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Objective: This study aimed to investigate the impact of childhood obesity
on health-related physical fitness performance and to examine the mediating
role of motor coordination ability as a behavioral functional pathway in this
relationship.

Methods: A cross-sectional study design was employed. In June 2025, 431
children aged 7-14 years (204 in the obesity group, 227 in the normal-weight
group) were recruited from Weifang City, Shandong Province, China. Body
composition (BMI and PBF) was measured using a bioelectrical impedance
analyzer. Health-related physical fitness index was assessed according to the
Chinese National Student Physical Fitness Standard and synthesized into a
standardized physical fitness index. Motorcoordination was evaluated using
the Movement Assessment Battery for Children-2 (MABC-2), which reflects
behavioral motor performance. Statistical analyses included independent
samples t-tests, Pearson correlation analysis, hierarchical regression analysis,
and the Bootstrap method for mediation effect testing.

Results: Both the physical fitness index and the motor coordination index were
significantly lower in obese children compared to normal-weight children
(Cohen’s d = 0.31-0.34). BMI and PBF showed significant negative correlations
with the physical fitness index. After controlling for area (urban/rural), gender,
and age, both BMI and PBF independently and negatively predicted the physical
fitness index. Mediation analysis indicated that motor coordination played a
statistically significant partial mediating role in the relationship between BMI and
the physical fitness index (indirect effect = —0.060, 95% CI [-0.105, —0.048]),
as well as between PBF and the physical fitness index (indirect effect = —0.036,
95% CI [-0.052, —0.022]).

Conclusion: Childhood obesity is closely associated with decreased health-
related physical fitness, with PBF being a more stable predictor than BMI. Motor
coordination represents one behavioral pathway that may partially explain the
association between body composition and physical fitness performance. Given
the cross-sectional design, these findings reflect statistical associations rather
than causal or neuromotor mechanisms. Longitudinal and intervention studies
are needed to further verify directionality.
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1 Introduction

Childhood obesity is widely recognized as one of the most
pressing global public health challenges, with its prevalence rising
continuously among children and adolescents (1-3). Extensive
epidemiological evidence indicates that childhood obesity not only
significantly elevates the risk of chronic diseases such as cardiovascular
disease and type 2 diabetes in adulthood, but also exerts broad and
profound negative effects on the musculoskeletal system,
cardiopulmonary function, and motor competence during crucial
growth and developmental periods (4-7). These adverse outcomes are
frequently associated with reduced motor ability and deteriorated
physical fitness in children, which may further diminish their
engagement in physical activity, potentially establishing a detrimental
cycle (8).

Against this backdrop, children’s health-related physical fitness
has garnered considerable attention (9). It is not only a core
indicator of physical health but also an important predictor of
future cardiovascular metabolic risk, psychological health, and
even academic performance (10, 11). Concurrently, motor
competence, as the foundation for children’s participation in sports
activities and mastery of motor skills, is also closely related to
weight status (12, 13). Traditional perspectives have predominantly
focused on the impact of obesity on basic fitness components such
as strength and endurance. However, recent research has begun to
reveal that obesity may similarly be associated with lower
performance in more complex motor functions such as fine motor
control, dynamic balance, and hand-eye coordination (14). Studies
have shown non-linear relationships between BMI and motor
coordination in children (15), and benefits of normal BMI on
physical fitness (16). Research in preschool and young school-age
children also indicates relationships between body composition,
physical activity, and fundamental motor skills (17-20).

Nevertheless, existing research has several limitations. Firstly, most
studies use body mass index (BMI) as the sole indicator of obesity (20).
While BMI is convenient for screening, it cannot distinguish between
muscle mass and fat mass, potentially masking the heterogeneous effects
of different body compositions on motor ability. Body fat percentage
(PBF), as a more direct indicator of fat load, requires more detailed
analysis regarding its relationship with physical fitness performance.
Secondly, when exploring the relationship between obesity and physical
fitness, research has mostly focused on direct associations, with less
exploration of potential intermediary factors (21, 22). Motor competence,
especially the fine motor and coordination skills requiring complex
neuromuscular integration, may be a key factor connecting body
composition to overall physical fitness performance (23, 24). Obesity
may be linked to children’s performance in various fitness tests through
its association with movement coordination and efficiency (25). Finally,
large-sample empirical studies focusing on children and adolescents,
particularly those incorporating BMI, PBE motor coordination, and
comprehensive physical fitness assessments, remain relatively limited.

Existing research generally acknowledges the adverse associations
of obesity with children’s motor performance and physical fitness
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levels, observing consistent negative correlations across different
fitness dimensions (26, 27). However, such studies often focus on
motor outcomes, emphasizing the descriptive association, (28), while
less frequently delving into the underlying statistical pathways.
Obesity may be linked to children’s physical fitness performance
through factors such as altered body structure characteristics and
movement execution efficiency, but these pathways lack systematic
empirical examination (29, 30). Particularly regarding the integration
of body composition characteristics and motor coordination ability
into the same analytical model to explore the statistical pathway,
related research is still insufficient.

Based on this, the present study targets Chinese children aged
7-14 years and is structured around a conceptual framework (see
Figure 1) in which body composition (assessed via BMI and PBF) is
hypothesized to influence health-related physical fitness index (PFI)
both directly and indirectly through motor coordination ability (MC).
Specifically, the study will (1) systematically compare differences in
PFI and MC between obese and normal-weight children; (2)
separately examine the independent predictive roles of BMI and PBF
on PFI; and (3) test whether MC mediates the relationship between
body composition and PFI. By examining these pathways, this study
aims to elucidate the potential mechanisms linking childhood obesity
to poorer physical fitness from a motor coordination perspective,
thereby offering more targeted scientific evidence for designing
integrated intervention strategies that combine weight management
with motor skill development.

2 Methods
2.1 Participants

This study employed a cross-sectional design and was conducted in
June 2025 across 4 primary schools and 2 middle schools in Weifang
City, Shandong Province, China. The participants were school children
aged 7-14 years. To systematically compare differences between obese
and normal-weight children and meet statistical requirements, a
targeted cluster recruitment strategy was adopted, aiming to enroll
children into an obesity group and a normal-weight group at an

Body Composition
(BMI/BFP)

FIGURE 1
Hypothetical path: Body composition, motor coordination, and
physical fitness index.
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approximate 1:1 ratio, with a target sample size of 460. The specific
recruitment procedure was as follows: First, based on school physical
examination and fitness test data, children meeting the World Health
Organization criteria for childhood obesity (obesity group) and those
within the normal weight range (normal-weight group) were
preliminarily identified. Subsequently, study information and informed
consent forms were distributed to the guardians of potentially eligible
children through the schools. Inclusion criteria were: (1) age 7-14 years;
(2) the ability to participate normally in physical activities. Exclusion
criteria were: (1) a diagnosed central nervous system diseases; (2) severe
cardiovascular or pulmonary diseases; (3) a musculoskeletal disorders
or injuries affecting motor performance; (4) a intellectual or
developmental disabilities. Finally, informed consent was obtained from
the guardians of all participating children. This study was approved by
the Ethics Committee of the China Institute of Sport Science, General
Administration of Sport of China (Approval No.: CISSLA20250530).

After excluding cases with missing key indicators, a total of 431
children completed all tests and were included in the statistical
analysis, comprising 204 in the obesity group and 227 in the normal
weight group. Based on a medium effect size (f* = 0.05) for the obesity-
physical fitness relationship from previous literature, sample size
estimation was performed using G*Power 3.1 software (31). With a
significance level a = 0.05, statistical power (1—f) =0.80, and 6
predictor variables, the minimum required sample size was
approximately 280. The actual sample size of 431 in this study meets
the requirements for statistical power in mediation models and
multiple regression analyses.

2.2 Measures and instruments

2.2.1 Body composition measurement

Height and weight were measured using a multi-frequency
bioelectrical impedance analyzer (InBody 770), from which body
mass index (BMI, kg/m*) and body fat percentage (PBE, %) were
directly calculated. This device has good reliability and validity and is
widely used for body composition assessment in children (32).

2.2.2 Health-related physical fitness index (PFI)

Testing covered all students from grades 1 to 9 (primary school
grade 1 to junior high school grade 3). According to the grade-
grouping regulations of the Chinese National Student Physical Fitness
Standard (33), specific test items were as follows: Grades 1-2: 50-m
run, sit-and-reach, 1-min rope skipping. Grades 3-4: 50-m run,
sit-and-reach, 1-min rope skipping, 1-min sit-ups. Grades 5-6: 50-m
run, sit-and-reach, 1-min rope skipping, 1-min sit-ups, 50 m x 8
shuttle run. Grades 7-9: 50-m run, sit-and-reach, standing long jump,
pull-ups (boys)/1-min sit-ups (girls), 1,000-m run (boys)/800-m run
(girls). Final scores were standardized into Z-scores specific to age and
gender and then summed to represent children’s health-related
physical fitness index.

2.2.3 Motor coordination (MC)

Standardized testing was conducted using the Movement
Assessment Battery for Children-2 (MABC-2). This tool sets tasks
according to age bands, assessing three dimensions: manual dexterity,
static and dynamic balance, and aiming & catching (hand-eye
coordination and object control). Raw scores for each item were
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converted into age-specific Z-scores, and the Z-scores from all
dimensions were summed to obtain a comprehensive motor
coordination index (34).

2.3 Testing procedure

All tests were completed within 14 days. Body composition
measurement, health-related physical fitness assessment, and
motor coordination testing were all conducted by a team of
physical education teachers who underwent unified, rigorous
professional training. All procedures strictly followed the
standardized operation manuals of the respective assessment tools.
Testing took place simultaneously in the gymnasiums or standard
playgrounds of the students’ respective schools to ensure
standardized environments and equipment. Logistically, body
composition and motor coordination tests were conducted in the
morning, followed by health-related physical fitness tests in the
afternoon.

2.4 Statistical analysis

All analyses were performed using SPSS 27.0 and the PROCESS
v3.5 macro. Firstly, descriptive statistics (mean, standard deviation)
were calculated for each group. Secondly, independent samples ¢-tests
were used to compare differences in PFI and MC between the obesity
and normal weight groups, and Cohen’s d was calculated to assess
effect sizes. Next, Pearson correlation analysis was used to explore the
relationships among BMI, PBE MC, and PFI. Subsequently,
hierarchical multiple linear regression analysis was conducted: after
controlling for urban/rural location, gender, and age, BMI and PBF
were separately entered into the models to examine their independent
predictive effects on PFIL Finally, the bias-corrected percentile
Bootstrap method (5,000 resamples) was used to test the mediating
effect of MC in the relationship between BMI/PBF and PFI, reporting
the point estimate of the indirect effect and its 95% confidence
interval.

3 Results
3.1 Sample characteristics

This study included a total of 431 children, comprising 204 in the
obesity group and 227 in the normal weight group. Sample
characteristics are detailed in Table 1.

3.2 Correlations among variables

The correlation matrix (Table 2) indicated that BMI and PBF were
strongly positively correlated (r=0.750, p<0.01). BMI was
significantly negatively correlated with MC (r = —0.263, p < 0.01). PBF
was significantly negatively correlated with PFI (r = —0.135, p < 0.05).
PBF was significantly negatively correlated with MC (r=—-0.177,
p<0.01). MC was significantly positively correlated with PFI
(r=0.119, p < 0.05).
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TABLE 1 Descriptive statistical analysis of the sample.

10.3389/fnut.2026.1776788

Weight status Variable N Min Max Mean SD
Age 227 7 14 10.53 1.99
Height (cm) 227 121 180 146.17 14.16
Weight (kg) 227 18.85 68 36.09 10.57
BMI (kg/m?) 227 13.3 30.3 17.97 3.23

Normal
PBF 227 3 77.2 20.27 9.98
PFI 227 —12.46 10.37 0.11 2.72
MC 227 —49.5 50.5 —1.64 12.07
Urban/rural 227 1 2 1.69 0.49
Age 204 7 14 10.62 2.18
Height (cm) 204 123 182 151.14 14.86
Weight (kg) 204 21.18 137.24 56.13 19.21
BMI (kg/m?) 204 14.1 333 24.13 5.03

Obese
PBF 204 9.5 50.2 31.41 9.33
PFI 204 -5.93 7.5 —0.13 2.35
MC 204 —49 19.5 —5.59 11.53
Urban/rural 204 1 2 1.50 0.50

TABLE 2 Correlation matrix for BMI, body fat percentage (PBF), motor coordination (MC), and physical fitness (PFI).

Variable BMI PBF MC PFI
BMI 1

PBF 0.750%* 1

MC —0.263%% —0.177%% 1

PFI —0.186%* —0.135% 0.119* 1

#p <0.05, **p < 0.01.

TABLE 3 Independent samples t-test comparing physical fitness (PFI) and motor coordination (MC) between normal weight and obese children.

Variable Mean (+SD) Cohen's d 95% ClI
PFI Normal 227 0.11 (+2.72)
3372 0.001 0.315 [0.194, 0.485]
PFI Obese 204 —0.13 (+2.35) ‘
MC Normal 227 —1.64 (+12.07) ‘
3.469 0.001 0.335 [0.144, 0.525]
MC Obese 204 —5.59 (+11.53) ‘

3.3 Comparison of MC and PFl between

normal weight and obese children

Independent samples f-test results (Table 3) showed that the

Similarly, PBF also had an independent negative predictive effect on
PFI (f = —0.114, p = 0.026). Notably, MC was a significant positive
predictor of PFI in both models (p < 0.01).

comprehensive physical fitness index (PFI) of obese children was
significantly lower than that of normal-weight children (t = 3.372,
p=0.001, Cohen’s d =0.315). Simultaneously, the comprehensive
motor coordination index (MC) of obese children was also
significantly lower (¢ = 3.469, p = 0.001, Cohen’s d = 0.335).

3.4 Regression analysis results
Hierarchical regression analysis (Table 4) showed that after

controlling for urban/rural location, gender, age, and MC, BMI had a
significant negative predictive effect on PFI (f = —0.116, p = 0.032).
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3.5 Mediation effect analysis

The mediating role of motor coordination ability (MC) in the
relationship between body composition indicators (BMI and body fat
percentage, PBF) and health-related physical fitness (PFI) was
examined using the bias-corrected percentile Bootstrap method (with
5,000 resamples). Detailed results are presented in Figures 2, 3, and
Table 5.

For BMLI, its total effect on PFI was significant (f = —0.145,
p=0.001). The direct effect of BMI on PFI remained significant
(p=—0.075, p = 0.001), and the indirect effect through MC was also

frontiersin.org


https://doi.org/10.3389/fnut.2026.1776788
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Zhao et al.

TABLE 4 Regression analysis results for physical fitness (PFI).

10.3389/fnut.2026.1776788

Model Variable SE p t p B 95%Cl lower 95%Cl upper
Urban/rural 0.185 0.092 0.102 2011 0.045 0.004 0.366
Sex 0.112 0274 0.021 0.41 0.682 —0.427 0.651

BMI Age 0211 0.067 0.173 3.134 0.002 0.078 0.343
MC 0.034 0.012 0.161 2.893 0.004 0.011 0.057
BMI —0.057 0.026 —0.116 —2.151 0.032 —0.108 —0.005
R?=0.347, AR* = 0.337, F = 4.679, p = 0.001
Urban/rural 0.178 0.09 0.099 1.978 0.048 0.001 0.355
Sex 0.022 0.269 0.004 0.08 0.936 —0.508 0.551

PBF Age 0.173 0.067 0.143 2.605 0.01 0.043 0.304
MC 0.036 0.012 0.168 3.05 0.002 0.013 0.059
PBF —0.026 0.012 —0.114 2242 0.026 —0.049 —0.003
R?=0.348, AR* = 0.338, F = 4.783, p = 0.001

FIGURE 2
Mediation pathway of BMI's effect on PFI.

significant (8 = —0.060, 95% CI [—0.105, —0.048]). This indicates that
MC plays a partial mediating role in the relationship between BMI
and PFL

Similarly, for body fat percentage (PBF), its total effect on PFI was
significant (f = —0.120, p = 0.006). The direct effect of PBF on PFI was
significant ( = —0.084, p = 0.009), and the indirect effect through MC
was also significant (f = —0.036, 95% CI [-0.052, —0.022]), indicating
that MC plays a partial mediating role.

In both models, motor coordination ability served as a significant
partial mediator, partly accounting for the negative association
between body composition (BMI and PBF) and physical fitness in
children within this cross-sectional data.

4 Discussion

Based on a large sample of Chinese children, this study
systematically examined the relationships between body composition,
motor coordination, and health-related physical fitness, and tested a
statistical pathway linking childhood obesity to fitness performance.
The results confirm that obese children tend to have lower physical
fitness and motor coordination. Importantly, this study makes a key
methodological contribution by integrating both PBF and motor
coordination within a single analytical model, thereby offering a more
refined understanding of the functional pathways connecting obesity
and fitness.
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Note: **p <0.001

FIGURE 3
Mediation pathway of PBF's effect on PFI.

4.1 The relationship between childhood
obesity and decline in health-related
physical fithess

The results indicate that obese children have a significantly lower
comprehensive physical fitness index than their normal-weight peers,
with a small-to-medium effect size. After controlling for age, gender,
and urban/rural factors, both BMI and PBF remained independently
and negatively associated with physical fitness, though the associations
were modest in size. This suggests that body composition is one of
several factors influencing fitness. These findings align with previous
evidence that obesity is linked to poorer fitness outcomes in childhood
(35, 36). Studies have similarly shown benefits of normal BMI on
physical fitness in children (16).

From a biomechanical perspective, excess adipose tissue may
increase mechanical load during dynamic tasks, reducing
movement efficiency (37). In fitness tests involving rapid
displacement and repetitive load-bearing, higher fat mass may
elevate movement difficulty (38). Obese children may also be
more prone to fatigue accumulation, limiting performance (39).
Notably, PBF demonstrated a more stable association with
physical fitness than BMI, suggesting that fat mass itself is an
important factor related to children’s physical fitness. This
supports the use of body fat-related indicators in childhood
obesity research.
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TABLE 5 Mediation effect analysis of motor coordination (MC) in the relationship between BMI/body fat percentage and physical fitness index (PFI).

Path Effect type Effect estimate SE 95% CI p/Conclusion
BMI — PFI Total effect —0.150 0.025 [-0.199, —0.101] 0.001%*

BMI — PFI Direct effect —0.075 0.022 [-0.118, —0.032] 0.001%*

BMI - MC — PFI Indirect effect —0.060 0.015 [—0.105, —0.048] Partial mediation
PBF — PFI Total effect —0.120 0.018 [-0.155, —0.085] 0.006%*

PBF — PFI Direct effect —0.084 0.017 [-0.117, —0.051] 0.009%*

PBF — MC — PFI Indirect effect —0.036 0.008 [-0.052, —0.022] Partial mediation

4.2 Childhood obesity and impaired motor
coordination ability

This study found that the comprehensive motor coordination index
of obese children was significantly lower than that of normal-weight
children (Cohen’s d=0.335), and BMI was significantly negatively
correlated with motor coordination ability (r = —0.263). This result is
consistent with literature indicating that obesity is associated with poorer
motor performance in children (40), including non-linear relationships
between BMI and motor coordination (15). From a developmental
perspective, childhood is a critical stage for the development of motor
control and coordination abilities (40). Excess fat may be related to
challenges in this process: on one hand, fat accumulation may alter the
body’s center of gravity, affecting balance ability (41); on the other hand,
obesity may be associated with reduced precision of movement execution
(42). Furthermore, obese children may show differences in brain regions
associated with movement, offering a neurobiological perspective for the
link between obesity and motor coordination (43-45).

Motor coordination ability is not only an outcome of motor skill
development but also a crucial factor for children’s participation in
physical activities. Children with lower motor coordination are more
likely to experience difficulties in physical activities, potentially
reducing their motivation to engage in sports and further decreasing
physical activity participation.

4.3 The statistical mediating role of motor
coordination ability

An important finding is that motor coordination ability plays a
partial mediating role in the statistical association between body
composition (both BMI and PBF) and health-related physical fitness.
The indirect effects were small (f = —0.060 for BMI and 3 = —0.036
for PBF). This suggests a potential functional pathway that may help
explain why obese children tend to perform poorer in fitness tests,
beyond the simple effect of increased weight. From a motor control
perspective, fitness tests rely not only on muscular strength and
cardiorespiratory endurance but also depend on movement
coordination and stability (46). For example, in the 50-m run and
shuttle run, stride regulation, trunk stability, and coordination may
impact performance. Due to lower motor coordination ability, obese
children may struggle to perform these movements as efficiently,
placing them at a disadvantage. Similar mediating or correlational
roles of motor competence have been observed in other studies
examining fitness and weight status in children (16, 40, 47, 48).
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Although the mediation effect was relatively small, its stable
existence suggests that motor coordination is one potential pathway
through which body composition is associated with physical fitness
(49, 50). This highlights the multifactorial nature of fitness
development. The effect sizes, while statistically significant, are
modest, and their practical impact should be considered alongside
statistical significance.

5 Strengths and limitations

This study has several strengths: (1) the simultaneous use of both
BMI and PBF to characterize body composition multidimensionally;
(2) the introduction of motor coordination as a mediator to
systematically examine the pathway from body composition to
physical fitness; and (3) a relatively large sample spanning multiple age
groups, with assessments conducted according to national standards.

Several limitations should also be noted. First, the cross-
sectional design precludes causal inference; the mediation analysis
reveals statistical associations rather than established causal
mechanisms. Longitudinal or intervention studies are needed to
verify temporal and causal pathways. Second, potential
confounders—such as physical activity, sedentary behavior,
pubertal status, and socioeconomic details—were not included.
Thus, motor coordination represents one possible explanatory
factor, not the exclusive mechanism linking obesity to fitness.
Future studies should incorporate these multidimensional
indicators to build more comprehensive models. Third, motor
coordination was assessed behaviorally (MABC-2); direct
neuromotor or (e.g.., EMG,

neurophysiological measures

neuroimaging) were not collected.

6 Conclusion

This study indicates that childhood obesity is closely associated
with decreased health-related physical fitness, with both BMI and
body fat percentage showing independent negative associations.
Motor coordination ability plays a partial mediating role in the
statistical association between body composition and physical fitness,
suggesting it may be one functional pathway involved. This study
“body
coordination — physical fitness” pathway, providing a perspective for

systematically examines the composition — motor

childhood obesity intervention that emphasizes the potential value of
integrating motor skill training with weight management approaches.
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