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Alzheimer’s Disease: Symptoms, Causes, and Treatment

Introduction and Definition

Alzheimer's Disease (AD) is a progressive, irreversible neurodegenerative disorder that slowly
destroys memory and thinking skills, and eventually, the ability to carry out the simplest tasks. It is
recognized globally as the most common cause of dementia, accounting for 60% to 80% of cases.
Characterized pathologically by the accumulation of abnormal protein deposits in the brain, AD
leads to widespread neuronal loss, particularly affecting the hippocampus and cortical regions
responsible for memory formation, executive function, and language processing. The disease
typically manifests in older adulthood, though early-onset forms exist, and its duration, from initial
diagnosis to end-stage, often spans several years, imposing immense emotional and financial
burdens on individuals, families, and healthcare systems worldwide.

The core feature distinguishing Alzheimer's disease from normal age-related cognitive decline is
the relentless and profound deterioration of cognitive function that interferes significantly with daily
life and independence. Initially, symptoms are subtle, often involving difficulty recalling recent
events or managing complex tasks. However, as the pathology spreads, these deficits escalate,
leading to severe confusion, disorientation, behavioral changes, and ultimately, a loss of the
capacity for self-care. Understanding Alzheimer's requires a multidisciplinary approach, integrating
neurology, psychology, genetics, and molecular biology to address both the macroscopic clinical
symptoms and the microscopic biological mechanisms driving the disease progression.

While the term "dementia" is a general descriptor for a set of symptoms involving impaired
memory, thinking, and social abilities, Alzheimer's disease represents a specific underlying
etiology. The progressive nature of AD means that symptoms do not remain static but worsen over
time, often following a predictable trajectory. This characteristic relentless decline differentiates it
from other forms of reversible cognitive impairment or stable neurological deficits. Therefore,
accurate diagnosis is crucial for establishing appropriate management strategies, even in the
absence of a cure, focusing on maximizing quality of life, managing associated behavioral
symptoms, and providing structured support for patients and their caregivers throughout the illness
continuum.

Historical Context and Prevalence

The history of Alzheimer's disease dates back to 1906, when German psychiatrist and
neuropathologist Dr. Alois Alzheimer first described the condition after studying the case of
Auguste Deter, a 51-year-old woman suffering from profound memory loss, paranoia, and
psychological distress. Following her death, Dr. Alzheimer performed an autopsy and discovered
distinct pathological abnormalities in her brain tissue: dense deposits outside neurons (later
identified as amyloid plaques) and twisted fibers within neurons (later identified as neurofibrillary
tangles). Initially, this condition was labeled as a rare form of presenile dementia, but over the
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subsequent decades, researchers realized that these same pathological changes were responsible
for the majority of senile dementia cases previously attributed vaguely to "old age."

Today, Alzheimer's disease represents a massive public health challenge, driven primarily by the
global trend of increased life expectancy. The prevalence of AD correlates strongly with age,
doubling approximately every five years after the age of 65. While estimates vary, it is projected
that tens of millions of people worldwide currently live with Alzheimer's or related dementias, and
this number is expected to nearly triple by 2050 due to demographic shifts, particularly in
developed nations. This escalating incidence places immense strain on national economies,
healthcare infrastructure, and productivity, necessitating significant investment in both fundamental
research and long-term care solutions.

The epidemiological data highlight a significant disparity in the distribution and impact of the
disease. While age is the primary non-modifiable risk factor, emerging research indicates that
genetic factors, such as the presence of the ApoE4 allele, and environmental factors, including
cardiovascular health, diet, and education level, modulate the risk profile. Furthermore, the
economic burden associated with AD is staggering, encompassing direct medical costs, long-term
care expenses, and the indirect costs associated with lost wages and the substantial informal care
provided by family members. This comprehensive impact underscores why Alzheimer's disease is
often referred to as one of the most critical health crises of the 21st century, demanding
coordinated global strategies for mitigation and eventual eradication.

Etiology: Biological Mechanisms (Plaques and Tangles)

The defining characteristic of Alzheimer's disease pathology involves the accumulation of two
distinct types of protein aggregates: Amyloid-beta plagues and Neurofibrillary Tangles. The
formation of these pathological hallmarks is believed to initiate a complex cascade of events
leading to synaptic dysfunction, neuronal toxicity, and eventual cell death. Amyloid plaques form in
the extracellular space when the Amyloid Precursor Protein (APP), a protein normally embedded in
the neuronal membrane, is improperly cleaved by enzymes (specifically beta-secretase and
gamma-secretase), resulting in the release of sticky, insoluble Amyloid-beta (AB) peptides. These
peptides aggregate into oligomers, which are highly toxic to synapses, and eventually consolidate
into the dense, fibrillar plaques observed upon autopsy.

The second major player is the Neurofibrillary Tangle, which forms intracellularly. These tangles
are composed primarily of the tau protein, a microtubule-associated protein essential for
stabilizing the internal structure (cytoskeleton) of neurons and facilitating axonal transport. In AD,
tau becomes hyperphosphorylated--meaning it acquires excess phosphate groups--which causes it
to detach from the microtubules. Once detached, the tau proteins clump together, forming insoluble
helical filaments that disrupt the neuron's transport system, effectively starving the cell and

Psychepedia psychepedia.arabpsychology.com



https://psychepedia.arabpsychology.com/?p=21372
https://psychepedia.arabpsychology.com
https://psychepedia.arabpsychology.com

Alzheimer’s Disease: Symptoms, Causes, and Treatment

preventing communication. The spatial progression of tau pathology throughout the brain, often
tracked using the Braak staging system, correlates much more closely with the severity of clinical
cognitive decline than does the distribution of amyloid plaques.

The prevailing theory linking these two pathologies is the Amyloid Cascade Hypothesis, which
posits that the initial accumulation of AB is the primary trigger for the entire disease process.
According to this model, AB oligomers initiate the downstream cascade, leading to tau
hyperphosphorylation, tangle formation, widespread inflammation (neuroinflammation involving
microglia and astrocytes), and resulting synaptic loss. While this hypothesis has guided much of
the research and drug development efforts over the past two decades, the failure of many anti-
amyloid treatments to reverse established clinical symptoms has led to modifications of the model,
suggesting that tau pathology, neuroinflammation, and perhaps other factors like vascular damage,
may play equally important and potentially independent roles, especially in later stages of the
disease progression.

Clinical Manifestations and Stages

The clinical progression of Alzheimer's disease is typically divided into three broad categories:
mild, moderate, and severe, although increasingly, researchers recognize a preclinical stage and
a stage of Mild Cognitive Impairment (MCI) due to AD. The preclinical stage is characterized by
the presence of AD pathology (detectable via biomarkers) without any noticeable clinical
symptoms. MCI due to AD involves objective cognitive deficits, usually in episodic memory, that
are noticeable to the patient or family but do not yet interfere significantly with independent daily
activities. This stage represents a high-risk transition zone, as a significant percentage of
individuals with MCI due to AD will progress to full-blown dementia within a few years.

The mild stage of AD is marked by noticeable cognitive decline that begins to impair instrumental
activities of daily living (IADLS), such as managing finances, driving, or planning complex events.
Core symptoms include increasing difficulty retrieving recent memories (anterograde amnesia),
challenges with word-finding (anomia/aphasia), and slight impairment in executive functions, such
as planning and judgment. Patients in this stage often retain insight into their condition, leading to
frustration, anxiety, or depression. As the disease advances into the moderate stage, the pathology
spreads beyond the hippocampus into the cerebral cortex, leading to more profound and
widespread deficits. Patients require assistance with basic activities of daily living (ADLS), such as
dressing and bathing. Symptoms broaden to include severe language difficulties, disorientation
regarding time and place, and the development of Apraxia (difficulty performing purposeful
movements despite intact motor function).

The most challenging aspect of the moderate stage often involves the emergence of Behavioral
and Psychological Symptoms of Dementia (BPSD), including agitation, aggression, wandering,
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hallucinations, and sleep disturbances. These non-cognitive symptoms significantly increase
caregiver burden and are often the primary reason for institutionalization. Finally, the severe stage
of Alzheimer's disease represents complete dependence. Patients lose the ability to communicate
meaningfully, become bedridden, and often lose control over basic bodily functions. Mortality in the
severe stage is usually attributed not directly to the brain pathology but to complications arising
from immobility, such as pneumonia, infections, and malnutrition. Throughout all stages, the
progressive loss of neuronal connectivity erodes the individual's identity and autonomy, demanding
comprehensive medical, psychological, and social support.

Diagnosis and Assessment

Diagnosing Alzheimer's disease requires a careful, comprehensive process aimed at confirming
the presence of dementia, determining that the underlying cause is likely AD, and ruling out other
potential causes of cognitive impairment (differential diagnosis). The initial assessment relies
heavily on a thorough clinical history gathered from the patient and reliable informants (family
members or caregivers) detailing the onset, nature, and progression of cognitive and behavioral
changes. This is followed by a detailed neurological examination and standardized cognitive
screening tools, such as the Mini-Mental State Examination (MMSE) or the Montreal Cognitive
Assessment (MoCA), to objectively quantify the degree of impairment across various cognitive
domains.

To exclude other treatable causes of dementia--such as thyroid dysfunction, B12 deficiency,
normal pressure hydrocephalus, or substance abuse--standard laboratory blood tests and
structural neuroimaging (CT or MRI) are routinely performed. While structural imaging can reveal
general cortical atrophy or hippocampal shrinkage suggestive of AD, its primary role is to exclude
conditions like tumors or stroke. Historically, a definitive diagnosis of AD could only be confirmed
post-mortem through neuropathological examination. However, advancements in biomarker
research now allow for highly probable diagnoses during life, particularly through the use of
advanced imaging and cerebrospinal fluid analysis.

The use of biomarkers has revolutionized diagnosis, enabling the identification of AD pathology
even in the preclinical and MCI stages. These biomarkers fall into two main categories: markers of
amyloid and tau pathology. Amyloid deposition can be visualized directly using specific ligands in
Positron Emission Tomography (PET) scans (Amyloid PET). Similarly, Tau PET scans can map
the spread of neurofibrillary tangles. Alternatively, analysis of cerebrospinal fluid (CSF) obtained
via lumbar puncture can measure the levels of AB42 (which is typically low in AD due to
sequestration in plaques) and phosphorylated tau (p-tau, which is typically elevated). The
integration of clinical assessment, structural imaging, and biomarker evidence provides the highest
level of diagnostic certainty, which is increasingly critical as new disease-modifying therapies
become available that target specific biological mechanisms.
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Treatment Strategies and Management

Current treatment for Alzheimer's disease focuses primarily on managing symptoms, slowing the
rate of cognitive decline, and addressing challenging behavioral issues, rather than providing a
definitive cure. The pharmacological approach involves two main classes of FDA-approved
medications. First, Cholinesterase inhibitors (e.g., donepezil, rivastigmine, galantamine) work by
blocking the breakdown of acetylcholine, a neurotransmitter critical for memory and learning,
thereby increasing its concentration in the synaptic cleft. These are generally prescribed for mild to
moderate AD. Second, Memantine, an N-methyl-D-aspartate (NMDA) receptor antagonist, is used
for moderate to severe AD. It works by regulating glutamate activity, which, when excessive, can
cause neurotoxicity. While these drugs can provide temporary stability or modest symptomatic
improvement, they do not halt the underlying neurodegeneration.

A significant shift occurred with the advent of disease-modifying therapies (DMTs), such as
monoclonal antibodies like Aducanumab and Lecanemab, which target and clear amyloid plaques
from the brain. These treatments represent a paradigm shift because they attempt to address the
underlying pathology rather than just the symptoms. While their clinical efficacy remains a subject
of ongoing debate and rigorous monitoring, they offer hope that early intervention targeting the root
causes of AD may eventually slow progression. These therapies are generally indicated for
patients in the mild cognitive impairment or early mild dementia stages, underscoring the
increasing importance of early and accurate biomarker-based diagnosis.

Beyond pharmacological interventions, non-pharmacological management is essential for
maintaining quality of life and reducing caregiver burden. This includes cognitive stimulation
therapies, physical exercise, and structured behavioral interventions tailored to address specific
BPSD, such as agitation or wandering. Crucially, comprehensive management involves supporting
the caregiver, who often faces significant stress, depression, and caregiver burnout. Education
regarding the disease process, strategies for effective communication, and access to respite care
and support groups are integral components of a holistic treatment plan designed to navigate the
long trajectory of Alzheimer's disease.

Future Directions in Research and Prevention

The future of Alzheimer's research is highly focused on moving beyond symptomatic treatment
toward prevention and effective disease maodification, utilizing insights gained from genetics,
imaging, and molecular biology. A primary area of intense investigation involves early intervention
trials that recruit individuals in the preclinical or MCI stages, aiming to test therapies before
massive neuronal loss has occurred, a window believed to be crucial for success. Furthermore,
researchers are exploring novel targets beyond the traditional amyloid and tau pathways, including
treatments aimed at reducing neuroinflammation, restoring synaptic function, addressing
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mitochondrial dysfunction, and modulating the brain's vascular health, recognizing that AD is likely
a multifactorial disorder.

Another promising avenue is the development of precision medicine approaches. Given the high
heterogeneity of AD presentation and progression, future treatments may involve tailoring
therapies based on an individual's specific genetic profile, biomarker status, and concomitant risk
factors. For instance, individuals carrying specific genetic variants might respond better to
inflammation-targeting drugs, while those with high vascular risk might benefit more from
aggressive blood pressure and cholesterol management. This personalization requires the
development of highly sensitive and accessible diagnostic tools, including plasma-based blood
tests that can accurately measure amyloid and tau proteins in a non-invasive manner, facilitating
large-scale screening and monitoring.

Finally, prevention research underscores the importance of risk factor modification. Large
longitudinal studies have consistently identified several modifiable risk factors that overlap
significantly with cardiovascular health, including high blood pressure, obesity, diabetes, and lack
of exercise. Consequently, public health initiatives are increasingly emphasizing the role of lifestyle
choices in reducing AD risk.

Physical Exercise: Shown to increase cerebral blood flow and neurogenesis.

Dietary Intervention: Diets like the Mediterranean or MIND diet are associated with slower
cognitive decline.

Cognitive Reserve: High levels of education and lifelong intellectual engagement contribute to
resilience against pathology.

Sleep Hygiene: Adequate sleep is crucial for the brain's glymphatic system to clear toxins,
including Amyloid-beta.

By integrating aggressive management of these modifiable risks with targeted pharmaceutical
interventions in high-risk populations, the scientific community hopes to dramatically lower the
global incidence of Alzheimer's disease in the coming decades, shifting the focus from treating
advanced disease to maintaining long-term cognitive vitality.
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