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Chapter

Cerebrovascular Disease and
Hypertension

Navdeep Singh Sidhu and Sumandeep Kaur

Abstract

Systemic hypertension is a major public health problem, nearly affecting
one-third of the global adult population. It is the leading modifiable risk factor
for coronary heart disease (CHD), cerebrovascular disease, renal dysfunction,
peripheral arterial disease (PAD), heart failure and atrial fibrillation. Human
brain is one of the most important target organs for hypertension related end-
organ damage. Two major categories of hypertension related cerebral diseases
include stroke and dementia, which are associated with considerable morbidity
and mortality. Large body of clinical evidence has shown that adequate control
of elevated blood pressures (BPs) could be a very effective tool in reducing the
incidence and prevalence of cerebrovascular diseases. In the following sections, we
discuss the role of hypertension in the causation of cerebrovascular disease along
with the preventive and therapeutic strategies for the same.

Keywords: cerebrovascular disease, stroke, dementia, blood pressure, hypertension,
intracranial hemorrhage, management, brain, cerebral, ischemic

1. Introduction

Systemic hypertension is one of the most common and devastating disorders
affecting the human race. It is a major cause of premature death worldwide and is
the risk factor with greatest impact on the global burden of disease. It is the leading
modifiable risk factor for cardiovascular disease and all-cause mortality [1, 2].

Worldwide, an estimated 1.38 billion individuals (31.1% of the adult popula-
tion) have hypertension, defined as systolic blood pressure (BP) > 140 mm Hg
and/or diastolic BP > 90 mm Hg, and/or current use of antihypertensive medica-
tion. The age-standardized prevalence of hypertension is marginally higher in men
(31.9%) than in women (30.1%) and is lower in high-income countries (HICs),
as compared to low and middle-income countries (LMICs) (28.5% vs. 31.5%) [3].
According to global estimates in 2010, only 45.6% of individuals with hypertension
were aware of the disease, only 36.9% were receiving treatment and only 13.8%
had achieved adequate BP control (defined as systolic BP < 140 mm Hg and dia-
stolic BP < 90 mm Hg). Also, the proportion of hypertension awareness and treat-
ment was nearly twice and the proportion of hypertension control was four times
in HICs as compared to LMICs. In the last 2 decades, HICs have shown substantial
increases in the proportions of hypertension awareness, treatment and control.
However, during the same period, awareness and treatment have increased only
modestly in LMICs and the proportion of hypertensive patients having adequately
controlled BP has decreased slightly [3].
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The global prevalence of hypertension is increasing steadily as a result of
aging of the population and increase in lifestyle risk factors like unhealthy diets
(high sodium, low potassium intake, high intake of saturated and trans-fats and
low intake of fruits and vegetables), physical inactivity, increased consumption
of alcohol and tobacco, and being overweight or obese. However, the changes in
the prevalence of hypertension have not been uniform worldwide. In the last two
decades, a modest decline has been noted in hypertension prevalence in HICs,
whereas LMICs have experienced significant increases. These trends can impose a
greater burden of hypertension and related cardiovascular disorders on the fragile
health-care systems of LMICs, many of which are also facing a substantial burden
of infectious diseases [4].

Hypertension is often called a “silent killer”, as most hypertensives are unaware
of the problem due to lack of warning symptoms or signs. Hypertension can cause
sub-clinical target organ damage for years, before any symptoms or signs develop.
It is the leading modifiable risk factor implicated in the causation of coronary heart
disease (CHD), cerebrovascular disease, renal dysfunction, peripheral arterial
disease (PAD), heart failure and atrial fibrillation. The brain is a major target for
hypertension related end-organ damage and hypertension is a prominent risk factor
for two major categories of brain diseases: stroke and dementia. In the following
sections, we discuss the role of hypertension in causation of these diseases, along
with prevention and treatment strategies.

2. Hypertension and brain

Human brain, in general, is highly vulnerable to the harmful effects of elevated
BP and it represents the classic target organ of hypertension-induced damage.
Arterial hypertension, besides being responsible for its well-known effect in causing
clinical stroke, is also associated with the development of asymptomatic, subclinical
brain damage, such as cerebral small vessel disease with resultant cognitive impair-
ment, memory loss and dementia. Also, sudden and marked elevations of blood
pressure can lead to the development of hypertensive encephalopathy, characterized
by severe headache, seizures and other neurological symptoms like cerebral edema.

2.1 Hypertension and stroke
2.1.1 Hypertension as a risk factor for stroke

Globally, stroke ranks second among the causes of mortality and third among
the causes of disability. In recent decades a trend towards reduction in the inci-
dence, prevalence and mortality of stroke has been noted, but the overall disease
burden continues to rise in terms of total number of patients affected [5].

Stroke is usually categorized into ischemic and hemorrhagic forms. Ischemic
stroke has further subtypes including large vessel occlusive disease, lacunar infarc-
tions due to small vessel disease, cerebral embolism including cardioembolic stroke,
non-atherogenic stroke and cryptogenic stroke. Various subtypes of hemorrhagic
stroke include intra-parenchymal hemorrhage, subarachnoid hemorrhage and
intraventricular hemorrhage.

Hypertension is the most prevalent risk factor for stroke and has been reported
in nearly two-thirds of stroke patients [6]. In LMICs, the reported prevalence of
risk factors among patients with stroke is lower, however the in-hospital mortality
rates have been higher, probably related to delays in presentation, differences in
healthcare system responses and acute management of stroke [7].
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There is robust evidence from observational and interventional studies, impli-
cating hypertension as a strong risk factor for all types of strokes. The Framingham
heart study in 1970 showed a significant association between the risk of stroke and
blood pressure > 160/95 mm Hg at all ages and in both sexes [8]. Persons with a
normal BP (<120/80 mm Hg) had been reported approximately half the lifetime
risk of stroke compared to those with high BP (>140/90 mm Hg) [9].

Large epidemiological studies have consistently shown the relationship between
the level of BP and risk of stroke to be consistent, continuous, and independent
of other risk factors. Older epidemiological studies gave more importance to the
diastolic BP as a determinant of stroke risk, and consistently showed a higher risk
of stroke with increasing levels of diastolic BP [10, 11]. MacMahon et al., in their
meta-analysis of nine observational studies conducted between 1958 and 1990,
showed that as the level of BP decreased so did the risk of stroke. A decrease in
diastolic BP of 5, 7.5, and 10 mm Hg was associated with a lowering of stroke risk
by 34, 46, and 56%), respectively [11]. Similarly, The Eastern Stroke and Coronary
Heart Disease Collaborative Research project, showed that for every 5 mm Hg fall
in the diastolic BP resulted in nearly 50% reduction in the risk of ischemic (odds
ratio (OR) 0.61; 95% confidence interval 0.57-0.66) and hemorrhagic stroke (odds
ratio 0.54, 95% confidence interval 0.50-0.58) [12]. Systolic BP attracted greater
attention in 1990s after the results from many epidemiological studies suggested
that it could have more robust association with stroke as compared to diastolic BP.
Systolic BP also showed a stronger correlation with 12 year stroke mortality than the
diastolic BP in Framingham heart study [13]. Similarly, the prospective population-
based Copenhagen city heart study demonstrated systolic BP to be a better predictor
of stroke than the diastolic BP [14]. The Asia Pacific Cohort Studies Collaboration
(APCSC), an extension of the Eastern Stroke and Coronary Heart Disease
Collaborative project, which analyzed 37 cohort studies of 425,325 patients in the
Asia Pacific region, demonstrated a continuous, log-linear association between
systolic BP and risk of stroke down to the levels of 115 mm Hg of systolic BP. In
the age groups of <60, 60-69, and >70 years, a 10 mm Hg lower systolic BP was
associated with 54%, 36% and 25% lower risk of stroke respectively [15]. In a meta-
analysis of 61 prospective studies by the Prospective Study Collaboration (PSC), it
was demonstrated that there was more than a twofold decrease in stroke mortality
with each 20 mm Hg of decrease in systolic BP for patients aged 40-69 years; and
throughout middle and old age, usual BP is directly and strongly related to vascular
(and overall) mortality, without any evidence of a threshold down to at least 115 mm
Hg of systolic BP and 75 mm Hg of diastolic BP [16].

Age is an important cofactor in the relationship between hypertension and
stroke. The direct relation between elevated BP and stroke risk is weaker in older
aged populations than in middle-aged individuals. The APCSC observed a lower
percentage reduction in stroke risk with similar reduction in systolic BP with
increasing age [15]. A similar trend was observed in the PSC study [16]. Although
there is a less robust association between hypertension and stroke risk in older
populations, lowering BP in this population is still beneficial owing to the higher
incidence of stroke and higher morbidity/mortality rates in this population [17].

Racial and ethnic disparities in the relationship between elevated BP and stroke
have been reported from several observational studies from the United States. The
Baltimore-Washington Cooperative Young Stroke Study, demonstrated a positive
relationship between hypertension and the risk of ischemic stroke in whites and
blacks for both sexes. In this study, age-adjusted odds ratios and 95% confidence
interval for ischemic stroke with a history of hypertension in white males, white
females, black males, and black females were 1.6 (0.7-3.2), 2.5 (1.1-5.9), 3.8 (1.8-7.9),
and 4.2 (2.4-75), respectively [18]. Similarly, the Northern Manhattan Stroke
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Study showed higher odds ratios for hypertension and ischemic stroke in blacks as
compared to whites and hispanics (OR 2.0 vs. 1.8, 1.2 respectively) [19]. A similar
increase in systolic BP is associated with a nearly three times higher risk of stroke risk
in blacks as compared to whites [20].

2.1.2 Hypertension related stroke and its pathophysiological mechanisms

Although arterial hypertension is a major risk factor for both stroke and myocar-
dial infarction, stroke is much more closely related to elevated levels of BP per se. It
has been suggested that a sustained reduction in systolic blood pressure of 10 mm
Hg would reduce stroke risk by 56%), but reduce the risk of myocardial infarction
by only 37% [11]. This difference is largely attributed to the possibility that elevated
levels of blood pressure are directly responsible for strokes occurring due to small
vessel disease, but is only indirectly related to the development of atherosclerotic
changes. Atherosclerosis in the arterial tree is usually focal and is usually seen at the
branching points of the arteries or where arteries take a bend. It is likely that the
effects of hypertension on atherosclerosis are not per se due to pressure energy, but
are more likely related to the transmission of kinetic energy to the arterial wall at
sites of flow disturbance, thus leading to the formation of atherosclerotic plaques at
the areas of low shear stress [21].

Strokes due to small vessel disease, in contrast, are directly caused by elevated
blood pressure. For this reason, these tend to occur in a particular distribution at
the base of the brain, where short, straight arteries with limited branches result in
direct transmission of high blood pressure directly from the large arteries to the
smaller resistance vessels, with resultant damage to the walls of the arterioles. This
results in the pathological changes of hyaline degeneration and fibrinoid necrosis,
with consequent lacunar infarctions where the arterioles occlude and hypertensive
intracerebral hemorrhages where they rupture. These pathophysiological changes
account for the fact that true lacunar infarctions and intracerebral hemorrhages are
particularly distributed in the areas of basal ganglia, internal capsule, thalamus,
cerebellum, and brainstem [22].

Hypertension can indirectly contribute to the development of stroke as it is an
important etiological factor for atrial fibrillation and for acute myocardial infarc-
tion and left ventricular clot formation; with attendant risk of cardioembolic stroke.

There are many theories related to the pathophysiological mechanisms of hyper-
tension related brain dysfunction. Central to these theories are the mechanisms
related to impaired cerebrovascular auto-regulation in hypertension and the chronic
maladaptive changes in the structure of the cerebral vasculature in hypertensive
patients.

Cerebrovascular autoregulation is the process by which cerebral vasculature
regulates intracranial blood flow, so that a steady perfusion is maintained to meet
the metabolic needs of the brain tissue across a range of systemic blood pressures.
This control is achieved by the ability of the cerebral arterioles to compensate for
a decrease in cerebral perfusion pressure by vasodilatation, and also, to protect
the brain against increased perfusion pressure by vasoconstriction, thus keeping
the cerebral blood flow constant. This complex process is regulated by interplay
between sympathetic nervous system, brain carbon dioxide and other metabolites,
and neurovascular coupling. In normotensive individuals, this response occurs
over a range of approximately 60-160 mm Hg systolic BP; but, in patients with
hypertension, this range may be shifted to higher pressures [23, 24]. This upward
shift in the limits of pressure autoregulation, make hypertensive patients especially
susceptible to episodes of hypotension, which plays a role in the development of
white matter changes. Also, elderly hypertensive patients often have impaired
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cerebrovascular autoregulation which contributes to the development of stroke,
cognitive dysfunction and vascular dementia. Impaired autoregulation increases
the transmission of elevated pressures to cerebral capillaries resulting in increased
permeability of blood brain barrier (BBB), parenchymal edema, inflammation
neuronal degeneration that is commonly seen in patients with vascular cognitive
dysfunction [25]. Chronic hypertension has been reported to promote arteriolar
and capillary rarefaction, especially in the deep hemispherical white matter and
basal ganglia [26]. This is associated with infiltration of perivascular macrophages,
endothelial dysfunction, increased oxidative stress, and impaired functional
hyperemia [27]. These changes promote the development of lacunar infarcts, white
matter hyper-intensities, microinfarcts, and microbleeds [28].

Chronic elevation of intraluminal pressure stimulates the growth of smooth
muscle cells and increases media thickness in resistance arteries, resulting in hyper-
trophic remodeling, thus causing an elevated vascular resistance. There may also be
eutrophic remodeling, characterized by inward remodeling with rearrangement of
the vessel wall components that leads to a reduction in lumen diameter and elevated
vascular resistance. Hypertension may also result in narrowing of the intermediate
and small vessels due to lipo-hyalinosis and micro-atherosclerosis. Also, chronically
elevated BP promotes hyaline degeneration, fibrinoid degeneration and formation
of microaneurysms in small vessels of the cerebral vasculature. These small vessel
alterations predispose these patients to the development of ischemic and hemor-
rhagic complications [29].

Hypertension promotes atherosclerosis in large extracranial and intracranial
arteries, which predispose to the development of atherothrombotic infarctions.
The most frequent sites of atherosclerosis are common carotid artery bifurcation,
origin and intra-cavernous part of internal carotid artery, first segment of middle
cerebral artery, origin and distal part of vertebral artery, and middle portion of
basilar artery [29]. These atherosclerotic plaques are usually progressive and lead
to ischemic strokes by thrombotic occlusion of the narrowed lumen or, more often,
by their acute rupture, which causes atheroembolism resulting in occlusion of
distal intracranial vessels [29]. Major mechanisms of hypertension related cerebral
dysfunction are summarized in Table 1.

2.1.3 Blood pressure management for primary and secondary stroke prevention
2.1.3.1 Hypertension control for primary stroke prevention

The relation between BP and stroke risk is direct, strong, linear, and etiologically
predictive. Thus, within the usual BP ranges, including non-hypertensive ones,
the higher levels of BP are associated with increased risk of stroke [16]. Non-
hypertensive individuals with slight elevations of BP (prehypertension, defined as
systolic BP of 120-139 mm Hg and/or diastolic BP of 80-89 mm Hg) derive benefit

Impairment of cerebral autoregulation

Increased permeability of blood brain barrier

Endothelial dysfunction, oxidative stress, impaired functional hyperemia

Small vessel changes: remodeling, increased vascular resistance, lipo-hyalinosis, micro-atherosclerosis, micro
aneurysms, lacunar infarcts

Large vessel changes: atherosclerosis with atherothrombotic, atheroembolic infarctions

Table 1.
Potential mechanisms of hypertension related cevebral dysfunction.
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from lifestyle changes with or without pharmacological therapies. A meta-analysis
with 70,664 prehypertensive individuals from 16 trials demonstrated a robust 22%
reduction in the stroke risk in individuals randomized to pharmacological therapy
arm as compared to the placebo arm. In hypertensive patients, lifestyle approaches
combined with adequate BP treatment and control produced a 35-40% decrease in
the stroke risk [30, 31].

Practical strategies for hypertension management for primary stroke preven-
tion, on the basis of recommendations made by the American Heart Association
(AHA)/American Stroke Association (ASA) [32, 33], and European Society of
Cardiology (ESC)/European Society of Hypertension (ESH) [34] include:

1.Regular screening for hypertension and management of raised BP using
lifestyle modifications and pharmacological therapies are recommended.

2. According to European guidelines the target BP in those with hypertension
should be <140/90 mm Hg, whereas, the recent American guidelines recom-
mend a BP goal to lower levels of <130/80 mm Hg, even in very elderly.

3.Successful attainment of BP goal is emphasized over the administration of a
particular anti-hypertensive agent.

4.Individualized BP treatment is recommended, based on particular patient
characteristics and tolerance to medications.

5.Self-monitoring of BP is recommended to help in adequate BP control.
2.1.3.2 Hypertension management in acute ischemic stroke

Management of elevated BP in acute ischemic stroke (AIS) has been a matter of
considerable debate. AIS is usually associated with islands of infarcted tissue with
surrounding areas of potentially salvageable tissue, referred to as ischemic penum-
bra. Moreover, the infarcted tissue is characterized by loss of autoregulation with
increased vessel permeability [35]. Hence an over aggressive approach of lowering
BP can result in extension of infarction and worsening of neurological dysfunction.
On the other hand, if the elevated BP is not lowered sufficiently, there is risk of
excessive cerebral edema and hemorrhagic transformation of the infarcted tissue.
Furthermore, as the cerebrovascular auto regulatory response is set at a higher level
in chronic hypertensive patients, these individuals are at risk of impaired cerebral
perfusion if BP is lowered very aggressively.

Practical strategies for management of hypertension in AIS, based on recom-
mendations of AHA/ASA [36], and European stroke organization (ESO) [37]
include:

1.In patients with AIS who are not eligible for systemic thrombolysis or mechani-
cal thrombectomy and who have a BP > 220/120 mm Hg, guarded BP reduction
(<15% systolic BP reduction over 24 h) is reasonable and is likely to be safe. No
recommendations are made regarding the use of a specific anti-hypertensive
agent to achieve this goal.

2.In hospitalized patients with AIS and blood pressure < 220/110 mm Hg not
treated with intravenous thrombolysis or mechanical thrombectomy, there is
suggestion against the routine use of blood pressure lowering agents at least in
first 24 h following symptom onset, unless this is necessary for specific comorbid
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conditions like acute aortic dissection, acute myocardial infarction, pulmonary
edema, hypertensive encephalopathy and acute renal failure.

3.In patients with AIS undergoing treatment with intravenous thrombolysis
(with or without mechanical thrombectomy) it is suggested that BP is main-
tained below 185/110 mm Hg before bolus and below 180/105 mm Hg after
bolus, and for 24 h after alteplase infusion.

4.In patients with AIS undergoing treatment with intravenous thrombolysis
(with or without mechanical thrombectomy), there is suggestion against
lowering systolic blood pressure to a target of 130-140 mm Hg compared to
<180 mm Hg during the first 72 h following of symptom onset.

5.Initiating or continuing anti-hypertensive agents during hospitalization for
AIS, if BP > 140/90 mm Hg: BP lowering is generally safe in AIS if patient is
medically and neurologically stable, and there are no contraindications for
BP lowering. The time window for administration of such therapies is usually
2-3 days after the symptom onset.

Drug options to treat hypertension in patients with AIS who are planned for
emergency reperfusion therapy are shown in Table 2.

2.1.3.3 Hypertension management in acute hemorrhagic stroke

Observational studies have suggested that BP is often markedly elevated in
the acute phase of hemorrhagic stroke, significantly higher than that seen after
AIS [38]. High levels of BP in acute hemorrhagic stroke are often associated with
hematoma expansion and poor clinical outcomes [39]. Simultaneously, there have
been suggestions that high BP may be necessary to maintain adequate cerebral
perfusion after intracranial hemorrhage, and that aggressively lowering it may
be deleterious. These concerns are however, opposed by the evidence suggesting
that adequate cerebral perfusion is maintained after acute BP reduction in patients
with hemorrhagic stroke [40, 41]. However, results of the two largest randomized
clinical trials (INTERACT2, ATACH-2) of intensive BP lowering early after intra-
cranial hemorrhage have renewed this uncertainty [42, 43]. Meta-analyses of these
trials and many other smaller studies have shown that early intensive BP reduc-
tion after hemorrhagic stroke is safe, but without mortality benefit or significant
functional improvement [44-47]. In contrast, a recent meta-analysis of the two
largest trials demonstrated a direct linear relation between the level of systolic BP

Labetalol: 10-20 mg intra-venous over 1-2 min, may be repeated once; or

Nicardipine: 5 mg/h intra-venous, dose may be up-titrated by 2.5 mg/h in every 5-15 min to a maximum of
15 mg/h; when desired BP levels is obtained, adjust the dose to maintain proper BP levels; or

Clevidipine: 1-2 mg/h intra-venous, up-titrate by doubling the dose in every 2-5 min until desired BP level is
obtained; maximum dose 21 mg/h

Other agents like enalaprilat, hydralazine may also be useful

If BP is not controlled or diastolic BP > 140 mm Hg, consider intravenous nitroprusside (may increase
intracranial pressure).

Table 2.
Drugs for acute management of elevated blood pressures in patients of acute ischemic stroke who ave planned
for emergency reperfusion therapy [36, 37].
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achieved during the first 24 h of hemorrhagic stroke and the functional status. The
improvements in the functional status were noted for systolic BP levels of as low as
120-130 mm Hg [48]. These studies however excluded patients with severe, large
hematomas and hence caution is warranted in too aggressive lowering of BP in such
patients as it might predispose to harmful consequences [49].

Practical strategies for BP control in patients with acute hemorrhagic stroke
based on recent AHA/ASA [50], and ESO [37] guidelines include:

1.If initial systolic BP is >220 mm Hg, it is reasonable to administer continuous
intravenous BP lowering therapy to achieve an initial reduction of about 15%.
Choice of drugs is similar to that used in AIS (Table 2).

2.In patients with initial systolic BP of 150-220 mm Hg, American guidelines
suggest a target goal of 140-150 mm Hg of systolic BP [50], however, the
recent ESO guidelines [37] recommend even more aggressive lowering of
systolic BP to less than 140 mm Hg (but to keep it above 110 mm Hg) to reduce
hepatoma expansion.

3. Control of blood pressure variability may be helpful in improving the
outcomes [51].

4. After hemorrhagic stroke, the optimal timing for initiation of antihyperten-
sive therapies for secondary stroke prevention has not been well established.
It may be reasonable to start such treatment when the patient is medically and
neurologically stable. The target BP goal for secondary stroke prevention is
<130/80 mm Hg [50].

2.1.3.4 Hypertension management for secondary stroke prevention

About a quarter of strokes are recurrent, the annual risk of recurrence is nearly
4% and the mortality rate after a recurrent stroke is 41% [33, 34]. A large proportion
of strokes can be prevented by adequate BP control, regular physical activity, healthy
dietary habits and cessation of smoking. In fact, the INTERSTROKE study demon-
strated that these 5 factors—hypertension, imbalanced diet, lack of adequate physical
activity, abdominal obesity and smoking—were responsible for 82% and 90% of the
population attributable risk (PAR) for ischemic and hemorrhagic stroke respectively
[6]. Also, the Global Burden of Disease Study suggested that nearly 90% of the global
stroke burden was attributable to the modifiable risk factors [52]. A modeling study
has shown that targeting multiple modifiable risk factors of stroke has additive benefits
in secondary prevention of stroke. According to this study, aspirin, anti-hypertensive
therapies and statins, along with dietary modification and adequate exercise, can lead
to an 80% cumulative risk reduction in the incidence of recurrent vascular events [53].

Practical strategies for BP control for secondary recent AHA/ASA guidelines
[54] include:

1.In hypertensive patients who suffer a stroke or transient ischemic attack (TIA),
an office BP goal of <130/80 mm Hg is recommended for most patients to
reduce the risk of recurrent stroke and vascular events.

2.In individuals with no history of hypertension who experience a stroke or TIA
and have an average office BP of >130/80 mm Hg, antihypertensive drug treat-
ment can be beneficial to decrease the risk of recurrent stroke, intracranial
hemorrhage, and other vascular events.
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3. A thiazide diuretic, angiotensin converting enzyme (ACE) inhibitor or
angiotensin receptor blocker (ARB) may be useful, however, other classes of
BP lowering therapy can be used to achieve the target BP goals (e.g., calcium
channel blocker, newer generation beta blocker).

4.Individualized drug treatments that take into account patient comorbidities,
pharmacological class of the drug, and patient preferences are recommended
to maximize the drug efficacy.

2.2 Hypertension and dementia
2.2.1 Hypertension as a visk factor for cognitive dysfunction and dementia

Dementia is characterized by a progressive and often irreversible decline of
cognitive function which is most commonly seen in older adults. It is one of the most
common neurological diseases, nearly affecting 30-40 million people worldwide.
The number of people with dementia is estimated to triple by 2050, largely driven
by the aging of the population, demographic shifts, and lack of disease-modifying
therapies [55]. Alzheimer disease (AD) and cerebrovascular diseases are the major
causes of cognitive dysfunction, accounting for nearly 80% of the cases and often
have a mixture of both the pathologies [55]. Although the majority of dementias
including AD are primarily considered as neuro-degenerative diseases of unknown
cause, recent studies have shown that cerebrovascular disease and microscopic
vascular lesions are often found in patients affected by these conditions [56].

The term vascular cognitive impairment (VCI) refers to the entire spectrum of
cognitive abnormalities caused by vascular etiologies, whereas the term vascular
dementia is used for cases with more profound vascular cognitive deficits which
negatively affect the daily functioning of an individual [57].

Among the various vascular risk factors, systemic hypertension is a major
factor contributing to cognitive impairment [57]. It has been been associated with
decreased abstract reasoning, reduced mental processing speed, and, less com-
monly, memory deficits [58]. Although dementia due to AD and vascular demen-
tia have classically been considered as separate entities, recent evidence indicates
that the two conditions are frequently coexistent [59, 60]. In nearly 40-50% of
cases with a clinical diagnosis of AD, the pathological hallmarks of AD (amyloid
plaques and the neurofibrillary tangles), are associated with micro-cerebrovascu-
lar and macro-cerebrovascular lesions [61]. Moreover, ischemic lesions markedly
elevate the effect of AD pathology on cognitive function [62, 63]. Also, traditional
cardiovascular risk factors have been suggested to have a role in the development
of AD [64], and some estimates suggest that risk factor modification, especially
the treatment of hypertension, could decrease the incidence of clinically diag-
nosed AD by up-to 30% [65].

2.2.2 Mechanisms of hypertension velated cognitive dysfunction

Hypertension-related cognitive dysfunction occurs as a result of complex inter-
play between functional alterations and structural changes seen in the brain paren-
chyma and the cerebral vasculature, many of which have been discussed previously
in Section 2.1.2. Briefly, these changes include increased cerebrovascular resistance,
reduced vasomotor reactivity, decreased cerebral blood flow, vascular remodeling,
lacunar infarcts, white matter lesions, micro bleeds, enlarged perivascular spaces
and cerebral atrophy [66]. These overlapping pathophysiological changes might

account for the correlation between hypertension and stroke or vascular dementia.
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This relation may also hold true for other forms of dementia; like, for example the
link between chronic hypertension and the AD has been documented, as hyperten-
sion is often associated with formation of neurofibrillary tangles and senile plaques,
the presence of which was seen in brains of hypertensive patients even in the
absence of clinical features of dementia [67].

2.2.3 Prevention of cognitive dysfunction by antihypertensive therapy

Hypertension is a major modifiable risk factor for cognitive dysfunction, VCI and
AD. Robust clinical evidence has demonstrated that antihypertensive therapies, besides
preventing major cerebrovascular events [57], also reduce the incidence and/or delay
the progression of cognitive dysfunction [68, 69]. The Syst-Eur randomized clinical
trial showed that, on treating 1000 hypertensive individuals with anti-hypertension
therapies for 5 years, 19 cases of dementia could be prevented [70]. Similarly, the
PROGRESS trial observed that therapy with a perindopril (along-acting ACE inhibi-
tor), and indapamide (a thiazide-like diuretic), was associated with reduced risks
of cognitive dysfunction and dementia on a mean follow-up of 3.9 years [71]. Also,
various clinical and experimental studies have suggested that antihypertensive drugs,
including ACE inhibitors, angiotensin receptor blockers (ARBs) and diuretics, might
cause an improvement in the biomarkers of AD, and decrease the incidence of AD
and/or delay its progression [72].

Interestingly, antihypertensive drug therapies might have class specific effects
on cognitive function. Both ACE inhibitors and calcium channel blockers have
been reported to delay the development of cognitive dysfunction [72]. However,
results from the Canadian Study of Health and Aging suggested that hypertensive
individuals aged >65 years who received treatment with calcium channel blockers
had a more marked cognitive decline than those receiving other antihypertensive
drugs at follow-up of 5 years [73]. These findings lend support to the hypothesis
that the systemic and local renin-angiotensin systems may respond differently to
different antihypertensive drugs [74]. Furthermore, calcium channel blockers may
potentially cause an impairment of myogenic autoregulatory protective responses
in the cerebral vasculature. Taking these factors into account, it might be suggested
that ACE inhibitors and ARBs might be preferable to calcium channel antagonists
for dementia prevention in hypertensive patients [75].

The subject of optimum BP targets for the prevention of dementia has generated
considerable debate and controversy. In the SPRINT MIND trial, it was seen that in
ambulatory hypertensive individuals, a more intensive BP control strategy (target
systolic BP of <120 mm Hg as compared to a target of <140 mm Hg) was not associ-
ated with any significant cognitive benefits [76]. An important point to be considered
here is that due to the adaptive rightward shift of the cerebrovascular autoregulatory
curve in hypertension, too aggressive lowering of BP may result in cerebral hypoper-
fusion and consequential negative impact on the brain. These U-shaped associations
between BP and cognitive function in the elderly individuals have been reported in
many studies [77, 78]. These findings stress the importance of individualized blood
pressure management strategies for prevention of cognitive dysfunction.

Hypertension is also a major contributor to the risk of stroke, which nearly
doubles the risk of developing dementia. It is estimated that about one-third cases
of dementia can be prevented by preventing the development of stroke [79].
Clinical studies have shown that prevention of stroke by using anticoagulation in
atrial fibrillation and BP-lowering therapies in hypertensive patients can signifi-
cantly decrease the risk of dementia [80]. Based on these results, the World Stroke
Organization came out with a manifesto stressing the need for a joint strategy for
prevention of stroke and dementia [79].

10
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3. Conclusions

Hypertension is a major global public health problem and is the major cause of
premature death worldwide. Human brain is highly vulnerable to the deleterious
effects of elevated blood pressures. Hypertension related cerebrovascular diseases
include stroke, cognitive dysfunction and dementia. Elevated blood pressure levels
are strongly, directly and linearly related to the incidence and prevalence of these
diseases. Adequate management of hypertension can go a long way in mitigating the
global burden of these cerebrovascular diseases.

4. Final remarks
Elevated systemic blood pressures are associated with increased risk of cere-
brovascular diseases including stroke and dementia. Good blood pressure control,

which can be achieved easily in majority of the patients, is necessary for prevention
of these cerebrovascular diseases.

Author details
Navdeep Singh Sidhu'* and Sumandeep Kaur’

1 Department of Cardiology, GGS Medical College and Baba Farid University of
Health Sciences, Faridkot, Punjab, India

2 Faculty of Nursing Sciences, Baba Farid University of Health Sciences,
Faridkot, Punjab, India

*Address all correspondence to: navsids@gmail.com

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

11



Cerebrovascular Diseases - Elucidating Key Principles

References

[1] GBD 2017 Causes of Death
Collaborators. Global, regional, and
national age-sex-specific mortality for
282 causes of death in 195 countries and
territories, 1980-2017: A systematic
analysis for the global burden of disease
study 2017. The Lancet. 2018;
392(10159):1736-1788. DOI: 10.1016/
S0140-6736(18)32203-7

[2] GBD 2017 Risk Factor Collaborators.
Global, regional, and national
comparative risk assessment of 84
behavioural, environmental and
occupational, and metabolic risks or
clusters of risks for 195 countries and
territories, 1990-2017: A systematic
analysis for the global burden of disease
study 2017. The Lancet. 2018;

10, 392(10159):1923-1994. DOI: 10.1016/
S0140-6736(18)32225-6

[3] Mills KT, Bundy ]JD, Kelly TN,

Reed JE, Kearney PM, Reynolds K, et al.
Global disparities of hypertension
prevalence and control: A systematic
analysis of population-based studies
from 90 countries. Circulation. 2016;
134(6):441-450. DOI: 10.1161/
CIRCULATIONAHA.115.018912

[4] NCD Risk Factor Collaboration
(NCD-RisC). Worldwide trends in
blood pressure from 1975 to 2015: A
pooled analysis of 1479 population-
based measurement studies with 19-1
million participants. The Lancet.
2017;389(10064):37-55. DOI: 10.1016/
S0140-6736(16)31919-5

[5] Feigin VL, Norrving B, Mensah GA.
Global burden of stroke. Circulation
Research. 2017;120(3):439-448. DOLI:
10.1161/CIRCRESAHA.116.308413

[6] O’Donnell MJ, Xavier D, Liu L,
Zhang H, Chin SL, Rao-Melacini P, et al.
Risk factors for ischaemic and
intracerebral haemorrhagic stroke in 22
countries (the INTERSTROKE study):
A case-control study. The Lancet.

12

2010;376(9735):112-123. DOI: 10.1016/
S0140-6736(10)60834-3

[7]1 Khatib R, Arevalo YA,

Berendsen MA, Prabhakaran S,
Huffman MD. Presentation, evaluation,
management, and outcomes of acute
stroke in low- and middle-income
countries: A systematic review and
meta-analysis. Neuroepidemiology.
2018;51(1-2):104-112. DOI: 10.1159/
000491442

[8] Kannel WB, Wolf PA, Verter J,
McNamara PM. Epidemiologic
assessment of the role of blood pressure
in stroke. The Framingham study:.
Journal of the American Medical
Association. 1970;214:301-310

[9] Seshadri S, Beiser A, Kelly-Hayes M,
Kase CS, Au R, Kannel WB, et al. The
lifetime risk of stroke: Estimates from
the Framingham Study. Stroke. 2006;
37:345-350

[10] Prospective Studies Collaboration.
Cholesterol, diastolic blood pressure,
and stroke: 13,000 strokes in 450,000
people in 45 prospective cohorts. The
Lancet. 1995;346:1647-1653

[11] MacMahon S, Peto R, Cutler J,
Collins R, Sorlie P, Neaton J, et al. Blood
pressure, stroke, and coronary heart
disease. Part 1, prolonged differences in
blood pressure: Prospective
observational studies corrected for the
regression dilution bias. The Lancet.
1990;335:765-774

[12] Eastern Stroke and Coronary Heart
Disease Collaborative Research Group.
Blood pressure, cholesterol, and stroke
in eastern Asia. The Lancet. 1998;
352:1801-1807

[13] Kannel WB, Wolf PA, McGee DL,
Dawber TR, McNamara P, Castelli WP.
Systolic blood pressure, arterial rigidity,
and risk of stroke. The Framingham



Cerebrovascular Disease and Hypertension
DOI: http://dx.doi.org/10.5772/intechopen.101180

study. Journal of the American Medical
Association. 1981;245:1225-1229

[14] Nielsen WB, Lindenstrom E,

Vestbo J, Jensen GB. Is diastolic
hypertension an independent risk factor
for stroke in the presence of normal
systolic blood pressure in the middle-
aged and elderly? American Journal of
Hypertension. 1997;10:634-639

[15] Lawes CM, Rodgers A, Bennett DA,
Parag V, Suh I, Ueshima H, et al. Blood
pressure and cardiovascular disease in

the Asia Pacific region. Journal of
Hypertension. 2003;21:707-716

[16] Lewington S, Clarke R, Qizilbash N,
Peto R, Collins R. Prospective Studies
Collaboration. Age-specific relevance of
usual blood pressure to vascular
mortality: A meta-analysis of individual
data for one million adults in 61
prospective studies. The Lancet.
2002;360(9349):1903-1913.

DOI: 10.1016/5s0140-6736(02)11911-8

[17] Lawes CM, Bennett DA, Feigin VL,
Rodgers A. Blood pressure and stroke:
an overview of published reviews.

Stroke. 2004;35:776-785

[18] Rohr J, Kittner S, Feeser B, Hebel JR,
Whyte MG, Weinstein A, et al.
Traditional risk factors and ischemic
stroke in young adults: The Baltimore-
Washington Cooperative Young Stroke
Study. Archives of Neurology. 1996;
53:603-607

[19] Sacco RL, Boden-Albala B, Abel G,
Lin IF, Elkind M, Hauser WA, et al.
Race-ethnic disparities in the impact of
stroke risk factors: The northern
Manhattan stroke study. Stroke. 2001;
32:1725-1731

[20] Howard G, Lackland DT,
Kleindorfer DO, Kissela BM, Moy CS,
Judd SE, et al. Racial differences in the
impact of elevated systolic blood

pressure on stroke risk. JAMA Internal
Medicine. 2013;173:46-51

13

[21] Spence JD. Effects of
antihypertensive agents on blood
velocity: Implications for atherogenesis.

Canadian Medical Association Journal.
1982;127(8):721-724

[22] Soros P, Whitehead S, Spence D,
Hachinski V. Antihypertensive
treatment can prevent stroke and

cognitive decline. Nature Reviews
Neurology. 2013;9(3):174-178

[23] Paulson OB, Strandgaard S,
Fau-Edvinsson L, Edvinsson L. Cerebral
autoregulation. Cerebrovascular and
Brain Metabolism Reviews. 1990;
2:161-192

[24] Dickinson CJ. Why are strokes
related to hypertension? Classic studies

and hypotheses revisited. Journal of
Hypertension. 2001;19:1515-1521

[25] Faraco G, Iadecola C. Hypertension:
A harbinger of stroke and dementia.
Hypertension. 2013;62:810-817

[26] Federico A, Di Donato I, Bianchi S,
Di Palma C, Taglia I, Dotti MT.
Hereditary cerebral small vessel
diseases: A review. Journal of the
Neurological Sciences. 2012;322(1-2):
25-30. DOI: 10.1016/jjns.2012.07.041

[27] Pires PW, Dams Ramos CM,
Matin N, Dorrance AM. The effects of
hypertension on the cerebral
circulation. American Journal of
Physiology-Heart and Circulatory
Physiology. 2013;304:1598-1614

[28] Hainsworth AH, Markus HS. Do in
vivo experimental models reflect human
cerebral small vessel disease? A
systematic review. Journal of Cerebral
Blood Flow and Metabolism. 2008;
28:1877-1891

[29] Sierra C, Coca A, Schiffrin EL.
Vascular mechanisms in the
pathogenesis of stroke. Current
Hypertension Reports. 2011;13(3):200-
207. https://doi.org/10.1007/s11906-
011-0195-x



Cerebrovascular Diseases - Elucidating Key Principles

[30] Sipahi I, Swaminathan A,
Natesan V, Debanne SM, Simon DI,
Fang JC. Effect of antihypertensive
therapy on incident stroke in cohorts
with prehypertensive blood pressure
levels: A meta-analysis of randomized
controlled trials. Stroke. 2012;43(2):
432-440. DOI: 10.1161/STROKEAHA.
111.636829

[31] Neal B, MacMahon S, Chapman N.
Blood Pressure Lowering Treatment
Trialists’ Collaboration. Effects of ACE
inhibitors, calcium antagonists, and
other blood-pressure-lowering drugs:
Results of prospectively designed
overviews of randomised trials. The
Lancet 2000;356(9246):1955-1964. DOI:
10.1016/s0140-6736(00)

03307-9.

[32] Meschia JF, Bushnell C,
Boden-Albala B, Braun LT, Bravata DM,
Chaturvedi S, et al. Guidelines for the
primary prevention of stroke: A
statement for healthcare professionals
from the American Heart Association/
American Stroke Association. Stroke.
2014;45(12):3754-3832. DOI: 10.1161/
STR.0000000000000046

[33] Whelton PK, Carey RM,

Aronow WS, Casey DE Jr, Collins K],
Dennison Himmelfarb C, et al. 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/
APhA/ASH/ASPC/NMA/PCNA
guideline for the prevention, detection,
evaluation, and management of high
blood pressure in adults: Executive
summary: A report of the American
College of Cardiology/American Heart
Association Task Force on clinical
practice guidelines. Hypertension.
2018;71(6):1269-1324. DOI: 10.1161/
HYP.0000000000000066

[34] Williams B, Mancia G, Spiering W,
Agabiti Rosei E, Azizi M, Burnier M,
et al. Authors/Task Force Members:
2018 ESC/ESH guidelines for the
management of arterial hypertension:
The Task Force for the management of
arterial hypertension of the European

14

Society of Cardiology and the European
Society of Hypertension: Journal of
Hypertension. 2018;36(10):1953-2041.
DOI:10.1097/HJH.0000000000001940.

[35] Gorelick PB, Aiyagari V. The
management of hypertension for an
acute stroke: What is the blood pressure
goal? Current Cardiology Reports.
2013;15(6):366. DOI: 10.1007/s11886-
013-0366-2

[36] Powers W], Rabinstein AA,
Ackerson T, Adeoye OM,

Bambakidis NC, Becker K, et al.
Guidelines for the early management of
patients with acute ischemic stroke:
2019 update to the 2018 guidelines for
the early management of acute ischemic
stroke: A guideline for healthcare
professionals from the American Heart
Association/American Stroke
Association. Stroke. 2019;50(12):
e344-e418. DOI: 10.1161/STR.
0000000000000211. Epub 2019 Oct 30.
Erratum in: Stroke. 2019;50(12):
e440-e441

[37] Sandset EC, Anderson CS, Bath PM,
Christensen H, Fischer U, Ggsecki D,

et al. European Stroke Organisation
(ESO) guidelines on blood pressure
management in acute ischaemic stroke
and intracerebral haemorrhage.
European Stroke Journal. 2021;6(2):I1.
DOI: 10.1177/23969873211026998

(38] Fischer U, Cooney MT, Bull LM,
Silver LE, Chalmers J, Anderson CS,

et al. Acute post-stroke blood pressure
relative to premorbid levels in
intracerebral haemorrhage versus major
ischaemic stroke: A population-based
study. Lancet Neurology. 2014;13(4):
374-384. DOI: 10.1016/51474-4422
(14)70031-6

[39] Rodriguez-Luna D, Pifieiro S,
Rubiera M, Ribo M, Coscojuela P,
Pagola ], et al. Impact of blood pressure
changes and course on hematoma
growth in acute intracerebral
hemorrhage. European Journal of



Cerebrovascular Disease and Hypertension
DOI: http://dx.doi.org/10.5772/intechopen.101180

Neurology. 2013;20(9):1277-1283.
DOI:10.1111/ene. 12180

[40] Butcher KS, Jeerakathil T, Hill M,
Demchuk AM, Dowlatshahi D,

Coutts SB, et al. The intracerebral
hemorrhage acutely decreasing arterial
pressure trial. Stroke. 2013;44(3):620-
626. DOI: 10.1161/STROKEAHA .111.
000188

[41] Gould B, McCourt R, Asdaghi N,
Dowlatshahi D, Jeerakathil T, Kate M,
et al. Autoregulation of cerebral blood
flow is preserved in primary
intracerebral hemorrhage. Stroke.
2013;44(6):1726-1728. DOI: 10.1161/
STROKEAHA.113.001306

[42] Anderson CS, Heeley E, Huang Y,
Wang J, Stapf C, Delcourt C, et al. Rapid
blood-pressure lowering in patients with
acute intracerebral hemorrhage. The
New England Journal of Medicine. 2013;
368(25):2355-2365. DOI: 10.1056/
NEJMoa1214609

[43] Qureshi Al, Palesch YY, Barsan WG,
Hanley DF, Hsu CY, Martin RL, et al.
Intensive blood-pressure lowering in
patients with acute cerebral
hemorrhage. The New England Journal
of Medicine. 2016;375(11):1033-1043.
DOI: 10.1056/NEJMoa1603460

[44] Boulouis G, Morotti A,

Goldstein JN, Charidimou A. Intensive
blood pressure lowering in patients with
acute intracerebral haemorrhage:
clinical outcomes and haemorrhage
expansion. Systematic review and
meta-analysis of randomised trials.
Journal of Neurology, Neurosurgery,
and Psychiatry. 2017;88(4):339-345.
DOI: 10.1136/jnnp-2016-315346

[45] Lattanzi S, Cagnetti C,

Provinciali L, Silvestrini M. How should
we lower blood pressure after cerebral
hemorrhage? A systematic review and
meta-analysis. Cerebrovascular
Diseases. 2017;43(5-6):207-213.

DOI: 10.1159/000462986

15

[46] Gong S, Lin C, Zhang D, Kong X,
Chen J, Wang C, et al. Effects of
intensive blood pressure reduction on
acute intracerebral hemorrhage: A
systematic review and meta-analysis.
Scientific Reports. 2017;7(1):10694.
DOI: 10.1038/541598-017-10892-z

[47] Shi L, Xu S, Zheng J, Xu ], Zhang ]J.
Blood pressure management for acute
intracerebral hemorrhage: A meta-
analysis. Scientific Reports. 2017;
7(1):14345. DOI: 10.1038/541598-017-
13111-x

[48] Moullaali TJ, Wang X, Martin RH,
Shipes VB, Robinson TG, ChalmersJ,

et al. Blood pressure control and clinical
outcomes in acute intracerebral
haemorrhage: A preplanned pooled
analysis of individual participant data.
Lancet Neurology. 2019;18(9):857-864.
DOI: 10.1016/51474-4422(19)30196-6

[49] Qureshi Al, Huang W, Lobanova,
Barsan WG, Hanley DF, Hsu CY, et al.
Outcomes of intensive systolic blood
pressure reduction in patients with
intracerebral hemorrhage and
excessively high initial systolic blood
pressure: Post hoc analysis of a
randomized clinical trial. JAMA
Neurology. 2020;77(11):1355-1365.
DOI: 10.1001/jamaneurol.2020.3075

[50] Hemphill JC 3rd, Greenberg SM,
Anderson CS, Becker K, Bendok BR,
Cushman M, et al. Guidelines for the
management of spontaneous
intracerebral hemorrhage: A guideline
for healthcare professionals from the
American Heart Association/American
Stroke Association. Stroke. 2015;46(7):
2032-2060. DOI: 10.1161/STR.0000000
000000069. Epub 2015 May 28

[51] Gorelick PB, Qureshi S,

Farooq MU. Management of blood
pressure in stroke. International Journal
of Cardiology: Hypertension.
2019;3:100021. DOI: 10.1016/j.ijchy.
2019.100021



Cerebrovascular Diseases - Elucidating Key Principles

[52] Feigin VL, Roth GA, Naghavi M,
Parmar P, Krishnamurthi R, Chugh S,
et al. Global burden of stroke and risk
factors in 188 countries, during
1990-2013: A systematic analysis for
the global burden of disease study
2013. Lancet Neurology. 2016;15:913-
924. DOI: 10.1016/S1474-4422(16)
30073-4

[53] Hackam DG, Spence JD. Combining
multiple approaches for the secondary
prevention of vascular events after
stroke: A quantitative modeling study.
Stroke. 2007;38:1881-1885. DOI:
10.1161/STROKEAHA.106.475525

[54] Kleindorfer DO, Towfighi A,
Chaturvedi S, Cockroft KM, Gutierrez J,
Lombardi-Hill D, et al. 2021 guideline
for the prevention of stroke in patients
with stroke and transient ischemic
attack: A guideline from the American
Heart Association/American Stroke
Association. Stroke. 2021;52(7):
e364-e467. DOI: 10.1161/STR.000000
0000000375. Epub 2021 May 24.
Erratum in: Stroke. 2021;52(7):
e483-e484

[55] Prince M, Bryce R, Albanese E,
Wimo A, Ribeiro W, Ferri CP. The
global prevalence of dementia: A
systematic review and metaanalysis.
Alzheimer's & Dementia. 2013; 9:63-75,
e2. DOI: 10.1016/jjalz.2012.11.007
[PubMed: 23305823]

[56] Toledo JB, Arnold SE, Raible K,
Brettschneider J, Xie SX, Grossman M,
et al. Contribution of cerebrovascular
disease in autopsy confirmed
neurodegenerative disease cases in the
National Alzheimer's Coordinating
Centre. Brain. 2013;136 (Pt 9):2697-
2706. DOI: 10.1093/brain/awt188

[57] Gorelick PB, Scuteri A, Black SE,
Decarli C, Greenberg SM, Iadecola C,
et al, On behalf of the American Heart
Association Stroke Council, Council on
Epidemiology and Prevention, Council
on Cardiovascular Nursing, Council on

16

Cardiovascular Radiology and
Intervention, and Council on
Cardiovascular Surgery and Anesthesia.
Vascular contributions to cognitive
impairment and dementia: A statement
for healthcare professionals from the
American Heart Association/American
Stroke Association. Stroke. 2011;
42:2672-2713

(58] Gasecki D, Kwarciany M, Nyka W,
Narkiewicz K. Hypertension, brain
damage and cognitive decline. Current
Hypertension Reports. 2013;15:547-558.
DOI: 10.1007/s11906-013-0398-4

[59] Iadecola C, Gorelick PB. Converging
pathogenic mechanisms in vascular and
neurodegenerative dementia. Stroke.
2003;34:335-337

[60] Attems ], Jellinger KA. The overlap
between vascular disease and
Alzheimer’s disease: Lessons from
pathology. BMC Medicine. 2014;12:206.
DOI: 10.1186/s12916-014-0206-2

[61] Schneider JA, Arvanitakis Z,
Leurgans SE, Bennett DA. The
neuropathology of probable Alzheimer
disease and mild cognitive impairment.
Annals of Neurology. 2009;66:200-208.
DOI:10.1002/ ana.21706

[62] Snowdon DA, Greiner LH,
Mortimer JA, Riley KP, Greiner PA,
Markesbery WR. Brain infarction and
the clinical expression of Alzheimer
disease: The Nun Study. Journal of the
American Medical Association.
1997;277:813-817

[63] Chui HC, Zarow C, Mack W],

Ellis WG, Zheng L, Jagust W], et al.
Cognitive impact of subcortical vascular
and Alzheimer’ disease pathology.
Annals of Neurology. 2006;60:677-687.
DOI: 10.1002/ana.21009

[64] Chui HC, Ramirez-Gomez L.
Clinical and imaging features of mixed
Alzheimer and vascular pathologies.



Cerebrovascular Disease and Hypertension
DOI: http://dx.doi.org/10.5772/intechopen.101180

Alzheimer’s Research & Therapy.
2015;7:21. DOI: 10.1186/513195-015-
0104-7

[65] Norton S, Matthews FE, Barnes DE,
Yaffe K, Brayne C. Potential for primary
prevention of Alzheimer’s disease: An
analysis of population-based data
[published correction appears in Lancet
Neurology. 2014;13:1020]. Lancet
Neurology. 2014;13:788-794.

DOI: 10.1016/S1474-4422(14)70136-X

[66] Sierra C, Coca A. Brain damage. In:
Mancia G, Grassi G, Redon ], editors.
Manual of Hypertension of the
European Society of Hypertension. 2nd
ed. London: Informa Healthcare; 2014.
pp. 177-189

[67] Manolio TA, Olson J,

Longstreth WT. Hypertension and
cognitive function: Pathophysiologic
effects of hypertension on the brain.
Current Hypertension Reports.

2003;5:255-261

[68] Rouch L, Cestac P, Hanon O,

Cool C, Helmer C, Bouhanick B, et al.
Antihypertensive drugs, prevention of
cognitive decline and dementia: A
systematic review of observational
studies, randomized controlled trials
and meta-analyses, with discussion of
potential mechanisms. CNS Drugs.
2015;29(2):113-130. DOI: 10.1007/
s40263-015-0230-6

[69] de Menezes ST, Giatti L, Brant LCC,
Griep RH, Schmidt MI, Duncan BB,

et al. Hypertension, prehypertension,
and hypertension control: Association
with decline in cognitive performance in
the ELSA-Brasil cohort. Hypertension.
2021;77(2):672-681. DOI: 10.1161/
HYPERTENSIONAHA.120.16080

[70] Forette F, Seux ML, Staessen JA,
Thijs L, Birkenhdger WH,

Babarskiene MR, et al. Prevention of
dementia in randomised double-blind
placebo-controlled systolic hypertension
in Europe (Syst-Eur) trial. The Lancet.

17

1998;352(9137):1347-1351. DOL:
10.1016/s0140-6736(98) 03086-4

[71] Tzourio C, Anderson C,

Chapman N, Woodward M, Neal B,
MacMahon S, et al. Effects of blood
pressure lowering with perindopril and
indapamide therapy on dementia and
cognitive decline in patients with
cerebrovascular disease. Archives of
Internal Medicine. 2003;163(9):1069-
1075. DOI: 10.1001/archinte.163.9.1069

[72] Barthold D, Joyce G, Wharton W,
Kehoe P, Zissimopoulos J. The
association of multiple anti-
hypertensive medication classes with
Alzheimer's disease incidence across
sex, race, and ethnicity. PLoS One.
2018;13(11):e0206705. DOI: 10.1371/
journal.pone.0206705

[73] Tu K, Anderson LN, Butt DA,

Quan H, Hemmelgarn BR,

Campbell NR, et al. Antihypertensive
drug prescribing and persistence among
new elderly users: Implications for
persistence improvement interventions.
The Canadian Journal of Cardiology.
2014;30(6):647-652. DOI: 10.1016/j.
cjca.2014.03.017. Epub 2014 Mar 18

[74] Quitterer U, Abd Alla S.
Improvements of symptoms of
Alzheimer’s disease by inhibition of the
angiotensin system. Pharmacological
Research. 2020;154:104230. DOI:
10.1016/j.phrs.2019.04.014

[75] Ungvari Z, Toth P, Tarantini S,
Prodan CI, Sorond F, Merkely B, et al.
Hypertension-induced cognitive
impairment: From pathophysiology to
public health. Nature Reviews
Nephrology. 2021;14:1-16. DOI: 10.1038/
s41581-021-00430-6

[76] Williamson ]JD, Pajewski NM,
Auchus AP, Bryan RN, Chelune G,
Cheung AK, et al. SPRINT MIND
Investigators for the SPRINT Research
Group. Effect of intensive vs standard
blood pressure control on probable
dementia: A randomized clinical trial.



Cerebrovascular Diseases - Elucidating Key Principles

JAMA. 2019 12;321(6):553-561. doi:
10.1001/jama.2018.21442.

[77] Waldstein SR, Giggey PP, Thayer JF,
Zonderman AB. Nonlinear relations of
blood pressure to cognitive function:
The Baltimore longitudinal study of
aging. Hypertension. 2005;45(3):374-
379. DOI: 10.1161/01.
HYP.0000156744.44218.74

[78] Lv YB, Zhu PF, Yin ZX, Kraus VB,
Threapleton D, Chei CL, etal. A
U-shaped association between blood
pressure and cognitive impairment in
Chinese elderly. Journal of the American
Medical Directors Association. 2017
1;18(2):193.e7-193.€13. doi: 10.1016/j.
jamda.2016.11.011.

[79] Hachinski V, Einhdupl K, Ganten D,
Alladi S, Brayne C, Stephan BCM, et al.
Preventing dementia by preventing
stroke: The Berlin Manifesto.
Alzheimer's & Dementia. 2019;15(7):
961-984. DOI: 10.1016/j.jalz.2019.06.001

[80] Friberg L, Rosenqvist M. Less
dementia with oral anticoagulation in
atrial fibrillation. European Heart
Journal. 2018;39(6):453-460. DOI:
10.1093/eurheartj/ehx579

18



