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ABSTRACT: Aging is the primary risk factor for cognitive decline, impacting multiple cognitive domains and
significantly elevating the risk of conditions such as mild cognitive impairment and dementia. In addition to aging,
several diseases contribute to cognitive decline. Alzheimer's disease, a progressive neurodegenerative disorder, leads
to the loss of neurons and synapses in the brain, resulting in a profound decline in cognitive abilities and functional
capacity. Several studies provide compelling evidence that modifiable lifestyle factors play a crucial role in influencing
cognitive health. Adopting healthier behaviors has been shown to significantly reduce the risk of cognitive decline.
Genetic factors also play a crucial role in cognitive decline, with several genes being identified that influence the risk of
developing conditions like Alzheimer’s disease and other dementias. Long-term use of opioids and cocaine is also
associated with cognitive decline, affecting functions such as memory and executive processes. Understanding the
factors contributing to cognitive decline in aging and disease is essential for developing strategies to mitigate its impact.
The drugs available to treat patients with cognitive decline due to advanced aging and drug abuse are also summarized.
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Introduction

Cognitive decline is a critical issue in both
aging and disease, impacting various aspects of
mental functioning, including memory, attention,
and executive function. As individuals age, they
often experience frequently a gradual decline in
cognitive abilities, which ultimately can affect
their quality of life and independence. This
phenomenon is not only a natural part of the aging
process but is also exacerbated by various
neurodegenerative  diseases, most notably
Alzheimer's disease and other forms of dementia.

Aging is associated with a range of cognitive
changes. Normal aging can lead to mild cognitive
decline, characterized by noticeable but not
debilitating impairments in memory and other
cognitive functions.

However, the progression from MCI to more
severe forms of cognitive impairment, such as
dementia, is a significant concern for older adults
and their caregivers. Dementia encompasses a
broad spectrum of cognitive deficits severe
enough to hinder with quotidian life, with
Alzheimer's disease being the most frequent
cause [1].

In addition to aging, several diseases
contribute to cognitive decline. Alzheimer's
disease, an escalating neurodegenerative disease,
leads to neuronal and synaptic loss in the brain,

resulting in a profound decline in cognitive
abilities and functional capacity [2].

Other conditions, such as Parkinson's disease,
Huntington's chorea, and cerebrovascular
disorders, also contribute to cognitive
deterioration through various pathophysiological
mechanisms.

Understanding the factors contributing to
cognitive decline in aging and disease is crucial
for developing plans of action to lessen its impact.
Research has identified several risk factors,
including genetic predispositions, lifestyle
factors, and comorbid conditions, which can
influence the rate and severity of cognitive
decline [3].

Early identification and intervention are
crucial for managing cognitive decline, with
approaches ranging from pharmacological
treatments to lifestyle modifications and
cognitive training programs.

1. Risk Factors Underlying Cognitive
Decline

Cognitive decline, often observed as a
decrease in memory, reasoning, and other mental
abilities, is a significant concern, particularly in
aging populations. This decline can vary in
severity, ranging from mild cognitive decline to
more severe disorders like dementia and
Alzheimer’s disease [4].
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Understanding the risk factors and genetic
predispositions associated with cognitive decline
is crucial for developing preventive strategies and
therapeutic interventions.

1.1 Cognitive Decline and Old Age

The most significant risk factor for cognitive
decline is age. As individuals grow older, the risk
of experiencing cognitive impairments increases
significantly. The World Health Organization
(WHO) emphasizes age to be strongest known
risk factor for dementia, including Alzheimer's
disease. Dementia  prevalence  increases
significantly with age, affecting 60-70% of
individuals over 65 years. This underscores the
fact that while aging itself is not a disease, it is the
primary risk factor for various forms of cognitive
decline and dementia [5].

Indeed, several large and significant clinical
studies have established age as the most
significant risk factor for cognitive decline. Thus,
a comprehensive review highlighted that age-
related cognitive decline is a critical issue, often
described as the "elephant in the room™ due to its
vast impact and the aging global population. The
authors noted that cognitive functions such as
memory, executive function, and processing
speed typically decline with age, with the most
significant changes occurring in those aged
70 and above [6].

More recently, the "Longitudinal Aging Study
Amsterdam (LASA)" that included 2,527
cognitively healthy subjects aged 55-85 years and
examined the he link between age and cognitive
impairment using various neuropsychological
tests such as the Mini-Mental State Examination
(MMSE) and the 15 Words Test (15WT), found
a significant nonlinear relationship between age
and cognitive decline, with older age groups
showing more pronounced declines in cognitive
function over the follow-up period. The results
underscore that cognitive decline accelerates with
advancing age, particularly after the age of 70 [7].

In the last decade, researchers have begun
looking closely into the Microbiota-Gut-Brain
Axis, asking how changes in the gut microbiota
with age can influence cognitive functions. As
people age, alterations in gut microbiota
composition can lead to systemic inflammation
and other changes that negatively impact brain
health, further supporting the link between aging
and cognitive decline [8].

1.2 Cognitive Decline and Cardiovascular
Health

Poor cardiovascular condition, including
comorbidities like hypertension, diabetes,

dyslipidemia, and obesity, is strongly linked to
cognitive decline. These conditions can lead to
reduced blood flow to the brain, contributing to
cognitive impairments. Several large, significant
clinical studies support the statement that poor
cardiovascular health is strongly linked to
cognitive decline.

1.2.1 The Framingham Heart Study (FHS)

This long-term, ongoing cardiovascular
cohort study began in 1948 and has since
included over 14,000 participants across three
generations. The FHS found a significant
association between hypertension, diabetes, high
cholesterol, and obesity with cognitive decline
and dementia. It highlighted how elevated blood
pressure and cholesterol levels in midlife are
connected to a higher risk of developing
Alzheimer's disease as well as other forms of
dementia later in life [9].

1.2.2 The Atherosclerosis Risk in
Communities (ARIC) Study

This prospective cohort study began in 1987,
involving around 15,792 middle-aged males and
females from four U.S. communities. The ARIC
study found that that patients suffering from
hypertension and diabetes had a greater risk of
cognitive impairment over a 20-year time span.
The study emphasized that these conditions
contribute to atherosclerosis, leading to reduced
cerebral perfusion and subsequent cognitive
impairment [10].

1.2.3 The Cardiovascular Health Study
(CHS)

This study started in 1989 and included 5,888
adults aged at least 65 years, from four U.S.
communities. The CHS demonstrated that
cardiovascular risk factors such as hypertension,
diabetes, and high cholesterol levels are linked
with a higher risk of cognitive impairment and
dementia. The study showed that these conditions
lead to vascular changes in the brain, contributing
to reduced cognitive function [11].

1.2.4 The Whitehall Il Study

This study started in 1985 and included over
10,000 British government officials. The
Whitehall 1l study found that poor cardiovascular
health, including hypertension and obesity, is
linked to an accelerated decline in cognitive
function. It highlighted the role of vascular health
in maintaining cognitive abilities during aging
[12].
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1.3 Cognitive Decline and Lifestyle
Factors

A sedentary lifestyle, poor diet, smoking, and
exaggerated alcohol consumption are modifiable
risk factors that significantly impact cognitive
health. Periodical physical activity, a balanced
diet high in fruits, vegetables, and essential fatty
acids, and avoiding tobacco and exaggerated
alcohol may reduce the cognitive decline risk.

1.3.1 The Framingham Heart Study (FHS)

The FHS has shown that sedentarism, poor
diet, smoking, and abusive alcohol.

Consumption, are linked with a higher risk of
cognitive decline. Conversely, regular physical
activity and a balanced diet high in fruits,
vegetables, and essential fatty acids are linked
with a better cognitive function [13].

1.3.2 Nurses' Health Study (NHS)

This large-scale study has tracked the health
of over 120,000 nurses since 1976, examining the
impact of lifestyle factors on various health
outcomes, including cognitive health. Data from
the NHS indicate that smoking, physical
inactivity, and bad dietary habits are linked

with higher risks of cognitive decline and
Alzheimer's disease. Regular consumption of
fruits, vegetables, and omega-3 fatty acids has
been linked to better cognitive outcomes [14].

1.3.3 Chicago Health and Aging Project
(CHAP)

This community-based study has focused on
understanding risk factors for Alzheimer's
disease and other dementias in older adults.
CHAP has demonstrated that a lifestyle lacking
regular physical activity, an unhealthy diet,
smoking, and abusive alcohol intake significantly
magnified the risk of cognitive impairment.
Regular physical activity and a dietary regimen
high in fruits, vegetables, and omega-3 essential
fatty acids are linked with a reduced risk of
cognitive decline [15].

1.3.4 The Cardiovascular Risk Factors,
Aging, and Dementia (CAIDE) Study

This study has looked into the impact of
cardiovascular risk factors on cognitive health
over several decades. The CAIDE study found
that modifiable lifestyle factors such as:
sedentarism, poor diet, smoking, and abusive
alcohol consumption, are linked to a higher risk
of dementia. Interventions promoting a healthy
lifestyle can help reduce this risk [16].

1.3.5 The Whitehall Il Study
This long-term study has followed British
civil servants to explore the social determinants

of health, including cognitive function. The study
has shown that a sedentary lifestyle, smoking,
poor diet, and exaggerated alcohol consumption
are strongly linked with cognitive decline.
Engaging in periodical physical activity and
following a healthy diet are protective factors
against cognitive deterioration [17].

1.4 Cognitive Decline and Sleep
Disorders

Low quality sleep and sleep conditions such as
sleep apnea are linked with an increased risk of
cognitive impairment. Adequate and quality sleep
is crucial for the brain well-being and cognitive
function [18].

A comprehensive review and meta-analysis of
cohort research papers examined the association
between sleep problems and the risk of cognitive
degradation or dementia. The analysis, which
included over 50 cohorts, found that sleep
disturbances and poor sleep quality significantly
increase the risk of all-cause cognitive conditions,
including Alzheimer's disease and vascular
dementia. This large-scale review underscores
the critical role of sleep quality in maintaining
cognitive function [19].

1.4.1 The Atherosclerosis Risk in
Communities (ARIC) Study

This research investigated the link between
obstructive sleep apnea (OSA) and cognitive
degradation over 15 years in middle-aged to older
adults. It found that participants with OSA had a
higher rate of cognitive decline compared to those
without OSA. This long-term study highlights the
impact of sleep-disordered breathing on cognitive
health [20].

1.4.2 The BMC Public Health Study

Researchers examined the general population
and found that low quality sleep, as quantified by
the Pittsburgh Sleep Quality Index (PSQI), was
independently linked with low cognitive
performance. This study reinforces the idea that
sleep quality is a crucial determinant of cognitive
health across different populations [21].

2. Cognitive Decline, Old Age, and
Genetic Predispositions

Cognitive decline is a significant concern in
the aging population, affecting memory,
executive function, and overall quality of life.
Research into the genetic underpinnings of
cognitive decline aims to identify specific genetic
markers that can predict susceptibility and
provide insights into the biological mechanisms
driving this process. This section reviews key
genetic markers linked with cognitive decline in
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aging, highlighting their roles and potential
implications for diagnosis and treatment.
Genetics also play a crucial role in cognitive
decline, with several genes being identified that
influence the risk of conditions like Alzheimer’s
disease and other dementias to develope
[22,23,24].

2.1 The APOE Gene

The gene apolipoprotein E (APOE) is one of
the most well-studied genetic risk factors for
Alzheimer’s disease. Individuals possessing the
APOE ¢4 allele have an increased risk chance of
developing Alzheimer’s and other dementia types
compared to those without this allele [25].

The APOE gene also appears to influence the
gut-brain axis, which is crucial for understanding
the broader impact of genetic variants on
neurodegeneration. This finding underscores the
complex interplay between genetics and other
physiological systems in the progression of
Alzheimer's disease [26].

Recent research has vyielded significant
insights into the role of the APOE gene in
cognitive degradation and Alzheimer's disease.
Key findings and developments include:

A recent paper from the Sant Pau Research
Institute revealed that nearly all individuals with
two alleles of the APOE4 gene (APOE4
homozygotes) develop Alzheimer's pathology by
age 55. This includes elevated levels of amyloid
and other biomarkers associated with the disease,
suggesting that APOE4 homozygosity could be
considered a different genetic form of
Alzheimer's disease [27].

Researchers at USC also discovered that the
APOE4 gene contributes to early breakdowns in
the blood-brain barrier, granting harmful
substances access in brain areas critical for
memory and cognitive functions. This damage
often occurs before the appearance of amyloid
plaques, indicating potential targets for early
intervention in APOE4 carriers [28].

These insights are pivotal for developing
personalized prevention and treatment strategies
for Alzheimer's disease, particularly for those
with a high genetic risk due to APOE4. The
ongoing research focuses to refine these
strategies and improve early diagnosis and
intervention efforts.

2.2 The PSEN1 and PSEN2 Genes
Mutations in genes coding for presenilin-1
(PSEN1) and presenilin-2 (PSEN2) are linked
with early-onset familial Alzheimer’s disease.
Such mutations affect the production of amyloid-

beta, a protein associated with the development of
Alzheimer’s plaques in the encephalon [29].

Recent advancements in the study of the
PSEN1 and PSEN2 genes have shed light on their
roles in cognitive decline, particularly in the
context surrounding Alzheimer's disease (AD).
Mutations in these genes are known to contribute
to early-onset familial Alzheimer's disease
(EOFAD), characterized by  progressive
cognitive deterioration. Research has identified
specific mutations, such as PSEN1 M84V, which
increase the synthesis of toxic amyloid-p
42 peptide, thereby accelerating cognitive
decline. Additionally, novel PSEN2 mutations,
including ¢.850A>G (p.Arg284Gly), have been
discovered, contributing to the understanding of
genetic diversity in AD pathology [30,31].

Advanced techniques, such as integrative
multiomics and single-cell RNA sequencing,
have been pivotal in unraveling the complex
genetic interactions in AD. These methods have
enabled the identification of common disease
endotypes across different mutations in PSENL1,
PSEN2, and APP genes, highlighting shared
pathways and possible therapeutic targets [32].

This integrative approach is crucial for
developing targeted treatments that could modify
the disease process rather than just alleviating
symptoms. Such research underscores the
importance of genetic screening and personalized
medicine in managing and potentially mitigating
the impact of AD.

2.3 The TREM2 Gene

Variants in the triggering receptor present on
the surface of myeloid cells 2 (TREM2) gene are
associated with a higher risk of late-onset
Alzheimer’s disease. TREM?2 plays a part in the
immune reaction in the brain, and its dysfunction
can contribute to neurodegeneration [33,29].

Recent advances in research on the TREM2
gene have provided significant insights into its
role in cognitive decline, particularly in relation
to Alzheimer's disease (AD). TREM2, a receptor
displayed on microglial cells in the brain, is
crucial for microglial activation, survival, and
response to neuronal damage. Mutations in
TREM2, such as R47H, were strongly associated
with an increased risk of late-onset AD,
impacting microglial lipid metabolism and
reducing their ability to respond to beta-amyloid
(AP) plaques, which are central to AD pathology
[34].

New studies have revealed that enhancing
TREM2  function can  mitigate  some
neurodegenerative  processes. For instance,
researchers have shown that increasing TREM2
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expression through pharmacological means can
reduce myelin damage and potentially ameliorate
neurodegenerative symptoms in  AD and
Parkinson’s disease models. Additionally,
genome-wide association studies (GWAS) have
identified new genetic variants that influence
soluble TREM2 (STREM2) levels in
cerebrospinal fluid, further elucidating TREM2's
complex role in AD [35].

In vivo models have also demonstrated that
TREM2 variants can differentially affect disease
progression depending on the stage and type of
pathology present. These findings highlight the
importance of context when considering
TREM2-targeted therapies, suggesting that the
therapeutic efficacy of TREM2 modulation may
vary with disease severity and specific brain
regions affected. Overall, these advancements
underscore the therapeutic potential of targeting
TREMZ2 in neurodegenerative diseases and pave
the way for new treatment strategies [34].

2.4 Other Genetic Factors

Numerous other genes, including CLU,
PICALM, and CR1, have been recognised
through genome-wide association  studies
(GWAS) as contributing to the risk of
Alzheimer’s disease and cognitive degradation.
These genes were associated with various
biological processes, including cholesterol
metabolic pathway, inflammation, as well as
synaptic function [36].

2.4.1 The CLU (Clusterin) Gene

Clusterin ~ (CLU), also  known as
apolipoprotein J, has been implicated in several
neurodegenerative processes. Genetic variants in
the CLU gene, particularly the rs11136000
polymorphism, have been linked with higher risk
of AD and cognitive impairment. CLU is
involved in lipid metabolism, amyloid-beta
clearance, and inflammation, making it a critical
player in maintaining neuronal health [37].

2.4.2. The CR1 (Complement Receptor 1)
Gene

The CR1 gene encodes a protein implied in the
clearance of immune complexes and amyloid-
beta from the brain. Polymorphisms in CR1, such
as rs6656401, have been associated to an
increased risk of AD and cognitive decline. The
involvement of CR1 in the complement cascade

suggests a role for immune system dysregulation
in cognitive aging [37].

2.4.3. The PICALM (Phosphatidylinositol
Binding Clathrin Assembly Protein) Gene
Variants in the PICALM gene, particularly
rs3851179, have been associated with an
increased risk of cognitive decline and AD.
PICALM is involved in clathrin-mediated
endocytosis, a process critical for synaptic
function and amyloid-beta clearance. Disruptions
in these pathways may contribute to the
accumulation of neurotoxic proteins and synaptic
dysfunction observed in cognitive decline [38].

2.4.4. The SORL1 (Sortilin-Related
Receptor 1) Gene

The SORL1 gene encodes a sorting protein
responsible for trafficking amyloid precursor
protein (APP). Variants in SORL1 have been
associated with an increased risk of AD and
cognitive decline. SORL1 influences the
processing of APP, and its dysfunction can lead
to a higher production of amyloid-beta, partaking
to neurodegeneration [39,23].

2.4.5. The BIN1 (Bridging Integrator 1)
Gene

BINL1 is involved in plasmalemmal dynamics
as well as and endocytosis, processes essential for
neuronal health. Variants in the BIN1 gene, such
as rs744373, have been associated with a higher
AD risk and cognitive decline. BIN1's role in tau
pathology, a key feature of AD, further
underscores its significance in cognitive aging
[40].

3. Available Treatments for Cognitive
Decline in Aging and Disease

Several medications help manage symptoms
of cognitive decline, including cholinesterase
inhibitors (donepezil, rivastigmine, galantamine),
which work by rising levels of acetylcholine in
the encephalon, important for memory and
learning. Memantine helps regulate glutamate
activity to improve cognitive function. Newer
monoclonal antibodies (aducanumab, lecanemab,
donanemab) target amyloid deposits, associated
with  Alzheimer’s pathology, to slow its
progression. However, these drugs may slow the
progression of cognitive degradation in
Alzheimer’s patients but do not cure the disease
(Table 1).
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Table 1. Treatment options to slow the cognitive degradation in Alzheimer’s Disease patients.

Brand

Drug Name Mechanism of action Indication Side Effects
Donepezil Aricept Cholinesterase inhibitor Mild to moderate Alzheimer's Nausea, diarrhea, insomnia
Rivaregmine Exelon Cholinesterase inhibitor Mild to moder?te AIzhel_mers, Nausea, vomiting, weight
Parkinson's dementia loss
Galantamine Reminyl Cholinesterase inhibitor Mild to moderate Alzheimer's Nausea, vomiting, diarrhea
Mernantine Namenda NMDA receptor antagonist Moderate'to se':vere Dlzzmess_, hegdache,
Alzheimer's constipation
. . ARIA (amyloid-related
Aducanumab Aduhelm Monoclonal a_ntlbody targeting Early Alzheimer's imaging abnormalities),
amyloid plaques
headache
Lecanemab Legembi Monoclonal a_ntlbody targeting Early Alzheimer's Infusion-related ARIA
amyloid plaques
Donanemab Kisunla Monoclonal antibody targeting Early Alzheimer's ARIA, infusion-related

amyloid plaques

reactions

4. Cognitive Decline and Drug Abuse

Several significant clinical studies have
looked into the connection between cognitive
decline and drug abuse, highlighting the impact
of various substances on cognitive functions.

4.1 General Substance Use Disorders
(SUDs)

A review summarized evidence on cognitive
impairments associated with various SUDs,
indicating that these impairments are prevalent
during both addiction, as well as in abstinence
phases. These cognitive deficits can significantly
hinder addiction treatment outcomes and may
persist long after cessation of drug use.
Morphological and plastic brain changes due to
substance abuse contribute to long-lasting
behavioural changes, affecting decision-making,
cognition, and emotional regulation [41,42].

4.1.2 Cannabis Use

Research has shown that long-term heavy
cannabis use is linked to cognitive impairments,
particularly affecting memory and executive
functions. These impairments can persist into
midlife, raising concerns about the potential
increased risk of developing dementia. While
some studies suggest a causal relationship, further
research is required to look into the full extent of
these effects [41].

4.1.3 Alcohol Use

Alcohol use disorders are associated with
significant cognitive impairments, including
visuospatial memory loss, inhibitory-function
issues, and increased impulsivity. These
impairments are often stable across various
cognitive functions even after a year of sobriety,
indicating long-lasting neurological alterations.
Conditions like Korsakoff’s syndrome, prevalent
in individuals with chronic alcohol abuse,
exemplify severe cognitive deficits identified by

amnesia, executive dysfunction, and social-
cognitive impairments [41].

4.1.4 Benzodiazepine Use

A systematic review and meta-analysis
investigated the effects of benzodiazepine (BZD)
use on cognition in the elderly. The review found
that while some studies reported no significant
decrease in global cognitive performance, others
indicated that BZD users, especially those with
higher socioeconomic status or those who abuse
BZDs, performed worse on cognitive tests. The
impairments were particularly notable in
processing speed and memory, as measured by
tasks such as the Mini-Mental State Examination
(MMSE) and the Stroop Color and Word Test
[43].

4.1.5 Opioid and Cocaine Use

Long-term use of opioids and cocaine is also
associated with cognitive decline, affecting
functions such as memory and executive
processes. These impairments can debute after a
short period of abstinence and persist over
extended periods, potentially up to 12 months.
These cognitive deficits highlight the pervasive
impact of these substances on brain health and
functionality [41,42].

1.2 Genetic pathways underlying
cognitive decline in drug abusers

The genetic pathways underlying cognitive
decline in drug abusers are multifaceted and
involve a complex interplay of neurobiological
mechanisms. Chronic drug abuse, particularly of
substances such as opioids, cocaine, and
methamphetamines, has been shown to induce
neurotoxic effects that exacerbate cognitive
deficits. These effects are partly mediated by
alterations in dopamine signaling pathways,
which are crucial for cognitive processes such as
learning, memory, and executive function.
Genetic polymorphisms in the dopamine receptor
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D2 (DRD2) and dopamine transporter (DAT1)
genes have been implicated in these cognitive
impairments. For instance, individuals with the
TaqlAl allele of the DRD2 gene exhibit reduced
receptor availability, leading to diminished
dopaminergic function and increased
vulnerability to cognitive decline (Noble, 2003).

Additionally, chronic drug exposure can
trigger neuroinflammatory responses, involving
the activation of microglial cells and astrocytes,
which secrete pro-inflammatory cytokines like
IL-1p and TNF-a. These cytokines are able to
disrupt synaptic plasticity and contribute to
neurodegeneration (Crews et al., 2011).

Moreover, genetic variations in the
apolipoprotein E (APOE) gene, particularly the
€4 allele, have been linked with a higher risk of
cognitive decline in drug abusers. The APOE &4
allele is known to impair amyloid-f clearance and
promote neuroinflammation, further
compounding the neurocognitive  deficits
observed in this population (Levin et al., 2010).

Epigenetic  alterations, such as DNA
methylation and histone acetylation, also play a
critical role in modulating gene expression in
response to chronic drug use, thereby influencing
cognitive outcomes. For example,
hypermethylation ~ of the  brain-derived
neurotrophic factor (BDNF) gene has been
associated with reduced neuroplasticity and
cognitive deficits in methamphetamine abusers
[44].

Understanding these genetic and epigenetic
pathways is essential for developing targeted
interventions to mitigate cognitive decline in drug
abusers.

Recent research has uncovered significant
genetic pathways that contribute to cognitive
decline among drug abusers, highlighting
complex interactions between genetic and
environmental factors. Genome-wide association
studies (GWAS) have recognized multiple
single-nucleotide polymorphisms (SNPs) linked
with increased addiction risk, particularly
involving genes that regulate dopamine

signalling, which is crucial in addiction and
cognitive processes. Notably, variations in these
genetic markers not only predispose individuals
to substance use disorders (SUDs) but also
correlate with higher risks of psychiatric
disorders and cognitive decline [45].

One key discovery involves the Nrf2
signalling pathway, known for its role in
combating oxidative stress and neurotoxicity.
This pathway's dysregulation is implicated in the
neurocognitive deficits observed in drug abusers,
similar to those seen in chemotherapy-induced
cognitive impairment (CICI). Nrf2's activation
could potentially mitigate oxidative stress and
neuroinflammation, offering a therapeutic target
for preventing cognitive decline in these
populations [46].

Moreover, genetic studies focusing on mild
behavioural impairment (MBI), an early marker
of cognitive decline, have revealed associations
with specific genetic loci such as APOE and
MS4A, which are also linked to Alzheimer's
disease (AD). These findings suggest that genetic
predispositions to MBI in drug abusers could
accelerate the onset of cognitive deficits, driven
by mechanisms including neuroinflammation and
synaptic dysfunction [47].

The TOMORROW trial has also highlighted
the importance of genetic screening for cognitive
decline, identifying genes like NCAM2 and
ATP6V1E2 that are associated with changes in
cognitive functions, particularly in attention.
Such insights pave the way for developing
targeted interventions to slow or modify the
trajectory of cognitive decline in aging and drug-
abusing populations [48].

These studies collectively emphasize the
profound and often persistent impact of drug
abuse on cognitive health, underlining the
importance of addressing cognitive impairments
in the treatment and management of substance
use disorders. A number of drugs are available to
treat patients with cognitive decline due to drug
abuse (Table 2).

Table 2. Treatment options for patients where cognitive decline is due to drug abuse.

Drug Class Mechanism of Action Reference

Memantine NMDA . Receptor Reduces glutamate excitotoxicity Pomara, N. et al.[49].
Antagonist

Donepezil Cholinesterase Inhibitor Increases acetylcholine levels in the brain Filley, C. M.[50].

Galantarnine Cholinesterase Inhibitor

Inhibits acetylcholinesterase and modulates
nicotinic acetylcholine receptors

Raskind, M. A., et al. (2008) [51]

Ftivastigmine Cholinesterase Inhibitor

Inhibits  both
butyrylcholinesterase

acetylcholinesterase  and

Winblad,B., et al.(2008)[52].

Norepinephrine-

Increases norepinephrine and dopamine
Bupropion Dopamine Reuptake | levels, used for cognitive impairment in | McGregor, C., et al. (2008) [53].
Inhibitor methamphetamine users
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Modafinil Stimulant

Increases dopamine levels and enhances
wakefulness and cognitive funtion

Turner, D.C., et al. (2004) [54].

Norepinephrine

Atomoxetine Reuptake Inhibitor

Increases norepinephrine levels, used for
attention deficit and cognitive dysfunction

Wilens, T.E. (2006)[55].

Increases
Methylphenidate Stimulant

dopamine and norepinephrine
levels, used for cognitive dysfunction in | Levin, F. R, etal. [56].
various substance abusers

N-Acetylcysteine Antioxidant

Restores glutathione levels, reduces oxidative
(NAC) stress, and improves cognitive function

Dean, O., et al. (2011)[57].

Omega-3 Fatty

Acids Nutritional Supplement

Anti-inflammatory properties, supports brain
health and cognitive function

sinn, N., & Milte, C. (2010) [58]

Conclusions

In conclusion, cognitive decline is a
multifaceted issue influenced by aging and a
variety of diseases. Continued research and
intervention efforts are necessary to raise the
quality of life for those affected and additionally,
to develop effective strategies to prevent or slow
the progression of cognitive impairment.

These studies underscore that aging is the
primary risk factor for cognitive decline,
impacting multiple cognitive domains and
significantly elevating the risk of conditions such
as mild cognitive impairment and dementia with
advancing age.

This review also highlights a significant
connection between heart health and brain
function, indicating that comorbidities, such as
high blood pressure, diabetes, elevated
cholesterol levels, and obesity may decrease
cerebral blood circulation, which in turn can
affect mental capabilities.

Understanding the genetic markers associated
with cognitive decline in aging provides valuable
insights into the mechanisms underlying
neurodegeneration and offers potential pathways
for early diagnosis and therapeutic intervention.

The identification of these genetic markers
paves the way for personalized medicine
approaches, where individuals at higher genetic
risk can be monitored more closely and
potentially benefit from targeted treatments
aimed at mitigating cognitive decline.

The available data also underscore the
necessity of integrating genetic data with lifestyle
and environmental factors to create a
comprehensive approach to mitigating cognitive
decline in drug abusers.

Future research should focus on diverse
cohorts and longitudinal studies to enhance our
understanding of these genetic pathways and their
interactions with other risk factors.

Overall, these studies provide compelling
evidence that modifiable lifestyle factors play a
crucial role in influencing cognitive health.

Adopting healthier behaviors has been shown
to significantly reduce the risk of cognitive
decline.

We also emphasize the profound and often
persistent impact of drug abuse on cognitive
health, underlining the importance of addressing
cognitive impairments in the treatment and
management of substance use disorders.
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