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Abstract
Background  Life events are important risk factors for negative psychology such as depression and anxiety. However, 
individuals who experienced the same life events might not necessarily develop mental health problems. Some 
inherent psychological qualities among individuals may determine their mental health status under life events. 
Physical activity is beneficial to physical and mental health. What is the combined effect of physical activity and life 
events on individual depression and anxiety, and whether it can alleviate the psychological risk induced by life events, 
at present, there is no relevant research report.

Objective  To systematically analyze the combined effect of physical activity and life events on mental health of 
college students and the related mediating mechanism.

Methods  Guided by a series of hypotheses, the study conducted a cross-sectional survey on the physical activity 
level, life event experience, psychological vulnerability, depression and anxiety of 3552 Chinese college students. 
On the basis of hierarchical comparison, correlation analysis, logistics regression analysis and structural equation 
model method were further used to explore the effect of physical activity and life events on mental health and the 
relationship between variables, and to test the research hypotheses in sequence.

Results  Physical activity was negatively but life events were positively correlated with anxiety and depression; 
Psychological vulnerability played a partial mediating role between physical activity and life events and mental health, 
accounting for 22.17% and 23.42% of the total effect, respectively; Physical activity and life events had an interaction 
effect on mental health, and psychological vulnerability played a completely mediating role, accounting for 91.86% of 
the total effect; Physical activity could significantly reverse the negative effect of life events on mental health.

Conclusions  Life events are important risk factors for poor mental health such as depression and anxiety. However, 
physical activity can effectively reverse the adverse effects of life events on mental health, and it is related to the 
mediating role of psychological vulnerability.
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Introduction
Life events are the sum of various stimuli that people 
face in their life, work, study and social support sys-
tems. Although not as strong as major emergencies, they 
are frequent and long-lasting. Long-term exposure to 
chronic stress stimuli such as life events can easily lead 
to various mental health problems such as anxiety [1, 
2], depression [3], post-traumatic stress disorder [4] and 
suicide [5]. Studies have even found that life events are 
strongly associated with senile dementia [6] and self-
harm and aggressive behavior in adolescents [7]. It can be 
seen that life events are closely related to mental health. 
Long-term exposure to chronic stress stimuli such as life 
events will have a negative effect on individual mental 
health.

Although life events are closely associated with men-
tal health, not all individuals who experienced life events 
will have psychological disorders. Even after experiencing 
the same life events, some individuals develop severe psy-
chological disorders, while others remain healthy. This 
result suggests that some psychological qualities among 
individuals may play an important role in regulating the 
relationship between life events and mental health, and 
psychological vulnerability may be one of the important 
quality factors. Psychological vulnerability is an individu-
al’s psychological ability to bear stressful events [8] or the 
possibility of psychological imbalance and the tendency 
not to recover easily [9]. In recent years, the relationship 
between psychological vulnerability and individual men-
tal health has attracted attention. Nobre et al. [10] con-
ducted a cross-sectional study on 260 adolescents and 
found that psychological vulnerability was an important 
predictor of individual coping behavioral deficits and was 
positively correlated with poor mental health. Sampaio et 
al. [11] confirmed this result by conducting a cross-sec-
tional survey of 115 municipal workers. Nogueira et al. 
[12] also reported that psychological vulnerability was a 
negative predictor of mental health. Dadandı et al. [13] 
also found that psychological vulnerability positively 
predicted fear and distress during COVID-19 after con-
ducting a cross-sectional survey of 783 Turkish adults. 
Bruehlman-Senecal et al. conducted a 4-week random-
ized controlled study on 221 college students and found 
that psychological vulnerability was closely related to 
loneliness and depression [14]. Hirsch et al. [15] also 
reported that individuals with high psychological vulner-
ability were prone to negative psychological outcomes 
while individuals with low psychological vulnerabil-
ity were prone to positive psychological outcomes after 
experiencing life events. The stress-vulnerability model 
also showed that [16], individuals were genetically or 
biologically vulnerable to psychosis and could toler-
ate a certain amount of stressful stimuli. However, once 
the tolerable threshold was exceeded, mental health risk 

arose. Individuals with high psychological vulnerability 
could cause mental health problems by mild stimula-
tion of life events, but individuals with low psychological 
vulnerability could cause mental disorders only by high-
intensity stress stimulation. A recent study also showed 
that psychological vulnerability could not only positively 
predict depression, but also act as a mediating variable 
between cognitive integration and depression [17]. It can 
be seen that psychological vulnerability is closely associ-
ated with mental health.

Then, what is the relationship between life events and 
psychological vulnerability, and whether the effect of 
life events on individual psychology is related to psy-
chological vulnerability? Scholars have also studied this 
issue. Thoits et al. [18] first confirmed the difference of 
psychological vulnerability among individuals. Woman, 
the elderly, as well as unmarried, less educated and low-
income groups, were vulnerable to life events because 
life events reduced psychological capital and increased 
psychological vulnerability of this group. Neurophysi-
ological studies [19] also confirmed that childhood pov-
erty could reduce the coupling between the amygdala 
and the ventromedial prefrontal cortex (vmPFC) in the 
resting state, thereby increasing individual psychological 
vulnerability. This result was also confirmed by Swartz et 
al. [20]. The Stress-Sensitization Model [21] also showed 
that early traumatic life events could increase individual 
psychological vulnerability and stress sensitivity, result-
ing in later weaker life events could cause severe psycho-
logical problems. Meyers et al. [22] further confirmed 
in a large-scale cross-sectional survey involving 18,713 
samples that individuals who had experienced traumatic 
life events in childhood had a higher sense of stress 
and were more sensitive to the psychological pressure 
brought by “9.11” terrorist attacks, suggesting that life 
events could positively affect psychological vulnerabil-
ity. Uğur et al. conducted a cross-sectional survey on 389 
college students and found that fear of negative evalua-
tion was positively correlated with individual psychologi-
cal vulnerability [23]. Swanepoel et al. [9] reported that, 
psychological vulnerability could also act as a mediating 
variable, mediating the relationship between adverse life 
events and multiple sclerosis symptoms. It can be seen 
that life events have a certain effect on psychological 
vulnerability, and the effect of life events on individual 
psychology may be realized by influencing psychological 
vulnerability.

Physical activity is easy to carry out, has a low degree 
of “stigma” and has a positive effect on human physiol-
ogy and psychology [24]. It was confirmed that physical 
activity could reduce a variety of psychological symp-
toms such as anxiety, depression and PTSD induced 
by adverse life events [25–27]. It was also reported that 
physical activity played an important role in maintaining 
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individual mental health after emergencies such as earth-
quakes [28], the Fukushima nuclear accident [29], covid-
19 [30], floods, hurricanes [31], terrorist attacks [32] and 
wars [33]. In addition to the above-mentioned studies 
on adults and adolescents, many other studies have con-
firmed that physical activity can reduce PTSD, depres-
sion and psychological distress induced by life events 
among college students [34, 35]. According to the dis-
traction hypothesis, individuals who pay too much atten-
tion to experienced life events are prone to psychological 
problems such as unrealistic fantasies, stress, anxiety and 
depression [36]. Engaging in physical activity can distract 
people’s attention from adverse life events, thus leading 
to the effect of relaxing mental stress and fighting anxi-
ety and depression. Self-efficacy theory also shows that a 
person’s self-efficacy is positively correlated with the abil-
ity to control potentially threatening stimuli. Individuals 
with high self-efficacy have less anxiety and depression 
when facing life events. Physical activity can improve 
self-efficacy, enhance the ability to adapt to internal and 
external pressure, and then play a role in anti-anxiety and 
anti-depression [37]. It can be seen that physical activity 
is closely related to individual mental health under the 
background of life events, and high-level physical activity 
can reduce negative psychological levels such as anxiety 
and depression.

In addition to the relationship between physical activ-
ity and mental health, the relationship between physical 
activity and psychological vulnerability has also attracted 
much attention. Hu & Li [38] reported that physical 
activity level was negatively correlated with psychological 
vulnerability score of the elderly, and improving physi-
cal activity level was helpful to reduce the psychological 
vulnerability of the elderly. Carmona-Torres et al. [39] 
also reported that low levels of physical activity were 
positively associated with psychological vulnerability, 
anxiety and depression (women) and substance abuse. 
Rodríguez-Romo et al. [40] also found that moderate to 
high levels of physical activity could reduce the psycho-
logical vulnerability of college students. Levenstein et al. 
[41], Hemmeter & Ngamsri [42] and Debbia et al. [43] 
also confirmed that a sedentary lifestyle was an impor-
tant risk factor for increased psychological vulnerability, 
and regular physical activity could prevent this increased 
susceptibility. Psychological resilience is a good psycho-
logical quality corresponding to psychological vulner-
ability. Nowacka-Chmielewska et al. [44] proposed in 
a review paper that a sedentary lifestyle was associated 
with psychological vulnerability, while an active lifestyle 
was associated with psychological resilience. Belcher et 
al. [45] further found that physical activity, exercise and 
aerobic fitness could all improve psychological resilience 
by enhancing the top-down control function of the cen-
tral nervous system, and buffer the adverse effects of 

psychological vulnerability on psychology. It can be seen 
that physical activity may be negatively correlated with 
psychological vulnerability, and high-level physical activ-
ity can help reduce psychological vulnerability.

In summary, life events and physical activity are closely 
associated with psychological vulnerability and mental 
health. However, it is difficult to reflect the real human 
life scene when discussing the relationship between the 
above four elements in a separate state. Because in real 
life, some individuals engage in certain physical activity 
while experiencing sustained low-intensity life events, 
then what is the combined effect of physical activity and 
life events on individual psychology? No systematic stud-
ies have been seen so far. Therefore, the interaction term 
of physical activity and life events was taken as an inde-
pendent variable, and was integrated into the research 
framework together with physical activity, life events, 
psychological vulnerability and mental health to system-
atically examine the interrelationship between the above 
factors. Based on the research conclusions of the above 
literature and the research objectives of this topic, the 
following hypotheses and research framework are pro-
posed (Fig. 1).

Hypothesis 1  Life events negatively affect mental health.

Hypothesis 2  Psychological vulnerability negatively 
affects mental health.

Hypothesis 3  Life events positively affect psychological 
vulnerability.

Hypothesis 4  Life events affect mental health through 
psychological vulnerability.

Hypothesis 5  Physical activity positively affects mental 
health.

Hypothesis 6  Physical activity negatively affects psycho-
logical vulnerability.

Hypothesis 7  Physical activity affects mental health 
through psychological vulnerability.

Hypothesis 8  Physical activity and life events can have 
an interactive effect on psychological vulnerability. For 
individuals with higher levels of physical activity, the posi-
tive effect of life events on psychological vulnerability is 
relatively weak.

Hypothesis 9  Physical activity and life events can have 
an interactive effect on mental health, and this interaction 
effect may be mediated by psychological vulnerability. For 
individuals with higher levels of physical activity, the neg-
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ative effect of life events on mental health was relatively 
weak.

Methods
Subjects
A cluster random sampling was conducted on 7 college 
students from Shaanxi, Henan, Hunan and other prov-
inces by using mobile questionnaire star. 3881 question-
naires were obtained. 3552 valid questionnaires were 
collected, with an effective rate of 91.53%. The age range 
was 19–23 years old (19.37 ± 3.18), including 1819 males 
(51.22%) and 1733 females (48.78%). Based on the power 
analysis program in G*power 3.1 software, when α was 
set to 0.05, this sample size could provide a statistical 
power of over 0.90 for an effect size of f = 0.25.

Physical activity rating scale-3 (PARS-3)
The scale was designed by Hashimoto [46] and translated 
and revised by Liang and Liu [47]. It was used to assess 
the daily physical activity of college students from three 
dimensions: physical activity intensity, duration and fre-
quency. Each dimension was divided into 5 grades, with 1 
to 5 points respectively. Physical activity amount = physi-
cal activity intensity score × (physical activity duration 
score−1) × physical activity frequency score. The high-
est score of the scale was 100, and the lowest was 0. The 
higher the score, the greater the physical activity amount. 
The scale has been widely used to assess physical activity 
of young people in Chinese culture [48, 49], and its test-
retest reliability was 0.82 in the study of Liang and Liu 
[47]. The Cronbach’s α coefficient of PARS-3 in this study 
was 0.69.

Mental vulnerability questionnaire (MVQ)
The scale was compiled by Eplov et al. [50], it consisted of 
22 items, which were divided into three dimensions: psy-
chosomatic symptoms, psychiatric symptoms and inter-
personal problems. 5-point Likert scale was adopted, 

1 = never, 2 = rarely, 3 = sometimes, 4 = frequently, 
5 = always. The lowest score was 22 and the highest score 
was 110. The higher the score, the greater the psychologi-
cal vulnerability [51]. The total Cronbach’s α of the scale 
was 0.920. The Cronbach’s α of psychosomatic symp-
toms, psychiatric symptoms and interpersonal problems 
were 0.942, 0.944 and 0.871, respectively.

Adolescent self-rating life events checklist (ASLEC)
ASLEC reported in the literature was used to assess the 
extent to which adolescents affected by life events [52]. 
The scale consisted of 27 items grouped into six dimen-
sions of negative life events: interpersonal relationship, 
academic pressure, being punished, personal loss, health 
and adaptability and others. Each item was scored on a 
5-point Likert scale. Participants were asked to indicate 
whether these life events had occurred in the past twelve 
months. If the answer was “no”, the score was 0. If the 
answer was “yes”, it was required to assess the effect of 
life events from 1 (not at all) to 5 (very significant). The 
total score of the scale ranged from 0 to 135, and the 
higher the score, the more severe the effect of life events. 
The Cronbach’s α coefficient of this scale was 0.90.

Symptom checklist 90 (SCL-90)
SCL-90 was used to assess the mental health status of col-
lege students. The scale was compiled by Derogatis [53], 
including 90 items, divided into 10 dimensions: depres-
sion, anxiety, somatization, obsessive-compulsive symp-
toms, interpersonal sensitivity, hostility, terror, paranoia, 
psychosis, and other dimensions that assess appetite and 
sleep disorders. A 5-point Likert scale was used to score, 
1 = none, 2 = very light, 3 = medium, 4 = slightly severe, 
5 = severe. The Cronbach’s α coefficient of this scale was 
0.96. Studies showed that the general mental health prob-
lems of Chinese college students were mainly reflected in 
anxiety and depression [54, 55], so anxiety and depres-
sion were mainly selected as mental health indicators 

Fig. 1  Research framework
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in this study. The anxiety dimension contained 10 items 
with scores ranging from 10 to 50 points. The depression 
dimension contained 13 items with scores ranging from 
13 to 65.

Quality control
First of all, the purpose, use and response requirements 
of the survey were explained in the questionnaire guid-
ance. If the participants agree to participate in this sur-
vey, they must answer carefully to ensure the integrity 
and reliability of the questionnaire. Secondly, the dura-
tion and response of each questionnaire provided by 
the questionnaire star were screened. Questionnaires 
that took less than 5 min to answer or had a large num-
ber of missing or similar options were considered invalid 
and were eliminated. Finally, 329 invalid questionnaires 
were eliminated. Thirdly, in the data analysis stage, pro-
gram control and Harman Univariate Test were used to 
control the common method bias. The results showed 
that the explained variance of the first common fac-
tor was 23.68%, which was less than the critical value of 
40%, indicating that the common method bias in the data 
was not significant. At the same time, the Kolmogorov-
Smirnov test showed that the data were normally distrib-
uted (p = 0.18).

It was also reported that gender [39] and age [25, 29] 
were two important demographic variables affecting 
individual psychology and psychological vulnerability, 
so gender and age were controlled as control variables in 
this study.

Statistical processing
SPSS 23.0 software was used for statistical analysis. Con-
tinuous variables were expressed as mean and standard 

deviation. Pearson correlation analysis was used for cor-
relation analysis. For the mediating effect analysis, the 
regression coefficient was tested step by step according to 
the mediating effect test procedure proposed by Baron & 
Kenny [56]. AMOS20.0 program was used to construct a 
structural equation modeling to further explore the rela-
tionship between physical activity, life events, psycho-
logical vulnerability, and the interaction terms between 
physical activity and life events and mental health (anxi-
ety and depression). According to the criteria reported by 
Ni et al. [4], the fitting state of the model was judged: the 
closer χ2/df was to 1, the better. The closer the RMSEA 
and SRMR were to 0, the better. The closer the indicators 
such as GFI, AGFI, NFI, TLI, CFI and IFI were to 1, the 
better the model fits; if these indicators were greater than 
0.90, the better the model fits. Bilateral p < 0.05 was con-
sidered statistically significant.

Results
Stratified comparison of mental health status
Levels of anxiety and depression were compared by 
gender and age, respectively. The results showed that 
(Table 1), anxiety (p < 0.01) and depression (p < 0.01) were 
significantly higher in women than in men. However, 
there were no significant significances in anxiety and 
depression levels among the three age groups.

Correlation analysis
The results of the correlation analysis showed that 
(Table 2), gender was positively correlated with physical 
activity (p < 0.01), and negatively correlated with psycho-
logical vulnerability (p < 0.01) and life events (p < 0.05) 
significantly. Gender was also negatively correlated with 
anxiety (p < 0.01) and depression (p < 0.01). Physical 

Table 1  Stratified comparison of mental health by gender and age (n = 3552)
Variable Anxiety Depression

n M SD F/t M SD F/t
Gender male 1819 17.38 8.24 15.689** 20.89 10.15 19.578**

female 1733 28.77 10.45 31.92 13.57
Age 19-20yr 1226 23.35 7.37 1.697 28.39 9.87 1.357

20-22yr 1380 20.57 9.68 24.91 9.46
22-23yr 946 25.88 8.07 29.67 10.49

Note: *: p < 0.05; **: p < 0.01. Same as below

Table 2  Correlation analysis between variables (n = 3552)
M SD 1 2 3 4 5 6 7

1 Gender - -
2 Age 19.37 3.18 -0.03
3 PARS-3 39.96 20.26 0.41** 0.06
4 MVQ 43.36 15.68 -0.24** 0.08 -0.23**

5 ASLEC 59.69 23.36 -0.15* 0.10 -0.15* 0.13*

6 Anxiety 23.69 11.35 -0.32** -0.09 -0.45* 0.37** 0.58**

7 Depression 27.39 13.69 -0.28** -0.05 -0.36** 0.29** 0.48** 0.90**
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activity was negatively correlated with psychological vul-
nerability, life events, anxiety and depression (p < 0.01 or 
p < 0.05). Psychological vulnerability was positively cor-
related with life events, anxiety and depression (p < 0.01 
or p < 0.05). Life events were positively correlated with 
anxiety and depression (all p < 0.01). There was a signifi-
cant positive correlation between anxiety and depression 
(p < 0.01). However, there was no significant correlation 
between age and each variable.

Regression analysis
Because there was a significant correlation between anxi-
ety and depression (Table 2), and because they were both 
the two main manifestations of mental health problems 
in college students, anxiety and depression were inte-
grated into a single variable (mental health) for analysis in 
this study. Firstly, the four variables of psychological vul-
nerability, life events, physical activity and mental health 
status were centralized, that is, the sample mean was sub-
tracted. Thereafter, stepwise regression analysis was per-
formed for the above four variables. Table 3 showed the 
results of regression analysis. Models 1, 3 and 5 examined 
the effects of physical activity and life events on mental 
health and the mediating effect of psychological vulnera-
bility. The interaction term between physical activity and 
life events was added into models 2, 4 and 6, to examine 
the effects of physical activity, life events, the interaction 
term between physical activity and life events on mental 
health, as well as the mediating effect of psychological 
vulnerability.

Model 1 showed that, after controlling for gender and 
age, physical activity had a significant negative predictive 
effect on psychological vulnerability (p < 0.01), while life 
events had no significant effect on psychological vulner-
ability (p > 0.05).

Model 3 showed that physical activity had a significant 
negative predictive effect on mental health (anxiety and 
depression) (p < 0.01), and life events had a significant 
positive predictive effect on mental health (anxiety and 
depression) (p < 0.01).

Model 5 showed that, when psychological vulnerabil-
ity entered model 3, it had a significant positive effect 
on mental health (anxiety and depression) (p < 0.01), 
and physical activity still had a negative effect on mental 
health (anxiety and depression) (p < 0.01), but the regres-
sion coefficient decreased. According to the stepwise test 
of mediating effect, if the direct effect of the independent 
variable on the dependent variable was still significant, 
then the mediating variable played a partial mediating 
role between the independent variable and the depen-
dent variable. Therefore, psychological vulnerability had 
a partial mediating effect between physical activity and 
mental health (anxiety and depression).
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Model 5 also showed that, when psychological vulnera-
bility entered model 3, life events still had a positive effect 
on mental health (anxiety and depression) (p < 0.01). 
Because life events had no significant effect on psycho-
logical vulnerability in the sequential tests (p > 0.05), 
Sobel test was required to determine the mediating rela-
tionship between life events, psychological vulnerability 
and mental health (anxiety and depression) according to 
the test procedure proposed by Baron & Kenny [56]. The 

test statistics = âb̂/

√
â2s2

b + b̂2s2
a, in which â =0.089, 

Sa=0.022, b̂ =0.458, Sb=0.024, z = 3.885, p <0.01. The 
results suggested that psychological vulnerability had a 
mediating effect between life events and mental health 
(anxiety and depression).

Model 2 showed that, after the interaction term 
between physical activity and life events entered model 1, 
it had a negative predictive effect on psychological vul-
nerability (p < 0.05). A simple slope test was further con-
ducted for the interaction effect. One standard deviation 
above the mean value of physical activity measurement 
was defined as “high level of physical activity group”, 
and one standard deviation below the mean value was 
defined as “low level of physical activity group”, and the 
interaction effect diagram was drawn (Fig. 2). The simple 
slope test showed that, when the level of physical activ-
ity was low, psychological vulnerability increased rapidly 
with the increase of life events (p < 0.05). When the level 
of physical activity was high, psychological vulnerability 
showed a slow decreasing trend with the increase of life 

events (p > 0.05). The results suggested that high level of 
physical activity could reverse the adverse effects of life 
events on psychological vulnerability.

Model 4 showed that the interaction term between 
physical activity and life events had a negative effect on 
mental health (anxiety and depression) (p < 0.05). A sim-
ple slope test was further conducted on the interaction 
effect. One standard deviation above the mean value of 
physical activity measurement was defined as “high level 
of physical activity group”, and one standard deviation 
below the mean value was defined as “low level of physi-
cal activity group”, and the interaction effect diagram 
was drawn (Fig.  3). The simple slope test showed that, 
when the level of physical activity was low, the mental 
health (anxiety and depression) score increased signifi-
cantly with the increase of life events (p < 0.05). When 
the level of physical activity was high, the mental health 
(anxiety and depression) score showed a significant 
decrease trend with the increase of life events (p < 0.05). 
The results suggested that high level of physical activ-
ity reversed effectively the effect of life events on mental 
health (anxiety and depression).

Model 6 showed that, after psychological vulnerabil-
ity entered model 4, it had a significant positive effect on 
mental health (anxiety and depression) score (p < 0.05), 
but the interaction term between physical activity and life 
events had no significant effect on mental health (anxiety 
and depression) (p > 0.05). The results suggested that psy-
chological vulnerability completely mediated the effect of 

Fig. 2  The moderating effect of physical activity on the relationship between life events and psychological vulnerability
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interaction term between physical activity and life events 
on mental health (anxiety and depression).

SEM
Structural equation modeling (SEM) was further used 
to explore the effects of physical activity and life events 
on college students’ mental health (anxiety and depres-
sion), as well as the mediating effect of psychological 
vulnerability. Physical activity included three latent vari-
ables: exercise intensity, duration and frequency. Psy-
chological vulnerability included three latent variables: 
psychosomatic symptoms, psychiatric symptoms and 
interpersonal problems. Life events included six latent 
variables: academic pressure, being published, inter-
personal relationship, personal loss, health and adapt-
ability and others. Mental health included two latent 
variables: anxiety and depression. At the same time, the 
interaction term of physical activity and life events was 
included in the model as an independent latent variable. 
The initial model analysis showed that, the direct path 
between the interaction term of physical activity and life 
events and mental health was not significant (p > 0.05), 
therefore, this path did not enter the final model (Fig. 4). 
The overall model fitting index of the modified final 
model was χ2/df = 1.347, RMSEA = 0.072, SRMR = 0.034, 
GFI = 0.951, AGFI = 0.961, NFI = 0.977, TLI = 0.961, 
CFI = 0.954, IFI = 0.976, the results showed that the model 
fit well. Through model analysis, it was found that, after 

controlling the two demographic variables, gender and 
age, the conceptual model and hypotheses mentioned 
in the introduction were basically confirmed. As shown 
in the final model, physical activity negatively predicted 
anxiety and depression, and also negatively predicted 
psychological vulnerability. However, life events posi-
tively predicted anxiety and depression, as well as psy-
chological vulnerability. The interaction term between 
physical activity and life events negatively predicted psy-
chological vulnerability. The results of psychological vul-
nerability as the mediating variable showed that, physical 
activity and life events affected mental health (anxiety 
and depression) not only through direct effects but also 
through the mediating effect of psychological vulnerabil-
ity, which accounted for 22.17% and 23.42% of the total 
effect, respectively. However, the effect of the interaction 
term between physical activity and life events on men-
tal health (anxiety and depression) was mainly realized 
through the mediating effect of psychological vulnerabil-
ity, which accounted for 91.86% of the total effect. That is, 
psychological vulnerability played a completely mediat-
ing role between the interaction term of physical activity 
and life events. The direct and indirect effects with 95%Cl 
intervals of all regulatory pathways were presented in 
Table 4.

PARS-3: physical activity; ASLEC: life events; ID: inter-
personal difficulties; AP: academic pressure: BP: being 
punished; PL: personal loss; HA: health and adaptability; 

Fig. 3  The moderating effect of physical activity on the relationship between life events and mental health
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MVQ: psychological vulnerability; PSS: psychosomatic 
symptoms; PCS: psychiatric symptoms; IP: interpersonal 
problems; MH: mental health. *p < 0.05, **p < 0.01.

Discussion
Anxiety and depression are two types of mental health 
problems in college students, and there is a close rela-
tionship between them [54, 55]. In this study, anxiety 
and depression were used as a comprehensive variable to 
assess the mental health status of college students, and a 
cross-sectional survey was conducted to assess physical 
activity level, psychological vulnerability, mental health 
status (anxiety and depression) and life events experi-
ences of 3552 college students. On the basis of stratified 
comparison and correlation analysis, regression analysis 
was further used to explore the effects of physical activ-
ity, life events and psychological vulnerability on mental 

health, and structural equation model was finally used to 
explore the relationship between the above variables.

Relationship between life events, psychological 
vulnerability and mental health (anxiety and depression)
This study first found that life events positively affect anx-
iety and depression in mental health. The more adverse 
life events college students experienced, the higher their 
anxiety and depression, and the worse their overall men-
tal health. The results first supported hypothesis 1. Stud-
ies found that experiencing adverse life events could 
increase individual anxiety [57, 58]. Multiple studies also 
reported that life events were risk factors for depression 
[59, 60]. Ni et al. [4] also reported a dose-effect relation-
ship between the number of traumatic events and psy-
chological consequences. Physiological studies confirmed 
that the mechanism by which life events increased indi-
vidual anxiety and depression might be related to the 

Table 4  The pathway coefficient of the final model
Independent 
variable

Mediating 
variable

Dependent 
variable

Indirect pathway Direct pathway medi-
ating/
total 
effect

β SE 95%CI β SE 95%CI

ASLEC MVQ MH (anxiety and 
depression)

0.178 0.032 [0.091,0.217] 0.582 0.017 [0.496,0.711] 23.42%
PARS-3 -0.149 0.014 [-0.191,-0.093] -0.523 0.034 [-0.596,-0.459] 22.17%
PARS-3*ASLEC -0.079 0.011 [-0.084,-0.051] -0.007 0.002 [-0.014,0.009] 91.86%

Fig. 4  Interrelationship and change pathway coefficient of variables in the structural equation model
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dysfunction of the hypothalamic-pituitary-adrenal (HPA) 
axis [61]. As a chronic stressor, life events could lead to 
overactivation of HPA [62] and abnormal increase of cor-
tisol secretion [63], and then change the function of the 
emotional regulation circuit in the central nervous sys-
tem [64], reducing the emotional regulation function and 
increasing negative psychology in the face of life events. 
In addition, life events might also reduce the secretion 
of neurotransmitters such as 5-HT, NE and DA in the 
central nervous system [65], thus reducing the posi-
tive emotional experience of individuals. This result was 
also confirmed in the study of Swartz et al. [20]. Studies 
in cognitive psychology also confirmed that life events 
might also positively affect depression through the chain 
mediation of attribution-self-esteem [66]. Łosiak et al. 
[67] also reported that rumination and cognitive bias 
played an important modulatory role between life events 
and depressive symptoms. In addition, life events could 
also reduce mental health through psychological mecha-
nism such as increasing psychological resource depletion 
[68], reducing psychological resilience and understand-
ing social support [69], and increasing stress sensitivity 
[20].

It was also found in this study that life events positively 
affected psychological vulnerability. That is, experienc-
ing more life events, especially adverse life events early in 
life would increase individual psychological vulnerability. 
The results supported hypothesis 3. Neurophysiological 
studies confirmed that childhood poverty could reduce 
the coupling between the amygdala and the ventromedial 
prefrontal cortex (vmPFC) in the resting state, thereby 
increasing individual psychological vulnerability [19], 
which was also confirmed by Swartz et al. [20]. Thoits 
et al. [18] also reported that life events could reduce the 
psychological capital and increase psychological vulner-
ability of women, the elderly and low-income groups. The 
stress-sensitization model also showed that early trau-
matic life events could increase individual psychologi-
cal vulnerability and stress sensitivity, resulting in severe 
psychological problems when experiencing weaker 
stressful life events later [21]. The results suggested that 
psychological vulnerability was closely related to mental 
health. Korten et al. [70] conducted a 10-year follow-up 
study on 1312 elderly people (aged 65–85) and found that 
adverse life experiences in childhood could increase their 
physical and psychological vulnerability, which could lead 
to increased depression and decreased cognitive function 
in adulthood. The results of Nobre et al. [10], Nogueira 
et al. [12], Dadandı et al. [13] and Sampaio et al. [11] also 
showed that psychological vulnerability was negatively 
correlated with individual mental health status, and posi-
tively correlated with negative psychology such as anxiety 
and depression. Oruebner et al. [71] further reported that 
psychological vulnerability was an important regulating 

factor for the mental health status of residents in disas-
ter areas after hurricane. Recently, Lv et al. [17] reported 
that psychological vulnerability could not only positively 
predict depression, but also act as a mediating variable 
between cognitive fusion and depression. It was also 
reported that, as a psychological vulnerability factor, 
experience avoidance played a mediating role between 
chronic pain and anxiety [72]. Through regression analy-
sis and structural equation model analysis, it was found 
that psychological vulnerability was not only positively 
correlated with anxiety and depression in mental health, 
but also played a mediating role between life events and 
mental health (anxiety and depression), with the mediat-
ing effect size of 23.42%. Therefore, hypotheses 2 and 4 
were also supported.

The relationship between physical activity, psychological 
vulnerability and mental health (anxiety and depression)
Physical activity had a promoting effect on mental health, 
and was a good way to reduce individual anxiety, depres-
sion and mental stress. This study also confirmed that 
physical activity was negatively correlated with anxiety 
and depression in mental health, that is, the higher the 
level of physical activity, the lower the level of anxiety and 
depression, and the higher the level of mental health. The 
results first supported hypothesis 5. A large number of 
studies have reported the mechanism of physical activity 
reducing anxiety, depression and other negative psychol-
ogy. Physiological studies showed that physical activity 
could improve mental health by reducing HPA activity 
[24], improving cerebral blood flow [73] and neuroendo-
crine function (increasing DA and endorphin secretion) 
[25], and reducing inflammatory response [36]. In addi-
tion, physical activity could also improve mental health 
by improving self-efficacy [37, 74], self-esteem and inter-
personal relationships [75, 76], psychological resilience 
[45] and emotion regulation strategies [77], or distract 
individuals from adverse life events [36] and other cogni-
tive psychological aspects.

This study also found that physical activity was nega-
tively correlated with psychological vulnerability. That is, 
the higher the physical activity level, the lower the psy-
chological vulnerability, and the stronger the psycho-
logical adaptability under the chronic stress stimulation 
of life events. This finding supported hypothesis 6. The 
reason might be that physical activity itself was a kind of 
stress stimulation, and the human body would have tem-
porary physiological reactions such as hypoxia, dyspnea, 
rapid heartbeat, muscle soreness and temperature rise 
during high-level physical activity. In order to overcome 
the adverse physiological reactions in exercise, indi-
viduals need to mobilize psychological capital, improve 
cognitive control function, and enhance perseverance 
and other psychological behaviors to persist in exercise. 
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Therefore, people who often engaged in high-level physi-
cal activity would gradually adapt to this stress stimulus, 
thus improving the ability to resist stress and frustration, 
and reducing psychological vulnerability. As psychologi-
cal vulnerability was often analyzed as a mediating vari-
able, this study found through structural equation model 
analysis that, psychological vulnerability played a mediat-
ing role in the relationship between physical activity and 
mental health (anxiety and depression), with the mediat-
ing effect size of 22.17%. The result also suggested that 
the reduction of individual anxiety and depression after 
regular physical activity was partly due to the fact that 
physical activity reduced individual psychological vulner-
ability. Low level of psychological vulnerability enabled 
individuals to have a higher ability to resist stress or frus-
tration, and then maintain a stable psychological state in 
the face of stress stimulation of various life events. The 
result also directly supported hypothesis 7.

Effect of interaction between physical activity and life 
events on psychological vulnerability and mental health 
(anxiety and depression)
One of the biggest highlights of this study is the inclusion 
of the interaction term between physical activity and life 
events into regression analysis and structural equation 
model analysis, which has more practical significance, 
because college students not only experience life events, 
but also engage in certain physical activity in their daily 
life. So, what is the effect of experiencing life events and 
engaging in physical activity on individuals? No reports 
have been seen yet. The results of this study showed that 
the interaction term of physical activity and life events 
was negatively correlated with psychological vulnerabil-
ity. The findings partially supported hypothesis 8. The 
results of this study are consistent with those reported 
by Rodríguez-Romo et al. [40], Nowacka-Chmielewska 
et al. [44] and Belcher et al., [45], which also found that 
physical activity could improve mental resilience, reduce 
mental vulnerability and buffer the adverse effects of 
life events on mental health by enhancing the top-down 
control function of the central nervous system. Further 
simple slope tests showed that, when the level of physical 
activity was low, individual psychological vulnerability 
increased rapidly with the increase of life events. In con-
trast, when the level of physical activity was high, individ-
ual psychological vulnerability showed a slow decreasing 
trend with the increase of life events. Physical activity 
reversed the adverse effect of life events on psychological 
vulnerability. This result can be explained by the theory of 
post-traumatic growth (PTG) [78], which held that major 
traumatic events, stressful stimuli or stressful events 
would have adverse effects on individual psychology, 
while also producing positive outcomes, such as improv-
ing individual psychological resilience or psychological 

immunity, so that individuals could effectively cope with 
similar adverse experiences in the late period. We spec-
ulate that individuals who regularly engage in physical 
activity, especially high-intensity physical activity, have 
obtained good psychological quality similar to PTG due 
to long-term exercise load stimulation, which in turn 
makes them show more and more courageous psycholog-
ical quality when experiencing life events, and their psy-
chological vulnerability does not increase, but decreases. 
This result fully supports hypothesis 8.

This study also found that the interaction term of 
physical activity and life events negatively affected anxi-
ety and depression in mental health, that is, individuals 
who regularly engaged in high levels of physical activity 
could maintain lower levels of anxiety and depression 
even after experiencing life events. The simple slope test 
further showed that high levels of physical activity could 
significantly reverse the tendency of anxiety and depres-
sion levels to rise with life events. This result partially 
supported hypothesis 9. After path analysis using struc-
tural equation model, it was found that the direct path-
way between the interaction terms of physical activity 
and life events and mental health (anxiety and depres-
sion) was not significant, but the indirect pathway medi-
ated by psychological vulnerability was significant. The 
results suggested that the interaction between physical 
activity and life events had a promoting effect on mental 
health mediated by psychological vulnerability. This find-
ing can be explained by the theoretical model of the rela-
tionship between psychological quality and mental health 
[79], which holds that some inherent psychological 
qualities determine individual psychological state under 
life events. Even after experiencing the same life events, 
different individuals will have completely different psy-
chological states due to their different psychological 
qualities. Psychological vulnerability can be regarded as 
a kind of psychological quality, and physical activity can 
improve this individual psychological quality and reduce 
psychological sensitivity to adverse life events [75]. It 
can be considered that regular participation in physical 
activity can reduce individual psychological vulnerability 
and improve psychological resilience. The good psycho-
logical quality will be transformed into the cause of PTG 
when individuals experience the stress stimulation of life 
events, leading to the improvement of mental health.

Limitations of the study
Through the survey data of large sample size and the 
comprehensive application of various analysis methods, 
this study comprehensively revealed the relationship 
between physical activity, life events, psychological vul-
nerability and mental health, and finally confirmed that 
physical activity can effectively reverse the adverse effects 
of life events on mental health. However, there are some 



Page 12 of 14Wang et al. BMC Psychology          (2025) 13:233 

limitations in this study. Firstly, this is a cross-sectional 
study, and no causal inference can be made about the 
relationship between some variables. For example, it is 
not possible to determine in this study whether low levels 
of physical activity are causes or consequences of individ-
ual anxiety and depression. Secondly, although this study 
found that physical activity could reverse the adverse 
effects of life events on individual mental health, it was 
impossible to distinguish whether the effect was caused 
by physical activity before or after life events. Thirdly, 
the factors affecting mental health of college students are 
very complex, including natural and social environment, 
genetic background and personal living habits. However, 
only gender and age were controlled in this study, which 
might lead to a certain limitations in the study results. 
Even so, the results of this study can still provide enlight-
enment for mental health management and intervention 
system construction of college students.

Conclusion
On the basis of regression analysis, the structural equa-
tion model was further used in this study to explore the 
relationship between physical activity, life events, psy-
chological vulnerability and mental health (anxiety and 
depression). Physical activity and life events had signifi-
cantly opposite main effects on mental health (anxiety 
and depression). Psychological vulnerability partially 
mediated the effects of physical activity and life events on 
mental health. Physical activity and life events could have 
an interaction effect on psychological vulnerability and 
mental health, and this interaction effect could reverse 
the adverse effects of life events. Compare with those of 
individuals with lower levels of physical activity, the psy-
chological vulnerability and mental health of individuals 
with higher levels of physical activity tended to decrease 
as the stimulation intensity of life events increased. The 
results of this study not only rich the relevant theories 
of physical activity promoting mental health, but also 
provide ideas for coping with the adverse effects of life 
events on individual mental health. Living in a rapidly 
developing and fiercely competitive society, people may 
not be able to avoid the negative effects of life events 
on their psychology, but they can effectively deal with 
such adverse effects by changing their lifestyle, such as 
increasing physical activity.

Overall, this study has yielded some results with 
theoretical value and practical significance. However, 
there are still problems in this field that need to be fur-
ther explored. In the future, it is possible to explore the 
threshold of chronic stress stimuli such as various life 
events that individuals can tolerate, which is conductive 
to timely psychological warning or intervention. In addi-
tion, it is necessary to explore the dose effect of physical 
activity in reversing negative psychology such as anxiety 

and depression caused by life events for individuals with 
different psychological vulnerabilities, so as to better 
exert the intervention effect of physical activity. Thirdly, 
in the future, longitudinal tracking studies can also be 
used to reveal the causal relationship between low-level 
physical activity and negative psychology such as anxi-
ety and depression. Finally, in addition to the two vari-
ables of gender and age, it is necessary to include more 
demographic variables, such as personal lifestyle habits, 
smoking, BMI, family history of mental illness and so on, 
which will make the results of this study more scientific.
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