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ABSTRACT

Alzheimer's disease (AD) is a chronic and progressive neurodegenerative disorder that primarily affects

cognitive function, memory, and overall brain function. It is the leading cause of dementia worldwide, with a
growing prevalence due to increased life expectancy. AD imposes a substantial social and economic burden
on individuals, caregivers, and healthcare systems. The underlying pathophysiology involves the
accumulation of amyloid-beta plaques and tau neurofibrillary tangles, leading to synaptic dysfunction,
neuroinflammation, and eventual neuronal apoptosis. Other contributing mechanisms include oxidative stress,

mitochondrial dysfunction, and vascular factors, which further exacerbate disease progression.

The clinical presentation of AD varies but typically begins with mild cognitive impairment, progressing to
severe memory loss, language difficulties, impaired judgment, and loss of independence. Diagnosis relies on
clinical evaluation, neuropsychological testing, and advanced imaging modalities such as positron emission
tomography (PET) and magnetic resonance imaging (MRI). Biomarkers, including cerebrospinal fluid (CSF)

analysis and blood-based assays, play an emerging role in early detection.

Current treatment strategies focus on symptomatic management through cholinesterase inhibitors and N-

methyl-D-aspartate (NMDA) receptor antagonists. Recent advances in disease-modifying therapies, including
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monoclonal antibodies targeting amyloid-beta, offer potential benefits but remain under investigation. Non-
pharmacological interventions such as cognitive training, lifestyle modifications, and supportive care are also
essential. Despite significant research efforts, AD remains incurable, underscoring the urgent need for
continued exploration of novel therapeutic targets and early intervention strategies to delay or prevent disease

onset.
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INTRODUCTION

Alzheimer’s disease (AD) is a chronic, irreversible neurodegenerative disorder that accounts for
approximately 60-70% of all dementia cases worldwide. Initially described by Alois Alzheimer in 1906, the
disease is characterized by a progressive decline in cognitive function, behavioral disturbances, and the
eventual loss of functional independence. AD primarily affects older adults, with the risk increasing
significantly with age. While the precise etiology remains elusive, a combination of genetic predisposition,
environmental influences, and lifestyle factors plays a crucial role in disease pathogenesis. The presence of
amyloid-beta plaques and tau neurofibrillary tangles, along with neuroinflammation and synaptic dysfunction,

are hallmarks of AD, leading to widespread neuronal loss.

The burden of AD is escalating with the aging global population. According to the World Health Organization
(WHO), over 55 million people are currently living with dementia, with AD as the most prevalent cause. This
number is projected to rise dramatically in the coming decades, posing substantial social and economic
challenges. The financial strain includes direct healthcare costs, caregiver expenses, and investments in

research and treatment development, amounting to billions of dollars annually. 2

Despite significant advancements in understanding AD, early diagnosis remains a challenge. Current
diagnostic approaches include clinical assessments, neuropsychological tests, neuroimaging techniques such
as MRI and PET scans, and emerging biomarkers in cerebrospinal fluid and blood. Management strategies
focus on symptom relief through pharmacological interventions like cholinesterase inhibitors and NMDA
receptor antagonists, alongside non-pharmacological therapies such as cognitive rehabilitation and lifestyle
modifications. While no cure exists, ongoing research continues to explore novel therapeutic targets aimed at

slowing disease progression and improving patient outcomes.
MATERIALS AND METHODS

LITERATURE SEARCH
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A systematic review of peer-reviewed articles from PubMed, Scopus, and Web of Science databases was
conducted. Studies published between 2000 and 2024 were included. Keywords used for search included
"Alzheimer’s disease," "cognitive decline," "neurodegeneration,” "amyloid plaques,” "tau tangles,"

"biomarkers," and "treatment."
Inclusion and Exclusion Criteria
Inclusion Criteria:
« Studies on the epidemiology, pathophysiology, diagnosis, and treatment of AD
o Peer-reviewed original research, clinical trials, and meta-analyses
e Atrticles published in English
Exclusion Criteria:
e Non-peer-reviewed studies
« Preclinical animal model studies without translational relevance

e Articles unrelated to human Alzheimer's disease
RESULTS
Epidemiology and Risk Factors

The prevalence of Alzheimer’s disease (AD) increases significantly with age, making it one of the most
common neurodegenerative disorders among the elderly. Both genetic and environmental factors play a
critical role in disease susceptibility. Among genetic influences, the APOE &4 allele is the strongest known
risk factor for sporadic AD, while familial AD is primarily associated with mutations in the amyloid precursor
protein (APP), presenilin 1 (PSEN1), and presenilin 2 (PSEN2) genes. Lifestyle factors also contribute to
disease risk, with physical inactivity, poor dietary habits, and social isolation being associated with an
increased likelihood of developing AD. In contrast, adherence to the Mediterranean and DASH (Dietary
Approaches to Stop Hypertension) diets has been shown to reduce the risk due to their emphasis on
antioxidant-rich foods, healthy fats, and anti-inflammatory properties. Comorbidities such as hypertension,
diabetes, obesity, and cardiovascular diseases further exacerbate AD susceptibility by impairing
cerebrovascular function and promoting neurodegeneration. Additionally, gender differences are notable, as
women exhibit a higher prevalence of AD compared to men, which may be attributed to hormonal changes
post-menopause and their generally longer lifespan. 4

Pathophysiology
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The pathological hallmarks of AD include the accumulation of amyloid-beta (ApB) plaques, tau neurofibrillary
tangles, neuroinflammation, oxidative stress, and synaptic dysfunction. Amyloid-beta plaques are
extracellular protein aggregates that disrupt neuronal communication, leading to synaptic loss and
neurotoxicity. Tau neurofibrillary tangles result from hyperphosphorylation of tau proteins, causing them to
accumulate within neurons and impair axonal transport. Chronic neuroinflammation, driven by sustained
activation of microglia and astrocytes, exacerbates neuronal injury and contributes to disease progression.
Oxidative stress and mitochondrial dysfunction further accelerate neurodegeneration by impairing cellular
energy metabolism, leading to increased neuronal apoptosis. Additionally, synaptic dysfunction, characterized
by reduced levels of neurotransmitters such as acetylcholine, significantly impairs cognitive function and

memory processing in AD patients. °
Diagnostic Approaches

The diagnosis of AD involves a combination of clinical assessment, neuroimaging, and biomarker analysis.
Cognitive assessments, such as the Mini-Mental State Examination (MMSE) and Montreal Cognitive
Assessment (MoCA), are commonly used to evaluate cognitive impairment. Neuroimaging techniques,
including magnetic resonance imaging (MRI) and positron emission tomography (PET), aid in detecting brain
atrophy, amyloid deposition, and tau aggregation. Fluorodeoxyglucose PET (FDG-PET) imaging is
particularly useful in assessing metabolic changes in the brain that precede structural abnormalities. Biomarker
analysis, including cerebrospinal fluid (CSF) measurements of amyloid-beta, tau, and neurofilament light
chain (NfL), enhances diagnostic accuracy and allows for early detection of AD. Additionally, genetic testing,
including APOE genotyping and whole-genome sequencing, provides valuable risk assessment, particularly
in familial AD cases. ®

Treatment Strategies

Current treatment strategies for AD focus on both symptomatic relief and disease modification.
Pharmacological treatments include cholinesterase inhibitors such as Donepezil, Rivastigmine, and
Galantamine, which enhance cholinergic neurotransmission and temporarily improve cognitive function.
NMDA receptor antagonists like Memantine help reduce excitotoxicity and slow cognitive decline. Recent
advances in disease-modifying therapies have led to the development of anti-amyloid monoclonal antibodies,
such as Aducanumab and Lecanemab, which target amyloid-beta aggregation to slow disease progression.
Investigational anti-tau therapies aim to reduce tau hyperphosphorylation and aggregation, offering another
potential avenue for disease modification. In addition to pharmacological approaches, non-pharmacological
interventions, including cognitive rehabilitation, physical exercise, dietary modifications, and social

engagement, play a crucial role in improving quality of life and delaying disease progression. Emerging
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therapeutic strategies, such as gene therapy and stem cell-based treatments, are being actively explored for
their potential to alter disease trajectory and provide long-term benefits. Despite significant advancements,
AD remains a major public health challenge, emphasizing the need for continued research to develop more
effective diagnostic tools and therapeutic options. ’

Discussion

Despite significant advances in research and clinical practice, Alzheimer’s disease (AD) remains an incurable
neurodegenerative disorder. The complexity of its pathogenesis, involving multiple interacting mechanisms
such as amyloid-beta accumulation, tau pathology, neuroinflammation, oxidative stress, and vascular
dysfunction, presents significant challenges in developing effective treatments. However, early detection
through biomarkers and neuroimaging has shown promise in improving outcomes by identifying at-risk
individuals before the onset of clinical symptoms. The development of disease-modifying therapies targeting
amyloid and tau proteins represents a major breakthrough, yet concerns regarding efficacy, accessibility, and
potential side effects continue to hinder widespread clinical adoption. Additionally, preventive strategies,
including lifestyle modifications, vascular risk management, and cognitive training, have emerged as
promising avenues to reduce AD risk and delay disease onset. This discussion explores the current landscape
of AD research, highlighting the challenges, potential solutions, and future directions in therapeutic

development and prevention.
Early Detection and Biomarkers

Early detection of AD is critical for improving patient outcomes and implementing timely interventions.
Traditional clinical diagnosis relies on cognitive assessments, such as the Mini-Mental State Examination
(MMSE) and Montreal Cognitive Assessment (MoCA), but these methods often detect AD at later stages
when irreversible neuronal damage has already occurred. Advances in biomarker research and neuroimaging
have revolutionized early diagnosis, allowing for the identification of AD-related pathology before clinical

symptoms appear. °

Biomarkers in cerebrospinal fluid (CSF), such as amyloid-beta (A), total tau (t-tau), and phosphorylated tau
(p-tau), provide valuable insights into the underlying pathology of AD. Elevated levels of t-tau and p-tau
indicate neuronal degeneration, while reduced AB42 levels correlate with amyloid plaque deposition. Blood-
based biomarkers, including neurofilament light chain (NfL) and plasma p-tau, have also gained traction as
non-invasive alternatives for early detection. These biomarkers hold promise for large-scale screening and

monitoring of disease progression. 1°
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Neuroimaging techniques, such as positron emission tomography (PET) and magnetic resonance imaging
(MRI), further enhance early detection. Amyloid PET imaging allows visualization of amyloid plaque
accumulation, while tau PET imaging detects neurofibrillary tangles. Structural MRI assesses brain atrophy,
particularly in the hippocampus and entorhinal cortex, regions affected in early AD. Functional MRI and
fluorodeoxyglucose (FDG)-PET measure metabolic changes, providing additional insights into disease
progression. These diagnostic advancements improve the accuracy of early AD detection and enable patient

stratification for targeted therapies.
Emerging Disease-Modifying Therapies

Current treatment options for AD primarily focus on symptom management rather than disease modification.
However, recent advances in disease-modifying therapies (DMTs) targeting amyloid-beta and tau proteins

have generated significant interest. 12
Anti-Amyloid Therapies

Amyloid-beta aggregation is a hallmark of AD pathology, and monoclonal antibodies targeting A have been
developed to reduce amyloid plaque burden. The approval of Aducanumab and Lecanemab marked a
milestone in AD treatment, as these drugs demonstrated the ability to clear amyloid plaques in early-stage AD
patients. However, their clinical efficacy remains a topic of debate, with studies showing modest cognitive
benefits. Side effects such as amyloid-related imaging abnormalities (ARIA), including brain edema and
microhemorrhages, raise safety concerns that need further evaluation. Other anti-amyloid agents, such as

Donanemab, are in advanced clinical trials, with promising preliminary results.
Anti-Tau Therapies

Tau pathology, characterized by neurofibrillary tangle formation, is closely associated with cognitive decline
in AD. Several therapeutic approaches targeting tau have been explored, including tau aggregation inhibitors,
monoclonal antibodies, and gene silencing strategies. Anti-tau monoclonal antibodies, such as Gosuranemab
and Zagotenemab, aim to neutralize pathological tau and prevent its spread. While initial trials have shown

mixed results, ongoing research is optimizing dosing regimens and patient selection to enhance efficacy. 14
Other Emerging Therapeutics

In addition to amyloid and tau-targeted therapies, novel therapeutic strategies targeting neuroinflammation,
oxidative stress, and synaptic dysfunction are being investigated. Neuroprotective agents, such as

Neflamapimod, aim to restore synaptic function and reduce inflammation. Stem cell therapy and gene therapy
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approaches hold potential for neuronal regeneration and disease modification. Combination therapies,

integrating multiple treatment modalities, may offer a more comprehensive approach to AD management.
Challenges in Treatment and Accessibility

Despite these advancements, significant challenges remain in the development and accessibility of AD
treatments. Clinical trials for disease-modifying therapies have faced hurdles due to high failure rates, limited
efficacy, and safety concerns. Additionally, the high cost of novel therapeutics poses a barrier to widespread
accessibility, particularly in low- and middle-income countries. Improving clinical trial design, incorporating

diverse patient populations, and leveraging real-world data are essential for optimizing treatment strategies.
Preventive Strategies and Risk Reduction

Given the limitations of current treatments, preventive strategies have gained attention as a means to reduce
AD risk and delay disease onset. Lifestyle modifications, including regular physical activity, a healthy diet,
cognitive engagement, and social interactions, have been associated with a lower risk of AD. The
Mediterranean and DASH diets, rich in antioxidants, omega-3 fatty acids, and anti-inflammatory compounds,

have shown protective effects against neurodegeneration.

Vascular risk management is another critical aspect of AD prevention. Hypertension, diabetes, obesity, and
cardiovascular diseases increase AD susceptibility by impairing cerebrovascular function. Controlling these
risk factors through medication, diet, and exercise may help mitigate cognitive decline. Cognitive training
programs, such as memory exercises and problem-solving activities, have also demonstrated benefits in

enhancing cognitive resilience. 1> 16
Future Directions in AD Research

Future research should focus on developing combination therapies that target multiple aspects of AD
pathology. Personalized medicine approaches, leveraging genetic and biomarker profiles, may enable tailored
treatment strategies for individual patients. Advances in artificial intelligence (Al) and machine learning hold
promise for enhancing early diagnosis, predicting disease progression, and optimizing therapeutic

interventions.

Neuroprotective agents targeting mitochondrial dysfunction, neuroinflammation, and synaptic repair are
emerging as potential therapeutic options. Stem cell-based therapies, including induced pluripotent stem cells

(iPSCs) and mesenchymal stem cells, offer exciting prospects for neuronal regeneration. Gene therapy
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strategies, such as CRISPR-based approaches, are being explored to modify genetic risk factors associated
with AD.

CONCLUSION

Alzheimer’s disease continues to pose a major healthcare challenge worldwide. Advances in understanding
its pathophysiology have led to novel diagnostic tools and therapeutic approaches. However, despite these
advancements, no definitive cure exists, and further research is essential to develop treatments that can halt or
reverse disease progression. Multidisciplinary strategies, including lifestyle modifications, early intervention,

and personalized medicine, will be key in managing AD in the coming decades.

A comprehensive approach to AD management must integrate early detection, targeted pharmacological
interventions, and non-pharmacological therapies, such as cognitive training and physical exercise. The role
of preventive measures, including dietary modifications, cardiovascular health management, and social
engagement, cannot be overstated in reducing AD incidence and delaying disease onset. Additionally,
advancements in artificial intelligence and big data analytics have the potential to enhance early diagnosis and

optimize treatment strategies through precision medicine.

International collaboration among researchers, healthcare professionals, and policymakers is crucial in
addressing the rising burden of AD. Increased public awareness and education will further promote early

diagnosis and proactive disease management.
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