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The Pathophysiology and Clinical Consequences of Alzheimer’s Disease
	Alzheimer's disease (AD) is a progressive neurodegenerative disorder and a major global primary health issue of the 21st century with irreversible cognitive dysfunction. On the biological level, the pathogenesis of AD is essentially based on the genetic variants disrupting the normal protein homeostasis. Deterministic autosomal dominant mutations in the APP, PSEN1, and PSEN2 genes drive early-onset familial AD, whereas the presence of the APOE ε4 allele is the strongest genetic risk factor of the sporadic, late-onset form of the disease (Dominguez-Gortaire et al., 2025).
	he fundamental chemical reactions that provide the basis of AD are the abnormal processing of neurological proteins. Particularly, the unnatural enzymatic breakdown of the transmembrane amyloid precursor protein by the beta- and gamma-secretases results in the production of insoluble amyloid-β peptides. The chemical aggregation of these peptides, in the extracellular space, forms toxic senile plaques. At the same time, the hyperphosphorylation of tau, a microtubule-associated protein, occurs due to an imbalance between the activity of the kinase and the phosphatase. This abnormal chemical response leads to the detachment of tau proteins from the neuronal cytoskeleton and self-assembly into intracellular neurofibrillary tangles, which essentially disrupt cellular transport systems (Dominguez-Gortaire et al., 2025).
Physiological and Anatomical Disturbances
These cascading chemical pathological conditions lead to disastrous anatomical and physiological changes. AD has a predictable and destructive spatial pathology, which is anatomically determined. The pathology of tau is typically located in the entorhinal cortex and the medial temporal lobe, specifically killing the hippocampus, which is the primary center of memory formation in the brain, before spreading into the more general cerebral cortex (Aksman et al., 2023). However, Amyloid-beta plaques are inclined to deposit early and extensively throughout the neocortex. The gross anatomy of the brain changes; severe cortical thinning, severe atrophy of the hippocampus, and a compensatory increase in the size of the cerebrospinal fluid-filled ventricles (Aksman et al., 2023).
	Physiologically, the plaque and tangles build-up provokes the chronic neuroinflammation and oxidative stress, which significantly disrupts the normal cellular respiration and synaptic plasticity. Moreover, the massive microglial activation and astrocytosis induced by these pathological aggregates only make the neurotoxic environment worse. This long-lasting immune response catalyzes synaptic loss and impairs the blood-brain barrier, which reduces regional cerebral blood flow and deprives surviving neurons of essential metabolic resources (Dominguez-Gortaire et al., 2025). The most prominent physiological derailment is the degeneration of cholinergic pathways, which results in a colossal loss of the neurotransmitter acetylcholine, severely impairing the chemical signaling needed in basic cognitive processes.
Clinical Outcomes, Morbidity and Mortality
	This biological and structural failure synthesis is directly linked to the tragic health outcomes witnessed in AD patients. In the short term, the focal lesion of the hippocampus is characterized by anterograde amnesia (loss of short-term memory) and spatial disorientation. The consequences on long-term health, however, are characterized by extreme morbidity and an extensive decrease in the quality of life of the patient. Once the anatomical injury diffuses throughout the cortex, patients experience aphasia (language impairment), apraxia (loss of motor skills), and other severe changes in behavior, losing the ability to do basic activities of daily living and requiring constant care (Better, 2023). Moreover, such gradual worsening often adds serious neuropsychiatric symptoms, such as persistent agitation, paranoia, and hallucinations, which significantly reduce the remaining quality of life of the patient. This severe cognitive impairment is not only a heavy psychological, physical, and financial burden on the family caregiver but also the vast collateral morbidity of the disease (Better, 2023). 	Finally, AD is a terminal disease. Death in AD is typically not due to the cognitive impairments themselves but rather due to the extreme physiological deterioration in the end terminal stages of the disease process. Since the structural damage disrupts the brain regions responsible to the basic autonomic functions such as swallowing, the patients have an increased risk of dysphagia. As a result, secondary physical complications, most of which are respiratory complications, such as aspiration pneumonia, malnutrition, and fatal systemic infections, are the most common causes of mortality (Better, 2023).
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