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Background: High working pressure is one of the main causes of occupational
sub-health problems in scientific and technological professionals. With the
development of exercise psychology, an increasing number of scholars have
begun to focus on the influence of exercise on mental health. However, a limited
number of scholars have investigated the effects of exercise on mental health and
related mechanisms among scientific and technological professionals. Thus, this
study aimed to investigate the relationship between exercise and the mental health
of scientific and technological professionals and the mediating roles of stress,
resilience, and social support.

Methods: The respondents in this study were recruited using snowball sampling
techniques and finally collected a total of 1,248 valid responses. Questionnaires
were distributed through “www.wjx.cn (An online questionnaire website in China,
which provides similar functions with Amazon MTurk)” in Henan province from
November to December 2021. Participants were asked to complete the Positive
Mental Health Scale, the stress subscale of the Depression Anxiety and Stress
Scale (21 items), the Connor—Davidson Resilience Scale, and the Perceived Social
Support Scale. A total of 1,248 valid responses were obtained.

Results: The mean exercise time of males was longer than that of females
(t =3.65, p < 0.01). Exercise and mental health were significantly associated with
differences in age (F = —8.57, F = —4.66, p < 0.01) and educational background
(F=12.86,F = 7.14, p < 0.01). There were significant correlations among exercise,
mental health, stress, resilience, and social support (p < 0.01). The direct effects
of exercise on mental health were significant (8 = 0.271, t =9.577, p < 0.001), and
the mediating effects of stress, resilience, and social support were also significant
(x2/df = 4.72, CFI = 0.940, TLI = 0.935, SRMR = 0.048, RMSEA = 0.055).

Conclusion: This study explored the effects of exercise on mental health and
related mechanisms among scientific and technological professionals, which is
beneficial to providing effective suggestions for managing and preventing the
mental health of scientific and technological professionals. Future research should
include a wider range of participants and adopt a longitudinal follow-up design to
more deeply investigate the relationship between exercise and the mental health
of scientific and technological professionals.

exercise, mental health, stress, resilience, social support, scientific and technology
workers
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1. Introduction

Scientific and technological workers master systematic
knowledge of relevant majors in the field of natural sciences.
They are engaged in the research, development, dissemination,
popularization, application, and auxiliary work of science and
technology, and they are specialized in the management of science
and technology. They mainly include engineering technicians,
health technicians, agricultural technicians, scientific researchers,
and teaching staff (1). As the main individuals responsible for
scientific and technological innovation in China, they solve
relevant developmental problems in their respective fields.
Working overtime, sitting for long periods, exercising too little,
and overworking have become normal phenomena at work (2).
Surveys have shown that Chinese scientific and technological
professionals work long hours with high intensity and high
pressure and have poor mental health (3).

Among the various factors affecting individual mental health,
the positive effects of physical activity have received increasing
attention and recognition (4). Exercise can eliminate fatigue,
strengthen the body, enhance immunity, and provide many
benefits to physical health. Moreover, many studies have shown
that physical exercise is significantly associated with mental
health (5-8). For example, the British government consistently
recommends regular physical activity to maintain and improve
physical and mental health (9). As a group engaged in mental
work for long periods, the specific situation of the way,
type, and time of participating in exercise remains unclear in
scientific and technology workers. Furthermore, the mechanism
by which exercise affects mental health has not been empirically
studied sufficiently.

Researchers have shown that individuals can develop positive
psychological qualities such as self-efficacy, confidence, and
resilience when participating in physical activities (4). Exercise
could strengthen immunity, reduce stress hormone levels as well
as muscle tension, and could produce an anti-anxiety effect (7).
Insufficient exercise, and engaging in avoidance behaviors, all
of which can exacerbate or increase the risk of chronic health
conditions (8). Exercise can both reduce negative symptoms and
increase positive symptoms of mental health (10). In fact, when
people engage in less physical activity, they experience an increase
in depression, anxiety, and stress (8). Some scholars have posited
that physical exercise can directly improve individual mental health
and play a mediating role by enhancing self-efficacy and indirectly
affecting individual mental health (5). This suggests that there is
more than one pathway between exercise and mental health and
that it warrants additional exploration. Thus, this study investigated
the potential mediating variables of stress, psychological resilience,
and perceived social support in the relationship between exercise
and the mental health of scientific and technological workers.

1.1. Exercise and mental health

Numerous studies have been conducted on the relationship
between exercise and mental health. Weinstein et al. (11)
comprehensively analyzed 19 studies on the influence of exercise
withdrawal on mental health and showed that exercise withdrawal
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continuously led to an increase in depressive symptoms and
anxiety, and experimentally-controlled exercise withdrawal had
adverse effects on mental health. Some researchers have also noted
that physical activity may help prevent depression, anxiety, and
stress disorders, suggesting that it should be used as an auxiliary
part of the treatment of psychological problems (12). Moreover,
in a large representative sample of 11,110 European adolescents,
researchers found that physical activity levels and participation
in physical activity tended to predict higher levels of well-being
(13). Fluetsch et al. (14) further posited that exercise is a means of
improving mental health and happiness.

In China, scholars have widely confirmed that exercise
promotes mental health. Some studies have found that even during
the COVID-19 pandemic, physical exercise promoted individual
mental health (15). There is sufficient evidence to confirm that
physical exercise has a positive impact on mental health and
well-being both among students and the elderly (4, 5, 16).
Moreover, many studies have shown that exercise can effectively
reduce patients symptoms of depression and anxiety, improve
life satisfaction, alleviate cognitive decline, and promote mental
health (10). Based on the existing research, we developed the
following hypothesis:

Hpypothesis 1: Exercise will have a positive effect on the mental
health of scientific and technological professionals.

1.2. Mediation effects of stress

Stress is a physiological and emotional response to threatening
and disturbing events. Scholars have found that long-term exposure
to stress may result in serious physical and psychological problems
(17). When individuals are under high pressure, their physical
and mental health is compromised (18). Studies in the field
of mental health have shown that both short- and long-term
physical exercise can alleviate the negative emotional state caused
by stress (19) and help individuals overcome stress, serving as
a protective mechanism against the impact of negative stress on
health (17). According to Lazarus pressure interaction model,
the stress of science and technology professionals is based on
the cognitive explanation of the working environment, and the
exercise environment is conducive to the individual’s physical and
mental relaxation (20). Additionally, according to the American
Heart Association, physical exercise can improve the physical
and mental quality of life, thereby reducing overall negative
stress (17). Therefore, we developed the following mediation
model hypothesis:

Hypothesis 2: Stress will have an indirect negative effect on the

relationship between exercise and the mental health of scientific
and technological professionals.

1.3. Mediation effects of resilience
Resilience plays an important role in helping individuals
obtain mental health and reduce negative factors. Resilience is

a personality trait that can provide relatively stable individual
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mental health protection (21). Researchers have found that physical
exercise can increase the resilience of individuals facing pressure
and reduce the incidence of mental illnesses (22). The formation
and development of individual resilience benefits from the positive
effects of protective factors and is also influenced by negative
factors. According to the resiliency model, the presence of
biopsychospiritual homeostasis within an individual is influenced
by adversity, life events, and protective factors (23). Physical
exercise is a protective factor that promotes the development of
individual resilience, which helps individuals enhance their control
over their bodies, improve their sense of exercise self-efficacy, and
improve their sense of control and value. Resilience is important
internal resource for reducing individual risk factors, which is
more conducive to improving psychological resilience levels (16).
Therefore, we formed the following mediation model hypothesis:

Hpypothesis 3: Resilience will have an indirect positive effect
on the relationship between exercise and the mental health of
scientific and technological professionals.

1.4. Mediation effects of social support

Social support refers to material or psychological support that
individuals can obtain from others through social contact (24).
Numerous studies in exercise psychology have shown that regular
participation in physical activities can not only increase social
networks but are also a useful way to enhance social support (25).
Sports are usually performed by several people at the same time.
The establishment and maintenance of relationships in sports not
only promotes the persistence of sports behaviors but also provides
various forms of social support to help individuals solve various
psychological and behavioral problems and promote mental health
(10). Studies have also verified the social interaction hypothesis,
which holds that physical exercise, as a social activity, helps to
increase interpersonal communication and enhance individuals’
social support, and the enhancement of social support contributes
to the improvement of mental health (24). Therefore, we formed
the following mediation model hypothesis:

Hypothesis 4: Social support will have an indirect positive effect
on the relationship between exercise and the mental health of
scientific and technological professionals.

In sum, this study aimed to explore the effect of exercise on mental
health and its mechanisms among scientific and technological
professionals in Henan Province, China. The hypothesized model
is illustrated in Figure 1.

2. Materials and methods

2.1. Participants

This study used convenience sampling. The participants were
recruited from the cities of Henan Province, in which there are
various industries. Before the investigation, all participants were
informed of the purpose of the research, relevant precautions for
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filling out the questionnaire, and the principle of confidentiality.
After obtaining consent, data were collected through “www.wjx.cn
(An online questionnaire website in China, which provides
similar functions with Amazon MTurk)” from November to
December 2021. A total of 1248 questionnaires were distributed.
After excluding five questionnaires with missing values, 1243
questionnaires were obtained (effective response rate of 99.6%),
well beyond the structural equation modeling standard of at least
10:1 or 15:1 samples and observed variables (26). Participants
included 634 males (51%) and 609 females (49%) with an average
age of 39.68 + 7.93 years (range, 19-64 years); 981 (78.9%)
participants were 45 years old and below, and 261 (21.1%) were
46 years old and above; 599 (48.2%) participants had a doctoral
degree, 405 (32.6%) had a master’s degree, and 239 (19.2%) had
a bachelors degree or below. The study design was approved
by Henan University, and the participants were approved by the
Ethical Review Board of the Institution of Psychology and Behavior,
and the number of ethical approval is 20211015002.

2.2. Measures

2.2.1. Mental health

Mental health was assessed using the Positive Mental Health
Scale developed by Lukat et al. (27). The scale is an easy-to-use
tool to assess positive mental health and measure the internal and
external factors of positive mental health. The scale has a single
factor structure and contains nine items measured on a 4-point
Likert scale ranging from 1 (incorrect) to 4 (correct). The higher
the score, the higher is the level of positive mental health. In
various groups, the PMH-Scale showed a unidimensional structure,
good test-retest reliability, internal consistency, convergent and
discriminant validity (27). For this scale, the Cronbachs alpha
coefficient was 0.95.

2.2.2. Stress

Stress was assessed using the stress sub-scale of the Depression
Anxiety and Stress Scale (21 items; DASS-21), which is is a
simplified version of the DASS (28). The scale includes three
subscales of depression, anxiety, and stress, with seven items each.
Studies have shown that the DASS-21 has the same stable factor
structure and good reliability and validity as the full version of
the DASS, and it is more suitable for rapid screening in scientific
research and clinical practice. Items describe a person’s recent (“in
the past week”) negative emotional experiences or corresponding
physiological reactions. The 21 items are measured on a 4-point
Likert scale ranging from 0 (not at all agree) to 3 (completely agree).
The higher the score, the more intense the negative emotional
experience. Composite reliability of the stress sub-scale was 0.76,
which has stable psychometric properties (28). In this study, the
Cronbach’s alpha coefficient for the stress sub-scale was 0.93.

2.2.3. Resilience

Resilience was assessed using a simplified version of the
Connor-Davidson Resilience Scale (CD-RISC). The simplified
version was developed by Campbell-Stlls and Stein (29), and the
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Hypothesized conceptual model

Chinese version was translated and revised by Li et al. (30). The
scale includes 10 items measured on a 5-point Likert scale ranging
from 1 (never) to 5 (almost always). The total score is calculated
by adding the scores for each item. The higher the total score, the
better the resilience. Confirmatory factor analysis showed that the
model fit of the mental toughness scale was good: ¥2/df = 1.87, TLI
= 0.935, CFI = 0.918, SRMR = 0.036, RMSEA = 0.069, indicating
that the scale had good structural validity (30). For this scale, the
Cronbach’s alpha coeflicient was 0.95.

2.2.4. Social support

Social support was assessed using the Chinese version of the
Perceived Social Support Scale (PSSS) (31). The scale includes three
dimensions: family support (3, 4, 8, 11), friend support (6,7, 9, 12),
and other support (e.g., leadership, colleagues) (1, 2, 5, 10). The
12 items are measured on a 7-point Likert scale ranging from
1 (strongly disagree) to 7 (strongly agree). The total score is
aggregated from all items to reflect the total level of perceived
social support. We slightly modified the presentation of the “other
support” dimension. For example, in the first item, “When I have
a problem, some people (leaders, colleagues, relatives) will come
to my side” was changed to “when I have a problem, leaders or
colleagues will come to my side.” For this scale, the Cronbach’s
alpha coefficient was 0.94.

2.3. Data analysis

SPSS 26.0, AMOS24.0, and the PROCESS plug-in were used
to test hypotheses. First, SPSS 26.0 was used to analyze the
demographic differences in exercise and mental health among
scientific and technological professionals by T-test and analysis
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of variance. Second, Pearson’s correlation analysis was performed
to test the correlations between variables. Third, we tested
the postulated hypotheses using PROCESS and AMOS 24.0
by structural equation modeling and linear regression analysis.
Specifically, we tested the path coefficients about hypotheses by
AMOS 24.0, and calculated the percentage of mediating effect
by PROCESS.

3. Results

3.1. Demographic characteristics

Table 1 presents the demographic, exercise, and mental health
information of participants. The results indicated a significant
difference in the exercise scores (t = 3.65, P < 0.01) between
men and women; compared to women, men exercised longer.
Additionally, there were significant differences in exercise time (¢
= —8.57, P < 0.01) and mental health (t = —4.66, P < 0.01) by age,
with the scores of those aged 46 and above significantly higher than
those aged 45 and below. We also found significant differences in
exercise time (F = 12.86, P < 0.01) and mental health (F = 7.14, P
< 0.01) by education; participants with doctor’s or master’s degrees
had lower scores than those with the highest degree of bachelor’s.

3.2. Correlations

Pearson’s correlation analysis was performed to test the
correlations between variables. The results of the correlation
analysis are presented in Table 2. Exercise time was positively
correlated with mental health, resilience, and social support and
negatively correlated with stress (all P < 0.01). Resilience and social
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TABLE 1 Descriptions among demographic characteristics.

Variables Categories Exercise time Mental health
x=ts t/F xts
Gender Male (n = 634) 1.93 +£0.89 3.65™* 3.02+0.67 0.51
Female (n = 609) 1.754+0.83 3.00 £ 0.68
Age 45 years old and below (n = 981) 1.72 £ 0.81 —8.57** 2.96 + 0.67 —4.66™*
46 years old and above (n = 262) 227 £0.94 3.18 £0.65
Education Doctorate (n = 599) 1.75 4+ 0.83 12.86™* 2.96 +0.67 7.14**
Master’s (n = 405) 1.83 +0.88 3.00 + 0.68
Bachelor’s or below (1 = 239) 2.08 £0.91 3.15+0.64
LSD post hoc test on education: Doctor, Master< Bachelor and below.
*P < 0.05,*P < 0.01.
TABLE 2 Correlation of research variables.
Variables M £ SD 1 2 3 4 5 6 7
1. Gender 1.49 £ 0.50 1
2. Age 39.68 +7.93 —0.09** 1
3. Education 1.71 £0.77 0.12%* 0.29** 1
4. Exercise time 1.84 +£0.87 —0.10™* 0.27** 0.14** 1
5. Mental health 3.01 £0.67 —0.02 0.10* 0.10** 0.29"* 1
6. Stress 2.09 £+ 1.44 —0.07* 0.05 —0.09** —0.23** —0.50** 1
7. Resilience 3.79£0.72 —0.09** 0.11% 0.09%* 0.21* 0.56™ —0.36™* 1
8. Social support 490 £ 1.12 —0.05 —0.04 0.07** 0.17* 0.51% —0.28** 0.47**

Gender: male = 1, female = 2; Education: doctor = 1; master’s degree = 2; bachelor’s degree and below = 3. Exercise time: almost no exercise behavior = 1; exercise for 0-30 min a day = 2;
exercise for 30-60 min a day = 3; exercise for at least 60 min/day = 4.
*P <0.05,*"P < 0.0L

support were positively correlated with mental health, whereas

stress was negatively correlated with mental health (all P < 0.01).
Stress.
0.26™ 0.47"
3.3. Mediation effects of stress
The results showed that exercise time had a significant Exercise time. RN Mentalhealth.
predictive effect on mental health (8 = 0.271, t = 9.577, P < 0.001), L

and the predictive effect of exercise time on mental health was FIGURE 2

still significant after adding mediating variables (8 = 0.156, t = Results of the mediation effect of stress.

6.068, P < 0.001). Exercise time had a significant predictive effect
on stress (8 = —0.247, t = —8.646, P < 0.001), and stress had
a significant predictive effect on mental health (8 = —0.464, t
= —18.682, P < 0.001). All standardized path coeflicients were

significant, indicating that exercise time predicted mental health
directly and through the mediating effect of stress. The direct
(0.121) and mediating (0.089) effects accounted for 57.65% and
42.35% of the total effect (0.210), respectively (Figure 2). Therefore,
Hypotheses 1 and 2 were supported.

3.4. Mediation effects of resilience

The results showed that exercise time had a significant
predictive effect on mental health (8 = 0.271, t =9.577, P < 0.001),
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and the predictive effect of exercise time on mental health was
still significant after adding mediating variables (8 = 0.176, t =
7.232, P < 0.001). Exercise time had a significant predictive effect
on resilience (8 = 0.182, t = 6.302, P < 0.001), and resilience
had a significant predictive effect on mental health (8 = 0.523,
t = 22.131, P < 0.001). All standardized path coeflicients were
significant, indicating that exercise time predicted mental health
directly and through the mediating effect of resilience. The direct
(0.136) and mediating (0.074) effects accounted for 64.95% and
35.05% of the total effect (0.210), respectively (Figure 3). Therefore,
Hypotheses 1 and 3 were supported.
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FIGURE 3
Results of the mediation effect of resilience.

Social*support.

Exercisetimes Mentalhealtho

0.277-0.19"

FIGURE 4
Results of the mediation effect of social support.

3.5. Mediation effects of social support

The results showed that exercise time had a significant
predictive effect on mental health (8 = 0.271,t =9.577, P < 0.001),
and the predictive effect of exercise time on mental health was
still significant after adding mediating variables (8 = 0.187, t =
7.507, P < 0.001). Exercise time had a significant predictive effect
on resilience (8 = 0.174, t = 5.994, P < 0.001), and resilience
had a significant predictive effect on mental health (8 = 0.476,
t = 19.715, P < 0.001). All standardized path coeflicients were
significant, indicating that exercise time predicted mental health
directly and through the mediating effect of resilience. The direct
(0.146) and mediating (0.064) effects accounted for 69.38% and
30.62% of the total effect (0.210), respectively (Figure 4). Therefore,
Hypotheses 1 and 4 were supported.

3.6. Mediation effects of stress, resilience,
and social support

To further explore the mediating effects of stress, resilience,
and social support on the relationship between exercise time and
mental health, AMOS was used to establish a structural equation
model to further test the mediating effect. The results are shown
in Figure 5. For simplicity, the control variables and residual term
are not presented. The fit index met the following standards:
Xz/df:4.72, CFI = 0.940, TLI = 0.935, SRMR = 0.048, and
RMSEA = 0.055.

The results showed that the mediating effect included three
indirect effects: indirect effect 1, exercise time — stress — mental
health, the mediating effect of stress accounted for 26.80% of the
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FIGURE 5
Results of the mediation effect of stress, resilience, and social
support.

TABLE 3 Results of the mediation effect of stress, resilience, and social
support.

Effect BootSE Boot Boot Rate
LLCI ULCI
Total effect 0.21 0.02 0.17 0.25 100.00%
Direct effect 0.08 0.02 0.04 0.11 35.77%
Indirect effect 0.13 0.02 0.1 0.17 64.23%
Stress 0.06 0.01 0.04 0.07 26.80%
Resilience 0.04 0.01 0.03 0.06 20.12%
Social support 0.04 0.01 0.02 0.05 17.31%

total effect; indirect effect 2, exercise time — mental resilience —
mental health, the mediating effect of mental resilience accounted
for 20.12% of the total effect; indirect effect 3, exercise time —

social support — mental health, the mediating effect of social
support accounted for 17.31% of the total effect. Additionally,
the upper and lower bounds of the confidence intervals of the
direct and indirect effects did not contain 0 (Table 3), showing
that exercise predicted mental health directly and through the
mediating effects of stress, resilience, and social support. Direct
and indirect effects accounted for 35.77 and 64.23% of the total
effects, respectively.

4. Discussion

As high working pressure is one of the main causes
of occupational sub-health of scientific and technological
professionals, this study examined the relationship between
physical exercise and mental health among scientific and technical
workers, with stress, resilience, and perceived social support as
mediators. The results show that exercise predicts mental health
directly and through the mediating effects of stress, resilience, and
social support. These results emphasize the importance of exercise
for the mental health of scientific and technological professionals.

There was a difference in exercise time based on gender, with
men spending significantly more time exercising than women. This
finding is consistent with previous studies conducted in different
cultures, which have shown that men overwhelmingly participate
in more intense physical activity than women (10, 32, 33). In
addition, there was a difference in exercise times and mental health
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levels based on age, with workers over 45 years old scoring higher
than those 45 years old and younger. Studies have found that
science and technology workers often work overtime, lack exercise,
work irregular hours, and lack rest, which are likely to cause
psychological problems and great mental health risks (1). However,
young scientific and technological workers are more prominent (3).
Moreover, in terms of educational background, the exercise time
and mental health of participants with a PhD were lower than those
with master’s or bachelor’s degrees. We suspect that this may be
because they are under greater pressure due to academic activities,
such as paper publications and grant applications (3).

The results of this study show that exercise can positively
predict mental health, which is consistent with previous studies.
Habibzadeh (17) claimed that physical activity can improve general
health and happiness. The current study shows that the effect
of exercise on the mental health of science and technology
professionals is generated through three mediating pathways:
stress, resilience, and social support.

Exercise can indirectly affect the mental health of scientific and
technological professionals by relieving their stress. As proposed in
previous studies (17-19), exercise can be used as an intervention
to relieve stress, regulate negative emotions, and promote mental
health. In addition, exercise can indirectly affect the mental health
of scientific and technological professionals by the mediating effect
of resilience. Researchers have found that physical exercise is a
protective factor that promotes the development of individual
resilience (16). Finally, exercise can indirectly affect the mental
health of scientific and technological professionals through social
support. This finding is consistent with the results of previous
studies. For example, Li (10) found that exercise promoted mental
health by providing social support, improving exercise experience,
and promoting a series of physiological changes. Social support
can provide people with a sense of security, belonging, and self-
worth and is an important external resource affecting mental
health (24). Exercise can help individuals establish interpersonal
relationships and obtain social support, thus achieving the effect of
promoting mental health. It is worth noting that stress, resilience,
and social support can simultaneously mediate the relationship
between exercise and mental health.

4.1. Theoretical implications

This study has certain theoretical implications. We explored the
mechanisms in the relationship between exercise and the mental
health of scientific and technological professionals. Research on
exercise and mental health has largely focused on students, and
a limited number of scholars have investigated this topic among
scientific and technological professionals.

4.2. Practical implications

This study also has practical implications. The results highlight
the importance of exercise, which implies the necessity of caring for
science and technology workers. As the main body of science and
technology innovation, the mental health of science and technology
workers is of great concern. The results can be helpful for managers
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in developing effective and reasonable management systems,
providing a supportive environment, and thereby improving the
mental health level of scientific and technological workers. The
relationship between exercise and mental health suggests that
exercise may be related to the promotion of mental health
among science and technology workers. Exercise can relieve stress,
improve psychological resilience, and increase social support,
thereby affecting mental health. Therefore, exercise can be used as
an effective intervention to improve mental health and promote the
improvement of mental health of science and technology workers.

4.3. Limitations and future research

This study had some limitations. First, all the scales used in
this study were self-report, that may have resulted in self-report
bias. A combination of self-report and more objective evaluations
(e.g., behavioral, situational) should be adopted in future research
to enhance the objectivity of the data. Second, the participants were
science and technology workers in a single province, and the sample
representativeness was limited, that may not be generalizable to
other populations. In future research, data should be collected
from different regions of different industries. Finally, the study
used a cross-sectional design, so causal relationships could not
be determined. Future studies should use a longitudinal design to
further explore the causal relationship between exercise and mental
health of science and technology professionals. Besides, limited
number of variables were studied to explore the relations between
exercise and mental health. In future studies, more variables should
be considered, and the moderated variables are necessary to be
evaluated as well.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed
and approved by Henan University Institutional Review Board.
All relevant ethical safeguards have been met in relation to
patient or subject protection, or animal experimentation. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

YL and KW are the principal investigators for the study,
generated the idea, and designed the study. SW and KW were
the primary writers of the manuscript and approved all changes.
SW, KW, and TD supported the data input and data analysis.
TD and KW supported the data collection. All authors were
involved in developing, editing, reviewing, and providing feedback
for this manuscript and have given approval of the final version to
be published.

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1074418
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Wu et al.

Acknowledgments
We are grateful for the support from our families.
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.

References

1. Ming Z, Wang Y, Chen Z. Mental health literacy of scientific and technological
professionals: present status and analysis. Sci Technol Rev. (2019) 37:9-17.
doi: 10.3981/j.issn.1000-7857.2019.11.002

2. Zhang J, He G, Xue S. Scientific and technological workers-An empirical
analysis based on the survey in Beijing. Forum Sci Technol China. (2021) 05:147-
55. doi: 10.13580/j.cnki.fstc.2021.05.016

3. Zhao Y, Shi C, Xu Y, Huang Z. The change of scientific personnel’s
occupational ~ burn-out and its influencing factors. Sci  Soc.  (2020)
01:62-75. doi: 10.19524/j.cnki.10-1009/g3.2020.01.062

4. Li M, Ren Y, Yang J, Lei X. Influence of physical activities on social anxiety of
left-behind children in rural area: mediating role of psychological capital. Chin J Clin
Psychol. (2020) 28:1297-300; 1296. doi: 10.16128/j.cnki.1005-3611.2020.06.045

5. Lu X, Wang K. Influence of extracurricular physical exercise on psychological
capital, psychological health and social adaptability of college students. Chin J Sch
Health. (2019) 40:392-5. doi: 10.16835/j.cnki.1000-9817.2019.03.021

6. Jiang Y, Zhang L, Mao Z. Physical exercise and mental health: the effect of
emotion regulation self-efficacy and emotion regulation strategy. Stud Psychol Behav.
(2018) 16:570-6. doi: 10.3969/].issn.1672-0628.2018.04.020

7. Maung TM, Jain T, Madhanagopal J, Naidu SRLR, Phyu HP, Oo WM. Impact
of aerobic and strengthening exercise on Quality of Life (QOL), mental health and
physical performance of elderly people residing at old age homes. Sustainability. (2022)
14:10881. doi: 10.3390/5u141710881

8. Yew JM, Kueh YC, Norsa'adah B, Leong FW, Tang HY, Kuan G. A path model of
the relationship between mood, exercise behavior, coping, and mental health among
malaysians during the COVID-19 pandemic. Int | Environ Res Public Health. (2022)
19:5939. doi: 10.3390/ijerph19105939

9. Diamond R, Waite F. Physical activity in a pandemic: a new treatment target for
psychological therapy. Psychol Psychother. (2021) 94:357-64. doi: 10.1111/papt.12294

10. Li C, Jia H, Zuo J. Effects, mechanisms and prospects of exercise
promoting mental health. China Sport Sci  Technol. (2015) 51:132-
9. doi: 10.16470/j.csst.2015.01.016

11. Weinstein AA, Koehmstedt C, Kop WJ. Mental health consequences of
exercise withdrawal: a systematic review. Gen Hosp Psychiatry. (2017) 49:11-
8. doi: 10.1016/j.genhosppsych.2017.06.001

12. Ashdown-Franks G, Sabiston CM, Stubbs B. The evidence for physical activity
in the management of major mental illnesses: a concise overview to inform
busy clinicians’ practice and guide policy. Curr Opin Psychiatry. (2019) 32:375-
80. doi: 10.1097/YCO.0000000000000526

13. Tyson P, Wilson K, Crone D, Brailsford R, Laws K. Physical activity

and mental health in a student population. ] Ment Health. (2010) 19:492-
9. doi: 10.3109/09638230902968308

14. Fluetsch N, Levy C, Tallon L. The relationship of physical activity
to mental health: a 2015 behavioral risk factor surveillance system data

analysis. ] Affect Disord. (2019) 253:96-101. doi: 10.1016/j.jad.2019.
04.086
15. Xie D, Yang Y, Cheng L. The impact of home quarantine
and physical exercise on mental health during COVID-19. Chin ]
Clin  Psychol. (2021) 29:1343-7.  doi: 10.16128/j.cnki.1005-3611.2021.
06.045

16. Yang J, Ren Y, Li Y, Tang S. The influence of physical exercise on the
spiritual well-being of the elderly: the mediator role of psychological resilience.
Chin J Clin Psychol. (2021) 29:191-4; 208. doi: 10.16128/j.cnki.1005-3611.2021.
01.039

Frontiersin Public Health

08

10.3389/fpubh.2023.1074418

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of
their those of the publisher,
the editors and the reviewers. Any product that may be

affiliated organizations, or

evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

17. Habibzadeh N. The physiological impact of physical activity on psychological
stress. Prog Health Sci. (2015) 5:245-8.

18. Sheng X. Effects of exercise intervention and exercise-cognition intervention on
stress coping and psychological capability of college students. ] Wuhan Inst Phys Educ.
(2015) 49:76-82. doi: 10.15930/j.cnki.wtxb.2015.10.011

19. Yin J, Xue Y. Moderate effects of exercise on negative affect under examination
stress: A small sample of daily longitude study. J Tianjin Univ Sport. (2017) 32:443-
7. doi: 10.13297/j.cnki.issn1005-0000.2017.05.011

20. Zuo K, He B, Li R, Chen Y, Wang X. The mechanism of reducing the academic
stress of senior high school students in leisure physical exercise atmosphere: The inner
mechanism of growth mindset and self-control. Chin J Health Psychol. (2023) 1-12.
Available online at: http://kns.cnki.net/kcms/detail/11.5257.R.20230104.1607.004.html
(accessed February 07, 2023).

21. Hu TQ, Zhang DJ, Wang JL, A. meta-analysis of the trait resilience
and mental health. Pers Individ Dif. (2015) 76:18-27. doi: 10.1016/j.paid.2014.
11.039

22. Li M, Ren Y. Physical activities status of left-behind children in rural areas
and its relationship with psychological capital. Chin J Sch Health. (2019) 40:1182-5;
1189. doi: 10.16835/j.cnki.1000-9817.2019.08.017

23. Fletcher D, Sarkar M. Psychological resilience: a
critique of definitions, concepts, and theory. Eur Psychol.
23. doi: 10.1027/1016-9040/a000124

and
18:12-

review
(2013)

24. Xu W. Physical exercise and depression in college students: the multiple
mediation effects of mindfulness and social support. Soc Sci. (2021) 02:148-55.
doi: 10.3969/j.issn.1002-3240.2021.02.024

25. Xu W, Li Y. Multiple mediation effects between physical exercise and
depression of female college students. China ] Health Psychol. (2017) 25:1231-
5. doi: 10.13342/j.cnki.cjhp.2017.08.031

26. Zhang L. Analysis on the samples and parameter estimations in the
application of structural equation modeling. Sci Educ Artic Coll. (2017) 1:75-6.
doi: 10.16871/j.cnki.kjwhc.2017.01.034

27. Lukat J, Margraf J, Lutz R, van der Veld WM, Becker ES. Psychometric
properties of the Positive Mental Health scale (PMH-scale). BMC Psychol. (2016)
4:8. doi: 10.1186/s40359-016-0111-x

28. Gong X, Xie X, Xu R, Luo Y. Psychometric properties of the Chinese
versions of DASS-21 in Chinese college students. Chin J Clin Psychol. (2010) 18:443—
6. doi: 10.16128/j.cnki.1005-3611.2010.04.020

29. Campbell-Sills L, Stein MB. Psychometric analysis and refinement of the
Connor-Davidson Resilience Scale (CD-RISC): validation of a 10-item measure of
resilience. ] Trauma Stress. (2007) 20:1019-28. doi: 10.1002/jts.20271

30. Wang L, Shi ZB, Zhang YQ, Zhang Z. Psychometric properties of the
10-item Connor-Davidson Resilience Scale in Chinese earthquake victims.
Psychiatry  Clin  Neurosci. (2010) 64:499-504. doi: 10.1111/j.1440-1819.2010.
02130.x

31. Wang X, Wang X, Ma H. Manual of mental health rating scale. Chin Ment Health.
(1999) 115-6.

32. Halliday AJ, Kern ML, Turnbull DA. Can physical activity help explain the
gender gap in adolescent mental health? A cross-sectional exploration. Ment Health
Phys Act. (2019) 16:8-18. doi: 10.1016/j.mhpa.2019.02.003

33. Molcho M, Gavin A, Goodwin D. Levels of physical activity and mental
health in adolescents in Ireland. Int ] Environ Res Public Health. (2021)
18:1713. doi: 10.3390/ijerph18041713

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1074418
https://doi.org/10.3981/j.issn.1000-7857.2019.11.002
https://doi.org/10.13580/j.cnki.fstc.2021.05.016
https://doi.org/10.19524/j.cnki.10-1009/g3.2020.01.062
https://doi.org/10.16128/j.cnki.1005-3611.2020.06.045
https://doi.org/10.16835/j.cnki.1000-9817.2019.03.021
https://doi.org/10.3969/j.issn.1672-0628.2018.04.020
https://doi.org/10.3390/su141710881
https://doi.org/10.3390/ijerph19105939
https://doi.org/10.1111/papt.12294
https://doi.org/10.16470/j.csst.2015.01.016
https://doi.org/10.1016/j.genhosppsych.2017.06.001
https://doi.org/10.1097/YCO.0000000000000526
https://doi.org/10.3109/09638230902968308
https://doi.org/10.1016/j.jad.2019.04.086
https://doi.org/10.16128/j.cnki.1005-3611.2021.06.045
https://doi.org/10.16128/j.cnki.1005-3611.2021.01.039
https://doi.org/10.15930/j.cnki.wtxb.2015.10.011
https://doi.org/10.13297/j.cnki.issn1005-0000.2017.05.011
http://kns.cnki.net/kcms/detail/11.5257.R.20230104.1607.004.html
https://doi.org/10.1016/j.paid.2014.11.039
https://doi.org/10.16835/j.cnki.1000-9817.2019.08.017
https://doi.org/10.1027/1016-9040/a000124
https://doi.org/10.3969/j.issn.1002-3240.2021.02.024
https://doi.org/10.13342/j.cnki.cjhp.2017.08.031
https://doi.org/10.16871/j.cnki.kjwhc.2017.01.034
https://doi.org/10.1186/s40359-016-0111-x
https://doi.org/10.16128/j.cnki.1005-3611.2010.04.020
https://doi.org/10.1002/jts.20271
https://doi.org/10.1111/j.1440-1819.2010.02130.x
https://doi.org/10.1016/j.mhpa.2019.02.003
https://doi.org/10.3390/ijerph18041713
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	The direct effect of exercise on the mental health of scientific and technological professionals and the mediating effects of stress, resilience, and social support
	1. Introduction
	1.1. Exercise and mental health
	1.2. Mediation effects of stress
	1.3. Mediation effects of resilience
	1.4. Mediation effects of social support

	2. Materials and methods
	2.1. Participants
	2.2. Measures
	2.2.1. Mental health
	2.2.2. Stress
	2.2.3. Resilience
	2.2.4. Social support

	2.3. Data analysis

	3. Results
	3.1. Demographic characteristics
	3.2. Correlations
	3.3. Mediation effects of stress
	3.4. Mediation effects of resilience
	3.5. Mediation effects of social support
	3.6. Mediation effects of stress, resilience, and social support

	4. Discussion
	4.1. Theoretical implications
	4.2. Practical implications
	4.3. Limitations and future research

	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


