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Abstract

There is growing interest in the association between physical fitness and mental health. This study aimed to extend current
knowledge by investigating the potential mediating roles of resilience and anxiety in the association between physical fitness and
mental health in children. A total of 269 children were selected by stratified random sampling from three primary schools in
China. Physical fitness was scored using the Chinese National Student Physical Fitness Standard. Resilience, anxiety, and mental
health data were collected using the following questionnaires: Resilience Scale for Chinese Adolescents, Multidimensional
Anxiety Scale for Children, and the Mental Health Test. The PROCESS macro developed by Hayes was used to conduct serial
multiple mediation analysis. We found that physical fitness, resilience, anxiety, and mental health were significantly correlated.
Children with higher physical fitness had lower mental health problems; however, this statistical significance was not detectable
after controlling for resilience and anxiety. Serial multiple mediation analysis revealed that the association of physical fitness with
mental health was partially mediated by resilience and anxiety. These results indicate that the positive association of physical
fitness with mental health in children may be changed through resilience and anxiety, which appear to play serial multiple
mediating roles in this association. These findings contribute to deeper understanding of the associations between these factors
and suggest that promoting physical fitness independent of considering resilience and anxiety may be insufficient to achieve good
mental health in children.
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Introduction 35% (Rodriguez-Ayllon et al., 2018), and the percentage of

children reported with an MHP is approximately 14% in both

The rate of mental health problems (MHPs) diagnosed among
children has been increasing, and MHPs in children are be-
coming a global issue (Beecham, 2014; Kieling et al., 2011).
For example, in the United States, the percentage of children
with MHPs in any one year was 13%—20% from 1994 to
2011, with the prevalence increasing during that time (Perou
et al., 2013). Similarly, MHPs are estimated to affect at least
20% of the children in the region of South Asia (Maselko
et al., 2016). The best estimates from studies conducted in
Europe have suggested a prevalence of MHPs of almost
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Canada and Australia (Lawrence et al., 2016; Waddell,
McEwan, Shepherd, Offord, & Hua, 2005). MHPs are critical
factors that adversely affect the development of children.
Children who experience MHPs have poorer academic
achievement (Guzman et al., 2011) and decreased ability to
maintain stable relationships (Gallagher & Mechanic, 1996).
MHPs also cause functional impairments (Costello, Mustillo,
Erkanli, Keeler, & Angold, 2003) and increase the risk of
suicide among children (Chronis-Tuscano et al., 2010).
Furthermore, 50%—75% of adult MHPs begin in childhood
or adolescence (Kessler et al., 2012) and can lead to negative
outcomes. Hence, strategies to improve psychological well-
being and decrease MHPs in children are needed.

Previous research has shown that numerous factors affect
the prevalence of MHPs in children, including socioeconomic
status (Reiss, 2013), maternal influences (Hardie & Landale,
2013), school experiences (Schulte-Korne, 2016), physical
activity (Parfitt, Pavey, & Rowlands, 2009), special healthcare
needs of the child, family function, and the living environment
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(Goldfeld & Hayes, 2012). Among these factors, physical
activity is often suggested as a low-cost strategy for improving
children’s mental health (Biddle, Ciaccioni, Thomas, &
Vergeer, 2019). Physical fitness is the body’s ability to per-
form physical activity (Rodriguez-Ayllon et al., 2018), and
physical fitness is more predictive of health outcomes in chil-
dren than is physical activity (Bovet, Auguste, & Burdette,
2007). Although physical fitness is considered one of the most
important health markers, literature focused on the association
between physical fitness and mental health is scarce (Ortega,
Ruiz, Castillo, & Sjostrom, 2008). Recently, there has been
growing interest in this association (Aparicio et al., 2019;
Avitsland et al., 2020), but few studies have provided objec-
tive data to evaluate comprehensive physical fitness and its
direct or indirect effects on children’s mental health. Physical
fitness in children typically has been evaluated using only
specific components, whereas the concept of physical fitness
should encompass many dimensions and types of testing
(Dong et al., 2020). Given these limitations of the current
literature, studying physical fitness as defined using a com-
prehensive set of components is needed to understand the
mechanisms underlying the association of physical fitness
with mental health in children.

The coronavirus disease 2019 (COVID-19) pandemic has
threatened both physical and mental health (Holmes et al.,
2020; PeConga et al., 2020). This unprecedented crisis has also
provided the opportunity for researchers to gain insight into the
potential associations between various factors (Barzilay et al.,
2020). For example, a study by PeConga et al. (2020) suggested
that long-term resilience will be the most common outcome
impacted by the pandemic (PeConga et al., 2020). According
to the American Psychological Association, resilience is defined
as the process of adapting well in the face of adversity, trauma,
tragedy, threats, or even significant sources of stress
(Chamratrithirong, Lucktong, Jampaklay, & Ford, 2020).
Resilience is being explored increasingly in mental health re-
search because it may help explain individual, group, and com-
munity protective mechanisms (Poudel-Tandukar et al., 2019).
Tang, Xiang, Cheung, and Xiang (2020) have shown that during
the COVID-19 pandemic, resilience and MHPs coexist in chil-
dren. This finding suggests that resilience is not solely a quality
within individuals; instead, resilience grows from access to and
the use of resources needed to support mental health. As a pro-
tective factor, resilience is expected to be a crucial maintenance
element for physical and mental health. Another study has
shown that during the COVID-19-related school closures in
Shanghai, China, the most prevalent MHP in children and ado-
lescents was anxiety (Tang et al., 2020). Anxiety symptoms in
childhood can have long-term detrimental influences on physi-
cal and mental health even without meeting diagnostic criteria
for a given anxiety disorder (Ma, Serbin, & Stack, 2019). Bittner
etal. (2007) found anxiety in children to be a predictor of a range
of MHPs in adolescence (Bittner et al., 2007). Given that anxiety

in youth has a chronic course for some individuals and also
predicts later development of other MHPs, it is important to
identify factors early in development that may predict anxiety
symptoms (Kertz, Sylvester, Tillman, & Luby, 2019). Protective
and key risk factors warrant further study to understand potential
associations in the maintenance of good mental health in chil-
dren. Resilience and anxiety have been widely studied in the
context of sports as they relate to success and performance
(Zurita-Ortega, Chacon-Cuberos, Cofre-Bolados, Knox, &
Muros, 2018). However, research investigating the associations
between physical fitness and resilience or anxiety is limited
(Kandola et al., 2018; Lavoie, Pereira, & Talwar, 2016), and
even these limited studies often discuss the association based
on a specific component of physical fitness rather than based
on a comprehensive physical fitness evaluation (Pozuelo-
Carrascosa et al., 2017; Williams, Carroll, Veldhuijzen van
Zanten, & Ginty, 2016).

In addition, from a stress perspective, physical fitness
seems to help an individual buffer the potentially harmful
impact of stress on mental health (Wyss et al., 2016). It can
also confer resilience owing to its stress-buffering effects
(Silverman & Deuster, 2014). Moreover, resilience acts as a
stable, protective factor that facilitates positive adaptation to
stress and enables the individual to avoid stress-related MHPs,
such as depression, posttraumatic stress disorder, and anxiety
(Liu, Zhang, Ji, & Yang, 2018; Petrowski, Brahler, & Zenger,
2014). On the other hand, a recent narrative review finds that
physical fitness is beneficial to mental health and may help
promote resilience in youths affected by MHPs (Belcher et al.,
2020). Given these roles, we hypothesized the existence of a
serial mediating path from physical fitness to mental health via
resilience and anxiety.

To test this hypothesis, the current study used a serial medi-
ation model to probe the association between physical fitness
and mental health in children. This is a novel way to approach
testing the multiple variables of the association. Whereas par-
allel mediation models assume that no mediator causally influ-
ences another, no such assumption is made in serial mediation,
enabling the testing of a specific theoretical sequence among
the variables. Thus, the advantage of this statistical method is
that multiple pathways between the variables can be tested and
we can ascertain which are significant using one model
(Carnahan, Carter, & Herr, 2020). Furthermore, we can deter-
mine whether the order of the variables plays a significant role
to provide additional supporting evidence for the theoretical
model. To our knowledge, no study has explored the joint role
of resilience and anxiety as mediators of the association be-
tween physical fitness and mental health. Thus, the aims of
the present study were twofold: (1) to analyze the associations
among physical fitness, resilience, anxiety, and mental health in
children; and (2) to determine whether any detected association
of physical fitness with mental health was mediated by resil-
ience or anxiety.
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Methods
Participants and Procedure

The current study selected participants based on relevant re-
search and using stratified random sampling from three pri-
mary schools in Shanghai (China); schools were selected for
their representativeness, accessibility to our research team,
and availability of the teachers to assist with logistics.
Potential participants who did not have any disease that made
it impossible to complete the test, and understood each item in
the questionnaires were included. After the study’s aim was
explained, participants completed the objective measurements
and self-reported questionnaires under the supervision of
trained volunteers. For children in the lower grades, each
question in the questionnaires was explained in a uniform
manner by trained volunteers. If a question confused a child,
the child was allowed to immediately ask the trained volun-
teers for additional clarification. However, other than clarify-
ing the questions for children, the volunteers were instructed
to avoid providing any help in answering the questions.
Participants whose physical fitness test results exceeded the
logical limits, or whose questionnaires were considered inva-
lid were excluded. Valid variables were obtained from 269
participants. The participants were in school grades 2 through
5 and comprised 126 boys and 143 girls, with ages ranging
from 7 to 12 years (mean age = 9.75 years; SD = 1.17 years).
The number (percentage) of participants by school grade was
72 (26.8%) in second grade, 67 (24.9%) in third grade, 66
(24.5%) in fourth grade, and 64 (23.8%) in fifth grade. The
flowchart for the study is shown in Fig. 1.

The study was conducted in accordance with the recom-
mendations of the World Medical Association’s Declaration

Schools and participants selection

A 4

Study explanation

A 4

Physical fitness test

Questionnaire test

\ 4

Quality Control

Fig. 1 Flowchart of the study working process
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of Helsinki and approved by the Shanghai University of Sport
Ethics Committee. Written informed consent was obtained
from the guardians of all participants.

Measures

Physical fitness was measured using the Chinese National
Student Physical Fitness Standard (CNSPFS) (Zhu, Yang,
Kong, Zhang, & Zhuang, 2017). The CNSPFS is a reliable
and valid instrument to assess physical fitness in children and
is a norm testing battery used in China (Y1, Fu, Burns, Bai, &
Zhang, 2019). The physical fitness tests were conducted by
trained volunteers from the Shanghai Research Center for
Physical Fitness and Health of Children and Adolescents,
who all majored in kinesiology and were familiar with the
testing methods, to minimize variability. As indicated in the
CNSPFS guidelines, the results of all fitness components were
scored according to sex and school grade level. The total
physical fitness score was composed of the product sum of
the scores and weights of each component. The weights of the
CNSPEFES scores for each fitness component stratified by
school grade are given in Table 1.

Resilience was defined using the Resilience Scale for
Chinese Adolescents (RSCA) (Hu & Gan, 2008). The
RSCA had shown excellent psychometric properties and has
been widely used in evaluating the resilience of Chinese chil-
dren. It includes 27 items, classified into five factors: target
concentration, emotional control, positive thinking, family
support, and interpersonal assistance. Participants were asked
to rate themselves on questions using a 5-point Likert scale
ranging from 1 (not true at all) to 5 (true nearly all the time).
The total score for the RSCA ranged from 27 to 135, with a
higher score indicating a higher level of resilience. Cronbach’s
alpha in our sample was 0.74.

Anxiety was obtained using the Chinese version of the
Multidimensional Anxiety Scale for Children, a 39-item
self-report scale for assessing anxiety during the previous
week (March, Parker, Sullivan, Stallings, & Conners, 1997).
The items clustered into the following four scales: physical
symptoms, harm avoidance, social anxiety, and separation
anxiety. Response options ranged from 0 (never true) to 3
(often true). The total score (range, 0 to 117) was generated
by adding the scores of all items; thus, a higher score reflected
a greater degree of anxiety. Cronbach’s alpha in the present
study was 0.89.

Mental health was assessed using the Mental Health Test,
a popular method of evaluation that has shown high reliability
and validity among Chinese children (Zhao & Yu, 2016).
There were 100 items within eight content subscales—
learning anxiety, interpersonal anxiety, loneliness, and physi-
cal symptoms as well as a tendency to self-blame, be oversen-
sitive, panic, or be impulsive—and one validity subscale.
Participants who answered “no” received 0, whereas those
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Table 1 Fitness components and
weights of CNSPFS scores in Second grade Third and fourth grades Fifth grade
school-age children (%)
Fitness component % Fitness component % Fitness component %
BMI 15 BMI 15 BMI 15
Vital capacity of lung 15 Vital capacity of lung 15 Vital capacity of lung 15
50 m sprint 20 50 m sprint 20 50 m sprint 20
Sit and reach 30 Sit and reach 20 Sit and reach 10
Timed rope-skipping 20 Timed rope-skipping 20 Timed rope-skipping 10
Timed sit-ups 10 Timed sit-ups 20
50 m x 8 shuttle run 10

BMI body mass index; CNSPFS Chinese National Student Physical Fitness Standard

who answered “yes” received 1. In the validity subscale, par-
ticipants with responses scoring more than 7 were removed
from further analysis because a high score in the validity sub-
scale is an indicator of participants answering questions as
they deemed more socially desirable rather than as truthful.
The total score was calculated by adding the scores in the eight
subscales (range, 0 to 90), with a higher total score indicating
greater MHPs. The Cronbach’s alpha for this assessment in
the present study was 0.90.

Statistical Analysis

Both graphical (normal probability plots) and statistical
(Kolmogorov-Smimov test) methods were used to examine
the fit to a normal distribution for each continuous variable,
and all were found to fit a normal distribution. Harman’s
single-factor test was used to determine that there was no
common method bias among the three questionnaire tests.
Age and sex were selected as covariates, as both were associ-
ated with the key variables. Descriptive characteristics of the
participants were presented as means = standard deviation
(SDs) or as percentages.

Partial correlation coefficients were estimated to examine
the associations among physical fitness, resilience, anxiety,
and mental health while controlling for age and sex.

Analysis of covariance models were used to assess differ-
ences in the mental health scores across the physical fitness,
resilience, and anxiety categories, while controlling for age
and sex (model 1), and then adjusting physical fitness, resil-
ience or anxiety as covariates depending on the fixed factor
(model 2). Pairwise post hoc hypotheses were tested using the
Bonferroni correction for multiple comparisons.

Physical fitness, resilience, and anxiety were categorized
by quartiles (Qs), with the first quartile (Q1) being the lowest,
followed by second and third quartiles (Q2/3), and the highest
being the fourth quartile (Q4), as described and used in previ-
ous studies (Garcia-Hermoso, Esteban-Comejo, Olloquequi,
& Ramirez-Velez, 2017; Pozuelo-Carrascosa et al., 2017).

Serial multiple mediation analysis was conducted to exam-
ine whether the association of physical fitness with mental
health in children was mediated by resilience or anxiety using
Hayes’ PROCESS macro for SPSS (Hayes, 2018). The goal
of this model was to investigate the total (c) and direct effects
(aj, as, by, by, dyy, and ), reflected by the standardized re-
gression coefficient and significance among the independent
and dependent variables, and to assess 3 indirect effects (IE;:
a;*by; IE;: ay*b,; 1E3: a;*d,*b,) that showed a change in
mental health status for every 1 unit change in physical fitness
that was mediated by the potential mediator (resilience or
anxiety or both). Age and sex were adjusted in this model.

Mediation hypotheses were tested using the bootstrapping
method, with a resample procedure of 10,000 samples to calcu-
late 95% confidence intervals (CIs) (Preacher & Hayes, 2008).
IEs were deemed significant when the CI did not contain zero.

Statistical analyses were performed using SPSS version
22.0, and the level of statistical significance was established
as p <.05.

Results

Partial correlations among physical fitness, resilience, anxiety,
and mental health while controlling for age and sex are pre-
sented in Table 2. All correlation coefficients were statistically
significant. A positive correlation was found between physical
fitness and resilience (r = .246, p < .001) and between anxiety
and mental health (» = .658, p < .001). Both physical fitness
and resilience were negatively correlated with anxiety (r =
=253, p <.001; r = —.241, p < .001, respectively) and with
mental health (r = —.318, p < .001; r = —.337, p < .001,
respectively).

Mean (SD) differences in mental health by physical fitness,
resilience, and anxiety categories including different covari-
ates (age, sex, physical fitness, resilience, or anxiety) are pro-
vided in Table 3. In model 1, mean (SD) mental health scores
were significantly lower in children with higher levels of
physical fitness (Q1, 36.82 + 13.21; Q2/3, 32.81 + 13.04;
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Table 2 Descriptive statistics and

correlation analysis results of Variable Test score (mean + SD) 1 2 3 4
each variable

1. Physical fitness 81.50 +9.80 _

2. Resilience 93.10 + 13.77 246" -

3. Anxiety 4333 +19.18 -253"" —241"" -

4. Mental health 32.53 +13.03 -318"" -337" 658" -

wHxp < 001

and Q4,27.67 £11.27) and resilience (Q1, 36.51 = 13.96; Q2/
3,34.05 £ 12.67; and Q4, 25.03 = 9.45). By contrast, mental
health scores were significantly higher in children with lower
levels of anxiety (Q1, 44.68 £10.52; Q2/3,31.90 + 10.24; Q4,
22.58 £10.62).

However, in model 2, after adjusting for resilience and
anxiety, the statistical significance observed for the associa-
tion of physical fitness with mental health was no longer de-
tected (p = .076 for the physical fitness category). Regarding
resilience and anxiety categories, when physical fitness and
anxiety or resilience were added as covariates, the p value
remained significant in both models as well as in the pairwise
mean comparisons (p < .001).

The serial multiple mediation analysis model is illustrated
in Fig. 2. Physical fitness was positively associated with resil-
ience (a; = .249, p < .001) but negatively associated with
anxiety (a, = —.208, p < .001). Resilience was negatively
associated with anxiety (d,; = —.190, p < .01) and mental
health (b; = —.161, p < .001). Anxiety was positively associ-
ated with mental health (b, = .574, p < .001). The association
of physical fitness with mental health (c = =315, p < .001)

was partially mediated by resilience and anxiety (c — ¢’ =
—.187, p < .01).

Mediation hypotheses testing was conducted with
bootstrapping, and then the serial multiple mediation effect
of the association of children’s physical fitness level with
mental health status was determined (Table 4). The percent-
age of total IEs mediated by resilience and anxiety was
59.4%. The total IEs included 3 significant pathways: (1)
IE;: physical fitness - resilience - mental health (a;*b; =
—.040, 95% CI, —.071 to —.015); (2) IE,: physical fitness -
anxiety - mental health (a,*b, = —.120, 95% CI, —.208 to
—.035); (3) IE5: physical fitness - resilience - anxiety - men-
tal health (a;*d,;*by, =—.027,95% CI, —.051 to —.007). IE;,
IE,, and IE; accounted for 12.7%, 38.1%, and 8.6% of the
total effect, respectively.

Discussion

The present study is, to our knowledge, the first to analyze a
four-way association—physical fitness, resilience, anxiety,

Table 3 Mean differences in

mental health by physical fitness, Physical fitness

resilience, and anxiety categories Q1 Q2/3
n=067 n=135
69.12+9.92 82.58 £3.14
Resilience
Q1 Q2/3
n=068 n=137
76.75 + 8.34 92.72 +£521
Anxiety
Q1 Q2/3
n=065 n=133
69.29+£12.02 4233+7.19

Model 1 Model 2
n=67 p Bonferroni” P Bonferroni”
91.71 £2.77 <.001 Ql>Q4, .073 -
Q2/3>Q4
Model 1 Model 2
n=64 p Bonferroni” P Bonferroni”
111.28+7.06 <.001 Ql>Q4, <.001 QI>Q4,
Q2/3>Q4 Q2/3>Q4
Model 1 Model 2
n=71 P Bonferroni P Bonferroni”
21.45+8.11 <.00l QI>Q23>Q4 <.001 QI>Q23>Q4

Variables are represented as mean + SD. Categories are depicted as quartiles (Qs), with Q1 being the lowest,
followed by Q2/3, and Q4 being highest. Higher mental health scores indicate greater mental health problems.
Model 1: adjusted for age and sex; Model 2: model 1 covariates plus physical fitness, resilience or anxiety,
depending on the fixed factor. *Pairwise post hoc hypothesis assessed with Bonferroni correction for multiple

comparisons, p < .05
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Fig. 2 Serial multiple mediation
model showing the association
between physical fitness and

d,;=-0.190 "

A 4

Resilience Anxiety

mental health with resilience and
anxiety as mediators, adjusting for
age and sex. Standardized
regression coefficients are
presented. ** p < .01, *** p <.001

a,=0.249 "~

Physical fithess

a,=-0.208 ,=-0.161 b,=0.574

c=-0.315 "

A 4

Mental health

and mental health—in children by using serial multiple me-
diation analysis. The two main findings of our study were
(1) that children with higher physical fitness levels were
associated with lower MHPs although this association was
not detected after controlling for resilience and anxiety, and
(2) that resilience and anxiety mediated the association of
physical fitness level with mental health status. These findings
contribute to the current knowledge by providing evidence to
support that physical fitness plays a crucial role in children’s
mental health and suggesting that physical fitness promotion
appears to be related to improved resilience, decreased anxi-
ety, or both, which could affect children’s mental health.

In line with previous studies, our data showed that there was
a close association of physical fitness with mental health in
children. In addition, our results indicated that there was a direct
effect, accounting for 40.6% of the association. Physical fitness
is a critical part of the overall physical and mental health of
children (Donnelly et al., 2016). Recent studies have investi-
gated the relationship between some physical fitness compo-
nents and mental health; for example, higher levels of muscular
strength or cardiorespiratory fitness have been associated with
better mental health (Pozuelo-Carrascosa et al., 2017;
Rodriguez-Ayllon et al., 2018). There are also multiple behav-
ioral and neurocognitive mechanisms that link aerobic fitness
and mental health in youth (Belcher et al., 2020). The compre-
hensive physical fitness tests used in our study is the unified
standard test commonly used in Chinese schools. Furthermore,
it changed some fitness components (such as adding endurance
tests) and score weights (such as decreasing the weight of the
flexibility tests) to adjust for the growth and development of

¢=-0.128"

children. Thus, in the process of improving the level of mental
health through physical fitness, combining physical activities
or exercise interventions with such changes may lead to better
effects on both physical fitness and mental health.

Our results also showed that the indirect mediating effect of
resilience and anxiety on the association of children’s physical
fitness with their mental health accounted for 59.4% of the
total effect. Among the 3 significant pathways, resilience
(IE;) and anxiety (IE,) played indirect roles as independent
mediating variables. IE; examined resilience as a mediator in
the association of physical fitness with mental health in chil-
dren. A recent review found that physical fitness is beneficial
to mental health and may help promote resilience in youths
affected by MHPs (Belcher et al., 2020). The beneficial
effects of physical fitness on resilience are based on solid
scientific evidence; for example, from the perspective of
biological mechanisms, physical fitness may promote resil-
ience by optimizing neuroendocrine stress responses or
minimizing inflammation (Silverman & Deuster, 2014).
On the other hand, resilience may be activated during stress
to prevent the development of negative mental health out-
comes (Morote, Hjemdal, Martinez Uribe, & Corveleyn,
2017). Thus, when promoting physical fitness in children,
improving their resilience may be an important factor af-
fecting their mental health. IE,, the mediating effect of anx-
iety, accounted for 38.1% of the total effect, which was the
major total IE, and thus may, to some extent, underlie the
degree of the association of physical fitness with mental
health. Previous studies have examined the association of
physical fitness with anxiety; however, their findings are

Table 4 Indirect effects of

Bootstrap SE

95% C1 Percentage accounting for total effect

physical fitness on mental health Indirect Effect Effect
in children
Total IEs -.187
IE] 7040
1E, -.120
IE, —027

—.284 to —.094 59.4

.049

.014

044

—.071 to —.015 12.7
—.208 to —.035 38.1
—.051 to —.007 8.6

011

Effect Standardized regression coefficients, SE Standard error, CI Confidence interval; IE indirect effect; 1E,
physical fitness - resilience - mental health; IE, physical fitness - anxiety - mental health; IE; physical fitness -
resilience - anxiety - mental health. The IE is statistically significant at the 95% CI when the CI does not include 0
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inconsistent. Few studies have shown that improvements in
physical fitness are associated with reductions in levels of
anxiety (Asci, 2003; Cordoba-Torrecilla et al., 2016). But
some scholars argue that no relationship exists between
physical fitness components and anxiety indicators
(Rodriguez-Ayllon et al., 2018). Our results support such
an association. The discrepancies among the studies may be
attributable to participants’ demographic characteristics.
Anxiety is prevalent in children and a precursor to negative
mental health outcomes in adolescence and adulthood (Ma,
Serbin, & Stack, 2018). Effective interventions provided in
the early stages, such as the first or early episodes of thresh-
old anxiety, have the potential to rapidly improve mental
health and prevent negative impacts on health outcomes
(Hetrick et al., 2008). Our findings are consistent with the
importance of anxiety on mental health in children and in-
dicate that anxiety plays a crucial role in the association of
physical fitness with mental health in children.

In our study, the association of higher-level physical fitness
with good mental health was no longer present when resilience
and anxiety were controlled for in a statistical model, which
suggested that physical fitness directly affected resilience and
anxiety, and then affected mental health. This meant that resil-
ience and anxiety served as mediators of the association of
physical fitness with mental health in children. Furthermore,
our serial multiple mediation model revealed a more detailed
picture of the mechanisms that associate physical fitness with
mental health and provided a basis for improving children’s
mental health with physical fitness via resilience and anxiety.
The IE; pathway showed that the association of physical fitness
with mental health was partially mediated by resilience and
anxiety, and resilience was negatively associated with anxiety.
As a multidimensional construct, resilience is construed as a
mechanism that may foster recovery or positive growth despite
the presence of symptoms of anxiety (Morote et al., 2017).
Besides, resilience accounting for an essential part of the vari-
ations in anxiety symptoms may suggest that interventions
should target ways to enhance resilience (Anyan & Hjemdal,
2016). Therefore, factors of both resilience and anxiety should
be considered in interventions aimed at improving mental
health by promoting physical fitness. Apart from applying their
mediating roles, it would also be reasonable to include other
variables to explore their moderating roles and to assess which
of those variables may provide a better explanation for the
association between physical fitness and mental health.

Our findings have important theoretical and practical
implications for understanding the development and
prevention of MHPs. On a theoretical level, Blair, Cheng,
and Holder (2001) have proposed a conceptual model that
asserts that the components of health-related physical fitness
may be the direct determinants of health outcomes (Blair et al.,
2001). Our findings not only confirm the association between
physical fitness and mental health but also further clarify the

@ Springer

mechanisms underlying how physical fitness exerts this effect
on levels of mental health. To the best of our knowledge, the
present study is the first to elucidate the mechanisms underly-
ing the development of children’s mental health from a com-
prehensive physical fitness perspective. In terms of practical
implications, our model suggested that physical fitness, resil-
ience, and anxiety were associated, both directly or indirectly,
with mental health in children. It could, therefore, be postulated
that enhancing resilience and decreasing anxiety by increasing
physical fitness may be beneficial to children’s mental health.
The standard test used in Chinese schools to assess physical
fitness takes into account the development of children when
selecting which components will be assessed. Interventions
should also consider the potential associations between factors.
Wang, An, Zhang, and Yang (2019) found that jazz dance
exercise benefits students’ physical fitness, anxiety, and mental
health (Wang et al., 2019). Moreover, owing to the prolifera-
tion and ease of access to information and to the advent and
emergence of the internet at the regional and world levels
(Razavi, 2018), online game-based learning technology could
be a cost-effective approach to improve physical activity out-
comes (Belogianni et al., 2019). Recent evidence also indicates
that games implemented through social networking sites appear
to effectively enhance users’ mental health (T. M. Li, Chau,
Wong, Lai, & Yip, 2013). As previous work has suggested,
game-based learning enables children to take ownership of
their learning experience and to connect with information in a
way that traditional methods cannot (Partovi & Razavi, 2019).
Therefore, new forms of online interventions to promote men-
tal health among children are necessary during pandemics. Our
findings provide preliminary data that may guide programs
aimed at improving mental health in children, suggesting that
those activities performed during the promotion of physical
fitness that targets improving resilience and decreasing anxiety
may lead to even better mental health.

Some limitations should be noted when interpreting the
results of our study. First, our study used a cross-sectional
design, which cannot provide strong evidence for causality.
It is important to highlight that drawing a conclusion of a
causal link between variables through mediation analysis
alone is not adequate although the results herein suggest the
possibility of such a link. Therefore, longitudinal studies
should be designed to validate the findings. Second, some
variables were collected using self-reported questionnaires,
which may affect the outcomes. Future studies should mea-
sure mental health objectively, such as through neuropsycho-
logical tests. Third, our findings were obtained from a sample
population of children, and the question of whether the results
are applicable to other populations will require further testing.
However, the primary schools and the children selected for the
present study were based on previous studies designed to as-
sess models of physical fitness and mental indicators (Gu,
Zhang, Chu, Keller, & Zhang, 2019; Perez-Sousa, Olivares,
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Escobar-Alvarez, Parraca, & Gusi, 2018). Although the con-
cept of physical fitness has changed over time around the
world, its core items and components have remained similar
in different countries (Dong et al., 2020). Notably, more than
90% of the comprehensive physical fitness scores for the chil-
dren included in our study met the fitness testing standards,
which are similar to those found in Physical Activity and
Fitness in China: The Youth Study (PAFCTYS) (Zhu et al.,
2017). Nevertheless, children from other countries and differ-
ent cultures should be assessed in future studies.

Conclusion

The current study findings using a serial multiple mediation
model provided mechanistic insights into the associations
among physical fitness, resilience, anxiety, and mental health.
We found that physical fitness was significantly and positively
associated with children’s mental health. Additionally, chil-
dren with higher-level physical fitness reported greater resil-
ience and lower-level anxiety, which in turn contributed to
their mental health. Thus, physical fitness may contribute to
children’s mental health through the serial mediating effect of
“resilience-anxiety”. These findings suggest that to achieve
good mental health in children, promoting physical fitness
independent of considering resilience and anxiety may be in-
sufficient. Future study is needed to confirm these findings
and to reveal additional associations that may benefit the de-
sign of health interventions in children.
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