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Abstract
Alzheimer’s disease (AD) is a progressive neurodegenerative disorder, predominantly affecting the elderly population, 

characterized by cognitive decline, memory loss, and a range of neuropsychiatric symptoms. The pathophysiology of 
AD is associated with the accumulation of amyloid plaques and neurofibrillary tangles, leading to the degeneration of 
neurons and synaptic loss. Early detection of AD is critical for effective intervention, as it allows for the management of 
symptoms and slowing of disease progression. Cognitive decline, particularly in the domains of memory, attention, and 
executive function, is one of the earliest signs. The mechanisms underlying these cognitive deficits involve disruptions 
in synaptic plasticity, neurotransmitter imbalances, and inflammation. Advancements in neuroimaging, biomarkers, 
and genetic studies have shown promise in the identification of early AD, providing insight into its pathogenesis. This 
review explores the mechanisms of cognitive decline, memory loss, and the role of early detection, as well as potential 
therapeutic approaches aimed at alleviating or delaying the onset of Alzheimer’s disease.
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Introduction
Alzheimer’s disease (AD) is the most common form of dementia, 

affecting millions of individuals worldwide, primarily those over 65 
years old. It is a progressive disorder that leads to cognitive impairment 
and memory loss, significantly impacting the daily lives of affected 
individuals and their families [1]. The disease is characterized by the 
accumulation of amyloid-beta plaques and tau protein tangles in the 
brain, which contribute to neuronal damage and the breakdown of 
synaptic connections [2]. Over time, these pathological changes lead 
to the degeneration of brain regions involved in memory, learning, and 
cognition, such as the hippocampus and cortex. Cognitive decline in 
AD begins subtly, with memory lapses being among the earliest signs. 
However, as the disease progresses, individuals may experience more 
profound deficits in executive function, attention, and language [3,4]. 
These cognitive impairments severely impair the individual’s ability 
to perform everyday tasks and make independent decisions. Early 
detection of AD is crucial for timely intervention and the development 
of therapeutic strategies aimed at slowing disease progression [5]. 
In the past, the diagnosis of AD often occurred in the later stages of 
the disease, when significant brain damage had already occurred. 
However, recent advances in neuroimaging techniques, such as MRI 
and PET scans, have facilitated earlier detection, allowing clinicians 
to identify structural and functional changes in the brain before the 
onset of clinical symptoms. Additionally, the discovery of biomarkers, 
including amyloid-beta and tau proteins in cerebrospinal fluid, has 
provided further diagnostic tools for early AD detection [6,7]. The 
mechanisms underlying cognitive decline and memory loss in AD are 
complex and multifactorial. Synaptic dysfunction, neuroinflammation, 
mitochondrial dysfunction, and alterations in neurotransmitter systems 
are all believed to play key roles in the progression of the disease. As 
research into these mechanisms continues to evolve, it may pave the 
way for novel therapeutic interventions targeting the underlying causes 
of AD [8].

Results
Recent studies have identified key biomarkers for the early detection 

of Alzheimer’s disease, significantly enhancing diagnostic accuracy. 

Positron emission tomography (PET) scans have been instrumental 
in detecting amyloid-beta plaques and tau tangles, which are hallmark 
features of the disease. Amyloid PET imaging, for instance, allows for 
the visualization of amyloid deposits in the brain even before cognitive 
symptoms appear. Additionally, cerebrospinal fluid (CSF) biomarkers, 
including low levels of amyloid-beta and elevated levels of tau, are 
increasingly being used as indicators of early-stage AD. Genetic studies 
have also provided important insights into the disease’s pathogenesis. 
Variants in genes such as the APOE4 allele have been associated with 
an increased risk of developing AD. Genome-wide association studies 
(GWAS) have revealed numerous other genetic factors contributing 
to susceptibility, though these findings are still being explored for 
clinical relevance. Neuroimaging findings from studies using magnetic 
resonance imaging (MRI) have shown progressive atrophy in specific 
brain regions such as the hippocampus and entorhinal cortex. These 
changes correlate with cognitive decline and memory loss in AD 
patients. Longitudinal studies suggest that individuals with mild 
cognitive impairment (MCI), a precursor to AD, exhibit changes in 
both brain structure and function, further highlighting the importance 
of early detection. In terms of therapeutic approaches, clinical trials 
investigating drugs targeting amyloid plaques, tau tangles, and 
neuroinflammation have shown mixed results. While some treatments 
show promise in slowing cognitive decline, no cure has been found yet. 
Ongoing research is exploring combinatorial therapies to tackle the 
multifactorial nature of AD.

Discussion
Alzheimer’s disease presents a unique challenge due to its 
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complex pathophysiology and diverse clinical manifestations. While 
the accumulation of amyloid-beta plaques and tau tangles is well-
established as a central feature, other factors, such as inflammation, 
oxidative stress, and mitochondrial dysfunction, contribute 
significantly to the progression of the disease. These processes lead to 
neuronal loss, synaptic dysfunction, and eventually widespread brain 
atrophy. Synaptic dysfunction, in particular, plays a crucial role in early 
cognitive decline. The disruption of synaptic plasticity—important for 
learning and memory—is one of the earliest indicators of Alzheimer’s 
pathology. As synapses deteriorate, communication between neurons 
becomes impaired, exacerbating cognitive decline and memory loss. 
Additionally, the involvement of neurotransmitter systems, particularly 
acetylcholine, has been extensively studied. Reduced levels of 
acetylcholine in the brain are associated with impairments in memory 
and attention, common symptoms in AD patients. Neuroinflammation 
has also emerged as a key player in AD progression. Activated microglia 
and astrocytes contribute to neuroinflammatory responses, which can 
further exacerbate neuronal damage. Targeting neuroinflammation 
has become a promising therapeutic strategy in recent research, with 
several anti-inflammatory agents undergoing clinical trials. Another 
challenge in AD research is the heterogeneity of the disease. While 
some individuals exhibit rapid cognitive decline, others may experience 
slower progression, making it difficult to predict disease trajectory. As a 
result, personalized approaches to treatment are becoming increasingly 
important. By understanding the genetic, molecular, and clinical 
variations within AD, researchers aim to develop tailored therapies that 
can slow or halt disease progression in individual patients.

Conclusion
Understanding Alzheimer’s disease requires an integrated 

approach, considering both the underlying molecular mechanisms and 
the clinical presentation of cognitive decline and memory loss. Early 
detection through advanced neuroimaging and the identification of 
biomarkers has greatly improved the ability to diagnose AD before 
significant cognitive impairments occur. As our understanding of the 

disease’s pathophysiology advances, including the roles of amyloid-beta 
plaques, tau tangles, synaptic dysfunction, and neuroinflammation, 
more targeted therapeutic strategies are emerging. However, despite 
significant progress in research, there is no cure for AD, and the available 
treatments remain symptomatic. The complexity and heterogeneity of 
the disease highlight the need for personalized treatment approaches 
tailored to individual patients’ genetic and clinical profiles. Moving 
forward, interdisciplinary research, combining neuroscience, genetics, 
and pharmacology, will be crucial in developing effective therapies. 
Early intervention remains the key to slowing disease progression and 
improving the quality of life for those affected by Alzheimer’s disease, 
offering hope for the future. 
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