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Background
In China, while University students were traditionally 
perceived as being ‘blessed by fortune’ and less prone 
to mental distress or disorders, the rapid expansion of 
universities and universities during significant socio-
economic transitions has brought unprecedented atten-
tion to mental health issues among this demographic in 
recent decades [1, 2]. Both male and female university 
students commonly experience psychological challenges 
stemming from environmental changes, academic pres-
sures, emotional setbacks, and health issues [3]. Men-
tal disorders during this period can lead to significant 
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Abstract
Background  Despite frequent discussions on the link between physical and mental health, the specific impact of 
physical fitness on mental well-being is yet to be fully established.

Method  This study, carried out between January 2022 and August 2023, involved 4,484 Chinese University students 
from eight universities located in various regions of China. It aimed to examine the association between physical 
fitness on psychological well-being. Descriptive statistics, t-tests, and logistic regression were used to analyze the 
association between physical fitness indicators (e.g., Body Mass Index (BMI), vital capacity, and endurance running) 
and mental health, assessed using Symptom Checklist-90 (SCL-90). All procedures were ethically approved, and 
participants consented to take part in.

Results  Our analysis revealed that BMI, vital capacity, and endurance running scores significantly influence mental 
health indicators. Specifically, a 1-point increase in BMI increases the likelihood of an abnormal psychological state 
by 10.9%, while a similar increase in vital capacity and endurance running decreases the risk by 2.1% and 4.1%, 
respectively. In contrast, reaction time, lower limb explosiveness, flexibility, and muscle strength showed no significant 
effects on psychological states (p > 0.05).

Conclusion  Improvements in BMI, vital capacity, and endurance running capabilities are associated with better 
mental health outcomes, highlighting their potential importance in enhancing overall well-being.
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adverse outcomes, including university dropout, aca-
demic underachievement, strained relationships, and 
diminished emotional well-being, ultimately compromis-
ing physical health and future career prospects [4]. The 
Symptom Checklist-90 (SCL-90) is frequently employed 
in China for assessing the mental health status of univer-
sity students [5]. According to Ren (2009), the SCL-90 
was utilized in 63.8% of the published articles addressing 
mental health among university students [6].

Wang introduced the SCL-90 to China in 1984 [7]. 
Since its translation by Wang from English to Chinese, 
the scale has gained widespread usage in China [8]. It 
comprises 90 self-report items, with each question utiliz-
ing a 5-point Likert scale, ranging from 0 (not at all) to 4 
(extremely). The SCL-90 effectively identifies individuals 
with existing psychiatric symptoms, screens for potential 
symptoms, determines their type and severity, and high-
lights the urgency for personalized intervention based on 
higher total scores [9].

Given that the World Health Organization (WHO) 
regards mental and physical dimensions as fundamen-
tal components of overall health and well-being [10], a 
robust correlation has been identified between mental 
and physical health [11–14]. Dr. Kishore, in an article 
published in the Bulletin of the WTO, notably asserted 
that “true physical health cannot exist without men-
tal health” [15]. Ohrnberger (2017) discovered robust 
cross-effects between physical and mental health, even 
when adjusting for confounding variables [16]. In prior 
research, several cross-sectional studies have identified 
mental health as a significant correlate of physical health 
[17–19], however, there is a lack of studies investigating 
the dynamic association between the two [16].

Physical health, encompassing cardiorespiratory 
endurance, muscular strength endurance, flexibility, and 
body composition, serves as a critical indicator of health 
[20, 21]. The Ministry of Education of China released 
the National Physical Health Standards for Students 
(revised in 2014, NPHSS) to assess the physical health 
status of young individuals, including university students, 
thus reflecting their overall physical fitness level. These 
standards are evaluated annually, with fitness measures 
assessed according to the 2014 revised Chinese National 
Student Physical Fitness Standard (CNSPFS), cover-
ing various aspects such as aerobic capacity, upper body 
strength, flexibility, body mass index (BMI), abdominal 
strength, and trunk strength [21]. The national standards 
aid educators in establishing the desired objectives for 
students to accomplish by the conclusion of their aca-
demic endeavors [22]. Since its initial introduction, the 
NPHSS has been instrumental in shaping physical edu-
cation policies in China. Studies have demonstrated that 
structured physical fitness programs, aligned with these 
standards, not only enhance physical health but also 

contribute to academic performance and psychological 
resilience among students. Furthermore, longitudinal 
data suggest that continuous engagement with NPHSS-
guided activities significantly improves health outcomes 
over time [23].

Our study employs the 2014 revised NPHSS to assess 
the physical fitness level of Chinese university students, 
alongside the use of the SCL-90 as a screening tool for 
evaluating their mental health status. We analyze the 
discrepancy in average scores of the sports quality index 
between students with regular and abnormal mental 
health statuses and examine the impact of sports quality 
index scores on students’ psychological well-being using 
a binary logistic regression model. To provide some sug-
gestions on how to improve the mental health status of 
students with abnormal mental health status in university 
through some physical exercises.

Method
Participants
Between January 2022 and August 2023, a cross-sectional 
study was conducted in three regions of China—North 
and Northeast, Northwest, and Southwest—focusing on 
the psychological and physical health of university stu-
dents. This study was approved by the Ethics Commit-
tee of Guangxi Normal University and involved eight 
universities. Within each of the four academic levels at 
every university, 150 students were selected, totaling 
4800 participants. Students were recruited on a volun-
tary basis from various departments within each univer-
sity. A random sampling technique was applied across 
the different majors to ensure a representative sample, 
reflecting the diversity of academic disciplines. Recruit-
ment was facilitated through university instructors in 
physical education and mental health, and participants 
were offered academic credit as an incentive, a practice 
approved by the ethics committee for its educational 
value. Recruitment and data collection were carried out 
from January 2022 to August 2023. Recruitment was 
initiated in January 2022 and completed by April 2022. 
Each university conducted its recruitment independently, 
allowing for data collection to proceed until August 2023. 
The participants were primarily first through fourth-
year undergraduate students, typically aged 18 to 22. 
After excluding participants with incomplete physical 
fitness tests or questionnaires, data from the remaining 
participants were analyzed. Specifically, if a participant 
left any item blank or provided evidently non-serious 
responses (such as marking the same answer across mul-
tiple items without considering the content), we consid-
ered the data incomplete or the responses erroneous, 
thus excluding them from our analysis. To address the 
ethical consideration of incentivizing participation with 
academic credit, it is important to note that this practice 
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was carefully reviewed and approved by the ethics com-
mittee. The incentive was deemed appropriate given its 
direct relevance to the educational outcomes of the stu-
dents involved in the study. Moreover, the use of aca-
demic credit as an incentive aligns with the educational 
goals of the participants, enhancing their engagement in 
activities that contribute to their academic and personal 
development.

Assessment
The research involved the evaluation of participants 
through a combination of physical fitness assessments 
and questionnaire surveys. The physical fitness evalu-
ations adhered to the criteria outlined in the NPHSS 
provided by the Ministry of Education of China. These 
standards encompass various parameters such as BMI, 
lung capacity, 50-meter sprint, sit-and-reach flexibility, 
standing long jump, pull-ups (for men) or 1-minute sit-
ups (for women), and either a 1000-meter run (for men) 
or an 800-meter run (for women). The physical fitness 
assessment greatly benefits students by assisting them in 
achieving higher academic credits and preparing them 
for the workforce with improved physical conditions.

The Symptom SCL-90 is a widely recognized tool in 
psychiatric assessment [24]. Its reliability has been con-
firmed by previous studies [25]. The scale comprises 
nine subscale dimensions: Somatization, Obsessive-
Compulsive, Interpersonal-Sensitivity, Depression, 
Anxiety, Hostility, Phobic-Anxiety, Paranoid Ideation, 
and Psychoticism [9]. In this study, teachers from eight 
universities utilized mobile phones to distribute the 
questionnaire to their students, who were instructed to 
complete it accurately. The questionnaire exhibited a 
100% response rate and a 94% effectiveness rate, demon-
strating its utility in capturing relevant data.

Variable table
This study integrates a thorough assessment of physical 
fitness encompassing seven primary dimensions. Due to 
inherent differences in physical characteristics between 
genders, variations in indicator selection are observed. 
The overall physical quality test comprises seven aspects: 
BMI, vital capacity, 50m run, standing long jump, sitting 
forward bend, 1000m run (male)/800m run (female), and 

pull-up (male)/one-minute sit-up (female). The implica-
tions of these seven indicators are delineated in Table 1 
below. The ratings of ‘Excellent’, ‘Good’, ‘Pass’, and ‘Failure’ 
in this study are determined based on the specific scoring 
criteria set by the NPHSS, which adjust scoring thresh-
olds for different physical indicators according to gender.

The SCL-90 scale comprises 90 items divided into 10 
distinct factors. Each factor and its corresponding items 
are as follows:

Somatization (items 1, 4, 12, 27, 40, 42, 48, 49, 52, 53, 
56, and 58, totaling 12 items): Reflects distress arising 
from perceptions of bodily dysfunction.

Obsessive-compulsive (items 3, 9, 10, 28, 38, 45, 46, 51, 
55, and 65, totaling 10 items): Indicates an inclination 
towards repetitive thoughts and compulsive behaviors.

Interpersonal Sensitivity (items 6, 21, 34, 36, 37, 41, 61, 
69, and 73, totaling 9 items): Measures feelings of inad-
equacy and inferiority, particularly in comparison to 
others.

Depression (items 5, 14, 15, 20, 22, 26, 29, 30, 31, 32, 
54, 71, and 79, totaling 13 items): Assesses symptoms 
associated with mood disturbance, including melancholy, 
hopelessness, and the lack of interest in life.

Anxiety (items 2, 17, 23, 33, 39, 57, 72, 78, 80, and 86, 
totaling 10 items): Evaluates general signs of anxiety such 
as nervousness, tension, and tremulousness.

Hostility (items 11, 24, 63, 67, 74, and 81, totaling 6 
items): Concerns feelings of anger and irritability.

Phobic Anxiety (items 13, 25, 47, 50, 70, 75, and 82, 
totaling 7 items): Represents persistent and irrational 
fears about specific objects, people, or situations.

Paranoid Ideation (items 8, 18, 43, 68, 76, and 83, total-
ing 6 items): Involves thoughts or beliefs of being harmed 
by others.

Psychoticism (items 7, 16, 35, 62, 77, 84, 85, 87, 88, and 
90, totaling 10 items): Encompasses a range of symp-
toms suggestive of psychosis, including isolation and 
withdrawal.

Other (items 19, 44, 59, 60, 64, 66, and 89, totaling 
7 items): Items that do not neatly fall into the above 
categories.

Each item employs a 5-level scoring system with the 
following instructions: None (1 point), Very mild (2 
points), Moderate (3 points), Severe (4 points), and very 

Table 1  Variable table [26]
Sport Quality Indicator Indicator Connotation
BMI BMI
Vital capacity Vital capacity
50 m Reaction rate
Standing long jump Reflecting explosive power of lower limbs
Sitting forward Reflecting flexibility
1000 m (male)/ 800 m (female) Reflecting endurance running
Pull up (male)/ One-minute sit-up (female) Reflecting muscle strength
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severe (5 points). Factor scores are computed by sum-
ming the scores of each item within the factor and divid-
ing by the number of items within that factor. A score of 
1–2 indicates a normal result, while a score greater than 
2 indicates an abnormal result.

Equity, diversity and inclusion
This research targeted university students across China, 
with recruitment strategies meticulously designed to 
accommodate the accessibility requirements, geographi-
cal diversity, educational attainment, and socioeco-
nomic statuses of participants. To achieve a balanced 
and diverse sample, recruitment efforts spanned multiple 
provinces, deliberately including individuals of varying 
genders and ethnic backgrounds. The composition of 
the author team reflects a commitment to diversity, evi-
denced by a gender balance and a wide array of research 
disciplines represented.

Data analysis
This study conducted descriptive statistics analysis on 
the total score of Sport Quality test and SCL-90 scale 
test results of the total sample, respectively; And accord-
ing to gender differences, descriptive statistics analysis 
was also conducted for the total score of Sport Quality 
test and SCL-90 scale test results. This study uses sta-
tistical software SPSS for Independent sample t-test and 
logistic regression analysis. Specifically, independent 
sample t test was used to compare differences between 
psychological state among seven Sport Quality indica-
tors. Logistic regression analysis was used to assess the 
impacts of scores of sport quality indicators on students’ 
psychological state. In the logistic regression analysis, 
this study used the 10 factors (somatization, obsessive-
compulsive, interpersonal sensitivity, depression, anxiety, 
hostility, phobic anxiety, paranoid ideation, psychoti-
cism and others) in the SCL-90 scale as the dependent 
variables and the scores of the seven aspects (BMI, vital 
capacity, reaction rate, lower limb explosive force, flex-
ibility, endurance running and muscle strength) of physi-
cal testing as the independent variables for regression 
analysis. The dependent variable is divided into two cat-
egories: normal (record as 1) and abnormal (record as 
2), this study uses the binary logistic regression model to 
explore the impacts of scores of sport quality indicators 
on students’ psychological state. Making adjustments in 

logistic regression involves several crucial steps, includ-
ing variable selection, model diagnostics, and validation 
to ensure robustness and relevance. The variable selec-
tion method of the manual selection based on theoretical 
understanding was used in the current study. Variables 
with a high p-value (above a threshold, typically 0.05) 
are considered insignificant and can be excluded. This 
study uses tests and plots to check for the adequacy of 
the model fit.

Results
In the physical fitness assessments, adjustments were 
made to account for potential confounders such as 
weather conditions and venue characteristics. These vari-
ables were selected due to their potential impact on the 
physical performance outcomes measured in the study. 
By controlling for these environmental and situational 
variables during the testing phase, we aimed to ensure 
that the data on sport quality indicators accurately reflect 
the students’ physical capabilities, minimizing any exter-
nal influences that could affect the outcomes. In this 
study, our initial target was to include 4,800 university 
students. However, a total of 4,484 students participated 
in the physical and psychological assessments, leading to 
a participation rate of 9%. The primary reasons for non-
participation included absenteeism on the scheduled 
days of testing and incomplete survey responses. We esti-
mated the required sample size using G*Power software, 
based on an effect size of 0.138 derived from previous 
studies [27]. The analysis indicated that a minimum sam-
ple size of 1832 was necessary. Our actual sample size of 
4484 significantly exceeds this threshold, confirming the 
statistical robustness of our findings.

Descriptive statistics of total score of sport quality test 
results
In 2023, a total of 4,484 university students in China par-
ticipated in this study, comprising 3,565 males and 919 
females, who underwent physical and psychological test-
ing. The results of the sports quality test are presented 
in Table  2. It shows that only five students achieved an 
‘excellent’ total score, representing a mere 0.1% of partici-
pants. Additionally, 268 students scored ‘good,’ account-
ing for 6.0% of the total; 3,731 students received a ‘pass,’ 
making up 83.2% and representing the largest proportion; 

Table 2  Descriptive statistics of total score of sport quality test
Total Score of Sport Quality Test Overall Boys Girls
Excellent 5 (0.1%) 1 (0.0%) 4 (0.4%)
Good 268 (6.0%) 207 (5.8%) 61 (6.6%)
Pass 3731(83.2%) 2893 (81.2%) 838 (91.2%)
Failure 480 (10.7%) 464 (13.0%) 16 (1.7%)
Total 4484 (100%) 3565 (100%) 919 (100%)
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and 480 students were categorized as ‘fail,’ comprising 
10.7% of the total.

Descriptive statistics of SCL-90 scale test results
Table  3 displays the frequency distribution of SCL-90 
scale test results, indicating that a higher number of stu-
dents exhibited normal psychological outcomes com-
pared to those with abnormal results, representing 8.7% 
of the total sample. Among the students, 8.5% of males 
and 9.5% of females showed abnormal psychological test 
outcomes. The predominant dimensions observed in 
the overall sample were obsessive-compulsive disorder 
(13.4%), interpersonal sensitivity (9.3%), and depression 
(8.3%), with somatization presenting the lowest incidence 
at 4.6%. For males, the primary issues were obsessive-
compulsive disorder (13.0%), interpersonal sensitivity 
(9.3%), and depression (7.8%), with somatization at 4.5%. 
Among females, the main dimensions identified were 
obsessive-compulsive disorder (14.8%), interpersonal 
sensitivity (9.5%), and depression (10.3%), with somatiza-
tion at 5.0%.

Differences of sport quality indicators between normal and 
abnormal state of psychological test (N = 4484)
Table 4 displays the differences in sport quality indicators 
between students with normal and abnormal psycho-
logical test states. Across the overall sample, as well as 

separately within the male and female groups, the mean 
BMI was significantly lower in those with a normal psy-
chological state compared to those with an abnormal 
state (p < 0.01). Additionally, the mean scores for vital 
capacity and endurance running were significantly higher 
in the normal psychological state than in the abnor-
mal state (p < 0.01). However, no significant differences 
were observed in the sport quality indicators of reaction 
rate, lower limb explosive force, flexibility, and muscle 
strength between the two groups (p > 0.05).

Logistic regression analysis
In order to explore the impact of physical fitness on 
psychological health of university students from a 
quantitative perspective. This study used the 10 fac-
tors (somatization, obsessive-compulsive, interpersonal 
sensitivity, depression, anxiety, hostility, phobic anxi-
ety, paranoid ideation, psychoticism and others) in the 
SCL-90 scale as the dependent variables and the scores 
of the seven aspects (BMI, vital capacity, reaction rate, 
lower limb explosive force, flexibility, endurance run-
ning and muscle strength) of physical testing as the inde-
pendent variables for regression analysis. In this study, 
because the dependent variables (overall psychological 
state, somatization, obsessive-compulsive, interpersonal 
sensitivity, depression, anxiety, hostility, phobic anxiety, 
paranoid ideation, psychoticism and others) are divided 

Table 3  Descriptive statistics of SCL-90 scale test results
Overall Boys Girls
Frequency Percent (%) Frequency Percent (%) Frequency Percent (%)

Somatization Normal 4278 95.4 3405 95.5 873 95.0
Abnormal 206 4.6 160 4.5 46 5.0

Obsessive-Compulsive Normal 3884 86.6 3101 87.0 783 85.2
Abnormal 600 13.4 464 13.0 136 14.8

Interpersonal Sensitivity Normal 4065 90.7 3233 90.7 832 90.5
Abnormal 419 9.3 332 9.3 87 9.5

Depression Normal 4111 91.7 3287 92.2 824 89.7
Abnormal 373 8.3 278 7.8 95 10.3

Anxiety Normal 4205 93.8 3351 94.0 854 92.9
Abnormal 279 6.2 214 6.0 65 7.1

Hostility Normal 4220 94.1 3354 94.1 866 94.2
Abnormal 264 5.9 211 5.9 53 5.8

Phobic Anxiety Normal 4241 94.6 3373 94.6 868 94.5
Abnormal 243 5.4 192 5.4 51 5.5

Paranoid Ideation Normal 4212 93.9 3340 93.7 872 94.9
Abnormal 272 6.1 225 6.3 47 5.1

Psychoticism Normal 4199 93.6 3334 93.5 865 94.1
Abnormal 285 6.4 231 6.5 54 5.9

Others Normal 4146 92.5 3291 92.3 855 93.0
Abnormal 338 7.5 274 7.7 64 7.0

Mean total score Normal 4095 91.3 3263 91.5 832 90.5
Abnormal 389 8.7 302 8.5 87 9.5

Total 4484 100.0 3565 100.0 919 100.0
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into two categories: normal (record as 1) and abnormal 
(record as 2), this study uses the binary logistic regression 
models to explore the impacts of scores of sport quality 
indicators (BMI, vital capacity, reaction rate, lower limb 
explosive force, flexibility, endurance running and muscle 
strength) on students’ psychological state. The results are 
shown in Table 5, 6 and 7.

Firstly, in binary logistic regression, the overall psy-
chological state is taken as the dependent variable. It can 
be seen from Table  5 that the regression coefficients of 
the independent variables, BMI (p < 0.01), vital capac-
ity (p < 0.01) and endurance running (p < 0.01) were sig-
nificant, while the regression coefficients of the other 
four independent variables reaction rate (p > 0.05), lower 
limb explosive force (p > 0.05), flexibility (p > 0.05) and 
muscle strength (p > 0.05) were not significant. From 
this, it can be concluded that there are three factors that 
affect students’ psychological state in the overall sample, 
namely, BMI, vital capacity, and endurance running. 
From Table 5, it can be further seen that for every 1 point 
increase in BMI score, the risk of students’ psychological 
state being abnormal increases by 10.9%; when the vital 
capacity score increases by 1 point, the risk of a student’s 
psychological state being abnormal decreases by 2.1%; 
when the endurance running score increases by 1 point, 
the risk of a student’s psychological state being abnormal 
decreases by 4.1%.

Next, in binary logistic regression, the factor of soma-
tization is taken as the dependent variable. From Table 5, 
it is observed that the regression coefficients of the inde-
pendent variables, BMI (p < 0.01), vital capacity (p < 0.01) 
and endurance running (p < 0.01) were significant, while 
the regression coefficients of the other four independent 
variables reaction rate (p > 0.05), lower limb explosive 
force (p > 0.05), flexibility (p > 0.05) and muscle strength 
(p > 0.05) were not significant. From this, it can be con-
cluded that there are three factors that affect students’ 
somatization in the overall sample, namely, BMI, vital 
capacity and endurance running. From Table  5, it can 
be further seen that for every 1 point increase in BMI 
score, the risk of students’ somatization being abnor-
mal increases by 8.8%; when the vital capacity score 
increases by 1 point, the risk of a student’s somatization 
being abnormal decreases by 1.8%; when the endurance 
running score increases by 1 point, the risk of a student’s 
somatization being abnormal decreases by 2.7%.

In the binary logistic regression, the factor of obses-
sive-compulsive is taken as the dependent variable. It can 
be seen from Table  5 that the regression coefficients of 
the independent variables, BMI (p < 0.01), vital capac-
ity (p < 0.01) and endurance running (p < 0.01) were sig-
nificant, while the regression coefficients of the other 
four independent variables reaction rate (p > 0.05), lower 
limb explosive force (p > 0.05), flexibility (p > 0.05) and Ta
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muscle strength (p > 0.05) were not significant. From 
this, it can be concluded that there are three factors that 
affect students’ obsessive-compulsive in the overall sam-
ple, namely, BMI, vital capacity, and endurance running. 
From Table 5, it can be further seen that for every 1-point 
increase in BMI score, the risk of students’ obsessive-
compulsive being abnormal increases by 7.8%; when the 
vital capacity score increases by 1 point, the risk of a stu-
dent’s obsessive-compulsive being abnormal decreases by 
2.0%; when the endurance running score increases by 1 
point, the risk of a student’s obsessive-compulsive being 
abnormal decreases by 3.0%.

In the binary logistic regression, the factor of interper-
sonal sensitivity is taken as the dependent variable. It can 
be seen from Table  5 that the regression coefficients of 
the independent variables, BMI (p < 0.01), vital capacity 
(p < 0.01) and endurance running (p < 0.01) were signifi-
cant, while the regression coefficients of the other four 
independent variables reaction rate (p > 0.05), lower limb 
explosive force (p > 0.05), flexibility (p > 0.05) and mus-
cle strength (p > 0.05) were not significant. From this, it 
can be concluded that there are three factors that affect 
students’ interpersonal sensitivity in the overall sample, 
namely, BMI, vital capacity, and endurance running. 
From Table 5, it can be further seen that for every 1 point 
increase in BMI score, the risk of students’ interpersonal 
sensitivity being abnormal increases by 9.2%; when the 
vital capacity score increases by 1 point, the risk of a stu-
dent’s interpersonal sensitivity being abnormal decreases 
by 1.6%; when the endurance running score increases by 
1 point, the risk of a student’s interpersonal sensitivity 
being abnormal decreases by 3.1%.

In the binary logistic regression, the factor of depres-
sion is taken as the dependent variable. It can be seen 
from Table 6 that the regression coefficients of the inde-
pendent variables, vital capacity (p < 0.01) and endurance 
running (p < 0.01) were significant, while the regression 
coefficients of the other five independent variables BMI 
(p > 0.05), reaction rate (p > 0.05), lower limb explosive 
force (p > 0.05), flexibility (p > 0.05) and muscle strength 
(p > 0.05) were not significant. From this, it can be con-
cluded that there are two factors that affect students’ 
depression in the overall sample, namely, vital capacity 
and endurance running. From Table 6, it can be further 
seen that when the vital capacity score increases by 1 
point, the risk of a student’s depression being abnormal 
decreases by 5.6%; when the endurance running score 
increases by 1 point, the risk of a student’s depression 
being abnormal decreases by 16.5%.

In the binary logistic regression, the factor of anxiety 
is taken as the dependent variable. It can be seen from 
Table  6 that the regression coefficients of the indepen-
dent variables, BMI (p < 0.01), vital capacity (p < 0.01), 
lower limb explosive force (p < 0.05) and endurance Ta
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running (p < 0.01) were significant, while the regression 
coefficients of the other three independent variables 
reaction rate (p > 0.05), flexibility (p > 0.05) and muscle 
strength (p > 0.05) were not significant. From this, it can 
be concluded that there are four factors that affect stu-
dents’ anxiety in the overall sample, namely, BMI, vital 
capacity, lower limb explosive force and endurance run-
ning. From Table 6, it can be further seen that for every 1 
point increase in BMI score, the risk of students’ anxiety 
being abnormal increases by 8.3%; when the vital capacity 
score increases by 1 point, the risk of a student’s anxiety 
being abnormal decreases by 1.9%; when the lower limb 
explosive force score increases by 1 point, the risk of a 
student’s anxiety being abnormal increases by 2.0%;when 
the endurance running score increases by 1 point, the 
risk of a student’s anxiety being abnormal decreases by 
1.7%.

In the binary logistic regression, the factor of hostility 
is taken as the dependent variable. It can be seen from 
Table  6 that the regression coefficients of the indepen-
dent variables, BMI (p < 0.01), vital capacity (p < 0.01) 
and endurance running (p < 0.01) were significant, while 
the regression coefficients of the other four independent 
variables reaction rate (p > 0.05), lower limb explosive 
force (p > 0.05), flexibility (p > 0.05) and muscle strength 
(p > 0.05) were not significant. From this, it can be con-
cluded that there are three factors that affect students’ 
hostility in the overall sample, namely, BMI, vital capac-
ity and endurance running. From Table 6, it can be fur-
ther seen that for every 1 point increase in BMI score, 
the risk of students’ hostility being abnormal increases by 
8.8%; when the vital capacity score increases by 1 point, 
the risk of a student’s hostility being abnormal decreases 
by 1.5%; when the endurance running score increases by 
1 point, the risk of a student’s hostility being abnormal 
decreases by 2.3%.

In the binary logistic regression, the factor of pho-
bic anxiety is taken as the dependent variable. It can be 
seen from Table 6 that the regression coefficients of the 
independent variables, BMI (p < 0.01) and endurance 
running (p < 0.01) were significant, while the regression 
coefficients of the other five independent variables vital 
capacity (p > 0.05), reaction rate (p > 0.05), lower limb 
explosive force (p > 0.05), flexibility (p > 0.05) and muscle 
strength (p > 0.05) were not significant. From this, it can 
be concluded that there are two factors that affect stu-
dents’ phobic anxiety in the overall sample, namely, BMI 
and endurance running. From Table 6, it can be further 
seen that for every 1 point increase in BMI score, the risk 
of students’ phobic anxiety being abnormal increases by 
9.5%; when the endurance running score increases by 1 
point, the risk of a student’s phobic anxiety being abnor-
mal decreases by 1.7%.

In the binary logistic regression, the factor of paranoid 
ideation is taken as the dependent variable. It can be seen 
from Table 7 that the regression coefficients of the inde-
pendent variables, BMI (p < 0.01), vital capacity (p < 0.01) 
and endurance running (p < 0.01) were significant, while 
the regression coefficients of the other four independent 
variables reaction rate (p > 0.05), lower limb explosive 
force (p > 0.05), flexibility (p > 0.05) and muscle strength 
(p > 0.05) were not significant. From this, it can be con-
cluded that there are three factors that affect students’ 
paranoid ideation in the overall sample, namely, BMI, 
vital capacity and endurance running. From Table  7, 
it can be further seen that for every 1 point increase in 
BMI score, the risk of students’ paranoid ideation being 
abnormal increases by 10.4%; when the vital capacity 
score increases by 1 point, the risk of a student’s paranoid 
ideation being abnormal decreases by 1.4%; when the 
endurance running score increases by 1 point, the risk of 
a student’s paranoid ideation being abnormal decreases 
by 1.9%.

In the binary logistic regression, the factor of psychoti-
cism is taken as the dependent variable. It can be seen 
from Table 7 that the regression coefficients of the inde-
pendent variables, BMI (p < 0.01), vital capacity (p < 0.01) 
and endurance running (p < 0.01) were significant, while 
the regression coefficients of the other four independent 
variables reaction rate (p > 0.05), lower limb explosive 
force (p > 0.05), flexibility (p > 0.05) and muscle strength 
(p > 0.05) were not significant. From this, it can be con-
cluded that there are three factors that affect students’ 
psychoticism in the overall sample, namely, BMI, vital 
capacity and endurance running. From Table  7, it can 
be further seen that for every 1 point increase in BMI 
score, the risk of students’ psychoticism being abnor-
mal increases by 11.0%; when the vital capacity score 
increases by 1 point, the risk of a student’s psychoticism 
being abnormal decreases by 1.9%; when the endurance 
running score increases by 1 point, the risk of a student’s 
psychoticism being abnormal decreases by 2.0%.

In the binary logistic regression, the factor of Others 
is taken as the dependent variable. It can be seen from 
Table  7 that the regression coefficients of the indepen-
dent variables, BMI (p < 0.01), vital capacity (p < 0.01) 
and endurance running (p < 0.01) were significant, while 
the regression coefficients of the other four independent 
variables reaction rate (p > 0.05), lower limb explosive 
force (p > 0.05), flexibility (p > 0.05) and muscle strength 
(p > 0.05) were not significant. From this, it can be con-
cluded that there are three factors that affect students’ 
Others in the overall sample, namely, BMI, vital capac-
ity and endurance running. From Table 7, it can be fur-
ther seen that for every 1 point increase in BMI score, 
the risk of students’ Others being abnormal increases by 
8.3%; when the vital capacity score increases by 1 point, 
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the risk of a student’s Others being abnormal decreases 
by 1.6%; when the endurance running score increases 
by 1 point, the risk of a student’s Others being abnormal 
decreases by 2.7%.

Discussion
This study reveals a potential correlation between physi-
cal fitness and mental health, highlighting the beneficial 
effects of lowering BMI, enhancing lung capacity, and 
engaging in endurance running on various aspects of 
mental well-being, such as somatization, obsessive ten-
dencies, interpersonal sensitivity, depression, anxiety, 
hostility, phobic anxiety, paranoid ideation, and psycho-
sis. These findings offer valuable insights into strategies 
for enhancing overall health and well-being.

In our study, we found that for every one-point 
increase in BMI, students face an 8.8% higher risk of 
abnormal somatization, a 7.8% higher risk of obsessive-
compulsive disorder, a 9.2% higher risk of abnormal 
interpersonal sensitivity, an 8.3% higher risk of abnormal 
anxiety, an 8.8% higher risk of abnormal hostility, a 9.5% 
higher risk of abnormal phobic anxiety, a 10.4% higher 
risk of abnormal paranoid ideation, and an 11.0% higher 
risk of abnormal psychoticism. Extensive documenta-
tion exists on the physical health implications of obe-
sity, indicating a consistent association between elevated 
BMI and heightened risks of chronic diseases and mor-
tality [28–30]. Nevertheless, a growing body of research 
examining the psychological effects of obesity produces 
inconsistent results. Most studies indicate an inverse cor-
relation between body weight and psychological well-
being [31–34]. However, some studies suggest a positive 
association instead [35], while others find either a neu-
tral or insignificant correlation [36]. In our study, we pro-
vided a more precise depiction of the association of BMI 
with individuals’ mental well-being. Engaging in regular 
exercise and making dietary changes to lower BMI could 
potentially alleviate somatic symptoms linked to psycho-
logical distress. Those with lower BMI typically report 
fewer physical complaints and demonstrate enhanced 
coping mechanisms for stressors.

Our research revealed that for every one-point 
increase in lung capacity, the risk of abnormal somati-
zation decreases by 1.8%, the risk of abnormal obses-
sive-compulsive disorder decreases by 2.0%, the risk of 
abnormal interpersonal sensitivity decreases by 1.6%, 
the risk of abnormal depression decreases by 5.6%, the 
risk of abnormal anxiety decreases by 1.9%, the risk of 
abnormal hostility decreases by 1.5%, the risk of abnor-
mal paranoid ideation decreases by 1.4%, and the risk 
of abnormal psychoticism decreases by 1.9%. Increasing 
evidence in current research suggests a close association 
between obstructive pulmonary diseases such as asthma, 
chronic bronchitis, and emphysema, and psychological Ta
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health issues like depression and anxiety [37–41]. Previ-
ous research conducted among adult clinical and general 
practice populations has revealed elevated rates of anxi-
ety and mood disorders, particularly major depression 
[42–47]. Community-based studies have confirmed and 
expanded upon the general validity of the association 
between asthma, chronic obstructive pulmonary disease, 
and mental disorders [39, 48–54]. Our study aligns with 
previous research but provides a more nuanced exami-
nation of the association between lung capacity and psy-
chological well-being.

Our study indicates that for every one-point increase 
in endurance running, the risk of abnormal somatization 
decreases by 2.7%, the risk of abnormal obsessive-com-
pulsive disorder decreases by 3.0%, the risk of abnor-
mal interpersonal sensitivity decreases by 3.1%, the risk 
of abnormal depression decreases by 16.5%, the risk of 
abnormal anxiety decreases by 1.7%, the risk of abnormal 
hostility decreases by 2.3%, the risk of abnormal phobic 
anxiety decreases by 1.7%, the risk of abnormal paranoid 
ideation decreases by 1.9%, and the risk of abnormal psy-
choticism decreases by 2.0%. Additionally, we found that 
for every point increase in lower limb explosive force, 
there is a 2.0% increase in the risk of abnormal anxiety 
among students, indicating an adverse effect on mental 
health. There is considerable evidence substantiating the 
link between physical activity and different mental health 
results throughout all stages of life [55–57]. Long-term 
running interventions frequently enhance mental health 
metrics, particularly depression indicators, among indi-
viduals with psychosis [58–66]. Some prior research 
suggests that running enhances mood, especially when 
conducted outdoors, across various intensities, except 
for an intensity significantly above the lactate threshold 
[67–69]. Our study supplements previous research by 
emphasizing the impact of endurance running scores on 
psychological resilience and validating the significant role 
of endurance running in various psychological indica-
tors, with particular effectiveness observed in depression 
indicators.

The study delves into the complex association between 
physical fitness and mental health, revealing a potential 
correlation between these two domains. It demonstrates 
the substantial impact of interventions aimed at lowering 
BMI, enhancing lung capacity, and engaging in endurance 
running on various facets of mental well-being, including 
somatization, obsessive tendencies, interpersonal sensi-
tivity, depression, anxiety, hostility, phobic anxiety, para-
noid ideation, and psychosis. These findings underscore 
the pivotal role of physical activity in promoting mental 
health. This potential correlation between physical fit-
ness and mental health can be elucidated through vari-
ous underlying mechanisms [70]. Firstly, interventions 
targeting BMI reduction through regular exercise and Ta

bl
e 

7 
Re

su
lts

 o
f s

po
rt

 q
ua

lit
y 

in
di

ca
to

rs
 lo

gi
st

ic
 re

gr
es

sio
n 

an
al

ys
is 

be
tw

ee
n 

no
rm

al
 a

nd
 a

bn
or

m
al

 sc
or

e 
of

 p
sy

ch
ol

og
ic

al
 Te

st
 (N

 =
 4

48
4)

D
ep

en
de

nt
 v

ar
ia

bl
e:

 P
ar

an
oi

d 
Id

ea
tio

n
D

ep
en

de
nt

 v
ar

ia
bl

e:
 P

sy
ch

ot
ic

is
m

D
ep

en
de

nt
 v

ar
ia

bl
e:

 O
th

er
s

B
p

O
R

95
%

 C
I

B
p

O
R

95
%

 C
I

B
p

O
R

95
%

 C
I

Lo
w

er
U

pp
er

Lo
w

er
U

pp
er

Lo
w

er
U

pp
er

BM
I

0.
10

4
<

 0
.0

01
1.

11
0

1.
09

7
1.

12
3

0.
11

0
<

 0
.0

01
1.

11
6

1.
10

3
1.

12
9

0.
08

3
<

 0
.0

01
1.

08
6

1.
07

6
1.

09
7

Vi
ta

l c
ap

ac
ity

-0
.0

14
0.

00
3

0.
98

6
0.

97
7

0.
99

5
-0

.0
19

<
 0

.0
01

0.
98

2
0.

97
2

0.
99

1
-0

.0
16

<
 0

.0
01

0.
98

4
0.

97
6

0.
99

3
Re

ac
tio

n 
ra

te
0.

00
7

0.
47

3
1.

00
7

0.
98

8
1.

02
7

-0
.0

01
0.

90
5

0.
99

9
0.

98
0

1.
01

8
0.

01
4

0.
14

6
1.

01
4

0.
99

5
1.

03
2

Lo
w

er
 li

m
b 

ex
pl

os
iv

e 
fo

rc
e

-0
.0

03
0.

57
0

0.
99

7
0.

98
8

1.
00

7
0.

00
7

0.
13

8
1.

00
7

0.
99

8
1.

01
7

0.
00

0
0.

93
4

1.
00

0
0.

99
2

1.
00

9
Fl

ex
ib

ili
ty

-0
.0

02
0.

73
6

0.
99

8
0.

98
9

1.
00

8
-0

.0
05

0.
24

3
0.

99
5

0.
98

6
1.

00
4

0.
00

5
0.

22
3

1.
00

5
0.

99
7

1.
01

4
En

du
ra

nc
e 

Ru
nn

in
g

-0
.0

19
<

 0
.0

01
0.

98
1

0.
97

2
0.

99
0

-0
.0

20
<

 0
.0

01
0.

98
0

0.
97

1
0.

99
0

-0
.0

27
<

 0
.0

01
0.

97
3

0.
96

4
0.

98
2

M
us

cl
e 

st
re

ng
th

-0
.0

01
0.

63
7

0.
99

9
0.

99
4

1.
00

4
-0

.0
03

0.
19

8
0.

99
7

0.
99

2
1.

00
2

0.
00

1
0.

80
5

1.
00

1
0.

99
6

1.
00

5
(C

on
st

an
t)

-8
.6

18
<

 0
.0

01
0.

00
0

-8
.4

05
<

 0
.0

01
0.

00
0

-7
.1

12
<

 0
.0

01
0.

00
1

B 
re

pr
es

en
ts

 th
e 

no
n-

st
an

da
rd

iz
ed

 c
oe

ffi
ci

en
t, 

P 
re

pr
es

en
ts

 th
e 

si
gn

ifi
ca

nc
e,

 O
R 

re
pr

es
en

ts
 th

e 
od

ds
 ra

tio
 a

nd
 9

5%
 C

I r
ep

re
se

nt
s 

th
e 

95
%

 c
on

fid
en

ce
 in

te
rv

al



Page 11 of 13Ma et al. BMC Public Health         (2024) 24:1365 

dietary adjustments show promise in alleviating somatic 
symptoms associated with psychological distress. These 
effects may be attributed to exercise-induced physiologi-
cal changes, such as improved cardiovascular health and 
hormonal regulation, which positively impact mood and 
emotional well-being. Similarly, enhancements in lung 
capacity and engagement in endurance running have 
been associated with reduced obsessive-compulsive ten-
dencies, possibly mediated by neurotransmitter modula-
tion in the brain. Furthermore, the release of endorphins 
and serotonin during exercise may further contribute to 
the amelioration of depressive and anxious symptoms, 
thereby enhancing mental well-being. Moreover, endur-
ance running has been shown to facilitate emotional 
regulation and empathy by fostering social bonding and 
communication skills, thereby enhancing interpersonal 
sensitivity. Physical activity also serves as a construc-
tive outlet for managing stress and aggression, leading to 
decreased hostility and improved emotional well-being. 
Additionally, interventions aimed at enhancing lung 
capacity and engaging in endurance running may miti-
gate symptoms of phobic-anxiety disorders by promoting 
relaxation and stress relief. Furthermore, strategies tar-
geting BMI reduction and regular physical activity main-
tenance can contribute to reduced paranoid ideation by 
bolstering self-esteem and self-efficacy.

In summary, these findings offer valuable insights into 
strategies for enhancing overall health and well-being, 
emphasizing the importance of integrating physical 
activity into mental health management approaches. By 
understanding the potential correlation between physi-
cal fitness and mental health and implementing appro-
priate interventions, individuals can take proactive steps 
towards improving their mental well-being and achieving 
a better quality of life.

Limitations
While our study offers valuable insights into the correla-
tion between physical fitness and mental health, it is not 
without limitations. The cross-sectional design limits 
our ability to determine causality, and selection bias may 
arise since participants likely have higher physical activ-
ity levels than the general population, potentially skewing 
mental health outcomes positively. Additionally, the use 
of self-reported mental health measures might introduce 
reporting bias, affecting the accuracy of associations. 
The generalizability of our findings could also be influ-
enced by the demographic and geographic characteristics 
of our sample. Furthermore, this study did not employ 
multilevel modeling, despite the hierarchical nature of 
the data, due to complexity and sample size constraints, 
which might limit the added value of this approach 
for our specific research questions. Addressing these 
biases and limitations in future longitudinal studies, 

and considering multilevel models, could strengthen the 
validity of our findings and enable a more comprehen-
sive interpretation of interactions across different levels 
of data. Future research involving diverse populations 
across various settings is essential to validate and expand 
our conclusions on a global scale.

Conclusion
In summary, lowering BMI, increasing lung capacity, and 
improving endurance running have shown promising 
benefits for various dimensions of mental health. Incor-
porating regular physical activity into lifestyle interven-
tions may serve as an effective strategy for promoting 
holistic well-being and reducing the burden of mental 
health disorders. Further research is warranted to explore 
the mechanisms underlying these associations and to 
develop targeted interventions for improving mental 
health outcomes through physical fitness interventions.
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