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Abstract 

Alzheimer's disease (AD) is the most common form of dementia and a progressive 

neurodegenerative disorder characterized by cognitive decline, memory impairment, 

behavioral disturbances, and loss of functional independence. As the global population ages, 

the prevalence of Alzheimer's disease continues to rise, creating significant medical, social, 

and economic challenges for healthcare systems worldwide. The complex pathophysiology of 

AD involves the accumulation of amyloid-beta plaques, neurofibrillary tangles composed of 

hyperphosphorylated tau protein, neuroinflammation, oxidative stress, synaptic dysfunction, 

and neuronal loss. Despite extensive research efforts, there is currently no definitive cure for 

the disease, making effective pharmacological management essential for slowing disease 

progression and improving patients' quality of life. Pharmacological approaches for 

Alzheimer's disease primarily focus on symptom management and modification of underlying 

disease mechanisms. Conventional therapies include cholinesterase inhibitors such as 

donepezil, rivastigmine, and galantamine, which enhance cholinergic neurotransmission and 

improve cognitive function in mild to moderate stages of the disease. Memantine, an N-methyl-

D-aspartate (NMDA) receptor antagonist, is commonly used in moderate to severe Alzheimer's 

disease to reduce excitotoxic neuronal damage. Recent advances in disease-modifying 

therapies have introduced monoclonal antibodies targeting amyloid-beta pathology, offering 

new opportunities for slowing disease progression in selected patients. 
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Introduction 

Alzheimer's disease (AD) is a progressive neurodegenerative disorder and the most common 

cause of dementia among older adults worldwide. It is characterized by a gradual decline in 

cognitive functions, including memory, language, reasoning, problem-solving abilities, and 

executive functioning. As the disease progresses, individuals experience significant 

impairments in daily living activities, behavioral disturbances, and loss of independence. 

Alzheimer's disease poses a major public health challenge due to its increasing prevalence, 

substantial healthcare costs, and profound impact on patients, caregivers, and society. The 

global burden of Alzheimer's disease has increased considerably with rising life expectancy 

and the growth of aging populations. Dementia affects millions of individuals worldwide, with 
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Alzheimer's disease accounting for approximately 60–70% of all dementia cases. The 

increasing number of affected individuals has intensified the need for effective prevention, 

diagnosis, and treatment strategies. Despite decades of research, Alzheimer's disease remains 

incurable, and available therapies primarily focus on symptom management and slowing 

disease progression. The pathophysiology of Alzheimer's disease is complex and 

multifactorial. The disease is characterized by the accumulation of extracellular amyloid-beta 

(Aβ) plaques and intracellular neurofibrillary tangles composed of hyperphosphorylated tau 

protein within the brain. These pathological changes contribute to neuronal dysfunction, 

synaptic loss, neuroinflammation, oxidative stress, and progressive neuronal death. The 

resulting damage particularly affects regions of the brain responsible for memory and 

cognition, such as the hippocampus and cerebral cortex. Several risk factors have been 

associated with the development of Alzheimer's disease. Advancing age is the most significant 

risk factor, although genetic predisposition, family history, cardiovascular diseases, diabetes 

mellitus, hypertension, obesity, traumatic brain injury, and lifestyle factors also contribute to 

disease susceptibility. Mutations in genes such as amyloid precursor protein (APP), presenilin-

1 (PSEN1), presenilin-2 (PSEN2), and the presence of the apolipoprotein E (APOE ε4) allele 

have been linked to increased risk and earlier disease onset. Pharmacological management 

plays a critical role in the treatment of Alzheimer's disease by aiming to improve cognitive 

function, reduce behavioral symptoms, maintain daily functioning, and enhance quality of life. 

Traditional therapeutic approaches primarily involve cholinesterase inhibitors such as 

donepezil, rivastigmine, and galantamine, which increase the availability of acetylcholine in 

the brain and support cognitive processes. Memantine, an N-methyl-D-aspartate (NMDA) 

receptor antagonist, is commonly prescribed to reduce excitotoxic neuronal damage and 

improve symptoms in moderate to severe stages of the disease. Recent advances in 

neuroscience, molecular biology, and neuropharmacology have led to the development of 

disease-modifying therapies that target the underlying pathological mechanisms of Alzheimer's 

disease. Monoclonal antibodies directed against amyloid-beta proteins have emerged as 

promising therapeutic agents designed to slow disease progression by reducing amyloid plaque 

accumulation. Additionally, ongoing research is investigating therapies targeting tau 

pathology, neuroinflammation, oxidative stress, mitochondrial dysfunction, and genetic factors 

associated with neurodegeneration. The growing emphasis on precision medicine has further 

expanded opportunities for personalized treatment strategies in Alzheimer's disease. 

Biomarker-based diagnostics, neuroimaging techniques, pharmacogenomics, and artificial 

intelligence-assisted approaches are increasingly being used to identify patients at earlier stages 

of disease and optimize therapeutic interventions. These innovations have the potential to 

improve treatment outcomes and facilitate more individualized care. Despite significant 

progress in Alzheimer's research, numerous challenges remain, including limited treatment 

efficacy, adverse effects, high therapeutic costs, and the difficulty of achieving meaningful 
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disease modification. Continued research is essential for developing safer and more effective 

pharmacological interventions capable of delaying or preventing neurodegeneration. 

Epidemiology and Global Burden of Alzheimer's Disease 

Alzheimer's disease (AD) is the most common cause of dementia and represents one of the 

fastest-growing public health challenges worldwide. The increasing prevalence of aging 

populations, improvements in life expectancy, and changing demographic patterns have 

contributed to a substantial rise in the number of individuals affected by the disease. 

Alzheimer's disease not only affects patients but also places a significant burden on families, 

caregivers, healthcare systems, and national economies. Understanding its epidemiology and 

global impact is essential for developing effective healthcare policies, prevention strategies, 

and therapeutic interventions. 

Prevalence and Incidence 

Alzheimer's disease accounts for approximately 60–70% of all dementia cases globally, 

making it the leading cause of cognitive decline among older adults. The prevalence of 

Alzheimer's disease increases significantly with age, particularly among individuals aged 65 

years and older. Although the disease can occur in younger individuals through rare familial 

forms, the majority of cases are classified as late-onset Alzheimer's disease. 

The prevalence of Alzheimer's disease has increased steadily over recent decades due to 

improvements in healthcare and increased longevity. As populations continue to age, the 

number of affected individuals is expected to rise substantially in both developed and 

developing countries. Women are generally affected more frequently than men, partly because 

of their longer life expectancy and possible biological and hormonal factors. 

Incidence refers to the number of new cases diagnosed within a specific period. The incidence 

of Alzheimer's disease increases exponentially with advancing age. Research indicates that the 

risk of developing Alzheimer's disease approximately doubles every five years after the age of 

65. Consequently, countries experiencing rapid population aging are expected to face a 

substantial increase in disease burden in the coming decades. 

Several risk factors contribute to disease development, including advanced age, genetic 

predisposition, family history, cardiovascular diseases, diabetes, hypertension, obesity, 

physical inactivity, smoking, and low educational attainment. The identification of these risk 

factors has become an important focus of preventive public health initiatives aimed at reducing 

disease incidence. 

Socioeconomic Impact 

The socioeconomic consequences of Alzheimer's disease are profound and extend far beyond 

direct medical expenses. The progressive nature of the disease often requires long-term 

healthcare services, continuous supervision, and extensive support from family members and 

caregivers. 

Direct healthcare costs include expenditures related to medical consultations, diagnostic 

procedures, hospitalization, medications, long-term care facilities, rehabilitation services, and 
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nursing support. As the disease advances, patients frequently require specialized care and 

institutionalization, leading to substantial increases in healthcare spending. 

Indirect costs are equally significant and include productivity losses experienced by patients 

and caregivers. Family members often reduce working hours or leave employment altogether 

to provide care for affected relatives. This loss of productivity can have substantial economic 

consequences at both household and societal levels. 

The emotional and psychological burden associated with caregiving is another important 

socioeconomic concern. Caregivers frequently experience stress, depression, anxiety, physical 

exhaustion, and reduced quality of life. The long duration of disease progression further 

amplifies these challenges, creating significant social and economic pressures on families and 

communities. 

As the prevalence of Alzheimer's disease continues to increase, healthcare systems worldwide 

face growing demands for specialized services, trained healthcare professionals, memory 

clinics, and long-term care infrastructure. The economic burden associated with dementia and 

Alzheimer's disease is expected to continue rising unless effective preventive and therapeutic 

interventions are developed. 

Public Health Challenges 

Alzheimer's disease presents numerous public health challenges that complicate disease 

management and healthcare planning. One of the most significant challenges is the absence of 

a definitive cure. Current pharmacological treatments primarily focus on symptom 

management and slowing disease progression rather than reversing underlying 

neurodegenerative processes. 

Early diagnosis remains another major challenge. Symptoms often develop gradually and may 

be mistaken for normal aging during the early stages of the disease. Delayed diagnosis can 

limit treatment effectiveness and reduce opportunities for early intervention. Improving public 

awareness and access to diagnostic services is therefore essential for enhancing disease 

management. 

The increasing number of affected individuals has created substantial pressure on healthcare 

systems, particularly in countries with aging populations. Many healthcare systems face 

shortages of trained specialists, long-term care facilities, and community support services 

needed to address the growing burden of dementia. 

Health disparities also contribute to unequal disease outcomes. Access to diagnostic 

technologies, specialist care, medications, and support services varies significantly across 

regions and socioeconomic groups. Low- and middle-income countries often face additional 

challenges due to limited healthcare resources and inadequate dementia care infrastructure. 

Furthermore, ongoing research efforts are required to better understand disease mechanisms, 

identify reliable biomarkers, develop effective disease-modifying therapies, and establish 

preventive strategies. Public health initiatives promoting cardiovascular health, education, 
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physical activity, cognitive engagement, and healthy lifestyles may help reduce future disease 

risk and improve population health outcomes. 

Pathophysiology of Alzheimer's Disease 

Alzheimer's disease (AD) is a progressive neurodegenerative disorder characterized by 

complex pathological changes that gradually impair cognitive function, memory, and 

behavior. The disease develops through multiple interconnected molecular and cellular 

mechanisms that lead to neuronal dysfunction and brain tissue degeneration. The hallmark 

pathological features of Alzheimer's disease include the accumulation of amyloid-beta 

plaques, the formation of neurofibrillary tangles composed of hyperphosphorylated tau 

protein, chronic neuroinflammation, oxidative stress, synaptic dysfunction, and widespread 

neuronal loss. Understanding these mechanisms is essential for the development of effective 

therapeutic strategies and disease-modifying treatments. 

Amyloid-Beta Plaque Formation 

Amyloid-beta (Aβ) plaque formation is one of the most recognized pathological 

characteristics of Alzheimer's disease. Amyloid-beta peptides are produced through the 

abnormal processing of amyloid precursor protein (APP), a transmembrane protein normally 

present in neuronal cells. 

Under physiological conditions, APP is cleaved by enzymes in a manner that does not 

produce harmful products. However, in Alzheimer's disease, APP undergoes abnormal 

cleavage by β-secretase and γ-secretase enzymes, resulting in the production of amyloid-beta 

peptides, particularly Aβ40 and Aβ42. Among these, Aβ42 is especially prone to aggregation 

due to its hydrophobic nature. 

As amyloid-beta peptides accumulate, they aggregate into soluble oligomers and eventually 

form insoluble extracellular plaques within the brain. These plaques disrupt neuronal 

communication, impair synaptic function, and trigger inflammatory responses. Amyloid-beta 

oligomers are considered highly neurotoxic and contribute significantly to cognitive decline 

by interfering with memory-related neural pathways. 

The accumulation of amyloid plaques is particularly prominent in brain regions involved in 

learning and memory, including the hippocampus and cerebral cortex. The amyloid cascade 

hypothesis proposes that amyloid-beta deposition initiates a sequence of pathological events 

that ultimately result in neurodegeneration and dementia. 

Tau Protein Hyperphosphorylation 

Tau protein is a microtubule-associated protein that plays a critical role in maintaining the 

structural stability of neuronal microtubules. Microtubules are essential components of the 

neuronal cytoskeleton and facilitate intracellular transport of nutrients, organelles, and 

signaling molecules. 

In Alzheimer's disease, tau proteins undergo excessive phosphorylation, a process known as 

hyperphosphorylation. Hyperphosphorylated tau loses its ability to stabilize microtubules and 
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begins to detach from them. As a result, microtubule structures become destabilized, 

disrupting normal neuronal transport mechanisms. 

Detached tau proteins aggregate to form paired helical filaments, which subsequently 

accumulate as intracellular neurofibrillary tangles (NFTs). These tangles interfere with 

neuronal function, impair synaptic communication, and contribute to neuronal death. 

The distribution and severity of neurofibrillary tangles correlate closely with disease 

progression and cognitive impairment. Unlike amyloid plaques, which accumulate outside 

neurons, tau pathology occurs within neuronal cells and directly contributes to neuronal 

dysfunction and degeneration. 

Neuroinflammation 

Neuroinflammation has emerged as a major contributor to the pathogenesis of Alzheimer's 

disease. The accumulation of amyloid-beta plaques and tau tangles activates the brain's 

immune system, particularly microglia and astrocytes, which are specialized glial cells 

involved in immune surveillance and tissue maintenance. 

Initially, microglial activation may provide protective effects by attempting to clear amyloid 

deposits and damaged cellular components. However, chronic activation of microglia leads to 

persistent inflammatory responses that contribute to neuronal injury. 

Activated immune cells release various pro-inflammatory mediators, including: 

• Tumor Necrosis Factor-alpha (TNF-α) 

• Interleukin-1 beta (IL-1β) 

• Interleukin-6 (IL-6) 

• Reactive oxygen species (ROS) 

• Nitric oxide 

These inflammatory molecules promote neuronal dysfunction, synaptic damage, and further 

amyloid and tau pathology. Chronic neuroinflammation creates a self-perpetuating cycle that 

accelerates disease progression and neurodegeneration. 

Recent research has highlighted the importance of immune system dysregulation in 

Alzheimer's disease and has identified several inflammatory pathways as potential 

therapeutic targets. 

Oxidative Stress and Neuronal Damage 

Oxidative stress plays a critical role in neuronal injury and cognitive decline in Alzheimer's 

disease. Oxidative stress occurs when the production of reactive oxygen species (ROS) and 

reactive nitrogen species exceeds the brain's antioxidant defense capacity. 

The brain is particularly vulnerable to oxidative damage because of its high oxygen 

consumption, abundant lipid content, and relatively limited antioxidant reserves. In 

Alzheimer's disease, amyloid-beta accumulation, mitochondrial dysfunction, and chronic 

inflammation contribute to excessive free radical production. 

These reactive molecules damage various cellular components, including: 

• Lipids within neuronal membranes 
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• Cellular proteins 

• DNA and RNA molecules 

• Mitochondrial structures 

Mitochondrial dysfunction further exacerbates oxidative stress by impairing cellular energy 

production and increasing free radical generation. The resulting damage compromises 

neuronal survival, disrupts synaptic transmission, and accelerates neurodegenerative 

processes. 

Oxidative stress also interacts with amyloid-beta deposition and tau hyperphosphorylation, 

creating a complex network of pathological events that reinforce one another and contribute 

to progressive neuronal loss. 

Conclusion 

Alzheimer's disease remains one of the most challenging neurodegenerative disorders affecting 

aging populations worldwide. Characterized by progressive cognitive decline, memory 

impairment, behavioral disturbances, and loss of functional independence, the disease imposes 

a substantial burden on patients, caregivers, healthcare systems, and society. The complex 

pathophysiology of Alzheimer's disease, involving amyloid-beta plaque accumulation, tau 

protein hyperphosphorylation, neuroinflammation, oxidative stress, and neuronal 

degeneration, has made the development of effective treatments particularly difficult. Current 

pharmacological approaches primarily focus on symptom management and slowing disease 

progression. Cholinesterase inhibitors, including donepezil, rivastigmine, and galantamine, 

remain important therapeutic options for improving cognitive function in patients with mild to 

moderate Alzheimer's disease. Memantine provides additional benefits in moderate to severe 

stages by reducing glutamate-mediated excitotoxicity. Although these medications offer 

symptomatic relief and modest improvements in daily functioning, their ability to halt or 

reverse neurodegeneration remains limited.Recent advances in disease-modifying therapies 

have introduced new possibilities for Alzheimer's treatment. Monoclonal antibodies targeting 

amyloid-beta pathology represent a significant milestone in the field, aiming to address 

underlying disease mechanisms rather than merely managing symptoms. In addition, ongoing 

research into anti-tau therapies, neuroprotective agents, anti-inflammatory drugs, antioxidant 

strategies, gene-based interventions, and regenerative medicine continues to expand the 

therapeutic landscape. These emerging approaches hold promise for achieving more effective 

disease modification and improving long-term outcomes. The growing role of biomarkers, 

neuroimaging technologies, pharmacogenomics, and artificial intelligence is further enhancing 

the diagnosis and management of Alzheimer's disease. Personalized medicine approaches may 

enable earlier detection, more accurate patient stratification, and individualized treatment 

strategies tailored to specific biological and genetic characteristics. Such advancements have 

the potential to maximize therapeutic effectiveness while minimizing adverse effects. 
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