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Abstract
Background 
and Study Aim

Sedentary behavior among university students has become a pressing public health issue that 
requires innovative and context-specific interventions within the campus setting. One strategic 
approach to addressing this issue is the implementation of structured, non-pharmacological, 
exercise-based programs. Therefore, this study aimed to design and evaluate a campus-based, non-
pharmacological exercise intervention to prevent sedentary lifestyles among university students.

Material and 
Methods

A total of 58 university students (26 females and 32 males), aged 18–20 years, participated in this 
study. All participants completed a 4-week intervention combining aerobic exercise (jogging and 
power walking) with bodyweight resistance training. Four key indicators, namely physical activity 
level (PA level), sedentary duration (sitting or lying time), cardiorespiratory fitness (VO₂max), 
and resting heart rate (resting HR), were measured at baseline (pretest) and after the 4-week 
intervention (posttest) in both male and female groups. Statistical analysis was conducted using a 
paired-sample t-test with a significance level of 5%.

Results Physical activity levels significantly increased between the pretest and posttest by 2,022.75 METs 
(114.17%) in males and 1,769.08 METs (114.65%) in females. Sedentary duration significantly 
decreased by 109.22 minutes (−22.65%) in males and 131.58 minutes (−17.73%) in females. VO₂max 
showed a significant improvement, increasing by 10.09 mL/kg/min (27.43%) in males and 7.81 mL/
kg/min (27.50%) in females. Resting heart rate also decreased significantly by 7.32 bpm (−11.32%) 
in males and 7.26 bpm (−10.29%) in females.

Conclusions This study demonstrates that a 4-week, non-pharmacological, exercise-based intervention is 
effective in reducing sedentary behavior and improving key health indicators among university 
students.
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Introduction
The global prevalence of sedentary lifestyles, 

along with associated health risks such as 
cardiovascular, metabolic, and mental health 
disorders, has emerged as a major public health 
concern, particularly among university students 
[1]. According to data from the World Health 
Organization [2], 31 percent of adults and 80 percent 
of adolescents fail to meet the recommended levels 
of physical activity. Sedentary behavior is defined as 
any waking activity involving energy expenditure 

of 1.5 metabolic equivalents (METs) or less, such as 
sleeping, sitting, lying down, watching television, 
or engaging in other screen-based entertainment 
[3, 4]. Most university students do not meet the 
WHO physical activity guidelines, with fewer than 
10 percent considered active and approximately 
40.5 percent classified as highly inactive [5]. As a 
population undergoing the transition to adulthood 
[6], students are particularly vulnerable to adopting 
inactive lifestyles, often driven by academic stress 
[7, 8], lifestyle changes, and the ease of access to 
technologies that encourage prolonged sitting 
[9]. The college years represent a critical period 
for shaping long-term behavioral patterns that 
significantly influence the risk of developing chronic 
diseases later in life [10, 11, 12, 13]. Therefore, 
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sedentary behavior among university students 
should be treated as a serious health issue requiring 
innovative and context-specific approaches within 
the campus environment.

Recently, physical inactivity has been widely 
recognized as a leading risk factor for premature 
mortality and chronic conditions such as type 2 
diabetes, metabolic syndrome, and cardiovascular 
disease. Additionally, growing evidence suggests 
that high levels of sedentary behavior negatively 
impact mental health, increasing the risk of anxiety 
and depression [14, 15, 16, 17, 18, 19]. Although 
various studies have confirmed the harmful effects 
of sedentary behavior [10], most existing preventive 
interventions remain generalized, lack specificity 
for student populations, and rarely adopt structured, 
exercise-based approaches within campus settings 
[11]. Furthermore, many existing programs focus 
heavily on pharmacological treatment or theoretical 
education, without integrating practical physical 
activities into students’ daily routines [12]. These 
gaps highlight the need for innovative preventive 
strategies that are physically engaging, contextually 
relevant, and tailored to meet the specific needs of 
students, while promoting long-term behavioral 
change toward an active lifestyle [13].

One strategic approach to addressing sedentary 
behavior among university students is the 
implementation of non-pharmacological, exercise-
based interventions within the campus environment 
[20]. Such interventions emphasize the promotion 
of daily physical activity through simple yet 
consistent exercise programs that can be seamlessly 
integrated into academic life [21]. The primary goal 
of these interventions is to reduce prolonged sitting 
time, enhance cardiorespiratory capacity, improve 
body composition, and support mental health 
through beneficial neurobiological activation 
[22, 23]. Additionally, the social engagement that 
emerges from group-based exercise programs has 
the potential to boost students’ intrinsic motivation 
to maintain an active lifestyle [24]. Several studies 
have shown that exercise-based interventions 
are effective in increasing physical activity levels, 
reducing sedentary time, and producing positive 
psychosocial outcomes among university students 
[25, 26, 27].

Analysis of the reviewed studies has shown that 
structured, non-pharmacological interventions 
based on physical activity can effectively reduce 
sedentary behavior and improve key health 
indicators among university students. The authors 
emphasize that such interventions are most 
effective when they are context-specific, seamlessly 
integrated into academic routines, and promote both 
individual engagement and social interaction. At the 
same time, there remains a clear need for further 
research to explore the long-term sustainability, 
adaptability, and psychological impact of these 

interventions in diverse student populations and 
educational settings.

Therefore, this study aimed to design and 
evaluate a campus-based, non-pharmacological 
exercise intervention to prevent sedentary lifestyles 
among university students.

Materials and Methods
Participants
This study employed a two-group pre-

experimental design using pretest and posttest 
assessments. A total of 58 participants (32 males 
and 26 females) were recruited from the Department 
of Sport Coaching Education, Faculty of Sport 
and Health Science, Universitas Negeri Surabaya 
(Indonesia). All participants were recruited using 
consecutive sampling. All eligible individuals who 
met the inclusion criteria and volunteered during 
the data collection period were enrolled in the 
study. Inclusion criteria included age between 18 
and 20 years, body mass index (BMI) between 18.5 
and 24.9 kg/m², and absence of any cardiovascular 
or metabolic diseases. Participants also had no 
history of smoking or alcohol consumption in the 
past five years and had not taken any medication in 
the last three months. All procedures complied with 
the principles of the Declaration of Helsinki.

Study Design
Both male and female participants underwent a 

4-week combined exercise intervention involving 
aerobic exercise (jogging and power walking) and 
bodyweight resistance training. Four outcome 
variables were observed: resting heart rate (resting 
HR), cardiorespiratory fitness (VO₂max), physical 
activity level, and sedentary time (sitting or lying 
duration).

Exercise programs for male and female
The exercise intervention was conducted under 

the supervision of certified coaches from the 
Department of Sports Coaching Education to ensure 
the correct and safe performance of each movement. 
Participants followed a structured combined 
exercise program, consisting of aerobic exercise 
(jogging and power walking) and bodyweight 
resistance training, four times per week for four 
consecutive weeks. Sessions were conducted from 
06:00 to 07:30 AM at the Universitas Negeri 
Surabaya Athletic Field. To ensure progressive 
physiological adaptation, the training program 
was designed based on the principle of progressive 
overload. In this approach, the intensity and 
duration of both aerobic and resistance components 
were gradually increased each week. This method is 
widely supported in exercise science as it allows the 
body to continuously adapt to increasing physical 
demands. As a result, it enhances cardiorespiratory 
fitness, muscular strength, and endurance. The 
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incremental adjustments, which were reflected 
in training time, repetition schemes, and target 
heart rates, were structured to avoid plateau and 
to optimize performance gains throughout the 
intervention period. Details of the intervention are 
presented in Table 1.

Data collection methods
Resting heart rate (resting HR) was assessed 

using the Polar H10 heart rate sensor (Polar Electric, 
Inc., Bethpage, NY, USA) [28]. Cardiorespiratory 
fitness (VO₂max) was measured using the 20-meter 
Multi-Stage Shuttle Run Test [29]. Physical activity 

Table 1. Details of the exercise program

Group Frequency Intensity Time Type Warm-up Cooldown

Male and 
Female

Week 1

Four times a 
week for four 
weeks

85% HRmax

3 sets (15 
seconds 
training and 
15 seconds 
rest) for each 
movement

Strength training 
(jumping jacks, plank 
jacks, burpees, jumping 
squats, mountain 
climb)

Dynamic 
stretching for 
5 min

Static 
stretching for 
5 min

Jogging: 75% 
HRmax

Power 
walking: 60% 
HRmax

30 min

Aerobic exercise (5 
minutes jogging and 
5 minutes power 
walking) 3 repetitions

Week 2

Four times a 
week for four 
weeks

90% HRmax

3 sets (20 
seconds 
training and 
20 seconds 
rest) for each 
movement

Strength training 
(jumping jacks, plank 
jacks, burpees, jumping 
squats, mountain 
climbs)

Dynamic 
stretching for 
5 min

Static 
stretching for 
5 min

Jogging: 75% 
HRmax

Power 
walking: 60% 
HRmax

40 min

Aerobic exercise (5 
minutes jogging and 
5 minutes power 
walking) 4 repetitions

Week 3

Four times a 
week for four 
weeks

90% HRmax

3 sets (25 
seconds 
training and 
25 seconds 
rest) for each 
movement

Strength training 
(jumping jacks, plank 
jacks, burpees, jumping 
squats, mountain 
climbs)

Dynamic 
stretching for 
5 min

Static 
stretching for 
5 min

Jogging: 75% 
HRmax

Power 
walking: 60% 
HRmax

50 min

Aerobic exercise (5 
minutes jogging and 
5 minutes power 
walking) 5 repetitions

Week 4

Four times a 
week for four 
weeks

95% HRmax

3 sets (30 
seconds 
training and 
30 seconds 
rest) for each 
movement

Strength training 
(jumping jacks, plank 
jacks, burpees, jumping 
squats, mountain 
climb)

Dynamic 
stretching for 
5 min

Static 
stretching for 
5 min

Jogging: 75% 
HRmax

Power 
walking: 60% 
HRmax

60 min

Aerobic exercise (5 
minutes jogging and 
5 minutes power 
walking) 6 repetitions
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level and sedentary behavior (sitting or lying time) 
were assessed using the Global Physical Activity 
Questionnaire (GPAQ) from the World Health 
Organization [30]. All variables were measured at 
baseline (pretest) and after the intervention period 
of four weeks in both male and female participants.

Statistical analysis
Descriptive statistics were used to calculate 

means, standard deviations, and the distribution of 
the data. The Kolmogorov–Smirnov test was used 
to assess normality, and Levene’s test was used 
to assess homogeneity of variance. For normally 
distributed data, paired sample t-tests were used 
to evaluate changes between pretest and posttest 
values. Effect sizes were calculated using Cohen’s d, 
with values interpreted as small (d = 0.2), medium 
(d = 0.5), and large (d ≥ 0.8). All statistical analyses 
were conducted using SPSS version 21 (SPSS Inc., 
Chicago, IL, USA), and the significance level was set 
at p < 0.05. Sample size calculations were performed 
using G*Power software (Düsseldorf, Germany).

Results
A total of 26 female and 32 male participants 

voluntarily provided written informed consent and 
completed the four-week intervention program. 
The demographic characteristics of the participants 

are presented in Table 2. The observed changes in 
resting heart rate (resting HR), cardiorespiratory 
fitness (VO₂max), physical activity level, and 
sedentary time (sitting or lying duration) between 
pretest and posttest for both sexes are illustrated in 
Figure 1.

Table 2. Demographic characteristics of study 
participants

Characteristics Female (n = 26) Male (n = 32)

Age (years) 19.00 ± 0.40 19.03 ± 0.31

Height (m) 1.59 ± 0.05 1.70 ± 0.05

Weight (kg) 55.91 ± 6.71 65.34 ± 7.14

Body Mass Index 
(kg/m²) 22.02 ± 2.06 22.58 ± 2.08

Note. Data are presented as mean ± standard 
deviation (SD).

Based on the results of the normality test 
(Kolmogorov–Smirnov) and homogeneity test 
(Levene’s), the data showed a normal distribution 
and homogeneous variance. Therefore, the 
parametric test could be applied.

As shown in Figure 1, the results of the paired 
sample t-test indicated a significant reduction in 
resting heart rate (resting HR) between pretest and 
posttest in both males (64.63 ± 5.35 vs. 59.75 ± 3.96 

Figure 1. Assessment of Resting HR, VO₂max, Physical Activity Level, and Sitting/Lying Duration Between 
Pretest and Posttest in Both Sexes. *Significantly different from pretest (p < 0.001). p-values were obtained 
using paired sample t-tests. Data presented as mean ± standard deviation. Effect size calculated using 
Cohen’s d.
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bpm; p = 0.001; effect size [ES] = 1.037; 95% CI: 
3.64, 6.12) and females (70.54 ± 6.34 vs. 65.12 ± 4.03 
bpm; p = 0.001; ES = 1.022; 95% CI: 3.43, 7.42). This 
corresponds to a decrease of 7.32 bpm (a reduction 
of 11.32 percent) in males and 7.26 bpm (a reduction 
of 10.29 percent) in females.

Cardiorespiratory fitness, as measured by 
VO₂max, showed a statistically significant 
improvement between pretest and posttest for both 
males (40.49 ± 8.09 vs. 50.58 ± 8.23 mL/kg/min; p = 
0.001; ES = 1.237; 95% CI: 7.43, 12.75) and females 
(30.46 ± 5.84 vs. 38.27 ± 6.42 mL/kg/min; p = 0.001; 
ES = 1.272; 95% CI: 5.67, 9.95). VO₂max increased 
by 10.09 mL/kg/min (an increase of 27.43 percent) 
in males and 7.81 mL/kg/min (an increase of 27.50 
percent) in females.

Significant increases in physical activity levels 
were also recorded. Male participants showed 
an increase from 2855.75 ± 1870.84 to 4878.50 
± 2753.76 METs (p = 0.001; ES = 0.859; 95% CI: 
1394.92, 2650.58). Female participants increased 
from 2870.46 ± 2040.55 to 4639.54 ± 3081.11 METs 
(p = 0.001; ES = 0.677; 95% CI: 1038.14, 2500.01). 
This corresponds to an increase of 2022.75 METs 
(an increase of 114.17 percent) in males and 1769.08 
METs (an increase of 114.65 percent) in females.

Additionally, sedentary time (measured as 
sitting or lying duration) significantly decreased in 
both groups. Males reduced from 323.44 ± 117.93 to 
214.21 ± 72.92 minutes (p = 0.001; ES = 1.114; 95% 
CI: 64.27, 154.17). Females reduced from 354.08 
± 141.5 to 222.50 ± 78.71 minutes (p = 0.001; ES = 
1.149; 95% CI: 63.19, 199.96). This represents a 
reduction of 109.22 minutes (a decrease of 22.65 
percent) in males and 131.58 minutes (a decrease of 
17.73 percent) in females.

Discussion
This study aimed to design and evaluate a 

campus-based, non-pharmacological exercise 
intervention to prevent sedentary lifestyles among 
university students. The findings demonstrate that 
a combination of aerobic exercise (jogging and 
power walking) and bodyweight-based resistance 
training has a significant impact. It improves 
cardiorespiratory fitness (VO₂max), lowers resting 
heart rate, increases daily physical activity, 
and reduces sedentary time among university 
students. These results support the effectiveness 
of non-pharmacological, physical activity-based 
interventions in the context of a healthy, non-
clinical population. This study addresses gaps in 
the literature, which has predominantly examined 
aerobic and resistance training separately. In 
addition, most existing research has focused 
on clinical populations or individuals with high 
metabolic risk [31, 32, 33, 34, 35, 36]. By integrating 
both training modalities into a single protocol and 
applying it to a student population, this study offers 

a more comprehensive experimental approach. It 
is tailored to the preventive active lifestyle needs 
of university students. Although combined aerobic 
and resistance training is not a novel concept, this 
study distinguishes itself by applying a minimal-
equipment protocol within an open-campus setting. 
It targets healthy students in a real-world university 
environment.

The significant increase in VO₂max, particularly 
in the aerobic group, indicates physiological 
adaptations such as increased stroke volume, 
muscle perfusion, and oxygenation efficiency 
[37, 38]. VO₂max is a key parameter in assessing 
cardiorespiratory capacity and has been linked 
to long-term cardiovascular risk and mortality 
[39]. Interestingly, the resistance training group 
also exhibited VO₂max improvements, although 
to a lesser degree. This finding is consistent with 
earlier studies suggesting that bodyweight-based 
resistance exercises can induce sufficient metabolic 
and neuromuscular stimuli to enhance aerobic 
capacity, particularly in untrained individuals [40, 
41, 42]. The reduction in resting heart rate further 
reflects increased cardiac efficiency. This is likely 
due to improved parasympathetic tone, indicating 
autonomic adaptation to the training program [43, 
44].

In addition to physiological responses, the 
increase in METs scores indicates positive behavioral 
changes among participants in enhancing daily 
physical activity. The exercise program designed 
in this study combines moderate to high intensity 
with a practical structure. This enables students to 
engage in activity beyond formal training sessions. 
Aerobic exercise provides a rhythmic and familiar 
format that is easy to adopt. Resistance training 
involves simple but intense movements that target 
functional strength and muscle capacity [45, 46]. 
The significant reduction in sedentary time also 
reflects a shift toward a more active lifestyle among 
students. This finding supports the meta-analysis 
by Ekelund et al. [47], which showed that moderate 
to vigorous physical activity, even in short bouts, 
can reduce mortality risk associated with prolonged 
sitting behavior.

The improvements in physical activity levels 
and reductions in sedentary time observed in 
this study may be partially interpreted through 
established behavioral frameworks, although no 
psychological constructs were directly measured. 
Self-determination theory (SDT) suggests that when 
individuals experience autonomy, competence, 
and relatedness, they are more likely to develop 
intrinsic motivation for sustained physical activity 
[48]. The format of the intervention, which was 
simple, required no equipment, and was conducted 
in open campus settings, may have supported these 
needs. It may have done so by fostering a sense of 
choice, perceived capability, and social engagement. 
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Similar findings by Li et al. [49] highlight how such 
motivational contexts can enhance adherence 
and even cardiorespiratory fitness among college 
students, although our study did not assess these 
mediators directly.

In addition, the Theory of Planned Behavior 
(TPB) provides a complementary perspective. 
TPB posits that attitudes, perceived norms, 
and behavioral control predict intentions and 
subsequent behaviors [50]. While we did not collect 
data on these specific constructs, the structure of 
the intervention, with its regular scheduling and 
group participation, may have influenced students’ 
perceived feasibility and social acceptability of 
engaging in physical activity. Wang and Kang [51] 
also emphasize the role of behavioral triggers, such 
as routine scheduling and peer support, which 
were embedded in our intervention and may have 
contributed to beneficial behavioral changes.

The university campus provides a distinct 
and practical setting for implementing physical 
activity interventions, particularly for young adults 
navigating academic and lifestyle transitions. As 
emphasized by García-Álvarez and Faubel [52], 
interventions that incorporate social engagement 
and participatory elements are more likely to 
encourage sustainable health habits among 
students. This study followed similar approaches 
by offering open-space sessions on campus that 
reduced structural and financial barriers.

Yin et al. [53] also noted the importance of 
contextual relevance and perceived enjoyment 
in university HIIT programs. These factors were 
present in the current intervention through its 
informal, flexible, and socially supportive design.

In line with broader trends in digital health 
promotion, the present study, although not 
incorporating technology directly, reflected 
essential principles of digital-social models. As 
demonstrated by Bi et al. [54], interventions that 
include peer interaction and behavioral cues through 
digital platforms improve student engagement and 
physical outcomes. Group-based outdoor sessions 
in this study may have reproduced some of these 
motivational effects through visible participation 
and shared routines.

Social reinforcement and perceived relatedness, 
as described in both SDT and TPB frameworks, likely 
contributed to adherence. In addition to behavioral 
improvements, emerging research highlights the 
mental and cognitive benefits of combining exercise 
modalities. Dhahbi et al. [55] reported that aerobic 
and resistance training support cognitive resilience. 
Wang et al. [56] found that regular combined 
training in supportive environments may help 
reduce depressive symptoms.

Taken together, these insights support the 
potential of integrated and socially embedded 
physical activity interventions to promote multiple 

benefits for young adult populations in non-clinical 
academic settings. Such program characteristics 
may be especially relevant in the post-pandemic 
academic environment, where promoting physical 
activity must address increased screen exposure, 
digital fatigue, and limited social interaction.

From a practical standpoint, the design of 
this intervention offers flexibility and broad 
applicability. Activities such as jogging, power 
walking, and bodyweight resistance training 
can be performed with minimal infrastructure. 
This makes the program particularly suitable for 
institutions with limited resources. The ACSM’s 
position statement affirms that moderate-intensity 
aerobic and resistance training are sufficient to 
improve cardiorespiratory, neuromuscular, and 
functional health in healthy adults [45]. Steele et 
al. [46] also support the integration of effort-based 
resistance models in public health programming. 
These recommendations align with the structure 
of our intervention and support its relevance, even 
in resource-limited educational settings. From a 
methodological perspective, the use of a pre-post 
experimental design allowed for direct observation of 
behavioral and physiological change. Furthermore, 
targeting a healthy young adult population adds a 
distinct contribution, as most combination training 
studies have focused on clinical or at-risk groups. 
This focus provides useful insight into preventive 
strategies for wider, non-clinical populations within 
higher education.

Study Limitations
Despite its promising findings, this study has 

several limitations that should be acknowledged. The 
absence of a control group limits the ability to attribute 
the observed changes solely to the intervention, as 
other external influences may have contributed to 
the outcomes. Furthermore, the relatively small and 
demographically homogeneous sample (in terms of 
age, baseline activity level, and health status) reduces 
the generalizability of the findings to broader student 
populations. The short intervention duration of four 
weeks may also be insufficient to capture long-term 
physiological adaptations. This is especially relevant 
for parameters such as VO₂max and resting heart 
rate, which usually require extended exposure to 
demonstrate sustained improvement. In addition, 
uncontrolled external variables such as diet, sleep 
patterns, academic stress, and individual motivation 
could have introduced variability in participant 
responses. Another limitation lies in the use of self-
reported instruments, including the Global Physical 
Activity Questionnaire (GPAQ), to assess physical 
activity and sedentary time. Although GPAQ is a 
widely validated tool, it remains subject to potential 
recall bias and social desirability effects, which may 
have led participants to overreport or underreport 
their actual behaviors.



249

2025

0404
Future studies would benefit from incorporating 

objective measures such as accelerometers to 
improve data accuracy and reliability. To address 
current limitations, future research should consider 
including randomized control groups, extending 
intervention durations, and recruiting more diverse 
populations across different institutions and activity 
backgrounds. Further research is also needed to 
evaluate the long-term sustainability of such 
interventions and their adaptability across varied 
demographic and institutional contexts. This should 
involve the use of randomized controlled designs 
and extended follow-up periods. In addition, future 
applications may include integrating structured 
exercise programs into student health services, 
academic curricula, or campus wellness policies. 
Applying mixed-methods approaches may enhance 
understanding of psychosocial determinants of 
physical activity. These include habit formation, 
fatigue perception, and environmental barriers, 
particularly among university students [57, 58]. 
Such approaches may help explore the dynamics 
of student motivation in maintaining participation 
after the formal intervention period.

Conclusions
This study demonstrates that a short-term, 

structured physical activity intervention can lead 
to measurable improvements in cardiorespiratory 
fitness and reductions in sedentary behavior among 
healthy university students aged 18 to 20.While these 
findings are specific to a relatively homogeneous, 
non-clinical student population, they suggest that 
simple and low-cost exercise strategies, when 
implemented within the campus environment, can 
be both feasible and effective. Instead of aiming 
for broad generalization, these results support 
the development of targeted interventions within 
educational institutions, particularly in contexts 
with limited access to fitness infrastructure. 
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