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Abstract:

Hypertension, a well-established risk factor for cardiovascular diseases, has emerged as a significant contributor to Alzheimer’s disease
(AD) pathogenesis. This review explores the pathophysiological mechanisms through which hypertension exacerbates neurodegeneration,
with a focus on cerebrovascular dysfunction, blood-brain barrier (BBB) disruption, neuroinflammation, oxidative stress, and amyloid-beta
accumulation. Additionally, the potential role of antihypertensive treatments in mitigating cognitive decline and slowing AD progression is
examined. Understanding the molecular pathwayslinking hypertension to AD could facilitate the development of therapeuticinterventions

aimed at preventing or delaying dementia.
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INTRODUCTION

Alzheimer’s disease (AD), a progressive neurodegenerative disorder,
is the leading cause of dementia, affecting over 50 million people
globally.1 The disease is hallmarked by the accumulation of amyloid-
beta plaques and neurofibrillary tangles of hyper-phosphorylated tau,
which disrupt neuronal function and lead to cognitive decline.> While
the precise etiology of AD remains unclear, it is widely recognized that
vascular risk factors, particularly hypertension, play a critical role in
its onset and progression.®> Hypertension, which affects approximately
1.3 billion individuals worldwide, is well-documented as a major
cardiovascular risk factor.* Recent studies highlight its association
with an increased risk of dementia and cognitive decline, supporting
the notion of hypertension as a modifiable risk factor in AD.>

Epidemiological evidence consistently links midlife hypertension
with an increased risk of developing AD later in life (Table 1).5 This
association is thought to arise through several mechanisms, including
impaired cerebral blood flow, vascular damage, neuro-inflammation,
and the accumulation of amyloid-beta and tau.”8 Notably, the vascular
hypothesis of AD posits that cerebrovascular dysfunction may precede
and exacerbate neurodegenerative changes, leading to cognitive
impairment.” Furthermore, hypertension disrupts the integrity of
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the blood-brain barrier (BBB), facilitating the infiltration of harmful
substances into the brain, which contributes to neuro-degeneration and

cognitive decline.!®

Pathophysiological Mechanisms Linking Hypertension
and AD

Cerebrovascular Dysfunction and Blood-Brain Barrier
Disruption
the

causing structural and functional abnormalities that impair cerebral

Hypertension significantly impacts cerebral vasculature,
blood flow."" Chronic hypertension induces vascular remodeling,
including endothelial dysfunction, arterial thickening, and increased
stiffness, all of which contribute to reduced cerebral perfusion and
neuronal ischemia.'? This impaired blood flow, in conjunction with
neurovascular uncoupling, results in inadequate oxygen and nutrient
delivery to neurons, leading to synaptic dysfunction and neuronal
damage."?

The disruption of the BBB, a selective barrier that prevents harmful
substances in the blood from entering the brain, is another key
mechanism linking hypertension to AD.** Studies have shown that
hypertension increases BBB permeability, facilitating the entry of
inflammatory cytokines and immune cells into the brain parenchyma.'s
This leads to neuro-inflammation, which accelerates amyloid-beta
and tau deposition, thereby exacerbating neurodegeneration.16 BBB
breakdown in hypertensive individuals has been associated with a

higher amyloid plaque burden and cognitive decline.'”
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Table 1: Key Epidemiological Studies Linking Hypertension to Alzheimer’s Disease.

. Follow-up A
Study Population Duration Key Findings
. Hypertensive individuals had 1.5x higher
5 —
Ruitenberg et al. Rotterdam Study (n = 7,000) 10 years AD risk (HR 1.5, 95% Cl 1.1-2.0).
- - - o
Weng et alé Meta-analysis (n = 50,000) 5 20 years |1902ci|1ecé)relat|ve risk (RR) of 1.4 for AD in hypertension (95% Cl
. . Midlife hypertension associated with 2x higher
7 —
Seshadri et al. Framingham (n = 1,200) 15 years AD risk (OR 2.0).

Stroke as a Mediator in AD Pathogenesis

Stroke, especially ischemic stroke, is a major consequence of hypertension
and has been implicated in the pathogenesis of AD. Hypertension elevates
the risk of both ischemic and hemorrhagic strokes, which cause acute
and chronic damage to the brain vasculature."® Ischemic strokes impair
neurovascular function and promote neurodegeneration, including
neuronal loss and glial activation. Cuadrado-Tejedor et al. demonstrated
that stroke accelerates amyloid-beta accumulation, a hallmark of AD
pathology."’

The relationship between stroke and AD is bidirectional: stroke increases
the risk of developing AD, while AD pathology enhances susceptibility
to stroke by impairing blood flow regulation and predisposing the brain
to vascular events.?’ Moreover, stroke-related damage to white matter
and hippocampal regions may exacerbate cognitive decline in patients
with pre-existing AD pathology.*!

White Matter Lesions and Cognitive Decline

White matter lesions (WMLs) are commonly observed in individuals
with hypertension and are associated with an increased risk of cognitive
decline, particularly in AD.** Hypertension-induced microvascular
damage leads to ischemia in the brain’s white matter, contributing to
WML formation. These lesions disrupt neural connections and impair
cognitive networks, resulting in deficits in memory, processing speed,
and executive function.”

Research by Debette et al. suggests that WMLs bridge vascular
pathology and neurodegeneration,
impairment in hypertensive individuals with AD.2* Additionally, the
severity of WMLs has been found to correlate with the degree of

amyloid-beta and tau deposition, indicating a synergistic relationship
25

contributing to cognitive

between vascular damage and neuro-degeneration.

Table 2: Mechanisms of Hypertension-Induced AD Pathology.

Neuroinflammation as a Central Mechanism

Chronic hypertension activates glial cells, particularly microglia and
astrocytes, leading to the release of pro-inflammatory cytokines such as
TNF-a and IL-1B.% These cytokines promote neuronal damage, disrupt
synaptic plasticity, and accelerate amyloid-beta and tau accumulation.”’
Moreover, hypertension-induced neuro-inflammation contributes to
oxidative stress, which exacerbates neuro-degeneration by increasing
the production of reactive oxygen species (ROS).2

Activation of the renin-angiotensin system (RAS) in the brain plays
a pivotal role in hypertension-induced neuroinflammation.”” When
activated in the brain, the RAS promotes inflammatory responses,
leading to neuronal damage and cognitive decline. In animal models,
angiotensin receptor blockers (ARBs) have shown promise in
reducing neuro-inflammation and improving cognitive outcomes in
hypertensive individuals, suggesting a potential therapeutic strategy
for both hypertension and AD.*

Amyloid-Beta Accumulation and Impaired Clearance

Hypertension has been linked to the accumulation of amyloid-beta,
a central pathological feature of AD. Chronic hypertension impairs
the clearance of amyloid-beta, both by disrupting BBB transport
mechanisms and by inhibiting enzymatic degradation.*’ The buildup
of amyloid plaques contributes to synaptic dysfunction and neuronal
loss, which accelerates cognitive decline.

Research by Ye et al. demonstrated that hypertensive rats had elevated
levels of amyloid-beta, linked to reduced clearance and increased
oxidative stress.*? Furthermore, hypertension-induced cerebrovascular
damage impairs the glymphatic system, responsible for the clearance
of waste products from the brain, thereby exacerbating amyloid-beta

accumulation.?

Mechanism Key Processes

Experimental Evidence

AD-Related Outcomes

BBB Disruption'*” Increased permeability,

cytokine entry

Human MRI showing BBB leakage in AD
patients

Higher amyloid burden, cognitive
decline

34,37

Oxidative Stress ROS, lipid peroxidation

Hypertensive rats with elevated A3

Neuronal damage, synaptic loss

Neuro-inflammation?%3° Microglial activation, TNF-a ARBs reduce inflammation in rodent Improved cognition, reduced tau
release models
Table 3: Effects of Antihypertensive Drugs on AD Markers.
Drug Class Examples Mechanism Cognitive Outcome
ARBs Losartan Block angiotensin Il receptors Slowed cognitive decline in clinical trials
ACE Inhibitors Lisinopril Inhibit ACE, reduce angiotensin Il Mixed results; modest protection
Calcium Channel Blockers Amlodipine Improve cerebral blood flow Stabilized MMSE scores over 3 years
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The Role of Oxidative Stress in Hypertension and AD

Oxidative stress is a critical factor in the pathogenesis of both
hypertension and AD. Hypertension increases the production of ROS,
which can damage cellular components, including lipids, proteins,
and DNA.** This oxidative damage is particularly detrimental in the
brain, where it can lead to neuronal dysfunction and death. ROS
also contribute to the activation of inflammatory pathways, further
exacerbating neuro-inflammation and neuro-degeneration.>*

In AD, oxidative stress is closely linked to the accumulation of
amyloid-beta and tau. Amyloid-beta itself can induce oxidative stress,
creating a vicious cycle that accelerates neuronal damage.® Studies
have shown that hypertensive individuals exhibit higher levels of
oxidative stress markers in the brain, which correlate with the severity
of cognitive impairment.”” Antioxidant therapies have been explored
as potential treatments for both hypertension and AD, with some
studies suggesting that they may help reduce oxidative damage and

improve cognitive function.®®

The Impact of Hypertension on Synaptic Plasticity

Synaptic plasticity, the ability of synapses to strengthen or weaken
over time, is essential for learning and memory. Hypertension has
been shown to impair synaptic plasticity, contributing to cognitive
decline in AD.* Chronic hypertension leads to the dysfunction of
synaptic transmission and plasticity by increasing oxidative stress,
neuroinflammation, and amyloid-beta deposition.* Studies have
found that hypertensive individuals exhibit deficits in long-term
potentiation (LTP), a key mechanism of synaptic plasticity that is also
impaired in AD."

Antihypertensive Treatment and Cognitive Protection

Antihypertensive treatment has been suggested to not only reduce
cardiovascular risk but also slow the progression of cognitive
decline in individuals with hypertension and AD. Several classes
of antihypertensive drugs, including ACE inhibitors, angiotensin
receptor blockers (ARBs), and calcium channel blockers, have shown
promise in improving cognitive function and reducing amyloid-beta
accumulation.***3

For instance, ARBs have been found to improve cognitive function and
reduce neuro-inflammation in hypertensive patients with AD.* These
findings support the hypothesis that blood pressure control may mitigate
the vascular and neuro-inflammatory components of AD pathology.

CONCLUSION

Hypertension is amajor risk factor for Alzheimer’s disease, with evidence
linking it to cerebrovascular dysfunction, neuro-inflammation, oxidative
stress, and amyloid-beta accumulation. These mechanisms collectively
contribute to the acceleration of cognitive decline in individuals with
both hypertension and AD. Effective management of hypertension,
including the use of antihypertensive drugs such as ARBs, may offer
therapeutic benefits in preventing or delaying the onset and progression
of AD. Further research is needed to explore the full potential of
antihypertensive therapies in the treatment of AD.
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