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Effects of physical exercise on
college students’ sense of
meaning in life: the chain
mediating role of stress
perception and mental toughness

Yong Jiang* and Yue Cao

School of Physical Education, Liaoning Normal University, Dalian, China

Physical exercise has a significant effect on college students’ sense of meaning
in life, and is an important way to promote college students’ mental health and
enhance their sense of meaning in life. To explore the relationship between stress
perception, mental toughness in college students’ physical exercise and college
students’ sense of meaning in life. The scale was used to measure 604 college
students and statistically analyzed using SPSS29.0 and Process 4.1. The results
showed that the direct positive effect of physical exercise on college students’
sense of meaning in life was significant (effect value = 0.00297, accounting for
62.39% of the total effect). Through the independent mediation path, physical
exercise can indirectly affect the sense of meaning of life by decreasing stress
perception (negative mediation effect value = —0.00040, accounting for —8.40%)
and enhancing mental toughness (positive mediation effect value = 0.00127,
accounting for 26.68%). In addition, the chain-mediated path (physical exercise
— stress perception - mental toughness — sense of meaning in life) effect of
stress perception and mental toughness was significant (effect value = 0.00092,
accounting for 19.33%), suggesting that physical exercise first relieves stress
perception, then enhances mental toughness, and ultimately enhances the sense
of meaning in life. To summarize, physical exercise positively predicts the sense
of meaning of life through direct action, and also forms a multiple mechanism of
“stress reduction - toughness enhancement - meaning enhancement” through
the negative intermediary of stress perception, the positive intermediary of mental
toughness, and the chain intermediary effect of the two. Meanwhile, it provides
theoretical references for the enhancement of college students’ sense of meaning
in life and the improvement of sports health promotion programs.

KEYWORDS

physical exercise, sense of meaning in life, stress perception, mental toughness,
intermediary effect

1 Introduction

The Global Physical Activity Status Report 2022, released by the World Health Organization
(WHO), highlights the critical role of physical exercise in promoting individual physical and
mental health as well as sustainable social development. College students, as a transitional
group preparing to enter society, face a complex array of stressors. These include the
intensification of social competition, acceleration of life’s pace, academic burdens, employment
pressures, interpersonal challenges, and high self-expectations. According to WHO statistics
from 2023, approximately 280 million people worldwide suffer from depression, with over
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720,000 suicides annually attributed to it. Prolonged exposure to stress
can severely impact college students’ mental health, eroding their
enthusiasm for life and diminishing their sense of meaning in life.

The sense of meaning of life, as an important predictor of
individual mental health and a deep desire to pursue the value and
meaning of ones life, is crucial for college students. Studies have
shown that college students with a high sense of meaning in life are
more likely to be optimistic and proactive in self-encouragement, and
better adapt to the college life environment (Makola, 2014). On the
contrary, the lack of a sense of meaning in life may cause individuals
to fall into the pathological state of “passive neurosis” (Frankl, 1985).
It is worrying that more than half of college students lack a sense of
meaning in life (Li and Lu, 2010), and these students often lack a clear
life plan, lose the spiritual motivation and willpower to pursue the
meaning of life (Yin, 2016), and are more likely to display
psychological problems such as agitation, fear, low self-esteem, and
emotional instability, and even have serious tendencies such as
suicide, violence, and abuse (Zika and Chamberlain, 2011). In view of
this, cultivating a good sense of meaning of life among college
students is not only the key to shaping their positive psychological
qualities, but also the internal motivation to help them adapt to the
role transition smoothly (Xia et al., 2023). The purpose of this paper
is to explore the relationship between physical exercise and college
students’ sense of meaning in life, and to deeply analyze how physical
exercise affects and enhances college students’ sense of meaning
in life.

2 Theory and assumptions

2.1 Effects of physical exercise and sense of
meaning in life

Physical exercise, as a kind of physical exercise that integrates a
variety of exercise methods, forces of nature and health measures,
aims to enhance physical fitness, regulate mental state, and enrich
people’s cultural life (Institute HKS, 2000). Sense of meaning in life
refers to the extent to which an individual understands and appreciates
the meaning of life, and along with it the extent to which he or she
perceives the purpose, mission, and primary goal of life (Steger et al.,
2006). Research has shown that individuals who regularly engage in
physical exercise tend to exhibit more positive psychological states,
such as happiness and pleasure, which in turn lead individuals to
perceive more meaning in their lives. Park and Folkman (1997)
proposed a model of the sense of meaning construct, which describes
how individuals create meaning in their lives in different contexts and
the relationship between situational meaning and overall meaning.
Through automatic and controlled processes, assimilation and
regulation, meaning seeking, and cognitive and affective processes,
individuals are able to reconstruct their sense of meaning (Park and
Folkman, 1997). This model not only provides theoretical guidance
for college students in their search for life goals and life values, but also
reveals a possible intrinsic link between a sense of meaning in life and
physical exercise. Research in exercise psychology further found that
college students’ physical exercise is closely related to their sense of
meaning in life, and that strengthening physical exercise is conducive
to enhancing the level of college students’ sense of meaning in life
(Zeng and Zhu, 2021). Based on this, this study proposed Hypothesis
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H1: Physical exercise positively predicts college students’ sense of
meaning in life.

2.2 Mediating role of stress perception

Stress perception is the psychological response of an individual to
stress after cognitive appraisal, which is manifested as various physical
and psychological tensions and discomforts (Li, 2021). According to
the cross-stressor adaptation hypothesis of exercise and the stress-
buffering role model of exercise (Fuchs and Gerber, 2018; Sothmann
etal., 1996), exercise reduces stress perception in several ways. On the
one hand, regular participation in physical exercise leads to increased
adaptation of the body’s stress response system and reduces an
individual’s physiological and psychological responses to other
stressful situations, which helps to reduce an individual’s threatening
assessment of stressors (Sothmann et al., 1996). On the other hand,
physical exercise can enhance stress handling capacity by increasing
psychosocial resources such as self-efficacy and social support
(Klaperski and Fuchs, 2021). In addition, natural chemicals such as
endorphins, which are released by the body during exercise, have a
positive effect in relieving stress and anxiety and enhancing mood.
Research (Park and Baumeister, 2016) demonstrated that college
students’ sense of meaning of life is affected by stress perception, and
high stress perception is often accompanied by a low sense of meaning
of life. This finding is consistent with previous research findings that
psychological stress has a negative effect on an individual’s sense of
meaning in life (Schulenberg et al., 2016). Zhou and Zhou (2022)
pointed out that appropriate physical exercise can accumulate
psychological energy and improve an individual’s ability to resist and
adapt to stress. Lu et al. (2009) further emphasized that performing
regular physical exercise is more effective in relieving stress, and it can
make people feel happy and relaxed, thus effectively releasing stress.
Based on this, this study proposes the hypothesis H2: Stress perception
plays a mediating role in physical exercise and sense of meaning in life.

2.3 The mediating role of mental
toughness

Positive psychologist Fred (2008) defines mental toughness as “an
individual’s exploitable potential to recover quickly from adversity,
failure, positive practices, and increasing responsibilities” There is a
strong correlation between enhancing college students’ sense of
meaning in life and having a high level of mental toughness. People
need to adapt to some stress or adversity in social environments,
which will help individuals to continuously learn to mobilize various
resources to cope with stress and subsequently enhance mental
toughness (Zhou and Zhou, 2022). Studies on variables related to
exercise behavior point out that college students’ goal attitudes have a
significant impact on exercise behavior, and emotion plays an
important role in forming goal attitudes, which in turn affects the
initiation of physical exercise (Nie and Dong, 2015). Physical exercise
is regarded as an important influencing factor in related studies on the
development of mental toughness. Regular physical exercise can
improve mental toughness, and its pathway includes reducing the
physical and psychological response to stress, improving the
individual’s physiological and psychological state, and acting as a
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“buffer” for stress (Belcher et al., 2021). A large number of studies have
shown that college students’ physical exercise is closely related to the
dimensions of goals, cognition, self-efficacy, external support, etc.,
which have a profound impact on college students’ physical exercise
behavior, and mental toughness is highly correlated with these
dimensions (Tang and Wang, 2024).

Meanwhile, other studies have shown that mental toughness is
positively related to positive life attitudes and the pursuit of life
meaning. For college students, clear life goals are a good protective
factor for their mental toughness (Feng et al., 2022). College students
with a high sense of meaning in life are able to maintain good
psychological resilience, which helps them gain a greater sense of
control and positive emotions when facing stressful events (Zheng
etal,, 2023). In turn, the level of psychological resilience can affect the
coping styles chosen by individuals in stressful situations, and the
higher the level of psychological resilience, the more individuals tend
to choose positive coping styles (Liu and Liang, 2019). Based on this,
this study proposed hypothesis H3: mental toughness mediates the
role of physical exercise and sense of meaning in life.

2.4 Chain mediation of stress perception
and mental toughness

Research has shown that mental toughness, as a protective
mechanism for individuals to cope with stress, can significantly affect
people’s responses and adaptive abilities in stressful situations, in
which individuals with higher levels of mental toughness are more
inclined to adopt effective strategies to reduce or solve stress problems
(Zhao, 2020). The cognitive theoretical model of stress reveals that
when individuals are in a stressful situation, if they feel out of control
and tense, it tends to weaken their ability to mobilize resources to cope
with the stress, which reduces the level of mental toughness (Zhang
etal., 2017). Stress perception was found to be a significant negative
predictor of mental toughness (Liu and Wang, 2016). physical exercise
has been shown to be one of the effective ways to reduce stress
perception among college students. Regular participation in physical
activities not only brings pleasure in exercise and relieves psychological
stress caused by academic, social, and other life events, but also makes

10.3389/fpsyg.2025.1612957

individuals more comfortable in the face of stress by improving
physical function and psychological quality, which in turn reduces the
perception of stress and stress response. This process not only directly
reduces stress perception, but also indirectly promotes the
enhancement of psychological resilience. With the reduction of stress
perception, college students are more likely to maintain a positive
mindset and increase confidence in facing challenges, and these
positive changes provide fertile soil for the growth of mental
toughness. Increased mental toughness, as a key mediator connecting
physical exercise with a sense of meaning in life, further strengthens
the inner strength of college students. Individuals with high mental
toughness show greater resilience and growth in the face of life’s ups
and downs, and they are more likely to discover the goals and values
of life and maintain their passion and pursuit of life. Therefore,
through the initial intervention of physical exercise, through the chain
reaction of reducing stress perception and enhancing mental
toughness, it can eventually significantly enhance college students’
sense of meaning in life and promote their overall healthy
development. Based on this, the present study proposed the hypothesis
H4: Stress perception and mental toughness may play a chain-
mediated role in the effects of physical exercise on college students’
sense of meaning in life.

As a result, the research hypothesis model was constructed as
shown in Figure 1.

3 Research objectives and methods
3.1 Participant

In this study, a questionnaire was administered to students from
2 universities in Liaoning Province, China, using stratified random
sampling. Subjects were selected from undergraduate level students
and consent was obtained from the university and the students
themselves prior to testing. The questionnaire followed the principles
of voluntary participation, data confidentiality and anonymous
completion.

After the questionnaires were collected, invalid questionnaires
were excluded for data entry, and finally 604 valid data were retained.

Stress Perception

Mental Toughness

Physical Exercise

FIGURE 1
Hypothetical model diagram.

Sense of Meaning in life
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In the valid sample, four grades of college students were selected as
subjects; there were 458 male and 146 female participants. Among the
collected questionnaires, questionnaires with any of the following
problems were considered invalid: (1) inconsistent responses to
reverse scored items; (2) too short completion time; and (3) clear
pattern of repeated answer choices.

3.2 Research methodology

3.2.1 Physical exercise rating scale

The physical exercise Rating Scale revised by Liang (1994) was
used as a tool to assess the physical exercise level of college students.
The scale consists of three dimensions, which measure the intensity,
frequency and duration of participation in physical exercise, and
reflects the individuals physical exercise level through the
comprehensive rating of these three dimensions. For example, the
questions, “In the past month, what was the intensity of your physical
exercise, in the past month, how often did you engage in physical
exercise of the above intensity, and in the past month, how many times
did you engage in physical exercise of the above intensity?” were asked
on a Likert 5-point scale, with intensity and frequency scored from 1
to 5, respectively. Time was scored from 0 to 4. The amount of physical
exercise is equal to the product of physical exercise intensity, physical
exercise frequency, and physical exercise time, with higher scores
indicating greater physical exercise. The reliability test showed that the
Cronbach’s coefficient of the scale was 0.777, indicating that the scale
has good internal consistency.

3.2.2 Meaning of life scale

The Sense of Meaning in Life Scale compiled by Steger and revised
by Liu and Gan (2010). was used, which contains 2 dimensions of
having a sense of meaning and seeking a sense of meaning, with 5
questions for each dimension, for a total of 10 questions. For example,
“I am searching for a purpose or mission in my life,” “I have no clear
purpose in my life,” and “I am searching for meaning in my life” The
scale is based on a 7-point Likert scale, with higher scores indicating
a higher sense of meaning in an individuals life. The Cronbach’s
coefficient for this scale was 0.861, indicating that the scale has good
internal consistency.

3.2.3 Stress perception scale

The Stress Perception Scale translated and revised by Yang (2002)
was used, which contains 14 questions divided into two dimensions,
tension and loss of control. For example, “You feel upset because
something unexpected has happened,” “You feel out of control of
important things in your life;” and “You feel nervous and stressed.”
These questions are scored on a five-point scale from 1 to 5, including
seven reverse scored questions, with higher scores indicating greater
psychological stress in the subject. The Cronbach’s coefficient for this
scale was 0.724, indicating that the scale has good internal consistency.

3.2.4 Mental toughness scale

The Adolescent Mental Toughness Scale developed by Hu and
Gan (2008) was used, which contains 27 topics divided into five
dimensions: goal focus, emotional control, positive cognition, family
support, and interpersonal assistance. For example, “Failure always
makes me feel discouraged,” “It is difficult for me to control my
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unpleasant emotions,” and “I have clear goals in my life,” the scale
adopts the 5-point Likert scale scoring The scale was scored on a
5-point Likert scale, with 12 questions reverse scored, with numbers
1 to 5 representing scores in descending order, and the scores were
proportional to the subjects’ mental toughness. The Cronbach’s alpha
coefficient for this scale was 0.881, indicating that the scale has good
internal consistency.

3.3 Statistical methods

In this study, Excel was used to enter and organize the data from
the questionnaires and screen out invalid questionnaires. SPSS29.0
software, PROCESS plug-in was used to statistically analyze the
collected data. Harman’s one-way method was used to test for the
presence of common method bias, and Pearson’s correlation analysis
was used to explore the relationship between the main variables. In
addition, the chain mediation effect was tested with the help of
Bootstrap program in PROCESS plug-in.

4 Results and analysis
4.1 Common method bias test

There may be a problem of common methodological bias in
obtaining data from questionnaires due to factors such as the
measurement environment, questionnaire guidance and context
(Zhou and Long, 2004). The Harman one-way test was conducted
on the measurement data, and the unrotated principal component
analysis of physical exercise, sense of meaning in life, mental
toughness, and stress perception was conducted using SPSS 29.0,
and the results showed that there were a total of 10 factors with an
eigenroot >1, and the first factor explanatory rate was 23.232%,
which was less than the critical value of 40%, indicating that the data
of the study did not
methodological bias.

present suffer from common

4.2 Descriptive statistics and correlation
analysis for each variable

Descriptive statistical analysis showed that there were 604
university students in the sample, of which 458 (75.8%) were male and
146 (24.2%) were female. This indicates that there are more male
students than female students participating in the survey. In terms of
grade distribution, the largest number of students were sophomores
with 435 students (72.0%), freshmen with 112 students (18.5%),
juniors with 41 students (6.8%), and seniors with 16 students (2.6%)
(Table 1).

An independent samples t-test was used to analyze the differences
in physical exercise, sense of meaning in life, stress perception, and
mental toughness among college students of different genders and
grades. The results showed that there was a significant difference in
physical exercise at the & = 0.05 confidence interval level in the gender
subgroups, while there was no significant difference in sense of
meaning of life, stress perception and mental toughness in the gender
subgroups (Table 2).
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TABLE 1 Distribution of demographic variables among survey
respondents.

10.3389/fpsyg.2025.1612957

TABLE 3 ANOVA one-way analysis of variance.

Variant Grade N M + SD F p
Causality Form Quantities Percentage
1 112 42.018 +26.644 1.789 0.148
Male 458 75.8%
Gender Physical 2 435 37.703 + 30.610
Female 146 24.2% .
exercise 3 41 47.512 + 31.019
1 112 18.5%
4 16 36.188 £ 33.796
2 435 72.0%
Grade 1 112 3.604 % 0.695 1.480 0.219
3 41 6.8% S £ th
enseotthe 2 435 3.509 £ 0.760
4 16 2.6% meaning of
. 3 41 3.322 £ 0.898
life
4 16 3.431+£0.725
TABLE 2 One-sample t-tests for physical exercise, sense of meaning in
life, stress perception, and mental toughness. 1 112 2.635 £ 0.577 2.887 0.035
) St 2 435 2.769 +0.471
Variant =~ Gender N M + SD t p ress
perception 3 41 2.793 + 0.423
Physical Male 458 | 43.290 +28.961 6.204 <0.001
R 4 16 2.594 £ 0.476
exercise Female 146 26.075 +£29.917
1 112 3.611 £ 0.589 2.995 0.030
Sense of the Male 458 3.516 £ 0.791 0.262 0.793
meaning of Mental 2 435 3.451 +0.555
life Female 146 3.497 + 0.649 toughness 3 41 3.362 + 0.529
Stress Male 458 2.748 + 0.485 0.612 0.541 4 16 3.479 +0.661
perception Female 146 2.720 £ 0.516
Mental Male 458 3.470 + 0.557 —0.468 0.640 TABLE 4 Multiple comparisons of stress perceptions among college
students of different grades.
toughness Female 146 3.495 +0.591
wrp <001, #0001, Grade 1(42.018)  2(37.703)  3(47.512)
4 (36.188) 0.041 0.176 0.199
3(47.512) —0.158 —0.023
ANOVA analysis showed no significant difference in physical 2(37.703) _0.135

exercise and sense of meaning of life on grade level subgroups, and
significant difference in stress intuition and mental toughness on grade
level subgroups at & = 0.05 confidence level as shown in (Tables 3-5).

As shown in Table 6, through the Pearson correlation analysis of
the data on physical exercise, sense of meaning of life, stress perception
and mental toughness, it was found that physical exercise was
significantly positively correlated with college students’ sense of
meaning of life and mental toughness, physical exercise showed a
significant negative correlation with stress perception, college
students’ sense of meaning of life was significantly positively correlated
with mental toughness, college students” sense of meaning of life was
significantly negatively correlated with stress perception and stress
perception has a significant negative correlation with mental
toughness. Based on this, hypothesis H1 was verified, which provided
support for further construction of structural equation modeling.

As shown in Table 7, the chain mediation effect was tested using
Model 6 in the SPSS PROCESS macro program developed by Hayes. The
results showed that:physical exercise had a significant negative predictive
effect on stress perception (= —0.126, p < 0.01), physical exercise had
a significant positive predictive effect on mental toughness (4 = 0.120,
p <0.001), sense of meaning in life (§ = 0.118, p < 0.01), stress perception
had a significant negative predictive effect, physical exercise had a
significant positive predictive effect on sense of meaning in life
(#=0.127, p < 0.05), and mental toughness had a significant positive
predictive effect on sense of meaning in life (5=0.419, p <0.001).
Including stress perception and mental toughness together in the
structural equation, physical exercise had a significant positive predictive
effect on college students’ sense of meaning in life (4 = 0.118, p < 0.01).
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TABLE 5 Multiple comparisons of mental toughness of college students
in different grades.

1(42.018) 2 (37.703) 3(47.512)
4(36.188) 0.132 —0.028 —0.117
3(47.512) 0.249 0.089 ‘
2(37.703) 0.160 ‘

4.3 Mediation effect test

The path coefficients are shown in Figure 2, and the mediating
effects of stress perception and mental toughness between physical
exercise and sense of meaning in life and the confidence intervals were
examined separately by using Bootstrap test with repeated sampling of
5,000 times (Table 8). The results showed that physical exercise produced
a total effect value of 0.00476 on college students’ sense of meaning in
life, and the 95% confidence intervals of the mediating effects of stress
perception and mental toughness did not contain 0, which indicated
that the total mediating effect of physical exercise on college students’
sense of meaning in life was significant. The total mediation effect
consisted of 3 paths: Ind1: the mediation effect of stress perception in
the relationship between physical exercise and college students’ sense of
meaning in life, the mediation effect value was —0.00040, the mediation
effect accounted for —8.40% of the total effect, and the 95% confidence
interval did not contain zero, which indicated that the mediation effect
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TABLE 6 Person correlation analysis.

Variant Physical exercise Sense of the Stress perception Mental toughness
meaning of life
Physical exercise 1
Sense of the meaning of life 0.180%* 1
Stress perception —0.112%%* —0.186%** 1
Mental toughness 0.189% 0.356%* —0.708% 1
*#p <0.01.

TABLE 7 Regression analysis between variables.

Equation of regression Overall fit index Significance of regression coefficient
Result variable LI - p ¢ p
prediction
Physical exercise 0.136 0.018 3.767 —0.126 —3.022 0.003%*
Stress perception Gender —0.058 —1.400 0.162
Grade 0.055 1.352 0.177
Physical exercise 0.720 0.518 161.185 0.120 4.070 0.0007%#
Stress perception —0.691 —24.130 0.0007%*%
Mental toughness
Gender 0.034 1.167 0.244
Grade —0.061 —2.158 0.031%*
Physical exercise 0.387 0.150 21.100 0.118 2.970 0.003%*
Stress perception 0.127 2.367 0.018%*
Sense of the meaning of life | Mental toughness 0.419 7.714 0.000%**
Gender 0.015 0.395 0.693
Grade —0.042 —1.108 0.269

#p <0.05, **p < 0.01, **¥p < 0.001.

Stress Perception -0.691*** ——>|  Mental Toughness

-0.126** 0.419%**

0.120%** 0:927%*

Physical Exercise ———————— 0.118%* —————>{ Sense of Meaning in life

FIGURE 2
A mediation model of physical exercise that influences college students’ sense of meaning in life (***p < 0.001).

of stress perception was significant. ind2: the mediation effect of mental ~ the mediating effect of stress perception is significant. Ind3: Chain
toughness in the relationship between physical exercise and college  mediation of stress perception and mental toughness in the relationship
students’ sense of meaning in life. Mediating effect, the mediating effect ~ between physical exercise and college students’ sense of meaning in life,
value is 0.00127, the mediating effect is 26.68% of the total effect, and ~ the mediating effect value is 0.00092, the mediating effect is 19.33% of
the 95% confidence interval does not contain zero, which indicates that ~ the total effect, The 95% confidence interval does not contain zero,
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TABLE 8 Proportion of mediating effects.

10.3389/fpsyg.2025.1612957

Effect Influence path Effect size BootSE BootLLCL BootULCL Proportion
Total effect 0.00476 0.00104 0.00271 0.00680 100%
Direct effect Direct path 0.00297 0.00100 0.00101 0.00494 62.39%
Total indirect 0.00179 0.00042 0.00101 0.00265 37.61%
effect Ind1 —0.00040 0.00023 —0.00094 —0.00004 ~8.40%

Ind2 0.00127 0.00036 0.00063 0.00201 26.68%
Indirect effect

Ind3 0.00092 0.00035 0.00030 0.00166 19.33%

which indicates a significant chain mediation effect. The above results
indicate that the three indirect effects have reached the significant level
and hypothesis 2, hypothesis 3, and hypothesis 4 are valid.

5 Discussion

5.1 The relationship between physical
exercise and college students’ sense of
meaning in life

The results of this study confirm that there is a significant positive
correlation between physical exercise and college students’ sense of
meaning in life, and physical exercise can positively predict college
students’ sense of meaning in life (Liu, 2024). Previous studies have
shown (Ding et al., 2016; Takkinen et al., 2001) that strengthening
physical exercise inputs can enable college students to experience more
enjoyment and fulfillment in life, and then they can perceive the
meaning of life more clearly. Physical exercise can not only enhance
the physical quality of individuals, but also cultivate college students’
sense of collective honor and responsibility through teamwork and
competitive spirit in the process of sports, so that they feel the value
and meaning of their own existence, and at the same time, physical
exercise also has a positive impact on their emotional health (Anderson
and Brice, 2011), so that they can maintain a positive emotional state.
And positive emotions are an important foundation for constructing
a sense of meaning in life, when college students are in a pleasant
mood, they are more likely to think about and explore the meaning of
life, and are more likely to connect their behavior with meaningful goals.

5.2 The mediating role of stress perception
between physical exercise and college
students’ sense of meaning in life

The results of this study found that stress perception mediates the
relationship between physical exercise and college students’” sense of
meaning in life. College life is full of challenges and pressures, including
academic burden, employment competition and interpersonal
relationships, etc. These pressures, if not released in a timely and
effective manner, may lead to psychological problems such as anxiety
and depression among college students, which may reduce their sense
of meaning in life. When college students are in a high state of stress
perception, they tend to feel anxious, confused, and doubtful about their
own ability and future, which will greatly weaken their perception of the
meaning of life. Excessive stress can cause college students to fall into a
negative mode of thinking, focusing only on immediate difficulties and
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challenges and making it difficult to think about the value and purpose
of life from a more macro perspective. However, physical exercise
provides an effective way to release pressure. Performing appropriate
physical exercise can reduce the emotional experience thereby
mitigating the effects of stress, anxiety, and other adverse emotions (Liu
C., 2020). Chemicals such as endorphins, which are produced during
exercise, help to enhance an individual’s sense of pleasure and wellbeing,
thereby reducing stress perception. This stress relief further promotes
the positive perception and evaluation of life among college students,
who are able to face life with a more positive and rational attitude and
have more energy and mental space to explore and pursue the meaning
of life. They will be more willing to try new things and participate in a
variety of social and learning activities, thus continuously enriching
their life experience and thus enhancing their sense of meaning in life.

Mental toughness is a key factor for college students to maintain a
positive mindset and optimism in the face of life’s stresses and
challenges. Challenges and difficulties in physical exercise can exercise
the mental toughness of college students and make them more resilient.
This increase in mental toughness helps college students maintain a
positive mindset and reduce the impact of negative emotions when
facing life’s pressures and challenges. Mental toughness has a positive
contribution to college students’ sense of meaning in life. College
students with high psychological toughness are able to maintain an
optimistic mindset and find positive meaning in difficult situations
when facing stress and setbacks in life. They regard setbacks as
opportunities for growth, and strive to overcome difficulties and realize
their self-worth by constantly adjusting their cognition and behavior.
This process of positively coping with setbacks gives them a deeper
understanding that the meaning of life lies not only in success and
happiness, but also in perseverance and growth in the face of difficulties.

5.3 Chain mediation of stress perception
and mental toughness between physical
exercise and college students’ sense of
meaning in life

The results of the chain mediation test showed that stress perception
and mental toughness acted as chain mediators between physical exercise
and college students’ sense of meaning in life. Physical exercise, as a
proven psychological intervention, is important for improving mental
health, and sense of meaning of life, as a positive indicator of mental
health, is closely related to physical exercise (Wang, 2016). Physical
exercise first reduces the perceived level of stress in college students by
alleviating their stress perception, which in turn reduces their sense of
stress. Subsequently, this reduced sense of stress helps college students
maintain a positive mindset in the face of challenges, thereby enhancing
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their psychological resilience. Finally, the increase in psychological
resilience further contributed to college students’ positive appraisal of life
and enhanced their sense of meaning in life. This chain-mediated effect
reveals the profound impact of physical exercise on college students’
mental health. This result is also similar to a previous study that reported
that the presence of a sense of meaning in life was associated with higher
levels of positive affect, whereas the search for a sense of meaning in life
was not (Barnett et al,, 2019). Thus, the presence of a sense of meaning
in life is more closely related to an individual’s positive psychological
qualities than the search for a sense of meaning in life.

When college students participate in physical exercise, their bodies
secrete neurotransmitters such as endorphins and dopamine, which not
only regulate emotions, but also help individuals relax, and thus
effectively reduce the perception of stress. With the reduction of stress
perception, college students gain more security and comfort in their
psychology, which creates favorable conditions for the cultivation and
development of mental toughness. Mental toughness, as an important
psychological quality for individuals to cope with adversity and setbacks,
is more likely to be enhanced in this relatively relaxed psychological
environment. In the process of physical exercise, college students will
face a variety of challenges, such as bottlenecks in the improvement of
sports skills, losses in competitions, etc. However, a lower perception of
pressure allows them to face these difficulties with a more positive
attitude, and through continuous overcoming of difficulties and self-
adjustment, mental toughness is gradually enhanced. The enhancement
of mental toughness will further have a positive impact on college
students’ sense of meaning in life. College students with high mental
toughness are able to maintain an optimistic attitude in the face of
various uncertainties and difficulties in life, actively seek solutions to
problems, and are good at learning lessons from setbacks. This positive
coping style enables them to better understand and interpret various
experiences in life, thus discovering the meaning and value of life and
enhancing the sense of meaning in life.

6 Conclusion

Physical exercise significantly enhances college students’ sense of
lifes meaning by reducing stress perception and fostering mental
toughness. This dual mediation underscores the pivotal role of
physical activity in improving psychological resilience and promoting
a positive life outlook. Cultivating a sense of meaning in life through
physical exercise not only supports mental health but also empowers
students to navigate life’s complexities with purpose and resilience.

6.1 Limitations

Notably, the study’s cross-sectional design limits its capacity to
establish causal relationships, as it captures correlational data at a
single time point and cannot definitively determine temporal
precedence between physical exercise, stress perception, mental
toughness, and sense of meaning in life. Additionally, the sample was
exclusively drawn from Liaoning Province, China, which may
constrain the generalizability of findings to diverse cultural or regional
populations. The reliance on self-report measures also introduces
potential limitations, such as social desirability biases or recall
inaccuracies, which could affect the objectivity of data collection.
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6.2 Future research directions

To address these limitations, future studies could adopt
longitudinal or experimental designs to track variables over time or
manipulate physical exercise interventions, thereby validating causal
mechanisms and temporal dynamics. Exploring moderating factors—
such as personality traits, academic majors, or socioeconomic status—
that may influence the proposed mediating pathways (e.g., how
physical exercise impacts stress perception differently among
extroverted vs. introverted students) would add nuance to the
findings. Such research could help identify contextual conditions
under which physical exercise most effectively enhances the sense of
meaning in life, contributing to more targeted interventions for
diverse college populations. Overall, this study highlights the
multifaceted benefits of physical exercise in shaping college students’
psychological wellbeing, while also providing a foundation for future
research to deepen our understanding of these relationships and
develop culturally adaptive strategies for promoting meaning in life.
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