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Abstract

Aging is a complex physiological process associated with structural and functional changes
that negatively affect both cognition and muscle function. Strong evidence indicates that physical
exercise acts as a protective factor, mitigating cognitive and functional decline through mechanisms
such as the release of myokines, increased cerebral vascularization, and neuroplasticity. Experimental
studies have demonstrated that exercise stimulates the secretion of key myokines, including brain-
derived neurotrophic factor (BDNF), irisin, insulin-like growth factor-1 (IGF-1), interleukin-6 (IL-6),
and cathepsin B, all of which regulate neurogenesis, synaptogenesis, and oxidative stress reduction.
Recent meta-analyses confirm that aerobic and resistance training can reduce the risk of dementia by
up to 28% and significantly improve executive function and memory in older adults. Thus, physical
exercise should be understood not only as a tool for maintaining motor capacity but also as a
therapeutic strategy for cognitive protection and the prevention of age-related diseases.
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INTRODUCTION

Global demographic projections indicate that by 2050, approximately 22% of the world’s
population will be over 60 years old (World Health Organization [WHO], 2021; WHO,
2015). The aging process is associated with sarcopenia, a decline in muscle mass and
strength, as well as progressive cognitive impairment and a higher incidence of chronic
diseases (Cruz-Jentoft et al., 2019).

Physical exercise has emerged as one of the most effective non-pharmacological
strategies to counter these changes (Liu et al, 2024; Fontes et al, 2022; Liu & Latham,
2009). Beyond improvements in metabolic and cardiovascular health, exercise acts as a
neuroendocrine modulator through the release of myokines—muscle-secreted peptides
with systemic effects, including neuroprotective roles (Pedersen, 2019; Pedersen &
Saltin, 2015).

This narrative review critically explores the interplay between aging, cognition,
and exercise, with an emphasis on the biological role of myokines and the evidence from
experimental and meta-analytical studies.

METHODS

This paper is a narrative review based on a qualitative synthesis of the literature.
Searches were conducted in PubMed, Scopus, and Web of Science for studies addressing
aging, cognition, myokines, and physical exercise. Priority was given to randomized
controlled trials, experimental studies, and meta-analyses published in the last two
decades, complemented by cross-sectional and comparative studies when relevant.

Age-related muscular and cognitive decline

Cognition can be broadly defined as the set of mental processes that allow individuals to
acquire, store, process, and use information. It includes domains such as memory,
attention, language, executive functions, and problem-solving, which are essential for
learning, decision-making, and adapting to environmental demands (Anderson, 2010;
Machado & Waldie, 2020). In the context of aging, cognitive performance may decline due
to structural and functional brain changes, although the degree and rate of decline vary
considerably among individuals and can be positively influenced by lifestyle factors,
including physical activity.

Aging is accompanied by sarcopenia and dynapenia, which reduce functional
capacity and autonomy (Schettino et al, 2013). Longitudinal studies show that muscle
mass decreases by approximately 8% per decade after the age of 40, accelerating after 70
years (Hughes et al., 2001). Cognitive functions such as working memory, attention, and
processing speed also decline progressively, increasing the risk of dementia (Mattson &
Arumugam, 2018).

Myokines and brain health
Skeletal muscle is recognized as an endocrine organ capable of secreting more than 700
myokines (Pedersen, 2019). Among the most relevant to cognitive health are:
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e BDNF (Brain-Derived Neurotrophic Factor): supports synaptic plasticity
and neurogenesis; aerobic exercise consistently elevates circulating BDNF
(Szuhany et al., 2015).

e  Irisin: derived from FNDCS5 cleavage, stimulated by PGC-1a during exercise;
promotes neuronal differentiation and neuroprotection (Wrann et al., 2013).

o  IGF-1 (Insulin-like Growth Factor-1): crosses the blood-brain barrier and
facilitates neuronal growth and synaptogenesis (Deak & Clarke, 2019).

e IL-6 (Interleukin-6): secreted in large amounts during exercise, plays an anti-
inflammatory role and counteracts pro-inflammatory cytokines linked to
cognitive decline (Pedersen & Fischer, 2007).

e Cathepsin B: increases after aerobic exercise and is associated with
hippocampal neurogenesis and memory enhancement (Moorthy et al., 2020).

Evidence from experimental studies

Randomized controlled trials (RCTs) provide compelling evidence for the neuroprotective
potential of exercise in aging populations. Erickson et al. (2011), in a landmark RCT
involving 120 older adults aged 55 to 80, demonstrated that six months of moderate-
intensity aerobic training (walking 40 minutes, three times per week) led to a 2% increase
in hippocampal volume compared to a control group, which exhibited a 1.4% decline over
the same period. This structural brain change was accompanied by elevated serum levels
of BDNF and correlated with improvements in spatial memory, highlighting the link
between exercise-induced neuroplasticity and cognition.

Similarly, Cassilhas et al. (2007) investigated the effects of 24 weeks of
progressive resistance training in elderly men. The results revealed significant
improvements in memory and executive functions, with cognitive gains positively
associated with increased circulating IGF-1 levels, suggesting that resistance training
exerts benefits not only through muscle strengthening but also via endocrine modulation.
These findings are particularly relevant for frail older adults, in whom muscle and
cognitive decline often coexist.

Other RCTs reinforce the relationship between exercise and cognitive
preservation. Colcombe et al. (2006) found that a 6-month aerobic exercise intervention
improved attentional control and executive function in sedentary older adults, with
associated increases in brain activity in the prefrontal and parietal cortices as measured
by fMRI. Voss et al. (2013) further showed that exercise enhances functional connectivity
within the default mode network (DMN), a key network disrupted in early stages of
dementia.

In addition to aerobic and resistance training, mind—body interventions have
also been studied. A trial by Lam et al. (2012) demonstrated that tai chi practice over 40
weeks improved global cognition and delayed progression to dementia in individuals with
mild cognitive impairment, suggesting that multimodal exercise incorporating motor,
cognitive, and social components may provide synergistic benefits.

Taken together, these experimental studies demonstrate that structured
exercise interventions can induce measurable structural, functional, and biochemical
changes in the aging brain, mediated in part by myokines such as BDNF and IGF-1. The
evidence suggests that different modalities of exercise—whether aerobic, resistance, or
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mind-body—can each contribute uniquely to neuroprotection, and that multimodal
programs may offer the most comprehensive benefits.

Evidence from meta-analyses

Meta-analytical evidence further reinforces the neuroprotective role of physical exercise
during aging. Sofi et al. (2011), in a prospective meta-analysis of 15 longitudinal studies
with over 33,000 participants, demonstrated that physically active older adults had a
28% lower risk of cognitive decline and dementia compared to sedentary
individuals. The analysis highlighted that even moderate-intensity activity conferred
significant protection, with a clear dose-response relationship suggesting that higher
volumes of physical activity are associated with greater benefits.

Northey et al. (2018) reviewed 36 randomized controlled trials (RCTs) with
more than 3,500 participants aged 50 years and older. Their findings revealed that both
aerobic and resistance training interventions led to significant improvements in
global cognition, executive functions, and episodic memory. Importantly, the study
emphasized that combined training programs—integrating aerobic, resistance, and
mind-body exercises such as tai chi—were particularly effective in enhancing executive
function. The authors also noted that exercise frequency (at least twice per week) was a
key determinant of cognitive outcomes.

Gomes-Osman et al. (2018), in a systematic review and meta-analysis including
98 studies and approximately 11,000 participants, provided further granularity by
evaluating the effect of intervention duration and intensity. They concluded that
programs lasting longer than 12 weeks produced the most consistent cognitive
improvements, especially in attention, processing speed, and memory. Furthermore,
their analysis suggested that neuroplastic adaptations may require sustained
engagement in exercise, reinforcing the idea that short-term interventions may not be
sufficient to induce robust changes in brain structure and function.

Key Meta-Analyses on Exercise sand Cognition In Aging

10000

20000

Collectively, these meta-analyses demonstrate that exercise not only mitigates the risk
of dementia but also contributes to measurable improvements in specific cognitive
domains. The converging evidence underscores the importance of structured and
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sustained physical activity as a preventive and therapeutic strategy for age-related
cognitive decline.

CONCLUSION

Aging is accompanied by declines in both muscle function and cognition, but regular
physical exercise represents a powerful strategy to attenuate these changes. The
secretion of myokines such as BDNF, irisin, IGF-1, IL.-6, and cathepsin B provides a
biological explanation for the neuroprotective effects of exercise. Evidence from
randomized trials and meta-analyses confirms that exercise reduces the risk of dementia,
enhances cognitive performance, and helps manage comorbidities. Public health policies
should prioritize exercise-based interventions to promote healthy aging, autonomy, and
quality of life.
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