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Abstract
Smoking is a prevalent habit across the world, with about 2 billion individuals using tobacco
products, typically in the form of smoking cigarettes. In the United States alone, there are an
estimated 44 million active smokers. Smoking is recognized as a tremendous risk factor for
various health conditions, such as CVD, COPD, stroke, and cancer, and emerging evidence
demonstrates that it can also have detrimental effects on neurobiological aspects of the brain
and cause neurocognitive abnormalities. Recent studies have shown that these smoking-related
neural abnormalities can potentially serve as risk factors for Alzheimer’s disease. Smoking itself
can lead to an increased risk of Alzheimer’s Disease and the progression of Alzheimer's
pathology, and the extent of its effect can vary due to age and individual characteristics. This
review explores the different neurobiological abnormalities that are caused by smoking, and its
contribution to the pathogenesis of Alzheimer’s Disease.

I. Introduction

Alzheimer's disease (AD) has captivated the scientific community for over a century, yet
effective therapeutic interventions remain elusive (Lane et al., 2018). In 2021, the United States
witnessed 6.2 million individuals aged 65 and older grappling with AD, a number anticipated to
burgeon to a staggering 13.8 million by 2060, exerting tremendous strain on healthcare systems
and families alike (Alzheimer’s Association, n.d., 2021).

Clinically, AD manifests as cognitive dysfunction and memory deterioration, while its
pathological underpinnings feature the emergence of senile plaques and neurofibrillary tangles
(NFTs). The quest for understanding AD's etiological underpinnings has given rise to a myriad of
hypotheses, encompassing the amyloid cascade, tau protein, inflammation, metal ions, and
especially oxidative stress.

A common and prevalent source of oxidative stress is smoking tobacco. In the United States
alone there are an estimated 46 million adults that smoke regularly (Cornelius et al., 2021).
Smoking, notorious for its adverse health effects, introduces individuals to a host of noxious
chemicals, many of which are potent instigators of oxidative stress. Inhalation of cigarette
smoke unleashes a deluge of free radicals and reactive oxygen species (ROS) into the body
(Pryor and Stone, 1993). Importantly, the influence of smoking-induced oxidative stress extends
its malevolent reach to encompass the intricate terrain of the brain.

Frequent smoking causes an abundance of oxidative stress, contributing to the effect of AD
(Ozguner et al., 2005). This review focuses on the intersection of AD, smoking, and oxidative
stress. Smoking, a widely recognized agent of harm to health, extends its reach to encompass a
potential link with AD susceptibility, a relationship that warrants careful scrutiny (Durazzo et al.,
2014). The crux of this exploration rests upon the complex interplay between smoking-induced
oxidative stress and its ramifications within the context of AD development.
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II. Alzheimer's Disease (AD) defined and its significance
A. Prevalence of AD in the US and worldwide

AD is a prevalent and devastating neurodegenerative disease that has become a major global
public health challenge. As the most common cause of dementia, AD affects millions of
individuals worldwide, resulting in profound impacts on patients, their families, and society at
large. AD has a slow progression, with an average lifespan of around 7 years after diagnosis for
patients with AD. (Crimmins, 2015) The World Health Organization (WHO) estimates that
approximately 50 million people are living with dementia in 2020, and it is projected that this
number will continue to rise as the global population ages (Shin, 2022). According to the WHO's
Global Dementia Observatory, the prevalence of dementia increases from approximately 5% in
people aged 60-64 years to over 40% in those aged 90 or older. Additionally, an estimated 6.7
million Americans over the age of 65 have AD, and this number is projected to grow to about
13.8 million by the mid-century. While the number of deaths caused by stroke, heart disease,
and HIV have all decreased, the number of deaths related to AD have increased more than
145%. (2023 Alzheimer’s Disease Facts and Figures)

AD Risk Factors

Age is the single most significant risk factor for developing AD and the prevalence of AD rises
exponentially with increasing age (Armstrong, 2019). While AD can affect individuals in their 40s
or 50s, it primarily affects adults after the age of 65. Further, the risk of developing the disease
doubles approximately every five years thereafter (Alzheimer’s Association).

The link between aging and AD is multifaceted. As people age, there are various biological
changes that occur in the brain, making it more vulnerable to neurodegeneration (Armstrong,
2019). One major change is the thinning of the cortical cortex across the brain, which is
correlated with cognitive decline, as well as memory impairment. Additionally, the structural
integrity of white matter volume begins to decrease quickly as people grow older, playing a
pivotal role in cognitive decline. Aging also leads to ventricular enlargement, which can
compress various blood vessels and destroy periventricular axons causing neuropsychological
abnormalities. (Blinkouskaya et al., 2021) These changes that occur in the aging brain all lead
to a decline in cognitive abilities. Ultimately, these biological changes may compound to
increase an individual's susceptibility to the disease.

Sex differences in AD prevalence have been a subject of considerable research interest. It is
widely recognized that females have a higher risk of developing AD compared to males (Pike,
2016). This disparity has led researchers to investigate potential biological and hormonal factors
that might play a role in the onset and progression of AD. The association between estrogen,
the primary female sex hormone, and AD risk has been an area of ongoing investigation.
Estrogen has been shown to have neuroprotective properties and to play various roles in brain
function, including memory and cognition. Some studies suggest that estrogen may protect
against cognitive decline in females or even delay the onset of AD. In males, on the other hand,
estrogen is not a significant factor in susceptibility of AD. Therefore, the relationship between
estrogen and AD risk is complex and not fully understood. However, lower testosterone levels
as a result of aging is a typical risk factor of AD. (Pike, 2016)
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Genetic risk factors for AD also differentially affect females versus males. One example is the
APOE ε4 allele that poses a greater risk for AD in females than for males (Pike, 2016). Studies
with mice have demonstrated that the APOE ε4 allele has a stronger effect on cognitive decline
in female mice than in male mice (Raber et al., 1998). Other factors, including differences in
genetic susceptibility, lifestyle choices, and social and environmental influences, may also
contribute to the gender disparity in AD prevalence. It is essential to conduct further research to
gain a comprehensive understanding of the underlying mechanisms that contribute to the
gender differences in AD.

AD represents a significant global health challenge, affecting millions of individuals worldwide.
Its prevalence is expected to increase dramatically as the global population ages. While age
remains the most significant risk factor for AD, sex plays crucial roles in AD’s prevalence and
manifestations. Addressing the impact of AD requires a comprehensive approach involving
research, public health initiatives, and policies aimed at prevention, early detection, and support
for affected individuals and caregivers.

B. Symptoms

Even during the subclinical stages of Alzheimer's, individuals may experience changes in mood,
heightened anxiety levels, and increased sleep disturbances (Sprecher et al., 2017). These
sleep disturbances can contribute to cognitive decline and worsen other symptoms. Sleep
disturbances in Alzheimer's are linked to alterations in the brain's sleep-wake regulatory centers
(Musiek et al., 2015). Depressive symptoms, apathy, and social withdrawal are particularly
common during this phase. These symptoms can significantly impact the overall well-being and
quality of life for individuals in the early stages of the disease. (Sprecher et al., 2017)

The presentation of AD symptoms can vary significantly from patient to patient. Many later-stage
Alzheimer's patients undergo significant behavioral changes, arising from neurodegeneration in
many different brain areas. Symptoms including mood swings, agitation, aggression, and
irritability, which causes patients to withdraw from social activities and lose interest in previously
enjoyed hobbies. These often result from alterations in the brain's limbic system, which governs
emotions and behaviors. (De-Paula et al., 2019) Another symptom of Alzheimer's is a decrease
in the initiative and motivation to engage in activities. Patients may become passive and require
prompting to initiate tasks or conversations. (Klionsky et al., 2019)

As the disease progresses, individuals may struggle with finding the right words, following
conversations, or understanding complex language. Speech may become hesitant and
repetitive. Language difficulties are attributed to the degeneration of language centers in the left
hemisphere of the brain, such as in Broca's area and Wernicke's area. (Wilkins et al., 2017)
Additionally, there is neurodegeneration in the parietal and occipital lobes, causing AD patients
to have limited visuospatial abilities. This leads to difficulties in judging distances, recognizing
familiar objects, or navigating familiar environments. (Boxer et al., 2015) Damage to the
prefrontal cortex leads to impaired executive functions, which involve planning, organizing, and
problem-solving. This can lead to difficulties in managing daily activities and maintaining
routines. (Alves et al., 2015) In some cases, individuals with Alzheimer's disease may develop
neuropsychiatric symptoms, such as delusions and hallucinations. Neuropathological changes
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in regions like the amygdala and medial temporal lobe contribute to the development of these
symptoms (Hort et al., 2019).

Early detection and timely intervention are crucial for managing Alzheimer's disease effectively.
Identifying these symptoms and seeking medical evaluation at the earliest signs can improve
the quality of life for patients and their caregivers. Additionally, understanding the different
presentations of Alzheimer's disease can aid in accurate diagnosis and the development of
targeted therapeutic approaches.

C. Pathophysiology of AD: Understanding why it occurs

The etiology and pathophysiology of AD have been explored extensively, and likely involve
multiple mechanisms (Imbimbo et al., 2005). AD was first described by Alois Alzheimer in 1901,
based on a patient named Auguste D., who exhibited symptoms of paranoia, aggression,
confusion, and memory loss. Alois Alzheimer's observations at autopsy, including brain
shrinkage, plaques, and neurofibrillary tangles, laid the foundation for the understanding of AD.
(Eratne et al., 2018)

For example, a prevalent hypothesis in AD research is the "β-amyloid cascade" hypothesis,
which centers on the accumulation of amyloid-beta (Aβ) plaques in the brain. These plaques,
composed of Aβ peptides, result from the processing of the amyloid precursor protein (APP). Aβ
peptides play a central role in AD pathology by disrupting synaptic function, triggering
inflammatory responses, and affecting neuronal health. APP can be metabolized through two
pathways: the non-amyloidogenic and amyloidogenic pathways. The amyloidogenic pathway
involves β-secretase and γ-secretase, generates Aβ, and leads to the formation of plaques.
(Imbimbo et al., 2005)

Additionally, mitochondrial dysfunction and oxidative stress have emerged as critical
components in the pathogenesis of AD (Tobore, 2019). Aβ has been observed to accumulate
within mitochondria in living AD patients and in postmortem tissue samples. This suggests that
mitochondrial dysfunction contributes to tau pathology and plays a crucial role in the
etiopathogenesis of AD (Tobore, 2019). Mitochondria are major sources of reactive oxygen
species and nitrogen reactive species. Mitochondrial dysfunction often results in overproduction
of these species and/or failure of the antioxidant defense mechanisms, leading to oxidative and
nitrative stress, which is closely associated with AD. Moreover, oxidative stress has been linked
to the promotion of Aβ deposition, tau hyperphosphorylation, loss of synapses and neurons, and
cognitive decline in AD (Tobore, 2019).

In summary, the mechanism of AD is characterized by the accumulation of Aβ plaques and
neurofibrillary tangles. The role of mitochondrial dysfunction and oxidative stress in Aβ
deposition, tau pathology, cognitive decline, and other aspects of AD underscores the
complexity of this neurodegenerative disorder (Tobore, 2019). Understanding these
mechanisms is crucial in the search for effective therapies for AD.
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D. Oxidative stress and its role in AD

Defining Oxidative Stress

Oxidative stress is a multifaceted phenomenon that arises from the intricate interplay between
fundamental chemical principles of oxidation-reduction and the complex biological concept of
stress. Oxidation-reduction reactions play a fundamental role in signaling, energy production,
and maintaining cellular homeostasis (Chen & Zhong, 2014).

At its core, oxidative stress involves the disruption of the delicate balance between the
generation of reactive oxygen species (ROS) and the ability of cells and organisms to effectively
counteract their potential harm (Chen & Zhong, 2014). ROS can break cell membranes and
cause damage to the building blocks of cells, specifically the mitochondria (Shields et al., 2021).
ROS encompass various chemical entities, including free radicals, oxygen metabolites like
superoxide anion radical, hydrogen peroxide, hydroxyl radical, nitric oxide radical, and
peroxynitrite, along with electronically excited states like singlet molecular oxygen (Chen &
Zhong, 2014).

Contribution of Oxidative Stress to AD

Oxidative stress assumes a pivotal role in the intricate landscape of AD pathogenesis. The brain
is a particularly susceptible organ to oxidative stress, primarily due to its elevated oxygen
consumption and relatively diminished levels of antioxidant defenses (Sies, 2015). Within
neurons, crucial components such as lipids, proteins, and nucleic acids become vulnerable to
oxidative damage, thereby initiating a cascade of events that contribute to AD progression (Sies,
2015). Excess oxidative stress can lead to breakages in DNA and RNA (Salmon et al., 2005).
Damaged DNA results in various mutations and can alter gene expression. Notably, DNA
damage is elevated in the brains of AD patients (Ionescu-Tucker & Cotman, 2021).

The brain's vulnerability to oxidative stress is also due to its high oxygen consumption and the
abundance of polyunsaturated fatty acids (PUFAs) in neuronal membranes (Chen & Zhong,
2014). PUFAs are particularly susceptible to oxidative damage, resulting in lipid peroxidation
and the generation of harmful byproducts, including certain aldehydes (Chen & Zhong, 2014).
These aldehydes have the potential to create bonds with vital proteins found in circulation or
within cells. These oxidative events can disrupt neuronal membrane integrity and signaling,
contributing to cognitive dysfunction observed in AD patients. (Barrera et al., 2018)

Furthermore, ROS-induced damage extends to proteins and nucleic acids. Protein
carbonylation, a marker of oxidative damage to proteins, has been observed in the brain of
patients with AD (Chen & Zhong, 2014). This oxidative modification can lead to functional
impairment of crucial neuronal proteins. Additionally, oxidative stress leads to DNA and RNA
oxidation, as evidenced by increased levels of oxidized nucleotides in AD patients (Chen &
Zhong, 2014). These modifications sometimes disrupt genomic stability and gene expression,
further exacerbating the neurodegenerative process in AD.
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The emergence of oxidative stress in AD stems from a combination of factors, including
mitochondrial dysfunction, augmented metal levels, inflammation, and the presence of Aβ
peptides (Sies, 2015). These factors collectively contribute to ROS generation, which, in turn,
contribute to the many features of AD pathology, such as DNA damage (Ionescu-Tucker &
Cotman, 2021). The process involves the accumulation of Aβ plaques, the hyperphosphorylation
of tau proteins, and the subsequent loss of synapses and neurons (Sies, 2015). Oxidative stress
intersects with these pathological mechanisms of AD (Chen & Zhong, 2014). ROS promotes the
aggregation of Aβ peptides and contributes to the formation of senile plaques (SPs), a hallmark
of AD (Bai et al., 2022). Moreover, oxidative stress induces tau hyperphosphorylation, leading to
the formation of neurofibrillary tangles (NFTs) (Bai et al., 2022). These pathological events
collectively may contribute to synaptic dysfunction and neuronal loss in AD. The bidirectional
relationship between oxidative stress and AD suggests that oxidative stress may act as both a
contributor and a consequence of AD pathogenesis.

This intricate connection between oxidative stress and AD extends beyond correlation.
Oxidative stress serves as a vital bridge that connects various hypotheses associated with AD
etiology (Bai et al., 2022). This imbalance between pro-oxidants and antioxidants can perturb
cellular function and contribute to the chronic neurodegeneration observed in AD (Sies, 2015).
Enzymatic antioxidants like superoxide dismutase and catalase, along with non-enzymatic
antioxidants, play a crucial role in maintaining redox balance (Bai et al., 2022). However, when
the equilibrium is disrupted, the resulting oxidative stress can have cascading effects on cell
signaling, gene expression, and overall neuronal health (Bai et al., 2022).

In conclusion, oxidative stress represents a crucial intersection between fundamental chemical
processes and complex biological systems. It has emerged as a significant contributor to the
pathogenesis of Alzheimer's disease, underscoring its intricate role in the progression of this
devastating neurodegenerative disorder. The relationship between oxidative stress and AD is
multidimensional, with oxidative stress both contributing to and being exacerbated by the
underlying disease processes. As the understanding of oxidative stress continues to evolve, it
holds the potential to serve as a target for therapeutic interventions aimed at mitigating the
impact of AD on individuals and society at large.

III. Smoking and Its Effects
Delving deeper into the effects of smoking on the brain, it has become evident that this habit
extends its influence beyond addiction and neurological alterations. Smoking has a profound
impact on cognitive function and, intriguingly, an association with the development and
progression of AD (Durazzo et al, 2014). This section explores the intricate relationship between
smoking, cognitive decline, and the risk of AD, shedding light on the multifaceted consequences
of this addictive behavior.

A. Prevalence of smoking and mortality rates
Prevalence in the United States
Despite considerable efforts to combat tobacco use, smoking has continued to be a significant
public health issue in the United States (CDC, 2021a). According to the Centers for Disease
Control and Prevention (CDC), approximately 14% of adults aged 18 years or older were
current cigarette smokers in 2020 (CDC, 2021b). Though this represents a decline from
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previous years, 19.1% in 2000, the absolute number of smokers remains high at 28.3 million
Americans (CDC, 2023).

Among various demographics, certain age groups have been found to have a higher prevalence
of smoking. For instance, a study conducted by Jamal et al. (2018) reported that adults aged
25-44 had the highest prevalence of current cigarette smoking at 16.8%. Additionally, individuals
with lower socioeconomic status were more likely to smoke, as evidenced by findings from the
National Health Interview Survey conducted by Schoenborn and Gindi (2019).

Mortality Rate in the United States:

Smoking has been consistently linked to an increased risk of mortality in the United States. A
study published in the New England Journal of Medicine by Thun et al. (2013) estimated that
smoking was responsible for approximately 480,000 deaths annually in the United States,
making it the leading preventable cause of death.

Smoking also increases risk for various diseases such as heart disease, stroke, COPD, and
other respiratory illnesses (Patra et al., 2018). Moreover, smoking also adversely affects the
immune system, leading to increased susceptibility to infections and complications (Arcavi &
Benowitz, 2004). Furthermore, exposure to secondhand smoke contributes to mortality rates as
well as AD progression. According to a report by the Surgeon General of the United States
(2014), more than 41,000 deaths per year are attributed to secondhand smoke exposure among
nonsmokers. A study conducted by Jha et al. (2014) estimated that smoking reduces life
expectancy by about 10 years, with significant variations depending on factors like smoking
intensity, duration, and age of initiation.

B. Effects of Smoking on the Brain

Nicotine, the primary addictive component in tobacco, has a profound effect on brain function.
After inhalation, nicotine rapidly crosses the blood-brain barrier and binds to nicotinic
acetylcholine receptors in the brain (Benowitz, 2009). These receptors are widely distributed
throughout the central nervous system, causing widespread effects when nicotine binds them
that impact various biological and cognitive processes. In the brain, nicotine stimulates the
release of several neurotransmitters, including dopamine, norepinephrine, and serotonin,
leading to feelings of pleasure, increased attention, and enhanced mood (Picciotto & Kenny,
2013). This activation of the brain’s reward centers reinforces smoking behavior and contributes
to the development of nicotine addiction.

Dopamine is a crucial neurotransmitter involved in the brain's reward system, and its regulation
plays a vital role in addiction. Smoking significantly increases dopamine release in the brain's
mesolimbic pathway, commonly known as the reward pathway (Volkow et al., 2010). Long-term
smoking is associated with alterations in dopamine receptor availability and function (Kuhn et
al., 2010). Chronic exposure to nicotine upregulates dopamine receptors, leading to
neuroadaptive changes that reinforce the desire to smoke and make it difficult to quit. These
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changes may contribute to the development of tolerance and dependence, making smokers
require higher nicotine doses over time to achieve the same pleasurable effects.

Interestingly, research has revealed an intriguing similarity between brain regions targeted by
smoking and Alzheimer's disease (AD). Both conditions involve brain regions critical for
cognitive function and memory. Studies using positron emission tomography imaging have
shown that smoking affects the hippocampus and the prefrontal cortex, regions also vulnerable
to AD (Durazzo et al., 2014). The hippocampus is vital for learning and memory, while the
prefrontal cortex plays a crucial role in decision-making and impulse control.

Moreover, smoking has been linked to increased oxidative stress and inflammation, which are
implicated in the pathogenesis of AD (Mishra & Chaudhry, 2020). These findings suggest that
smoking may contribute to cognitive decline and increase the risk of developing AD.

C. Age-related considerations:

Smoking has widespread health implications, and its relationship with age plays a significant
role in determining its impact on health. In the United States, smoking remains prevalent,
contributing to a substantial proportion of deaths due to smoking-related diseases.
Understanding the age-related dynamics of smoking and its consequences is essential for
comprehending its overall influence on public health. (Durazzo et al., 2014)

Smoking's prevalence is influenced by age, with notable variations across different age groups.
The prevalence of adult smokers in the United States has remained relatively stable over the
past five years. This consistency in prevalence suggests that smoking habits persist into
adulthood for a significant portion of the population.

The health burden of smoking is substantial, leading to a range of smoking-related diseases that
contribute to a considerable proportion of deaths. Cardiovascular disease, COPD, and cancer
are some of the primary causes of mortality associated with smoking. Smoking's significant
impact on productivity and overall health underscores the urgency to address its consequences.
(Durazzo et al., 2014)

Numerous factors contribute to the risk of developing various health conditions, including
smoking-related diseases. Several modifiable risk factors, such as smoking, are associated with
adverse health outcomes. The interplay between age and smoking further complicates the risk
profile for individuals, highlighting the importance of addressing smoking behaviors across the
lifespan. (Durazzo et al., 2014)

Age is a critical factor in understanding smoking's impact on health. The relationship between
smoking and health outcomes evolves as individuals age. The cumulative effects of smoking
over time can increase health risks, making length of time smoking an essential consideration
when assessing the consequences of smoking. (Durazzo et al., 2014)
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Smoking's effects on health interact with other risk factors, potentially compounding the overall
health risk. For example, the relationship between smoking and cardiovascular health is
influenced by age, genetics, and other health behaviors. The impact of smoking-related
oxidative stress on cellular function can be amplified by age-related physiological changes.
(Durazzo et al., 2014)

While the negative health effects of smoking are well-established, quitting smoking at any age
can lead to significant health improvements. Age, in this context, becomes a pivotal factor in
determining the potential benefits of smoking cessation. Individuals who quit smoking can
experience health benefits regardless of their age, underscoring the importance of encouraging
smoking cessation efforts across all age groups. (Durazzo et al., 2014)

Age is a crucial determinant in understanding the intricate relationship between smoking and
health consequences. The prevalence of smoking among different age groups, the age-related
progression of smoking-related diseases, and the potential benefits of smoking cessation all
emphasize the role of age in shaping the impact of smoking on public health. Addressing
smoking behaviors at all stages of life is essential for reducing the overall health burden
associated with smoking-related diseases. (Durazzo et al., 2014)

IV. Conjunction of AD & Smoking

Cigarette smoking is a well-established risk factor for numerous health conditions, including AD.
Smoking introduces a multitude of toxic compounds into the body, many of which induce
oxidative stress. Additionally, ROS generated by smoking may activate kinases responsible for
tau hyperphosphorylation (Chen & Zhong, 2014), leading to the formation of neurofibrillary
tangles (Bai et al., 2022). These processes collectively accelerate neurodegeneration in AD.
Interestingly, there are notable similarities between the oxidative stress triggered by smoking
and that observed in AD (Sies, 2015).

Firstly, smoking leads to increased levels of ROS and oxidative damage in various tissues and
organs (Sies, 2015). The combustion of tobacco releases free radicals such as superoxide and
other ROS, which can directly damage cellular components. Similarly, in AD, mitochondrial
dysfunction, metal accumulation, inflammation, and Aβ peptides contribute to increased ROS
levels, causing oxidative stress in the brain (Chen & Zhong, 2014). Smoking-induced oxidative
stress contributes to the accumulation of Aβ plaques and the hyperphosphorylation of tau
protein in the brain, both hallmark pathological features of AD (Chen & Zhong, 2014). The
oxidative damage caused by smoking may facilitate the aggregation of Aβ peptides, promoting
their deposition into senile plaques (SPs) (Bai et al., 2022).

Both smoking and AD are associated with alterations in antioxidant defense mechanisms. In
smokers, there is a disruption in the balance between ROS production and the body's ability to
neutralize these harmful molecules with antioxidants like superoxide dismutase (SOD) and
catalase (Sies, 2015). Similarly, AD patients exhibit changes in the activities or expressions of
antioxidant enzymes, including SOD, which may reduce the clearance of free radicals (Chen &
Zhong, 2014). Moreover, smoking-related oxidative stress may interfere with synaptic plasticity
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and neurotransmitter signaling, further impairing cognitive function in AD patients (Sies, 2015).
The negative impact of smoking on vascular health and blood flow may exacerbate cerebral
hypoperfusion, a common feature in AD (Sies, 2015).

In summary, smoking exacerbates oxidative stress in the brain by increasing ROS and
decreasing antioxidants. This contributes to AD pathogenesis by promoting Aβ deposition, tau
hyperphosphorylation, and synaptic dysfunction (Sies, 2015).

V. Conclusion

In this comprehensive review, we explored the intricate connections between smoking, oxidative
stress, and Alzheimer's disease (AD). Smoking's prevalence in the United States has persisted
as a significant public health challenge, with approximately 14% of adults being current cigarette
smokers (CDC, 2021a, 2021b). Smoking has been consistently linked to increased mortality,
with Thun et al. (2013) estimating it to be the leading preventable cause of death, responsible
for approximately 480,000 deaths annually in the United States. Notably, smoking has also been
associated with increased oxidative stress and inflammation, which are implicated in the
pathogenesis of AD by contributing to Aβ accumulation, tau pathology, and synaptic dysfunction
(Mishra & Chaudhry, 2020; Sies, 2015; Chen & Zhong, 2014).

Current investigations into the etiology of AD involves exploring the 'β-amyloid cascade'
hypothesis and the role of mitochondrial dysfunction and oxidative stress (Imbimbo et al., 2005;
Tobore, 2019). This complex web of relationships underscores the potential significance of
smoking as a risk factor for AD, with oxidative stress acting as a central player connecting these
intricate elements. In summation, the enigma of Alzheimer's disease continues to challenge our
understanding of neurodegenerative disorders. As the prevalence of AD-related deaths
escalates, the lack of treatment for AD is glaring (Srivastava et al., 2021).

The current FDA-approved therapies for AD, such as acetylcholinesterase inhibitors and
N-methyl-D-aspartate receptor antagonists, while offering palliative relief, do not address the
core pathogenesis of the disease (Srivastava et al., 2021). BACE1, as a primary therapeutic
target for Aβ accumulation, has faced hurdles due to low bioavailability, serum half-life, and
blood-brain barrier challenges (Srivastava et al., 2021). Failed clinical trials demonstrate the
limitations of targeting single pathways, particularly the β-amyloid cascade, as AD pathogenesis
is multifactorial and complex (Srivastava et al., 2021). The culmination of these clinical failures
emphasizes the pressing need for innovative therapeutic approaches. Combining strategies,
multi-targeted drugs that tackle the myriad symptoms and causes of AD, offer promise. The
intricate web of connections between smoking, oxidative stress, and Alzheimer's disease
underscores the potential significance of smoking as a risk factor for AD, with oxidative stress
acting as a central player connecting these intricate elements.
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