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1. Introduction to Alzheimer’s Disease 

1.1 Overview of Alzheimer’s Disease 

Alzheimer's disease (AD) is a progressive neurodegenerative disorder that affects 
millions of people worldwide, primarily those over the age of 65. It's the most common 
cause of dementia, a condition characterized by a decline in cognitive function, 
including memory loss, difficulty with language, and impaired reasoning. But it doesn't 
just affect the brain. AD also impacts a person’s ability to carry out daily activities, 
slowly robbing them of their independence. 

At its core, Alzheimer’s disease leads to the death of brain cells, specifically neurons, 
and the breakdown of essential brain functions. This process starts gradually, with early 
signs often being subtle and difficult to distinguish from normal age-related cognitive 
changes. However, as the disease progresses, symptoms become more noticeable and 
severe, leading to greater challenges in managing daily life. 

The hallmark features of Alzheimer’s disease include the buildup of two abnormal 
protein structures: amyloid beta plaques (or Aβ plaques) and tau neurofibrillary 
tangles. Amyloid plaques are clusters of protein fragments that accumulate outside 
brain cells, disrupting communication between neurons. Tau tangles, on the other 
hand, form inside brain cells and interfere with the cell’s ability to maintain its structure 
and function. These abnormal accumulations contribute to the gradual degeneration of 
brain regions involved in memory, thinking, and judgment. 

Figure 1.1 illustrates the structural differences in the brain between a healthy individual 
and one with Alzheimer’s disease, highlighting how neuronal damage occurs, ultimately 
leading to cognitive decline. The comparison offers a visual insight into the 
physiological changes associated with Alzheimer's, such as atrophy and the formation 
of plaques and tangles that disrupt normal brain functions (Breijyeh & Karaman, 2020). 

 

Figure 1.1. The physiological structure of the brain and neurons in (a) healthy brain and (b) Alzheimer’s disease (AD) 
brain. Adapted from Comprehensive Review on Alzheimer’s Disease: Causes and Treatment, by Z. Breijyeh and R. 

Karaman, 2020, Molecules, 25(24), Article 5789. https://www.mdpi.com/1420-3049/25/24/5789. 

https://www.mdpi.com/1420-3049/25/24/5789


Although the exact cause of Alzheimer's disease remains unknown, it's believed to be a 
combination of genetic, environmental, and lifestyle factors. Age is the biggest risk 
factor, with the likelihood of developing the disease increasing as a person gets older. 
Other factors, such as family history, genetics (particularly the presence of the APOE-
e4 gene), and conditions like heart disease or diabetes, may also raise the risk. 
However, it's not just about genetics. Lifestyle choices like diet, exercise, and mental 
stimulation can play a role in either increasing or lowering one's risk. 

Alzheimer's disease is a serious and growing global health concern. As the population 
ages, the number of people affected is expected to rise dramatically. This makes 
understanding the disease, improving early detection methods, and developing 
effective treatments more important than ever. Researchers are working tirelessly to 
unlock the mysteries of Alzheimer's, hoping to find ways to diagnose it earlier and to 
slow or even stop its progression. 

In the chapters to come, we'll explore the different aspects of Alzheimer's disease in 
more detail, including its symptoms, diagnosis, and the latest advancements in 
treatment and care. But first, it's crucial to recognize just how impactful this disease 
can be—not just for the individuals diagnosed but for their families, caregivers, and 
society as a whole. 

1.1.1 Definition and Significance 

Alzheimer’s Disease (AD) is a progressive neurodegenerative disorder that primarily 
affects memory, thinking, and behavior. It is the most common cause of dementia, 
accounting for up to 60-80% of all dementia cases globally (Alzheimer's Association, 
2024).  

As explained earlier, one of the key features of Alzheimer’s is the accumulation of 
amyloid plaques and neurofibrillary tangles in the brain, which disrupt 
communication between neurons. Amyloid plaques are dense clumps of beta-amyloid 
protein fragments that accumulate in the spaces between nerve cells, while 
neurofibrillary tangles are twisted fibers of tau protein found inside neurons. 

These pathological changes impair normal brain function, leading to the cognitive 
symptoms associated with the disease. The disease not only affects the person 
diagnosed but also their families and communities, contributing to emotional, 
financial, and psychological strains. 

Furthermore, Alzheimer’s disease represents a significant challenge for healthcare 
professionals and researchers. While treatments are available to alleviate symptoms, 
there is currently no cure, making early detection and intervention critical. Advances in 
diagnostic technologies, such as neuroimaging and biomarker analysis, have helped 
improve early detection, allowing for better management of the disease and possibly 
slowing its progression (Hampel et al., 2018). 

In summary, Alzheimer’s disease not only affects individuals cognitively but also 
imposes an increasing burden on healthcare systems worldwide. As research 
continues, better diagnostic and therapeutic strategies hold the promise of improving 
the quality of life for those affected. 



1.1.2 Global Prevalence and Socioeconomic Impact 

Alzheimer’s disease (AD) represents one of the most pressing health challenges of the 
21st century. It is a major public health issue not only because of its increasing 
prevalence, but also due to the significant economic burden it places on societies 
worldwide. According to the World Health Organization (WHO), an estimated 55 million 
people are currently living with dementia, with Alzheimer’s being the most common 
form, accounting for up to 80% of all dementia cases (World Health Organization, 
2023). By 2050, the number of individuals affected by dementia is expected to rise to 
over 130 million, driven largely by aging populations across the globe. 

The prevalence of Alzheimer’s disease varies by region, but it is particularly common in 
high-income countries where life expectancy has increased significantly. In these 
regions, the elderly population is growing rapidly, contributing to a higher incidence of 
Alzheimer’s and other age-related conditions. However, even in low- and middle-
income countries, where life expectancy has also been rising, Alzheimer’s is becoming 
more common as healthcare improves and populations age (Prince et al., 2015). 

The socioeconomic impact of Alzheimer’s disease is staggering. In the United States 
alone, the annual cost of Alzheimer’s care is estimated at over $350 billion, including 
direct medical costs, long-term care, and the value of unpaid caregiving (Alzheimer's 
Association, 2024). As the number of cases increases, these costs are expected to rise 
dramatically. In fact, Alzheimer’s is one of the leading causes of rising healthcare 
expenditures globally. The economic burden extends beyond healthcare costs, 
encompassing lost productivity, particularly among family caregivers who often leave 
their jobs to provide care for loved ones. 

For many families, caregiving becomes a full-time responsibility, leading to financial 
hardship and emotional stress. The strain on caregivers is considerable, with many 
experiencing physical health problems, mental health issues, and even financial 
difficulties as they balance caregiving with their personal and professional lives 
(Gaugler et al., 2011). As a result, Alzheimer’s disease is not only a medical condition 
but also a significant social and economic challenge that requires a comprehensive, 
multi-faceted response from governments, healthcare providers, and communities. 

Alzheimer’s disease’s growing prevalence and the subsequent economic and social 
challenges it presents make it a global priority. The need for better diagnostic tools, 
effective treatments, and improved support systems for both patients and caregivers is 
clear. As the global population continues to age, Alzheimer’s disease will likely remain 
a key area of focus for healthcare systems and policymakers worldwide. 

1.1.3 Importance of Early Detection 

The importance of early detection in Alzheimer’s disease (AD) cannot be overstated. 
Detecting Alzheimer's in its earliest stages is crucial for multiple reasons, not only for 
improving patient outcomes but also for enhancing the quality of life for both patients 
and caregivers. Early diagnosis allows for a more effective management plan, offers 
patients a clearer understanding of their condition, and provides them with 
opportunities to plan for the future. 



The pathophysiological changes that lead to Alzheimer’s begin long before symptoms 
are noticeable. Brain changes such as the accumulation of amyloid plaques and tau 
tangles start to develop years, if not decades, before cognitive decline becomes 
apparent (Jack et al., 2010). This means that if Alzheimer’s could be diagnosed during 
this pre-symptomatic phase, interventions—such as medications or lifestyle changes—
might help delay the onset of symptoms or slow disease progression. Early detection 
thus offers a window for potential therapeutic intervention, which could have a 
profound effect on the course of the disease (Sperling et al., 2014). 

In addition to its medical benefits, early detection also has significant psychological 
and emotional advantages. A timely diagnosis provides individuals with the opportunity 
to make informed decisions about their care, finances, and living arrangements. This 
can alleviate anxiety for both patients and their families, who may otherwise struggle to 
understand the cause of cognitive changes until the disease has advanced 
considerably. Moreover, patients who are diagnosed early have a greater chance of 
participating in clinical trials, where they may receive access to emerging treatments or 
therapies that could improve their condition or slow its progression. 

From a healthcare perspective, early detection allows for the most efficient use of 
resources. With the increasing prevalence of Alzheimer’s, healthcare systems are 
under pressure to provide care for a growing number of individuals. By identifying 
patients early, healthcare providers can initiate personalized care plans that include 
pharmacological treatments, cognitive therapy, and lifestyle adjustments. This can 
reduce the need for more intensive care later on, saving both time and money in the 
long term (Cummings et al., 2020). 

Moreover, early detection can help caregivers by providing them with more time to 
prepare for the challenges ahead. Family members who are informed early can seek out 
support systems, learn coping strategies, and organize the necessary resources to 
provide care without facing the crisis management that often comes with late-stage 
diagnoses. Caregivers who are unprepared for the progression of Alzheimer’s often 
experience increased stress, physical illness, and financial strain (Gaugler et al., 2011). 

Early detection of Alzheimer’s can help mitigate some of the brain damage seen in 
advanced stages, as seen in Figure 1.1. Understanding the progression from a healthy 
brain to one affected by Alzheimer’s can emphasize the critical importance of 
identifying the disease in its early stages (Breijyeh & Karaman, 2020). 

The early detection of Alzheimer’s disease holds immense potential to improve patient 
care, reduce healthcare costs, and provide patients and families with the tools they 
need to better manage the disease. As our understanding of Alzheimer’s advances, and 
with emerging diagnostic technologies like PET scans, genetic testing, and biomarkers, 
the hope is that we can catch the disease before significant cognitive impairment sets 
in, paving the way for more effective treatments and better outcomes for those affected 
by the condition.  



2. Stages and Symptoms of Alzheimer’s Disease 

2.1 Stages of Alzheimer’s Disease 

Alzheimer’s disease progresses in a gradual manner, with symptoms evolving over 
time. Understanding these stages is crucial for caregivers, healthcare providers, and 
researchers as it helps in the diagnosis, management, and potential intervention for 
individuals with the disease. Alzheimer's is commonly divided into three main stages: 
mild (early), moderate (middle), and severe (late). Some frameworks also include an 
additional preclinical stage, which occurs before noticeable symptoms appear. Let’s 
break down each stage in detail. 

1. Preclinical Stage (Before Symptoms Appear) 

The preclinical stage of Alzheimer’s refers to the period when changes in the brain begin 
to occur, but no obvious symptoms are visible. During this stage, there is a buildup of 
amyloid plaques and tau tangles in the brain, which disrupt normal brain function. 
However, cognitive function remains largely unaffected, and the individual shows no 
visible signs of the disease. This stage can last for years or even decades before 
symptoms begin to emerge, and individuals may remain unaware of these early 
changes. 

2. Mild Alzheimer’s Disease (Early Stage) 

The early stage of Alzheimer's is often characterized by subtle memory lapses and slight 
cognitive impairment that can be dismissed as normal age-related changes. People 
with mild Alzheimer’s may forget names, misplace everyday items, and struggle with 
tasks that once came easily, such as organizing events or managing finances. This 
stage typically lasts from 2 to 4 years, but it can be longer. Although patients retain the 
ability to live independently, they may require assistance with more complex tasks like 
planning or problem-solving. 

Symptoms of mild Alzheimer’s can include: 

• Difficulty remembering recent conversations, events, or names of familiar 
people 

• Frequent misplacement of objects 

• Trouble with planning and organizing tasks 

• Difficulty in performing activities that require focus, such as following a recipe or 
paying bills 

Even in the early stage, structural changes in the brain, such as the shrinking of the 
hippocampus, become visible through imaging techniques like MRI and PET scans (Jack 
et al., 2010). These changes correspond to the gradual loss of memory and the initial 
cognitive decline. Early detection during this stage can significantly improve patient 
outcomes through the use of medications that may slow down cognitive decline, 
alongside cognitive therapies to maintain brain health. 



3. Moderate Alzheimer’s Disease (Middle Stage) 

As Alzheimer’s progresses to the moderate stage, memory impairment becomes more 
severe, and cognitive decline is more noticeable. Individuals may struggle with day-to-
day activities and increasingly need assistance with daily tasks. The moderate stage 
typically lasts for 2 to 10 years, and it is often during this time that individuals 
experience significant behavioral and psychological symptoms, including anxiety, 
agitation, depression, and delusions. 

Symptoms of moderate Alzheimer’s include: 

• Difficulty recognizing family members and close friends 

• Increased confusion, including trouble with time and place 

• The need for help with daily tasks such as dressing, eating, and personal care 

• Emotional changes, including irritability, mood swings, and confusion 

In this stage, brain imaging can reveal further deterioration in brain structures like the 
parietal lobe, which is involved in spatial awareness, and the temporal lobe, which is 
important for memory. Structural MRI scans typically show widespread shrinkage of 
brain regions, reflecting the extent of neurodegeneration. There may also be an 
increase in amyloid and tau pathology, which continue to damage neurons. 

Figure 1.2 provides an image of the brain in the moderate stage of Alzheimer’s, where 
regions like the hippocampus and temporal lobe show more significant atrophy 
compared to the earlier stages. 

 

Figure 1.2. Alzheimer’s disease (AD) causes noticeable atrophy of the hippocampus and enlargement of the 
ventricles. The left side shows a healthy brain, while the right side displays the AD-affected brain, characterized by 

reduced hippocampal volume, shrinkage of the cerebral cortex, and expanded ventricles. The MTA scale (Medial 
Temporal Lobe Atrophy) ranges from 0 (no atrophy) to 4 (severe hippocampal volume loss). Adapted from Diabetes 
Researchers. https://www.researchgate.net/figure/AD-leads-to-hippocampal-atrophy-and-ventricle-enlargement-

Healthy-brain-left-versus-AD_fig6_349500156. 

 

https://www.researchgate.net/figure/AD-leads-to-hippocampal-atrophy-and-ventricle-enlargement-Healthy-brain-left-versus-AD_fig6_349500156
https://www.researchgate.net/figure/AD-leads-to-hippocampal-atrophy-and-ventricle-enlargement-Healthy-brain-left-versus-AD_fig6_349500156
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