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ABSTRACT

Oxidative stress is a condition characterized by an imbalance between the production
of free radicals and the body's ability to neutralize them with antioxidants. In young
adults, oxidative stress is a significant risk factor for chronic diseases such as diabetes,
hypertension, and heart disease. This study aims to analyze the effect of physical
activity on oxidative stress biomarkers, specifically malondialdehyde (MDA) and
glutathione peroxidase (GPX), in young adults. A cross-sectional study was conducted
involving 50 participants aged 20—30 years, categorized into low, moderate, and high
physical activity groups. Physical activity levels were assessed using a questionnaire,
while MDA and GPX levels were measured through blood sample analysis using the
spectrophotometric method. The data were analyzed using correlation and ANOVA
tests to evaluate the relationships and differences in biomarker levels among the
physical activity groups. The results showed significant differences in oxidative stress
biomarkers and antioxidant capacity between physical activity groups (p < 0.05).
Higher physical activity levels were associated with lower MDA levels, indicating
reduced lipid peroxidation and oxidative stress. These findings support the promotion
of regular, moderate-to-vigorous physical activity among young adults as an effective
strategy for enhancing antioxidant defense, reducing oxidative stress, and potentially
preventing chronic diseases linked to oxidative damage.
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used
In the modern era, lifestyle

to assess oxidative stress are
malondialdehyde (MDA) and glutathione

choices play a crucial role in health, with
sedentary behavior being a major
contributor to chronic diseases.. Among
the biological processes linked to poor
health, Oxidative stress is a key factor in
various health issues like cardiovascular
disease, diabetes, and neurodegenerative
disorders. Oxidative stress occurs when
there is an imbalance between reactive
oxygen species (ROS) and the body’s
antioxidant defenses. While ROS are a
natural byproduct of cellular metabolism,
excessive levels can damage proteins,
lipids, and DNA, leading to inflammation
and disease. Two common biomarkers
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peroxidase (GPX) (Dubois-deruy et al.,
2020).

Young adults are particularly
vulnerable to oxidative stress due to
lifestyle factors such as academic
pressure, irregular sleep patterns, poor
diets, and low physical activity.
Although they are in a physically healthy
stage of life, these stressors can
contribute to early oxidative damage. It is
crucial to address oxidative stress in this
age group to potentially improve long-
term health outcomes. (Cordiano et al.,
2023).
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Physical activity is one potential
strategy to combat oxidative stress.
Regular exercise is known to improve
cardiovascular health, boost the immune
system, and support mental well-being. It
also affects oxidative stress levels.
Moderate-intensity exercise can
strengthen the body’s antioxidant
defenses and help reduce ROS. However,
excessive or intense exercise may
increase ROS production beyond the
body’s ability to manage it, potentially
worsening oxidative stress (Ngadiman et
al., 2023).

Research on  exercise and
oxidative stress in young adults is
increasing, but the exact relationship is
still not well understood. Some studies
report that exercise lowers oxidative
stress, while others suggest that intense
physical activity can be harmful. This
highlights the need to better understand
the types and amounts of exercise that are
most beneficial for managing oxidative
stress in this population (Aristoteles et
al., 2024).

This study aims to investigate the
effect of physical activity on oxidative
stress in young adults by analyzing MDA
and GPX levels. By exploring different
intensities, durations, and frequencies of
exercise, the research seeks to clarify
how  physical activity influences
oxidative damage. The findings could
support the development of targeted
exercise programs to reduce oxidative
stress and improve long-term health
outcomes in young adults (Cammisotto et
al., 2021)

MATERIALS AND METHODS

This study employed a cross-
sectional design to examine the
relationship between physical activity
and oxidative stress biomarkers in young
adults aged 18 to 25 years. A total of 50
participants were recruited through
convenience  sampling from local
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universities and community centers.
Eligibility screening was conducted to
ensure that only healthy individuals
without chronic diseases or oxidative
stress-related conditions were included.
Participants who were taking antioxidant
supplements or medications that could
influence the biomarkers of interest were
excluded (Gwozdzinski et al., 2021) .

Physical activity assessment was
conducted using both subjective and
objective methods. Participants
completed the International Physical
Activity Questionnaire (IPAQ), which
classified them into three groups based
on their weekly levels of moderate-
intensity physical activity: Low (<150
minutes/week),  Moderate  (150-300
minutes/week), and  High  (>300
minutes/week) (7). The IPAQ is a
standardized and internationally validated
tool with good test-retest reliability
(median Spearman’s p =~ 0.80) and
moderate criterion validity (p = 0.30)
when compared with accelerometer data
(Nashrullah et al., 2023).

Additionally, all 50 participants
wore accelerometers for 7 consecutive
days to objectively track their physical
activity. The devices recorded data such
as total steps, intensity, and duration of
daily activity. To ensure data reliability,
IPAQ self-reported responses were
compared to the accelerometer data
within the same sample (Ghosh &
Shcherbik, 2020).

Oxidative stress was measured by
analyzing blood samples collected from
participants after a 12-hour overnight fast
to minimize the impact of dietary factors.
Two key biomarkers were examined:
Malondialdehyde (MDA), a marker of
lipid peroxidation and oxidative damage
to cell membranes, and Glutathione
Peroxidase (GPX), an enzyme that plays
a crucial role in protecting cells from
oxidative stress by reducing hydrogen
peroxide (Di Franco et al., 2022). MDA
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levels were quantified using the
thiobarbituric acid reactive substances
(TBARS) assay kit (e.g, Cayman
Chemical, USA), while GPX activity was
measured using a colorimetric enzymatic
assay kit (e.g., Abcam, UK), following
the manufacturers’ standard protocols.
All analyses were conducted in a certified
clinical laboratory using standardized
laboratory procedures and quality control
measures to ensure accuracy and
reproducibility (Dragoi et al., 2024).
Statistical analysis was performed
using IBM SPSS Statistics version 26.
Descriptive statistics were calculated to
summarize participant characteristics and
activity levels. One-way ANOVA was
used to compare MDA and GPX levels
across the three physical activity groups.
In addition, Pearson correlation tests
were conducted to examine the
relationship between physical activity
variables (from both IPAQ and
accelerometers) and oxidative stress
biomarkers. A significance level of p <
0.05 was considered statistically
significant (Pereira et al., 2021).
This study was approved by the Ethics
Committee of the Faculty of Health
Sciences, Universitas Muhammadiyah
Ahmad Dahlan Palembang (Approval
No: 032/KEPK-FKes/IKesT MP/2024).
All participants signed written informed
consent prior to participation, and the
study followed the principles of the
Declaration of Helsinki.

RESULTS AND DISCUSSION

Table 1 shows significant
differences in oxidative stress biomarkers
and antioxidant capacity between
physical activity groups (p < 0.05).
Higher physical activity levels were
associated with lower MDA levels,
indicating reduced lipid peroxidation and
oxidative stress. In contrast, GPx levels,
an important antioxidant enzyme, were
significantly higher in the moderate and
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high  activity  groups,  suggesting
improved antioxidant defense. Similarly,
TAC values increased with physical
activity, reflecting enhanced overall
antioxidant capacity (Moghaddasi et al.,
2014).

Table 1. Oxidative Stress Biomarkers and
Antioxidant Capacity Based on Physical
Activity Level

Glutathione Total

i:ilisvliial Malondialdehyde Peroxidase égtlg;ltdant
Y (MDA) (umoliL)  (GPx) pacity

Level (UimL) (TAC)

(mmol/L)

Low

Physical 2.5+0.4 3.0£09 0.85+0.10

Activity

Moderate

Physical 1.8+0.3 42+1.0 1.15+0.12

Activity

High

Physical 1.6 +0.2 50+12 1.30+0.13

Activity

p-value  <0.05 <0.05 <0.05

Discussion

The findings of this study
demonstrate a clear relationship between
physical activity and oxidative stress
biomarkers in young adults. Participants
who engaged in moderate to high levels
of physical activity exhibited
significantly lower MDA levels and
higher GPx and TAC levels than those in
the low activity group (Niessner et al.,
2003).

The reduction in MDA levels in
the moderate and high activity groups
suggests that regular physical activity
helps mitigate oxidative damage to cell
membranes. Since MDA is a well-
established marker of lipid peroxidation,
its decrease in physically active
individuals indicates less oxidative stress
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and aligns with previous studies showing
that sedentary behavior increases
oxidative damage. (Wang et al., 2023).

In addition, the study showed a
significant increase in GPx levels among
the moderate and high activity groups.
GPx (Glutathione Peroxidase), not to be
confused with GSH (Glutathione), is a
key antioxidant enzyme that reduces
hydrogen peroxide and lipid peroxides,
thereby protecting cells from oxidative
injury. This suggests that regular physical
activity enhances the body’s enzymatic
antioxidant defense system, which is
consistent  with other research
highlighting the positive effects of
moderate-intensity exercise on
endogenous antioxidant production (Balci
etal., 2012).

The increase in Total Antioxidant
Capacity (TAC) further supports the role
of physical activity in enhancing overall
oxidative defense (Restuningwiyani et
al., 2018). TAC reflects the cumulative
action of all antioxidants present in
plasma and body fluids. Higher TAC
values in active groups suggest stronger
defense against free radicals, reducing
oxidative damage to cells and tissues.
This is in line with literature suggesting
that consistent exercise boosts both
specific antioxidants and the total
antioxidant network (Tugasworo et al.,
2023).

This study also supports a dose-
response relationship between physical
activity and oxidative stress markers
(Baruah et al., 2012). As the frequency
and intensity of physical activity
increase, MDA levels decrease, while
GPx and TAC levels rise. This is in line
with findings by Ji (Yi et al., 2022), who
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emphasized that chronic, moderate-
intensity exercise enhances the body's
antioxidant response and resistance to
oxidative damage over time.

However, it is important to
acknowledge  potential  confounding
variables that may have influenced the
results. Factors such as dietary intake—
especially antioxidant-rich foods like
fruits and vegetables—could
independently affect oxidative stress
markers. Although participants were
instructed to fast prior to blood sampling,
their habitual diet was not controlled or
assessed in this study. Moreover,
psychological stress is known to increase
the production of reactive oxygen species
(ROS) and could potentially confound the
relationship between physical activity
and oxidative stress. Elevated cortisol
levels due to chronic stress may suppress
antioxidant defenses, thereby influencing
biomarker levels independently of
physical activity. Future studies should
include standardized dietary assessments
and validated psychological stress
questionnaires to control for these
variables and  strengthen  causal
interpretations (Flora, 2017).

Importantly, the data also support
a dose-response relationship between
physical activity and oxidative stress
biomarkers. As physical activity levels
increased from low to high, MDA
decreased, while GPx and TAC
increased. This underlines the importance
of regular, moderate-to-vigorous physical
activity for improving redox balance and
preventing chronic diseases (Nur Wahyu
etal., 2023)

CONCLUSION
This study highlights  the
significant impact of physical activity on
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oxidative stress biomarkers in young
adults. The findings demonstrate that
individuals who engage in moderate to
high levels of physical activity exhibit
lower levels of malondialdehyde
(MDA), a marker of oxidative damage,
and higher levels of glutathione
peroxidase (GPx) and total antioxidant
capacity (TAC), which are indicators of
enhanced antioxidant defense. These
results suggest that regular physical
activity plays a vital role in maintaining
redox balance and protecting the body
from oxidative damage.

The study also provides evidence
of a dose-response relationship,
indicating that greater intensity and
frequency of physical activity are
associated with more favorable oxidative
stress  profiles. Importantly, while
moderate exercise improves antioxidant
capacity, excessive or overly intense
physical activity may lead to increased
production of reactive oxygen species,
potentially  resulting in temporary
oxidative stress. Therefore, maintaining
a balanced exercise regimen is essential
to maximize the health benefits of
physical activity while minimizing
potential risks.

Overall, these findings support
the promotion of regular, moderate-to-
vigorous physical activity among young
adults as an effective strategy for
enhancing antioxidant defense, reducing
oxidative  stress, and  potentially
preventing chronic diseases linked to
oxidative damage.

Future research should consider
longitudinal intervention studies to
evaluate the long-term effects of
sustained physical activity on oxidative
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stress biomarkers. Investigating other
demographic groups, such as adolescents,
middle-aged adults, and the elderly,
would also provide a broader
understanding of how age influences the
relationship between physical activity
and oxidative stress. Additionally,
examining the interaction between
physical activity, diet, and psychological
stress could help clarify the complex
mechanisms underlying redox balance.
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