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The aging process is associated with a decline in health-related quality of life (HRQoL),
which is often exacerbated by increases in biological markers such as growth
differentiation factor-15 (GDF-15), a marker of cellular vulnerability and stress, and
malondialdehyde (MDA), a marker of lipid oxidative damage. These markers play a key
role in predicting physiological decline and age-related diseases. This cross-sectional
observational study aimed to investigate the dose-response relationship between total
physical activity volume, HRQoL, and serum levels of GDF-15 and MDA in adults aged
65 to 85 years. 200 participants (105 women, 95 men; mean age 74.1 + 5.2 years) were
selected from the active elderly community in Tehran. Weekly physical activity volume
was measured using the International Physical Activity Questionnaire (IPAQ-SF) and
categorized into three levels: low (<150 min/week), moderate (150—300 min), and high
(>300 min). HRQoL was assessed using the SF-36 questionnaire, and GDF-15 and MDA
levels were determined from fasting blood samples. Statistical analyses included
multivariate linear regression and ANOVA. Increased physical activity volume was
significantly associated with improved HRQoL score (§ = 0.47, p = 0.001), reduced
GDF-15 levels (B = -0.35, p = 0.001), and reduced MDA levels (p = -0.30, p = 0.001).
The dose-response relationship was nonlinear, with the greatest improvements observed
at moderate to high levels. Gender differences also indicated that women showed a better
response to moderate activity levels. Increased physical activity volume was associated
with reduced GDF-15 and MDA levels (markers of cellular vulnerability and oxidative
damage) and improved health-related quality of life. These findings demonstrate a
positive association between physical activity volume and health indicators in older
adults and emphasize the need for longitudinal or experimental studies to examine the
interventional effects of exercise. The results highlight the importance of planning
personalized exercise interventions for older adults, although generalization to sedentary
or disabled older adults requires caution due to the selection of an active urban elderly
sample.
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Extended Abstract

Introduction

Aging is a complex biological process characterized by a progressive decline in physiological
systems, including reduced aerobic capacity, loss of muscle mass, impaired energy metabolism, and
increased susceptibility to chronic diseases such as cardiovascular disorders, diabetes, and cognitive
impairment (Chirumbolo et al., 2023; Conte et al., 2022; Trumpff et al., 2025). With global demographic shifts
indicating a substantial rise in the elderly population by 2050, there is an urgent need to identify modifiable
lifestyle factors that can mitigate age-related decline (Lehrer & Rheinstein, 2025). Physical activity has been
consistently identified as an effective non-pharmacological strategy capable of attenuating or even
reversing some of these adverse changes (He et al., 2023; Kim et al., 2025; Kleinert et al., 2018). Health-
related quality of life (HRQoL), a multidimensional construct encompassing physical, psychological, and
social domains, tends to decline with aging and is closely associated with reduced physical activity and
increased inflammatory and oxidative stress markers (Bacanoiu et al., 2023; Carpentieri et al., 2023; Wan &
Fu, 2024). Lower HRQoL has also been linked to higher mortality risk among older adults (Lehrer &
Rheinstein, 2025; Trumpff et al., 2025).

Among emerging biomarkers, growth differentiation factor-15 (GDF-15) and malondialdehyde
(MDA) play critical roles in reflecting biological aging processes. GDF-15, a cytokine of the TGF-
family, is elevated in response to cellular stress, mitochondrial dysfunction, and inflammation, and is
strongly associated with frailty and age-related diseases (Conte et al., 2022; Liu et al., 2024; Papa et al., 2025).
It has also been implicated in cellular dormancy mechanisms that contribute to tissue dysfunction (Lyu et
al., 2025). MDA, as an end product of lipid peroxidation, serves as a robust indicator of oxidative damage
and has been linked to neurodegenerative and cardiovascular conditions in aging populations (Carpentieri
et al., 2023; El-Domiaty et al., 2022; Ni et al., 2023; Susanto et al., 2025). Although previous research has
demonstrated beneficial effects of physical activity on HRQoL and oxidative stress, the dose-response
relationship between total physical activity volume and these biomarkers remains insufficiently explored,
particularly in older adult populations in non-Western contexts (He et al., 2023; Kleinert et al., 2018; Limyati
et al., 2025). Therefore, this study aimed to investigate the dose-response relationship between total
physical activity, HRQoL, and serum levels of GDF-15 and MDA in older adults.

Methods and Materials

This study employed a cross-sectional observational design conducted among 200 older adults
aged 65 to 85 years recruited from community centers, parks, and clinics. Participants met inclusion
criteria such as absence of acute illness, ability to walk independently, and a minimum history of regular
physical activity. Data collection was performed in a structured session including questionnaire
administration, anthropometric measurements, and blood sampling under standardized fasting conditions.

Physical activity levels were assessed using the validated short form of the International Physical
Activity Questionnaire (IPAQ-SF), and participants were categorized into low, moderate, and high activity
groups based on weekly duration thresholds aligned with international guidelines. HRQoL was measured
using the SF-36 questionnaire, providing both overall and subscale scores for physical and mental health
components.

Blood samples were collected under controlled conditions and analyzed for GDF-15 using ELISA
and for MDA using the TBARS method. Multiple covariates including age, sex, body mass index, chronic
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disease history, medication use, and dietary patterns were assessed and controlled. Statistical analyses
included descriptive statistics, one-way ANOVA with post-hoc adjustments, and multivariate regression
models. Nonlinear relationships were examined using quadratic terms, and interaction effects were tested
to explore gender differences.

Findings

The results demonstrated significant differences across physical activity levels in all primary
outcomes. Participants with higher activity levels exhibited significantly better HRQoL scores and lower
levels of GDF-15 and MDA. ANOVA results confirmed statistically significant group differences for
HRQoL, physical and mental subscales, and both biomarkers.

Multivariate regression analysis indicated that physical activity volume was positively associated
with HRQoL (B = 0.47, p < 0.001) and negatively associated with GDF-15 (§ = -0.35, p < 0.001) and
MDA (B =-0.30, p <0.001). The models explained a substantial proportion of variance, with adjusted R?
values ranging from 0.24 to 0.34. Effect sizes were moderate to large, indicating meaningful clinical
relevance.

Nonlinear modeling revealed a quadratic dose-response relationship, where improvements in
HRQoL and reductions in biomarkers were most pronounced at moderate to high levels of physical
activity (approximately 150-300 minutes per week), followed by a plateau at higher levels. The inclusion
of the quadratic term significantly improved model fit, as evidenced by increased adjusted R2 and reduced
AIC values.

Gender-specific analyses showed that women experienced a steeper reduction in GDF-15 at
moderate activity levels compared to men, while reductions in MDA were comparable across genders.
Interaction terms confirmed significant moderation by gender in the relationship between physical activity
and GDF-15. Data normalization procedures, including logarithmic transformation for skewed biomarker
distributions, confirmed robustness of results.

Discussion and Conclusion

The findings of this study indicate that higher volumes of physical activity are associated with
improved health-related quality of life and reduced levels of biomarkers indicative of cellular stress and
oxidative damage in older adults. The observed nonlinear dose-response relationship suggests that
moderate to high levels of physical activity yield the greatest benefits, aligning with established public
health recommendations.

From a physiological perspective, the reduction in GDF-15 may reflect improved mitochondrial
function and reduced chronic inflammation, while the decrease in MDA likely indicates enhanced
antioxidant defense mechanisms. These adaptations are consistent with known biological responses to
regular physical activity, including activation of metabolic and anti-inflammatory pathways.

The presence of gender differences suggests that biological and hormonal factors may influence
responsiveness to physical activity, warranting further investigation. The identification of a plateau effect
also highlights the importance of optimizing, rather than maximizing, physical activity levels in older
populations.

Despite its contributions, the cross-sectional design limits causal inference, and reliance on self-
reported physical activity introduces potential measurement bias. Additionally, the sample consisted of



relatively active urban older adults, which may limit generalizability to more sedentary or clinically
vulnerable populations.

Overall, the study provides robust evidence supporting the beneficial association between physical
activity and both subjective and objective health indicators in aging populations. These findings
underscore the importance of promoting appropriately dosed physical activity interventions tailored to
older adults to enhance quality of life and reduce biological risk factors associated with aging.
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