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In elderly individuals with dementia, it is increasingly established that mixed brain pathologies
are the cause. Pathological changes typical of Alzheimer’s disease have been observed to coexist
with vascular problems associated with vascular dementia. Coexistence with Lewy bodies is
also frequently observed. In some cases, brain changes associated with all three conditions
coexist — Alzheimer’s disease, vascular dementia and dementia with Lewy bodies. Here, we
review the co-morbidities of Alzheimer’s disease, their relevance to disease progression, and
the presence of certain risk factors that also appear to influence disease progression.
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Introduction

The National Institute on Aging-Alzheimer’s Association Task Force on Alzheimer’s
Disease (AD) diagnoses AD based on brain pathology at autopsy or in vivo with the
use of biomarkers rather than clinical presentation [13]. They view the disease as a
sequence with a long preclinical phase along with cognitive impairment developing
over many years, accompanied by an accumulation of AD markers that begins decades
before the manifestation of clinical signs.

Although AD is the most common cause of dementia, it can be accompanied by a
number of other pathologies. AD-pathology increases with age, but at the same time,
many other brain diseases that affect cognitive functions develop as well. Examples
are cerebrovascular changes such as heart attacks, atherosclerosis and arteriosclerosis,
changes in the white matter of the brain, Lewy body disease and hippocampal sclerosis
[18]. Although each of these dementia-causing pathologies develop differently, they
are not mutually exclusive. Several studies show that a large percentage of elderly
people, regardless of whether they have symptoms of dementia or not, are carriers
of different pathologies in the brain — the so-called mixed pathology [27]. Autopsy
brains of patients diagnosed with AD often show mixed pathology. In very few of
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the cases in which AD is indicated as the main diagnosis, solely neuropathological
findings characteristic of AD are found at autopsy [28]. In patients diagnosed with AD,
where autopsy results show the presence of AD-pathology, vascular and other types of
pathologies are very often found as well [25, 29].

Role of the cerebrovascular dysfunction

A number of studies demonstrate the role of cerebrovascular dysfunction as
an important risk factor in the development of AD. Cerebrovascular dysfunction
is found earlier than cognitive decline and before the formation of AB-deposits
[9]. Cerebrovascular morphological changes, blood-brain barrier dysfunction and
reduced cerebral blood flow are associated with the development of AD [12]. Another
pathological hallmark of AD that also contributes to vascular dysfunction is the
presence of AP deposits in the walls of cerebral blood vessels, referred to as cerebral
amyloid angiopathy, which is also involved in the development of the pathology [23].

Electron microscopic studies show that degenerated small blood vessels, including
capillaries, are closely associated with amyloid deposits in senile plaques. There are
suggestions that it is amyloid angiopathy of small blood vessels and degeneration of
capillaries that leads to a lack of energy of the surrounding nerve cells and their degeneration.
The results of very early studies by several working groups give them reason to assume that
blood vessels play a major role in the formation of senile plaques. In examining the brains
of a large number of patients who died with a diagnosis of AD, Joachim et al. (1988) [16]
observed that “at least a minimal degree of amyloid angiopathy is found in any brain that
has the histopathological changes characteristic of AD”. According to Miyakawa (2010)
[22], these results strongly support the hypothesis that one of the main reasons for the
development of AD pathology are changes in the blood-brain barrier.

Age-related and individual risks

Any pathology that accompanies AD is an additional burden on the brain, which
increases the risk of developing dementia [2, 11]. The probability of developing different
pathologies increases with age, and therefore, in the oldest people, mixed pathology
is the most common cause of developing dementia [14]. Matthews et al. (2009) [21]
show that co-morbidities may be the cause of half and more dementias compared to
AD-pathology. With advancing age, AD- and non-AD-type pathologies accumulate,
so the proportion of mixed pathology grows, as does the risk of developing dementia.
Combinations of different pathologies may be most diverse and the contribution of
each to the development of dementia may be different in different individuals [7].

Understanding the role of different pathologies is important for assessing the risk
factors leading to the development of AD. In their study, Boyle et al. (2013) [6] show
that known types of neurodegenerative pathologies can explain less than half of the
observed cognitive impairment in old age. This may be due to as yet unexplained
pathological processes, but it may also be due to individual differences in the ability of
the brain to protect itself from the development of pathologies [3].

It is known that the morphological signs of AD, as well as other known
pathologies, are not clearly interrelated with the impairment of cognitive functions.
In clinicopathological studies and with the use of biomarkers, it has been shown that
at the same degree of manifestation of pathological changes, some individuals have
clinical symptoms, while others have no deterioration [4]. This likely means that some
individuals can develop resilience and respond flexibly to pathological processes,
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allowing them to compensate for a greater degree of pathological changes than others.
This has been termed cognitive or neuronal reserve capacity [3]. The biological basis
of neuronal reserve includes cellular, synaptic, and biochemical pathways [1]. These
may involve synaptic and particularly presynaptic proteins, neuronal or nuclear
hypertrophy, changes in neuronal density and brain microstructure and others.

Risk factor for developing AD

In light of the role that mixed pathologies have, as well as the persistence of
pathologies in the development of AD, it is important to consider the risk factors
involved in these processes. In principle, risk factors may affect AD-pathology,
vascular or other pathologies, modulate the interaction between them or be related to
yet unknown pathologies.

We will list some factors other than genetics that also seem to influence the
development of AD.

One such group is sociodemographic and behavioral factors. Education belongs
to them. It has long been assumed that higher education slows the development of
cognitive deficits. Multiple studies have shown the relationship between education
and the degree of cognitive deficit independent of the degree of AD-pathology [8,
10, 26]. None of these studies show a direct relationship between education and the
development of AD-pathology. It is believed that its positive role is carried out by
improving the resistance of the brain against pathologies and building neuronal reserve
capacity. This capacity may be expressed in the greater plasticity of the brain and the
ability to more easily build compensatory connections at the site of the affected ones.

The group of sociodemographic and behavioural factors also includes physical,
cognitive and social activities. Maintaining these activities is associated with a reduced
risk of developing dementia [31, 32]. They can exert their positive effect through
mechanisms such as improving the cardiovascular condition, as well as building
reserve capacity by stimulating cognitive functions. Reading, solving crosswords, and
participating in various games reduce the risk of dementia of the Alzheimer’s type [30]
and help preserve the plasticity of the brain. This is probably done through the same
mechanisms that are influenced by education.

Increasing attention is being paid to the influence of nutrition and different diets
on the risk of developing dementia. There is also a relationship between sleep and
circadian rhythm with the dynamics of AP accumulation, and here the relationship is
probably bidirectional — sleep helps to eliminate AB, and AP accumulation can lead to
sleep disorders [17].

There are also psychological risk factors. According to Boyle et al. (2012) [5],
people who have a purpose in life show fewer cognitive deficits, while depressive
symptomatology contributes to cognitive impairment [32].

There are, of course, medical risk factors as well. Among them, the primary ones
are cardiovascular, and their relationship with the risk of developing cerebrovascular
disease and vascular dementia is well documented. Trauma of the head can be placed
second. There are numerous studies on the relationship between traumatic brain injury
and the increased risk of dementia [15]. There is no clear evidence whether AD is a
direct pathological consequence or whether other neurodegenerative processes, such
as chronic traumatic encephalopathy, are involved. Research results on the relationship
between traumatic brain injury and A deposition are conflicting.
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Conclusions

It is clear from the above that dementias can have complex causes and their treatment
must be complex [24]. In addition, AD is a multifunctional disease and the counteraction
against it cannot be limited in only one direction. More and more systems in the brain
are being discovered that are affected by the occurrence of AD. Many model systems
have been used to study AD [19] but they have a number of limitations [20]. Due to
its asymptomatic development for perhaps tens of years, it is particularly important to
look for early markers to detect the pathological processes. The lack of clarity about
the exact mechanisms causing AD as well as its long course means that therapy should
also be very long-term and continue into old age. This, on one hand, places a heavy
burden on public resources. On the other hand, medical treatment of the elderly can be
problematic due to age-related changes in the kidneys and liver. Therefore, the main
goal of research and the fight against AD should be its prevention. This can start now
with improved control of cardiovascular risk factors, improved education and increased
public information about the major risk factors.

At the same time, in-depth studies of the biochemical basis of Alzheimer’s disease
must continue in order to clarify its etiology in detail.
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