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Abstract

Background: In the face of progressive population aging, the decline in cognitive functioning among older adults
represents a critical challenge for healthcare systems. Within the paradigm of successful aging, physical activity
plays a pivotal role.

Aim: This review aims to evaluate the impact of structured aerobic training programs on global and domain-
specific cognitive functions in older adults, based on recent interventional evidence.

Methods: A narrative literature review was conducted by searching the PubMed, Scopus, Web of Science, and
Cochrane Library databases. The search was restricted to randomized controlled trials (RCTs) published in English
between 2021 and 2026. Studies evaluating cohorts aged 60 years or older, utilizing an aerobic exercise
intervention lasting for at least 4-6 weeks, and employing validated neuropsychological assessment tools were
eligible for analysis.

Results: Synthesis of the included trials demonstrated that short- and medium-term aerobic training programs
(ranging from 6 to 20 weeks, performed 3-5 times per week) induce statistically significant improvements in global
cognitive performance, as evidenced by elevated MMSE and MoCA scores. Conversely, in long-term interventions
(spanning 1 to 5 years), endurance exercise effectively decelerated the trajectory of normative physiological
cognitive decline. Regarding specific cognitive domains, regular moderate-intensity training yielded the most
pronounced benefits in memory, executive functions, and information processing speed. This neuroprotective
outcome is mediated by a synergistic combination of vascular, neurobiological, and psychological mechanisms.
Conclusions: Aerobic training represents a safe, well-tolerated, and highly effective non-pharmacological
intervention that preserves and enhances cognitive health in the geriatric population, demonstrating substantial

utility in both mitigating acute age-related deficits and preventing long-term neurodegeneration.

Keywords: aerobic training, physical activity, cognitive function, older adults, aging, episodic memory, executive

functions

1. Introduction

Contemporary societies are facing a progressive population aging process, leading to a systematic increase in the
proportion of older adults. These profound demographic shifts have generated growing scientific interest in the
cognitive functioning of the elderly, as age represents one of the primary determinants of cognitive proficiency.
Cumulative evidence indicates that physiological aging may induce declines in memory, attention, information
processing speed, and executive functions, though the natural trajectory of these changes exhibits substantial inter-
individual variability [1]. The integrity of cognitive functions directly underpins independence in daily life,

governing the capacity for action planning, problem-solving, decision-making, and the maintenance of social



engagement. Consequently, cognitive impairment can severely limit the autonomy of older individuals and
diminish their quality of life, posing a significant challenge to both healthcare systems and caregivers [2,3].
Against this backdrop, the concept of “successful aging” has gained paramount importance, with regular physical
activity playing a pivotal role. In older populations, systematic physical exercise contributes to enhanced
cardiorespiratory fitness, preservation of muscle mass and strength, optimized postural balance, and a reduced risk
of falls [4]. Furthermore, physical activity exerts a beneficial effect on psychological well-being by reducing
depressive and anxiety symptoms, improving sleep quality, and enhancing overall morale [5-7]. In recent years, a
growing body of interventional and observational research has demonstrated that these benefits extend to the
cognitive domain - older adults who maintain a more active lifestyle may exhibit a decelerated rate of cognitive
decline and a lower risk of developing memory impairments [1].

Aerobic training - defined as continuous, rhythmic exercise that engages large muscle groups and primarily utilizes
aerobic metabolic pathways - is considered uniquely effective in this context. Common modalities of aerobic
exercise prescribed for older adults include brisk walking, Nordic walking, stationary cycling, swimming, dancing,
and tailored fitness classes. While the intensity of such exercise can be classified as low, moderate, or high, clinical
and research guidelines predominantly recommend a moderate-intensity workload, subjectively perceived as
“exertional but allowing for comfortable conversation”. When appropriately tailored to accommodate
comorbidities and individual functional limitations, aerobic training represents a highly safe and well-tolerated
intervention in this demographic [7].

Given the expanding literature evaluating the relationship between endurance training and mental acuity in late
life, a synthesis of the available empirical evidence is highly warranted. Therefore, the primary objective of this
narrative review is to evaluate the impact of structured aerobic training programs on the cognitive functions of

older adults based on evidence from interventional studies.

2. Materials and methods

2.1. Databases and Search Timeline

To prepare this narrative review, a comprehensive literature search was conducted across the PubMed database,
which served as the primary source for identifying interventional studies evaluating the effects of aerobic training
on cognitive functions in older adults. To ensure a thorough identification of available literature and minimize the
risk of omitting relevant publications, supplementary searches were performed in the Scopus, Web of Science, and

Cochrane Library databases. The search timeline was restricted to articles published between 2021 and 2026.

2.2. Search Strategy and Eligibility Criteria

The search strategy was structured around combinations of keywords and Boolean operators pertaining to the type
of intervention, target cognitive domains, and the older population. Advanced search strings tailored to the specific
syntax of each electronic database were utilized.

( "aerobic exercise" OR "aerobic training" OR "endurance training" OR "cardiorespiratory fitness") AND (
cognition OR "cognitive function*" OR "cognitive performance” OR "cognitive decline” OR "cognitive
impairment” ) AND ( "older adults" OR "elderly" OR "seniors") AND ( randomized controlled trial[pt] OR clinical
trial[pt] OR intervention[tiab] ) AND ("2021/01/01"[Date - Publication] : "2026/12/31"[Date - Publication] ) AND
english[lang]



Studies were eligible for inclusion if they were randomized controlled trials involving human participants. The
target population comprised older adults, operationalized as cohorts with a mean participant age of 60 years or
older, who exhibited intact or normative baseline cognitive functioning. Regarding the intervention, the training
programs were required to feature a predominant aerobic component, such as brisk walking, Nordic walking,
stationary cycling, or aerobic dancing, with a minimum duration of 4-6 weeks. Additionally, studies had to perform
an objective assessment of cognitive performance both pre- and post-intervention using validated global cognitive
scales or neuropsychological tests specific to distinct cognitive domains. Finally, the selection was limited to
original, peer-reviewed scientific articles published in the English language between 2021 and 2026.

Conversely, studies involving animal models or those evaluating interventions focused exclusively on resistance,
strength, balance, or flexibility training without a clearly defined aerobic component were excluded from this
review. Papers that failed to report outcomes regarding cognitive functioning were likewise rejected. Furthermore,
secondary literature, including narrative reviews, systematic reviews, meta-analyses, commentaries, letters to the
editor, and study protocols, was systematically excluded. Lastly, study populations with a mean age below 60
years were eliminated from the analysis, unless subgroup data for the older cohort could be independently

extracted.

3. Theoretical Background

3.1. Cognitive Functioning in Late Life

Cognitive functions encompass the complex processes that enable the acquisition, processing, storage, and
utilization of information, including attention, memory, executive functions, language, and information processing
speed. Advancing age is accompanied by structural and functional alterations within the central nervous system,
which directly impact the efficiency of these processes. In the course of normative physiological aging, the most
frequently observed changes include a deceleration in information processing speed and a decline in specific
aspects of memory and executive control. However, these manifestations are highly heterogeneous, and numerous
cognitive abilities remain relatively well-preserved. This preservation is particularly evident in accumulated
lifelong knowledge, vocabulary size, and crystallized intelligence, all of which can maintain stability well into late
adulthood. Furthermore, it is increasingly emphasized that the trajectory of cognitive aging exhibits substantial
inter-individual variability, shaped by a multifaceted array of biological, medical, and environmental factors [3,8].
The boundary between normative cognitive aging and pathological cognitive decline is often blurred, which
necessitated the clinical introduction of the concept of mild cognitive impairment (MCI). MCI is defined as a state
characterized by subjective and objective (neuropsychologically verified) deficits in at least one cognitive domain.
While these impairments exceed what would be expected based on an individual's age and educational background,
they do not cause significant disruption to daily functioning - the individual remains fully capable of independently
performing both basic and instrumental activities of daily living. Consequently, status MCI is recognized as a
transitional syndromic state between healthy aging and dementia, carrying a significantly elevated risk of

progression to Alzheimer’s disease and other forms of neurodegenerative disorders [8,9].

3.2. Methods for Assessing Cognitive Function
The assessment of cognitive function in studies investigating the effects of aerobic exercise on older adults

typically includes both screening tools that evaluate overall cognitive performance and detailed



neuropsychological tests designed to assess specific cognitive domains. This combined approach is particularly
important in intervention studies because the effects of regular physical activity often involve improvements in
selected cognitive domains, such as memory, executive function, attention, and processing speed, rather than
substantial changes in global cognitive screening scores [9,10].

One of the most commonly used instruments is the Mini-Mental State Examination (MMSE), which is employed
to assess global cognitive functioning. The scale evaluates orientation, memory, attention, calculation, language
abilities, and basic visuoconstructive skills. In clinical practice, a score of >27 points is generally considered
indicative of normal cognitive functioning, whereas scores of approximately 24-26 points may suggest mild
cognitive impairment (MCI), depending on factors such as age, educational level, and the population studied.
Scores below approximately 24 points are more frequently associated with significant cognitive decline. In studies
examining aerobic exercise interventions, the MMSE is primarily used to evaluate overall cognitive changes and
to determine participants’ eligibility for study inclusion [9,10].

Another frequently used instrument is the Montreal Cognitive Assessment (MoCA), which demonstrates greater
sensitivity than the MMSE in detecting subtle cognitive changes. The MoCA assesses executive functions,
attention, short-term memory, language, orientation, visuospatial abilities, and abstract thinking. A score of >26
points is generally considered normal, whereas scores ranging from 19 to 25 points are often interpreted as
indicative of mild cognitive impairment. In intervention studies involving aerobic exercise, an increase in MoCA
scores following completion of the training program is typically interpreted as an improvement in global cognitive
performance [9,10].

Despite the usefulness of the MMSE and MoCA, global cognitive screening tools may not always detect subtle
changes resulting from aerobic exercise interventions. Therefore, studies frequently employ tests targeting specific
cognitive domains. One of the most commonly used measures is the Trail Making Test (TMT), particularly Parts
A and B. TMT-A primarily assesses psychomotor speed, visual attention, and information-processing speed,
whereas TMT-B places greater demands on executive functioning, cognitive flexibility, and attentional switching.
In exercise intervention studies, improved TMT performance is reflected by shorter completion times, indicating
enhanced executive efficiency and cognitive processing speed [11].

Memory performance is commonly assessed using instruments such as the Wechsler Memory Scale (WMS), word
recall tests, spatial memory tasks, and logical memory assessments. The WMS consists of several subtests
evaluating story recall, paired-associate learning, digit span performance, and delayed recall tasks. The scale
enables assessment of multiple aspects of memory, including immediate memory, delayed memory, working
memory, learning ability, and verbal as well as visuospatial memory performance. The resulting scores provide a
comprehensive profile of memory functioning and facilitate the detection of subtle cognitive impairments [12].
To assess executive functioning and higher-order cognitive processes, some studies employ comprehensive
neuropsychological assessment batteries, such as those used in the Virginia Cognitive Aging Project (VCAP).
These assessments allow researchers to generate composite indices encompassing executive function, episodic
memory, and processing speed, among other cognitive domains [13].

In summary, MMSE and MoCA are primarily used in studies investigating the effects of aerobic exercise on
cognitive function in older adults to assess overall cognitive status and identify individuals with possible mild

cognitive impairment. In contrast, tests such as the TMT, WMS, memory tasks, and comprehensive



neuropsychological assessments enable a more detailed evaluation of domain-specific cognitive effects associated

with aerobic exercise interventions.

3.3. Aerobic Training: Characteristics and Guidelines for Older Adults

Aerobic training constitutes the cornerstone of physical activity recommendations for the geriatric population,
aimed at optimizing cardiorespiratory fitness and maintaining overall functional independence. It encompasses
rhythmic, repetitive exercises that engage large muscle groups, including brisk walking, Nordic walking, cycling
(including stationary cycling), swimming, and dancing. The essential components of prescribing such exercise are
encapsulated by the FITT principles: frequency (number of sessions per week), intensity (workload categorized as
light, moderate, or vigorous), time (duration of a single session), and type of activity, which must be tailored to
the individual capacities and medical restrictions of the older individual [14].

Current guidelines established by the World Health Organization (WHO) recommend that older adults should
accumulate at least 150-300 minutes of moderate-intensity aerobic physical activity per week, or at least 75-150
minutes of vigorous-intensity aerobic physical activity, or an equivalent combination of both modalities. This
activity should be distributed regularly throughout the week, with the explicit caveat that any amount of physical
activity is inherently beneficial to health, even if it falls short of the recommended thresholds [7].

Prominent cardiological and geriatric societies emphasize that for older populations, a primary focus must be
placed on the principle of gradual progression. This involves initiating the intervention at lower intensities and
shorter durations, coupled with the routine monitoring of subjective well-being, heart rate, and blood pressure.
Consequently, the implementation of an aerobic exercise protocol must be preceded by a comprehensive health
assessment - specifically evaluating cardiovascular stability, postural balance, and musculoskeletal integrity - to
identify any individual contraindications [15]. Accumulating empirical evidence confirms that appropriately
tailored and supervised endurance training regimens in older adults represent a highly safe and well-tolerated
intervention. Furthermore, they provide a sufficient physiological stimulus to induce measurable adaptations,

enhancing not only cardiorespiratory parameters but also objective measures of cognitive function [1].

4. Characteristics of the Included Interventional Studies

A detailed overview of the characteristics of each included study - encompassing authors and year of publication,
study design, population characteristics, parameters of the implemented aerobic intervention, utilizing tools for
cognitive assessment, and the primary findings - is presented in Table 1. This tabular synthesis serves as the
foundation for the subsequent, in-depth analysis provided in Chapter 5, which discusses the impact of aerobic
training on both global cognitive functioning and specific cognitive domains in older adults.

Table 1. Methodological characteristics and primary findings of the included interventional studies.

Cognitive
Author, Study Study . ) o
) ) Training parameters | Assessment Primary Findings
Year [Ref] | Design Population
Tools
Xu et al, | RCT 89 healthy | 1. Aerobic training: 50 | the Schulte | Aerobic exercise
2024 older  adults | min/day, 3-5 times a | Table, reaction | interventions
[16] week for 20 weeks significantly




aged 65-75 | 2. Control: absence of | test, the spatial | enhance cognitive
years regular physical [ memory test performance in older
activity adults.
Mundada RCT 40 healthy | 1. Aerobic training: 45 [ TMT-A, TMT- | A statistically
etal., 2022 older  adults | min/day, 5 days/week | B, MoCA significant
[17] aged 60-70 | for 6 weeks improvement  was
years 2. Comparison: dual observed in post-
task training intervention
cognitive  function
scores.
Xu et al, | RCT 128  healthy | 1. Aerobic training: 30- | MMSE All  modalities of
2025 [18] older  adults [ 45 min/day, 3-5 exercise  (aerobic,
aged >60 years | days/week for 12 strength, and balance
diagnosed with | weeks training)
depression 2. Strength training: 30 significantly
min/day, 3-5 improved cognitive
days/week for 12 functions in the
weeks elderly.
3. Balance training: 15-
30 min, 3-5 days/week
for 12 weeks
4. Control: absence of
regular physical
activity
Bakken et | RCT 1486 healthy | 1. Aerobic training: 50 | MoCA The analysis
al., 2025 older  adults | min/day, 2 days/week revealed an overall
[19] aged 70-76 | for 5 years decline in MoCA
years 2. HIIT: 40 min/day, 2 score (0.98 points

days/week for 5 years
3. Active control: 30
min of moderate-to-
vigorous physical
activity daily for 5
years (adherence to

national guidelines)

over 7  years);
however, post-
intervention  scores
for both  active

groups were higher
compared to the

group,
this

control
though
difference did not




reach statistical

significance  (0.32

points).

Tomoto et [ RCT 73 healthy | 1. Aerobic training: | Educational A 1-year aerobic
al., 2022 older  adults | progressed from 25-30 | Testing Service | training program
[20] aged 60-80 | min (3 days/week) to | Letter Sets test, | induces small but

years 30-40 min (4-5 | Raven’s statistically

days/week) for 12 | Progressive significant
months Matrices, improvements in

2. Active control: | Wechsler cognitive

stretching-and-toning | Memory Scale, | performance
program  progressed | Digit (particularly

from 25-30 min (3 | Comparison test, | memory) in older
days/week) to 30-40 | WMS Letter | adults.

min (4-5 days/week) | Number

for 12 months Sequencing test,
Operation  Span
test

Abbreviations: HIIT, high-intensity interval training; MMSE, Mini-Mental State Examination; MoCA, Montreal
Cognitive Assessment; RCT, randomized controlled trial; TMT, Trail Making Test.

5. Results of the Review -Effects of Aerobic Exercise on Cognitive Function

5.1. Effects on Global Cognitive Function

Global cognitive performance was assessed in all included studies, most commonly using the Mini-Mental State
Examination (MMSE) or the Montreal Cognitive Assessment (MoCA). In the studies by Xu et al. (2024, 2025)
and Mundada et al. (2022), short- to medium-term aerobic exercise programs (6-20 weeks), performed three to
five times per week, resulted in statistically significant improvements in MMSE/MoCA scores compared with
baseline values. In the study by Xu et al. (2025), similar improvements were also observed following other forms
of exercise, including resistance and balance training, suggesting that regular physical activity itself - not
necessarily aerobic exercise alone - may positively influence global cognitive function in older adults with
depression.

In the longer, 12-month study by Tomoto et al. (2022), the effects of aerobic exercise on global cognitive function
were more modest. The authors reported small but statistically significant improvements in selected cognitive
measures, whereas more pronounced benefits were observed in specific memory tests. Similarly, in the long-term
study by Bakken et al. (2025), which evaluated a 5-year aerobic exercise intervention in healthy older adults, an
overall decline in MoCA scores was observed across the entire cohort. However, participants assigned to the
exercise intervention maintained slightly higher levels of global cognitive performance than those in the

comparison group, although these differences did not reach clear statistical significance.



Overall, the findings suggest that shorter aerobic exercise interventions are more likely to produce measurable
improvements in global cognitive assessment scores, whereas over longer follow-up periods, aerobic exercise

appears primarily to slow age-related cognitive decline rather than completely prevent it.

5.2. Effects on Specific Cognitive Domains

Specific cognitive domains were also assessed in all reviewed studies. The studies by Xu et al. (2024) and Tomoto
et al. (2022) demonstrated that aerobic exercise primarily improves memory, including both short-term and
episodic memory, as measured by verbal memory tests, spatial memory assessments, and instruments such as the
Wechsler Memory Scale. In the study by Tomoto et al. (2022), a one-year aerobic exercise intervention was
associated with significant improvements in memory test performance, which the authors attributed to enhanced
vascular function and cerebral blood flow.

Mundada et al. (2022) focused particularly on executive functions and processing speed, using the Trail Making
Test (TMT) Parts A and B. Following six weeks of intensive aerobic exercise (45 minutes per session, five times
per week), participants demonstrated significantly reduced completion times on both TMT-A and TMT-B,
indicating improvements in cognitive flexibility, attention, and information-processing speed. Similar trends,
although generally of smaller magnitude, were observed in other studies employing symbol comparison tests,
reaction time assessments, and tasks requiring attentional shifting.

In summary, aerobic exercise appears to be particularly beneficial for memory- especially episodic memory - as
well as executive functioning and processing speed. These effects are most evident in studies employing
comprehensive neuropsychological test batteries that allow for a detailed assessment of individual cognitive

domains.

6. Discussion

6.1. Overall assessment of aerobic training effectiveness

Based on the analyzed intervention studies, it can be concluded that aerobic training in older adults is an effective
strategy for supporting cognitive function, particularly over a period of several weeks or months of regular
exercise. In short- to medium-term interventions (6-20 weeks, 3-5 sessions per week), the majority of studies
observed significant improvements in global cognitive performance, as assessed by the MMSE or MoCA scales.
In longer programs (12 months or longer), the effect of aerobic training tends to be an attenuation of the
physiological cognitive decline rather than its complete halt. This is reflected in smaller between-group
differences, albeit with a slightly better preservation of scores in the intervention groups.

An analysis of detailed neuropsychological assessments indicates that three groups of cognitive domains appear
most responsive to the effects of aerobic training. First, memory, particularly episodic and working memory, which
exhibits improvement following longer endurance-based programs. Second, executive functions (including
planning, cognitive flexibility, and attention switching), evaluated via tools such as the Trail Making Test and
tasks requiring information manipulation, which respond even to shorter, high-intensity interventions. Third,
attention and information processing speed, measured by symbol matching tests, reaction time tasks, or simple
visuomotor tasks, where systematic, albeit typically modest, improvements in execution speed have been noted.
Collectively, the findings suggest that regular, moderate-intensity aerobic training can both enhance specific

aspects of cognition and help preserve overall cognitive performance in older adults.



The available evidence allows for the identification of an approximate aerobic exercise prescription that may be
associated with the most favorable outcomes. Regular moderate-intensity aerobic training appears to represent the
most practical recommendation for older adults, with sessions lasting 30-45 minutes and performed at least three
times per week. Training volume may be progressively increased according to individual exercise tolerance and

the intended goals of the intervention.

6.2. Comparison with previous reviews and meta-analyses

The findings of the present review remain largely consistent with previous reviews and meta-analyses regarding
the association between physical activity and cognitive function in older adults. Earlier literature emphasized that
regular physical activity can exert an overall beneficial effect on the cognitive performance of older adults,
although the effect size is typically small to moderate, and its magnitude depends on the intervention type, its
duration, and the baseline characteristics of the study population [21,22]. A particularly significant conclusion is
that interventions exceeding 12 weeks in duration and programs including an aerobic component are more likely
to result in cognitive improvements compared to shorter or less rigorous forms of physical activity [2].

Newer meta-analyses suggest that the impact of physical activity on cognition can be domain-specific. In analyses
evaluating different exercise types, it has been proposed that aerobic training exerts a particularly positive effect
on memory, while other modalities, like resistance training or mind-body exercises, may more strongly influence
global cognitive functioning or specific aspects of executive functions, respectively [23-26]. At the same time,
some authors point out that while aerobic training improves executive functions and attention, its superiority over
other exercise modalities does not always reach statistical significance [18]. This pattern is consistent with the
findings of the present review, which most frequently observed improvements in memory, executive functions,
and processing speed, whereas the effects on global cognition were more variable and dependent on program
duration and the participants' baseline status.

Studies and reviews concerning populations with cognitive decline also serve as a crucial point of reference. It can
be observed that aerobic interventions in older adults with cognitive impairment may lead to improvements in
global cognitive function as well as selected domains, such as memory and executive functions [27].

A meta-analysis focusing on multicomponent exercises demonstrated that the beneficial effect on global cognitive
function emerges primarily when the program includes an aerobic component; upon its removal, the effect
becomes inconclusive [28]. This finding reinforces the interpretation of the results obtained in the present review,
suggesting that the aerobic element itself may be one of the key factors responsible for cognitive improvements in
exercise interventions.

However, not all studies corroborate the beneficial impact of aerobic training on cognitive function in older adults.
Some meta-analyses indicate that despite improvements in physical fitness, changes in cognitive performance are
marginal or not statistically significant [29,30]. For instance, systematic reviews have demonstrated that the effects
of aerobic training in healthy older adults are frequently small and limited to specific cognitive domains, such as
memory or executive functions, with no significant changes in global cognitive performance across many of the

analyzed trials [31].
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6.3. Potential mechanisms underlying the observed effects

The possible mechanisms underlying the positive impact of aerobic exercise on cognitive function in older adults
are multifactorial in nature, encompassing both biological and psychological processes. From a physiological
perspective, regular aerobic exercise may improve cognitive function by enhancing cerebral blood flow, improving
cardiorespiratory fitness, and exerting a beneficial effect on oxygen and glucose metabolism in neural tissue. These
mechanisms are particularly crucial for older adults, who face an age-related increase in vascular and metabolic
burden that contributes to the decline in memory, attention, and executive functions [22].

A second crucial mechanism is the impact of aerobic exercise on neuroplasticity, including BDNF expression as
well as the processes of neurogenesis and synaptic plasticity. Evidence from reviews and meta-analyses indicates
that aerobic training can increase BDNF levels in older adults, and these changes are considered one of the
biological mediators of improved memory and learning. This explains why, in several studies, the greatest
improvements were observed specifically in episodic memory and executive functions, which are highly dependent
on hippocampal integrity and fronto-subcortical networks [22,32-34].

The results of the interventional studies included in the current review are highly consistent with this explanatory
model. For example, Tomoto et al. (2022) discussed improvements in specific memory metrics after a 1-year
aerobic intervention in light of beneficial vascular adaptations and better cerebral perfusion [20]. Additionally,
research on brain plasticity in older adults indicates that physical activity may promote the preservation of brain
structural integrity and slow down brain aging processes, which strengthens the biological rationale for the
observed cognitive effects [35].

Psychological and behavioral mechanisms also play a significant role. Aerobic exercise can elevate mood, lower
stress, decrease the severity of depressive symptoms, and improve sleep quality, with all these factors indirectly
supporting cognitive functioning [5-7]. In the older adult population, enhancing self-efficacy, structuring daily
routines, and the social engagement associated with participating in an exercise program may also be particularly
important. Research on interventions combining physical and cognitive components highlights that the program's
structure itself-its regularity, attentional engagement, and social interaction-can amplify the cognitive gains
[24,26].

This explanation appears especially likely in the study by Xu et al. (2025), focusing on older adults with depression.
In this cohort, post-intervention improvements in global cognitive function could have resulted not only from the
direct effects of exercise on the cardiovascular system and the brain, but also from enhanced mental well-being
and a decrease in depressive burden, a factor known to independently worsen cognitive abilities [18].

Overall, it can therefore be assumed that the observed effects of aerobic exercise stem from the interaction of
vascular, metabolic, neurobiological, and psychological mechanisms, whereas the strength of these effects relies

on proper intervention design and population traits [22].

6.4. Practical implications for promoting physical activity among older adults

The findings from the reviewed studies show that aerobic training can be a practical and easily accessible method
to support cognitive function in older adults. From a clinical practice and community perspective, this means that
physical activity should not be viewed solely as a way to improve physical fitness or prevent cardiovascular

diseases, but also as a potential method for supporting brain health and maintaining cognitive function in later life.
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This is particularly important in the context of an aging population and the growing need to implement simple,
non-pharmacological strategies that help maintain independence for longer.

For physical therapists, trainers, and recreational activity instructors, these results suggest that exercise programs
targeted at older adults need to regularly include an aerobic component. It appears most appropriate to use activities
such as brisk walking, treadmill walking, stationary cycling, basic endurance exercises, or other rhythmic activities
that engage large muscle groups. It is essential that the training is tailored to the health status, fitness level, and
functional capabilities of the participants, and that its intensity remains at least moderate.

For doctors working with older adults, these results support the more frequent recommendation of regular aerobic
activity as a preventive measure against cognitive decline. General practitioners, geriatricians, or neurologists can
view regular exercise as a complement to standard care, especially for patients with low physical activity, low
mood, decreased fitness, or early subjective cognitive difficulties. At the same time, implementing such an
intervention should be preceded by an assessment of overall health, cardiovascular risk, and contraindications to
exercise, to ensure the program is not only effective but also safe.

The practical implications of these findings also extend to those designing activity programs for older adults,
including adult day care centers, senior clubs, Universities of the Third Age, and local sports and recreation centers.
Based on the analyzed research, it seems reasonable to develop programs centered around consistent, repetitive
aerobic effort, conducted in an organized, long-term format. These types of programs can have additional value
thanks to the social component. Participation in group classes boosts motivation, enhances mood, and increases
the chances of staying consistent, which is essential for sustaining the results.

From a health promotion perspective, it is particularly important that these recommendations are realistic and
feasible to implement. For many older adults, regular participation in walking, group classes, or stationary cycling
will be far more achievable than engaging in high-intensity exercise programs. This implies that effective physical
activity promotion in this age group should be grounded not only in the knowledge of health benefits but also in
the accessibility, simplicity, and safety of the proposed activities. Such an approach seems to best align with the

research findings on the impact of aerobic training on cognitive function in older adults.

7. Conclusions

Based on the reviewed studies, it can be inferred that aerobic training exerts a beneficial effect on cognitive
function in older adults, although the magnitude of this effect is not consistent across all studies. The most
commonly reported findings were improvements or superior maintenance of memory, executive functioning, and
processing speed. Additionally, several studies demonstrated increased scores on measures of global cognitive
performance. Regular moderate-intensity aerobic training, performed for 30-45 minutes at least three times per
week, appears to yield the optimal benefits for older adults, with the possibility of gradually increasing the volume
based on exercise tolerance and program goals.

The findings indicate that regular aerobic physical activity may represent a safe, accessible, and practical
intervention for promoting healthy aging. Special importance is the fact that activities such as walking, treadmill
exercise, stationary cycling, and simple endurance-based training can be implemented in the majority of older
adults, provided that exercise intensity is appropriately adjusted to individual functional capacity and health status.
However, it should be pointed out that the available studies do not always show clear-cut results. The limitations

mainly come from small sample sizes, vastly different training routines, various methods used to test cognitive
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functions, and observation times that are simply too short in some papers. This makes it hard to directly compare
the findings and figure out the exact, best amount of training.

Therefore, further well-designed randomized studies are needed, involving larger groups of participants, longer
intervention and observation times, and more standardized cognitive measures. It also seems particularly important
to determine which parameters of aerobic training-frequency, intensity, and duration-bring the greatest cognitive
benefits to diverse groups of older adults.

Disclosure

Author Contributions

Conceptualization: Kamila Klimek-Ociepka, Maria Kusibab
Methodology: Kamila Klimek-Ociepka, Maria Kusibab
Software: Gabriela Augustynowicz

Verification: Maria Kusibab

Formal analysis: Dawid Stegpien

Resources: Gabriela Augustynowicz

Data management: Maria Kusibab

Writing - manuscript preparation: Kamila Klimek-Ociepka
Writing - review and editing: Maria Kusibab
Visualization: Dawid Stepien

Supervision: Kamila Klimek-Ociepka

All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The authors confirm that the data supporting the findings of this study are available
within the articles cited in the reference list.

Conflicts of Interest: The authors declare no conflict of interest.

Declaration of Generative Al and Al-assisted Technologies in the Writing Process: During the preparation of
this work, the author(s) used the use.ai and Google Gemini tools in order to check grammar and improve the
readability of the text. After using these tools/services, the author(s) reviewed and edited the content as needed

and take(s) full responsibility for the final content of the publication.

References
1. Halloway S, Wilbur J, Schoeny ME, Arfanakis K. Effects of Endurance-Focused Physical Activity
Interventions on Brain Health: A Systematic Review. Biol Res Nurs. 2017;19(1):53-64.
https://doi.org/10.1177/1099800416660758

2. ZhaoY, Li Y, Wang L, et al. Physical Activity and Cognition in Sedentary Older Adults: A Systematic
Review and Meta-Analysis. J Alzheimers Dis. 2022;87(3):957-968. https://doi.org/10.3233/JAD-
220073

13



10.

11.

12.

13.

Murman DL. The Impact of Age on Cognition. Semin Hear. 2015;36(3):111-121.
https://doi.org/10.1055/5-0035-1555115

Dipietro L, Campbell WW, Buchner DM, et al. Physical Activity, Injurious Falls, and Physical Function
in  Aging: An Umbrella Review. Med Sci Sports Exerc. 2019;51(6):1303-1313.
https://doi.org/10.1249/MSS.0000000000001942

Bigarella LG, Ballotin VR, Mazurkiewicz LF, Ballardin AC, Rech DL, Bigarella RL, Selistre LDS.
Exercise for depression and depressive symptoms in older adults: an umbrella review of systematic
reviews  and Meta-analyses. Aging Ment  Health. 2022  Aug;26(8):1503-1513.
https://doi.org/10.1080/13607863.2021.1951660

Makhfudli M, Tonapa S, Has E, Chong M, Efendi F. Efficacy of Mind-body Exercise to Reduce Sleep
Disturbance and Depression Among Older Adults: A Systematic Review and Meta-analysis. Asian
Nursing Research, 2024;18:408-419. https://doi.org/10.1016/j.anr.2024.08.002

World Health Organization. WHO Guidelines on Physical Activity and Sedentary Behaviour. Geneva,
Switzerland: World Health Organization; 2020.

Petersen R, Kokmen E, Waring S, Smith G, Ivnik R, Tangelos E. Aging, Memory, and Mild Cognitive
Impairment. International Psychogeriatrics. 1997;9(1):65-69.
https://doi.org/10.1017/S1041610297004717

Jia X, Wang Z, Huang F, et al. A comparison of the Mini-Mental State Examination (MMSE) with the
Montreal Cognitive Assessment (MoCA) for mild cognitive impairment screening in Chinese middle-
aged and older population: a cross-sectional study. BMC Psychiatry. 2021;21(1):485. Published 2021 Oct
4. https://doi.org/10.1186/s12888-021-03495-6

Kistler-Fischbacher M, Gohar G, de Godoi Rezende Costa Molino C, et al. Cognitive function in
generally healthy adults age 70 years and older in the 5-country DO-HEALTH study: MMSE and MoCA
scores by sex, education, and country. Aging Clin Exp Res. 2025;37(1):88. Published 2025 Mar 17.
https://doi.org/10.1007/s40520-025-02946-4

Ashendorf L, Jefferson AL, O'Connor MK, Chaisson C, Green RC, Stern RA. Trail Making Test errors
in normal aging, mild cognitive impairment, and dementia. Arch Clin Neuropsychol. 2008;23(2):129-
137. https://doi.org/10.1016/j.acn.2007.11.005

Lee SC, Chien TH, Chu CP, Lee Y, Chiu EC. Practice effect and test-retest reliability of the Wechsler
Memory Scale-Fourth Edition in people with dementia. BMC Geriatr. 2023;23(1):209. Published 2023
Apr 1. https://doi.org/10.1186/s12877-023-03913-2

Salthouse TA. Contributions of the Individual Differences Approach to Cognitive Aging. J Gerontol B
Psychol Sci Soc Sci. 2017;72(1):7-15. https://doi.org/10.1093/geronb/gbw069

14



14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

Visser D, Wattel EM, Gerrits KHL, et al. Effectiveness and characteristics of physical fitness training on
aerobic fitness in vulnerable older adults: an umbrella review of systematic reviews. BMJ Open.
2022;12(5):e058056. https://doi.org/10.1136/bmjopen-2021-058056

Izquierdo M, Merchant RA, Morley JE, et al. International Exercise Recommendations in Older Adults
(ICFSR):  Expert Consensus Guidelines. J Nutr Health Aging. 2021;25(7):824-853.
https://doi.org/10.1007/s12603-021-1665-8

Xu Q, Fan Y, Zhu J, Wang X. The effect of different exercise on physical fitness, cognition, and mental
health in healthy older adults. Heliyon. 2024;10(16):e36510. Published 2024 Aug 16.
https://doi.org/10.1016/j.heliyon.2024.e36510

Mundada PH, Dadgal RM. Comparison of Dual Task Training Versus Aerobics Training in Improving
Cognition in Healthy Elderly Population. Cureus. 2022;14(9):e29027.
https://doi.org/10.7759/cureus.29027

Xu C, Wang Y, Tang C, Chen H, Cui L, Yu X, Wang F. Enhancing cognitive and emotional well-being
in older adults through aerobic, strength, or balance training: insights from a randomized controlled trial.
Acta Psychologica. 2025;257:105068. https://doi.org/10.1016/j.actpsy.2025.105068

Bakken J, Brissach DE, Ingestrom EML, et al. Effects of 5-Year Exercise Training on Cognition in Older
Adults: 10-Years Follow-Up from the Generation 100 Study. Sports Med Open. 2025;11(1):153.
https://doi.org/10.1186/s40798-025-00956-0

Tomoto T, Verma A, Kostroske K, et al. One-year aerobic exercise increases cerebral blood flow in
cognitively normal older adults. J Cereb Blood Flow Metab. 2023;43(3):404-418.
https://doi.org/10.1177/0271678X221133861

Najar J, Ostling S, Gudmundsson P, Sundh V, Johansson L, Kern S, Guo X, Hallstrom T, Skoog |.
Cognitive and physical activity and dementia. A 44-year longitudinal population study of women.
Neurology. 2019;92 (12):1322-1330. https://doi.org/10.1212/WNL.0000000000007021

Boa Sorte Silva N, Barha C, Erickson K, Kramer A, Liu-Ambrose T. Physical exercise, cognition, and
brain health in aging. Trends in Neurosciences. 2024;47(6):402-417.
https://doi.org/10.1016/j.tins.2024.04.004

Han H, Zhang J, Zhang F, Li F, Wu Z. Optimal exercise interventions for enhancing cognitive function
in older adults: a network meta-analysis. Front Aging Neurosci. 2025;17:1510773.
https://doi.org/10.3389/fnagi.2025.1510773

Rodriguez-Rodriguez S, Canet-Vintré M, Wee SO, et al. Cognitive Enhancement Strategies for Older
Adults: An Evaluation of Different Training Modalities to Improve Executive Function-A Systematic
Review and Meta-Analysis. J Clin Med. 2024;13(5):1301. https://doi.org/10.3390/jcm13051301

15



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Zhang J, Ye W, Li W, Zhang F, Wu Z. Comparative efficacy of exercise interventions for cognitive health
in older adults: A network meta-analysis. Experimental Gerontology. 2025;206:112768.
https://doi.org/10.1016/j.exger.2025.112768

Rieker JA, Reales JM, Muifios M, Ballesteros S. The Effects of Combined Cognitive-Physical
Interventions on Cognitive Functioning in Healthy Older Adults: A Systematic Review and Multilevel
Meta-Analysis. Front Hum Neurosci. 2022;16:838968. https://doi.org/10.3389/fnhum.2022.838968

Yong L, Liu L, Ding T, et al. Evidence of Effect of Aerobic Exercise on Cognitive Intervention in Older
Adults  With Mild Cognitive Impairment. Front Psychiatry. 2021;12:713671.
https://doi.org/10.3389/fpsyt.2021.713671

Venegas-Sanabria LC, Cavero-Redondo |, Martinez-Vizcaino V, Cano-Gutierrez CA, Alvarez-Bueno C.
Effect of multicomponent exercise in cognitive impairment: a systematic review and meta-analysis. BMC
Geriatr. 2022;22(1):617. https://doi.org/10.1186/s12877-022-03302-1

Blondell SJ, Hammersley-Mather R, Veerman JL. Does physical activity prevent cognitive decline and
dementia?: A systematic review and meta-analysis of longitudinal studies. BMC Public Health.
2014;14:510. https://doi.org/10.1186/1471-2458-14-510

Séez de Asteasu M, Martinez-Velilla N, Zambom-Ferraresi F, Casas-Herrero A, lzquierdo M. Role of
physical exercise on cognitive function in healthy older adults: A systematic review of randomized
clinical trials. Ageing Research Reviews. 2017;37:117-134. https://doi.org/10.1016/j.arr.2017.05.007

van Uffelen JG, Chin A, Paw MJ, Hopman-Rock M, van Mechelen W. The effects of exercise on
cognition in older adults with and without cognitive decline: a systematic review. Clin J Sport Med.
2008;18(6):486-500. https://doi.org/10.1097/JSM.0b013e3181845f0b

Kim H, Lee D, Lee Y. The Effect of Aerobic Exercise on Brain-Derived Neurotrophic Factor (BDNF) in
Individuals with Mild Cognitive Impairment: a Systematic Review and Meta-Analysis of a Randomized
Controlled Trials. Physical Therapy Rehabilitation Science. 2022;11:304-10.
https://doi.org/10.14474/ptrs.2022.11.3.304

Gholami F, Mesrabadi J, lranpour M, Donyaei S. Exercise training alters resting brain-derived
neurotrophic factor concentration in older adults: A systematic review with meta-analysis of randomized-
controlled trials. Experimental Gerontology. 2025;199:112658.
https://doi.org/10.1016/j.exger.2024.112658

Quigley A, MacKay-Lyons M, Eskes G. Effects of Exercise on Cognitive Performance in Older Adults:
A Narrative Review of the Evidence, Possible Biological Mechanisms, and Recommendations for
Exercise Prescription. J Aging Res. 2020;2020:1407896. https://doi.org/10.1155/2020/1407896

Saraei T, Schrenk S, Puta C, et al. Physical Activity and BrainAGE: Exploring the Impact on Brain Health
and Plasticity in Older Adults. Hum Brain Mapp. 2025;46(15):e70378.
https://doi.org/10.1002/hbm.70378

16



