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Abstract

The study of the relationship between cardiovascular diseases (CVDs) and Alzheimer’s disease (AD) can be complicated. The diagnostic criteria of AD usually exclude
patients with any clinical CVD (the combination of CVD and dementia leading more strongly towards a diagnosis of multi-infarction dementia rather than in AD).
Nevertheless, there is strong evidence supporting the notion that CVDs contributes at least to the onset of AD, as demonstrated by numerous autopsy studies. The
incidence of microvascular ischemic episodes has been found to strongly correlate with Dementia. Nevertheless, it is not clear whether this association is due to the
fact that they share common risk factors or if the CVDs are directly or indirectly involved in the pathogenesis leading to AD. Understanding the etiology of one of

these diseases can lead to understanding the onset, progression and treatment of the other.

Introduction

In Western Europe and the USA society cardiovascular diseases
(CVDs) are the leading cause of death for men and women over the
age of 50 and 55 years, respectively. Two million people in Europe
(including fifty thousand people in Greece), and 1 million people in
the USA die each year from CVDs. One in three deaths worldwide and
one in two deaths in the European Union and in Greece are caused by
cardiovascular diseases and the main cause of CVDs is atherosclerosis
propagated by the chronic state of arterial walls inflammation.

The inflammation leads to the gradual build-up of cholesterol onto
the arterial walls (both extracellular and intracellular), the accumulation
of dead cell components as well as other extracellular material and
dead cells components, which lead to the formation of atherosclerotic
plaques. These plaques can grow to such extent so that they can cause
the significant narrowing of the arteries and, thus, reduce the blood
flow. Furthermore, the more extensive plaques become highly sensitive
and can rupture, releasing clots that can function as embolus and cause
the occlusion of arteries. If the clots occlude coronary arteries they
result in an acute myocardial infarction (AMI / heart attack), whereas,
if they occlude arteries in the brain they result in a stroke. The identified
risk factors for atherosclerosis include high cholesterol levels (especially
LDL> 100 mg/dL), first and second smoking, hypertension, diabetes,
obesity and physical inactivity [1].

CVDs and Alzheimer’s disease common risk factors

The study of the relationship between CVDs and Alzheimer’s
disease (AD) can be complicated. The diagnostic criteria of AD usually
exclude patients with any clinical CVD (the combination of CVD and
dementia leading more strongly towards a diagnosis of multi-infarction
dementia rather than in AD) [2]. Nevertheless, there is strong evidence
supporting the notion that CVDs contributes at least to the onset of AD,
as demonstrated by numerous autopsy studies [3-5]. The incidence of
microvascular ischemic episodes has been found to strongly correlate
with Dementia, as has the number of AD lesions (OR = 4.59 and 4.27,
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respectively). In a similar study with nuns, the incidence of AD was
11-fold higher (95% CI 1.8-70.3) in women who also had cerebral
infarctions evident in autopsy material than in those whodid not. A
number of epidemiological studies shows correlation between CVDs
and cognitive loss or AD [6].

Nevertheless, it is not clear whether this association is due to the
fact that they share common risk factors or if the CVDs are directly or
indirectly involved in the pathogenesis leading to AD.

Although the risk of developing AD increases with age, the disease
is not part of normal aging, but, instead, it is the result of disturbances
in the metabolism of brain cells. The main pathological characteristic
of the disease is the formation of plaques in the brain, composed of
B-amyloid peptide aggregates (AP). The majority of patients with AD
show various CVDs of mixed necrotomic findings, characterized by
B-amyloid plaques and microinfarctions in the brain [3]. Furthermore,
the patients exhibit degeneration of small blood vessels of the brain, a
finding that has yet to receive a proper explanation, resulting for them
to be referred as AD as well as CVDs patients [4-7]. While vascular
disorders are closely related to the pathology of the white matter (WM),
it remains unexplained how small vessel disease affects the clinical
course of AD as well as CVDs [8-10].

Late-onset Alzheimer disease (LOAD)

Investigating the contribution of CVDs to in the risk of late-
onset Alzheimer disease (LOAD) has led to conflicting views. Some
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researchers argue that any previous history of cardiovascular risk factors
also increase the likelihood LOAD, while others take the position that
such studies have unreliable results. In order to explore the relationship
between the cardiovascular risk factors (diabetes, hypertension, heart
disease) and a history of stroke with the onset of LOAD, information
was gathered and analyzed from families with several incidents of
LOAD. For the familial and sporadic LOAD, a history of stroke was
significantly correlated with a high risk of the disease and attenuated
the relationship between specific cardiovascular risk factors and LOAD,
suggesting that genetic predisposition for LOAD is independent of the
cardiovascular risk factors [11].

The progression of atherosclerosis and AD follow independent
paths, yet with common characteristics (they manifest common
epidemiological and pathophysiological data whereas both diseases
have been known to respond to the same treatment). In recent years,
genetic studies have shown that there are common genes involved in
both diseases (the gene encoding apolipoprotein-E, genes encoding
proteins involved in cholesterol metabolism, hypertension, lipid
oxidation and inflaimmatory mechanisms). Common risk factors
include hypercholesterolemia, hypertension and diabetes [12].

The role of blood pressure

The relationship between hypertension and cognitive function
and dementia remains untangled, presenting a negative correlation at
different stages of the disease throughout the patient’s life. Some studies
indicate that hypertension in middle age increases the risk of cognitive
impairment whereas low blood pressure at an older age increases the
chance of dementia - although this seems to be the result rather than a
cause of the disease. The use of antihypertensive drugs does not appear
to reduce the risk of dementia in most studies with elderly people, while
studies with middle-aged people are very challenging to be completed
as they require many years of monitoring until the clinical onset of the
disease [13].

Blood cholesterol levels and AD

Epidemiological studies have shown that high blood cholesterol
levels may contribute to the pathogenesis of AD. One possible
mechanism that has been proposed is that high blood cholesterol levels
increase the risk of CVDs; whereas different one supports a direct
effect between the formation and catabolism of AP in the brain cells,
particularly of AB 1-42 which is the most toxic form of Ap. Patients
with AD have indeed been found to have high levels of LDL-cholesterol
and low levels of HDL-cholesterol and animals that were fed a high
cholesterol diet were found to have elevated levels of Ap. Moreover,
the distribution and the levels of cholesterol in brain cells affect the
formation and catabolism of AP. So, it should be of no surprise that
some clinical studies have shown that statins, which are administered to
reduce blood cholesterol levels, also protect against the AD and animals
that received statins had lower levels of AP [14].

In recent years, studies have been showing the homeostasis of
lipids in the brain, both of cholesterol as well as sphingolipids (such
as gangliosides) to be of greater importance. The lipid composition of
the cell membranes, the extensive binding of AP with the lipids, the
formation of lipid rafts associated with the formation and toxicity of
AP, renewed the impetus to the study of the multifaceted role of lipids
in amyloidogenesis, in neuroinflammation, in neuroplasticity, in
mitochondrial and synaptic function as well as other key mechanisms
for the occurrence of AD. Nevertheless, it remains unanswered whether
disturbances of lipid homeostasis observed in AD is the cause or result
of the disease [15-17]
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Diabetes and dementia

Diabetes can increase the cognitive deficits and result in dementia,
through the damage caused to the systemic blood circulation and
microcirculation; however, its devastating role does not end there. There
are insulin receptors in the brain, particularly in the hippocampus, the
primary center of episodic memory formation. Insulin also affects
the electrochemical events neurons, from the neurotransmitters
associated with memory and learning, to the enzymes that participate
in the metabolism of Ap. Thus, the production of insulin is directly
related to neuroinflammation, amyloidogenesis, oxidative stress and
mitochondrial function, thereby constituting a candidate link between
the endocrine and the neurodegenerative diseases [18].

The role of ApoE

Apolipoprotein-E (apoE) plays an important role in atherosclerosis
and, thus, in CVDs and in AD as well, not only because of its relationship
with CVDs but also participating in the pathogenesis of the disease
itself. ApoEis a basic protein of the lipid transport system and it plays
an important role in dyslipidemia, atherosclerosis and the pathogenesis
of AD. ApoE is expressed in the liver, the brain and other tissues. The
most studies of its functions are associated with lipid transport and its
ability to promote the removal of cholesterol and triglycerides from the
blood. Mice lacking apoE develop atherosclerotic plaques, were they
fed a normal diet or one rich in lipids [19].

ApoE appears in three common isoforms (apoE2, apoE3, apoE4)
in the general population. The apoE4 isoform is the major risk factor of
AD, as it has been found to reduces the age of onset of the disease and
induces AP to enter the nerve cells [20]. Since structural rearrangements
in apoE affect its normal functioning, a biophysical analysis of the
successive C-terminal deficient isoforms of apoE4 was carried out.
The deletion of the C-terminus leads to loss of functionality, not due
to the molecule becoming destabilized but due to its loss of structural
plasticity [21]. The e4 allele exhibits less antioxidant activity than the e3
allele, while the e2 has the highest antioxidant activity in cell cultures.
Antioxidants help protect from AD, as the disease precipitates strong
oxidizing stress; to which nerve cells are particularly sensitive [22,23].

Atherosclerosis and AD share common molecular mechanisms of
emergence and common risk factors. Understanding the etiology of
one of these diseases can help us in understand the onset, progression
and treatment of the other one [24]. The risk of dementia is greater
when CVDs coexists. The CogFAST study showed that the presence of
three or more cardiovascular risk factors increases the risk of dementia
and death by four times in the elderly survivors of stroke [25]. These
observations contradict a systematic review which concluded that
strokes effecting the incidence of dementia is explained by a greater
part by the recurrent strokes rather than the cardiovascular risk factors
[26].

The contribution of inflammation

Another pathway that leads to dementia is the suppression or
impairment of inflammatory mechanisms. Besides the aging of the
immune system, cerebral atrophy is associated with reduced production
of anti-inflammatory cytokines by the reactive microglia and astrocytes,
in response to the production IL-6 and IL-8, which was observed in
patients who demonstrated cognitive disorders after a stroke [27].

Conclusion

Interestingly, the cerebral atrophy in AD, VAD, mixed dementia
and dementia after stroke refer to specific areas and cells, as well as
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specific functions compared to normal controls of the same age and
patients with no cognitive disorders after stroke. Brain atrophy is
located in the pyramidal cells (30-40%) of the III and V layer of the
upper dorsal frontal cortex when compared to the anterior gyrus of the
cingulate and orbitofrontal cortex of the frontal lobe. These findings
are indicative of neuronal atrophy being independent of the presence
of amyloid, neurofibrillary degeneration and tau-protein. Nevertheless,
the immunoreactivity of the neurofibrillary SMI31 protein was found to
be elevated in patients with dementia and was associated with reduced
neuronal tumors. Theoretically, secondary neurodegeneration in the
gray matter of the cortex can occur after the loss of myelin and axonal
damage in the white matter [28,29].

The CVDs and AD have common molecular mechanisms of
emergence and common risk factors. Understanding the etiology of
one of these diseases can lead to understanding the onset, progression
and treatment of the other.
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