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Abstract  

Alzheimer’s disease is a progressive neurodegenerative disorder that gradually impairs memory, reasoning, and daily 

functioning. It is the leading cause of dementia worldwide, primarily affecting older adults, and its prevalence continues 

to rise with the aging population. Despite decades of research, a definitive cure remains elusive. However, 

breakthroughs in understanding the disease's molecular and clinical features have led to early diagnostic tools and novel 

treatment strategies.  

This review offers a comprehensive overview of Alzheimer’s disease, starting with its history, rising global burden, and 

associated risk factors—both modifiable and non-modifiable. It explores the underlying pathophysiological 

mechanisms, including amyloid plaques, tau tangles, neuroinflammation, and oxidative stress, which disrupt brain 

function and contribute to cognitive decline. Clinical stages from preclinical to severe Alzheimer’s are discussed, 

highlighting how symptoms evolve over time.  

We also examine current diagnostic techniques and biomarkers, such as brain imaging and cerebrospinal fluid analysis, 

which allow earlier and more accurate detection. Therapeutic approaches are classified into symptomatic treatments, 

disease-modifying drugs, and nonpharmacological interventions aimed at improving quality of life. In addition, 

lifestyle-based preventive strategies—like physical activity, diet, and cognitive engagement—are gaining attention for 

reducing disease risk.  

Looking ahead, the future of Alzheimer’s care lies in personalized medicine, emerging immunotherapies, and AI-driven 

technologies for early prediction and remote monitoring. By organizing this knowledge in a clear and accessible format, 

the review aims to promote awareness, encourage early diagnosis, and support compassionate care for those affected.  
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1. Background / Introduction  

Alzheimer’s disease is a progressive brain disorder that slowly destroys memory, thinking ability, and eventually, 

the ability to carry out the simplest tasks.[1] It is the most common form of dementia and mainly affects older adults, 

although some younger individuals may also develop it.[2] As the disease progresses, individuals lose the ability to 

communicate, recognize loved ones, or care for themselves, making it one of the most emotionally and physically 

draining conditions for both patients and caregivers.  
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The condition was first identified in 1906 by Dr. Alois Alzheimer, a German psychiatrist.[4] He studied the brain of a 

woman named Auguste Deter who had shown severe memory loss and behavioral changes.[5] After her death, Dr. 

Alzheimer found unusual protein clumps (later called amyloid plaques) and twisted fibers (now known as tau tangles) 

in her brain.[6] These features remain the core pathological markers of the disease even today.[7] 

Globally, Alzheimer’s disease has become a major public health concern.[8] It is estimated that millions of people 

are affected, with numbers expected to rise dramatically in the coming decades due to aging populations.[9] The 

disease not only places a heavy emotional toll on families but also leads to enormous financial costs for healthcare 

systems.[10] Unfortunately, despite years of research, a complete cure remains out of reach, and available treatments 

mainly focus on relieving symptoms for a limited time.[11] 

  

 
Figure 1: Projected global increase in the number of people living with Alzheimer’s disease between 2000 and 2050. The number of cases is 

expected to rise from approximately 26 million in 2000 to over 150 million by 2050, reflecting the growing burden of neurodegenerative 

disorders worldwide.  

Recent advancements in science have helped researchers understand more about how Alzheimer’s develops and 

progresses.[12] There is growing interest in finding new ways to detect the disease early, possibly even before 

symptoms appear. [13] At the same time, scientists are testing a variety of drugs that may help slow or stop the 

underlying brain changes.[15] Inflammation, oxidative stress, and mitochondrial dysfunction are now recognized as 

important contributors to the disease process, in addition to the classic amyloid and tau pathways. 

This review aims to provide a complete and simplified overview of Alzheimer’s disease. It will explore the major risk 

factors, pathological mechanisms, clinical features, diagnostic tools, available treatments, and ongoing 

research.[16] By organizing current knowledge in a clear format, this review hopes to support awareness, early 

detection, and improved care for individuals affected by this devastating condition.[17] 

2. Epidemiology and Risk Factors  

Alzheimer’s disease is the most common cause of dementia, accounting for nearly 60 to 80% of all cases.[18] As the 

global population ages, this condition has become an urgent public health issue. Currently, over 50 million people 
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are living with dementia worldwide, and this number is expected to triple by 2050 due to longer life expectancy and 

declining birth rates.[19]  

Age is the strongest known non-modifiable risk factor. After the age of 65, the risk of developing Alzheimer’s doubles 

every five years.[20] By the age of 85, nearly one-third of individuals may be affected. Women are more likely to 

develop Alzheimer’s than men, partly because they tend to live longer and may also be biologically more vulnerable to 

certain brain changes.[21]  

Although most cases are sporadic with no clear inherited pattern, a small percentage — around 1% — are familial and 

caused by specific gene mutations. These cases typically develop at a younger age and are linked to mutations in the 

APP, PSEN1, and PSEN2 genes.[22] In the more common late-onset form, a major genetic risk factor is the presence 

of the APOE ε4 allele.[23] Individuals with one copy of this gene variant have an increased risk, while those with two 

copies are at significantly higher risk of developing the disease.[24]  

In addition to genetic factors, there are many modifiable risks that can be influenced by lifestyle and health 

conditions.[25] These include diabetes, high blood pressure, obesity, smoking, and high cholesterol. Poor diet, lack 

of physical activity, social isolation, and low levels of education are also linked to a greater chance of developing 

Alzheimer’s. Chronic stress, sleep disturbances, and depression have recently gained attention as additional 

contributors. [26] 

Understanding both modifiable and non-modifiable risk factors is essential for building preventive strategies, 

encouraging early diagnosis, and guiding public health policies aimed at reducing the global burden of Alzheimer’s 

disease.[27]  
Table 1: Key Risk Factors for Alzheimer’s Disease [28-29] 

Category               Risk Factor                           Modifiable?  

Age                   Advancing  age  (especially  

over 65)                          

 No  

Genetic               APOE  ε4,  APP,  PSEN1,  

PSEN2 mutations                        

 No  

Lifestyle             Smoking, poor diet, physical  

inactivity                     

 Yes  

Medical Conditions    Diabetes,  hypertension,  

obesity, cholesterol               

 Yes  

Psychosocial          Depression, social isolation, 

low education                

 Yes  

                                 

3. Pathophysiology and Molecular Mechanisms  

The progression of Alzheimer’s disease is driven by a series of complex changes in the brain, many of which begin 

years before symptoms appear.[30] Two key features that define the disease are the buildup of amyloid-beta plaques 

and the formation of tau tangles.[31] These abnormal proteins interfere with communication between brain cells, 

eventually causing them to malfunction and die.[32] 
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The first change usually involves the overproduction or poor clearance of a protein fragment called amyloid-beta.[33] 

These fragments stick together, forming sticky clumps or plaques outside neurons. These plaques disrupt the normal 

communication between brain cells and trigger inflammation, which further damages brain tissue.[34] They also affect 

blood vessels, limit nutrient flow, and contribute to a toxic environment in the brain.[35]  

As the disease advances, another protein called tau becomes abnormal. Normally, tau helps support the internal 

structure of neurons, but in Alzheimer’s disease, it becomes hyperphosphorylated — meaning it changes shape and 

starts forming tangles inside neurons.[36] These neurofibrillary tangles block the transport of essential nutrients, 

leading to cell breakdown and death.[37]  

Beyond plaques and tangles, several other factors play important roles. Neuroinflammation caused by the 

overactivation of immune cells in the brain — particularly microglia — contributes to the progression of damage.[38] 

These cells, meant to protect the brain, begin releasing harmful substances that worsen neuronal injury.  

Additionally, oxidative stress, mitochondrial dysfunction, and synaptic failure are critical contributors. The brain 

cells become less efficient at producing energy, managing waste, and maintaining their structure, all of which accelerate 

their decline.[39]  

Together, these pathological changes create a vicious cycle that leads to the progressive loss of memory, judgment, 

language skills, and eventually, control over basic bodily functions.[40] Understanding these mechanisms is essential 

for developing targeted treatments that can slow or stop the disease at its roots.[41] 

4. Clinical Features and Stages of Alzheimer’s Disease  

Alzheimer’s disease develops slowly and progresses through several stages, each marked by increasing difficulties in 

memory, thinking, and daily functioning.[42] The changes are often subtle at first but gradually worsen, leading to 

complete dependence on others for care.[43] 

The earliest stage is called preclinical Alzheimer’s, where no outward symptoms are noticeable, but biological 

changes like amyloid buildup may already be happening in the brain.[45] This stage can last for years, and most people 

are unaware that the disease has started.  

The next phase is Mild Cognitive Impairment (MCI) due to Alzheimer’s disease. People in this stage may experience 

slight memory problems, such as forgetting recent conversations or misplacing items.[46] However, they are usually 

still able to live independently and function well in most daily tasks. Not all MCI cases lead to Alzheimer’s, but this 

stage is considered a warning sign.[47]  
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As the condition progresses to mild Alzheimer’s, individuals begin to show clear symptoms such as frequent 

forgetfulness, difficulty finding words, trouble organizing thoughts, or getting lost in familiar places.[48] They 

may struggle with managing finances, keeping appointments, or following instructions, but can often still manage 

personal hygiene and basic routines.[49]  

In the moderate stage, symptoms become more noticeable and disruptive. People may forget important life events, 

confuse people and places, experience mood swings, or show changes in behavior, including agitation or 

suspicion.[50] Assistance becomes necessary for many daily activities, such as dressing or preparing meals.  

Finally, in the severe or late stage, individuals lose the ability to communicate clearly, recognize loved ones, and 

eventually control physical movements. They may become bedridden, lose bladder and bowel control, and require 

round-the-clock care. This stage is emotionally difficult for both patients and families, as it marks a complete loss of 

independence.[51]  

Each person’s journey with Alzheimer’s is different — the speed of progression and combination of symptoms can 

vary. However, understanding these stages is essential for providing appropriate care, making timely decisions, and 

planning for the future.[52]  

Figure 3: Alzheimer’s disease progression, highlighting how each clinical stage impacts an individual’s daily life. From silent changes in the 

brain to complete dependence, the disorder affects both cognition and independence 

 

.                                                Table 2: Clinical Stages of Alzheimer’s Disease [53] 

Stage                             Features  

Preclinical                       No symptoms; brain changes already occurring 

silently  

Mild Cognitive Impairment        Mild memory issues; still mostly independent  

Mild Stage                       Forgetfulness, confusion, poor decision  

making    

Moderate Stage                   Behavioral changes, mood swings, help needed 

with daily tasks  

Severe Stage                     Total dependence, loss of speech and physical 

function  

                                 

5. Diagnosis and Biomarkers  

Diagnosing Alzheimer’s disease can be challenging, especially in the early stages when symptoms may appear mild 

or overlap with other conditions.[54] A complete diagnosis usually requires a combination of clinical evaluation, 

cognitive testing, brain imaging, and, in some cases, biomarker analysis.[55]  
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The first step often involves a detailed medical history and discussion with the patient and close family members.[56] 

Doctors look for patterns of memory loss, changes in behavior, and difficulty in problem-solving or language.[57] 

Basic cognitive tests, such as the Mini-Mental State Examination (MMSE) or the Montreal Cognitive Assessment 

(MoCA), are commonly used to evaluate mental functions.[58]  

Neuroimaging plays a key role in identifying brain changes associated with Alzheimer’s. Magnetic Resonance 

Imaging (MRI) helps detect brain shrinkage, especially in areas like the hippocampus, which is involved in 

memory.[59] Computed Tomography (CT) scans can also show structural changes, although with less detail. In more 

advanced cases, Positron Emission Tomography (PET) scans may be used to detect abnormal buildups of amyloid 

or tau proteins in the brain.[60] 

In recent years, biomarkers have gained importance for early and more accurate diagnosis. These are measurable 

substances in the body that reflect the disease process.[61] In Alzheimer’s, key biomarkers include low levels of 

amyloid-beta and high levels of tau or phosphorylated tau in cerebrospinal fluid (CSF).[62] These findings suggest 

that brain cells are being damaged even before major symptoms appear.  

Blood-based biomarkers are also being developed as a less invasive and more accessible method for screening. These 

could soon become a valuable tool in identifying people at risk, especially in large-scale community settings.[63]  

Importantly, a proper diagnosis also involves ruling out other causes of memory problems, such as vitamin 

deficiencies, thyroid disorders, depression, or other types of dementia. Alzheimer’s disease shares overlapping 

features with conditions like vascular dementia, Lewy body dementia, and frontotemporal dementia, so careful 

evaluation is necessary.[64] 

Early diagnosis not only gives patients and families time to plan but also opens doors to clinical trials and treatment 

options that may help slow the disease’s progression.[65] 
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Table 3: Common Biomarkers Used in Alzheimer’s Diagnosis [66-67] 

 

Biomarker Type              Example                                What It Indicates  

Amyloid markers             Amyloid-beta 42 (CSF, PET 

scan)       

 Early plaque buildup in brain  

Tau markers                 Total tau, phosphorylated tau         Neuronal injury and disease 

stage  

Neurodegeneration           MRI (hippocampal shrinkage)       Brain cell loss and atrophy  

Inflammation markers        YKL-40, cytokines                      Chronic brain inflammation  

Blood-based biomarkers      Plasma Aβ42/40 ratio, p-tau           Early and accessible diagnostic 

option  

                       

6. Current and Emerging Therapies  

Although there is no cure for Alzheimer’s disease, several treatments are available to help manage symptoms and 

improve quality of life.Therapies are generally divided into two types: symptomatic treatments, which ease the effects 

of the disease, and emerging diseasemodifying therapies, which aim to slow or alter the progression of brain 

damage.[68]  

a. Symptomatic Treatments  

The most commonly prescribed medications are those that boost communication between brain cells by increasing the 

levels of certain neurotransmitters.[69] Cholinesterase inhibitors, such as donepezil, rivastigmine, and galantamine, 

help improve memory and thinking in mild to moderate stages. Another drug called memantine works differently by 

regulating glutamate, a chemical involved in learning and memory, and is often used in moderate to severe cases.[70]  

While these drugs don’t stop the disease from progressing, they can offer temporary improvements in cognition, 

mood, or behavior, helping patients maintain independence for a longer time.[71] 

b. Disease-Modifying Therapies  

In recent years, researchers have shifted their focus toward therapies that target the underlying causes of Alzheimer’s 

rather than just the symptoms.[72] One promising area is the development of drugs that target amyloid-beta plaques, 

which are believed to play a central role in disease progression. Some newly approved treatments, such as monoclonal 

antibodies, aim to clear amyloid from the brain and potentially slow cognitive decline.[73]  

Scientists are also exploring drugs that target tau protein tangles, neuroinflammation, and oxidative stress. Though 

these therapies are still under investigation, they represent an important step toward changing the course of the 

disease.[74]  
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c. Non-Pharmacological Interventions  

In addition to medication, lifestyle modifications and supportive therapies play a vital role in managing Alzheimer’s. 

Regular physical activity, a healthy diet, and mental stimulation can help maintain brain function.[75] Engaging in 

meaningful activities, maintaining social connections, and ensuring a stable daily routine are also helpful in reducing 

anxiety and confusion in patients.[76]  

Cognitive training, occupational therapy, and caregiver support are essential tools in longterm management. A 

supportive environment can greatly improve a person’s ability to function and feel safe.[77]  

As research continues, the goal is to find combinations of drug and lifestyle therapies that not only treat the symptoms 

but also prevent or delay the onset of Alzheimer’s disease altogether. [78] 

 

Table 4: Current and Emerging Therapies for Alzheimer’s Disease [78] 

 

Therapy Type                Examples                             Purpose  

Cholinesterase Inhibitors   Donepezil, Rivastigmine             Boost cognition  

NMDA Antagonist             Memantine                                   Helps in moderate to severe 

stages  

Monoclonal Antibodies       Aducanumab, lecanemab             Target amyloid plaques  

Lifestyle Interventions     Exercise,  diet,  mental  

activities               

 Delay symptoms and support 

brain health  

                   

d. Management Strategies and Supportive Care  

Management of Alzheimer’s extends beyond medications. A comprehensive care approach includes physical safety, 

emotional support, and routine structure for patients at every stage.[79] 

Interventions must adapt to the severity of symptoms:  
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• In the preclinical stage, focus is placed on lifestyle modifications like exercise, sleep, and cognitive 

enrichment.[80] 

• In early stages, interventions such as cognitive training and medications may help preserve function. [81] 

• As symptoms progress to moderate and severe stages, greater emphasis is placed on behavioral support, 

environmental adaptations, and caregiver involvement.[82]  

• For advanced cases, palliative care, 24/7 supervision, and emotional reassurance are crucial. [83] 

Providing care tailored to disease stage improves patient dignity, safety, and overall quality of life.  

  

7. Preventive Approaches and Risk Reduction  

Although Alzheimer’s disease is not fully preventable, growing evidence suggests that lifestyle choices and risk factor 

control can significantly reduce the likelihood or delay the onset of cognitive decline. 

a. Physical Health engaging in regular physical activity, such as walking, yoga, or swimming, enhances blood flow 

to the brain and supports neuroplasticity. Prioritizing good sleep hygiene and managing cardiovascular health are 

essential for maintaining brain resilience.[83] 

b. Nutritional Factors  

A Mediterranean-style diet rich in leafy greens, fruits, fish, nuts, and olive oil has been linked to a lower risk of 

dementia.[84] Nutrients such as omega-3 fatty acids, antioxidants, and vitamin D are thought to protect brain cells 

from damage.[85] 

c. Cognitive Engagement  

Keeping the mind active through lifelong learning, reading, puzzles, and memory exercises can help build cognitive 

reserve, allowing the brain to compensate for damage longer.[86]  

d. Social Connection  

Maintaining strong social ties through conversations, group activities, or volunteering may help reduce loneliness, 

stress, and mental decline. Social engagement supports emotional wellbeing and cognitive performance.[87] 
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e. Risk Factor Management  

Controlling chronic health issues such as hypertension, diabetes, and high cholesterol can reduce vascular 

contributions to dementia. Quitting smoking and limiting alcohol intake also lower brain-related risks.[88] 

8. Future Directions in Alzheimer’s Research  

As science continues to unravel the complexity of Alzheimer’s disease, researchers are moving beyond traditional 

approaches to explore innovative strategies that could transform diagnosis, treatment, and prevention.[89] The future 

of Alzheimer’s care lies in early detection, personalized medicine, and multitargeted therapies.[90] 

One major goal is to detect Alzheimer’s before symptoms appear. New tools such as bloodbased biomarkers, genetic 

risk profiling, and advanced brain imaging may allow doctors to identify individuals at risk much earlier than 

before.[91] Early diagnosis gives patients and families more time to plan and opens the door to preventive treatments 

before significant brain damage occurs.[92] 

Another exciting area is personalized or precision medicine. Instead of using the same treatment for everyone, 

researchers are working on therapies that are tailored to a person’s genetic makeup, biomarker levels, and lifestyle 

factors.[93] This approach could lead to more effective results with fewer side effects.  

Future therapies are also being designed to go beyond amyloid and tau. Scientists are now exploring immune system 

modulators, neuroprotective agents, and even stem cell therapies that could regenerate damaged brain tissue.[94] 

Some studies are investigating the potential of gene editing tools like CRISPR to repair or block the faulty genes 

involved in Alzheimer’s.  

Artificial intelligence (AI) and digital health tools are also being developed to track early behavioral changes and 

help monitor disease progression remotely. These technologies may assist in predicting who is most likely to develop 

Alzheimer’s and how fast it will progress.[95] 

Public health efforts are expected to focus more on risk reduction, encouraging healthy aging through education, diet, 

exercise, stress management, and social engagement — all of which have shown protective effects on brain health.  

Although challenges remain, the future holds promise. Continued research, increased funding, and greater global 

awareness are bringing us closer to finding effective, long-term solutions to one of the most pressing neurological 

challenges of our time.[96] 
                                     Table 5: Future Therapeutic Approaches Under Investigation  

Therapy Focus Strategy Goal 

Immunotherapy Anti-amyloid  and 

 anti-tau vaccines 

Remove  or  block  toxic 

proteins 

Gene Editing CRISPR,  antisense 

oligonucleotides 

Fix or silence faulty genes 

Neuroprotection Antioxidants, 

 mitochondrial boosters 

Prevent further brain cell 

damage 

Stem Cell Therapy Neural stem cell replacement Regenerate damaged neurons 

Digital & AI Tools           Apps,  sensors,  digital  

monitoring    

 Predict, track, and personalize 

care  
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9. Conclusion  

Alzheimer’s disease remains one of the most complex and devastating disorders affecting the aging population. It 

slowly erodes a person’s ability to think, remember, and live independently, placing a tremendous burden not only on 

the individual but also on families, caregivers, and healthcare systems worldwide.  

While current treatments offer only temporary relief from symptoms, advances in our understanding of the disease’s 

biological mechanisms have opened new possibilities for early detection, personalized care, and disease-modifying 

therapies. Researchers are now focusing on identifying the condition in its earliest stages, intervening before 

irreversible brain damage occurs.  

Prevention strategies that promote brain-healthy lifestyles, including a balanced diet, physical activity, mental 

stimulation, and social engagement, are gaining importance as low-cost, accessible ways to reduce risk. At the same 

time, exciting developments in biomarkers, genetics, and innovative therapies offer hope for more effective future 

treatments.  

Although we still have a long way to go, growing awareness and dedicated research efforts are steadily moving us 

closer to better outcomes for those affected. By combining science, compassion, and public action, we can improve the 

lives of millions and work toward a future where Alzheimer’s is no longer a feared diagnosis — but a manageable 

condition, or even one day, a preventable one.  
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