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Background: Much evidence has indicated that physical activity is
associated with mental health benefits, such as fewer depression symptoms.
Psychological resilience captures a broader mental health phenomenon that
may be influenced by other factors as well. Yet, there are few studies
examining the association between muscle-strengthening exercises (MSEs)
with mental health outcomes, especially positive outcomes (e.g., subjective
wellbeing). The study aimed to test the association between MSE with
subjective wellbeing and resilience among a large sample of Chinese
adolescents.

Materials and methods: A cross-sectional study was conducted among
primary and middle school students in Shenzhen, China. MSE frequency,
subjective wellbeing, and resilience were measured. Data from a total of
67,281 children and adolescents aged 10-17 years (51.9% men and 48.1%
women) were included in the analysis. Mixed effect models were performed to
assess how weekly MSE frequency (0—7 days) related to the levels of subjective
wellbeing and resilience, adjusting for potential confounding variables (e.g.,
sex and grade). Sensitivity analyses were also conducted.

Results: Compared to participants with no MSE, the levels of subjective
wellbeing were higher in those with higher MSE frequencies [range of B:
0.29 (1 day per week) to 1.98 (7 days per week)]. The frequency of MSE
was also positively correlated to better resilience [range of B: 0.50 (1 day
per week) to 440 (7 days per week)]. All associations remained significant in
sensitivity analyses.

Conclusion: More frequent MSE was associated with superior subjective
wellbeing and resilience of Chinese children and adolescents. Increasing MSE
may be beneficial for promoting positive mental health outcomes among
children and adolescents.

muscle-strengthening exercise, subjective wellbeing, resilience, adolescents,
physical activity, mental health
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Introduction

Physical activity has become one of the most significant
health-related aspects in the lives of children and adolescents
(Belcourt et al,, 2016). They are identified as closely related to
individual mental health and psychological disease of children
and adolescents (Biddle and Asare, 2011). Physical activities
have immediate and long-term health benefits at the same time.
Recently, researchers have focused on the different modalities
of physical activity and their associations with health benefits
(Moljord et al., 2014; Belcourt et al., 2016; Rhodes et al., 2017).
Among the various different modalities of physical activity,
muscle-strengthening exercise (MSE) (Buecker et al,, 2021)
is an important form of physical activity that has attracted
sufficient research interest and much evidence has confirmed the
health benefits of meeting the MSE guidelines (the guidelines
recommend that young people should do three or more times
of MSE per week). The relations between mental health and
MSE have attracted the attention of many researchers and
the public (Biddle and Asare, 2011). For example, Bennie
et al. (2019) drew data from the U.S. 2015 Behavioral Risk
Factor Surveillance System. His study stated the relation and
associations of MSE with negative symptoms severity among
adults in the United States of America. The previous studies
demonstrated that depression has been a severe problem in
modern society and has significant impacts on children’ and
adolescents’ development or adults’ lives (Cohen et al., 2014;
LaVigne et al., 2016; Warburton and Bredin, 2017). Studies
also stated that both aerobic and MSE are associated with a
lower likelihood of depressive symptoms severity (Gelaye et al.,
2016; Bennie et al, 2019). Research also stated that physical
activity is associated with indicators of sleep health (Gariépy
et al,, 2016; Werner-Seidler et al., 2017). The previous studies
identified the significant functions of physical activity and
MSE (Saunders et al., 2016; Yalcinkaya et al., 2017; Zasadzka
et al., 2021). Mental health and subjective wellbeing overlap in
concept, but can be regarded as different structures. Subjective
wellbeing is usually defined according to the overall aspects
of young people’s life wellbeing (Carson et al., 2016; Wang
et al., 2020). Some studies indicate that subjective wellbeing
is negatively correlated with emotional disorders (Liu et al,
2014) and externalizing behaviors (Andersen et al, 2017).
The latest data from the Millennium Cohort study show the
correlation between mental health problems and subjective
wellbeing of school-aged students (Hwang et al., 2021). The
concept of resilience originates from the observation of its
results (Levis et al.,, 2019): in terms of psychological resilience,
it refers to people’s health (or rapid recovery) in adversity
(Levis et al., 2019). Psychological Resilience reflects a broader
phenomenon of mental health, which may also be affected by
other factors. It refers to the ability to maintain mental health or
recover quickly after stress (Sun et al., 2021). Resilience is our
“psychological immunity,” which comes from the interaction
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in the complex and multifaceted biological psychosocial system
(Levis et al., 2019). The implication of this complex dynamic
system is that elasticity can change from time to time and from
environment to environment.

The noted evidence has suggested that participating in
more MSE would be beneficial to mental health (Gelaye et al,,
2016). Moreover, this study showed that while achieving both
aerobic activity and MSE guidelines is promising in improving
positive mental health (Plummer et al., 2016; Sun et al,, 2021),
such as health-related quality of life. But a number of limited
studies have been replicated to examine the positive mental
health benefits of MSE in adolescents (Biddle and Asare, 2011;
Bennie et al, 2020b). It is expectedly possible that young
people can gain mental health benefits from MSE. To our
knowledge, only one study is examining the association between
MSE and mental health disorders in young people. However,
concerning the relationship between MSE and positive mental
health outcomes, the relevant studies remain scanty. To fill the
gaps in this literature, it is needed to explore the association
between MSE and positive mental health outcomes in children
and adolescents.

Materials and methods

Study design and participants

The data used in the current study came from a sampling
survey performed in March 2021, and the large-scale survey was
carried out in Shenzhen, one of the developed Chinese cities.
By working with the Educational Science Research Institute
of Shenzhen, a sampling design involving multiple stages was
adopted in the present study, and local students from different
middle and primary schools in Shenzhen were included in the
study. All the schools included in the study are public schools,
and they are supervised by the Shenzhen Education Bureau
under the guidance of the Ministry of Education of the People’s
Republic of China. The inclusion criteria include (1) grade 5
or 6 students of primary schools, or grade 1 or 2 students of
junior high school, or grade 1 or 2 students of high school
(the grade 3 students of junior high schools or high school,
because they are busy with preparing for the college or high
school entrance examination, and they can’t make time for
the survey); (2) students with good reading and understanding
ability; (3) the students who are willing to take the survey after
being well informed of study details. The exclusion criteria
included the students, their guardians, or the teachers who
didn’t want them to take the survey or didn’t think it is suitable
for them to take the survey. The questionnaire was posted on
the Wenjuanxing platform,' a platform for online survey in

1 https://www.wjx.cn/, accessed on March 8, 2022.
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China. In this way, the students could conveniently fill out the
form and submit it online. The purpose and background of
the survey, and the informed consent were posted on the page
before the questionnaire was started. All student participants
and their teachers and guardians were informed of the details
of the survey. The students who were willing to take the survey
completed the form online (about 20 min to complete the form).
Each class was a survey unit and the students would fill out the
form during school time by following the instructions of their
teachers under their supervision.

In total, 78,428 questionnaires were retrieved from 135
schools. After screening the questionnaires (for example, the
questionnaires from the students who didn’t submit on time,
or the questionnaires with unidentifiable answers, or with too
many repetitive answers). A total of 67,821 valid questionnaires
were retrieved from the students aged between 10 and 17 years
used in the study. The collection of data had been approved by
the Institutional Research Ethics Board of Shenzhen University
(grant number: 2020005).

Study measures

Muscle strengthening exercise

When collecting MSE information (Bull et al., 2020) about
the students, the following questions were used: “In the last
7 days, how much time did you spend on the exercise to tone or
strengthen the muscle, such as lifting weight, sit-ups, or push-
ups?” The possible answers included: 0 = none, 1 = 1 day,
2 = 2 days, 3 = 3 days, 4 = 4 days, 5 = 5 days, 6 = 6 days,
and 7 = 7 days. The item was adopted for surveillance of
health behavior in other countries (Wiese et al., 2018). Moreover,
the item was found to show acceptable reliability for children
and adolescents with a Kappa coeflicient greater than 0.55
(Kavetsos, 2011). Identical with the guidelines of the World
Health Organization, children and adolescents who engaged in
MSE for 3 days in the last 7 days had been considered as meeting
the recommendations (Bottolfs et al., 2020).

Subjective wellbeing and resilience

Subject wellbeing is an indicator of hedonic wellbeing, and
it was measured by the Five-item Wellbeing Index developed by
the World Health Organization (Chinese version). Participants
who had positive feelings in the past 2 weeks ranged from at
no time to at all of the time on a 6-point scale. The higher the
summed scores, the greater the levels of the subjective wellbeing.
Psychometric properties of WHO-5 (Chinese version) were
confirmed among adolescents in China, with a Cronbach’s o
coefficient of 0.94 for WHO-5.

Resilience, an indicator of eudaimonic wellbeing, was
measured by the Connor-Davidson Resilience Scale (Chinese
version), also known as CD-RISC-10, which includes 10 items.
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The CD-RISC-10 includes response options and the answers are
scored from 0 to 4. Here, “0” stands for never, while “4” stands
for almost always. The higher the total score, the greater the
resilience level. The CD-RISC-10 was found to be suitable for
the survey on Chinese adolescents. The Cronbach’s a coefficient
was 0.93 for CD-RISC-10 in Chinese adolescents.

Covariates

In addition to this, we also consider some sociodemographic
factors as covariates in the further analysis, such as sex, age,
grade, parental education level, perceived family affluence, and
living with parents or not.

Statistical analysis

In the current study, all the statistical analyses were
completed using STATA (BE/17.0 version). Descriptive statistics
were used to report information on sample characteristics,
which percentage was used for categorical variables while the
mean was used for continuous variables. Two level-mixed effect
models were performed to estimate the association between
MSE and mental health indicators. Since the outcomes were
tested as a normal distribution, adjusted beta coefficient (B)
with corresponding 95% confidence intervals (95% CIs) were
described. The lowest level of MSE was set as a reference
for comparing the estimated results for outcomes to those
with higher levels of MSE. In addition, to reduce the risk of
estimation, we conducted a sensitivity analysis by stratifying
MSE, of which were (1) 0-7 days; (2) 0-2 days, 3-5 days, and
6-7 days based on the previous studies (Bennie et al., 2020b);
(3) meeting or not meeting the MSE guidelines according to the
physical activity guidelines (Bull et al., 2020).

Results

The sample consisted of 51.9% men and 48.1% women, with
amean age of 13.04 years. The proportion of participants in each
grade was 41.5, 40.3, and 18.10%, respectively. Approximately
76.2% of the participants perceived their families in middle
economic status, and 72.5% of participants were in normal body
mass index status. More than half of the participants had MSEs
for 0-2 days, namely not meeting the MSE guideline. More
detailed sample characteristics are provided in Table 1.

The association between MSE and subjective wellbeing
scores is clearly presented in Table 2. Identifying the MSE day as
a continuous variable, conducting MSE 1-7 days was positively
associated with greater subjective wellbeing scores compared to
exercise 0 day. Conducting MSE 3-5 days [B = 0.77, (0.67, 0.86)]
and 6-7 days [B = 1.58, (1.43, 1.74)], was positively associated
with greater subjective wellbeing scores compared to exercise
0-2 days when identifying exercise day as a 3 cut-offs variable.
A positive association between meeting the MSE guidelines and
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TABLE 1 Sample characteristics in this study.

Categorical variables

Proportion (%)

Sex
Male
Female
Siblings
Only child
Non-only child
Father’s educational level
Junior middle school or below
High school or equivalent
Bachelor or equivalent
Master or above
Unclear
Mother’s educational level
Junior middle school or below
High school or equivalent
Bachelor or equivalent
Master or above
Unclear
Living
Living with parents
Not living with parents
Subjective economic status
Low
Middle
High
Grade
Primary school
Junior middle school
High school
Body mass index
Normal
Overweight
Obese
Muscle-strengthening exercise days (continuous)
0 days
1 day
2 days
3 days
4 days
5 days
6 days
7 days
Muscle-strengthening exercise days (3 cut-offs)
0-2 days
3-5 days
6-7 days
Muscle-strengthening exercise guideline
Not meet
Meet
Age
Subjective wellbeing scores

Resilience scores

51.9
48.1

25.8
74.2

21.7
27.0
38.7
4.2
8.4

26.2

27.8

35.6
24
8.0

93.4
6.6

17.9
76.2
59

41.5
40.3
18.1

72.5
12.3
15.2

24.9
18.1
18.4
15.9
6.7
7.9
1.6
6.4

61.4
30.6
8.0

61.4
38.6
13.04
20.15
34.61
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TABLE 2 Results for the associations between muscle strengthening
exercise and subjective wellbeing scores.

Subjective wellbeing scores B 95%CI P-value

Muscle strengthening exercise days (continuous)

0 days Ref

1 day 0.29 0.16 0.42 0.000
2 days 0.63 0.50 0.76 0.000
3 days 0.86 0.73 1.00 0.000
4 days 120 1.01 1.38 0.000
5 days 1.37 120 1.55 0.000
6 days 1.50 1.16 1.84 0.000
7 days 1.98 1.80 2.17 0.000
Muscle strengthening exercise days (3 cut-offs)

0-2 days Ref

3-5 days 0.77 0.67 0.86 0.000
6-7 days 158 143 174 0.000
Muscle strengthening exercise guidelines

Not meet Ref

Meet 093 0.84 1.02 0.000

B, beta coefficient; CI, confidence interval; Ref, reference group.

TABLE 3 Results for the associations between muscle strengthening
exercise and resilience scores.

Resilience scores B 95%CI P-value

Muscle strengthening exercise days (continuous)

0 days Ref

1 day 0.50 0.32 0.69 0.000
2 days 124 1.05 142 0.000
3 days 1.78 1.58 197 0.000
4 days 2.54 228 280 0.000
5 days 2.82 257 3.07 0.000
6 days 332 283 3.80 0.000
7 days 440 4.13 4.66 0.000
Muscle strengthening exercise days (3 cut-offs)

0-2 days Ref

3-5 days 164 151 1.78 0.000
6-7 days 3.60 3.38 3.83 0.000
Muscle strengthening exercise guidelines

Not meet Ref

Meet 2.04 191 217 0.000

B, beta coefficient; CI, confidence interval; Ref, reference group.

greater subjective wellbeing scores [B = 0.93, (0.84, 1.02)], was
observed compared to not meeting MSE guidelines.

It is shown clearly in Table 3 that conducting MSE 1-7 days,
when exercise day was identified as a continuous variable, was
positively associated with greater resilience scores compared
to exercise 0 day. When identifying MSE day as a 3 cut-offs
variable, conducting MSE 3-5 days [B = 1.64, (1.51, 1.78)] and
6-7 days [B = 3.60, (3.38, 3.83)], was positively associated with
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the greater resilience scores compared to conducting exercise 0-
2 days. A positive association between meeting MSE guidelines
[B=2.04, (1.91,2.17)] and greater resilience scores was observed
when compared to not meeting MSE guidelines.

Discussion

The present study investigated the associations of MSE
with subjective wellbeing and resilience in children and
adolescents from an urban city in China. We mainly found
that more participation in MSE was favorably associated with
subjective wellbeing and resilience scores in children and
adolescents in this study. To our knowledge, our study is
the very one first to explore whether MSE or not would
be associated with better subjective wellbeing and resilience
in children and adolescents. This study can advance the
knowledge in mental health promotion. The below presents
detailed discussions on the association between MSE and mental
health indicators.

The previous study conducted that resistance training
can effectively improve all areas of positive mental health
(Bennie et al,, 2019). Similarly, data showed that the mental
health status of the strength training group was significantly
improved after 12 weeks compared with the control group (Yu
et al,, 2021). Contrary to the results of current studies, some
studies have pointed out that resistance training is effective in
improving positive mental health (Kjaer, 1992; Smith et al,
2014; Yeatts et al,, 2017). In addition, the previous studies have
confirmed the positive association between physical activity
and subjective wellbeing (Lubans and Cliff, 2011; Ortega et al,,
2012; Rodriguez-Ayllon et al,, 2018). In addition to this, there
has been evidence suggesting sufficient physical activity role
in promotion resilience in children and adolescents (Bottolfs
et al., 2020). Such a research finding is replicated in other
studies (Skrove et al, 2013; Moljord et al., 2014). Although
evidence concerning the association between sufficient physical
activity and subjective wellbeing and resilience is, at present
relatively, the art of state in the literature can support the
desirable effects of physical activity in improving mental
health wellbeing indicators in children and adolescents. The
above evidence can collectively support the current study.
The sensitive analysis indicated that MSE was positively with
both subjective wellbeing and resilience scores irrespective
of cut-offs for the independent in children and adolescents.
This result suggests that any increases in MSE would be a
contributor of better mental health indicators. Because MSE
is a specific type of physical activity, it is expected that MSE
can play a similar role of physical activity, in terms of positive
mental health promotion. In this regard, it would seem that
promoting MSE for children and adolescents is a feasible
approach for mental health interventions. Our study results
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maintain this expectation and provide cross-sectional evidence.
Based on our research finding, it would be possible to increase
positive mental health through MSE promotion in children
and adolescents.

However, to better explain the association between MSE and
subjective wellbeing and resilience, some possible underlying
mechanisms can be proposed but need further supportive
evidence. First of all, participation in physical activity can
enhance adolescents” wellbeing (Biddle and Asare, 2011). As
MSE is a specific kind of physical activity, it is reasonable
that participating in more MSE can enhance the mental
wellbeing outcomes, such as subjective wellbeing and resilience.
Another explanation is that MSE has been found to be
negatively associated with mental health disorder indicators.
For example, some observational studies have revealed an
association between MSE and depression (Bennie et al,
2019, 2020a,b; Yu et al, 2021). Since mental wellbeing
outcomes are conversely associated with the mental disorder
indicators, it is sensible that MSE reduces the odds of
mental disorder indicators, which in turn increase scores
of mental wellbeing outcomes. However, this explanation
needs further studies to examine, especially mediation studies.
From the perspective of fitness promotion, participating in
MSE at sufficient intensity can improve health-related fitness
(i.e., muscular fitness), which may be necessary to induce
neurobiological adaptations. According to the cross-stressor
adaptation (CSA) hypothesis (Kjaer, 1992), participants who
regularly engage in MSE have a higher response similar
to that following exposure to a psychosocial stressor (i.e.,
increase in heart rate, respiration, and blood cortisol).
The CSA hypothesis posits that the beneficial adaptation
of the hypothalamic-pituitary-adrenocortical axis and the
sympathoadrenal medullary system during physical exercise can
generalize to psychosocial stressors and may improve positive
mental health (Miicke and Ludyga, 2018).

Moreover, multiple studies using various muscle strength
indices have linked MSE with mental health symptoms.
It has been suggested that MSE may have unique mental
health benefits for adolescents (Biddle and Asare, 2011; Smith
et al, 2014; Yeatts et al, 2017). A recent study found
that absolute upper- and lower-body muscular strength was
positively associated with self-esteem in a small sample of
overweight/obese children (Rodriguez-Ayllon et al, 2018).
In another study involving adolescents, MSE was found to
be positively associated with physical self-perceptions (i.e.,
perceived appearance and sports competence) (Lubans and Cliff,
2011), which are known to generalize to global self-esteem. The
relationship between handgrip strength and perceived stress
was dose-dependent for both sexes. Low handgrip strength
was associated with poor mental health among boys (Hwang
et al,, 2021). These positive relationships support that MSE can
improve the mental health through the better physical fitness
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levels. Powerful evidence for the benefits of MSE for mental
health can be observed in a 24-year longitudinal study involving
more than one million male adolescents (16-19 years) (Ortega
etal, 2012). Another longitudinal study involving middle school
students revealed that higher levels of physical fitness, such as
MSE, were associated with improved mental health (i.e., lower
levels of depression, peer rejection, loneliness, internalizing
symptoms as well as higher levels of adaptive functioning,
externalizing symptoms, self-worth, and perceived competence)
(LaVigne et al., 2016).

Study limitations and strengths

A key limitation is that the cross-sectional design limits
inferences of causality for the association between MSE and
mental outcomes. Longitudinal and experimental evidence
related to this topic is scarce and future studies should adopt
the longitudinal and experimental design to examine the
findings from cross-sectional studies. Due to the age range
of 10-17 years involved in this study, there may be some
limitations. A further limitation concerns the measurement
of MSE. Following the recommendation raised by the WHO,
which only focuses on the frequency of MSE, we did not capture
other aspects of MSE, such as duration and type. However,
these factors might affect the association between the frequency
of MSE and health outcomes. Future studies are encouraged
to investigate more information about MSE and its potential
health benefits. As for the strengths of this study, the large
sample size is notable. More importantly, considering that most
studies that aimed to examine the relationship between physical
activity and mental health outcomes used negative outcomes
or psychological symptoms (e.g., depression and anxiety), we
set positive mental health indicators as the outcomes, which
add new evidence to the existing knowledge base from another
perspective. Meanwhile, in addition to demographic factors,
depression and anxiety scores were adjusted in the models
to better clarify the relationship between MSE and positive
mental health outcomes. Besides, it should be noted that
we used reliable and valid questionnaires to measure the
mental outcomes.

Conclusion

Among a large sample of Chinese children and adolescents,
the weekly frequency (days) of MSE was associated with a
higher level of subjective wellbeing and resilience. Although
longitudinal and experimental studies are needed to better
verify the association, our preliminary evidence suggests that
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at least 1 day of MSE might be related to improved positive
mental health outcomes. Hence, MSE deserves more attention in
physical activity programs targeted at children and adolescents.
These findings highlight an urgent unmet need in future
MSE public health intervention for children and adolescents.
Moreover, the benefits of MSE on mental health may also be
emphasized in health education.
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