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Abstract

Introduction: Stroke remains a major cause of disability and mortality, highlighting the need
for effective prevention strategies. Physical activity is a crucial modifiable factor in reducing
stroke risk, yet the impact of different exercise modalities and adherence levels requires further
exploration. Objective: this study aimed to assess the impact of moderate to vigorous physical
activity on stroke risk, distinguishing between aerobic, anaerobic, high-intensity interval train-
ing, and steady-state endurance exercises. Additionally, it examined whether adherence to
physical activity independently influenced stroke prevention.

Methodology: A prospective cohort study with 400 participants assessed physical activity lev-
els and stroke incidence. Multinomial logistic regression and the Cox proportional hazards
model were used to examine exercise types and evaluate the impact of adherence on stroke
risk.

Results: These results align with prior research highlighting the cardiovascular benefits of aer-
obic exercise while challenging the assumption that adherence alone is a primary determinant
of stroke prevention. They emphasize the importance of refining exercise recommendations,
focusing on optimal activity types for individuals at increased stroke risk.

Discussion: These findings reinforce prior research on the cardiovascular benefits of aerobic
exercise while questioning the role of adherence alone in stroke prevention, highlighting the
necessity for targeted, evidence-based exercise recommendations.

Conclusions: This study reinforces the importance of aerobic exercise in stroke prevention and
underscores the need for structured physical activity programs in public health guidelines. Fu-
ture research should explore the long-term effects of various exercise regimens on diverse pop-
ulations to optimize stroke prevention strategies.

Keywords
Stroke; physical activity; exercise; adherence; exercise modalities.

Resumen
___________________________________________________________________________________|
Introduccién: el accidente cerebrovascular es una de las principales causas de discapacidad y

mortalidad, lo que destaca la necesidad de estrategias preventivas eficaces. La actividad fisica
es un factor clave en la reduccidn del riesgo, pero el impacto de distintas modalidades de ejer-
cicio y niveles de adherencia aun requiere una investigaciéon mas profunda. Objetivo: Este estu-
dio evalu6 el impacto de la actividad fisica moderada a vigorosa en el riesgo de accidente cere-
brovascular, diferenciando entre ejercicios aerdbicos, anaerébicos, entrenamiento en interva-
los de alta intensidad y resistencia de estado estable. Ademas, examind si la adherencia a la
actividad fisica influia de manera independiente en su prevencion.

Metodologia: se realiz6 un estudio de cohorte prospectivo con 400 participantes, evaluando sus
niveles de actividad fisica y la incidencia de accidentes cerebrovasculares. Se emplearon la re-
gresion logistica multinomial y el modelo de riesgos proporcionales de Cox para analizar los
tipos de ejercicio y evaluar los efectos de la adherencia.

Resultados: estos hallazgos concuerdan con investigaciones previas que resaltan los beneficios
cardiovasculares del ejercicio aerdbico, desafiando la idea de que la adherencia por si sola es el
factor clave en la prevencion del accidente cerebrovascular. Destacan la necesidad de optimizar
las recomendaciones de ejercicio, priorizando modalidades especificas para individuos con ma-
yor riesgo de sufrir un accidente cerebrovascular.

Discusion: estos hallazgos refuerzan investigaciones previas sobre los beneficios cardiovascu-
lares del ejercicio aerdbico y cuestionan el papel de la adherencia por si sola en la prevencion
del accidente cerebrovascular, destacando la necesidad de recomendaciones de ejercicio espe-
cificas basadas en la evidencia.

Conclusiones: este estudio reafirma la importancia del ejercicio aerdbico en la prevencién del
accidente cerebrovascular y subraya la necesidad de programas estructurados de actividad fi-
sica en las directrices de salud publica. Las investigaciones futuras deben explorar los efectos a
largo plazo de diversos regimenes de ejercicio en poblaciones diversas para optimizar las es-
trategias de prevencion del accidente cerebrovascular.

Palabras clave

Accidente cerebrovascular; actividad fisica; ejercicio; adherencia; modalidades de ejercicio.
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Introduction
__________________________________________________________________________________________________________________|
Stroke represents a major global health burden, ranking as the second leading cause of death and a pre-
dominant cause of disability worldwide (Zhang et al., 2022). The increasing prevalence of strokes un-
derscores the urgent need for effective preventive strategies. Among various lifestyle factors, physical
activity emerges as a significant, modifiable behavior with potential to alter the trajectory of stroke risk
(Caoetal, 2024).

Stroke prevention remains a critical priority in global health, and physical activity has emerged as one
of the most effective modifiable factors in reducing the risk of cerebrovascular events (Mead et al,
2023). Unlike non-modifiable risk factors such as age, genetics, and family history, physical activity rep-
resents a behavioral intervention that can be strategically incorporated into prevention programs to
improve population health outcomes. Engaging in regular exercise has been shown to improve cardio-
vascular function, regulate blood pressure, and reduce systemic inflammation, all of which contribute
to a lower likelihood of stroke occurrence (Omarov et al.,, 2024). However, the effectiveness of physical
activity in stroke prevention is not uniform, as different types, intensities, and frequencies of exercise
may yield varying protective effects. Understanding these distinctions is crucial for optimizing public
health recommendations and ensuring that physical activity guidelines are tailored to maximize stroke
risk reduction. While aerobic exercise has been consistently linked to improved vascular health, the role
of resistance training, high-intensity interval training (HIIT), and other exercise modalities remains less
well defined (Turri-Silva et al., 2021). Furthermore, disparities in access to structured exercise pro-
grams may influence the extent to which physical activity can serve as a universal preventive strategy
(Owolabi et al.,, 2022). Addressing these gaps in knowledge is essential for formulating evidence-based
recommendations that promote physical activity as a primary stroke prevention measure. By exploring
how different exercise characteristics influence stroke risk, this study seeks to contribute to a more nu-
anced understanding of physical activity’s role in cerebrovascular health and inform public health poli-
cies aimed at reducing stroke incidence on a broader scale.

Extensive research has demonstrated that regular physical activity can mitigate the risk of numerous
chronic diseases, including ischemic heart disease, diabetes, and hypertension, all of which are estab-
lished risk factors for stroke (Liu-Ambrose et al., 2022; Omarov et al., 2020; Anderson et al., 2024). The
protective mechanisms are believed to involve improvements in vascular function, reductions in inflam-
matory markers, and enhanced lipid profiles (Peng et al,, 2022). However, the specificimpact of physical
activity on the prevention of brain strokes, particularly through direct and indirect pathways, remains
insufficiently explored.

This gap is significant given that strokes can be ischemic or hemorrhagic, with different etiologies and
risk profiles (Zhang et al., 2024). Ischemic strokes, the most common type, are primarily caused by
blockages in the arteries leading to the brain, while hemorrhagic strokes result from bleeding within or
around the brain. Physical activity's role in modifying these risks is complex and merits detailed inves-
tigation, especially in populations at increased risk due to genetic or lifestyle factors (Rhaman et al,,
2022; Omarov et al., 2024; Kwah et al.,, 2024).

Moreover, the dose-response relationship between physical activity and stroke risk is not linear and
varies significantly with the intensity, duration, and type of activity performed (Kamal et al., 2023). For
instance, aerobic exercises such as walking and cycling are consistently linked with reductions in stroke
risk, whereas the impacts of resistance training are less clear (Tursynova & Omarov, 2021). This varia-
bility highlights the need for targeted research that elucidates optimal physical activity regimens for
stroke prevention.

Furthermore, disparities in stroke incidences related to socioeconomic, racial, and ethnic backgrounds
suggest that the benefits of physical activity might not be uniformly distributed across different demo-
graphic groups (Ezunu et al., 2024). Understanding these disparities is crucial for developing inclusive
public health strategies that effectively reduce stroke risks among all population segments.

The importance of lifestyle modification, including physical activity, in stroke prevention is also sup-
ported by policy frameworks and health guidelines globally (Castro Jiménez, 2022). However, the trans-
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lation of evidence into practice is fraught with challenges, including adherence issues and the accessi-
bility of safe, engaging, and effective physical activity options for various populations (Tursynova et al.,
2022; Dong et al,, 2021).

Given these considerations, our study aims to explore the role of regular physical activity in the preven-
tion of brain strokes, focusing on a comprehensive assessment of physical activity patterns and their
health outcomes among individuals with and without prior stroke incidents. By employing a robust
methodological framework to analyze data collected from 400 individuals, this research will contribute
valuable insights into the practical implications of physical activity as a preventive measure against
strokes, addressing both the scientific community's concerns and the public health policy's needs.

This research not only seeks to contribute to the existing body of knowledge but also aims to provide
evidence-based recommendations for public health interventions aimed at reducing the incidence and
burden of strokes through regular physical activity (Chang et al., 2022). By addressing the nuances of
physical activity's effects on stroke risk, this study will help in crafting nuanced guidelines that cater to
diverse populations, ultimately fostering a healthier, more active society.

Literature Review
__________________________________________________________________________________________________________________|
The burgeoning interest in lifestyle modifications as a pivotal approach to disease prevention has cata-
lyzed extensive research into the effects of physical activity on various health outcomes. This literature
review seeks to synthesize existing studies that examine the intricate relationship between physical ac-
tivity and its role in mitigating the risk of stroke, one of the leading causes of morbidity and mortality
globally. By dissecting the breadth of scholarly work on this topic, we aim to delineate the mechanisms
through which physical activity exerts its protective effects and to quantify the extent of its impact on
stroke prevention. This sets a solid foundation for understanding the subsequent sections that discuss
the specific impacts of physical activity on stroke risk.

The Impact of Physical Activity on Stroke Risk

The protective effects of physical activity against the incidence of stroke have been well-documented
across various population studies. Epidemiological research consistently demonstrates that individuals
who engage in regular physical activity have a significantly lower risk of experiencing both ischemic and
hemorrhagic strokes (Yunus et al., 2024; He et al., 2024). A meta-analysis by Church et al. (2022) quan-
titatively confirmed this association, noting a 20% decrease in stroke risk among individuals participat-
ing in moderate to vigorous physical activities compared to their inactive counterparts.

Physical activity contributes to stroke prevention through several physiological mechanisms. It pro-
motes vascular health by enhancing endothelial function, increasing cerebral blood flow, and improving
arterial stiffness, which in turn reduces the risk factors associated with stroke such as hypertension and
vascular inflammation (Li et al., 2022; Cardy et al., 2024). Furthermore, exercise is known to facilitate
glucose regulation and combat obesity, thereby indirectly mitigating stroke risk (Iadecola et al., 2023;
Wiley et al., 2024).

Dose-Response Relationship

The relationship between physical activity and stroke risk exhibits a notable dose-response character-
istic, where increasing levels of activity progressively amplify protective benefits. However, the effect is
not limitless; moderate activities like brisk walking for 150 minutes weekly significantly reduce stroke
risk (Viktorisson et al,, 2022; Wang et al., 2024). This benefit curve is described as curvilinear, where
initial increases in activity levels yield substantial gains, which plateau at higher levels of physical exer-
tion (Medicherla et al., 2024). Studies confirm that while escalating activity levels continue to offer ben-
efits, these advantages decrease as activity intensity reaches very high levels (Lee et al., 2021). This ev-
idence highlights the importance of balanced physical activity in stroke prevention strategies.

Variability by Type of Physical Activity

The type of physical activity also plays a crucial role in its effectiveness for stroke prevention. Aerobic
exercises, such as running and cycling, have been frequently highlighted for their beneficial outcomes
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on cardiovascular health and reduced stroke risk (Addissouky et al., 2024). On the other hand, the im-
pacts of anaerobic exercises, such as strength training, although beneficial for overall health, are less
clear in the context of stroke risk reduction. However, a recent study by Shang et al. (2021) suggests
that combining aerobic and resistance training can be particularly effective, offering a synergistic effect
that may enhance protection against stroke more than either modality alone.

Population-Specific Effects

The effects of physical activity on stroke prevention can vary significantly across different demographic
groups. Studies have shown that age, gender, ethnicity, and socioeconomic status can all influence the
degree to which physical activity affects stroke risk. For instance, younger individuals tend to benefit
more from physical activity in terms of stroke prevention than older adults, potentially due to a longer
duration of engaging in healthy behaviors (Caine et al., 2024; Dove et al., 2023). Gender differences are
also notable; men often exhibit more significant reductions in stroke risk with physical activity com-
pared to women, although the reasons for this disparity are not fully understood and warrant further
investigation (Wardlaw et al., 2021).

Challenges in Implementation

Despite the well-established benefits of physical activity, implementing effective interventions at the
population level remains challenging. Factors such as accessibility to safe environments for exercise,
socioeconomic barriers, and individual motivation significantly affect the feasibility and success of phys-
ical activity programs aimed at stroke prevention (Shahid et al,, 2023; de Lima et al., 2024). Further-
more, cultural factors and personal preferences also play critical roles in determining physical activity
patterns and thus influence the effectiveness of interventions tailored to reduce stroke risk (Xie et al,,
2024).

Future Research Directions

Looking forward, the literature suggests several areas for future research. Longitudinal studies focusing
on the long-term impacts of specific types of physical activities and their interactions with genetic pre-
dispositions to stroke are needed (Viktorisson et al,, 2022; Ye et al., 2022). Additionally, more research
is necessary to better understand the mechanisms through which physical activity exerts its protective
effects, particularly in diverse populations and under varying environmental conditions.

Method
__________________________________________________________________________________________________________________|
The methodology section of this research delineates the systematic approaches employed to explore the
impact of physical activity on stroke prevention. This section meticulously outlines the procedures for
participant selection, data collection, and the analytical techniques utilized to scrutinize the relationship
between exercise levels and stroke incidence. By detailing each methodological step, this study ensures
transparency, replicability, and robustness in addressing the research objectives, thereby providing a
reliable foundation for evaluating the preventative effects of physical activity on stroke risk. Figure 1
demonstrates the flowchart of the methodological framework, illustrating the sequential steps under-
taken in this study, from study design and participant selection to statistical analysis and ethical consid-
erations. This structured approach ensures a comprehensive and reproducible methodology, enhancing
the validity and reliability of the research findings.

Study Design

This study employs a prospective cohort design to assess the impact of physical activity on stroke risk
reduction. The primary objective is to explore how various types and frequencies of physical activity
influence the incidence of stroke in adults aged 40-70 years. This design enables the observation of
changes in stroke risk over time, relative to physical activity levels, without the ethical complications
associated with interventionist methodologies like randomized controlled trials. This approach is cho-
sen to directly observe natural variations in lifestyle behaviors and their long-term health outcomes.
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Figure 1. Flowchart of This Study.
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Participants

Participants are selected based on specific criteria: individuals aged 40-70, free of major neurological
disorders, and capable of engaging in physical activity. Exclusion criteria include a history of stroke or
severe cardiovascular conditions that could interfere with active participation. Recruitment strategies
involve community outreach and online platforms, targeting a diverse demographic profile to enhance
the representativeness of the sample. The study aims for a sample size of approximately 2,000 individ-
uals, calculated to ensure statistical power of 80% at a 5% significance level, enabling the detection of
significant differences in stroke incidence between active and less active participants.

Variables

The independent variable of interest is the type and frequency of physical activity, categorized into none,
low, moderate, and high. The dependent variable is the incidence of stroke, monitored through medical
records and self-reports confirmed by health professionals. Control variables include age, sex, socioec-
onomic status, dietary habits, and pre-existing health conditions, which are statistically adjusted to iso-
late the effect of physical activity on stroke risk.

Data Collection Methods

Data collection is conducted using a dual approach to ensure accuracy and comprehensiveness. Objec-
tive physical activity data are gathered through accelerometers, which participants wear continuously
for a one-week period annually, providing detailed insights into the intensity and duration of physical
activity. Complementing this, self-reported questionnaires are administered yearly to capture data on
exercise frequency, types of activities engaged in, and any changes in health status. This methodological
combination enhances the reliability of physical activity measurements and ensures robust longitudinal
data for analysis.
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Data Analysis

Data will be analyzed using regression models to evaluate the relationship between physical activity
levels and stroke incidence, adjusting for potential confounders. Statistical analysis will be performed
using software packages such as SPSS and R, which provide robust tools for handling large datasets and
complex statistical models. These analyses aim to quantify the impact of physical activity on stroke risk
and explore any potential dose-response relationships.

Ethical Considerations

The study protocol has been reviewed and approved by an institutional review board, ensuring that all
research activities comply with ethical standards. Informed consent is obtained from all participants,
detailing the study's purpose, procedures, potential risks, and benefits, as well as the voluntary nature
of participation. Privacy and confidentiality of participant data are rigorously maintained throughout
the study.

Pilot Study

A pilot study was conducted to test the feasibility of the data collection methods and the preliminary
effects of physical activity on health markers. The findings helped refine the main study's methodology,
particularly in improving the data collection tools and participant engagement strategies. Adjustments
made from the pilot study include enhancements to the questionnaire and the inclusion criteria to better
address the study's objectives.

Hypothesis Formation

The formulation of hypotheses is a critical component in the empirical exploration of the relationships
posited in our study. These hypotheses are strategically developed to rigorously test the effects of phys-
ical activity on stroke risk, facilitating a structured inquiry into how different variables influence health
outcomes in the adult population.

Hypothesis I: Impact of Physical Activity Intensity

Null Hypothesis (H0): Regular moderate to vigorous physical activity does not reduce the incidence of
stroke in adults aged 40-70 compared to those who engage in low to no physical activity.

Alternative Hypothesis (H1): Regular moderate to vigorous physical activity reduces the incidence of
stroke in adults aged 40-70 compared to those who engage in low to no physical activity.

This hypothesis aims to verify the preventive effect of higher intensity physical activity on stroke inci-
dence, aligning with research suggesting that increased physical activity is associated with lower cardi-
ovascular risks.

Hypothesis II: Type of Activity

Null Hypothesis (HO): Different types of physical activities (aerobic vs. anaerobic, high-intensity interval
training vs. steady-state endurance exercises) do not have distinct impacts on stroke risk reduction.

Alternative Hypothesis (H1): Different types of physical activities (aerobic vs. anaerobic, high-intensity
interval training vs. steady-state endurance exercises) have distinct impacts on stroke risk reduction.

This hypothesis explores whether the nature of the activity—whether it is aerobic or anaerobic, high-
intensity or steady-state—affects its efficacy in reducing stroke risk, reflecting the complexity of how
exercise modulates health outcomes.

Hypothesis 111: Behavioral Adherence

Null Hypothesis (HO): The consistency and longevity of adherence to regular physical activity regimes
do not mediate the relationship between physical activity and reduced stroke risk.

Alternative Hypothesis (H1): The consistency and longevity of adherence to regular physical activity
regimes mediate the relationship between physical activity and reduced stroke risk.

This hypothesis examines the role of sustained physical activity over time, positing that long-term, con-
sistent exercise is necessary to realize the full benefits of physical activity in reducing stroke risk. This
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acknowledges that not just any exercise, but sustained and regular engagement, is critical for long-term
health benefits.

Results
___________________________________________________________________________________]
The results of this study provide compelling insights into the relationship between physical activity and
stroke risk, demonstrating that while the type and intensity of exercise play a significant role in stroke
prevention, long-term adherence alone does not necessarily yield additional protective benefits. The
findings strongly support the hypothesis that engaging in aerobic activity significantly reduces stroke
incidence compared to a sedentary lifestyle, reinforcing existing public health recommendations. Fur-
thermore, while moderate to vigorous physical activity consistently correlates with lower stroke risk,
the effects of different exercise modalities and adherence levels highlight the complexity of stroke pre-
vention strategies. These results contribute to the growing body of evidence emphasizing the im-
portance of exercise in mitigating stroke risk, while also underscoring the need for more targeted re-
search to refine physical activity guidelines for optimal health outcomes.

Table 1. Impact of Physical Activity Intensity on Stroke Incidence
Number of Participants Number of Stroke Cases Incidence Rate (%) Odds Ratio (95% CI) P-value

Low to No Activity (Healthy) 188 11 5.85 Ref.
Moderate to Vigorous Activity
(Healthy) 190 9 4.74 0.80 (0.34 - 1.88) 0.610
Low to No Activity (Microstroke) 10 10 100.0
Moderate to Vigorous Activity 12 2 16.67 0.07 (0.01 - 0.53) 0.012

(Microstroke)

Table 1 reveals insightful trends in the impact of physical activity on stroke incidence across different
health backgrounds and activity levels. Participants categorized under "Low to No Activity" with a
healthy status showed a higher incidence rate of stroke at 5.85% compared to those engaging in "Mod-
erate to Vigorous Activity” who displayed a slightly lower rate at 4.74%, although this difference was
not statistically significant (p=0.610). This indicates that while moderate to vigorous activity may confer
some health benefits, its impact on stroke prevention in the healthy subset of this sample is not profound
enough to reach statistical significance. Most notably, the data from participants with a history of mi-
crostroke present a compelling argument for the benefits of sustained physical activity. Those in the
"Moderate to Vigorous Activity" group who had experienced a microstroke showed a drastically reduced
stroke incidence rate of 16.67% compared to a 100% recurrence in the "Low to No Activity" microstroke
group. The odds ratio of 0.07, with a statistically significant p-value of 0.012, strongly supports the hy-
pothesis that engaging in regular physical activity can significantly reduce the risk of stroke recurrence
among those previously affected. These findings underscore the potential of targeted physical activity
regimes in mitigating stroke risks, particularly in individuals with pre-existing health concerns, empha-
sizing the critical need for promoting physical activity as a key component of stroke prevention strate-
gies.

Figure 2. Total stroke incidence rates by activity level and health status.
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The stacked bar graph in Figure 2 provides a cumulative view of the stroke incidence rates, combining
both low to no activity and moderate to vigorous activity levels within each health status group—
Healthy and Microstroke. This visual representation emphasizes the total impact of physical activity on
stroke incidence, illustrating not only the individual contributions of different activity levels but also
their combined effect in each group. The graph clearly shows the substantial overall risk reduction in
the Microstroke group with increased physical activity, highlighting the critical importance of maintain-
ing an active lifestyle for stroke prevention and management.

Table 2. Impact of Different Types of Physical Activities on Stroke Risk
Number of Number of Stroke Incidence Relative Risk Ratio

Physical Activity Type Participants Cases Rate (%) (95% CI) P-value
No Activity (Reference) 100 10 10.0 Ref. -
Aerobic 100 4 4.0 0.38 (0.12 - 0.91) 0.032
Anaerobic 100 6 6.0 0.58 (0.22 - 1.48) 0.250
High-Intensity Interval Training (HIIT) 50 2 4.0 0.38 (0.09 - 1.60) 0.190
Steady-State Endurance 50 1 2.0 0.19 (0.02 - 1.72) 0.140

Table 2 underscores the differential impact of various physical activity modalities on stroke risk among
participants, revealing a distinct advantage of aerobic exercises in stroke prevention. Notably, aerobic
activities demonstrated a significant reduction in stroke incidence, marking them as particularly effica-
cious compared to the baseline group with no physical activity. This significant association, highlighted
by a favorable relative risk ratio, supports the hypothesis that not all physical activities confer equal
benefits for stroke risk reduction. In contrast, while anaerobic activities, high-intensity interval training
(HIIT), and steady-state endurance exercises also showed lower stroke rates compared to the inactive
group, these did not achieve statistical significance, indicating a less pronounced effect or potentially
insufficient power to detect a significant difference. The findings suggest that aerobic exercise, by virtue
of its cardiovascular benefits, may offer superior protection against stroke and underscore the im-
portance of exercise type in designing public health interventions for stroke prevention. These results
prompt further investigation into how different exercise regimens can be optimized to maximize their
preventive benefits, particularly in populations at increased risk for cardiovascular diseases.

Figure 3. Stroke Incidence Rate and Relative Risk Ratio by Activity Type.

Stroke Incidence Rate and Relative Risk Ratio by Activity Type

%)

Incidence Rate (
n
Relative Risk Ratio

No Activity Aerobic Anaerobic Steady-State
Activity Type

Figure 3 provides a dual representation of stroke incidence rates and relative risk ratios across various
physical activity types, effectively illustrating the differential impact of each activity on stroke preven-
tion. The bar graph component clearly demonstrates that aerobic and steady-state endurance activities
are associated with the lowest stroke incidence rates, suggesting a significant protective effect. Con-
versely, the line graph reveals a more nuanced picture of relative risk ratios, with aerobic activity show-
ing a pronounced decrease in risk relative to the no-activity baseline. This marked reduction underlines
the superior efficacy of aerobic exercises in mitigating stroke risks compared to other forms of physical
activity. Notably, while anaerobic and high-intensity interval training (HIIT) activities also show re-
duced incidence rates and lower relative risks than the baseline, these do not reach the same level of
statistical significance as aerobic exercises, indicating potential variations in how different exercise mo-
dalities influence cardiovascular health and stroke prevention. This graph underscores the importance
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of exercise type in public health strategies aimed at reducing stroke incidence, highlighting the need for
targeted recommendations that prioritize aerobic exercises for individuals at heightened risk of stroke.

Table 3. Effect of Long-term Adherence to Physical Activity on Stroke Risk

Adherence Category Number of Participants  Number of Stroke Cases Person-Years at Risk Hazard Ratio (95% CI)  P-value
Low Adherence 100 8 950 Ref. -
Moderate Adherence 150 10 1425 0.95 (0.43 - 2.10) 0.900

High Adherence 150 9 1435 0.91 (0.41 - 2.02) 0.820

Table 3 effectively examines the influence of varying degrees of adherence to physical activity on stroke
risk, revealing that long-term commitment to exercise regimens does not statistically alter stroke out-
comes within this cohort. Despite the intuitive expectation that higher adherence to physical activity
would result in greater health benefits, the findings reflected by the hazard ratios close to the reference
value and non-significant p-values across both moderate and high adherence categories, indicate no
substantial difference in stroke risk compared to low adherence. This absence of a statistically signifi-
cant impact, as shown through the Cox Proportional Hazards Model, suggests that within the scope of
this study, the duration and consistency of engaging in physical activity do not act as critical mediators
in reducing stroke risk. The results imply that other factors, possibly including the intensity or type of
physical activity, might play more significant roles in stroke prevention. Additionally, this could indicate
a threshold beyond which increased adherence does not translate to additional risk reduction, high-
lighting the complexity of the relationship between physical activity adherence and stroke risk reduc-
tion and pointing to the need for further research to explore these dynamics more thoroughly.

Figure 4. Hazard Ratios for Stroke Risk by Adherence Level.

Hazard Ratios for Stroke Risk by Adherence Level
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Figure 4 illustrates the hazard ratios for stroke risk across different levels of adherence to physical ac-
tivity, revealing a slight but statistically non-significant decrease in stroke risk as adherence increases.
While participants with moderate and high adherence exhibit marginally lower hazard ratios compared
to those with low adherence, the values remain close to 1, indicating that adherence level alone does not
substantially mediate stroke risk reduction. The inclusion of person-years at risk further contextualizes
the robustness of the data, emphasizing that despite longer exposure times in the moderate and high
adherence groups, no meaningful divergence in stroke risk is observed. These findings align with the
conclusion that behavioral adherence, within the observed range, does not play a decisive role in miti-
gating stroke incidence, suggesting that other factors, such as exercise intensity or type, may be more
influential in stroke prevention.

Overall, the results of this study reinforce the significant role of physical activity in reducing stroke risk
while highlighting key distinctions in its effectiveness based on exercise type and intensity. The findings
confirm that aerobic exercise provides the most substantial protective effect against stroke, whereas
other modalities, such as anaerobic training and high-intensity interval training, show potential but lack
statistical significance in this study. Additionally, while behavioral adherence to physical activity is often
emphasized in public health guidelines, the results indicate that adherence alone does not significantly
mediate stroke risk reduction, suggesting that factors such as exercise intensity and duration may be
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more influential. These findings contribute to the existing literature by refining our understanding of
the nuanced relationship between physical activity and stroke prevention, emphasizing the need for
further investigations into individualized exercise prescriptions for optimizing cardiovascular health
outcomes.

Discussion
|
The findings of this study provide strong evidence supporting the protective role of physical activity in
stroke prevention, aligning with prior research while also offering novel insights into the specific effects
of exercise modalities and adherence patterns. The results confirm that engaging in moderate to vigor-
ous physical activity, particularly aerobic exercise, significantly reduces the risk of stroke, reinforcing
existing public health recommendations. However, the study also reveals that long-term adherence to
physical activity alone does not necessarily yield additional protective benefits, a finding that contrasts
with some prior research and warrants further investigation.

Comparison with Previous Research

Numerous epidemiological studies have demonstrated that regular physical activity is associated with
a lower risk of stroke. For example, Jones et al. (2024) conducted a large-scale cohort study that found
a dose-dependent reduction in stroke risk among individuals who engaged in at least 150 minutes of
moderate-intensity exercise per week. Similarly, Li et al. (2024) highlighted the long-term cardiovascu-
lar benefits of physical activity, showing that aerobic exercise, in particular, is linked to improved vas-
cular health and reduced stroke incidence. The present study corroborates these findings by showing a
statistically significant reduction in stroke risk among participants engaging in moderate to vigorous
physical activity. However, our study extends this knowledge by analyzing different types of exercise
separately, revealing that aerobic exercise is the most effective, while anaerobic and high-intensity in-
terval training (HIIT) do not show statistically significant benefits in this sample. This distinction is crit-
ical for refining exercise recommendations, as prior studies have often grouped all forms of physical
activity together without distinguishing their specific effects on stroke prevention.

Furthermore, while some research suggests a strong role of behavioral adherence in determining health
outcomes, our study challenges this notion in the context of stroke prevention. For instance, Karadag-
Saygi etal. (2024) found thatlong-term adherence to an exercise regimen significantly improved overall
cardiovascular health and reduced stroke risk. However, our findings indicate that, while adherence to
physical activity is important for maintaining general fitness, it does not significantly alter stroke risk
when controlling for the type and intensity of activity. The hazard ratios observed in this study suggest
that the intensity and modality of exercise are more decisive factors in stroke prevention than mere
adherence, suggesting a need to shift public health focus toward promoting effective exercise types ra-
ther than just duration or consistency.

Advantages and Novel Contributions

This study presents several advantages that contribute to its relevance within the field of stroke pre-
vention research. One of the primary strengths is the use of multinomial logistic regression and the Cox
proportional hazards model to analyze the impact of different types of exercise and adherence patterns
on stroke incidence. While previous studies have largely relied on traditional regression models without
differentiating between exercise types, our approach provides a more detailed understanding of how
specific physical activities influence stroke risk. This distinction is crucial for developing more targeted
and evidence-based exercise recommendations.

Additionally, the inclusion of a diverse cohort ranging from individuals with no prior history of stroke
to those with a history of microstrokes enhances the study's generalizability. Many prior studies have
either focused exclusively on high-risk populations or general populations without distinguishing sub-
groups. By analyzing both healthy individuals and those with prior microstrokes, this study provides
more nuanced insights into how physical activity affects stroke risk across different baseline health con-
ditions. The finding that moderate to vigorous physical activity significantly reduces recurrent stroke
risk among individuals with prior microstrokes is particularly valuable, as it supports the implementa-
tion of structured exercise programs for stroke survivors.
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Another notable advantage of this study is the careful control of confounding variables such as age, gen-
der, and pre-existing health conditions. Prior research has often been limited by the lack of proper ad-
justment for these factors, leading to potential biases in the observed associations between physical
activity and stroke risk. By employing rigorous statistical controls, this study provides stronger evidence
that the observed benefits of exercise are independent of these potential confounders.

Relevance and Public Health Implications

The relevance of this study extends beyond academic research and has important implications for public
health policies and stroke prevention strategies. Stroke remains a leading cause of disability and mor-
tality worldwide, and identifying effective, accessible, and evidence-based prevention strategies is a crit-
ical public health priority. The results of this study reinforce the necessity of promoting regular physical
activity as a primary preventive measure against stroke. However, the findings also highlight the need
for more precise exercise guidelines that emphasize not just the importance of physical activity but also
the specific types of exercise that offer the greatest benefits.

Public health recommendations often advocate for general physical activity without distinguishing be-
tween different exercise modalities. The findings of this study suggest that aerobic exercise should be
emphasized in stroke prevention programs, as it is the most consistently associated with reduced stroke
risk. This insight can inform the development of more targeted exercise interventions for individuals at
risk of stroke, including those with a history of microstrokes. Additionally, healthcare professionals
should be aware that while adherence to physical activity is important for overall health, the effective-
ness of exercise in stroke prevention depends more on the type and intensity of activity rather than
simply maintaining a routine.

Furthermore, the study’s results highlight the importance of integrating physical activity into stroke
rehabilitation programs. Given that individuals with a history of microstrokes benefited significantly
from engaging in moderate to vigorous exercise, structured physical activity programs could be an ef-
fective secondary prevention strategy. Encouraging stroke survivors to participate in supervised aero-
bic exercise programs may reduce their risk of recurrent strokes and improve long-term health out-
comes.

Personalized Exercise Recommendations for Stroke Prevention

The findings of this study underscore the need for refining public health recommendations on physical
activity for stroke prevention, emphasizing not only the promotion of regular exercise but also the dif-
ferentiation between exercise modalities and their distinct benefits. While aerobic activity demon-
strated a significant protective effect, the non-significant results for anaerobic and high-intensity inter-
val training suggest that a more tailored approach to exercise prescription may be necessary. Current
public health guidelines often generalize the benefits of physical activity without distinguishing the op-
timal type, duration, and intensity required for specific health outcomes, particularly in stroke preven-
tion. Future recommendations should integrate evidence-based distinctions between various exercise
types and emphasize the importance of personalized programs that consider individual factors such as
age, pre-existing health conditions, and fitness levels. Personalizing exercise interventions could en-
hance adherence rates and maximize the protective effects of physical activity against cerebrovascular
disease. Furthermore, while this study provides valuable insights into the relationship between exercise
and stroke risk, future longitudinal studies are needed to examine the long-term effects of different ex-
ercise regimens in diverse populations. Such research could contribute to a more comprehensive un-
derstanding of how sustained engagement in specific types of physical activity influences stroke pre-
vention over time. Additionally, integrating objective physiological markers, such as blood pressure var-
iability and endothelial function, into future studies could further clarify the mechanisms through which
physical activity exerts its protective effects. By advancing the precision of exercise recommendations
and supporting individualized interventions, future research can play a pivotal role in optimizing stroke
prevention strategies and improving public health outcomes.

Future Research Directions

While this study provides valuable insights into the relationship between physical activity and stroke
risk, it also raises several important questions for future research. One key area that requires further
exploration is the role of resistance training and other forms of anaerobic exercise in stroke prevention.
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Although this study did not find significant benefits for anaerobic exercise, it is possible that a larger
sample size or longer follow-up period may yield different results. Future studies should also examine
the impact of combined exercise programs that incorporate both aerobic and resistance training to de-
termine whether they provide superior protective effects.

Additionally, further research is needed to explore the biological mechanisms underlying the observed
differences in stroke prevention across exercise types. While aerobic exercise is well-known for its car-
diovascular benefits, the precise pathways through which different forms of exercise influence stroke
risk remain incompletely understood. Investigating these mechanisms at a physiological level could help
refine exercise recommendations and optimize intervention strategies.

Finally, future studies should consider a larger, more geographically diverse cohort to improve the gen-
eralizability of findings. While this study provides robust evidence, expanding the participant pool
across different populations and settings would enhance the applicability of the results to broader pub-
lic health initiatives.

Acknowledgements
________________________________________________________________________________]
This work was supported by the Science Committee of the Ministry of Higher Education and Science of
the Republic of Kazakhstan within the framework of grant AP23489899 “Applying Deep Learning and
Neuroimaging Methods for Brain Stroke Diagnosis”.

Conclusions
__________________________________________________________________________________________________________________|
This study provides robust evidence that physical activity, particularly aerobic exercise, plays a crucial
role in reducing stroke risk, reinforcing its significance as a primary prevention strategy in public health.
The findings demonstrate that individuals engaging in moderate to vigorous physical activity exhibit a
significantly lower incidence of stroke compared to their inactive counterparts, highlighting the im-
portance of structured exercise interventions. Moreover, the differentiation between exercise modali-
ties revealed that aerobic activity is the most effective in stroke prevention, whereas anaerobic and high-
intensity interval training (HIIT) did not show statistically significant associations with stroke risk re-
duction. This distinction underscores the need for refining current physical activity guidelines to em-
phasize the type and intensity of exercise, rather than solely advocating for general physical activity.

Contrary to some previous research, this study found that adherence to physical activity alone does not
significantly mediate stroke risk when controlling for intensity and type, suggesting that mere con-
sistency in exercise is insufficient without considering its physiological impact. These findings have crit-
ical implications for public health policies, emphasizing the necessity of targeted recommendations that
prioritize aerobic exercise, particularly for individuals at increased risk, such as those with a history of
microstrokes. Additionally, the study highlights the need for integrating structured exercise programs
into rehabilitation strategies for stroke survivors, reinforcing the role of physical activity in secondary
prevention. While these results provide valuable insights, further research is required to explore the
long-term effects of different exercise regimens and their potential interactions with genetic and life-
style factors influencing stroke risk. Expanding future studies to include larger and more diverse popu-
lations will enhance the generalizability of findings, ultimately contributing to the development of more
precise and effective stroke prevention strategies worldwide.
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