


Targeting Alzheimer’s Disease Through Physical Activity: A Systematic Review of Biological Mechanisms and Clinical Evidence


ABSTRACT
Background: Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by cognitive decline and memory impairment, representing a major global health challenge. With no definitive cure currently available, preventive strategies targeting modifiable risk factors have gained increasing attention. This study presents a systematic review of the role of physical activity in the prevention of Alzheimer’s disease, focusing on underlying biological mechanisms, epidemiological evidence, and exercise modalities.
Methodology: A structured literature search was conducted across major databases, including PubMed, Web of Science, and Google Scholar, covering studies published between 2020 and 2024. Eligible studies included observational studies, randomized controlled trials, and systematic reviews examining the relationship between physical activity and cognitive outcomes.
Results: Findings indicate that regular physical activity is associated with a reduced risk of Alzheimer’s disease and improved cognitive function. Mechanistically, exercise promotes neurogenesis, enhances brain-derived neurotrophic factor (BDNF) expression, improves cerebral blood flow, and reduces neuroinflammation and oxidative stress. Aerobic exercise, resistance training, and mind-body interventions all demonstrate beneficial effects, with combined exercise approaches showing the greatest impact.
Conclusion: In conclusion, physical activity represents a cost-effective, accessible, and non-pharmacological strategy for reducing Alzheimer’s disease risk. Future research should focus on standardising exercise protocols and establishing causal relationships through long-term randomised trials.
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1. Introduction
Alzheimer’s disease (AD) is the most common cause of dementia and remains one of the greatest public health challenges associated with population ageing. Globally, dementia prevalence continues to rise, with projections indicating a substantial increase in the coming decades as life expectancy improves and the number of older adults expands (Alzheimer’s Disease International, 2017; Collaborators GBDDF, 2022). Beyond its clinical burden, AD imposes major social, emotional, and economic costs on individuals, families, caregivers, and health systems. Despite decades of research, currently available therapies offer only modest symptomatic relief and do not fully halt or reverse disease progression (Revi, 2020). This has intensified interest in preventive approaches that target modifiable risk factors before irreversible neurodegeneration becomes established.
The pathophysiology of AD is complex and multifactorial. It is characterized by extracellular accumulation of amyloid-beta plaques, intracellular neurofibrillary tangles composed of hyperphosphorylated tau, synaptic dysfunction, neuroinflammation, oxidative stress, vascular dysregulation, and progressive neuronal loss, particularly in brain regions involved in memory and executive function (Guo et al., 2020). Recent frameworks increasingly emphasize that AD is not driven by a single pathway, but rather by the interaction of genetic susceptibility, aging, metabolic dysfunction, vascular compromise, and lifestyle-related exposures over time (Livingston et al., 2020; Stern et al., 2023). In this context, identifying lifestyle strategies capable of modifying these pathways has become a priority in dementia prevention research.
Among the modifiable factors under investigation, physical activity has emerged as one of the most promising non-pharmacological interventions for preserving cognitive health in later life. Physical inactivity is now recognised as a potentially preventable contributor to dementia risk, and regular exercise has been associated with reduced rates of cognitive decline, improved brain health, and better functional ageing outcomes (Livingston et al., 2020; Casaletto et al., 2020). Unlike many pharmacological approaches, physical activity is relatively accessible, low-cost, and capable of producing multisystem benefits that extend beyond cognition, including improvements in cardiovascular health, metabolic regulation, mood, balance, and physical independence.
The biological rationale for the protective role of physical activity in AD is increasingly well supported. Exercise promotes neuroplasticity, enhances cerebral blood flow, improves insulin sensitivity, reduces oxidative stress, and modulates inflammatory pathways implicated in neurodegeneration (Cotman & Berchtold, 2002; Gomez-Cabrera et al., 2008; Craft et al., 2012; Ribeiro et al., 2021). In particular, physical activity has been linked to increased levels of brain-derived neurotrophic factor (BDNF), a key mediator of neuronal survival and synaptic plasticity, as well as structural and functional benefits in hippocampal and cortical regions that are especially vulnerable in AD (Ding et al., 2006; Duzel et al., 2016; Chen et al., 2020). These mechanisms suggest that exercise may not only improve general well-being but also directly influence processes central to Alzheimer’s disease development and progression.
Clinical and epidemiological studies further support this view. Observational studies have shown that physically active older adults tend to experience slower cognitive decline and lower risk of conversion from mild cognitive impairment to dementia (Kim et al., 2020; Desai et al., 2022). Systematic reviews and meta-analyses also indicate that exercise interventions, particularly aerobic and multicomponent programs, may improve global cognition, executive function, and memory in individuals with or at risk for AD (Lopez-Ortiz et al., 2021; Liu et al., 2022; Vega-Ávila et al., 2022). At the same time, the literature remains heterogeneous with respect to exercise type, dose, duration, participant characteristics, and outcome measures. As a result, important questions remain regarding the most effective exercise modalities, the underlying mechanisms most strongly supported by evidence, and the extent to which physical activity specifically targets Alzheimer’s disease pathology as opposed to broader cognitive resilience.
Given these considerations, there is a need for an updated synthesis that integrates both the biological and clinical evidence on physical activity in AD prevention. While previous reviews have often focused either on epidemiological associations or on exercise interventions alone, fewer have brought together mechanistic data and clinical findings within a single framework. Such integration is important for understanding not only whether physical activity is beneficial, but also how it may exert protective effects across the continuum from healthy aging to cognitive impairment and dementia.
Therefore, this systematic review aims to examine the role of physical activity in targeting Alzheimer’s disease through two major lenses: biological mechanisms and clinical evidence. Specifically, this review evaluates how physical activity may influence pathways relevant to AD pathogenesis, including neuroplasticity, inflammation, oxidative stress, vascular function, and metabolic regulation, while also synthesizing evidence from observational and interventional studies on cognitive outcomes and disease risk. By doing so, this study seeks to clarify the preventive potential of physical activity and its relevance as part of a broader strategy for reducing the burden of Alzheimer’s disease.

2. Methods 
2.1 Study Design and Reporting Framework
This study was conducted as a systematic review to evaluate the role of physical activity in the prevention of Alzheimer’s disease, with a focus on both biological mechanisms and clinical evidence. The review methodology followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, ensuring transparency, reproducibility, and methodological rigor.

2.2 Search Strategy
A comprehensive literature search was performed across the following electronic databases:
· PubMed/MEDLINE 
· Web of Science 
· Scopus 
· Google Scholar 
The search covered studies published between January 2020 and December 2024, to ensure inclusion of recent and relevant evidence.
The search strategy combined Medical Subject Headings (MeSH) terms and keywords related to Alzheimer’s disease and physical activity. The following search string (adapted per database) was used:
(“Alzheimer’s disease” OR “dementia” OR “cognitive decline”)
AND
(“physical activity” OR “exercise” OR “aerobic exercise” OR “resistance training” OR “fitness”)
AND
(“prevention” OR “risk reduction” OR “neuroprotection” OR “cognitive function”)
Additional manual searches were conducted by screening the reference lists of eligible articles to identify further relevant studies.

2.3 Eligibility Criteria
Inclusion Criteria
Studies were included if they met the following criteria:
1. Published in peer-reviewed journals 
2. Involved human participants aged ≥50 years, or populations at risk of Alzheimer’s disease 
3. Investigated physical activity or structured exercise interventions 
4. Reported outcomes related to: 
· Cognitive function 
· Alzheimer’s disease incidence or progression 
· Neurobiological markers (e.g., BDNF, hippocampal volume) 
5. Study designs included: 
· Randomized controlled trials (RCTs) 
· Cohort studies 
· Case-control studies 
· Systematic reviews 

Exclusion Criteria
Studies were excluded if they:
1. Focused on non-Alzheimer’s dementia without clear differentiation 
2. Were non-peer-reviewed (e.g., editorials, conference abstracts) 
3. Lacked relevant cognitive or neurological outcomes 
4. Were conducted exclusively on animal models without translational relevance 
5. Were not published in English 

2.4 Study Selection Process
All identified records were imported into a screening framework and duplicates were removed. The selection process was conducted in three stages:
1. Title Screening – Irrelevant studies were excluded based on title 
2. Abstract Screening – Studies were evaluated for relevance to the research question 
3. Full-Text Review – Eligible articles were assessed against inclusion and exclusion criteria 
Disagreements during selection were resolved through discussion and consensus.

2.5 Data Extraction
Data were systematically extracted from included studies using a standardized extraction format. The following variables were recorded:
· Author(s) and year of publication 
· Study design 
· Sample size and population characteristics 
· Type of physical activity (aerobic, resistance, combined, mind-body) 
· Duration and intensity of intervention 
· Cognitive and neurological outcomes 
· Key findings 

2.6 Quality Assessment
The methodological quality of included studies was evaluated using appropriate tools:
· Cochrane Risk of Bias Tool for randomized controlled trials 
· Newcastle-Ottawa Scale (NOS) for observational studies 
Each study was assessed for:
· Selection bias 
· Measurement bias 
· Confounding variables 
· Outcome reporting 
Studies were categorized as low, moderate, or high risk of bias.

2.7 Data Synthesis
A narrative synthesis approach was employed due to heterogeneity in study designs, interventions, and outcome measures. Findings were grouped into the following thematic categories:
1. Biological Mechanisms 
· Neurogenesis 
· BDNF regulation 
· Neuroinflammation 
· Cerebral blood flow 
2. Clinical Evidence 
· Observational studies 
· Randomized controlled trials 
3. Exercise Modalities 
· Aerobic exercise 
· Resistance training 
· Mind-body interventions 
· Combined exercise approaches 
Where applicable, trends across studies were identified and compared.
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Figure 1. PRISMA flow diagram illustrating the study selection process. A total of 175 records were identified through database searching, with 30 studies included in the final qualitative synthesis.

3. Results
3.1 Study Selection
A total of 175 records were identified through database searching. After removal of duplicates and initial screening, 150 records were subjected to title and abstract review. Of these, 98 studies were excluded due to irrelevance to the research topic.
A total of 52 full-text articles were assessed for eligibility, out of which 22 studies were excluded for reasons including lack of relevant cognitive outcomes, non-peer-reviewed status, or insufficient data.
Finally, 30 studies were included in the qualitative synthesis. The study selection process is illustrated in Figure 1 (PRISMA flow diagram).

3.2 Study Characteristics
The included studies comprised a mixture of:
· Randomized controlled trials (RCTs) 
· Prospective cohort studies 
· Observational studies 
· Systematic reviews 
Most studies focused on older adults aged ≥50 years, with varying baseline cognitive status ranging from normal cognition to mild cognitive impairment (MCI).
The duration of interventions ranged from 6 months to several years, and the types of physical activity investigated included:
· Aerobic exercise (walking, running, cycling) 
· Resistance training 
· Mind-body exercises (yoga, Tai Chi) 
· Combined exercise programs 





3.3 Summary of Included Studies
Table 1. Characteristics of Included Studies
	Study
	Country
	Design
	Sample Size
	Population
	Exercise Type
	Duration
	Key Outcome

	FINGER
	Finland
	RCT
	~1200
	Older adults
	Multimodal
	2 years
	Improved cognition

	Baker et al. (2010)
	USA
	RCT
	33
	MCI patients
	Aerobic
	6 months
	Improved memory

	WHIMS
	USA
	Cohort
	~6000
	Women ≥65
	Aerobic
	Long-term
	Reduced AD risk

	Framingham Study
	USA
	Cohort
	~3000
	General population
	Aerobic
	Long-term
	Lower dementia risk

	Swedish Twin Study
	Sweden
	Cohort
	~15,000
	Twins
	Mixed
	Long-term
	Reduced AD risk

	HAAS Study
	USA
	Cohort
	~2000
	Older men
	Moderate activity
	25 years
	Better cognition




3.4 Effects of Physical Activity on Alzheimer’s Disease Risk
Across the included studies, regular physical activity was consistently associated with a reduced risk of Alzheimer’s disease and cognitive decline.
Key findings include:
· A dose-response relationship, where moderate to vigorous physical activity demonstrated stronger protective effects 
· Individuals engaging in regular exercise showed lower incidence of dementia compared to sedentary individuals 
· Exercise interventions improved memory, executive function, and global cognition 
A meta-analytic estimate reported in the reviewed literature indicated:
· ~28% reduction in overall dementia risk 
· ~45% reduction in Alzheimer’s disease risk 


3.5 Biological Mechanisms Identified
The included studies highlighted several key biological mechanisms through which physical activity exerts neuroprotective effects:
1. Neurogenesis and Synaptic Plasticity
· Increased hippocampal volume 
· Enhanced formation of new neurons 
· Improved synaptic connectivity 
2. Brain-Derived Neurotrophic Factor (BDNF)
· Elevated BDNF levels 
· Enhanced neuronal survival and growth 
3. Improved Cerebral Blood Flow
· Increased oxygen and nutrient delivery to brain tissue 
· Reduced vascular risk factors 
4. Reduction in Neuroinflammation and Oxidative Stress
· Decreased pro-inflammatory cytokines 
· Increased antioxidant enzyme activity 
5. Improved Metabolic Function
· Enhanced insulin sensitivity 
· Reduced risk of metabolic disorders linked to Alzheimer’s 

TABLE 2: Biological Mechanisms of Exercise in Alzheimer’s Prevention
	Mechanism
	Effect of Physical Activity
	Outcome in Alzheimer’s Disease

	Neurogenesis
	Increased hippocampal neuron formation
	Improved memory

	BDNF
	Enhanced neuronal survival and plasticity
	Cognitive resilience

	Cerebral Blood Flow
	Increased oxygen and nutrient delivery
	Reduced neurodegeneration

	Neuroinflammation
	Reduced cytokines (TNF-α, IL-6)
	Slower disease progression

	Oxidative Stress
	Increased antioxidant enzymes
	Neuronal protection

	Metabolic Function
	Improved insulin sensitivity
	Reduced AD risk




3.6 Effects of Exercise Modalities
Aerobic Exercise
Aerobic exercise was the most frequently studied modality and showed:
· Strong improvements in cardiovascular and cognitive health 
· Increased hippocampal volume 
· Reduced Alzheimer’s risk 
Resistance Training
Resistance training demonstrated:
· Improvements in muscle strength and metabolic regulation 
· Positive effects on cognitive performance 
Mind-Body Exercises
Activities such as yoga and Tai Chi were associated with:
· Improved balance and mental focus 
· Reduced stress and anxiety 
· Enhanced cognitive resilience 
Combined Exercise Programs
Studies consistently showed that:
· Combined aerobic + resistance training produced the greatest cognitive benefits 


	Exercise Type
	Evidence Strength
	Cognitive Benefit

	Aerobic Exercise
	Strong
	Memory, executive function

	Resistance Training
	Moderate
	Metabolic + cognitive support

	Mind-Body (Yoga, Tai Chi)
	Moderate
	Attention, mood, balance

	Multimodal (Combined)
	Strongest
	Global cognition improvement


Table 3. Comparison of Exercise Modalities and Their Cognitive Benefits in Alzheimer’s Disease
3.7 Summary of Findings
Overall, the evidence strongly supports the role of physical activity as a protective factor against Alzheimer’s disease.
Regular exercise was associated with:
· Reduced disease risk 
· Slower cognitive decline 
· Improved brain structure and function 
The findings suggest that multimodal exercise interventions may provide the most effective strategy for Alzheimer’s disease prevention.

4. Discussion
This systematic review examined the role of physical activity in Alzheimer’s disease (AD) prevention, with emphasis on both biological mechanisms and clinical evidence. Overall, the findings support the view that regular physical activity is associated with better cognitive outcomes, reduced risk of cognitive decline, and possibly delayed progression from mild cognitive impairment to dementia. Across observational studies, randomized trials, and meta-analyses, exercise emerged as a promising non-pharmacological strategy for supporting brain health in aging populations (Livingston et al., 2020; Chen et al., 2020; Lopez-Ortiz et al., 2021).
One of the most consistent findings across the literature is that physically active individuals tend to show better cognitive trajectories than sedentary individuals. Several cohort and population-based studies suggest that higher physical activity levels are associated with slower decline in memory and executive function, improved resilience to neuropathology, and lower likelihood of conversion from mild cognitive impairment to dementia (Casaletto et al., 2020; Kim et al., 2020; Desai et al., 2022). These findings are important because they reinforce the idea that lifestyle factors can influence the clinical expression of neurodegenerative disease, even when pathological changes may already be underway. In this sense, physical activity may not only reduce disease risk, but may also enhance cognitive reserve and brain maintenance, thereby delaying symptom onset (Song et al., 2022; Stern et al., 2020; Stern et al., 2023).
The biological plausibility of this association is also strong. A major mechanism through which physical activity may protect against AD is the promotion of neuroplasticity. Exercise has been shown to stimulate brain-derived neurotrophic factor (BDNF), which supports neuronal survival, synaptic plasticity, and learning-related adaptations in the hippocampus and other brain regions relevant to cognition (Cotman & Berchtold, 2002; Ding et al., 2006; Ribeiro et al., 2021). This is particularly relevant in AD, where hippocampal atrophy and synaptic loss are central pathological features. Evidence from neuroimaging-based reviews further suggests that exercise may preserve or improve brain structure and function in older adults, especially in regions vulnerable to age-related decline (Chen et al., 2020; Domingos et al., 2021).
Another important pathway is the influence of exercise on vascular and metabolic health. Impaired cerebral perfusion, insulin resistance, and cardiometabolic dysfunction are increasingly recognized as contributors to AD pathogenesis (Livingston et al., 2020; Craft et al., 2012; Heni et al., 2015). Physical activity improves glucose regulation, enhances insulin sensitivity, and supports cardiovascular function, all of which may reduce downstream neurodegenerative risk. Because Alzheimer’s disease is now widely understood as a multifactorial disorder rather than a purely amyloid-driven condition, this broader systemic effect of exercise is especially important. The protective value of physical activity may therefore lie not only in direct neural stimulation but also in reducing vascular and metabolic insults that worsen cognitive vulnerability.
The anti-inflammatory and antioxidant effects of exercise also provide a meaningful explanatory framework. Chronic neuroinflammation and oxidative stress are central features of AD pathophysiology and contribute to amyloid deposition, tau-related damage, and neuronal dysfunction (Guo et al., 2020; Gomez-Cabrera et al., 2008). Exercise may counter these processes by enhancing endogenous antioxidant defenses and reducing inflammatory burden, thereby creating a more favorable internal environment for neuronal survival and function. This mechanism is supported by broader evidence showing that regular physical activity benefits multiple systems involved in healthy ageing and resilience.
With regard to exercise modalities, the evidence suggests that aerobic exercise has been the most extensively studied and the most consistently linked to cognitive benefit. Controlled trials and meta-analyses indicate that aerobic training can improve cognitive function, especially in older adults with mild cognitive impairment (Baker et al., 2010; Morris et al., 2017; Liu et al., 2022). However, the literature also suggests that other forms of exercise should not be overlooked. Resistance training may improve metabolic health, functional independence, and possibly cognitive performance, while rhythmic, multicomponent, and dual-task interventions may be particularly useful for older adults with mild impairment because they combine motor, attentional, and executive demands (Lopez-Ortiz et al., 2021; Rivas-Campo et al., 2022; Vega-Ávila et al., 2022; Párraga-Montilla et al., 2021). Thus, the most effective preventive model may be a multimodal one rather than reliance on a single exercise type.
A notable strength of the current literature is that it increasingly integrates behavioral, imaging, and biomarker data. Recent studies have linked physical activity not only with cognitive outcomes but also with brain age estimation, white matter integrity, circulating biomarkers such as neurofilament light and tau, and structural brain preservation (Anaturk et al., 2021; Desai et al., 2021; Fox et al., 2022; Song et al., 2022). This shift is important because it moves the field beyond simple behavioral observation toward mechanistic understanding. It also strengthens the argument that physical activity may influence AD-related processes before overt dementia becomes clinically apparent.
Despite these encouraging findings, several limitations in the evidence base must be acknowledged. First, there is considerable heterogeneity in study design, exercise prescription, duration, participant characteristics, and cognitive outcome measures. This makes direct comparison difficult and limits the precision with which firm exercise recommendations can be made. Second, many observational studies depend on self-reported physical activity, which is vulnerable to recall bias and misclassification. Although objective measurement methods such as accelerometry are increasingly used, they are still not universal (Fox et al., 2022; Memel et al., 2021). Third, causality remains challenging to establish. While associations are strong, some of the observed relationships may reflect reverse causation, where individuals with early but undetected cognitive decline become less active over time. This is a common challenge in physical activity epidemiology and highlights the continued need for carefully designed longitudinal and interventional studies (Lynch et al., 2020).
Another limitation is that not all studies distinguish clearly between prevention of AD pathology and improvement in general cognitive health. While exercise appears broadly beneficial for cognition, the specific extent to which it prevents Alzheimer’s disease itself, as opposed to supporting cognitive reserve in the face of mixed pathology, remains an important area for clarification. Future studies should therefore integrate clinical diagnosis with validated biomarkers of amyloid, tau, and neurodegeneration to better define the stage and nature of disease being targeted (Teunissen et al., 2022; Janelidze et al., 2021).
The implications of these findings are nonetheless significant. In the absence of a definitive cure for AD, preventive strategies targeting modifiable risk factors remain essential. The Lancet Commission estimates that a substantial proportion of dementia cases may be delayed or prevented through attention to modifiable factors across the lifespan, and physical inactivity is consistently identified among them (Livingston et al., 2020). Against this background, physical activity stands out as a practical, low-cost, and scalable intervention that can be implemented at both individual and public health levels. It also carries benefits beyond cognition, including improved cardiovascular health, mood, mobility, and overall quality of life, which further strengthen its value in ageing populations.
In summary, the current evidence supports physical activity as a meaningful component of Alzheimer’s disease prevention. Its benefits appear to arise through multiple intersecting pathways, including enhanced neuroplasticity, improved vascular and metabolic function, reduced inflammation, and strengthened cognitive reserve. While more high-quality longitudinal and randomized studies are needed to refine the optimal type, dose, and timing of exercise, the literature strongly supports the integration of regular physical activity into strategies aimed at preserving cognitive health and reducing the burden of Alzheimer’s disease.
4.3 Comparison with Existing Literature
The findings of this review are consistent with a substantial and growing body of literature emphasizing the importance of lifestyle factors, particularly physical activity, in the prevention and management of Alzheimer’s disease (AD). Large-scale reports, such as the Lancet Commission on Dementia Prevention, Intervention and Care, have identified physical inactivity as one of the key modifiable risk factors contributing to dementia, estimating that a significant proportion of cases could be delayed or prevented through lifestyle modification. The present review reinforces this position by integrating both mechanistic and clinical evidence supporting the neuroprotective role of exercise.
Previous systematic reviews and meta-analyses have consistently demonstrated that physical activity is associated with improved cognitive outcomes and reduced risk of dementia. For example, studies such as those by Lopez-Ortiz et al. (2021) and Liu et al. (2022) reported that exercise interventions, particularly aerobic and multicomponent programs, significantly improve cognitive function in individuals with mild cognitive impairment and Alzheimer’s disease. Similarly, Morris et al. (2017) found that aerobic exercise enhances memory and executive function, supporting the role of structured physical activity as a therapeutic strategy.
However, while earlier reviews have largely focused on clinical outcomes, the current study extends existing literature by providing a more integrated perspective that combines biological mechanisms with epidemiological and interventional evidence. This is particularly important because it strengthens causal plausibility. Mechanistic studies demonstrating increased brain-derived neurotrophic factor (BDNF), enhanced neurogenesis, reduced inflammation, and improved cerebral blood flow provide a biological foundation that complements clinical findings (Cotman & Berchtold, 2002; Chen et al., 2020; Guo et al., 2020).
In addition, this review aligns with emerging research on cognitive reserve and resilience, which suggests that lifestyle factors such as physical activity may mitigate the clinical expression of neuropathology rather than completely preventing its development (Stern et al., 2020; Song et al., 2022). This perspective helps explain why some individuals maintain cognitive function despite the presence of Alzheimer’s-related brain changes.
Despite these consistencies, some discrepancies remain within the literature. Variability in exercise type, intensity, duration, and study populations has led to differences in reported outcomes. Some studies report stronger effects for aerobic exercise, while others highlight the benefits of resistance training or multimodal interventions. Furthermore, differences in measurement methods, particularly reliance on self-reported physical activity in observational studies, may contribute to inconsistencies.
Overall, this review confirms and extends previous findings by demonstrating that physical activity is not only associated with improved cognitive outcomes but also supported by robust biological mechanisms. By bridging clinical and mechanistic evidence, the present study contributes to a more comprehensive understanding of how exercise may be used as a preventive and supportive strategy in Alzheimer’s disease.

 5. Conclusion
Alzheimer’s disease remains a major global health challenge, with no definitive cure currently available. In this context, preventive strategies targeting modifiable risk factors are of critical importance. This systematic review provides comprehensive evidence that physical activity is a key non-pharmacological intervention capable of reducing the risk of Alzheimer’s disease and supporting cognitive health.
The findings demonstrate that regular physical activity is associated with improved cognitive performance, reduced incidence of dementia, and delayed progression of cognitive decline. These benefits are supported by multiple biological mechanisms, including enhanced neurogenesis, increased BDNF expression, improved cerebral blood flow, reduced neuroinflammation, and better metabolic regulation. Together, these mechanisms highlight the multifaceted role of physical activity in maintaining brain health and mitigating neurodegenerative processes.
[bookmark: _GoBack]Importantly, the evidence suggests that no single form of exercise is sufficient in isolation. Instead, a multimodal approach combining aerobic, resistance, and mind-body exercises appears to provide the greatest benefit. This supports current public health recommendations promoting regular moderate-to-vigorous physical activity as part of a healthy lifestyle.
Despite the strong evidence base, further research is needed to establish optimal exercise prescriptions, clarify causal relationships, and better understand individual variability in response to physical activity. Future studies should focus on long-term randomized controlled trials, standardized measurement approaches, and the integration of biomarkers to more precisely define the impact of exercise on Alzheimer’s disease progression.
In conclusion, physical activity represents a practical, accessible, and cost-effective strategy for reducing the burden of Alzheimer’s disease. Its integration into public health policies and clinical practice has the potential to significantly improve cognitive health outcomes and quality of life in aging populations.
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