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Abstract

BACKGROUND

Physical education is pivotal in our country’s education reform. Urban schools
have notably enhanced the intensity of physical education in recent years.
However, the effects of physical education on students' anxiety, depression, and
self-esteem levels, as well as their interrelations, remain unexplored.

AIM

To analyze the influence of physical education on students” anxiety, depression,
and self-esteem.

METHODS

This study employed a cross-sectional design. A stratified cluster sampling
method was used to select 478 first-year university students. Self-administered
questionnaires were used to investigate the physical education status and basic
information of college students. We used the Physical Activity Rank Scale-3
(PARS-3), Self-Rating Anxiety Scale (SAS), Self-Rating Depression Scale (SDS),
and Self-Esteem Scale (SES) to assess the level of exercise, anxiety, depression, and
self-esteem. Multiple Logistic regression was used to analyze the factors
influencing anxiety, depression, and low self-esteem. The receiver operating
characteristic curve and area under the curve (AUC) were used to evaluate the
predictive ability of PARS-3 scores for anxiety, depression, and low self-esteem.

Spearman’s correlation was used to analyze the correlations among the PARS-3,
SAS, SDS, and SES.

RESULTS

Compared with the domestic norms, SAS and SDS scores were higher, and SES
scores were lower (P < 0.05). Among the participants, 210 (43.93%) had PARS-3
scores below 20, 94 (19.67%) had scores of 20-42, and 174 (36.40%) had scores
above 42. After adjusting for daily sleep time, gender, being an only child, major,
father’s educational background, mother’s educational background, and family
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residence, PARS-3 scores were independent influencing factors for anxiety, depression, and low self-esteem (P <
0.05). The AUC of PARS-3 scores predicting anxiety, depression, and low self-esteem were 0.805 (0.760-0.849), 0.799
(0.755-0.843), and 0.831 (0.788-0.874), respectively. The sensitivities were 0.799, 0.801, and 0.748, and the specificities
were 0.743, 0.716, and 0.814, respectively. PARS-3 was negatively correlated with SAS and SDS scores (r = -0.566, -
0.621, both P < 0.001) and positively correlated with SES scores (r = -0.621, P < 0.001). SES scores were negatively
correlated with SAS and SDS scores (r = -0.508, r = -0.518, both P < 0.001).

CONCLUSION
The amount of physical activity is negatively correlated with anxiety and depression degree and positively
correlated with self-esteem degree.

Key Words: Physical education; Student; Anxiety; Depression; Self-esteem; Influence

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study establishes a negative correlation between physical activity levels and the degree of anxiety and
depression while demonstrating a positive correlation with self-esteem. This provides substantial evidence for the impact of
physical education on anxiety, depression, and self-esteem of college students.
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INTRODUCTION

University physical education aims to promote students” holistic development and cultivate students” comprehensive
quality through sports activities[1]. Physical activity is a reliable way to develop healthy behaviors, sports abilities,
morality, and other qualities among students[2]. College students are under pressure from various aspects, such as
college entrance, interpersonal conflict, and job search competition. Moreover, they are prone to psychological problems,
such as anxiety and depression, which may lead to violent injuries and even suicide[3]. Self-esteem refers to confidence in
one's worth, abilities, and morals[4]. Self-esteem is a positive psychological quality and psychological capital for college
students’ growth and success[5]. College students are an important part of young people, and their physical and mental
health have an important influence on personal development and long-term national planning. Research has shown that
individuals with low self-esteem are prone to anxiety, depression, and other negative emotions[6]. However, individuals
with high self-esteem have varying mental health levels[7]. Appropriate physical activity reduces anxiety and depression
among college students[8] and effectively improves their self-esteem[9]. However, studies on the effects of physical
education on anxiety, depression, and self-esteem are scant. Therefore, we used college students to analyze the influence
of physical education on anxiety, depression, and self-esteem to provide a reference for improving their physical and
mental health.

MATERIALS AND METHODS
Object of study

We conducted a cross-sectional survey. We selected university students using stratified cluster sampling. The participants
were based on major, including humanities and social sciences, science and engineering, and medical sciences. Three
majors were selected to obtain a sufficient sample size.

Z1-q/2X0.

We determined the sample size using a formula (quantitative variable)[10] for cross-sectional studies: ™* = Saral
where: n represents the sample size of each group; Z, ../, = 1.96; 6 represents the allowable error, which is the half-width
of the confidence interval; and sigma is the standard deviation. Based on 6 = 5 and o = 30, we calculated n to be 139.
Considering a 10% withdrawal rate, we estimated that the study required 459 participants [139 x 3 x (1 + 10%)].

The survey object recruitment methods were as follows: Buy some small gifts, such as carbon pens, cartoon erasers,
post-it notes, and other small prizes, for each person willing to participate in the survey. The students included in the
survey have the spirit, consciousness, ability, and a WeChat account to complete the questionnaire independently. They
knowingly and voluntarily agree to participate in this study. We excluded the students who could not complete the
questionnaire for any reason. To protect privacy, we ensure the questionnaire results and data are only known by the
research team and destroy the questionnaire after obtaining the relevant data analysis conclusions. We established a
WeChat group of survey participants and, after obtaining informed consent, sent questionnaire links to the group for the
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questionnaire survey. Participation was voluntary. We sent 500 questionnaires, and 486 were returned (97.2% recovery
rate). After excluding the invalid questionnaires such as missing or multiple pages, incomplete filling, respondents not
meeting the requirements, obviously wrong or incorrect answers, or recalled deadlines, we included 478 effective
questionnaires (95.6%) in the analysis.

Questionnaire survey and quality control

We used original questionnaires that were reviewed and tested by experts. The audit includes the completeness,
standardization, consistency, authenticity, effectiveness, feasibility, and scientificity of the questionnaire. A test is a form
of survey used to obtain preliminary information and understand respondents’ opinion before conducting a formal
survey. The questionnaire obtained information on the participants, their parents, and their peers. The survey included
questions regarding sociodemographic factors, physical activity, anxiety, depression, and self-esteem. The survey was
conducted from February to May 2023.

The investigators in this study were members of a research group that had undergone unified training and assessment.
They managed the research data and survey results. Participants who were unable to participate in the survey during the
set period were contacted by the investigators within two weeks and requested to complete the questionnaire using the
same procedure as the set survey to reduce the number of invalid questionnaires.

Sociodemographic factors

Based on a review of the relevant literature, we designed a sociodemographic questionnaire under the guidance of
epidemiologists. The questions included student number, gender, being an only child, major, parents” educational
background, family residence, and average daily sleep time over the last month.

Sports activities

We employed the Physical Activity Rank Scale-3 (PARS-3)[11] to calculate the participants” physical activity in the past
month. In previous studies, the scale’s internal consistency and reliability were 0.86 and 0.82, respectively. The scale
contains three dimensions: time, intensity, and frequency of exercise. Items were rated on a five-point Likert scale (1 =
light exercise; 5 = competitive exercise). Among them, exercise time was rated 0 to 4 points, and exercise intensity and
frequency grades were 1 to 5 points. Exercise was calculated as time % intensity X frequency; the score range was 0 to 100
points. Exercise classification criteria were as follows: < 19 points = low exercise, 20-42 points = moderate exercise, > 43
points = high exercise.

Anxiety and depression

We used the Self-Rating Anxiety Scale (SAS) and Self-Rating Depression Scale (SDS)[12] to detect anxiety and depression,
respectively. The SAS contains 20 items (15 positive and 5 reverse scores). Similarly, the SDS contains 20 items (11
positive and nine reverse scores). Items were rated on a four-point Likert scale (1 = occasional; 4 = persistent). The sum of
the scores for each item was the approximate score of anxiety or depression. The standard or final score of anxiety or
depression was calculated as 1.25 times the score of anxiety or depression rounded to a whole number. The criteria for
identifying anxiety were an SAS score of > 50 points while depression was an SDS score of > 53 points.

Self-esteem

We employed the Self-Esteem Scale (SES)[13] to evaluate college students” self-esteem. The scale’s internal consistency
was 0.87 in previous studies. This scale contains ten items (five positive and five negative). [tems were rated on a four-
point Likert scale (1 = strongly disagree; 4 = strongly agree). The total self-esteem score was the sum of all entries. Higher
SES scores indicated higher self-esteem.

Statistical analysis

We used SPSS 20.0 to process the data and expressed the measurement data as mean + SD. Comparisons between two
sets of data were performed using the t-test, and comparisons between three sets of data were performed using a one-
way analysis of variance (ANOVA) and Bonferroni. Count data are represented as 7.

We classified low self-esteem by subtracting one standard deviation from the domestic norm average of SES[14].
Anxiety (anxious = 1, not anxious = 0), depression (depressed = 1, not depressed = 0), and self-esteem (low self-esteem =
1, regular/high self-esteem = 0) were the dependent variables, whereas PARS-3 scores and sociodemographic indicators
were the independent variables. A multivariate logistic regression model was used for the analysis. The predictive ability
of the receiver operator characteristic curve (ROC) and area under the curve (AUC). Spearman’s correlation analysis was
used to explore the correlation between PARS-3 scores and SAS, SDS, and SES scores. A P value less than 0.05 means that
the difference is statistically significant.

RESULTS

SAS, SDS, and SES scores
The participants’ SAS and SDS scores were higher and SES scores were lower than the domestic norms [SAS: (29.78 +
10.07) points, SDS: (33.46 + 8.55) points][15,16] (P < 0.05; Table 1).
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Table 1 Self-Rating Anxiety Scale, Self-Rating Depression Scale and the Self-Esteem Scale scores (n = 478)

Items SAS SDS SES
Participants 46.39+7.26 48.22+10.24 26.35+4.31
Domestic norm 29.78 +10.07 33.46 + 8.55 28.75 + 4.86
#! 53.067 37.365 -12.184

P value <0.001 <0.001 <0.001

ISingle sample -test.
SAS: Self-Rating Anxiety Scale; SDS: Self-Rating Depression Scale; SES: the Self-Esteem Scale.

A 1.0 B 1.0 C 104
0.8 0.8 0.8 -
i = - 4
g 0.6 £ 0.6 g 0.6
k7 ko] B
8 0.4- & 0.4 & 04+
0.2 0.2 1 0.2
0-0 T T T T 0-0 T T T T 0-0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity 1-Specificity

DOI: 10.5498/wjp.v13.i12.0000 Copyright ©The Author(s) 2023.

Figure 1 Receiver operating characteristic curve of Physical Activity Rank Scale-3 scores predicting anxiety, depression, and low self-
esteem. A: Physical Activity Rank Scale-3 (PARS-3) scores predicting anxiety; B: PARS-3 scores predicting depression; C: PARS-3 scores predicting low self-
esteem.

Influence of sociodemographic factors on PARS-3 scores

Among the participants, 210 (43.93%) had PARS-3 scores <19, 94 (19.67%) scored 20-42, and 174 (36.40%) scored = 43.
Among the participants with PARS-3 scores < 19, the PARS-3 scores of only children were higher than those who were
not only children. The PARS-3 scores of college students with an average daily sleep time > 8 h were higher than those
with an average daily sleep time of 6-8 h and those with an average daily sleep time of < 6 h (all P < 0.05; Table 2).

Influence of sociodemographic factors on SAS, SDS, and SES scores

The SDS scores of college students whose fathers' education was at or above the graduate level were higher than those of
those whose fathers' education was less than the graduate level, and their SES scores were lower than those of those
whose fathers' education was below the graduate level (P < 0.05; Table 3).

Factors influencing anxiety, depression, and low self-esteem

Anxiety (anxious = 1, not anxious = 0), depression (depressed = 1, not depressed = 0), and self-esteem (low self-esteem =
1, regular/high self-esteem = 0) were the dependent variables, whereas PARS-3 scores and sociodemographic indicators
were the independent variables. A multivariate logistic regression model was used for the analysis (Table 4). The results
showed that after adjusting for daily sleep time, gender, being an only child, major, father’s educational background,
mother’s educational background, and family residence, PARS-3 scores were independent influencing factors for anxiety,
depression, and low self-esteem (P < 0.05; Table 5).

Predictive ability of PARS-3 scores

The AUC of the PARS-3 scores predicting anxiety, depression, and low self-esteem were 0.805 (0.760-0.849), 0.799 (0.755-
0.843), and 0.831 (0.788-0.874), respectively. The sensitivities were 0.799, 0.801, and 0.748 and the specificities were 0.743,
0.716, and 0.814, respectively (Figure 1, Table 6).

Correlation analysis between PARS-3 scores and SAS, SDS, and SES scores

PARS-3 scores were negatively correlated with SAS and SDS scores (r = -0.566, -0.621, both P < 0.001) and positively
correlated with SES scores (r = -0.621, P < 0.001). SES was negatively correlated with SAS and SDS scores (r = -0.508, r = -
0.518, both P < 0.001; Figure 2, Table 7).
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Table 2 The influence of sociodemographic factors on Physical Activity Rank Scale-3 scores

Participant .. PARS-3 scores
Index 2 Statistic
number <19 2042 243
Gender Male 221 11.60 + 30.46 + 56.50 + 8.24
4.83 5.77
Female 257 11.82+ 3227 55.61 +9.62
441 5.74
t 0.3446 1.544 0.637
Pvalue 0.731 0.126 0.525
Only child Yes 212 1242 + 31.92 + 56.59 +9.49
453 6.01
No 266 11.14 + 30.88 + 55.49 + 8.65
4.59 5.65
t 2.023 0.866 0.792
Pvalue 0.044 0.388 0.429
Major Humanities and social sciences 155 1145+ 30.34 = 55.37 + 8.62
4.64 5.07
Science and engineering 135 12.04 £ 32.70 £ 57.49 £8.76
4.56 5.92
Medicine 188 11.71 31.20+ 55.20 £ 9.61
4.60 6.08
F 0.252 1.089 1122
Pvalue 0.778 0.341 0.328
Father’s educational High school or technical secondary school and 210 1158 + 3110+ 55.63 £ 9.53
background below 472 5.63
College or undergraduate 205 11.96 £ 3229+ 55.33 £8.18
454 5.28
Postgraduate and above 63 11.27 = 30.14 = 58.96 = 9.89
4.06 6.65
F 0.243 0.974 1.696
Pvalue 0.785 0.382 0.187
Mother’s educational High school or technical secondary schooland 221 11.68 = 31.07 = 55.36 = 9.92
background below 4.76 5.54
College or undergraduate 203 11.71 31.67 = 55.76 £7.75
453 5.94
Postgraduate and above 54 12.08 £ 3121+ 58.70 £
3.66 6.21 10.01
F 0.041 0.104 1.240
Pvalue  0.960 0.901 0.292
Family domicile Village 208 1192+ 30.07 £ 55.48 £9.30
518 5.47
County 117 11.22 + 33.60 + 56.40 +9.26
427 436
Downtown 153 11.86 + 31.46 + 56.39 + 8.52
3.93 6.51
F 0.442 2.642 0.215
Pvalue  0.644 0.077 0.807
Average sleep time <6h 83 10.24 = 29.87 = 54.14 +£9.41
471 5.98
6-8h 257 12.36 + 3129+ 55.83 + 8.60
443 5.86
WJP | https://www.wjgnet.com 1125 December 19,2023 | Volume 13 Issue12 |
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>8h 138" 11.72 % 3215+ 57.04 £9.55
4.57 5.48
F 3:512 0.740 0.845
P 0.032 0.480 0.431

P < 0.05, compared to the average daily sleep time of 6-8 h and < 6 h.
PARS-3: Physical Activity Rank Scale-3.
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Figure 2 Scatter plot of correlation between Physical Activity Rank Scale-3 scores and Self-Rating Anxiety Scale, Self-Rating Depression
Scale, and the Self-Esteem Scale scores. A: The correlation between Self-Rating Anxiety Scale and Physical Activity Rank Scale-3 (PARS-3); B: The
correlation between Self-Rating Depression Scale and PARS-3; C: The correlation between the Self-Esteem Scale and PARS-3. SAS: Self-Rating Anxiety Scale;
SDS: Self-Rating Depression Scale; SES: the Self-Esteem Scale; PARS-3: Physical Activity Rank Scale-3.

DISCUSSION

Self-esteem affects how individuals deal with stressful events; individuals with high self-esteem are more inclined to
adopt positive coping strategies to deal with stress[17]. Understanding the link between physical education and anxiety,
depression, and self-esteem helps guide and intervene to promote students” holistic physical and mental development.

The amount of exercise, also known as exercise load, refers to the physical load, psychological load, and calories
consumed by the human body during physical activity. Exercise load determines the intensity, duration, accuracy, and
characteristics of the exercises. This study revealed anxiety, depression, and low self-esteem among college students,
which require attention. The proportion of students with low physical activity was lower than that reported by Sheng et al
[18]. However, the overall situation is not positive, and the potential impact of low physical activity on the physical and
mental health of college students should be monitored. This may be due to the wide use of electronic products, such as
smartphones and tablet computers. Several college students are addicted to mobile phones and the internet, reducing
their willingness to participate in sports activities[19]. Some researchers have proposed that the lack of exercise among
college students is related to a lack of good exercise habits due to academic pressure in middle school[20]. Students in
middle school did not develop good exercise habits, and their bad exercise habits after college cannot be corrected in
time, resulting in less exercise. Moreover, our findings suggest that college students with high physical activity levels
have a lower risk of anxiety, depression, and low self-esteem. Furthermore, our results indicate that higher amounts of
exercise are associated with reduced anxiety and depression and improved self-esteem among college students.
Participation in sports activities can affect anxiety and depression levels in many ways. Sports activities can increase
communication between college students and their peers and release negative emotions, thereby reducing anxiety and
depression. Additionally, regular participation in sports activities can improve college students’ sense of self-efficacy,
thus enhancing their subjective support levels, problem-solving ability, and positive evaluation of volitivity and self-
confidence[21]. Therefore, college students who are more active and proactive in coping with pressure have fewer
negative emotional experiences and more positive emotional experiences, thus reducing anxiety and depression levels
[22]. Moreover, physical exercise increases the relative content of metabolites 4-hydroxyphenyl lactate and dihydro
thymine and decreases the relative content of glutamine in the human body, thus affecting the regulatory pathways
related to negative emotions, such as coenzyme Q biosynthesis, tyrosine metabolism, and pyrimidine metabolism[23]. In
addition, physical exercise can change the composition of the human intestinal flora, affecting the secretion of a series of
substances that regulate neural activity, such as serotonin, and improving the level of anxiety and depression in
individuals[24]. Therefore, we suggest that schools encourage college students to participate actively in physical exercise.
Psychological education departments should pay attention to the mental health status of college students with low daily
physical activity and implement effective intervention measures to prevent anxiety and depression.

This study found that higher amounts of exercise are associated with higher self-esteem among college students, which
was in line with Zayed’s findings[25]. Previous research has shown that physical exercise can improve self-esteem by
reducing loneliness. Moreover, physical activity enhances self-esteem[26]. Activity time, frequency, and intensity may be
the key factors that produce positive psychological benefits for self-esteem. Our findings indicated that lower self-esteem
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Table 3 Influence of sociodemographic factors on Self-Rating Anxiety Scale, Self-Rating Depression Scale and the Self-Esteem Scale

scores
Participant .
Index P Statistic SAS ~ SDS SES
number
Gender Male 221 46.63 + 48.46+9.50 26.36 +4.37
7.19
Female 257 46.18 £ 48.01 £ 26.33 £4.26
7.31 10.84
t 0.676 0.479 0.076
Pvalue 0499 0.632 0.940
Only child Yes 212 46.24 + 4858+9.95 2621+4.21
6.74
No 266 46.51 + 47.93 £ 26.45 + 4.39
7.65 10.47
t 0.404 0.689 0.605
Pvalue  0.686 0.491 0.546
Major Humanities and social sciences 155 45.95 + 48.48 £9.47 26.62 +4.46
7.08
Science and engineering 135 46.36 £ 48.33 £ 26.12+4.13
6.97 10.61
Medicine 188 46.76 + 4791+ 26.28 +4.30
7.58 10.58
F 0.531 0.144 0.522
Pvalue  0.588 0.866 0.594
Father’s educational High school or technical secondary schooland 210 45.70 = 44.09 £9.33" 2798 +
background below 6.10 3.88"
College or undergraduate 205 4641+ 4744 26.39 +
743 10.32° 4.47°
Postgraduate and above 63 46.17 £ 50.17 25.57 £3.81
7.56 10.84
F 0.558 11.250 11.890
Pvalue 0573 <0.001 <0.001
Mother’s educational High school or technical secondary school and 221 46.26 £ 48.06 + 26.54 £4.37
background below 7.29 10.09
College or undergraduate 203 46.76 = 47.80 + 26.44 +4.32
7.28 10.04
Postgraduate and above 54 4552 + 50.39 + 25.19 +£3.85
6.94 11.31
F 0.690 1.418 2.353
Pvalue  0.503 0.243 0.096
Family domicile Village 208 46.40 + 47544975 2672+4.31
6.86
County 117 46.25 4751+ 26.34 +4.53
7.26 10.67
Downtown 153 46.48 + 49.67 + 25.84 £4.07
7.76 10.41
F 0.034 2.294 2.401
Pvalue  0.967 0.102 0.092
Average sleep time <6h 83 48.02 £ 50.10£9.63 25.46 £4.27
7.71
6-8h 257 46.02 £ 4811+ 26.54 +4.29
7.35 10.21
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>8h 138 46.09 £ 47.28 + 26.51 +4.31
6.65 10.51
F 2572 2972 2.131
Pvalue 0.078 0.053 0.120

2P < 0.05, compared to the father's education level of postgraduate or above.
SAS: Self-Rating Anxiety Scale; SDS: Self-Rating Depression Scale; SES: the Self-Esteem Scale.

Table 4 Assignment table

Independent variables Assignment

Gender Male = 1; Female = 0

Only child Yes =1; No =0

Major Humanities and social sciences = 1; Science and engineering = 2; Medicine = 3

Father’s educational background  High school or technical secondary school and below = 1; College or undergraduate = 2; Postgraduate and above =3

Mother’s educational background High school or technical secondary school and below = 1; College or undergraduate = 2; Postgraduate and above =3

Family domicile Village = 1; County = 2; Downtown = 3
Average sleep time Actual value
PARS-3 scores Actual value

PARS-3: Physical Activity Rank Scale-3.

Table 5 Multivariate logistic regression for anxiety, depression, and low self-esteem

. Anxiety Depression Low self-esteem
Model  Independent variables
Pvalue OR(95%CI) B Pvalue OR(95%Cl) B Pvalue OR (95%Cl)
1 PARS-3 scores 0065 <0001 0937 (0.923- -0.063 <0001 0939(0.926- -0.077  <0.001  0.926 (0.910-
0.951) 0.952) 0.943)
Constant 0.781 <0.001 2184 0.896 <0.001 2449 0.799 <0.001  2.224
2 PARS-3 scores 0065 <0001 0937 (0.923- -0.063 <0001 0939(0.926- -0.077 <0001  0.926 (0.910-
0.951) 0.952) 0.943)
Average sleep time 0.064 0236 0.938 (0.844- -0.045 0397 0.956 (0.862-  -0.005  0.931 0.995 (0.891-
1.043) 1.061) 1.111)
Constant 1.247 0.005 3.480 1.222 0.005 3.394 0.835 0.068 2.304
3 PARS-3 scores 0067 <0001 0935(0.921- -0.064 <0001 0.938(0.925- -0.078  <0.001  0.925 (0.908-
0.949) 0.951) 0.942)
Average sleep time 0.083 0134 0921 (0.826- -0.054 0318 0.948 (0.853- -0.012  0.835 0.988 (0.883-
1.026) 1.053) 1.106)
Gender 0145 0540 0.865 (0.543-  -0.173 0455 0.841 (0.535-  -0.055  0.825 0.947 (0.582-
1.377) 1.324) 1.539)
Only child 0360  0.132 0.698 (0.437-  -0472  0.043 0.624 (0.395-  -0.136  0.585 0.873 (0.536-
1.114) 0.986) 1.421)
Major 0.020 0.132 0.174
Humanities and social 0.137 0.631 1.147 (0.656-  0.382 0.164 1.465 (0.855-  0.397 0.182 1.488 (0.830-
sciences 2.005) 2.511) 2.667)
Science and engineering 0.769 0.007 2158 (1.232-  0.542 0.055 1.719 (0.990-  0.533 0.076 1.704 (0.945-
3.780) 2.987) 3.073)
Father’s educational 0.454 0.924 0.669

background

High school or technical -0.013 0.987 0.987 (0.202-  0.310 0.691 1.364 (0.296-  0.310 0.714 1.364 (0.260-
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Secondary school and 4.813) 6.284) 7.150)
below

College or undergraduate ~ 0.440 0.555 1.553 (0.360-  0.255 0.722 1.291 (0.316-  0.557 0.476 1.745 (0.378-

6.700) 5.277) 8.048)
Mother’s educational 0.685 0.776 0.325
background
High school or technical -0.165 0.830 0.848 (0.187-  -0.512 0.489 0.599 (0.140-  -1.175 0.141 0.309 (0.065-
secondary school and 3.835) 2.559) 1.478)
below

College or undergraduate  0.176 0.833 1.193 (3.835-  -0.559 0.490 0.572 (0.117-  -1.002 0.250 0.367 (0.067-

6.156) 2.797) 2.025)
Family domicile 0.448 0.939 0.613
Village 0.036 0.915 1.037 (0.534-  -0.110 0.741 0.896 (0.467-  0.080 0.821 1.084 (0.541-
2.011) 1.719) 2.173)
County -0.330 0.360 0.719 (0.355-  -0.109 0.756 0.897 (0.451-  -0.230 0.543 0.795 (0.379-
1.457) 1.782) 1.666)
Constant 1.263 0.031 3.538 1.627 0.005 5.087 1.322 0.029 3.753

Model 1 does not adjust for any variables; Model 2 adjusts the average daily sleep time; and Model 3 adjusts the average daily sleep time, gender, only
child, major, father’s educational background, mother’s educational background, and family residence. PARS-3: Physical Activity Rank Scale-3.

Table 6 Receiver operating characteristic curve of Physical Activity Rank Scale-3 scores predicting anxiety, depression, and low self-

esteem

Dependent variables AUC Sensitivity Specificity Standard error P value
Anxiety 0.805 (0.760 -0.849) 0.799 0.743 0.023 <0.001
Depression 0.799 (0.755-0.843) 0.801 0.716 0.022 <0.001
Self-esteem 0.831 (0.788-0.874) 0.748 0.814 0.022 <0.001

PARS-3: Physical Activity Rank Scale-3; AUC: Area under the curve.

Table 7 Correlation matrix between Physical Activity Rank Scale-3 scores and Self-Rating Anxiety Scale, Self-Rating Depression Scale

and the Self-Esteem Scale scores

Indexes SAS SDS SES
PARS-3 r -0.566 -0.621 0.621
P value <0.001 <0.001 <0.001
SAS r - 0.511 -0.508
P value - <0.001 <0.001
SDS r - - -0.518
P value - - <0.001

PARS-3: Physical Activity Rank Scale-3; SAS: Self Rating Anxiety Scale; SDS: Self Rating Depression Scale; SES: the Self-Esteem Scale.

was associated with being more prone to depression, which was in line with extant studies[27]. College students with
high self-esteem are confident, self-reliant, rational, and peaceful. Their self-evaluation is generally positive; they can
rationally face the negative evaluation of others and effectively filter negative information. In addition, college students
with high self-esteem have a better sense of control over their environment, can accept and adapt to the existing
environment, and are willing to change themselves. When facing stressful events, they can effectively use their current
social support to provide a buffer for themselves and reduce the negative impact of stressful events[28]. This effectively
reduces the occurrence of anxiety and depression among college students. Therefore, individuals with high self-esteem
can self-regulate their depression and solve general psychological problems under stressful conditions. The correlation
scatter plot suggests that exercise significantly impacts anxiety, depression, and self-esteem. However, the goodness of fit
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is low, indicating that exercise alone is not the sole factor affecting these aspects in college students. Ramén-Arbués et al
[29] demonstrated that anxiety, depression, and self-esteem of college students were also related to Internet use, smoking,
and insomnia.

Anxiety, depression, and low self-esteem are contemporary college students' main mental health problems. The
detection rate of anxiety and depression in Chinese college students is rising. College students urgently need an
intervention method that can effectively relieve their anxiety, depression, and low self-esteem. This study demonstrates
that increasing physical activity decreases anxiety and depression thereby boosting self-esteem in college students. It
indicates the value of incorporating appropriate physical activities for promoting college students' psychological well-
being and development. Moreover, a significant correlation exists between anxiety, depression, and self-esteem. Low self-
esteem can contribute to the development of anxiety and depression. Therefore, regardless of the specific psychological
changes in anxiety, depression, and self-esteem, one must be vigilant to any abnormal psychological development. Due to
the limited information collected in this study, it was impossible to investigate the correlation between the amount of
physical activity and sedentary behavior, video time, and other behaviors, which needs to be supplemented by future
studies with large samples. Moreover, this cross-sectional survey design introduces potential problems such as uncertain
time sequencing, external factor interference, data quality impact, and potential factor uncertainty, making it challenging
to establish causality. Therefore, other research methods such as randomized controlled studies should be employed in
the future to verify the results of this study.

CONCLUSION

Physical activity decreases anxiety and depression and increases self-esteem among college students. Colleges and
universities should promote active participation in sports and implement scientifically balanced exercise routines. This
can alleviate anxiety and depression, improve self-esteem, and enhance the overall physical and mental well-being of
college students, ultimately contributing to their holistic development.

ARTICLE HIGHLIGHTS

Research background

College students experience varying levels of anxiety, depression, and self-esteem. As this reflects the quality of
education reform in China, the correlation between physical activity and students” anxiety, depression, and self-esteem
must be explored.

Research motivation

This study aimed to identify the factors related to anxiety, depression, and self-esteem among college students, and
provide guidelines for interventions. Considering the influence and adjustability of physical activity in students, we
speculated that the amount of physical activity among college students may be related to anxiety, depression, and self-
esteem.

Research objectives
To analyze the influence of physical activity on anxiety, depression, and self-esteem among college students.

Research methods

We investigated 478 first-year college students using the Physical Activity Rank Scale-3 (PARS-3), Self-Rating Anxiety
Scale (SAS), Self-Rating Depression Scale (SDS), and Self-Esteem Scale (SES). A multivariate logistic regression model,
receiver operating characteristic curve (ROC), area under the curve (AUC), and Spearman’s correlation analysis were
employed to determine the correlation between PARS-3 and SAS, SDS, and SES scores.

Research results
PARS-3 was negatively correlated with SAS and SDS scores (r = -0.190, -0.267, both P < 0.001) and positively correlated
with SES scores (r = 0.313, P < 0.001). SES was negatively correlated with SAS and SDS scores (r = -0.125, P = 0.016; r =
-0.143, P = 0.002).

Research conclusions
Physical activity was negatively correlated with anxiety and depression and positively correlated with self-esteem.

Research perspectives
Based on the multi-factor logistic regression model, ROC, AUC, and Spearman’s correlation analysis, we compre-
hensively analyzed the correlation between college students” PARS-3 scores and SAS, SDS, and SES scores. We
demonstrated that college students” PARS-3 scores were negatively correlated with SAS and SDS scores and positively
correlated with SES scores. This could guide future interventions to reduce anxiety, depression, and low self-esteem
among college students.
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