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ABSTRACT 
Alzheimer’s Disease (AD) is a progressive neurodegenerative disorder and the most common cause of dementia 
worldwide. It is characterized by cognitive decline, memory impairment, and behavioral disturbances. Despite decades of 
research, its exact etiology remains complex and multifactorial. This review provides a comprehensive overview of the 
molecular mechanisms underlying AD, including amyloid-beta aggregation, tau pathology, neuroinflammation, oxidative 
stress, and genetic factors. Additionally, current diagnostic approaches, including biomarkers and neuroimaging 
techniques, are discussed. The article further explores available pharmacological and non-pharmacological management 
strategies and highlights emerging therapeutic approaches aimed at disease modification. Understanding these aspects is 
crucial for improving patient outcomes and guiding future research directions. 
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1. INTRODUCTION 
Alzheimer’s disease (AD) is a chronic and progressive 
neurodegenerative disorder that primarily affects the 
elderly population. It is the most common cause of 
dementia, accounting for nearly 60–70% of all dementia 
cases worldwide. The condition is characterized by a 
gradual and irreversible decline in cognitive functions, 
including memory, reasoning, language, and the ability to 
perform everyday activities. Initially, patients may 
experience mild forgetfulness, but as the disease 
progresses, it leads to severe cognitive impairment and 
complete dependence on caregivers [1]. 

Alzheimer’s disease develops slowly over several years, 
often beginning with subtle symptoms that may go 
unnoticed or be mistaken for normal aging. The early stage 
is typically marked by short-term memory loss and 
difficulty in recalling recent events. As the disease 
advances, patients may exhibit confusion, impaired 
judgment, disorientation, and difficulty in communication. 

In the later stages, individuals lose the ability to recognize 
familiar faces, perform basic tasks, and maintain bodily 
functions, ultimately leading to severe disability and death 
[2]. 

The progressive nature of AD is linked to structural and 
functional changes in the brain, including neuronal loss 
and synaptic dysfunction. These changes predominantly 
affect regions involved in memory and cognition, such as 
the hippocampus and cerebral cortex [3]. 

The prevalence of Alzheimer’s disease has been increasing 
steadily, largely due to rising life expectancy and an aging 
global population. As more individuals live into advanced 
age, the number of people affected by AD is expected to 
grow significantly in the coming decades. This trend is 
particularly concerning in both developed and developing 
countries, where healthcare systems may face increasing 
pressure to manage the long-term care of affected 
individuals [4]. 
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Epidemiological studies indicate that age is the most 
significant risk factor for AD, with incidence rates 
doubling approximately every five years after the age of 
65. In addition to age, genetic, environmental, and lifestyle 
factors contribute to disease risk, further influencing its 
global distribution [5]. 

lzheimer’s disease represents a major public health 
challenge due to its high prevalence, long duration, and 
significant impact on patients, families, and healthcare 
systems. The disease not only affects the quality of life of 
patients but also places a substantial emotional, physical, 
and financial burden on caregivers. Long-term care 
requirements, including medical treatment, assisted living, 
and nursing support, contribute to escalating healthcare 
costs worldwide [6]. 

Despite considerable advances in understanding the 
biology of AD, the development of effective disease-
modifying therapies remains limited. Current treatments 
primarily provide symptomatic relief rather than halting or 
reversing disease progression. This limitation underscores 
the urgent need for continued research into the underlying 
mechanisms of the disease, early diagnostic strategies, and 
the development of novel therapeutic approaches [7]. 

The growing burden of Alzheimer’s disease highlights the 
importance of ongoing scientific investigation. Research 
efforts are focused on understanding the molecular 
mechanisms involved in neurodegeneration, identifying 
reliable biomarkers for early detection, and developing 
targeted therapies that can slow or prevent disease 
progression [8]. 

Innovations in areas such as neuropharmacology, 
biotechnology, and personalized medicine hold promise 
for future treatment strategies. However, translating these 
advances into effective clinical therapies remains a 
significant challenge, requiring sustained investment, 
interdisciplinary collaboration, and global healthcare 
initiatives. In summary, Alzheimer’s disease is not only a 
medical condition but also a pressing societal issue. 
Addressing its rising prevalence and impact requires a 
comprehensive approach involving research, healthcare 
policy, and public awareness. 

With increasing life expectancy, the prevalence of AD is 
rising significantly, posing a major public health 
challenge. Despite advancements in research, effective 
disease-modifying therapies remain limited, emphasizing 
the need for continued investigation into its pathogenesis 
and treatment. 

2. MOLECULAR MECHANISMS OF 
ALZHEIMER’S DISEASE 
Alzheimer’s disease is characterized by complex and 
interrelated molecular processes that ultimately lead to 
neuronal dysfunction and cell death. These mechanisms 
involve abnormal protein aggregation, inflammatory 
responses, oxidative damage, and genetic predisposition. 
Understanding these pathways is essential for the 
development of targeted therapeutic strategies [8-10]. 

 

2.1 Amyloid-Beta Hypothesis [11] 
The amyloid-beta hypothesis remains one of the most 
extensively studied and widely accepted theories 
explaining the pathogenesis of Alzheimer’s disease. It 
centers on the abnormal processing of amyloid precursor 
protein (APP), a transmembrane protein normally involved 
in neuronal growth and repair. Under pathological 
conditions, APP is cleaved by β-secretase and γ-secretase 
enzymes, leading to the formation of amyloid-beta (Aβ) 
peptides. 

Among these peptides, Aβ42 is particularly prone to 
aggregation due to its hydrophobic nature. These peptides 
accumulate in the extracellular space and form insoluble 
amyloid plaques, which are considered a hallmark of 
Alzheimer’s disease. 

Pathological Consequences of Amyloid Deposition 
The accumulation of amyloid-beta plaques initiates a 
cascade of neurotoxic events. These plaques interfere with 
synaptic signaling, thereby disrupting communication 
between neurons. In addition, they activate surrounding 
glial cells, triggering an inflammatory response that 
further damages neuronal structures. 

Over time, the persistent presence of amyloid plaques 
leads to synaptic dysfunction, loss of neuronal plasticity, 
and eventual neuronal death. This progressive 
degeneration is closely associated with cognitive decline 
observed in affected individuals. 

Limitations of the Amyloid Hypothesis 
Although the amyloid hypothesis provides a strong 
framework, it does not fully explain all aspects of the 
disease. For instance, the degree of plaque accumulation 
does not always correlate directly with the severity of 
cognitive impairment. This has led researchers to consider 
amyloid deposition as an initiating factor that interacts 
with other pathological mechanisms. 

2.2 Tau Protein and Neurofibrillary Tangles [12] 
Tau protein is a microtubule-associated protein that plays a 
critical role in maintaining the structural integrity and 
transport system of neurons. Under normal physiological 
conditions, tau stabilizes microtubules, which are essential 
for intracellular transport of nutrients and organelles. 

In Alzheimer’s disease, tau undergoes abnormal 
hyperphosphorylation, which reduces its affinity for 
microtubules. As a result, tau proteins detach and begin to 
aggregate within neurons, forming intracellular structures 
known as neurofibrillary tangles (NFTs). 

Impact on Neuronal Function 
The formation of neurofibrillary tangles disrupts the 
microtubule network, leading to destabilization of 
neuronal architecture. This impairment severely affects 
axonal transport, preventing the proper movement of 
essential molecules within the neuron. 
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As intracellular transport becomes compromised, neuronal 
function deteriorates, eventually resulting in cell death. 
Unlike amyloid plaques, which are extracellular, tau 
tangles are found within neurons and directly impair their 
internal functioning. 

Correlation with Disease Severity 
Tau pathology has been shown to correlate more closely 
with the clinical progression of Alzheimer’s disease than 
amyloid deposition. The spread of tau tangles follows a 
predictable pattern across different brain regions, 
particularly affecting areas involved in memory and 
cognition. This progression aligns with the worsening of 
clinical symptoms, making tau a critical target for 
therapeutic intervention. 

2.3 Neuroinflammation [13] 
Neuroinflammation is a significant contributor to the 
progression of Alzheimer’s disease. It is primarily 
mediated by the activation of microglia and astrocytes, 
which are the resident immune cells of the central nervous 
system. 

In response to amyloid-beta accumulation and neuronal 
injury, these glial cells become chronically activated. 
While acute inflammation may initially serve a protective 
role, prolonged activation leads to detrimental effects. 

Inflammatory Mediators and Their Effects 
Activated microglia and astrocytes release a range of pro-
inflammatory cytokines, including interleukin-1 beta (IL-
1β) and tumor necrosis factor-alpha (TNF-α). These 
molecules amplify the inflammatory response and 
contribute to neuronal damage. 

In addition to cytokines, reactive oxygen species (ROS) 
are produced in excess, further exacerbating cellular 
injury. The sustained inflammatory environment disrupts 
neuronal homeostasis and accelerates neurodegeneration. 

Role in Disease Progression 
Chronic neuroinflammation not only contributes to 
neuronal death but also enhances amyloid deposition and 
tau pathology, creating a vicious cycle. This interplay 
between inflammation and protein aggregation 
significantly accelerates disease progression. 

2.4 Oxidative Stress [14] 
Oxidative stress is a key pathological feature of 
Alzheimer’s disease and arises from an imbalance between 
the production of reactive oxygen species and the brain’s 
antioxidant defense mechanisms. 

Neurons are particularly vulnerable to oxidative damage 
due to their high metabolic activity and lipid-rich 
composition. In Alzheimer’s disease, excessive ROS 
production leads to widespread cellular damage. 

Cellular Damage Induced by Oxidative Stress 
Lipid peroxidation affects neuronal membranes, 
compromising their integrity and disrupting signal 
transmission. Oxidative damage to DNA interferes with 
genetic stability and cellular repair processes, while 

protein oxidation alters enzyme activity and structural 
proteins. 

Mitochondrial dysfunction further compounds oxidative 
stress by impairing energy production and increasing ROS 
generation. This creates a feedback loop that intensifies 
neuronal injury. 

Contribution to Neurodegeneration 
The cumulative effects of oxidative stress lead to impaired 
cellular function, synaptic loss, and eventual neuronal 
death. It also interacts with other pathological 
mechanisms, such as amyloid accumulation and 
inflammation, amplifying their damaging effects. 

2.5 Genetic Factors 
Genetic factors play a crucial role in determining an 
individual’s susceptibility to Alzheimer’s disease. These 
factors are particularly significant in early-onset familial 
cases, although they also influence the risk of late-onset 
forms. 

Genes Associated with Early-Onset Alzheimer’s 
Disease 
Mutations in genes encoding amyloid precursor protein 
(APP) and presenilins (PSEN1 and PSEN2) are strongly 
associated with early-onset familial Alzheimer’s disease. 
These mutations alter the processing of APP, leading to 
increased production of amyloid-beta, particularly the 
pathogenic Aβ42 form. 

Genetic Risk in Late-Onset Alzheimer’s Disease 
For late-onset Alzheimer’s disease, the apolipoprotein E 
(ApoE) gene is the most significant genetic risk factor. The 
ε4 allele of ApoE is associated with an increased 
likelihood of developing the disease, as well as an earlier 
onset. It is believed to influence amyloid clearance and 
lipid metabolism in the brain. 

Role of Epigenetic and Environmental Factors 
In addition to genetic mutations, epigenetic modifications 
and environmental influences also contribute to disease 
susceptibility. Factors such as diet, lifestyle, exposure to 
toxins, and comorbid conditions can interact with genetic 
predispositions to modulate the risk and progression of 
Alzheimer’s disease. 

3. DIAGNOSIS OF ALZHEIMER’S DISEASE 
The diagnosis of Alzheimer’s disease (AD) involves a 
comprehensive and multidisciplinary approach aimed at 
identifying cognitive impairment, determining its cause, 
and differentiating it from other forms of dementia. 
Advances in clinical evaluation, biomarker research, and 
neuroimaging techniques have significantly improved the 
accuracy of diagnosis, particularly in the early stages of 
the disease. 

3.1 Clinical Assessment 
Clinical assessment forms the foundation of Alzheimer’s 
disease diagnosis and typically represents the first step in 
identifying cognitive decline. It involves a detailed 
evaluation of cognitive function, behavior, and daily living 
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abilities, combined with a thorough medical and personal 
history. 

 

Cognitive and Neuropsychological Evaluation 
Standardized cognitive tests are widely used to assess 
memory, attention, language, and executive function. 
Tools such as the Mini-Mental State Examination 
(MMSE) and the Montreal Cognitive Assessment (MoCA) 
help quantify the degree of cognitive impairment and 
monitor disease progression over time. These assessments 
are essential for distinguishing normal age-related changes 
from pathological decline. 

Behavioral and Functional Assessment 
In addition to cognitive testing, clinicians evaluate 
behavioral symptoms and functional abilities. Patients 
with Alzheimer’s disease often exhibit changes in mood, 
personality, and social behavior, including apathy, 
depression, or irritability. Functional assessment focuses 
on the individual’s ability to perform activities of daily 
living, such as managing finances, preparing meals, and 
maintaining personal hygiene. 

Role of Patient History and Caregiver Input 
A detailed patient history provides valuable insights into 
the onset, duration, and progression of symptoms. Since 
patients may have limited awareness of their deficits, input 
from caregivers or family members is crucial. Caregivers 
can report subtle changes in memory, behavior, and daily 
functioning that may not be evident during clinical 
examination. 

3.2 Biomarkers 
Biomarkers have emerged as powerful tools for the early 
detection and confirmation of Alzheimer’s disease. They 
provide objective evidence of underlying pathological 
processes, often before the appearance of significant 
clinical symptoms. 

Cerebrospinal Fluid (CSF) Biomarkers 
Analysis of cerebrospinal fluid is one of the most 
established methods for detecting Alzheimer’s-related 
changes. Characteristic findings include decreased levels 
of amyloid-beta 42 (Aβ42), reflecting its deposition in 
brain plaques, along with increased levels of total tau and 
phosphorylated tau proteins, which indicate neuronal 
damage and tau pathology. 

These changes form a distinct biochemical profile that 
supports the diagnosis of Alzheimer’s disease, particularly 
in its early or prodromal stages. 

Emerging Blood-Based Biomarkers 
Recent advances have led to the development of blood-
based biomarkers, which offer a less invasive and more 
accessible alternative to CSF analysis. These include 
plasma Aβ and tau measurements, as well as other protein 
markers associated with neurodegeneration. Although still 
under refinement, these tools hold great promise for large-
scale screening and early diagnosis. 

3.3 Neuroimaging 
Neuroimaging plays a crucial role in the diagnosis and 
evaluation of Alzheimer’s disease by providing structural 
and functional information about the brain. These 
techniques help identify characteristic changes associated 
with the disease and exclude other potential causes of 
dementia. 

Structural Imaging: Magnetic Resonance Imaging 
(MRI) 
Magnetic resonance imaging (MRI) is commonly used to 
detect structural abnormalities in the brain. In Alzheimer’s 
disease, MRI often reveals atrophy in key regions such as 
the hippocampus and cerebral cortex. This loss of brain 
volume correlates with disease progression and cognitive 
decline. 

MRI is also useful for ruling out other conditions, such as 
tumors, strokes, or hydrocephalus, that may present with 
similar symptoms. 

Molecular Imaging: Positron Emission Tomography 
(PET) 
Positron emission tomography (PET) enables the 
visualization of specific pathological processes in the 
brain. Amyloid PET imaging allows direct detection of 
amyloid-beta plaques, while tau PET imaging reveals the 
distribution of neurofibrillary tangles. These techniques 
provide valuable insights into disease pathology and 
support early diagnosis. 

Functional Imaging: FDG-PET 
Fluorodeoxyglucose (FDG)-PET measures glucose 
metabolism in the brain, reflecting neuronal activity. In 
Alzheimer’s disease, reduced glucose uptake is observed 
in regions involved in memory and cognition, indicating 
impaired neuronal function. This functional information 
complements structural and molecular imaging findings. 

Integration of Diagnostic Approaches 
The diagnosis of Alzheimer’s disease is most accurate 
when clinical assessment, biomarkers, and neuroimaging 
findings are integrated. While clinical evaluation identifies 
symptomatic changes, biomarkers and imaging techniques 
provide objective evidence of underlying pathology. 

Together, these approaches enable earlier and more precise 
diagnosis, facilitating timely intervention and improved 
patient management. 

4. CLINICAL MANAGEMENT OF ALZHEIMER’S 
DISEASE 
The clinical management of Alzheimer’s disease (AD) 
requires a comprehensive, long-term, and 
multidisciplinary approach. Since the disease is 
progressive and currently incurable, treatment strategies 
are designed not only to manage cognitive symptoms but 
also to address behavioral disturbances, maintain 
functional independence, and support caregivers. Effective 
management evolves with disease progression and must be 
individualized based on the patient’s clinical condition, 
comorbidities, and social environment. 
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4.1 Pharmacological Treatments 
Pharmacological therapy in Alzheimer’s disease primarily 
focuses on correcting neurotransmitter imbalances and 
reducing symptom severity. These treatments are most 
effective when initiated early and regularly monitored for 
efficacy and adverse effects. 

Cholinesterase Inhibitors 
Cholinesterase inhibitors are the cornerstone of treatment 
for mild to moderate Alzheimer’s disease. These drugs 
enhance cholinergic neurotransmission by inhibiting 
acetylcholinesterase, thereby increasing the availability of 
acetylcholine in the brain. 

Commonly prescribed agents include Donepezil, 
Rivastigmine, and Galantamine. While these drugs do not 
alter the underlying disease process, they can temporarily 
stabilize or modestly improve cognitive function, 
attention, and behavior. 

In addition to cognitive benefits, some patients may 
experience improvements in neuropsychiatric symptoms 
such as apathy and mood disturbances. However, their use 
may be associated with side effects including nausea, 
vomiting, diarrhea, bradycardia, and sleep disturbances, 
which require careful dose titration and monitoring. 

NMDA Receptor Antagonist 
The NMDA receptor antagonist Memantine is indicated 
for moderate to severe Alzheimer’s disease. It works by 
modulating glutamatergic neurotransmission and 
preventing excitotoxic neuronal damage caused by 
excessive glutamate activity. 

Memantine has been shown to improve cognition, daily 
functioning, and behavioral symptoms, particularly in later 
stages of the disease. It is generally well tolerated, with 
fewer gastrointestinal side effects compared to 
cholinesterase inhibitors, although dizziness and confusion 
may occur in some patients. 

Combination and Adjunctive Therapy 
Combination therapy using cholinesterase inhibitors and 
memantine is commonly employed in moderate to severe 
cases to achieve additive benefits. Additionally, adjunctive 
medications may be required to manage behavioral and 
psychological symptoms of dementia (BPSD), including 
depression, anxiety, agitation, and psychosis. 

Antidepressants, anxiolytics, and, in selected cases, 
antipsychotics may be prescribed cautiously, as these 
drugs carry risks such as sedation, falls, and 
cardiovascular complications. Therefore, their use must be 
carefully justified and regularly reviewed. 

4.2 Disease-Modifying Therapies 
In recent years, significant research efforts have been 
directed toward the development of disease-modifying 
therapies (DMTs) that target the underlying 
pathophysiology of Alzheimer’s disease rather than merely 
providing symptomatic relief. 

Targeting Amyloid Pathology 

Anti-amyloid monoclonal antibodies represent a 
       advancement in Alzheimer’s therapeutics. 
These agents are designed to bind to amyloid-beta 
peptides and facilitate their clearance from the brain. Some 
therapies have demonstrated reductions in amyloid plaque 
burden as observed in imaging studies. 

However, translating these biological effects into 
consistent clinical improvement remains a challenge. 
Additionally, safety concerns such as amyloid-related 
imaging abnormalities (ARIA), including brain edema and 
microhemorrhages, necessitate careful patient selection 
and monitoring. 

Tau-Based Therapeutic Approaches 
Tau-targeting therapies aim to prevent the 
hyperphosphorylation, aggregation, and spread of tau 
protein within neurons. These include small molecules, 
monoclonal antibodies, and vaccines designed to inhibit 
tau pathology. 

Given the strong correlation between tau accumulation and 
cognitive decline, these therapies are considered highly 
promising. Nevertheless, most tau-directed treatments are 
still in experimental or clinical trial phases. 

Anti-Inflammatory and Neuroprotective Strategies 
Modulation of neuroinflammation is another emerging 
therapeutic avenue. Drugs targeting microglial activation, 
cytokine release, and inflammatory signaling pathways are 
being explored to reduce chronic neuroinflammatory 
damage. 

In addition, neuroprotective strategies focusing on 
mitochondrial function, synaptic preservation, and 
reduction of oxidative stress are under investigation. These 
approaches aim to preserve neuronal viability and delay 
disease progression. 

Challenges in Therapeutic Development 
Despite promising advances, several challenges remain, 
including variability in patient response, difficulty in early 
diagnosis, high treatment costs, and limited accessibility. 
Furthermore, Alzheimer’s disease involves multiple 
pathological pathways, suggesting that combination 
therapies targeting different mechanisms may be necessary 
for optimal outcomes. 

4.3 Non-Pharmacological Interventions 
Non-pharmacological interventions are essential 
components of Alzheimer’s disease management and often 
complement pharmacological treatments. These strategies 
focus on maintaining cognitive function, enhancing quality 
of life, and reducing behavioral disturbances. 

Cognitive Stimulation and Rehabilitation 
Structured cognitive training programs aim to improve 
memory, attention, and problem-solving abilities through 
repeated mental exercises. Cognitive rehabilitation focuses 
on helping patients adapt to their deficits by developing 
compensatory strategies, such as the use of memory aids 
and structured routines. 
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These interventions are particularly beneficial in the early 
stages of the disease and may help delay functional 
decline. 

 

Physical Activity and Lifestyle Modification 
Regular physical exercise has been associated with 
improved cognitive performance, reduced 
neuroinflammation, and enhanced neuroplasticity. 
Activities such as walking, yoga, and strength training 
contribute to overall physical and mental well-being. 

Lifestyle modifications, including adequate sleep, stress 
management, and social engagement, also play a crucial 
role in slowing disease progression and improving patient 
outcomes. 

Nutritional and Dietary Considerations 
Nutritional support is vital in maintaining overall health 
and preventing complications such as weight loss and 
malnutrition. Diets rich in antioxidants, vitamins 
(particularly B-complex and vitamin E), and omega-3 fatty 
acids are believed to support brain health. 

Dietary patterns such as the Mediterranean diet have been 
associated with a lower risk of cognitive decline and may 
offer protective benefits in Alzheimer’s disease. 

Behavioral and Environmental Management 
Behavioral therapy focuses on managing symptoms such 
as agitation, aggression, and wandering. Creating a 
structured and supportive environment can significantly 
reduce stress and confusion in patients. 

Simple modifications, such as maintaining a consistent 
daily routine, ensuring adequate lighting, and minimizing 
noise, can improve patient comfort and safety. 

Caregiver Support and Education 
Caregivers are integral to the management of Alzheimer’s 
disease, particularly in advanced stages. Providing 
caregivers with proper education, counseling, and training 
helps them manage patient needs effectively while 
reducing their own stress and burnout. 

Support groups, respite care services, and psychological 
counseling are important resources that enhance caregiver 
well-being and sustainability of care. 

Holistic and Long-Term Management Approach 
The management of Alzheimer’s disease requires a holistic 
approach that integrates medical treatment, supportive 
care, and social interventions. As the disease progresses, 
care strategies must be continuously adapted to meet 
changing patient needs. 

Early diagnosis, timely initiation of therapy, and 
coordinated care involving healthcare professionals, 
patients, and caregivers are essential for optimizing 
outcomes. Future advancements in disease-modifying 
therapies and personalized medicine hold promise for 
more effective and targeted management of Alzheimer’s 
disease. 

5. EMERGING THERAPEUTIC STRATEGIES 
The limitations of current therapies for Alzheimer’s 
disease (AD) have driven extensive research into 
innovative and advanced treatment approaches. Emerging 
therapeutic strategies aim not only to alleviate symptoms 
but also to modify disease progression by targeting 
underlying molecular and cellular mechanisms. These 
approaches integrate advances in nanotechnology, 
regenerative medicine, genetic engineering, and natural 
product research, offering new hope for more effective 
management of the disease. 

5.1 Nanotechnology-Based Drug Delivery 
Nanotechnology has emerged as a promising tool in 
overcoming one of the most significant challenges in 
Alzheimer’s therapy—the blood-brain barrier (BBB). The 
BBB restricts the entry of many therapeutic agents into the 
central nervous system, thereby limiting drug efficacy. 

Nanocarriers such as liposomes, polymeric nanoparticles, 
dendrimers, and solid lipid nanoparticles are designed to 
enhance drug delivery to the brain. These nanoscale 
systems can be engineered to improve drug solubility, 
stability, and bioavailability. 

Advantages of Nanocarrier Systems 
Nanotechnology-based drug delivery systems facilitate 
improved penetration across the blood-brain barrier by 
exploiting mechanisms such as receptor-mediated 
transport and endocytosis. This allows therapeutic agents 
to reach target sites in the brain more efficiently. 

In addition, nanocarriers enable targeted drug delivery by 
attaching ligands that recognize specific receptors on 
neuronal or glial cells. This targeted approach minimizes 
off-target effects and enhances therapeutic precision. 

Another significant benefit is the reduction of systemic 
toxicity. By delivering drugs directly to affected brain 
regions in controlled doses, nanocarriers reduce exposure 
to peripheral tissues, thereby lowering the risk of adverse 
effects. 

Current Research and Challenges 
Although preclinical studies have demonstrated 
encouraging results, challenges such as large-scale 
production, long-term safety, and regulatory approval 
remain. Further research is needed to translate these 
systems into clinically viable therapies. 

5.2 Stem Cell Therapy 
Stem cell therapy represents a regenerative approach 
aimed at repairing or replacing damaged neuronal cells in 
Alzheimer’s disease. Various types of stem cells, including 
embryonic stem cells, mesenchymal stem cells, and 
induced pluripotent stem cells (iPSCs), are being 
investigated for their therapeutic potential. 

Mechanisms of Action 
Stem cells have the ability to differentiate into neuronal 
and glial cells, offering the possibility of replacing lost or 
damaged neurons. This regenerative capacity is 
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particularly important in Alzheimer’s disease, where 
neuronal loss is a        feature. 

In addition to cell replacement, stem cells secrete 
neurotrophic factors that support neuronal survival, 
enhance synaptic plasticity, and promote 
neuroregeneration. These factors can improve the 
microenvironment of the brain and facilitate functional 
recovery. 

Stem cells also play a role in modulating 
neuroinflammation by reducing the activity of pro-
inflammatory cytokines and promoting anti-inflammatory 
responses, thereby protecting neurons from further 
damage. 

Limitations and Ethical Considerations 
Despite their potential, stem cell therapies face several 
challenges, including issues related to cell survival, 
integration into existing neural networks, immune 
rejection, and ethical concerns, particularly with 
embryonic stem cells. Clinical application requires careful 
evaluation of safety, efficacy, and long-term outcomes. 

5.3 Gene Therapy 
Gene therapy offers a highly targeted approach to treating 
Alzheimer’s disease by addressing its genetic and 
molecular basis. Advances in gene-editing technologies, 
particularly CRISPR-Cas systems, have opened new 
avenues for modifying disease-related genes. 

Therapeutic Strategies in Gene Therapy 
One approach involves correcting mutations in genes such 
as APP, PSEN1, and PSEN2 that are associated with 
familial Alzheimer’s disease. By editing these genes, it 
may be possible to prevent abnormal amyloid-beta 
production. 

Another strategy focuses on modulating gene expression 
involved in disease pathways. For example, gene therapy 
can be used to enhance the expression of protective genes 
or suppress genes that contribute to amyloid accumulation, 
tau pathology, or neuroinflammation. 

Gene delivery systems, including viral vectors such as 
adeno-associated viruses (AAV), are used to introduce 
therapeutic genes into target cells in the brain. 

Challenges and Future Prospects 
While gene therapy holds significant promise, challenges 
such as delivery efficiency, off-target effects, immune 
responses, and long-term safety must be addressed. 
Additionally, the complexity of Alzheimer’s disease 
suggests that targeting a single gene may not be sufficient, 
necessitating multi-targeted approaches. 

5.4 Phytochemicals and Natural Products 
Natural products and phytochemicals have gained 
considerable attention as potential therapeutic agents for 
Alzheimer’s disease due to their multi-targeted actions and 
relatively favorable safety profiles. 

Bioactive Compounds and Their Mechanisms 

Compounds such as Curcumin, Resveratrol, and Ginkgo 
biloba have demonstrated neuroprotective properties in 
various experimental studies. 

Curcumin exhibits strong antioxidant and anti-
inflammatory effects, along with the ability to inhibit 
amyloid aggregation and reduce plaque formation. 
Resveratrol is known for its role in reducing oxidative 
stress, modulating inflammatory pathways, and enhancing 
mitochondrial function. 

Ginkgo biloba extracts have been shown to improve 
cerebral blood flow, reduce oxidative damage, and 
enhance cognitive function in some studies. 

Advantages and Limitations 
Phytochemicals often act on multiple targets 
simultaneously, making them suitable for a multifactorial 
disease like Alzheimer’s. They are generally well tolerated 
and may serve as adjunct therapies alongside conventional 
treatments. 

However, limitations such as poor bioavailability, 
variability in composition, and lack of large-scale clinical 
trials hinder their widespread clinical application. 
Advanced formulation strategies, including 
nanoformulations, are being explored to overcome these 
challenges. 

6. CHALLENGES AND FUTURE DIRECTIONS 
Alzheimer’s disease (AD) continues to pose significant 
scientific, clinical, and societal challenges despite decades 
of intensive research. The multifactorial nature of the 
disease, combined with its long preclinical phase and 
complex pathology, makes both diagnosis and treatment 
particularly difficult. Addressing these challenges is 
essential for improving patient outcomes and reducing the 
growing global burden of the disease. 

6.1 Current Challenges in Alzheimer’s Disease 
Management 
One of the major limitations in Alzheimer’s disease is the 
lack of highly specific and sensitive tools for early 
diagnosis. Although biomarkers and neuroimaging 
techniques have improved diagnostic accuracy, they are 
often expensive, invasive, or not widely accessible. As a 
result, many patients are diagnosed only after significant 
neuronal damage has already occurred, limiting the 
effectiveness of therapeutic interventions. 

Another critical challenge is the limited efficacy of 
currently available treatments. Existing pharmacological 
therapies, such as cholinesterase inhibitors and NMDA 
receptor antagonists, primarily provide symptomatic relief 
without significantly altering disease progression. Even 
newer disease-modifying therapies have shown variable 
clinical benefits, highlighting the need for more effective 
and reliable treatment options. 

The complexity of Alzheimer’s disease mechanisms 
further complicates therapeutic development. The 
interplay between amyloid-beta accumulation, tau 
pathology, neuroinflammation, oxidative stress, and 
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genetic factors creates a highly intricate disease network. 
Targeting a single pathway often fails to produce 
meaningful clinical outcomes, suggesting that a more 
integrated approach is required. 

In addition, variability among patients in terms of genetic 
background, lifestyle factors, and comorbid conditions 
contributes to differences in disease progression and 
treatment response. This heterogeneity presents a 
significant obstacle in developing universally effective 
therapies. 

6.2 Barriers in Drug Development and Clinical 
Translation 
The process of developing new drugs for Alzheimer’s 
disease is associated with high failure rates, long 
timelines, and substantial costs. Many promising 
compounds that demonstrate efficacy in preclinical studies 
fail to show significant benefits in clinical trials. This 
discrepancy may arise from limitations in animal models, 
inadequate understanding of disease progression, or late-
stage intervention in human trials. 

Regulatory challenges also play a role, as demonstrating 
clear clinical benefit in slowly progressive diseases like 
AD requires long-term studies and robust endpoints. 
Furthermore, safety concerns, particularly for novel 
therapies such as monoclonal antibodies and gene-based 
treatments, must be carefully evaluated. 

6.3 Future Directions in Alzheimer’s Research 

Precision Medicine Approaches 
Future strategies in Alzheimer’s disease management are 
increasingly focused on precision medicine. This approach 
involves tailoring treatment based on an individual’s 
genetic profile, biomarker status, and clinical 
characteristics. By identifying specific disease subtypes 
and risk factors, precision medicine aims to deliver more 
targeted and effective therapies. 

Advances in genomics, proteomics, and metabolomics are 
expected to play a crucial role in enabling personalized 
treatment strategies. These technologies can help identify 
novel biomarkers and therapeutic targets, facilitating early 
diagnosis and intervention. 

Development of Combination Therapies 
Given the multifactorial nature of Alzheimer’s disease, 
combination therapies targeting multiple pathological 
pathways are likely to be more effective than single-agent 
treatments. Such approaches may involve combining anti-
amyloid agents with tau inhibitors, anti-inflammatory 
drugs, or neuroprotective compounds. 

This strategy mirrors treatment approaches used in other 
complex diseases, such as cancer and cardiovascular 
disorders, where multi-targeted interventions have shown 
improved outcomes. 

Emphasis on Early Intervention 
Early intervention is increasingly recognized as a key 
factor in improving treatment efficacy. Alzheimer’s 

disease begins many years before clinical symptoms 
become apparent, and therapeutic interventions during this 
preclinical phase may be more effective in slowing or 
preventing disease progression. 

Efforts are being directed toward identifying at-risk 
individuals through genetic screening and biomarker 
analysis. Preventive strategies, including lifestyle 
modifications, cognitive training, and early 
pharmacological intervention, are expected to play an 
important role in future disease management. 

6.4 Integration of Technology and Innovation 
Emerging technologies such as artificial intelligence (AI), 
machine learning, and digital health tools are expected to 
revolutionize Alzheimer’s research and care. These 
technologies can assist in early diagnosis, predictive 
modeling, and monitoring disease progression. 

Wearable devices and digital biomarkers may provide 
continuous, real-time data on cognitive and functional 
changes, enabling more precise and timely interventions. 
Additionally, big data analytics can facilitate the 
identification of novel patterns and therapeutic targets. 
years. 

7. CONCLUSION 
Alzheimer’s disease (AD) remains one of the most 
challenging neurodegenerative disorders of the modern 
era, characterized by its complex and multifactorial nature. 
The disease not only leads to progressive cognitive decline 
and functional impairment but also imposes a substantial 
emotional, social, and economic burden on patients, 
caregivers, and healthcare systems worldwide. As the 
global population continues to age, the impact of 
Alzheimer’s disease is expected to increase significantly, 
reinforcing its status as a major public health concern. 

Over the past few decades, considerable progress has been 
made in understanding the molecular and cellular 
mechanisms underlying Alzheimer’s disease. Insights into 
amyloid-beta aggregation, tau pathology, 
neuroinflammation, oxidative stress, and genetic factors 
have provided a strong foundation for the development of 
more advanced diagnostic tools and therapeutic strategies. 
These scientific advancements have enabled earlier 
detection through biomarkers and neuroimaging, as well 
as the exploration of innovative treatment approaches, 
including disease-modifying therapies and emerging 
technologies. 

Despite these achievements, effective disease-modifying 
treatments capable of halting or reversing disease 
progression remain limited. Most currently available 
therapies offer only symptomatic relief, highlighting a 
critical gap between scientific discovery and clinical 
application. The intricate interplay of multiple 
pathological pathways further complicates the 
development of universally effective interventions, 
emphasizing the need for a more integrated and 
comprehensive approach. 
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A multidisciplinary strategy is essential for addressing the 
challenges posed by Alzheimer’s disease. This includes the 
integration of molecular research, clinical innovation, 
advanced drug delivery systems, and personalized 
medicine approaches. In addition, non-pharmacological 
interventions, caregiver support, and public health 
initiatives play a vital role in improving patient outcomes 
and quality of life. 

Looking forward, the future of Alzheimer’s disease 
management lies in early diagnosis, targeted therapies, and 
preventive strategies. Continued research, collaboration 
across scientific and medical disciplines, and increased 
investment in healthcare infrastructure are crucial for 
translating emerging discoveries into effective clinical 
solutions. Ultimately, a patient-centered approach that 
combines scientific advancement with compassionate care 
will be key to combating this devastating disease and 
reducing its global burden. 

Acknowledgement: Author are thankful to the 
management of institution and staff of college, department 
and university. 

Conflict of Interest: None 

Funding Source: None 

REFERENCES 
1. Breijyeh Z, Karaman R. Comprehensive review on 

Alzheimer’s disease: causes and treatment. 
Molecules. 2020;25(24):5789. 

2. Livingston G, Huntley J, Sommerlad A, Ames D, 
Ballard C, Banerjee S, et al. Dementia prevention, 
intervention, and care: 2020 report. Lancet. 
2020;396(10248):413–46. 

3. Knopman DS, Amieva H, Petersen RC, Chételat G, 
Holtzman DM, Hyman BT, et al. Alzheimer disease. 
Nat Rev Dis Primers. 2021;7(1):33. 

4. Scheltens P, De Strooper B, Kivipelto M, Holstege H, 
Chételat G, Teunissen CE, et al. Alzheimer’s disease. 
Lancet. 2021;397(10284):1577–90. 

5. Jack CR Jr, Bennett DA, Blennow K, Carrillo MC, 
Dunn B, Haeberlein SB, et al. NIA-AA research 
framework update. Alzheimers Dement. 
2021;17(9):e057234. 

6. Hampel H, Cummings J, Blennow K, Gao P, Jack CR 
Jr, Vergallo A. Developing the ATN biomarker 
framework. Nat Rev Neurol. 2021;17(9):580–99. 

7. Cummings J, Lee G, Zhong K, Fonseca J, Taghva K. 
Alzheimer’s disease drug development pipeline: 
2021. Alzheimers Dement. 2021;7(1):e12179. 

8. DeTure MA, Dickson DW. The neuropathological 
diagnosis of Alzheimer’s disease. Mol Neurodegener. 
2019;14:32. 

9. Long JM, Holtzman DM. Alzheimer disease: an 
update. Cell. 2019;179(2):312–39. 

10. Tiwari S, Atluri V, Kaushik A, Yndart A, Nair M. 
Alzheimer’s disease: pathogenesis, diagnostics, and 
therapeutics. Int J Nanomedicine. 2019;14:5541–54. 

11. Cummings J, Apostolova LG, Rabinovici GD, Atri A, 
Aisen P, Greenberg S, et al. Lecanemab: appropriate 
use recommendations. J Prev Alzheimers Dis. 
2023;10(3):362–77. 

12. van Dyck CH, Swanson CJ, Aisen P, Bateman RJ, 
Chen C, Gee M, et al. Lecanemab in early 
Alzheimer’s disease. N Engl J Med. 2023;388:9–21. 

13. Sims JR, Zimmer JA, Evans CD, Lu M, Ardayfio P, 
Sparks J, et al. Donanemab in early symptomatic 
Alzheimer’s disease. JAMA. 2023;330(6):512–27. 

14. Sevigny J, Chiao P, Bussière T, Weinreb PH, 
Williams L, Maier M, et al. Aducanumab reduces 
amyloid-beta plaques. Nature. 2020;537:50–6. 

15. Frisoni GB, Altomare D, Thal DR, Ribaldi F, van der 
Kant R, Ossenkoppele R, et al. The probabilistic 
model of Alzheimer disease. Nat Rev Neurol. 
2022;18:585–99. 

16. Jack CR Jr, Therneau TM, Weigand SD, Wiste HJ, 
Knopman DS, Vemuri P, et al. Predicting future AD 
progression. Brain. 2023;146(3):1117–30. 

17. Teunissen CE, Verberk IMW, Thijssen EH, Vermunt 
L, Hansson O, Zetterberg H, et al. Blood-based 
biomarkers for Alzheimer’s disease. Nat Rev Neurol. 
2022;18:643–56. 

18. Nakamura A, Kaneko N, Villemagne VL, Kato T, 
Doecke J, Doré V, et al. High-performance plasma 
amyloid-beta biomarkers. Nature. 2018;554:249–54. 

19. Palmqvist S, Tideman P, Cullen N, Zetterberg H, 
Blennow K, Dage JL, et al. Prediction of AD 
dementia using plasma biomarkers. JAMA Neurol. 
2021;78(9):1108–17. 

20. Bateman RJ, Xiong C, Benzinger TLS, Fagan AM, 
Goate A, Fox NC, et al. Clinical and biomarker 
changes in AD. N Engl J Med. 2012;367:795–804. 

21. Busche MA, Hyman BT. Synergy between amyloid-β 
and tau in AD. Nat Neurosci. 2020;23:1183–93. 

22. Wang Y, Mandelkow E. Tau in physiology and 
pathology. Nat Rev Neurosci. 2016;17:22–35. 

23. Heneka MT, Golenbock DT, Latz E. Innate immunity 
in Alzheimer’s disease. Nat Immunol. 2015;16:229–
36. 

24. Leng F, Edison P. Neuroinflammation and microglial 
activation in AD. Nat Rev Neurol. 2021;17:157–72. 

25. Swerdlow RH. Mitochondria and mitochondrial 
cascades in AD. J Alzheimers Dis. 2020;62(3):1403–
16. 

26. Butterfield DA, Halliwell B. Oxidative stress in AD. 
Nat Rev Neurosci. 2019;20:148–60. 



Page: 3 1 7   

A Contemporary Review of Alzheimer’s Disease: From Molecular Mechanisms to Clinical Management 

IJDDT, Volume 16 Issue 46s, 2026 
 
 
 

27. Cummings J, Lee G, Ritter A, Sabbagh M, Zhong K. 
Alzheimer’s disease drug pipeline 2022. Alzheimers 
Dement. 2022;8:e12295. 

28. Knopman DS, Jones DT, Greicius MD. Failure to 
demonstrate efficacy of anti-amyloid therapies. 
JAMA Neurol. 2021;78(2):129–30. 

29. Mullard A. Alzheimer’s disease drug pipeline heats 
up. Nat Rev Drug Discov. 2021;20:251–3. 

30. Yiannopoulou KG, Papageorgiou SG. Current and 
future treatments. Ther Adv Neurol Disord. 
2020;13:1–14. 

31. Panza F, Lozupone M, Logroscino G, Imbimbo BP. A 
critical appraisal of amyloid-targeting therapies. Nat 
Rev Neurol. 2019;15:73–88. 

32. Congdon EE, Sigurdsson EM. Tau-targeting 
therapies. Nat Rev Neurol. 2018;14:399–415. 

33. Rabinovici GD. Controversy and progress in AD 
biomarkers. JAMA Neurol. 2021;78(2):129–30. 

34. Johnson KA, Minoshima S, Bohnen NI, Donohoe 
KJ, Foster NL, Herscovitch P, et al. Appropriate use 

criteria for amyloid PET. J Nucl Med. 2013;54:476–
90. 

35. Topol EJ. High-performance medicine and AI. Nat 
Med. 2019;25:44–56. 

36. Esteva A, Robicquet A, Ramsundar B, Kuleshov V, 
DePristo M, Chou K, et al. Deep learning in 
healthcare. Nat Med. 2019;25:24–9. 

37. Alzheimer’s Association. 2024 Alzheimer’s disease 
facts and figures. Alzheimers Dement. 
2024;20(5):3898–4015. 

38. Nichols E, Steinmetz JD, Vollset SE, Fukutaki K, 
Chalek J, Abd-Allah F, et al. Global burden of AD 
and dementia. Lancet Neurol. 2022;21(12):1005–16. 

39. GBD 2019 Dementia Forecasting Collaborators. 
Forecasting prevalence of dementia. Lancet Public 
Health. 2022;7:e105–25. 

40. Prince M, Wimo A, Guerchet M, Ali GC, Wu YT, 
Prina M. World Alzheimer Report. Alzheimer’s 
Disease International. 2021. 

 

 

  

 

  

 

 


