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[bookmark: _Toc183087928]Alzheimer's Disease Pathology
Alzheimer's disease (AD) is one of the most common and investigated forms of dementia, characterised by a degenerative decline in memory and other neurocognitive capabilities (Kumar et al., 2024). Theories on the pathogenesis of Alzheimer's disease have evolved and the projecting model developed has been the Amyloid Cascade Hypothesis (Hardy & Higgins, 1992). The amyloid cascade hypothesis postulates that the deposition of amyloid-beta plaques (Aβ) in the brain, as an initial event, triggers a cascade resulting in neuronal damage and dementia. This hypothesis places great emphasis on the role of biological markers in the disease process by considering the deposition of amyloid plaques to be an early and critical event in the pathogenesis of dementia. In Wales, 2% of those over age 60 have AD, and its incidence has been estimated to be 1.5 per 1,000 person-years (Abdulrahman, 2014). This is almost certainly an underestimate value, as the Wales database does not capture patients who are not diagnosed in a physician's office. According to Sengoku (2019), Neurodegeneration is another feature of Alzheimer's pathology. Progressive destruction of neurons in areas critical for memory and cognitive functioning, especially the hippocampus, gives way to the typical cognitive decline seen in AD. 
[bookmark: _Toc183087929]One of the major theories proposed in the 1970s was the Cholinergic Hypothesis, which suggested that the deficiency in neurotransmitters, particularly acetylcholine. This has a critical effect on memory and learning as a critical factor towards the cognitive impairments seen in AD. Compared to the Cholinergic Hypothesis, other theories explaining cognitive decline including the Frontal Lobe Hypothesis and the Cognitive Reserve Theory do not place the biological mechanisms associated with Alzheimer's disease (Menardi et al., 2018). The association of this hypothesis could be directly made with distinct pathological processes, including amyloid plaque formation, tau tangles, and neuronal degeneration. Other than the Cholinergic Hypothesis (which has a molecular explanation for the disease) there are other theories pointedly referring to the brain regions involved in executive functions, especially the frontal lobes such as the Frontal Lobe Hypothesis. According to the Cognitive Reserve Theory,  proposed in 2002, education, complex mental activities, or other enriching experiences provide a greater cognitive reserve for an elderly individual.  According to Cosentino & Stern, (2019), Cognitive Reserve could protect against the damage caused by Alzheimer's pathology without establishing the symptoms.
Critical Evaluation
[bookmark: _Toc183087930]Strengths
[bookmark: _Hlk183097254]One of the critical strengths of the AD pathology model is that it is based on predefined biology. The amyloid plaques and tau tangles have been described as the primary pathological features of Alzheimer's disease. It gave a framework within which active research developed diagnostic tools and possible therapeutic targets. The research by Yu et al., (2021), suggested that PET (positron emission tomography) scans that detect amyloid plaques have been instrumental in the possibility of detecting Alzheimer's disease before the clinical symptoms are observed. In addition, the biological focus of this Hypothesis has ensured significant pharmaceutical research into symptomatic treatments or disease-modifying treatments e.g., acetylcholinesterase inhibitors such as donepezil and glutamate regulators such as memantine. 
 	In addition, the evidence of amyloid plaques and tau tangles in the post-mortem session of Alzheimer's disease patients strongly favours this theory. According to Rao et al., (2022), Many autopsy studies demonstrated that AD patients had presented these pathologies in the majority of their brain regions. Particularly in the hippocampus and cortex which are the essential parts of the brain for memory and cognition. This anatomical evidence supports the presence of AD pathology, which plays a central role in cognitive decline in older adults in Wales.
[bookmark: _Toc183087931] Weaknesses and Limitations
The Amyloid Cascade Hypothesis has many drawbacks and is likely to be one of the discussed aspects in the neurodegenerative disease field. One of the critical shortcomings is that initially, the existence of amyloid plaques was not assumed to be associated with Alzheimer's disease. The review by Krell-Roesch et al., (2017),  suggested that studies show extensive amyloid deposition in the brain without showing any cognitive decline or symptoms of dementia. This rising question is whether the amyloid plaque constituent is an agent causative of cognitive decline or just a marker. The focus on amyloid plaques has facilitated a narrow range of research into amyloid-targeting treatments, which offer poorly effective results in the way of reversing or greatly reducing Alzheimer's symptomatology. Recent clinical trials for amyloid-targeting medications e.g., anti-amyloid monoclonal antibodies (aducanumab) have had mixed outcomes. Several studies show modest improvement, while other studies do not demonstrate clinically significant benefits (Tolar et al., 2020).
 	Poor results from these studies would point to the fact that the Amyloid Cascade Hypothesis fails to fully explain the complexity of Alzheimer's disease and that more factors might come into play. The other limitation is that this theory relies a great deal on biological factors and under-represents considerations of environmental or psychosocial influences upon cognitive decline. Studies have documented that physical exercise, social engagement, and education might lower the risk of Alzheimer's disease or delay its course (Everly et al., 2022). However, these factors are not taken into consideration by the theory of Alzheimer's pathology, which focuses mainly on the genetic and molecular causes of diseases. This theory also fails to account for other forms of dementia in which such amyloid plaques may not play quite the same role. For instance, in vascular dementia, the decline in cognition is related to decreased blood flow and blood vessel damage in the brain rather than to any kind of amyloid plaque build-up (Kalaria, 2017).
[bookmark: _Toc183087932]Empirical Evidence Supporting and Challenging the Theory
 	 According to Rodriguez (2019), post-mortem analysis reveals that Alzheimer's patients invariably show amyloid plaques and tau tangles in their brains, especially in the parts responsible for cognition. PET scans in living test subjects also indicate the presence of amyloid deposition before clinical expressions of the disease, thereby matching the profile of an early important biomarker (Hampel et al., 2018). A study by Frisoni et al. (2021), has suggested that amyloid plaques are not a perfect predictor of which people will go on to develop Alzheimer's. Some researchers argue that amyloid accumulation might be a consequence rather than a cause of cognitive decline.
Some individuals build up extensive amyloid accumulation but show no cognitive decline. These might suggest other factors such as cognitive reserve or neuroprotective mechanisms play a larger role than previously considered. In addition, studies on non-amyloid dementias define that the process of Alzheimer's pathology is not the only cause of cognitive decline. For instance, the tangled accumulation of tau in frontotemporal dementia spreads through different regions of the brain and symptomatically presents with a different course (Thal & Tomé, 2022)
[bookmark: _Toc183087933] Relevance to Mental Health 
 	  Alzheimer's disease is the most common cause of dementia, a syndrome which involves the progressive loss of cognitive capabilities such as memory, reasoning, and executive control. As the disease progresses, individuals with Alzheimer's disease become increasingly confused and agitated until they are unable to care for themselves (Katanova, 2023). Cognitive changes may lead to the onset of or exacerbate other mental health problems, such as depression, anxiety, and behavioural disturbances. However, the largest contribution of Alzheimer's disease to mental health issues among older adults comes from the sense of loss that the disease engenders.
Frequently, it is reflected in the Wales patient population with Alzheimer's disease, and many research studies estimated the prevalence of comorbid depression in Alzheimer's disease. According to Burke et al., (2019), Anxiety is another most common mental health disorder which affects patients who have Alzheimer's disease. They feel fearful and confused by the effort of trying to understand their changed capacities and their surroundings.  Research by  Heilman & Nadeau, (2022), proposes that Feelings of loss of control over individual mental capability are the most expressive way of describing the emotional distress of Alzheimer's patients. Such loneliness may give rise to feelings of loneliness, further reinforcing the depression. Alzheimer's disease may bring about a vicious circle in which the cofactors of decreased cognition lead to further deterioration in an individual’s mental health (Shen et al., 2018).
 	The underpinning theory of the pathology of Alzheimer's disease and the Amyloid Cascade Hypothesis meet in the promotion of biology leading to cognitive decline. Recent evidence indicates that chronic brain inflammation could modulate neurotransmitter systems related to mood regulation-such as serotonin and dopamine-which are often implicated in depression and anxiety disorders (Yılmazer, 2024). The early detection of Alzheimer's pathology offers opportunities for preventive measures, including psychosocial interventions that manage or mitigate symptoms of depression and anxiety before these symptoms become debilitating. Clinicians would still have to consider that the mental health issues of a patient with Alzheimer's Disease may gradually be part of the disease process itself and interventions must consider a reciprocal link between cognitive and affective states (Lopez et al., 2019).  Depression cannot always be treated using conventional antidepressants in patients suffering from Alzheimer's disease since neurochemical systems themselves are compromised by the processes of the underlying disease.
One critical aspect of the theory that is particularly relevant to mental health is the concept of cognitive reserve, which is often discussed in combination with Alzheimer’s disease pathology. It means the ability of the brain to resist neurodegenerative lesions without clinical manifestations of the illness (Nelson et al., 2021). In such cases, there could be a greater cognitive reserve developed by education, mentally stimulating activities, and social relations that would result in slower cognitive decline and also protect from the typical Alzheimer's mental health problems. This knowledge underlines how psychosocial resources such as an active lifestyle, continued engagement with social networks, and further participation in cognitively stimulating activities protect against cognitive decline and mental health problems during ageing. 
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[bookmark: _Toc183087936]1. Physical Exercise
Among various other interventional approaches, physical activity e.g., aerobic exercises has been one of the most studied methods for delaying cognitive decline in older adults in Wales. Research by Miranda et al., (2019) that exercise may count for increased hippocampal volume which is the part of the brain that controls memory and learning it may enhance neuroplasticity, facilitating the release of growth factors such as BDNF (brain-derived neurotrophic factors). Improved cardiovascular health, increased blood flow to the brain, and reduced neuroinflammation as some of the positive influences of exercise on cognition. 
Several studies have also reported evidence for the beneficial role of physical exercises in cognitive health.  Frodl et al. (2019), showed that extended regular aerobic exercise increased hippocampal volume in older adults. A study by Sanders et al. (2020), indicated physical exercises are associated with improved global cognitive function, especially among individuals at risk of dementia. However, the effect of physical exercise may be moderated by such factors as age, baseline cognition, and health status. However, the study of older adults with early-stage cognitive decline by Park et al. (2019),  reported that the relative benefit of aerobic exercise was larger among those with less severe impairments, suggesting greater efficacy for the intervention if applied early in the disease process
[bookmark: _Toc183087937]2. Cognitive Training
Cognitive training is a program of structured mental exercises, typically targeted to improve performance in one or more specific cognitive abilities such as memory, attention, or speed of processing. These programs may consist of computerized cognitive training or paper-and-pencil tasks that are implied to challenge and stimulate the brain. Popular programs include  Lumosity and Cogmed, which are commercially promoted as methods for enhancing an individual’s memory and attention (Nguyen et al., 2021). Empirical evidence on the efficacy of cognitive training is mixed.
 One large-scale randomized trial Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE) conducted by Rebok et al., (2014), found that cognitive training in specific abilities, such as reasoning and processing speed, improved performance in older adults. However, follow-up studies document that such gains often do not generalize into global improvements in cognition or reduced risk for dementia (Srisuwan et al., 2019). The cognitive gain transferability to everyday tasks remains unclear as well and some critics argue that the improvement might be specific regardless of generalisability.
Moreover, the critical modifying factors are age and cognitive baseline. Individuals who are older or further in cognitive decline into dementia may show diminished benefit from cognitive training in comparison with higher cognitive reserve individuals. A study by Miotto et al. (2018), found greater training gain among the cognitively intact compared with the individuals with MCI (mild cognitive impairment), indicating higher baseline cognitive functioning may provide greater benefits to cognitive training.
[bookmark: _Toc183087938]3. Dietary Interventions
Other aspects of cognitively slowing down the decline arise from dietary interventions. Diets rich in antioxidants, omega-3 fatty acids, and other nutrients have been advanced to have neuroprotective effects. According to Siervo et al. (2021), the Mediterranean diet focuses on fruit, vegetables, whole grains, and healthy fats and has been crucial for reduced rates of cognitive decline and dementia.
The dietary factors affecting cognitive health have a great deal of empirical support. One of the studies by García-Casares et al. (2021), found that adherence to the Mediterranean diet is associated with reduced risk for Alzheimer's disease in older adults. Omega-3 fatty acids present in fish also improve cognitive function. Similarly, antioxidants like vitamins C and E, which counteract oxidative stress in the brain, have also been related to better cognitive performance (Fekete et al., 2023). However similar to physical exercise and cognitive training, dietary interventions also do not always improve performance. The benefits of diet to cognitive decline often occur in a context-dependent manner, and genetics, comorbid conditions, and health status might control the effectiveness of dietary interventions.
[bookmark: _Toc183087939]4. Social Engagement
High social interaction has conventionally been considered a symbol of good psychiatric and cognitive health in the ageing population in Wales. Social engagement might protect against depression and cognitive decline by providing emotional support, psychosocial stimulation, and physical activity. The social isolation hypothesis postulates that the absence of social engagement would lead to an increase in the risk of cognitive decline because there will be fewer opportunities for stimulating cognitive and emotional processes (Penninkilampi et al., 2018).
The research work by Piolatto et al. (2022), indicated that older adults who had strong social networks had reduced risks of cognitive decline and dementia compared to persons who are characterized by weaker social engagement. Similarly, findings by Hsiao et al. (2018),  showed that social activity was associated with reduced Alzheimer's disease in older adults. There is a found association of regular social activities, such as volunteered work, exercise in groups, or hobbies, with reduced risk of cognitive impairment.  
[bookmark: _Toc183087940]Discussion and Critical Analysis
The above-discussed interventions have not been consistent in their effects throughout all studies. In addition, their beneficial impact has been said to be modified by a host of factors. The conclusion that may be typically drawn on the overall effect often remains limited by methodological defects such as small sample size, short duration of the study, and diversities in the intervention protocols (Mostafavi et al., 2018). For instance, while most of the physical exercise studies report positive effects on brain health, further differences largely concern variability in the intensity and duration of exercises and specific tested cognitive domains, which make comparisons between different studies difficult.
Another critical issue is the context dependency of such interventions. Age and baseline cognitive status are important modifiers. Interventions in people with more advanced decline in cognitive performance or those with multiple chronic conditions cannot be expected to be as effective as in healthy or cognitively intact individuals (Sengoku, 2019). In addition, the time length of the intervention is also crucial as some short-term improvements in cognition have been reported, and the maintenance of the effect in the long run is a challenge.
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