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Atherosclerosis and Risk of Dementia and Cognitive Decline:
Implications and Prevention Strategies
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Atherosclerosis, a chronic inflammatory disease characterized by plaque buildup in arteries, is increasingly recognized as a significant risk
factor for cognitive impairment and dementia. Epidemiological studies consistently demonstrate a positive association between atherosclerosis,
particularly in the carotid arteries, and the development of cognitive dysfunction, including both vascular dementia and Alzheimer’s disease.
This paper explores the mechanistic link between atherosclerosis and dementia, emphasizing the role of cerebral hypoperfusion, inflammation,
and amyloid-beta accumulation. We discuss the profound implications of these findings for public health and clinical practice, highlighting
the importance of early intervention and prevention strategies targeting modifiable risk factors associated with atherosclerosis. A proactive,
multifaceted approach focusing on prevention, early detection, and personalized therapy holds immense promise for mitigating the growing

burden of cognitive impairment.
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INTRODUCTION

Dementia poses a major global health challenge, with an
aging population driving increasing prevalence. Alzheimer’s
disease (AD) is the most common form, but vascular
dementia (VD) and mixed dementias contribute significantly
to the overall burden. While AD research has traditionally
focused on amyloid plaques and neurofibrillary tangles,
growing evidence highlights the role of vascular factors
in cognitive decline, even in AD. Atherosclerosis, a major
contributor to cardiovascular disease, has emerged as a
key modifiable risk factor influencing the development and
progression of dementia.l'! This paper aims to synthesize the
current understanding of the link between atherosclerosis
and dementia risk, focusing on the mechanisms involved and
exploring potential prevention strategies.

EriDEmioLoGICAL EVIDENCE

The association between atherosclerosis and cognitive
impairment has been investigated in numerous studies, with
several meta-analyses synthesizing the available evidence.
Eight meta-analyses!'® specifically examining the relationship
between atherosclerosis, especially in the carotid arteries,

Access this article online

Quick Response Code:
Website:
https://journals.lww.com/apat

DOI:
10.4103/APTJ.APTJ_22_26

and cognitive impairment consistently reported positive
correlations.

These studies demonstrate that individuals with evidence of
atherosclerosis are at a significantly higher risk of developing
cognitive dysfunction and dementia. Meta-analytic evidence
shows that an increased carotid intima-media thickness
(CIMT), a non-invasive indicator of early atherosclerosis, is
significantly linked to subsequent cognitive decline.” Similarly,
the presence of carotid artery plaque is associated with poorer
performance on cognitive tests, including the Mini-Mental
State Examination.®” Furthermore, aortic stiffness, another
indicator of vascular dysfunction, is linked to an increased
risk of cognitive decline.l! A comprehensive meta-analysis
by Sabayan et al.®! focused on intracranial atherosclerosis
disease (ICAD) and found a significant association between
ICAD and cognitive impairment and dementia. These findings,
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taken together, provide strong support for the hypothesis
that atherosclerosis, a marker of midlife vascular disease,
contributes to the development or progression of cognitive
impairment and dementia.

PotentiAL MEcHANISMS

The impact of midlife vascular risk factors on later-life
cognitive health is increasingly recognized. Atherosclerosis,
driven by risk factors such as diabetes, hypertension,
hypercholesterolemia, smoking, and aging, exerts its
detrimental influence through several shared pathways affecting
brain health.”’ The brain’s high metabolic demands make it
particularly vulnerable to the consequences of atherosclerosis,
including cerebral hypoperfusion and hypometabolism. This
chronic reduction in blood flow, resulting from narrowed and
stiffened vessels, initiates a cascade of events contributing to
the pathologies of both VD and AD."!

Cerebral hypoperfusion and hypometabolism

The most direct consequence of atherosclerosis is reduced
blood flow to the brain. This cerebral hypoperfusion deprives
brain tissue of adequate oxygen, energy, and nutrients,
leading to neuronal dysfunction and even cell death. Chronic
hypoperfusion triggers a cascade of damage, including
neuroinflammation, white matter lesions, and ultimately,
neurodegeneration.'” Even transient ischemic events, through
hypoxia and hypoglycemia, can induce excitotoxicity, further
accelerating cognitive decline.

Amyloid-beta dysregulation

Emerging evidence suggests a link between atherosclerosis
and the accumulation of amyloid-beta (AP), a key
pathological hallmark of AD. Brain hypoxia, resulting from
atherosclerosis-induced hypoperfusion, is thought to increase
AP production.!! Furthermore, atherosclerosis may impair
the clearance of AP from the brain, further contributing to its
accumulation and plaque formation.

Brain atrophy and structural damage

Studies have linked carotid artery disease to reduced brain
volume, underscoring the importance of vascular health for
maintaining brain structure.l'” Decreased blood flow can
directly contribute to brain shrinkage and structural damage,
leading to cognitive decline. The brain’s compensatory
mechanisms for reduced blood flow can also backfire,
impairing vascular function and exacerbating the problem.

Neuroinflammation

Neuroinflammation and the ensuing cognitive decline
arise from a cascade that begins when inflammatory cells
infiltrate the subendothelial space of cerebral vessels,
oxidize low-density lipoprotein (ox-LDL), and seed
atherosclerotic plaques. As plaques enlarge, they damage
the endothelium, provoking smooth muscle cell proliferation
and vascular remodeling that together blunt cerebral
perfusion.l'¥! Chronic hypoperfusion creates ischemic
and hypoxic stress, injuring brain endothelial cells and

weakening the blood-brain barrier; consequently, peripheral
immune mediators and lipids spill into the parenchyma. This
breach triggers a local inflammatory response marked by
microglial activation, cytokine release, and oxidative stress,
which in turn drives pathological tau phosphorylation and
neurofibrillary tangle formation. The resulting synaptic
loss and neuronal apoptosis erode neural network integrity,
manifesting clinically as cognitive dysfunction. Thus, the
inflammatory—vascular axis provides a mechanistic bridge
linking atherosclerotic disease to neuroinflammation and
progressive cognitive decline.!*

ImpLicATIONS FOR PuBLic HEALTH AND CLINICAL
PracTICE

The insidious nature of atherosclerosis, often developing
asymptomatically in middle age, has profound implications for
cognitive health later in life. Its long preclinical phase suggests
that even subtle atherosclerosis-related changes years before
the onset of dementia symptoms can significantly contribute
to cognitive decline. This highlights the importance of early
detection and intervention.

Window of opportunity

The preclinical nature of the disease identifies a critical
“window of opportunity” for preventing or controlling
atherosclerosis early in life, potentially delaying the onset

of age-related cognitive impairment and reducing dementia
risk.l'

Public health and clinical practice

These findings have significant implications for public health
and clinical practice, especially within the realm of precision
medicine. Modifiable risk factors, such as lifestyle choices,
play a crucial role in the codevelopment of atherosclerosis
and dementia, empowering individuals to take control of their
health trajectory.!'*!

Integrated health care and lifelong care

A move toward a more integrated healthcare model is
warranted, focusing on lifelong care teams rather than isolated
specialties. This collaborative approach would improve
prevention efforts, personalized treatment plans, and routine
dementia screenings for those at risk, particularly individuals
with atherosclerosis.

Prevention-oriented trial design
Selection criteria for prevention trials should consider
interconnected risk factors, not in isolation.

Public health literacy

Increased public health literacy is crucial regarding the
preventable nature of many risk factors associated with
atherosclerosis.

The complex interplay between vascular risk factors,
cerebrovascular disease, and vascular neurocognitive disorders
presents a significant challenge. However, a multifaceted
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approach focusing on prevention, early detection, and
personalized therapy holds immense promise for mitigating
the growing burden of cognitive impairment.

STRATEGY PREVENTION

Given the strong link between atherosclerosis and dementia
risk, prevention strategies should focus on mitigating
atherosclerosis development and progression throughout the
lifespan. These strategies include the following:

Lifestyle modifications

This is the cornerstone of any prevention strategy.

*  Healthy diet: Emphasize a diet rich in fruits, vegetables,
whole grains, and lean protein. Limit saturated and
trans fats, processed foods, and added sugars. The
Mediterranean diet is a well-established dietary pattern
beneficial for cardiovascular and cognitive health!'¥

*  Regular physical activity: Aim for at least 150 min of
moderate intensity or 75 min of vigorous-intensity aerobic
exercise per week, plus muscle-strengthening activities
twice a week

*  Smoking cessation: Smoking is a major risk factor for
atherosclerosis and dementia. Quitting smoking at any
age can significantly improve cardiovascular and cognitive
health.['¥

Moderate alcohol consumption

Alcohol’s relationship with cognition is nuanced and
hinges on dosage, timing, and individual susceptibility.
Epidemiologic guidelines generally define “moderate”
drinking as no more than one standard drink per day for
women and two for men, a level at which many studies
have detected modest neuroprotective signals rather than
outright harm.!™! A growing body of laboratory evidence
suggests that low-to-moderate ethanol concentrations can be
neuroprotective, especially against the toxic actions of AP,
a key protein in AD. In cultured neurons, ethanol has been
shown to shield synapses from AB-induced damage!'® and to
blunt AB-driven synaptotoxicity.l'”! Moreover, pre-exposure
to modest ethanol levels can dampen the expression of
neuroinflammatory proteins linked to dementia,'®') indicating
a potential preconditioning effect. Nevertheless, because the
balance between benefit and harm shifts rapidly with higher
doses or chronic use, any cognitive advantage is limited to
truly moderate drinking and should be weighed against the
well-documented risks of excessive alcohol use.

Management of vascular risk factors

*  Hypertension control: Maintain blood pressure within the
recommended target range through lifestyle modifications
and, if necessary, medication

*  Cholesterol management: Lower LDL cholesterol and
raise high-density lipoprotein cholesterol through diet,
exercise, and, if necessary, statin medications

»  Diabetes management: Control blood sugar levels through
diet, exercise, and, if necessary, medication.!'¥

Early detection and monitoring

*  Regular cardiovascular risk assessment: Individuals,
particularly those with a family history of cardiovascular
disease or dementia, should undergo regular cardiovascular
risk assessments, including blood pressure, cholesterol,
and blood sugar measurements

*  Carotid artery screening: In selected individuals at high
risk, carotid artery ultrasound may be considered to
assess for the presence of atherosclerosis

» Cognitive screening: Regular cognitive screening,
especially for individuals with vascular risk factors, can
help detect early signs of cognitive decline.

Pharmacological interventions

»  Statins: Statins may not only reduce cholesterol levels but
also have anti-inflammatory and neuroprotective effects.
However, their use should be carefully considered based
on individual risk factors and potential side effects!¥

» Antiplatelet medications: In certain individuals with
existing atherosclerotic cardiovascular disease, antiplatelet
medications like aspirin may be considered to reduce the
risk of stroke and other cardiovascular events.

Future directions

Further research is needed to fully elucidate the complex

interplay between atherosclerosis and dementia risk. Specific

areas of investigation include the following:

* Genetic factors: Identifying genetic variants that
predispose individuals to both atherosclerosis and
dementia

*  Biomarkers: Developing biomarkers that can accurately
predict the risk of dementia in individuals with
atherosclerosis

*  Novel therapies: Exploring novel therapeutic targets
for preventing or treating atherosclerosis and cognitive
decline

* Longitudinal studies: Conducting long-term studies to
track the progression of atherosclerosis and its impact on
cognitive function.

CONCLUSION

Atherosclerosis is a significant and modifiable risk factor
for cognitive impairment and dementia. Understanding the
underlying mechanisms linking atherosclerosis to cognitive
decline is crucial for developing effective prevention strategies.
A comprehensive, lifespan approach focusing on lifestyle
modifications, management of vascular risk factors, early
detection, and personalized interventions holds promise for
reducing the burden of dementia and promoting cognitive health
throughout the aging process. Further research is needed to refine
prevention strategies and identify novel therapeutic targets.
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