)
Q
-
)
o p—
@)
79
®
—
-
D,
Z.
Q
rem—
<
@)
-4
N
e
23
——
®
rm—
<
-
P
-
®
—

Review
Molecular basis of dementia

0. Szymanowicz!, S. Pawlak?, E. Potocka!, U. Goutor?, W. Kozubski?and J. Dorszewska'*

!Laboratory of Neurobiology, Department of Neurology, Poznan University of Medical Sciences, 61-701 Poznan, Poland
2Chair and Department of Neurology, Poznan University of Medical Sciences, 61-701 Poznan, Poland

*Correspondence: jolanta.dorszewska@ump.edu.pl
DOI: https://doi.org/10.56280/1605703412

-G)
@ =@ This article is an open access article distributed under the terms and conditions of the Creative Commons Attributions
(CC BY) license (https//creativecommons.org/licenses/by/4.0/)

Received 23 December 2023 Accepted 3 January 2024 Online published 10 January 2024

Abstract

Dementia is a set of symptoms characterized by deterioration of memory and cognitive functions. Dementia diseases include
Alzheimer's disease, dementia with Lewy bodies, frontotemporal dementia, vascular dementia, and mixed dementia. This
disease represents an escalating social issue, particularly in a society with an increasing elderly population. In 2019, 271,998
people succumbed to dementia, making Alzheimer's disease the sixth most prevalent cause of death. The pathophysiology of
Alzheimer's disease is complex and not fully understood. It is a multifaceted disease, with its pathogenesis influenced by a
combination of genetic, environmental, and lifestyle factors. One of the genes involved in the pathogenesis of the disease is
the apolipoprotein E (APOE) gene, which is one of the most common risk factors for Alzheimer's disease. The significance
of other genes, including presenilin genes (PSEN1 and PSENZ2), the TREM2 gene, the MAPT gene, and the APP gene, linked
to various forms of dementia, is also emphasized. Another issue is the growing number of identified genetic variants within
genes implicated in the onset of dementia. Dementia diseases are also characterized by chemical alterations in the brain,
including the accumulation of abnormal excitotoxic proteins, varying degrees of inflammation, and metabolic disorders. This
review summarizes current research in the field of dementia and highlights the significance of molecular factors in its
pathogenesis. Gaining insight into the pathogenic mechanisms of dementia may allow for faster diagnosis of the disease and
facilitate the creation of more efficient patient care plans.

Keywords: Dementia, genetic factors, biochemical factors, dementive diseases, risk factors, pathogenesis

1. Introduction

dementia emerges as the leading cause of reduced
years of healthy living due to disability in individuals
aged 60 and above (World Health Organization,
2023).

Dementia is a set of symptoms marked by the
progressive deterioration of memory and cognitive
functions. Dementia affects millions of individuals
worldwide, posing significant challenges for both

patients and their caregivers (Chertkow et al., 2013).
The World Health Organization (WHO) recognizes
dementia as a public health priority. According to
WHO predictions, approximately 50 million people
globally live with dementia, and this number is
expected to triple by 2050 (World Health
Organization, 2021). Since age is a contributing risk,
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With the ongoing aging of societies, dementia could
pose significant challenges for healthcare systems
and manifest as a substantial social and economic
issue. As reported by Wimo et al. (2019), the annual
global societal expenses related to dementia were
estimated at US$1,313.4 billion for 55.2 million
individuals affected by dementia, equivalent to

53



US$23,796 per person with dementia (Wimo et al.,
2023). According to data from the Institute for Health
Metrics and Evaluation, in Poland in 2019, 585,000
individuals suffered from Alzheimer's disease (AD),
the most prevalent form of dementia, and related
diseases, making up 1.5% of the population (GBD,
2019). Additionally, it is important to acknowledge
that dementia does not only impact the individuals
affected but also those around them. As addressed by
Feast et al., family caregivers view dementia and its
symptoms as demanding, leading to a perception of
strain on relationships, violation of social norms, and
the belief that individuals with dementia inevitably
undergo a loss of their "personality" (Feast et al.,
2016).

1.1 Symptoms of dementia

Dementia is characterized by a range of cognitive,
emotional, and  behavioral = symptoms that
progressively impact both the individual's daily
functioning and the well-being of their family members
(Cerejeira et al., 2012). These symptoms may vary
depending on the type of dementia, but common
symptoms include memory loss, marked by persistent
forgetfulness and difficulty remembering new
information. Affected individuals exhibit cognitive
deterioration as dementia gives rise to difficulties in
reasoning, problem-solving, and decision-making.
They may have difficulty recalling recent events,
names, or important details. Simple tasks that were
once routine may become increasingly difficult.
Dementia patients experience challenges in
communication, including expressing thoughts
verbally and comprehending spoken or written
language. Feelings of frustration and isolation can arise
in individuals with dementia due to these symptoms.
Additionally, patients who have dementia may
experience mood changes (e.g., depression, anxiety, or
irritability), impaired motor skills, and confusion
(Cerejeira et al., 2012; Kim et al., 2021; Schneider,
2022; Atri, 2019; Arvanitakis & Bennett, 2019;
Arvanitakis et al., 2019; Elahi & Miller, 2017;
Aarsland, 2020; Prendecki et al., 2020). Early
recognition of these symptoms is essential for timely
diagnosis and pharmacological intervention. Family
members, friends, and healthcare professionals play a
key role in observing and responding to these changes,
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improving the quality of life of individuals affected by
dementia.

1.2 Risk factors of dementia

The increasing incidence of dementia is not solely
associated with the age of patients; various other risk
factors contributing to the development of this
condition have also been recognized. These factors
encompass genetic predispositions, lifestyle elements
such as alcohol and smoking, level of daily stress,
physical activity, lower educational attainment, and the
presence of chronic diseases (arterial hypertension,
diabetes) (Kuo et al., 2020; Zhang et al., 2021; Albai et
al., 2019). Research on AD indicates that infections
such as gastrointestinal infections, sepsis, and
pneumonia may also pose as risk factors for dementia
(Fink et al., 2021; Lei et al., 2022; Piekut et al., 2022).

1.3 Types of dementia

The varied pathophysiological alterations in the brains
of individuals with dementia has allowed us to
distinguish several dementia types, including AD,
vascular dementia (VaD), dementia with Lewy bodies
(DLB), frontotemporal dementia (FTD), and mixed
dementia (Husebo et al., 2016). Each dementia type
exhibits unique symptoms and progression patterns,
emphasizing the importance of accurate diagnosis for
tailored care (Fig. 1).

1.4 Alzheimer’s disease

AD, the predominant form of dementia, accounts for
60-70% of dementia cases (World Health
Organization, 2023). It is a multifactorial disease
characterized by the degeneration of brain cells. AD
does not have a single, identifiable cause; rather, it
arises from a combination of factors, including the
individual's age, genetic predispositions, protein
accumulation and aggregation in the brain, as well as
vascular, immunological, environmental, and lifestyle
factors (Breijyeh & Karaman, 2020).

Regarding genetic factors, particular emphasis is
placed on variations in the apolipoprotein E (APOE)
gene, specifically 4e. The neurological changes
observed in the brains of individuals with AD involve
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the accumulation of amyloid-beta (A) proteins, while
the aggregation of phosphorylated tau proteins
contributes to the formation of neurofibrillary tangles
(NFTSs). Additionally, the presence of additional risk
factors for AD, including head injuries, obesity,
cardiovascular changes, smoking, or infections, may
accelerate and exacerbate the progression of the
disease (Breijyeh & Karaman, 2020; Armstrong, 2019;
Khan et al., 2020). More details are found in section 2:
Biochemical factors of different types of dementia.

Given the multifactorial pathomechanism of AD,
understanding the intricate interplay of these factors is
crucial for unraveling the complexities of AD.
Ongoing research aims to identify more specific
causative mechanisms, paving the way for targeted
interventions and potential preventive strategies.

Age Memory Loss
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within cells. The imbalance between production and
clearance of these proteins hampers neuronal function,
resulting in synaptic dysfunction, neuronal loss, and
cognitive decline (Kao et al., 2020). Recent research
emphasizes the role of neuroinflammation and
oxidative stress in AD pathogenesis. VaD arises from
compromised blood flow to the brain, frequently
stemming from strokes or other vascular issues. At the
biochemical level, diminished cerebral blood flow
induces hypoxia, triggering the release of
inflammatory mediators and oxidative stress. This
cascade of events contributes to the degeneration of
white matter and the development of cognitive
impairment. In DLB, abnormal aggregates of the
alpha-synuclein protein, referred to as Lewy bodies,
accumulate in the brain. These aggregates interfere
with cellular function, impairing neurotransmitter
release and leading to neuronal death. The biochemical
intricacies of DLB also encompass mitochondrial
dysfunction and impaired protein  clearance
mechanisms. FTD is characterized by the degeneration
of the frontal and temporal lobes, leading to personality
changes and language impairment. Biochemically,
FTD is associated with abnormalities in tau, TDP-43,
and FUS proteins. Dysregulation of these proteins
disrupts cellular functions, contributing to the neuronal
loss observed in FTD patients. Understanding the
diverse biochemical pathways implicated in various
types of dementia is crucial for developing targeted
therapeutic strategies.

Created in BioRender.com bio

Creutzfeldt-Jakob disease
Location: diffuse cortical
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Frontotemporal dementia
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Figure 1. Risk factors and typical symptoms of dementia.

2. Biochemical factors of different types of
dementia
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Dementia manifests in various forms, each
characterized by distinct biochemical foundations.
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hyperphosphorylated tau proteins. The key distinction
lies in the location of these structures; plaques typically
form outside cells, while NFTs are generally found
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Figure 2. Common types of dementia.
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2.1 Biomarkers in neurodegenerative diseases

Advancements in diagnostic techniques and early
identification are made possible through the potential
for a lifetime diagnosis of the disease using diagnostic
biomarkers, both in imaging studies and laboratory
tests of cerebrospinal fluid (CSF). A biomarker is a
naturally occurring molecule, gene, or characteristic
that allows the identification of a specific
pathological or physiological process, disease, etc. The
extracellular and intracellular protein deposits, known
as plagues, consist of A peptides. These peptides exist
in two forms: the shorter Ap 1-40 (AB1-40) and the
longer AP 1-42 (AB1-42), typically undergoing proper
metabolism and degradation. In individuals with AD,
there is a disruption in AB metabolism, leading to an
accumulation of excess peptides, primarily Ap1-42,
which aggregate to form the plaques (Pasieka et al.,
2021). The assessment of AP1-42 levels is widely
acknowledged as a crucial indicator of an abnormal
condition associated with A metabolism (Hampel et
al., 2021). NFTs, or tangles, represent the second
distinctive histopathological feature of AD, following
AP deposits. These intracellular structures consist of
aggregates of hyperphosphorylated tau protein
(Moloney et al., 2021).

In the 2018 NIA-AA recommendations, biomarkers in
neurodegenerative diseases are categorized into
biomarkers indicating pathological Ap deposition,
biomarkers associated with tauopathy (neurofibrillary
degeneration), and indicators of neurodegeneration
(Jack et al., 2018). A distinctive feature of AD is a
reduction in the concentration of AP protein in the

CSF. In individuals who later develop AD, a
significant decrease in AB1-42 is observed as early as
5-10 years before the onset of cognitive impairment
symptoms (McGrowder et al., 2021). It is important to
highlight that A peptides of various lengths, including
AP1-40, are present in the CSF. To account for
individual differences in AP synthesis, the AP1-
42/APB1-40 ratio can be calculated, providing a more
accurate assessment compared to measuring the levels
of these biomarkers individually (Hampel et al., 2021).
Moreover, studies have demonstrated that the Ap ratio
results for both lengths exhibit a stronger correlation
with positron emission tomography (PET) imaging
studies (Pemberton et al., 2022).

It is worth noting that the optimal biomarker or
combination of biomarkers may vary based on factors
such as the stage or type of dementia. Assessing
markers in the CSF and utilizing markers in
neuroimaging studies, within the appropriate clinical
context, enables early disease diagnosis and enhances
the differentiation between various types of dementia.

2.2 Cerebrospinal fluid analysis

Table 1 provides a summary of CSF levels for three
biomarkers: AB42, total tau (t-tau), and phosphorylated
tau (p-tau). The assessment of AP42 levels is an
important indicator of an abnormal condition
associated with AR metabolism. In a functional Ap
metabolism pathway, amyloid is continuously
degraded and present in the CSF. However, in AD,
where the degradation is impaired, amyloid persists in
the brain, leading to the formation of AP plaques.

Table 1: Cerebrospinal fluid markers for differential dementia

Dementive diseases Biomarkers in cerebrospinal fluid
Amyloid-beta Total tau Phosphorylated tau
Alzheimer’s disease significantly reduced significantly increased significantly increased
Dementia with Lewy reduced increased increased
bodies
Frontotemporal reduced increased no changes
dementia

Vascular dementia reduced no changes no changes

Other dementia no changes varied changes varied changes
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Consequently, a characteristic feature of AD is a
reduction in the concentration of Ap protein in the CSF
(Mulder et al., 2010). Unlike AB, levels of t-tau and p-
tau proteins in the CSF increase in individuals with
advanced neurodegeneration and cognitive
impairment. In FTD, there is a decrease in CSF Ap42
and an increase in CSF t-tau levels, while CSF p-tau
levels remain within the normal range (Verwey et al.,
2010). In DLB, CSF levels of AP42 are slightly
decreased, alongside increased levels of CSF t-tau and
p-tau. In VaD, CSF AP42 is decreased, but CSF t-tau
and p-tau remain within the normal range. Patients with
Creutzfeldt-Jakob disease (CJD) exhibit markedly
elevated CSF t-tau levels, while CSF p-tau levels are
relatively normal. In psychiatric disorders (PSY), CSF
levels of AP42, t-tau, and p-tau are all within the
normal range (Schoonenboom et al., 2012).

2.3 Amyloid precursor protein metabolism

Amyloid precursor protein (APP) is abundantly
expressed in both the liver and the central nervous
system. Under physiological conditions, it plays a role
in neuronal migration, adhesion, protein transport and
axon repair. According to the amyloid cascade
hypothesis, APP undergoes proteolysis by secretases,
with the predominant physiological pathway involving
a and y secretase (90%) and the amyloidogenic
pathway involving B and y secretase (10%). The
amyloidogenic pathway results in the formation of AP
(40-42 amino acids), an extramembrane fragment with
a propensity to aggregate. AP is the primary component
of senile plaques, contributing to increased neuronal
apoptosis and likely playing a role in the development
of AD (Zheng & Koo, 2011).

Additionally, AB fragments have the ability to interact
with and disrupt the function of many receptors and
components in the extracellular environment. They can
interfere with certain glutamatergic and cholinergic
receptors, thus hindering cell-cell communication
(Patterson et al., 2008). Furthermore, they can impact
the Trk-B receptor, the primary receptor for BDNF - a
fundamental neurotrophic factor highly responsible for
neuroplasticity. BDNF has been shown to be
diminished in  numerous  psychiatric  and
neurodegenerative disorders (Jerénimo-Santos et al.,
2015).
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2.4 Summary of biochemical factors in AD

AP exerts adverse effects such as synapse dysfunction,
heightened oxidative stress (affecting both oxidant and
antioxidant components, disrupting the redox balance),
inflammation (triggering microglial activation and
escalating the production of proinflammatory
cytokines), mitochondrial dysfunction (penetrating
into mitochondria) and inducing apoptosis (Buccellato
et al., 2021; Olufunmilayo et al., 2023). Another
hallmark of AD is the presence of NFTs, formed by
agglomerates of hyperphosphorylated tau protein and
located within the cells (Basheer et al., 2023).

3. Genetic factors of dementia

Numerous studies suggest that dementia diseases can
be likened to the "butterfly effect,” influenced by a
multitude of factors throughout one’s lifespan
(Martens et al., 2022). Given genetic heterogeneity, we
find ourselves in a situation where the disease
phenotype is shaped not only by a single mutation but
also by a combination of various genes (Jellinger,
2022). Furthermore, it cannot be definitively asserted
that individuals with one copy of the faulty gene will
inevitably develop the disease. We can only refer to an
"elevated risk of disease.” If it is determined that we
possess defective copies of genes associated with an
increased disease risk, we can undertake appropriate
measures to postpone the onset of potential symptoms
or alleviate them when they appear (prevention)
(Martens et al., 2022).

3.1 Alzheimer's disease

Early-onset AD (EOAD), also referred to as familial
AD (fAD), is currently recognized to result from
dominant mutations in three genes: PSEN1, PSEN2,
and APP. Most often, we are dealing with a mutation
in the PSEN1 gene. Defects in the PSEN2 gene are
sporadic, and mutations in the APP gene are even rarer
(Paulson & Igo, 2011). Mutations in PSEN1 and
PSEN2 genes encode presenilin 1 (PS1) and 2 (PS2),
whose protease products play a crucial role in the
cleavage of APP. A subset of cases is attributed to a
mutation in the gene responsible for the precursor
protein APP, located on chromosome 21. Individuals
with trisomy of chromosome 21, such as those with
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Down syndrome, have three copies of the gene
encoding APP. Consequently, the incidence of AD is
more prevalent in this population compared to
individuals with the typical number of chromosomes
(Jorde et al., 2014).

Another form of AD is late-onset AD (LOAD), which
occurs more frequently than EOAD. The genetic
component of its pathogenesis involves various allelic
variants of the apoE locus, encoded by the APOE gene,
particularly the most significant variants of this locus —
€2, €3, and €4 (Jorde et al., 2014). The APOE isoforms
differ by only one amino acid (Martens et al., 2022).
The presence of the &4 variant, in a single copy,
increases the risk of AD by 2-5 times, and when present
in two copies, the risk increases by 5-10 times. The
level of risk varies based on the ethnic origin of the
population (Jorde et al., 2014). Additionally, with this
variant, the age of onset is typically earlier. Despite €4
being present in 50-70% of AD cases, it is not the
causative gene. Conversely, €2, which is relatively
uncommon, has the strongest protective -effect
(Martens et al, 2022). Presently, in the
pathophysiology of AD, APOE is implicated in
symptoms like tau-induced neurodegeneration,
microglial and astrocyte reactions, and the disruption
of the blood-brain barrier (Jorde et al., 2014).

Genome-wide association studies (GWAS) have
uncovered additional genes linked to the risk of AD,
including TREM2, INPP5D, CLU, CR1, SPI1, ABCA7,
EPHA1L, and MS4A. These genes are associated with
the functioning of the immune system. For instance,
the TREM2 gene encodes a surface receptor that
prevents AP aggregation by activating microglia,
which facilitate endocytosis. Research methods
emphasize the importance of investigating the
neuroimmune axis in AD for a comprehensive
understanding of the intricate pathogenic mechanisms
and the development of effective treatment and
diagnostic methods (Ward et al., 2022; Bellenguez et
al., 2022).

3.2 Vascular dementia

VaD arises from various conditions that disrupt blood
flow and oxygen supply to the brain, leading to damage
in the brain’s blood vessels. Cerebral small vessel
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disease (cSVD) is notably linked to a heightened risk
of dementia. The pathogenesis of cSVDs is associated
with genetic factors such as: NOTCH3, HTRAL, and
COL4A1/2 genes (Cho et al., 2022).

Cerebral autosomal dominant arteriopathy with
subcortical  infarcts and  leukoencephalopathy
(CADASIL) is the prevailing form of cerebral small
vessel disease, resulting from genetic alterations in the
NOTCH3 gene (Cho et al.,, 2022). CADASIL is
associated with various manifestations, including
stroke, white matter (WM) disease, microbleeds, and
vascular dementia (Mizuno et al., 2020). Individuals
carrying mutations in the NOTCH3 gene face an
elevated risk of developing vascular dementia
compared to those without the mutation in the general
population (OR, 5.42; 95% CI, 3.11-8.74) (Cho et al.,
2022).

The NOTCHS3 gene is a large gene comprised of 33
exons located on chromosome 19p13.1. It codes for a
single-pass  transmembrane  receptor  (Notch3)
abundant in epidermal growth factor repeats (EGFRS)
within the extracellular domain. This receptor is
expressed in vascular smooth muscle cells (VSMCs)
and pericytes, playing a role in maintaining the
homeostasis of mesenchymal stem cells derived from
vertebrae (VMSCs) (Ferrante et al.,, 2019). In
CADASIL, the function of the NOTCH3 gene is
heightened, indicating a pro-aggregation mutation.
This occurs through the addition or subtraction of
cysteine, resulting from a missense mutation (Mizuno
etal., 2020) in 1 of the 34 EGFR domains of the Notch3
protein (Cho et al., 2022). Cases of both duplication
and deletion have been observed, affecting the quantity
of cysteine in the amino acid chain. Each EGFR is
expected to contain six cysteines, likely participating
in the formation of disulfide bridges. Altering the
cysteine count to an odd number may result in the
development of abnormal disulfide bridges, leading to
aggregation of the Notch extracellular domain (NECD)
(Mizuno et al., 2020).

Descriptions exist for more than 200 mutations that
contribute to the CADASIL disease phenotype (Cho et
al., 2022). Approximately 98% of mutations manifest
within exons 2-23, though occurrences have been
verified across all exons. Furthermore, the severity of
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the disease is contingent on the mutation's specific
location within the gene (Ferrante et al., 2019). In their
study, Rutten et al. (2019) demonstrated that
individuals with a mutation in EGFr 1-6 faced a stroke
risk 12 years earlier, had a shorter lifespan and
exhibited a larger volume of white matter
hyperintensities compared to those with a mutation in
EGFr 7-34 (Rutten et al., 2019).

3.3 Dementia with Lewy bodies

DLB relies on specific genetic factors that elevate the
risk of disease, primarily involving the GBA gene,
APOE gene, and SNCA gene. Studies conducted by
Chia et al. in 2021 and by Guo et al. in 2022 further
established a correlation between heightened morbidity
in individuals with dementia who harbor mutations in
the BIN1, TMEM175 (Chiaetal., 2021), APOCL1, CLU,
FBXL19, and MAPT genes (Guo et al., 2022).

The GBA gene is responsible for encoding the
lysosomal enzyme glucocerebrosidase (GCase), and
the deficiency or absence of this enzyme likely
hampers the degradation of a-synuclein, a protein
encoded by the SNCA gene. The breakdown of a-
synuclein protein is crucial in the formation of Lewy
body deposits and Lewy neurites. The extent of GCase
dysfunction varies depending on the genetic variant of
the GBA gene, leading to different levels of association
with disease phenotypes. Notably, the most frequently
encountered pathogenic variants include p.E326K,
p.T369M, p.N370S and p.L444P. The prevalence of
these variants varies across different ethnic populations
(Blauwendraat et al., 2020). Aggregation tests utilizing
genes across the entire genome identified GBA gene
mutations as particularly crucial in the pathogenic
process of DLB. Additionally, Chia et al. demonstrated
that greater polygenic risk correlated with more severe
dementia symptoms in individuals at risk (P=0.009)
(Chia et al., 2021). Insufficient production of the
product encoded by the BIN1 gene, known as bridge
integrator 1, contributes to elevated AP production by
reducing lysosomal degradation of the [-site APP
precursor protein-cleaving enzyme 1 (BACE1).

When the TMEM175 gene product, a transmembrane

potassium channel, is deficient, it leads to impaired
lysosomal function. This deficiency impairs the
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clearance of autophagosomes through lysosomes,
diminishes the respiratory capacity of mitochondria
and contributes to increased deposition of
phosphorylated a-synuclein (Chia et al., 2021).

In their large-scale multi-trait association analysis, Guo
et al. compared the entire genetic etiology of DLB, AD
and Parkinson’s disease (PD). Their findings revealed
that the most substantial genetic correlation was
evident between DLB and AD (rg=0.6603; p=0.0010).
The correlation rate was slightly reduced between DLB
and PD (rg=0.6352; p=0.0007), and it reached the
lowest level between AD and PD (rg=0.2136;
p=0.0130) (Guo et al., 2022).

3.4 Frontotemporal dementia

FTD represents another form of dementia, with
approximately 1/3 of cases being familial and inherited
in an autosomal dominant manner. Mutations in three
genes are primarily involved in the pathogenesis of this
type of dementia: GRN, MAPT, and C9orf72 (Swift et
al., 2021). It is important to note that not everyone with
family members carrying mutations in these genes is
diagnosed with FTD. Furthermore, each subtype of
FTD is influenced by different genes with varying
frequencies; for instance, the behavioral variant of
frontotemporal dementia is predominantly caused by a
mutation in the GRN gene (Rohrer et al., 2009).

The progranulin gene (GRN) consists of 13 exons, with
Yu et al. identifying 58 variants, of which 24 were
found to be pathogenic. Typically, these pathogenic
variants involve a nonsense mutation or a shift in the
reading frame, leading to the premature emergence of
a stop codon. Consequently, the mRNA undergoes
degradation, resulting in the absence of the GRN gene
expression product. The researchers concluded that
FTD is caused by gene haploinsufficiency (Yu et al.,
2010).

Genetic factors contribute to the pathogenesis of every
form of dementia, playing a pivotal role as risk factors.
This emphasizes the importance of incorporating
genetic studies into dementia diagnoses, particularly
for family members of individuals with dementia. In a
2022 study by Ward and colleagues using a multi-gene
dementia risk assessment, lifestyle assessment, and
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frailty index, it was shown that the occurrence of
dementia is influenced by various factors. The study
revealed that a high genetic risk of dementia can be
mitigated through a healthy lifestyle and maintaining a
low frailty index with minimal health deficits. For
instance, individuals with both a high genetic risk and
a high frailty score were 5.6 times more likely to
develop dementia compared to those with a low genetic
risk and a low frailty score. Importantly, the study
showed that a high frailty score represents a significant
increase in dementia risk independent of genetic risk
factors, highlighting the frailty score as a key and
modifiable risk factor influenced by lifestyle (Ward et
al., 2022).

4. Conclusions

Dementia stands as a global public health priority,
affecting millions of individuals and posing significant
challenges for patients, caregivers, and healthcare
systems. The associated societal costs are substantial,
emphasizing the urgent need for effective interventions
and support systems. Dementia manifests through a
range of cognitive, emotional, and behavioral
symptoms. Moreover, the pathogenesis of dementia
involves numerous biochemical and genetic factors.
Early recognition of symptoms and molecular causes is
crucial for timely diagnosis and treatment. However,
distinct types of dementia, such as AD, DLB, FTD,
and, VaD, exhibit unique pathophysiological
mechanisms, symptoms, and biochemical and genetic
factors. Therefore, a thorough understanding of the
molecular factors specific to each dementia type has
the potential to significantly reduce diagnosis time and
bring clinicians closer to unravelling the precise causes
of the challenges posed by aging societies.
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