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Alzheimer’s disease (AD) is an advancing neurodegenerative condition distinguished by a
gradual deterioration of cognitive functions, including memory impairment and diminished
functional capabilities. The issue presents a substantial global public health concern, as there
is a growing prevalence of affected persons annually. In the pursuit of innovative strategies to
delay or mitigate the beginning of AD, scholars have turned their attention to the exploration of
physical activity as a potentially fruitful area of study. This review aims to investigate the cor-
relation between engagement in sports activities and the development of AD. It will analyze the
potential advantages of physical exercise on cognitive well-being and discuss the significance
of these findings for strategies related to the prevention and treatment of the disease. We inte-
grate data derived from epidemiological investigations, clinical trials, and neuroscientific in-
quiries, thereby emphasizing the existing body of knowledge in this pivotal domain.
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LZHEIMER’S DISEASE (AD) is a progressive neu-
rodegenerative disorder that affects millions of people
worldwide, making it one of the most pressing public
health challenges of our time (1, 2). The condition is character-
ized by a relentless decline in cognitive function, memory loss,
and impaired daily functioning, ultimately leading to significant
disability and dependency on others. Despite decades of re-
search, a definitive cure for AD remains elusive, necessitating a
shift in focus toward preventive measures and novel therapeutic
approaches (3).
In recent years, physical activity and sports participation
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have emerged as potential protective factors against cognitive
decline and AD (4, 5). The notion that a physically active life-
style may positively influence brain health is not entirely new, as
early observations suggested that individuals engaged in regular
exercise seemed to experience milder cognitive impairments
with age (6). However, advances in neuroscientific research
have provided new insights into the intricate mechanisms
through which sports may impact brain health, paving the way
for a deeper understanding of the relationship between exercise
and cognitive function (7, 8). According to the Global Burden of
Disease 2019 Dementia Forecasting Collaborators, the global
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prevalence of dementia, of which AD is the most common form,
is expected to triple by 2050, reaching an alarming 152 million
cases (9). This projection underscores the urgency of identifying
effective strategies to delay or prevent the onset of AD. If sports
and physical activity could offer a modifiable and practical ap-
proach to reducing the risk of developing this devastating dis-
ease, their integration into public health campaigns and clinical
practices could hold immense promise.

This review is to provide an extensive review of the cur-
rent state of knowledge on the relationship between sports and
AD. It delves into epidemiological evidence, neuroscientific
insights, and findings from clinical trials to critically evaluate
the potential benefits of physical activity on cognitive health. By
exploring the mechanisms by which exercise might influence
brain function, we can uncover new avenues for preventive and
therapeutic interventions, as well as identify specific
sports-based approaches that could be harnessed to improve
brain health across diverse populations. However, despite the
promising evidence, there are challenges in studying the associ-
ation between sports and AD. Methodological limitations, po-
tential confounding variables, and the need for long-term studies
are factors that need to be critically addressed to establish a
more robust understanding of this relationship.

The Epidemiological Connection between
Sports and Alzheimer’s Disease

Epidemiological studies have played a pivotal role in unraveling
the potential link between sports participation and AD. Over the
past few decades, numerous longitudinal investigations and
population-based studies have sought to elucidate the relation-
ship between physical activity levels and the risk of developing
AD. The findings from these studies have consistently indicated
a potential protective effect of sports on cognitive health.

One of the landmark studies in this area is the Framing-
ham Heart Study, a longitudinal cohort study that has been on-
going since 1948 (10). This study examined the association be-
tween physical activity and cognitive decline in a large sample
of individuals over several decades. The results revealed that
participants who engaged in regular physical activity, including
sports, had a significantly reduced risk of developing AD com-
pared to those with sedentary lifestyles. Similar results have
been reported in other long-term observational studies, such as
the Cardiovascular Health Study (11) and the Chicago Health
and Aging Project (12), further strengthening the evidence for
the protective role of sports in preserving cognitive function.

Meta-analyses and systematic reviews have also provided
robust evidence supporting the epidemiological connection be-
tween sports and AD. These comprehensive analyses have
pooled data from multiple studies to assess the overall impact of
physical activity on cognitive health. A meta-analysis conducted
by Hamer and Chida examined 16 prospective cohort studies
and found that individuals who participated in regular sports or
high levels of physical activity had a 38% lower risk of cogni-
tive decline and dementia compared to those with low levels of
activity (13). Furthermore, Guure et al. analyzed 45 studies and
found that physical activity has been found to provide greater
protection against the development of AD compared to all-cause
dementia, vascular dementia, and cognitive decline (14).
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Moreover, research has shown that the protective effect of
sports against AD may be dose-dependent, with higher levels of
activity associated with greater risk reduction (15). Studies have
investigated the effects of different types of sports, such as aero-
bic exercises, strength training, and team sports, on cognitive
outcomes (16, 17). While the precise mechanisms driving these
relationships remain to be fully elucidated, the cumulative evi-
dence suggests that sports engagement may play a critical role in
maintaining brain health throughout the aging process (18).

Despite the substantial evidence supporting the epidemio-
logical connection between sports and AD, some challenges and
limitations must be acknowledged. One potential concern is the
possibility of reverse causality, where early signs of cognitive
decline may lead individuals to reduce their physical activity
levels. However, longitudinal studies with long follow-up peri-
ods and robust statistical analyses have attempted to address this
issue, and the findings have remained consistent (19, 20).

Additionally, variations in study designs, sample sizes,
and data collection methods across different studies can intro-
duce heterogeneity into the findings. The inclusion of various
confounding factors, such as education level, socioeconomic
status, and genetic predisposition, can also complicate the inter-
pretation of results. To mitigate these challenges, researchers
have increasingly utilized advanced statistical techniques, such
as propensity score matching and sensitivity analyses, to control
for potential confounders and enhance the internal validity of
their findings.

Therefore, the epidemiological evidence strongly suggests
a beneficial connection between sports participation and AD.
Longitudinal studies, meta-analyses, and systematic reviews
consistently demonstrate a potential protective effect of sports
on cognitive health, indicating that physical activity could serve
as a modifiable lifestyle factor in reducing the risk of AD. Nev-
ertheless, further research is needed to address the remaining
uncertainties and explore the intricate mechanisms that underlie
this relationship. Nonetheless, the wealth of evidence thus far
emphasizes the importance of promoting sports and regular
physical activity as a potential public health strategy to combat
AD and enhance cognitive well-being throughout the lifespan.

Neuroscientific Evidence of Beneficial Role of
Sports in Alzheimer’s Disease

Advancements in neuroscientific research have revolutionized
our understanding of the complex interplay between sports par-
ticipation and AD at the cellular and molecular levels. These
insights have shed light on the potential mechanisms by which
physical activity may influence brain health and cognitive func-
tion, providing a compelling rationale for its role as a protective
factor against AD.

One of the key neuroscientific phenomena associated with
sports participation is neuroplasticity, the brain’s remarkable
ability to reorganize and adapt in response to experiences and
environmental stimuli. Engaging in regular physical activity,
particularly sports that challenge both motor and cognitive func-
tions, has been shown to promote neuroplasticity (21). This
process involves the formation of new synaptic connections and
the strengthening of existing ones, thereby enhancing cognitive
reserve, and potentially delaying the onset of AD-related cogni-
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tive decline (22).

Another crucial aspect of neuroscientific insights is the
impact of sports on cerebral blood flow. Physical activity has
been associated with increased blood flow to the brain, leading
to improved oxygen and nutrient delivery to neurons (23). Ade-
quate cerebral blood flow is essential for maintaining neuronal
health and supporting cognitive function (24). Consequently,
sports-induced improvements in blood flow may help protect
against neurodegenerative processes, such as beta-amyloid dep-
osition and tau protein aggregation, which are hallmark features
of AD (25).

Besides, sports participation has been linked to the reduc-
tion of oxidative stress and inflammation in the brain. Oxidative
stress occurs when there is an imbalance between the production
of reactive oxygen species and the body’s ability to neutralize
them with antioxidants (26). Chronic inflammation and oxida-
tive stress contribute to neurodegeneration, leading to cognitive
impairment and, ultimately, AD pathology (27, 28). Studies have
suggested that regular exercise and sports involvement can bol-
ster the body’s antioxidant defenses and mitigate inflammation,
providing a potential neuroprotective effect (29-31).

In addition to these cellular and molecular mechanisms,
sports have been found to influence neurotrophic factors, such
as brain-derived neurotrophic factor (BDNF) (32, 33). BDNF
plays a crucial role in promoting neuronal survival, growth, and
synaptic plasticity (34). Physical activity has been shown to
increase BDNF levels, which may enhance synaptic connectivi-
ty and support cognitive function (35). Moreover, BDNF has
been implicated in the regulation of mood and stress responses
(36), and its upregulation through sports participation could
contribute to improved mental well-being, which is essential in
maintaining cognitive health (37).

Emerging evidence also suggests that sports and physical
activity may influence the gut-brain axis, a bidirectional com-
munication system between the gut and the brain (38). The gut
microbiota, the vast community of microorganisms residing in
the gastrointestinal tract, has been increasingly recognized for its
role in brain health (39). Sports-induced changes in the gut
microbiota composition may impact brain function and cogni-
tion through the production of neurotransmitters and metabolites
that can influence cognitive processes (40, 41).

Despite the significant progress made in understanding
neuroscientific insights into sports and AD, there are still chal-
lenges in unraveling the intricacies of these processes. The exact
dose-response relationship between exercise intensity, frequency;,
and cognitive benefits remains a subject of ongoing research.
Moreover, the interplay between genetics, lifestyle, and other
environmental factors on the neuroprotective effects of sports
requires further exploration.

In sum, neuroscientific insights into sports and AD have
illuminated the potential mechanisms through which physical
activity can influence brain health and cognitive function. From
promoting neuroplasticity and enhancing cerebral blood flow to
reducing oxidative stress and inflammation, sports participation
appears to have multifaceted neuroprotective effects. As our
understanding of these mechanisms deepens, the integration of
sports-based interventions in preventive and therapeutic strate-
gies for AD becomes increasingly promising. Harnessing
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neuroscientific knowledge can pave the way for tailored exercise
programs and targeted interventions that hold the potential to
improve cognitive outcomes and overall brain health, offering
hope in the fight against this devastating neurodegenerative
disorder.

Sports and Cognitive Function of Alzheimer’s
Disease: Insights from Clinical Trials

Clinical trials have emerged as a valuable tool in examining the
potential effects of sports participation on cognitive function,
especially in individuals with AD or mild cognitive impairment
(MCI). These controlled experiments provide a more rigorous
and controlled approach to investigate the causal relationship
between exercise interventions and cognitive outcomes. By
employing standardized assessments and randomization, clinical
trials offer valuable insights into the efficacy of sports-based
interventions in preserving or enhancing cognitive abilities.

Several landmark clinical trials have investigated the im-
pact of exercise on cognitive function in individuals at risk of or
diagnosed with AD. The Fitness Intervention Trial (FIT) is a
notable example in this regard (42). This randomized controlled
trial involved older adults with MCI and assessed the effects of a
moderate-intensity aerobic exercise program on cognitive per-
formance. The results demonstrated that the exercise group ex-
hibited significantly better cognitive scores compared to the
control group, highlighting the potential benefits of regular
physical activity in preserving cognitive abilities in individuals
with early cognitive decline.

Moreover, the SPRINT MIND trial, a substudy of the
Systolic Blood Pressure Intervention Trial (SPRINT), investi-
gated the effects of intensive blood pressure control and a mul-
tifactorial intervention, including physical activity, on cognitive
function (43). The trial reported that the intensive intervention
group had a lower rate of cognitive decline and a reduced risk of
probable dementia compared to the standard treatment group,
suggesting that a comprehensive approach that includes physical
activity may be effective in slowing cognitive decline in indi-
viduals with hypertension.

Furthermore, a growing body of evidence from clinical
trials suggests that sports-based interventions can be beneficial
not only in individuals with existing cognitive impairments but
also in healthy older adults. For instance, a randomized con-
trolled trial conducted by Erickson et al. examined the effects of
aerobic exercise on hippocampal volume, a brain region critical
for memory and learning (44). The study found that participants
who engaged in a year of aerobic exercise showed an increase in
hippocampal volume compared to the control group, suggesting
that sports participation may have neuroprotective effects even
in the absence of cognitive impairment.

It is essential to note that the specific characteristics of
sports interventions, such as exercise type, intensity, duration,
and frequency, may play a crucial role in influencing cognitive
outcomes. For instance, aerobic exercises, resistance training,
and combined interventions have been compared to evaluate
their relative benefits on cognitive function (45). Similarly, re-
cent research has explored the potential benefits of sports that
involve cognitive engagement, such as dance, which may have
additional cognitive and emotional benefits beyond those of
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physical activity alone (46).

While clinical trials have provided valuable insights into
the potential cognitive benefits of sports, some challenges and
limitations exist. Participant adherence and dropout rates can
impact the validity of study findings, as maintaining long-term
engagement in sports-based interventions can be challenging for
some individuals. Additionally, the heterogeneity of participants’
characteristics, such as age, baseline cognitive function, and
comorbidities, can introduce variability into trial results, requir-
ing careful consideration during data analysis and interpretation.

In brief, clinical trials have provided valuable insights into
the effects of sports participation on cognitive function in indi-
viduals with or at risk of AD. These trials have yielded promis-
ing results, demonstrating the potential of sports-based interven-
tions in preserving cognitive abilities and slowing cognitive
decline. However, further research is needed to refine the opti-
mal exercise parameters and explore the long-term effects of
sports on cognitive health. By utilizing the valuable insights
from clinical trials, researchers can design effective and person-
alized exercise programs to harness the neuroprotective potential
of sports, with the ultimate goal of improving cognitive out-
comes and enhancing the quality of life for individuals at risk of
AD and other cognitive impairments.

Sports and Alzheimer’s Disease Prevention:
Targeting Risk Factors

As the prevalence of AD continues to rise, there is an increasing
urgency to identify effective preventive strategies. Recognizing
that AD has a multifactorial etiology, researchers have turned
their attention to modifiable risk factors, hoping to mitigate the
impact of this devastating disease. Physical activity and sports
participation have emerged as a promising avenue for AD pre-
vention by targeting various risk factors that contribute to the
pathogenesis of the condition.

One of the key risk factors often associated with AD is
cardiovascular health. Cardiovascular risk factors, such as hy-
pertension, obesity, and diabetes, have been linked to an in-
creased risk of developing cognitive impairment and dementia
(47, 48). Engaging in regular sports and physical activity has
been shown to improve cardiovascular fitness, reduce blood
pressure, and enhance lipid profiles, which may collectively
contribute to a reduced risk of AD (49, 50). Cardiovascular ex-
ercise can promote healthy blood vessel functioning, reduce
arterial stiffness, and enhance cerebral blood flow, thereby sup-
porting overall brain health and potentially mitigating the impact
of cardiovascular risk factors on cognitive decline (51, 52).

Metabolic disorders, including insulin resistance and
dyslipidemia, are additional risk factors for AD (53). Physical
activity can enhance insulin sensitivity and glucose metabolism,
potentially reducing the risk of type 2 diabetes, a condition
closely linked to cognitive impairment (54, 55). Exercise has
also been shown to improve lipid metabolism, leading to health-
ier cholesterol levels and reduced risk of atherosclerosis, which
may have beneficial effects on brain health (56).

Inflammation is another significant contributor to AD
pathogenesis. Chronic low-grade inflammation in the brain can
lead to the accumulation of toxic proteins, such as beta-amyloid,
and the activation of microglia, immune cells that play a central
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role in neuroinflammation (57, 58). Regular physical activity
has been associated with reduced systemic inflammation, as
exercise can modulate inflammatory cytokines and promote the
release of anti-inflammatory molecules (59, 60). By reducing
inflammation, sports participation may help counteract the det-
rimental effects of chronic neuroinflammation, potentially
slowing the progression of AD (61, 62).

Furthermore, oxidative stress, caused by an imbalance
between free radicals and antioxidants, is implicated in the neu-
rodegenerative processes of AD (63). Exercise has been shown
to enhance the body’s antioxidant defenses, reducing oxidative
stress and its damaging effects on brain cells (30). Sports-based
interventions may thus protect neurons from oxidative damage,
supporting brain health and potentially delaying cognitive de-
cline (64).

Moreover, sports and physical activity can have positive
effects on mood and psychological well-being. Depression and
chronic stress have been associated with an increased risk of
cognitive decline and dementia (65, 66). Engaging in sports can
alleviate symptoms of depression and anxiety, promoting mental
well-being and potentially reducing the risk of AD through their
beneficial effects on brain function (67).

While the potential of sports and physical activity in AD
prevention is promising, challenges remain in implementing
preventive strategies effectively. Encouraging individuals to
adopt and maintain active lifestyles requires comprehensive
public health campaigns, community-based programs, and tai-
lored exercise interventions that consider individual preferences
and limitations. Moreover, the role of sports as part of a broader
lifestyle approach, including a healthy diet, social engagement,
and cognitive stimulation, should not be overlooked.

As thus, sports and physical activity offer a multi-faceted
approach to AD prevention by targeting various modifiable risk
factors associated with the disease. From improving cardiovas-
cular health and metabolic profiles to reducing inflammation
and oxidative stress, sports participation holds potential as a
protective factor against cognitive decline. By integrating
sports-based interventions into public health initiatives and
promoting active lifestyles, we may be better equipped to com-
bat the growing burden of AD and promote cognitive well-being
among diverse populations. However, continued research and
longitudinal studies are needed to establish the long-term effects
of sports on AD prevention and to refine the optimal exercise
regimens that can maximize cognitive benefits.

Challenges of Study on Sports and Alz-
heimer’s Disease

The study of sports and AD poses several significant challenges,
which warrant careful consideration when interpreting research
findings and designing future investigations. These challenges
stem from the complex nature of both AD and sports participa-
tion, as well as the multifaceted interactions between these fac-
tors.

One primary challenge lies in the diversity of sports activ-
ities and exercise regimens. Sports encompass a broad range of
physical activities, including aerobic exercises, strength training,
team sports, and activities that involve cognitive engagement,
such as dance and martial arts (68). Each type of sport may exert
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varying effects on cognitive function, making it challenging to
draw uniform conclusions from studies that examine different
sports. Moreover, the intensity, duration, and frequency of exer-
cise programs can significantly influence cognitive outcomes
(69), leading to variations in study results. To address this chal-
lenge, future research should aim to standardize exercise inter-
ventions, using well-defined protocols and measuring the
dose-response relationships between different types of sports
and cognitive benefits.

Another challenge in studying the relationship between
sports and AD is the potential for confounding factors. Epidemi-
ological studies and clinical trials often encounter the issue of
reverse causality, where early signs of cognitive decline may
lead individuals to reduce their physical activity levels, rather
than sports participation causing cognitive changes (70). Addi-
tionally, factors such as age, genetics, education level, and over-
all lifestyle can confound the association between sports and AD
(71). While researchers attempt to control for these variables
through statistical adjustments, fully accounting for all potential
confounders can be challenging. Longitudinal studies with rig-
orous follow-up periods and comprehensive data collection are
essential to establish more robust causal relationships.

The diversity of the study population also presents a chal-
lenge. AD is a complex and heterogeneous condition with di-
verse underlying pathologies (72). Therefore, the effects of
sports participation may vary depending on disease stage, ge-
netic predisposition, and the presence of other comorbidities.
Different stages of cognitive impairment, from subjective cogni-
tive decline to mild cognitive impairment and dementia, may
respond differently to sports interventions. This heterogeneity
calls for personalized approaches in research and clinical prac-
tice, tailoring exercise programs to individual needs and charac-
teristics.

Furthermore, participant adherence and dropout rates can
significantly impact the validity and generalizability of study
findings (73). Long-term engagement in sports-based interven-
tions may be challenging for some individuals due to various
factors, such as physical limitations, lack of interest, or compet-
ing commitments. Ensuring high retention rates in longitudinal
studies and clinical trials necessitates creative strategies to
maintain participant motivation and commitment. Incorporating
social support, community involvement, and incentivizing par-
ticipation may prove beneficial in this regard.

Ethical considerations also arise in the study of sports and
AD. Involving vulnerable populations, such as older adults with
cognitive impairment, requires careful attention to ethical guide-
lines and informed consent procedures. Researchers must priori-
tize the well-being and safety of study participants while ensur-
ing the research addresses critical questions with scientific rigor.

Lastly, the limited understanding of the exact neurobio-
logical mechanisms through which sports influence AD poses a
significant challenge. While studies have identified various po-
tential mechanisms, the exact dose-response relationships, and
the most effective types of sports interventions for cognitive
benefits remain unclear. Further research in neurobiology, using
advanced neuroimaging techniques and biomarker studies, is
needed to uncover the underlying molecular processes involved
and provide a more comprehensive understanding of sports’
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impact on brain health.

Conclusively, studying the relationship between sports
and AD faces numerous challenges, including the diversity of
sports activities, confounding factors, participant diversity, ad-
herence issues, ethical considerations, and limited neurobiolog-
ical knowledge. Despite these challenges, researchers continue
to make strides in understanding the potential benefits of sports
in AD prevention and treatment. By addressing these challenges
through well-designed and comprehensive research strategies,
researchers can enhance the understanding of the role of sports
in cognitive health, offering valuable insights for future preven-
tive and therapeutic interventions against AD.

Sports-Based Interventions to Alzheimer’s
Disease

Sports-based interventions have emerged as a promising and
multifaceted approach in the prevention and management of AD.
As the global burden of AD continues to escalate, the urgency to
identify effective and scalable interventions becomes paramount.
Leveraging the potential benefits of sports participation, these
interventions capitalize on the well-established link between
physical activity and cognitive health, offering a holistic strategy
that targets multiple modifiable risk factors associated with the
disease.

Sports-based interventions encompass a wide array of ac-
tivities, ranging from individual exercises to team sports and
structured exercise programs. Aerobic exercises, such as walk-
ing, swimming, or cycling, are commonly incorporated due to
their positive impact on cardiovascular fitness and brain health
(74). Resistance training, which enhances muscle strength and
function, is also valued for its potential to promote overall
physical well-being and improve mobility and functional abili-
ties (75). In addition to the physical benefits, sports such as
dance, yoga, or tai chi, which integrate cognitive and motor
skills, offer unique advantages by stimulating both the body and
mind (76).

Central to sports-based interventions is the concept of
neuroplasticity, the brain’s ability to reorganize and adapt to new
experiences and activities. Through regular engagement in
sports, individuals can harness neuroplasticity to create and
strengthen neural pathways, fostering cognitive reserve and
potentially offsetting the neurodegenerative processes of AD.
Sports may also enhance cerebral blood flow, oxygen delivery,
and nutrient supply to the brain, creating a nourishing environ-
ment that supports neuronal health and cognitive function.

Beyond the physical and physiological benefits,
sports-based interventions have positive psychosocial effects
that contribute to cognitive well-being. Participation in sports
fosters social engagement, camaraderie, and a sense of belong-
ing, reducing feelings of isolation and loneliness, which have
been associated with increased dementia risk. Moreover, sports
can act as a natural stress-reliever, reducing levels of stress
hormones and promoting mental well-being, factors that are
essential in maintaining cognitive health.

In the context of AD prevention, sports-based interven-
tions target key risk factors, such as cardiovascular health, met-
abolic disorders, inflammation, and oxidative stress. By miti-
gating these risk factors, exercise interventions may effectively
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reduce the risk of developing cognitive impairment and demen-
tia (77). Additionally, sports-based interventions are an attractive
option for their low-cost and relatively low-risk nature, making
them accessible and appealing to a broad range of individuals,
regardless of age or physical abilities.

In individuals already diagnosed with AD or MCI,
sports-based interventions have shown promise in slowing cog-
nitive decline and improving quality of life (78). Clinical trials
exploring the effects of exercise on cognitive function in these
populations have reported encouraging results, with exercise
groups exhibiting better cognitive scores and daily functioning
compared to control groups (79). Although sports-based inter-
ventions are not a cure for AD, they offer a non-pharmacological
and complementary approach that may enhance the overall
management of the disease.

Despite the promising potential of sports-based interven-
tions, several challenges exist in their implementation and up-
take. Encouraging individuals to adopt and sustain active life-
styles requires comprehensive public health campaigns, com-
munity-based programs, and tailored exercise regimens that
consider individual preferences and limitations. Overcoming
barriers related to adherence, motivation, and access to sports
facilities remains critical to optimizing the effectiveness of these
interventions.

In brief, sports-based interventions represent a compre-
hensive and versatile strategy in the prevention and management
of AD. By harnessing the neuroplasticity of the brain, promoting
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