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Introduction: Despite growing evidence supporting the mental health benefits
of physical activity (PA), the nature of its relationship with anxiety symptoms
remains uncertain in student populations. This study aimed to investigate
differences in mean scores on the Zung Anxiety Scale among groups of
students with different levels of PA and to determine whether there is a dose-
response relationship between PA and anxiety symptoms, taking into account
various sociodemographic and lifestyle factors and study year.

Methods: Cross-sectional data were collected from 1,266 fifth-year medical
students at five Serbian universities during two academic years. PA was
assessed using the International Physical Activity Questionnaire (IPAQ), and
categorized into three MET-min/week groups: <600, 601-6,000, and >6,000.
Anxiety symptoms were measured using the Zung Self-Rating Anxiety Scale.
Logistic regression was used to estimate odds ratios for anxiety by PA
category, accounting for sociodemographic and lifestyle factors.

Results: Students engaging in 601-6,000 MET-min/week of PA were less likely
to report anxiety symptoms compared to those engaging in less than 600 MET-
min/week. No additional benefit was observed among participants exceeding
6,000 MET-min/week, suggesting a plateau effect. Compared to students in
the <600 MET-min/week group, those in the 601-6,000 MET-min/week
group were less likely to study in Novi Sad and reported an average or good
self-rated financial status, but were more likely to consume alcohol.
Participants in the >6,000 MET-min/week group were more likely to be male
and belong to the 2023-2024 academic year, and less likely to report an
average financial status compared to their peers in the <600 MET-min/week
group. Female sex was negatively associated with being in the >6,000 MET-
min/week group compared to the 601-6,000 MET-min/week group.
Conclusion: The most significant protective benefits against anxiety symptoms
were seen in individuals who participated in PA for 601 to 6,000 MET-minutes
per week. No additional benefits were observed for PA levels exceeding 6,000
MET-minutes, suggesting a potential plateau effect. These findings emphasize the
importance of promoting sustainable PA habits among students. Future research
is needed to establish causality and examine the underlying psychophysiological
mechanisms in the relationship between PA and mental health.
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Introduction

Regular physical activity (PA) enhances motor skills and
functional capabilities, significantly contributing to overall
independence and physical well-being (1). Research indicates that
incorporating daily PA and/or exercise into one’s lifestyle can
reduce the risk of chronic diseases and mortality, serving as a
means of primary disease prevention (2). The World Health
Organization (WHO) recommends that adults aged 18 to 64
engage in 150 to 300 min of moderate-intensity aerobic PA or,
75 to 150 min of vigorous-intensity PA each week, or an
equivalent combination of both (3). Individuals who follow the
WHO’s PA recommendations have a significantly lower risk of
all-cause mortality compared to those who do not (4).
Implementing daily PA and exercise interventions can lead to an
80% reduction in the risk of cardiovascular disease (CVD) (5), a
90% reduction in the risk of type 2 diabetes (6), and a 33%
reduction in the risk of cancer (7).

In addition to its well-documented benefits for physical health,
regular PA is associated with enhanced cognitive functions, such as
learning and memory retention, as well as improved mental health
(8). Regarding the effect of PA on anxiety, systematic reviews and
meta-analyses have shown that regular PA significantly reduces
both the severity of anxiety across various populations and age
groups. For instance, a meta-analysis by Wipfli et al. (9) found
that exercise interventions led to a moderate reduction in
anxiety symptoms, comparable to established psychotherapeutic
treatments (9). More recently, a comprehensive umbrella review
by Singh et al. (10) concluded that PA interventions effectively
reduce symptoms of both depression and anxiety, primarily
when conducted at moderate intensity (10). These findings
provide strong empirical support for incorporating PA into
preventive and therapeutic strategies for anxiety disorders.

While the positive effects of PA on mental health are well
established, the
changes in mental health outcomes are associated with the

dose-response  relationship—indicating how

quantity of PA—has shown nonlinear associations and
inconsistent findings. Studies conducted among Canadian adults
and adolescents from Europe and North America have shown
curvilinear relationships between PA and mental health (11, 12).
For instance, Bernard et al. (11) found that moderate levels of
objectively measured PA were associated with better self-reported
mental health in Canadian adults, while higher levels did not
provide additional benefits (11). Similarly, Khan et al. (12)
concluded that for adolescents in Europe and North America,
PA was positively associated with mental well-being only up to a
certain threshold, beyond which the benefits plateaued (12).
Further research from the United States and China has revealed
more pronounced nonlinear associations (13, 14). Chekroud et al.
(13) identified an inverted U-shaped curve among U.S. adults,
suggesting that mental health was optimized at around 45 min of
PA, three to five times per week (13). Poorer outcomes were
observed with insufficient or excessive levels of exercise,
particularly for those engaged in high-intensity or high-frequency
training (13). Likewise, Zhou et al. (14) reported a reverse

J-shaped relationship in a large Chinese sample, indicating that
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both low and excessively high levels of PA were linked to worse
mental health outcomes (14).

These findings imply that higher levels of PA may lead to either
a plateau or a decline in mental health benefits. Both physiological
factors, such as overtraining and elevated cortisol levels, as well
as psychological factors like maladaptive coping and exercise
dependence, have been proposed as explanations for this
phenomenon (13). However, the point of diminishing returns
regarding the protective effects of PA on anxiety varies across the
studies mentioned. Possible explanations for these discrepancies
include inconsistencies in measuring mental health outcomes and
the neglect of other health behaviors that may also influence
mental health. Relying solely on a single-item question about
general mental health can introduce randomness in data
between PA and
common mental health disorders (15). Additionally, various

collection and obscure the associations
sociodemographic and lifestyle factors have been shown to
influence the severity of symptoms of mental health disorders,
making it essential to consider these factors when examining the
relationship between different levels of PA and mental health (15).

Young adults have historically been at a higher risk for various
mental health issues compared to other age groups (16). Students
in particular represent a distinct group of young adults who
their
journeys. These stressors can include moving to a new city,

encounter various stressors throughout educational
achieving financial independence, forming romantic relationships,
and assuming new responsibilities within their communities. All
of this occurs while they strive to balance work and personal life
within a demanding schedule (17). Adopting healthy lifestyle
habits, such as engaging in regular PA, can significantly help
these individuals manage stress during this critical stage of life
(18). Moreover, young adults who adopt healthy behaviors are
more likely to sustain these habits in the future (19).

Emerging evidence indicates that the connection between PA
health

psychological aspects (20, 21). Hamidi et al. (20) discovered that

and mental encompasses both physiological and
psychological well-being serves as a mediator between health-
promoting behaviors and death anxiety among older adults who
have experienced COVID-19 (20). Although this study did not
focus specifically on PA or student populations, its proposed
mechanism may provide insights into how psychological well-
being could mediate the relationship between PA and anxiety
among students. Additionally, Dehkordi and Chtourou (21)
emphasized that structured PA can positively influence anxiety
by improving emotional regulation, increasing self-efficacy, and
(21). Together, these findings
underscore the importance of considering both physiological and

enhancing coping strategies

psychological pathways when examining how PA and other
health-promoting behaviors can serve as modifiable factors in the
prevention and management of anxiety, especially in high-stress
environments like universities.

The aim of this study was to investigate differences in mean
scores on the Zung Anxiety Scale among groups of students with
different levels of PA and to determine whether there is a dose-
response relationship between PA and anxiety symptoms, taking
into account various sociodemographic and lifestyle factors and
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study year. Our research aims to provide new insights into whether
increasing levels of PA continue to offer protective effects against
anxiety symptoms or if they reach a point at which these benefits
diminish. Additionally, we seek to contribute to the literature by
clarifying the point at which the positive effects of PA on
anxiety plateau.

Methods
Study design

We analyzed data from two cross-sectional studies conducted
during the 2019/2020 and 2023/2024 school years involving fifth-
year medical students from five universities in Serbia: Belgrade,
Novi Sad, Kragujevac, Ni§, and Kosovska Mitrovica. The first
study, which took place during the 2019/2020 academic year,
included 573 participants, while the second study, conducted
during the 2023/2024 academic year, involved 730 participants.

Both studies gathered data from medical students during
practical classes in Social Medicine during the winter semester.
All students present in the class during the study week received
information about the study and were asked to voluntarily
complete a paper questionnaire. The response rates were 54.06%
for the 2019/2020 study and 68.9% for the 2023/2024 study,
resulting in an overall response rate of 61.5%. A total of 1,266
participants completed all the questions in the surveys.

Research instrument

The instrument used in this study was a questionnaire divided
into five sections: (1) socio-demographic and (2) socio-economic
characteristics  (university, place of residence, sex, age,
relationship status, and self-rated financial status); (3) lifestyle
and health status characteristics (body weight, height, self-rated
health, alcohol use, binge drinking, smoking, cannabis use, and
the time spent playing video games and time on social media per
day); (4) PA assessed using the International Physical Activity
Questionnaire Short Form (IPAQ SF) (22); and (5) anxiety
symptoms, measured with the Zung Anxiety Scale (23).
Additional details about the study design, participants, and the

instruments used can be found in other publications (24, 25).

Variables

Participants were classified based on their energy expenditure
measured in MET minutes per week. This classification was
performed according to the World Health Organization (WHO)
for PA (3). The WHO
minimum of 150-300 min of moderate-intensity PA or 75-

recommendations recommends a
150 min of vigorous-intensity PA per week, corresponding to an
energy expenditure of 600-1,200 MET-minutes per week. We
used the upper limit of these recommendations (1,200 MET-
minutes per week) as a cutoff value for grouping participants.

Frontiers in Sports and Active Living

10.3389/fspor.2025.1606002

A total of 20 variables were analyzed: study year, university,
place of residence, sex, age in years, body mass index,
relationship status, grade point average, number of meals per
day, self-perceived financial status, family relationships, self-
related health, use of any tobacco product, alcohol use, binge
drinking, cannabis use, time spent playing video games per day
in hours, time on social media in hours per day, Zung anxiety
scale score, social support, and study engagement score.

Statistical analyses

The statistical analyses were conducted using descriptive,
inferential, and multivariate statistics. Differences between groups
for categorical variables were assessed using the Chi-square test,
while numerical variables with a normal distribution were analyzed
using univariate analysis of variance (ANOVA). For continuous
variables without a normal distribution, the Kruskal-Wallis test was
employed. The normality of distribution was evaluated using
the Kolmogorov-Smirnov test. All variables that were shown
significant, were then included in the following multivariate logistic
regression models: energy expenditure of 601-6,000 MET-minutes
per week compared to 0-600 MET-minutes per week as the
outcome variable; energy expenditure of >6,000 MET-minutes per
week compared to energy expenditure of 0-600 MET-minutes per
week as an outcome variable; and energy expenditure of >6,000
MET-minutes per week compared to energy expenditure of
601-6,000 MET-minutes per week as an outcome variable.
Multicollinearity was assessed using the Variance Inflation Factor
(VIF), with all predictors yielding VIF values below 5, indicating no
significant multicollinearity. Model adequacy was evaluated using
the Hosmer-Lemeshow goodness-of-fit test. All analyses were
performed using IBM SPSS Statistics, version 22.0.

Results

The mean and median Zung anxiety scale scores were the
lowest in the group with an energy expenditure of 4,801-6,000
MET-minutes per week. There were no significant differences
between the scores on the Zung anxiety scale between the group
with the lowest energy expenditure and the groups with 6,001-
7,200 MET-minutes/week and with >7,200 MET-minutes/week.
The mean and median scores for each energy expenditure
category are presented in Table 1.

After merging the categories that significantly differed from the
category with the lowest energy expenditure, and then the
categories with higher energy expenditure that showed no
differences in score on zung anxiety scale compared to the lowest
energy expenditure category, total of 136 students were in the
category of 0-600 MET-minutes/week (10.7%), 1,038 were in the
601-6,000 MET-minutes per week (82.0%) and total of 92
students (7.3%) were in the category >6,000 MET-minutes/week.

The mean Zung anxiety scale score for the group with 601-
6,000 MET-minutes/week was 34.65 + 8.24, while the mean Zung
anxiety scale score for the group >6,000 MET-minutes/week was
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TABLE 1 The mean and median scores on the zung anxiety scales at different energy expenditures.

Expenditure in MET-minutes/week | Zung score Mean + SD | Zung score Median | p-value p-value post hoc
compared to 0-600
0-600 38.46+9.19 37.00 0.0001
601-1,200 35.20+7.57 34.00 0.003
1,201-2,400 35.11+8.66 34.00 0.001
2,401-3,600 3498 +8.11 33.00 0.001
3,601-4,800 33.52+835 32.00 0.001
4,801-6,000 31.19+7.17 30.00 0.001
6,001-7,200 34.56+10.43 34.00 0.069
>7,200 37.50+9.15 35.00 0.489
o °
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FIGURE 1
Bar chart with mean scores on zung anxiety scale for the groups based on the energy expenditure.

36.61 £9.59. The mean scores in the examined groups are
presented in Figure 1.

The prevalence of energy expenditure of >6,000 MET-minutes/
week was higher in 2023 (8.9% vs.5.1%), among students in
Belgrade University (9.3%), among male participants (11.3% vs.
5.0%), among participants with poor self-rated financial status
(17.5%), and poor self-rated health (16.2%). The prevalence of
energy expenditure of >6,000 MET minutes/week was higher
among participants who reported alcohol use (7.4% vs. 6.6%), binge
drinking (11.3% vs. 5.3%), and cannabis use (13.3% vs. 6.2%). The
participants across different PA categories exhibited significant
differences in various socio-demographic, lifestyle, and mental
health characteristics, including age, GPA, BMI, time spent playing
video games, number of meals consumed, Social Support Scale
scores, and Zung Anxiety Scale scores. The characteristics of
participants in all three groups are presented in Table 2.

Multivariate logistic regression analysis with the energy
expenditure of 601-1,200 MET-minutes/week compared to 0-600
MET-minutes/ week showed the association with studying in
Novi Sad (OR: 0.32, 95% CI: 0.14-0.76), average (OR: 0.09, 95%
CI: 0.01-0.76), or good self-rated financial status (OR: 0.10, 95%
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CI: 0.01-0.87), alcohol use (OR: 2.79, 95% CI: 1.38-5.65), and
score on Zung anxiety scale (OR: 0.96, 95% CI: 0.93-0.99).

Multivariate logistic regression analysis with the energy
expenditure of more than 6,000 MET-minutes/week compared to
0-600 MET-minutes/ week showed the association with 2023/
2024 study year (OR: 1.69, 95% CI: 1.16-2.45), female sex (OR:
0.13, 95% CI: 0.02-0.72), and average self-rated financial status
(OR: 0.04, 95% CI: 0.002-0.68).

Multivariate logistic regression analysis with the energy
expenditure of more than 6,000 MET-minutes/week compared to
with the energy expenditure of 601-1,200 MET-minutes/week
showed the association with female sex (OR: 0.35, 95% CI: 0.14—
0.89), and score on Zung anxiety scale (OR: 1.06, 95% CI: 1.01-
1.11). The results of the multivariate analyses are presented in Table 3.

Discussion
To our knowledge, this is the first study from Serbia to

investigate differences in mean scores on the Zung Anxiety Scale
among groups of students with different levels of PA and to

frontiersin.org
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TABLE 2 Differences between the participants.

Characteristics 0-600 MET-minutes/ | 601-6,000 MET-minutes/  >6,000 MET-minutes/ | p-value
Study year

2019/2020 73 (13.3) 446 (81.5) 28 (5.1) 0.002
2023/2024 63 (8.8) 592 (82.3) 64 (8.9)

University

Belgrade 66 (9.3) 579 (81.4) 66 (9.3) 0.001
Kosovska Mitrovica 18 (14.2) 102 (80.3) 7 (5.5)

Nis 3(7.7) 101 (86.3) 7 (6.0)

Novi Sad 25 (23.8) 78 (74.3) 2(1.9)

Kragujevac 18 (8.7) 178 (86.4) 10 (4.9)

Place of residence

Urban 124 (11.2) 907 (81.6) 80 (7.2) 0.468
Rural 11 (8.1) 113 (83.1) 12 (8.8)

Sex

Male 40 (9.5) 332 (78.7) 50 (11.8) 0.001
Female 96 (11.5) 697 (83.5) 42 (5.0)

Age in years X + SD 24.19 £1.99 23.85 £ 1.52 23.55 £ 1.49 0.003
Body mass index in kg/m? X + SD 22.51£3.29 22.63 £3.49 23.54 £3.20 0.006
Relationship status

Single 74 (11.5) 527 (81.7) 44 (6.8) 0.599
In a relationship 62 (10.0) 511 (82.3) 48 (7.7)

GPA X £SD 8.63£0.73 8.77 £0.74 8.87 £0.72 0.027
Number of meals per day X + SD 2.86+0.95 3.07 £0.90 3.47+1.33 0.001
Self-rated financial status

Poor 8 (14.0) 39 (68.4) 10 (17.5) 0.004
Average 58 (11.0) 444 (84.1) 26 (4.9)

Good 69 (10.2) 552 (81.5) 56 (8.3)

Family relationship

Poor 7 (12.3) 43 (75.4) 7 (12.3) 0.381
Average 25 (13.0) 156 (81.3) 11 (5.7)

Good 104 (10.3) 835 (82.4) 74 (7.3)

Self-rated health

Poor 5 (13.5) 26 (70.3) 6 (16.2) 0.003
Average 32 (16.5) 154 (79.4) 8 (4.1)

Good 95 (9.4) 843 (83.5) 72 (7.1)

Use of any tobacco product

Yes 33 (11.7) 231 (81.6) 19 (6.7) 0.800
No 103 (10.5) 807 (82.1) 73 (7.4)

Alcohol use

Yes 104 (9.7) 887 (82.9) 79 (7.4) 0.023
No 32 (16.3) 151 (77.0) 13 (6.6)

Binge- drinking

Yes 46 (11.3) 315 (77.4) 46 (11.3) 0.001
No 82 (10.1) 684 (84.5) 43 (5.3)

Cannabis use

Yes 17 (8.7) 152 (77.9) 26 (13.3) 0.001
No 119 (11.1) 886 (82.7) 66 (6.2)

Time spent playing video games per day in hours 0.40 +1.19 0.31+0.81 0.58+1.14 0.017
X+SD

Time on social media in hours per day X + SD 3.09+3.50 2.58+2.17 2.73+2.57 0.744
Zung score X + SD 38.46 £9.19 34.65+8.24 36.61 £9.59 0.001
Study engagement X + SD 33.00 +22.44 32,90 + 8.02 32.64 £9.52 0.167
Social support 5.84 +1.06 6.14£0.84 6.21+1.01 0.004

determine whether there is a dose-response relationship between  the participants, 10.7% were in the category of 0 to 600 MET-
PA and anxiety symptoms, taking into account various minutes per week of PA, while 82.0% were in the range of 601 to
sociodemographic and lifestyle factors and study year. Among 6,000 MET-minutes per week of PA, and 7.3% exceeded 6,000
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TABLE 3 Multivariate logistic regression analyses.

Characteristics | 601-6,000 >6,000 >6,000
MET- MET- MET-
minutes/ minutes/ minutes/
week vs. 0- week vs. 0-  week vs.
600 MET- | 600 MET- 601-6,000
minutes/ minutes/ MET-
week week minutes/
week
Study year
2019/2020 1.0 1.0 1.0
2023/2024 1.19 (0.99-1.43) | 1.69 (1.16-2.45) | 1.17 (0.93-1.47)
University
Belgrade 1.0 1.0 1.0

Kosovska Mitrovica

0.99 (0.44-2.32)

0.70 (0.12-4.01)

0.49 (0.13-1.89)

Nis 1.09 (0.41-2.88) | 0.83 (0.13-5.42) | 0.87 (0.27-2.83)
Novi Sad 0.32 (0.14-0.76) | 0.00 (0.00-0.00) | 0.00 (0.00-0.00)
Kragujevac 1.18 (0.50-2.78) | 0.29 (0.05-1.58) | 0.63 (0.23-1.74)
Sex

Male 1.0 1.0 1.0
Female 1.00 (0.50-2.01) | 0.13 (0.02-0.72) | 0.35 (0.14-0.89)

Age in years

0.90 (0.80-1.03)

0.82 (0.57-1.20)

0.74 (0.52-1.06)

Body mass index in kg/

mZ

0.97 (0.89-1.07)

0.86 (0.69-1.07)

0.99 (0.87-1.13)

GPA

0.95 (0.65-1.39)

1.19 (0.51-2.79)

1.10 (0.65-1.86)

Number of meals per
day

1.04 (0.78-1.38)

1.70 (0.97-1.67)

1.28 (0.90-1.81)

Self-rated financial status

Poor 1.0 1.0 1.0
Average 0.09 (0.01-0.76) | 0.04 (0.002-0.68) | 0.59 (0.13-2.29)
Good 0.10 (0.01-0.87) | 0.07 (0.004-1.26) | 0.53 (0.12-2.43)

Self-rated health

Poor

1.0

1.0

1.0

Average 1.14 (0.27-4.92) | 0.59 (0.02-15.15) | 0.62 (0.06-6.41)
Good 1.49 (0.38-5.82) | 0.80 (0.04-17.72) | 0.96 (0.11-8.41)
Alcohol use

Yes 2.79 (1.38-5.65) | 2.62 (0.51-13.51) | 0.54 (0.18-1.66)
No 1.0 1.0 1.0

Binge- drinking

Yes

0.55 (0.29-1.03)

0.35 (0.10-1.26)

1.78 (0.80-3.99)

No

1.0

1.0

1.0

Cannabis use

Yes

1.02 (0.45-2.33)

0.71 (0.16-3.17)

0.90 (0.33-2.45)

No

1.0

1.0

1.0

Time spent playing
video games per day in
hours

0.87 (0.68-1.11)

0.97 (0.57-1.67)

1.06 (0.72-1.57)

Zung score

0.96 (0.93-0.99)

1.01 (0.93-1.07)

1.06 (1.01-1.11)

Social support

1.28 (0.96-1.71)

1.89 (0.95-3.79)

111 (0.69-1.78)

MET-minutes per week of PA. Overall, 89.3% of participants met
the WHO recommendations for PA. Our findings align with a
systematic review that assessed the physical activity and fitness
levels of university students, concluding that they generally
exhibit satisfactory levels of PA and fitness (26).

The multivariate logistic regression analysis revealed that
individuals engaging in 601 to 6,000 MET-minutes of physical
activity (PA) per week were 4% less likely to experience anxiety
symptoms compared to those in the 0 to 600 MET-minute
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group, and 6% less likely than those

MET-minutes per week. No

exceeding 6,000
significant difference in the
likelihood of experiencing anxiety symptoms was observed
between the group with 0 to 600 MET minutes and the group
exceeding 6,000 MET-minutes per week. This pattern illustrates
that while PA offers protective effects against anxiety symptoms,
these effects tend to diminish after a certain volume of PA.

Regular PA is known to promote the release of neurotransmitters
such as endorphins and dopamine, as well as hormones like serotonin,
all of which can help reduce anxiety symptoms (27). Furthermore,
various psychological mechanisms—such as increased self-efficacy,
improved sleep quality, and a lower physiological stress response—
may help explain how PA protects against anxiety (28). These
mechanisms have been described in models like the stress-buffering
model and self-determination theory, which could inform future
interventions (29).

Our results indicated that the protective effects of PA against
anxiety plateau after 6,000 MET-minutes per week. Several
interpretations could explain this plateau in the relationship
between PA and mental health. One possibility is that the mental
health benefits of PA may reach a saturation point, suggesting
that beyond a certain level of PA, additional exercise does not
provide significant advantages. Another explanation could be
reverse causality; for example, individuals experiencing higher
anxiety may engage in increased PA as a coping mechanism,
resulting in higher PA levels without a corresponding decrease in
anxiety symptoms. To fully understand these phenomena, future
longitudinal studies are needed.Our findings align with a large
population-based study that used UK Biobank data, which also
indicated a similar threshold effect in the relationship between
PA and anxiety (30). Additionally, a nationally representative
cross-sectional study demonstrated that while moderate levels of
PA are beneficial for mental health, engaging in excessive PA
does not provide additional benefits (31). Furthermore, another
study involving adolescents from North America and Europe
confirmed the non-linear relationship between PA and
mental health (12).

This body of evidence emphasizes the importance of integrating
PA as a modifiable factor in promoting mental health, especially in
the post-pandemic era, where concerns about student mental health
are increasing. However, it is essential not to recommend excessive
PA as part of these mental health strategies.

Regarding study year and university, participants from 2023
study group were more likely to be in >6,000 MET-minutes per
week of PA than 0-600 MET-minutes per week of PA and
studying in Novi Sad was negatively associated with 601-6,000
MET-minutes per week of PA when compared to less than 600
MET-minutes per week of PA. To our knowledge, there is
insufficient evidence to compare our findings on disparities in
PA levels between different universities in Serbia. Conversely, the
observation that participants from the 2023 group had a higher
likelihood of engaging in over 6,000 MET-minutes per week of
PA compared to those with 0 to 600 MET MET-minutes per
week of PA contradicts evidence suggesting that, in recent
decades, physical activity levels among the general population,
including young adults, have steadily declined (32).
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Female participants were more likely to report engaging in less
than 600 MET minutes per week of PA compared to those in either
the 601 to 6,000 MET-minutes per week of PA or the over 6,000
MET-minutes per week of PA group. These findings align with a
recently published repeated cross-sectional study that analyzed
data from the Eurobarometer (2005-2022) involving adults from
28 European countries and examined gender differences in
meeting PA guidelines. The authors concluded that, overall, men
tend to be more physically active than women (33).

The multivariate logistic regression analysis indicated that
participants engaging in 601 to 6,000 MET-minutes per week of
PA were more likely to report an average or good self-rated
financial status compared to those who participated in fewer than
600 MET minutes per week of PA. Similarly, participants who
exceeded 6,000 MET-minutes per week of PA were also more
likely to report an average self-rated financial status than those in
the group with less than 600 MET-minutes per week of PA.
Overall, our findings suggest a negative association between
PA and self-rated financial status. The relationship between
financial status and PA has been extensively studied with mixed
results. Some evidence suggests that individuals from lower-
those
communities tend to be less physically active (34). Conversely,

income families and living in under-resourced
other research shows that individuals with poorer self-reported
financial statuses may engage in equal or even higher levels of
PA compared to their wealthier peers, possibly due to the
availability of cost-free activities such as unstructured play and
outdoor recreation (35).

In comparison to the group with less than 600 MET-
minutes per week of PA, those engaging in 601-6,000 MET-
minutes per week of PA showed a positive association with
alcohol use. Our findings regarding the relationship between
alcohol consumption and PA are consistent with evidence
indicating that regular PA often coincides with certain risk
behaviors (36). One possible explanation for this trend is that
students who are more physically active may form social
connections and participate in events where alcohol is present,
making them more prone to occasional alcohol consumption
(36). Additionally, some individuals may engage in PA as a
means of counterbalancing the health risks associated with
unhealthy habits, influenced by compensatory beliefs and
established patterns (36).

This study has several strengths worth noting. First, it uses a
large, multi-center sample of medical students from five different
universities, which enhances the regional relevance of the
findings. Second, it utilizes valid and reliable research
instruments for data collection.

Third, the study employs structured MET-based PA thresholds,
similar to those used in other studies (30), allowing for a
meaningful interpretation of the results. Finally, the analysis was
adjusted for various socio-demographic and lifestyle factors to
control for potential confounding variables. These features offer
valuable insights for designing future interventions targeting
young adults in high-stress academic environments. However,
there are several limitations to consider. The cross-sectional

design limits our ability to infer causation, and we cannot
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establish the directionality of the relationship between PA and
anxiety. Both PA and anxiety symptoms were self-reported,
which may introduce recall bias. Although we adjusted for
several confounding factors, we could not include variables such
as academic pressure, personality traits, or clinical mental health
diagnoses, all of which may influence both PA and anxiety.
Lastly, the overall response rates indicate the number of
respondents compared to the total number of students enrolled
in Social Medicine classes each school year. Students absent
during the questionnaire distribution week were considered non-
respondents, which may have led to an underestimation of the
response rates in both study years.

Conclusion

To our knowledge, this is the first study from Serbia to
investigate differences in mean scores on the Zung Anxiety Scale
among groups of students with different levels of PA and to
determine whether there is a dose-response relationship between
PA and anxiety symptoms, taking into account various
sociodemographic and lifestyle factors and study year. The most
significant mental health benefits were observed at a weekly
PA level of 601 to 6,000 MET-minutes. No additional mental
health advantages were found for PA levels exceeding 6,000
MET-minutes, suggesting that a plateau effect may be present.
Various sociodemographic and lifestyle characteristics were
associated with different PA levels, including study vyear,
university, sex, Self-rated financial status, and alcohol use.
Targeted interventions that promote sustainable PA habits within
university settings could be beneficial for enhancing student
mental health. Future longitudinal and experimental studies are
needed to establish causality and examine the underlying
psychological mechanisms in the relationship between PA and
mental health.
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