achieving markedly higher results than the control group
(MD = 1.975 cm); Regarding intervention duration, a significant
difference was observed for periods <18 weeks (P = 0.002 < 0.05),
with the experimental group showing markedly higher results than
the control group (MD = 2.320 cm). No significant difference was
found for periods >18 weeks (P = 0.209 > 0.05).

3.3.2.4 Sensitivity analysis
Firstly, switching between random-effects and fixed-effects

models and re-conducting statistical analyses revealed no
significant alterations in all statistical outcomes. Secondly,
sequentially excluding individual studies demonstrated that
removing any single study had negligible impact on the overall
effect size and heterogeneity. The I² values ranged from 82 to 92%,
and the results remained statistically significant, indicating robust
and reliable meta-analysis findings. As shown in Figure 10.

3.3.3 The impact of basketball on lower-body
explosive power among Chinese middle school
students
3.3.3.1 Integrity check

The standing long jump is commonly used as the primary
indicator for evaluating lower-body explosive power in Chinese
middle school students. The impact of basketball training on
standing long jump performance among secondary school students
was examined across eight studies (33–41). The 14 studies involved
656 secondary school students, comprising 347 in the experimental
group and 309 in the control group. Heterogeneity testing revealed
substantial heterogeneity (I² = 71%, P < 0.0001). Consequently,
a random-effects model was employed, with results presented
in Figure 11. A significant difference was observed between the
control and experimental groups [MD = 4.18 cm, 95% CI (2.56,
5.79), P < 0.00001].
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FIGURE 1

Flow chart of PRISMA literature screening.

3.3.3.2 Bias test
The funnel plot, as shown in Figure 12, indicates that the

majority of studies are distributed on either side of the mean effect
size. Furthermore, the results of Egger’s test indicate that the test
statistic is not statistically significant (t = 0.46, P > |t| = 0.645).

3.3.3.3 Meta-regression and moderator subgroup analysis
Given that the heterogeneity of merger benefits exceeded

50%, a meta-analysis was conducted using gender, grade level,
and intervention cycle as moderator variables based on the
inclusion criteria outlined in the literature. As shown in Table 6,
gender may be the primary cause of heterogeneity. Subgroup

analyses were conducted with gender, grade level, and intervention
cycle as moderating variables. The results are presented in
Table 7. Analysis revealed no significant differences in standing
long jump performance among females, whereas males exhibited
significant differences throughout the study period (MD =
4.87 cm). Significant differences were observed in both groups
when stratified by year group, with junior secondary students (MD
= 4.841 cm) showing markedly superior results to senior secondary
students (MD = 3.114 cm). When grouped by intervention
duration, the <18-week group (MD = 4.771 cm) demonstrated
significantly better outcomes than the ≥18-week group (MD =
3.780 cm).
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FIGURE 2

Proportion of each quality evaluation item of included literature.

FIGURE 3

Schematic diagram of quality evaluation of included literature.

3.3.3.4 Sensitivity test
Firstly, switching between random-effects and fixed-

effects models and re-conducting statistical analyses
revealed no significant alterations in all statistical
outcomes. Secondly, assessing the influence of each
study by sequentially excluding one study demonstrated
that the pooled effect size MD (2.56 cm, 5.79 cm) and
I² ranged between 67 and 74%, with P < 0.00001
(Figure 13).

3.3.4 The effects of basketball on muscle strength
in Chinese middle school students
3.3.4.1 Integrity check

The pull-up is commonly used as an indicator for assessing the
physical fitness of male middle school students in China, primarily
evaluating their muscular strength. The impact of basketball
training on pull-up performance among secondary school students
was examined across seven studies (34–41), involving 397
participants: 210 in the experimental group and 187 in the control

group. Heterogeneity testing revealed substantial heterogeneity (I²
= 97, P < 0.00001). Consequently, a random-effects model was
employed. As depicted in Figure 14, the results intersect with
the zero line, indicating no statistically significant difference (P
> 0.05).

3.3.4.2 Meta-regression and moderator subgroup analysis
Given that the heterogeneity of the pooled effect exceeds

50%, analysis will be conducted based on the included studies.
Meta-regression analysis will be performed with grade level and
intervention duration as moderator variables. As shown in Table 8
and the subgroup analysis in Table 9, no significant differences were
observed (P = 0.77 > 0.05). Consequently, it can be concluded
that basketball training exerts a negligible impact on middle school
students’ pull-up performance, with no statistically significant
differences identified.

3.3.4.3 Sensitivity test
Firstly, switching between random-effects and fixed-effects

models and re-conducting statistical analyses revealed no
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FIGURE 4

Literature scoring diagram.

FIGURE 5

Forest plot of basketball training’s impact on 50 m sprint performance in adolescents.

significant alterations in all statistical outcomes. Secondly,
assessing the influence of each study by sequentially excluding one
study demonstrated a pooled effect size of MD (−1.84 t, 1.37 t),
with I² ranging between 80 and 97% (Figure 15).

3.3.4.4 Integrity check
For Chinese female middle school students, the standard test

for muscle strength is typically sit-ups. The impact of basketball
participation on secondary school pupils’ sit-up performance was
examined across four studies (34–36, 41), involving 177 secondary

school students: 96 in the experimental group and 81 in the
control group. The studies exhibited high heterogeneity (I²=
58%), necessitating a random-effects model for effect testing.
Results (Figure 16) demonstrate a significant improvement in the
experimental group compared to the control group [MD = 4.58 t,
95% CI (2.66, 6.50), P < 0.00001].

3.3.4.5 Meta-regression and moderator subgroup analysis
Given that the heterogeneity of the pooled effect exceeds

50%, analysis will be conducted based on the included
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studies. Meta-regression analysis will be performed with
intervention duration as the moderator variable. As shown
in Table 10 and the subgroup analysis in Table 11, basketball
activities lasting less than 18 weeks significantly improved

FIGURE 6

Funnel plot of basketball training’s effect on 50 m sprint
performance.

students’ sit-up performance (MD = 5.003), whereas no
significant difference was observed for durations exceeding
18 weeks.

3.3.4.6 Sensitivity analysis
Firstly, switching between random-effects and fixed-effects

models and re-conducting statistical analyses revealed no
significant alterations in all statistical outcomes. Secondly,
assessing the influence of each study by sequentially excluding
one study demonstrated that the pooled effect size remained
unchanged MD (2.66 t, 6.50 t) (Figure 17).

3.3.5 The impact of basketball on the endurance
fitness of Chinese middle school students
3.3.5.1 Integrity check

Among male middle school students in China, the 1,000-m
run is commonly used as an indicator for evaluating endurance
fitness. Nine studies (33–41), involving 502 secondary school
students: 260 in the experimental group and 242 in the control
group. The analysis revealed high heterogeneity (I² = 86%),
necessitating a random-effects model for effect testing. Results
(Figure 18) demonstrated a statistically significant improvement in

TABLE 2 Meta-regression analysis of moderating variables on 50 m sprint performance.

Regulating variable Coefficient of
regression

Standard error T-value P > |t| 95% CI

Gender −0.2046745 0.1131487 −1.70 0.123 −0.4770003, 0.0676513

Year 0.0932886 0.1226802 0.76 0.466 −0.1842333, 0.3708104

Intervention cycle −0.0365985 0.1553617 −0.24 0.819 −0.3880512, 0.3148542

FIGURE 7

Sensitivity analysis of basketball training’s impact on 50 m sprint performance in adolescents.
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FIGURE 8

Forest plot of basketball training’s impact on sit-and-reach flexibility in adolescents.

FIGURE 9

Funnel plot for assessing publication bias in the meta-analysis of basketball training’s impact on sit-and-reach flexibility among adolescents.

the experimental group compared to the control group [MD =
−11.70 s, 95% CI (−20.00, −3.39), P = 0.006 < 0.05].

3.3.5.2 Publication bias assessment
As illustrated in Figure 19, the published articles are evenly

distributed on both sides of the mean effect size, indicating no
apparent publication bias. Further analysis via Begg’s Test reveals
P = 0.466 > 0.05, thus confirming the absence of significant
publication bias.

3.3.5.3 Meta-regression and moderator subgroup analysis
Given that the pooled effect heterogeneity exceeded 50%,

analysis will be conducted based on the included studies.
Meta-regression analysis will be performed with grade level and
intervention cycle as moderator variables. As per Table 12 and the
subgroup analysis in Table 13, significant differences were observed
between the control and experimental groups in the junior
secondary cohort, with the experimental group demonstrating
shorter completion times (MD = −14.090 s). However, no
significant difference was found between the experimental and
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TABLE 3 Subgroup analysis of moderating variables on 50 m sprint performance.

Regulating
variable

Stratified subgroup Number of
studies included

MD (95% CI) Z-value P-value

Gender Male 7 −0.390 s (−0.443, −0.337) 14.51 0.000

Female 5 −0.461 s (−0.549, −0.373) 10.26 0.000

Year Junior high school student 7 −0.429 s (−0.477, −0.381) 17.68 0.000

High school student 7 −0.220 s (−0.365, −0.074) 2.96 0.003

Intervention cycle <18 weeks 9 −0.415 s (−0.461, −0.368) 17.58 0.000

≥18 weeks 5 −0.280 s (−0.496, −0.064) 2.54 0.011

TABLE 4 Meta-regression analysis of moderating variables on sit-and-reach flexibility in adolescents.

Regulating variable Coefficient of regression Standard error T-value P > |t| 95% CI

Gender −0.2418611 1.562887 −0.15 0.880 −3.681752, 3.19803

Year −0.0951714 1.568679 −0.06 0.953 −3.547811, 3.357469

Intervention cycle −0.3033198 1.620865 −0.19 0.855 −3.870819, 3.264179

TABLE 5 Subgroup analysis of moderating variables on sit-and-reach flexibility in adolescents.

Regulating
variable

Stratified subgroup Number of studies
included

MD (95% CI) Z-value P-value

Gender Male 9 2.296 cm (0.627, 3.966) 2.70 0.007

Female 5 1.994 cm (0.407, 3.581) 2.46 0.014

Year Junior high school student 9 1.975 cm (1.230, 2.719) 5.20 0.000

High school student 5 2.114 cm (−0.861, 5.090) 1.39 0.164

Intervention cycle <18 weeks 9 2.320 cm (0.878, 3.762) 3.15 0.002

≥18 weeks 5 2.033 cm (−1.141, 5.207) 1.26 0.209

FIGURE 10

Sensitivity of basketball training to sit-and-reach test results in secondary school students.
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FIGURE 11

Forest plot illustrating the impact of basketball participation on standing long jump performance among secondary school pupils.

FIGURE 12

Sensitivity of standing long jump performance in secondary school
students to basketball training.

control groups in the senior secondary cohort (P = 0.170 >

0.05). Regarding intervention duration, significant differences were
observed in the <18-week group, where the experimental group
completed tasks faster than the control group (MD = −10.156 s),
whereas no significant difference was found in the ≥18-week group
(P = 0.086 > 0.05).

3.3.5.4 Sensitivity analysis
Firstly, switching between random-effects and fixed-effects

models and re-conducting statistical analyses revealed no
significant alterations in all statistical outcomes. Secondly,
assessing the influence of each study by sequentially excluding one
study demonstrated a pooled effect size of MD (−20.00, −3.39),
with I² ranging between 56 and 88% (Figure 20).

3.3.5.5 Integrity check
For Chinese female middle school students, the 800-m run

serves as the primary assessment metric for endurance fitness.
The impact of basketball training on secondary school pupils’ sit-
up performance included six studies (33–37, 41), involving 235
secondary school students: 128 in the experimental group and

107 in the control group. The analysis revealed high heterogeneity
(I² = 80%), necessitating a random-effects model for effect
testing. Results (Figure 21) demonstrated a statistically significant
improvement in the experimental group compared to the control
group [MD =−10.59 s, 95% CI (−15.46, −5.72), P < 0.0001].

3.3.5.6 Meta-regression and moderator subgroup analysis
Given that the pooled effect heterogeneity exceeded 50%,

analysis will be conducted based on the included studies. Meta-
regression analysis will be performed using grade level and
intervention cycle as moderator variables. As per Table 14 and the
subgroup analysis in Table 15, significant differences were observed
between the control and experimental groups in the junior
secondary cohort, with the experimental group demonstrating
shorter completion times (MD = −11.589 s). However, no
significant difference was found between the experimental and
control groups in the senior secondary cohort (P = 0.107 >

0.05). Regarding intervention duration, significant differences were
observed in the <18-week group, with the experimental group
demonstrating shorter completion times than the control group
(MD = −12.278 s). However, no significant difference was found
in the ≥18-week group (P = 0.072 > 0.05).

3.3.5.7 Sensitivity analysis
Firstly, switching between random-effects and fixed-effects

models and re-conducting statistical analyses revealed no
significant alterations in all statistical outcomes. Secondly,
assessing the influence of each study by sequentially excluding
one study demonstrated that the pooled effect size MD (−15.46 s,
−5.72 s) and I² ranged between 36 and 84% (Figure 22).

4 Discussion

4.1 The impact of basketball on the physical
health of Chinese middle school students

Currently, driven by health initiatives such as China’s “Year
of Weight Loss,” the physical fitness of adolescents has become
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TABLE 6 Meta-regression of different moderating variables on standing long jump performance in secondary school students.

Regulating variable Coefficient of
regression

Standard error T-value P > |t| 95% CI

Gender −3.213031 3.61721 −0.89 0.398 −11.39573, 4.969667

Year −1.442842 4.754725 −0.30 0.768 −12.19878, 9.313093

Intervention cycle −0.6307254 4.50467 −0.14 0.892 −10.821, 9.559546

TABLE 7 Subgroup analysis of the effects of different modifying variables on standing long jump performance among secondary school students.

Regulating
variable

Stratified subgroup Number of
studies included

MD (95% CI) Z-value P-value

Gender Male 8 4.870 cm (2.534, 7.207) 4.08 0.007

Female 5 3.512 cm (−0.470, 7.493) 1.73 0.084

Year Junior high school student 9 4.841 (2.902, 6.780) 4.89 0.000

High school student 4 3.114 cm (0.113, 6.115) 2.03 0.042

Intervention cycle <18 weeks 7 4.771 cm (2.874, 6.668) 4.93 0.000

≥18 weeks 6 3.780 cm (0.359, 7.201) 2.17 0.030

FIGURE 13

Sensitivity of standing long jump performance in secondary school students to basketball training.

a focal point of societal concern (42). Xiaofei R (2023) suggests
that basketball has little impact on 50 m sprint and pull-up
performance, but significantly influences sit-ups, sit-and-reach,
800, and 1,000 m outcomes (40). Huiju Z (2008) contends that
basketball develops various fundamental skills among secondary
students—such as running, jumping, and throwing—enhances
physical fitness, and improves psychological regulation abilities
(43). Zhang L (2016) asserts that basketball has certain benefits
for the physical health of primary and secondary school students
(44). This study systematically evaluates the impact of basketball
on multiple key physical fitness indicators among secondary

students. Basketball significantly improved middle school students’
performance in the 50-m dash (MD = −0.41 s), sit-and-reach
(MD = 2.22 cm), standing long jump (MD = 4.18 cm), sit-
ups (MD = 5.003 reps), the 1,000-m run for males (MD =
−11.70 s), and the 800-m run for females (MD = −10.59 s).
Multiple scholars suggest these indicators can partially represent
students’ overall physical qualities (46, 47). As a comprehensive
sport, basketball offers benefits for middle school students’ speed,
flexibility, explosive power, core strength, and cardiorespiratory
endurance. Subgroup analyses by gender, age, and intervention
duration revealed that females outperformed males in the 50 m
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FIGURE 14

Forest plot of pull-up performance among secondary school students participating in basketball.

TABLE 8 Meta-regression of different moderating variables on secondary school pupils’ pull-up performance.

Regulating
variable

Coefficient of
regression

Standard error T-value P > |t| 95% CI

Gender 1.016873 1.525764 0.67 0.542 −3.219327, 5.253072

Year −1.13652 1.306303 −0.87 0.433 −4.763398, 2.490357

TABLE 9 Subgroup analysis of different modifying variables on secondary school students’ pull-up performance.

Regulating variable Stratified subgroup Number of
studies included

MD (95% CI) Z-value P-value

Year Junior high school student 5 −0.409 t (−2.342, 1.523) 0.42 0.678

High school student 2 0.377 t (−0.973, 1.726) 0.55 0.585

Intervention cycle <18 weeks 4 0.132 t (−2.038, 2.303) 0.12 0.905

≥18 weeks 3 −0.736 t (−2.177, 0.705) 1.00 0.317

FIGURE 15

Sensitivity of basketball training to pull-up performance in secondary school students.

sprint; junior high students outperformed senior high students;
and those with <18 weeks of intervention outperformed those
with ≥18 weeks. Subgroup analysis of the sit-and-reach test results
showed males outperformed females; the junior high experimental

group outperformed the control group; and the <18-week
experimental group outperformed the control group. Subgroup
analysis of basketball’s effect on standing long jump performance
showed: male experimental group outperformed the control group;
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FIGURE 16

Forest plot illustrating the impact of basketball participation on secondary school pupils’ sit-up performance.

TABLE 10 Meta-regression of different moderating variables on secondary school students’ sit-up performance.

Regulating
variable

Coefficient of
regression

Standard error T-value P > |t| 95% CI

Intervention cycle −3.533088 3.058709 −1.16 0.367 −16.69365, 9.627474

TABLE 11 Subgroup analysis of different moderating variables on secondary school students’ sit-up performance.

Regulating
variable

Stratified
subgroup

Number of
studies included

MD (95% CI) Z-value P-value

Intervention cycle <18 weeks 3 5.003 t (2.888, 7.119) 4.64 0.000

≥18 weeks 1 1.460 t (−3.415, 6.335) 0.59 0.557

FIGURE 17

Sensitivity analysis of basketball training on secondary school students’ sit-up performance.

junior high students outperformed senior high students; and the
<18-week group outperformed the ≥18-week group. Subgroup
analysis of basketball’s effect on sit-up performance indicated
the <18-week experimental group significantly outperformed
the control group. Subgroup analysis of basketball’s impact
on middle school students’ 1,000 m performance revealed that

the junior high experimental group outperformed the control
group; the <18 weeks experimental group outperformed the
control group. Subgroup analysis of basketball’s impact on middle
school students’ 800 m performance showed that the junior
high experimental group outperformed the control group; the
<18 weeks experimental group outperformed the control group.
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FIGURE 18

Forest plot illustrating the impact of basketball participation on secondary school pupils’ 1,000 m performance.

FIGURE 19

Funnel chart of the impact of basketball training on secondary school students’ 1,000 m performance.

TABLE 12 Meta-regression of the effects of different moderating variables on 1,000 m performance.

Regulating
variable

Coefficient of
regression

Standard error T-value P > |t| 95% CI

Year 8.254554 10.21637 0.81 0.450 −16.74401, 33.25312

Intervention cycle −6.193772 10.45025 −0.59 0.575 −31.7646, 19.37706

During subgroup analysis, it was found that gender, grade
level, and intervention cycle primarily influenced the results.
However, during the final presentation of findings, significant
heterogeneity was observed in certain indicators (potentially
stemming from regional differences, intervention intensity, and
duration). Due to missing data in some studies, more detailed
categorization was not feasible. Furthermore, the overall quality
of the included original literature was relatively low. Future
research is encouraged to pursue more refined categorization

and precise exploration. Physical education teachers and health
professionals may utilize basketball as a means to enhance
students’ physical fitness. However, during basketball instruction,
attention should be paid to individual differences and differentiated
teaching: research indicates that heterogeneity correlates with
factors such as grade level, gender, and intervention intensity,
suggesting that a uniform basketball training program may yield
limited effectiveness. Research indicates that pull-up performance
does not significantly impact overall physical fitness. Therefore,

Frontiers in Public Health 16 frontiersin.org

https://doi.org/10.3389/fpubh.2025.1692668
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Richen et al. 10.3389/fpubh.2025.1692668

TABLE 13 Subgroup analysis of the effect of different modifying variables on 1,000 m performance.

Regulating
variable

Stratified
subgroup

Number of
studies included

MD (95% CI) Z-value P-value

Year Junior high school
student

5 −14.090 s (−24.446, −3.734) 2.67 0.008

High school student 4 −8.748 s (−21.233, 3.737) 1.37 0.170

Intervention cycle <18 weeks 5 −10.156 s (−16.082, −4.231) 3.36 0.001

≥18 weeks 4 −16.114 s (−34.486, 2.259) 1.72 0.086

FIGURE 20

Sensitivity of basketball training to secondary school students’ 1,000 m performance.

FIGURE 21

Forest plot illustrating the impact of basketball participation on secondary school pupils’ 800 m performance.

TABLE 14 Meta-regression of different moderating variables on secondary school pupils’ 800 m performance.

Regulating
variable

Coefficient of
regression

Standard error T-value P > |t| 95% CI

Year −0.5224525 7.957535 −0.07 0.952 −25.84688, 24.80198

Intervention cycle 3.786944 8.055137 0.47 0.670 −21.8481, 29.42198
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TABLE 15 Subgroup analysis of different modifying variables on secondary school students’ 800 m performance.

Regulating
variable

Stratified subgroup Number of
studies included

MD (95% CI) Z-value P-value

Year Junior high school student 4 −11.589 s (−19.385, −3.793) 2.91 0.004

High school student 2 −10.667 s (−23.651, 2.318) 1.61 0.107

Intervention cycle <18 weeks 5 −12.278 s (−20.260, −4.296) 3.01 0.003

≥18 weeks 4 −7.821 s (−16.327, 0.685) 1.80 0.072

FIGURE 22

Sensitivity analysis of basketball training on secondary school students’ 800 m performance.

incorporating specific upper-body strength development exercises
into basketball training sessions aims to achieve comprehensive
physical development among middle school students. Teachers
should design training plans of varying intensity and focus
based on students’ age, gender, physical fitness foundation,
and interest level. While promoting basketball participation to
enhance physical health among secondary students, attention must
be paid to individual differences and injury prevention (48).
International youth sports guidelines consistently emphasize that
premature specialization in a single sport may increase injury risks
and lead to psychological burnout. Therefore, educators should
highlight the importance of diverse physical activities alongside
basketball promotion, integrating injury prevention knowledge
into instruction. Basketball should serve as a tool to promote
healthy lifestyles among secondary school students, not as the sole
means to that end.

4.2 Conclusions

The purpose of this study is to provide evidence-based support
for whether basketball contributes to the physical fitness of
Chinese middle school students. Through a review of lower-quality
literature, it was found that basketball positively impacts

the physical fitness of middle school students. Specifically,
improvements were observed in various physical fitness
components as measured by specific indicators: the 50 m sprint
time, representing speed fitness, showed improvement; the sit-
and-reach test, representing flexibility fitness, also improved; and
the standing long jump distance, representing lower-body strength
fitness, also improved. There was no significant improvement
in pull-up performance, which represents upper-body strength.
Sit-up performance, representing overall strength, also improved.
Endurance performance, as measured by 800 and 1,000 m run
times, also showed improvement. In summary, basketball can
enhance middle school students’ speed, endurance, flexibility, and
strength, thereby comprehensively improving their physical fitness.
However, it did not significantly improve pull-up performance.

4.3 Limitations

This study primarily explored the impact of basketball on
the physical fitness of secondary school students. Despite strict
adherence to the PRISMA guidelines and PICOST criteria, certain
limitations and shortcomings remain. All included studies were
conducted within China, lacking geographical diversity, and the
extent to which their findings can be broadly generalized remains
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uncertain, during the research process, the varying intervention
intensities and duration across some literature may pose challenges
to the study’s generalizability. The search and inclusion process
was limited to Chinese and English literature, excluding other
languages and failing to broaden the scope further. This raises
the possibility that relevant studies may have been overlooked.
Although publication bias checks and sensitivity analyses indicated
no significant bias in the results, factors such as insufficient sample
sizes in the included studies suggest a potential risk of bias in
the research.

Data availability statement

The datasets presented in this study can be found in
online repositories. The names of the repository/repositories and
accession number(s) can be found below: All data in this paper are
presented in scienceDB at 10.57760/sciencedb.23826.

Author contributions

SR: Writing – review & editing, Writing – original
draft, Formal analysis, Data curation, Conceptualization,
Investigation, Methodology, Project administration, Resources,
Software, Supervision, Validation, Visualization. XX: Writing
– review & editing, Data curation, Supervision, Visualization,
Investigation, Validation. LW: Conceptualization, Project
administration, Visualization, Writing – review & editing,
Formal analysis. SX: Software, Writing – original draft, Resources,
Project administration, Methodology. WH: Supervision,
Conceptualization, Investigation, Formal analysis, Data
curation, Software, Visualization, Validation, Methodology,
Resources, Writing – original draft, Funding acquisition, Project
administration, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. Funding for this review

was provided by Associate Professor Hengtong Wang’s research
grant, registration number: 2023ANLK_070. Associate Professor
Hengtong Wang participated in all aspects of the work.

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 author(s) declare that no Gen AI was used in the creation
of this manuscript.

Any alternative text (alt text) provided alongside figures
in this article has been generated by Frontiers with the
support of artificial intelligence and reasonable efforts have
been made to ensure accuracy, including review by the
authors wherever possible. If you identify any issues, please
contact us.

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.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.
1692668/full#supplementary-material

References

1. Karatrantou K, Pappas K, Batatolis C, Ioakimidis P, Gerodimos V. A 3-month
modified basketball exercise program as a health-enhancing sport activity for middle-
aged individuals. Life. (2024) 14:709. doi: 10.3390/life14060709

2. Wei X. The impact of basketball on students’ physical fitness and mental health.
Chin Sch Health. (2023) 44:484.

3. Hadi, Romadhoni S, Yudhistira D. Implementing complex training method: its
effects on endurance, speed, power, and agility of adolescent basketball players. Phys
Educ Theory Methodol. (2024) 24:426–32. doi: 10.17309/tmfv.2024.3.11

4. Pamungkas G, Rismayanthi C, Nasrulloh A, Arjuna F. The effects of resistance
training interventions on weight, body mass index, body fat percentage, and flexibility
in college students: a comparison between sports and non-sports students. Phys Educ
Theory Methodol. (2024) 24:318–27. doi: 10.17309/tmfv.2024.2.18

5. Poomsalood S, Pakulanon S. Effects of 4-week plyometric training on speed,
agility, and leg muscle power in male university basketball players: a pilot study.
Kasetsart J Soc Sci. (2015) 36:598–606.

6. Shengnan L, Jing A. Meta-analysis of the effects of mini-basketball on upper-
limb strength in Chinese children aged 4–6 years. Chin Sch Health. (2024) 45:60–5.
doi: 10.16835/j.cnki.1000-9817.2024017

7. Guimarães AV, Barbosa AR, Meneghini V. Active videogame-based physical
activity vs. aerobic exercise and cognitive performance in older adults: a randomized
controlled trial. J Phys Educ Sport. (2018) 18:203–9. doi: 10.7752/jpes.2018.
01026

8. Andersen TR, Schmidt JF, Pedersen MT, Krustrup P, Bangsbo J. The effects of
52 weeks of soccer or resistance training on body composition and muscle function
in +65-year-old healthy males—a randomized controlled trial. PLoS ONE. (2016)
11:e0148236. doi: 10.1371/journal.pone.0148236

9. Barene S, Krustrup P, Jackman SR, Brekke OL, Holtermann A. Do soccer
and Zumba exercise improve fitness and indicators of health among female
hospital employees? A 12-week RCT. Scand J Med Sci Sports. (2014) 24:990–
9. doi: 10.1111/sms.12138

Frontiers in Public Health 19 frontiersin.org

https://doi.org/10.3389/fpubh.2025.1692668
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1692668/full#supplementary-material
https://doi.org/10.3390/life14060709
https://doi.org/10.17309/tmfv.2024.3.11
https://doi.org/10.17309/tmfv.2024.2.18
https://doi.org/10.16835/j.cnki.1000-9817.2024017
https://doi.org/10.7752/jpes.2018.01026
https://doi.org/10.1371/journal.pone.0148236
https://doi.org/10.1111/sms.12138
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Richen et al. 10.3389/fpubh.2025.1692668

10. Pereira R, Krustrup P, Castagna C, Coelho E, Santos R, Martins S, et al. Effects
of a 16-week recreational team handball intervention on aerobic performance and
cardiometabolic fitness markers in postmenopausal women: a randomized controlled
trial. Prog Cardiovasc Dis. (2020) 63:800–6. doi: 10.1016/j.pcad.2020.10.005

11. Pereira R, Krustrup P, Castagna C, Coelho E, Santos R, Helge EW, et al. Effects
of recreational team handball on bone health, postural balance and body composition
in inactive postmenopausal women—a randomised controlled trial. Bone. (2021)
145:115847. doi: 10.1016/j.bone.2021.115847

12. Póvoas SCA, Castagna C, Resende C, Coelho EF, Silva P, Santos R, et al. Effects
of a short-term recreational team handball-based programme on physical fitness and
cardiovascular and metabolic health of 33-55-year-old men: a pilot study. BioMed Res
Int. (2018) 2018:4109796. doi: 10.1155/2018/4109796

13. Cai W, Baek S-S. Effects of 24-week basketball programme on body composition
and functional fitness on adults with Down syndrome. J Intellect Disabil Res. (2022)
66:939–51. doi: 10.1111/jir.12951

14. Vamvakoudis E, Vrabas IS, Galazoulas C, Stefanidis P, Metaxas TI, Mandroukas
K. Effects of basketball training on maximal oxygen uptake, muscle strength, and
joint mobility in young basketball players. J Strength Cond Res. (2007) 21:930–
6. doi: 10.1519/00124278-200708000-00046

15. Aksen P. Adölesan Basketbolcularda “Core” Antrenman Programinin “Core”
Kas Enduransi, Denge, Çeviklik ve Anaerobik Güç Üzerine Etkisi. Turk Klin J Sports
Sci (2020) 12:274–82. doi: 10.5336/sportsci.2020-74175

16. Yanlei Z. The Effects of Basketball on Adolescents’ Physical and Mental Health: A
Systematic Review and Meta-Analysis. Jinan: Shandong Normal University (2024).

17. Suchomel TJ, Nimphius S, Bellon CR, Stone MH. The importance
of muscular strength: training considerations. Sports Med. (2018)
48:765–85. doi: 10.1007/s40279-018-0862-z

18. Carneiro I, Krustrup P, Castagna C, Mohr M, Magalhães J, Pereira
R, et al. Dose-response effect of a recreational team handball-based exercise
programme on cardiometabolic health and physical fitness in inactive middle-aged-
to-elderly males—a randomised controlled trial. Eur J Sport Sci. (2023) 23:2178–
90. doi: 10.1080/17461391.2023.2213195

19. Youssef L, Durand S, Aprahamian F, Lefevre D, Bourgin M, Maiuri MC, et al.
Serum metabolomic adaptations following a 12-week high-intensity interval training
combined to citrulline supplementation in obese older adults. Eur J Sport Sci. (2023)
23:2157–69. doi: 10.1080/17461391.2023.2213185

20. Kinnafick FE, Brinkley AJ, Bailey SJ, Adams EJ. Is walking netball an effective
acceptable and feasible method to increase physical activity and improve health in
middle- to older age women?: A RE-AIM evaluation. Int J Behav Nutr Phys Act. (2021)
18:136. doi: 10.1186/s12966-021-01204-w

21. Karatrantou K, Papavasiliou T, Batatolis C, Vasilopoulou T, Ioakimidis P,
Gerodimos V. A chair-based music–kinetic combined exercise program as an
alternative approach for increasing health, functional capacity, and physical fitness
indices in middle-aged pre-menopausal women. J Funct Morphol Kinesiol. (2023)
8:81. doi: 10.3390/jfmk8020081

22. Karatrantou K, Gerodimos V. Does obesity affect neuromuscular
and cardiovascular adaptations after a 3-month combined exercise
program in untrained premenopausal middle-aged women? Sports. (2023)
11:82. doi: 10.3390/sports11040082

23. Grivas GV, Karatrantou K, Chasialis A, Batatolis C, Ioakimidis P, Gerodimos
V. Serial vs. integrated outdoor combined training programs for health promotion in
middle-aged males. Sports. (2022) 10:122. doi: 10.3390/sports10080122

24. Karatrantou K, Gerodimos V, Manouras N, Vasilopoulou T, Melissopoulou
A, Mesiakaris AF, et al. Health-promoting effects of a concurrent workplace
training program in inactive office workers (HealPWorkers): a randomized
controlled study. Am J Health Promot. (2020) 34:376–86. doi: 10.1177/08901171198
99781

25. Han M, Gómez-Ruano MA, Calvo AL, Calvo JL. Basketball talent
identification: a systematic review and meta-analysis of the anthropometric,
physiological and physical performance factors. Front Sports Act Living. (2023)
5:1264872. doi: 10.3389/fspor.2023.1264872

26. Girard O, Bishop C. Editorial: reviews in elite sports
and performance enhancement. Front Sports Act Living. (2024)
5:1353575. doi: 10.3389/fspor.2023.1353575

27. Heinrich KM, Beattie CM, Crawford DA, Stoepker P, George J. Non-traditional
physical education classes improve high school students’ movement competency and
fitness: a mixed-methods program evaluation study. Int J Environ Res Public Health.
(2023) 20:5914. doi: 10.3390/ijerph20105914

28. Buck SM, Hillman CH, Castelli DM. The relation of aerobic fitness to stroop
task performance in preadolescent children. Med Sci Sports Exerc. (2008) 40:166–
72. doi: 10.1249/mss.0b013e318159b035

29. Bugge A, El-Naaman B, Dencker M, Froberg K, Holme IM, McMurray RG,
et al. Effects of a three-year intervention: the Copenhagen School Child Intervention
Study. Med Sci Sports Exerc. (2012) 44:1310–7. doi: 10.1249/MSS.0b013e318
24bd579

30. Ming L. Systematic Review, Meta-Analysis Design and Implementation Methods.
Beijing: People’s Medical Publishing House (2011).

31. Weizhen G, Huan W. Meta-analysis of the effects of physical activity
interventions on physical fitness in Chinese children aged 3–6 years. Chin Sch Health.
(2021) 42:1311–7+1322.

32. Hongyu L. Study on the effects of basketball training on the physical and mental
health of secondary school students (Doctoral dissertation). Wuhan Sport University,
Wuhan, China (2010).

33. Zhiwei L. Empirical Study on the Effects of 3×3 Basketball Instruction on
Enhancing Physical Fitness Levels among Junior High School Students. Shanghai: East
China Normal University (2022). doi: 10.27149/d.cnki.ghdsu.2022.002163

34. Tao Y. Experimental Study on the Effects of Basketball on Physical and Mental
Health in Junior High School Students. Yangzhou: Yangzhou University (2021).

35. Xiujuan Y. Experimental Study on the Fitness Effects of Ball Sports Exercise
Programmes for Secondary School Students. Xi’an: Xi’an Sport University (2010).

36. Xiuxiu Z. An analysis of the effects of basketball on enhancing the physical
fitness of first-year senior high school students. J Multimedia Netw Teach China.
(2023) 180–182.

37. Tianci Z. Experimental Study on the Effects of Basketball Activities on
Promoting the Physical Health Status of First-Year Male Students. Xi’an: Xi’an Sport
University (2015).

38. Cheng Z. Experimental Research on the Application of Sports Education
Curriculum Models in Secondary School Physical Education Teaching: Taking Basketball
as an Example. Zhuzhou: Hunan University of Technology (2018).

39. Zhenggui Z. Experimental study on the effects of extracurricular basketball
training on the physical fitness of year 7 boys [J]. Contemp Sports Sci Technol.
(2020) 10:8–11. doi: 10.16655/j.cnki.2095-2813.2020.05.008

40. Xiaofei R. A Study on the Effects of Exercise Load in High School Basketball
Elective Courses on Students’ Physical Fitness and Health. Fuyang: Fuyang Normal
University (2023).

41. Xiuchao Z. A Study on the Effects of Basketball Instruction on Promoting
Physical Health among Junior Secondary School Students. Harbin: Harbin Sport
University (2022).
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