Critical review


Part 1: Critically review one theory that underpins our understanding of cognitive decline in old age.
The global population over 65 is expected to expand by 120% between 2019 and 2050, increasing dementia prevalence (Meiner et al., 2020; Kivipelto et al., 2020). Because the population is growing older and experiencing some changes which are typical for ageing individuals, noticing significant declines could point to the potential beginning of dementia conditions in some cases. Making lifestyle choices can play a role in delaying or even preventing around 40% of dementia cases by addressing factors like lack of activity levels and social interactions as well as lower educational attainment rates. Because these factors impact aspects of ageing outcomes, the reasons why individuals, like older adults, can maintain their cognitive abilities into advanced age remain unclear (Oosterhuis et al., 2022).To understand how the brain changes, ages and what factors lead to neurodegeneration and cognitive decline, it is necessary to study brain data over time based on age trends in the population. Also, individual differences significantly impact how the brain ages, which cross-sectional studies do not always show accurately because they do not account for changes over time; they may not give a complete picture of the impact of lifestyle on brain ageing (Fujita, 2024).
Ageing is associated with mild cognitive decline and does not have a significant impact on everyday life, which, unlike Alzheimer's disease, leads to serious mental problems and loss of independence. Alzheimer's disease is responsible for 60–80% of dementia cases (Li et al., 2022; Alzheimer's Association, 2024), mainly affecting memory and other cognitive functions because, unlike typical ageing, cognitive deficits in Alzheimer's disease significantly complicate everyday life (Testo et al., 2024).
Approximately 40% of cognitive decline in humans is associated with diseases such as Alzheimer's and Lewy body disease (Boyle et al., 2021); ageing changes brain function and structure, but some people show resilience to these changes (Mateard et al., 2023).
Unfortunately, the number of people suffering from Alzheimer's disease and other types of dementia may double by 2060, thus increasing mortality and disability rates among them; because current therapies mainly alleviate symptoms, interventions are needed to investigate cognitive decline and the lasting effects of gender, race, and childhood trauma are still uncertain (Yang et al., 2023).
Research on the effects of brain ageing shows that lifestyle choices such as habits, exercise, sleep quality, and engaging in mental activities have a positive impact on the cognitive abilities of older people because the exact causes of this phenomenon are still uncertain, one hypothesis is that these factors help to develop cognitive reserve (CR), which can mitigate the negative effects of ageing or diseases affecting brain function (Song et al., 2022).
In case of complications and injuries, Cognitive Reserve (CR) helps with cognitive functioning; it influences factors such as the level and participation in intellectual activity and professional history that support the brain in coping with the challenges of ageing. Good information about safety measures, including motivation and mood, and cognitive functions related to technical disorders such as anxiety and depression can reveal cognitive abilities (Di Rosa et al., 2024). To reduce the risk of dementia, higher cognitive reserve may help prepare cognitive abilities and delayed cognitive functions in the long run (Berezuk et al., 2021). 
Still, Scientists need to discover how cognitive reserve (CR) influences an individual's life, changing the course of education and social interactions, as it can help maintain skills and abilities.  To measure  CR level, look at the IQ level achieved, and the activities performed, as higher cognitive reserve can support brain flexibility. This helps develop strategies that increase brain connectivity or leverage existing neural pathways because the performance of individuals with brain transformations may vary; higher CR helps maintain performance in individuals who experience difficulties (Oosterhuis et al., 2022). The concept of cognitive reserve (CR) is considered a way to protect against the adverse effects of ageing, such as a decline in functional abilities. Reserve models are usually divided into passive and active. Passive models, such as brain reserve, rely on brain structure, such as the number or size of neurons. The passive hypothesis states that clinical symptoms appear as brain reserve capacity (BRC) declines and their severity becomes apparent.
In contrast, active models emphasize processes that help compensate for deficiencies because they do not consider how different people use their resources. Cognitive reserve is an active concept that refers to the brain's resistance to ageing or damage. Even if brain reserve is at the same level, people with higher cognitive reserve can better compensate for deficits and use different brain networks, which makes them more resistant to changes in brain functioning (Sardella et al., 2020).
For the brain to adapt to ageing, disease or injury, reducing the risk of cognitive decline, cognitive reserve (CR) may help delay the development of dementia and minimise the rate of cognitive decline as factors such as educational level, occupational complexity and IQ, are associated with less impact of pathology on the brain. People with higher education may experience faster deterioration after diagnosis because they have more advanced pathologies, which may make it more difficult for them to adapt; these proxies are also supported by direct measures of cognitive reserves, such as differences in cognitive function, which are considered beyond demographic variables and brain health. To fully understand how lifestyle influences cognitive reserve, strong evidence is needed on which factors may support it (Song et al., 2022). Nelson et al. (2021) found that cognitive reserve (CR) protects against a severe decline in cognitive performance, even in neuropathology, because social-behavioural factors such as education, intellectually stimulating work, and activities help strengthen neural networks. CR changes the way neuropathology affects cognitive function because people with higher cognitive reserve are more resistant to Alzheimer's disease. Engaging in activities stimulating the brain and maintaining an active professional and educational life can help maintain better cognitive function despite brain pathologies. Soldan et al. (2020) indicate that appropriate levels of education and participation in stimulating activities may reduce the risk of developing dementia and help develop cognitive reserve (CR), as there is mixed evidence regarding the relationship between CR and the rate of cognitive decline, with some studies finding no correlation. Nevertheless, people with higher cognitive reserve tend to perform better on cognitive tests, suggesting that CR primarily affects an individual's basic cognitive abilities.
According to Evans (2019), Cognitive reserve (CR) is a theoretical concept that cannot be directly measured because it relies on proxies such as learning in younger years, labour force participation in midlife, and commitment to developing cognitive skills in later life because a single indicator is not sufficient and various life events shape CR, combining these indicators allows for a more comprehensive assessment. Also, understanding how lifestyle factors influence CR is very important to prevent the progression from healthy ageing to mild cognitive impairment (MCI) or dementia. Because effective interventions can reduce risk and improve cognitive function, social connectedness is an important, modifiable factor that supports cognitive health later. 
Cognitive reserve (CR) may help prevent dementia as its effect on moderate cognitive impairment (MCI) is not yet fully understood but some studies suggest that CR may reduce the likelihood of developing MCI, while others believe it may increase the risk of developing MCI to full-blown dementia. The cognitive reserve can be used to distinguish between normal ageing and early signs of health decline because people without any health problems typically have higher levels of cognitive reserve than people with MCI. Additionally, research attempts to examine how cognitive reserve relates to general cognitive abilities, which could become a potential tool for diagnosing people with MCI or identifying its specific subcategories (Marselli et al., 2024).
Stroke recovery is a process that combines spontaneous brain repair with the use of other brain areas to support function because these adaptive mechanisms are linked to cognitive reserve (CR); cognitive reserve includes the ability to think, increased brain plasticity (for example, forming new connections), and higher levels of chemicals that support brain function. However, the location where the stroke occurred may limit the effectiveness of cognitive reserve. Natural healing mechanisms, such as inflammation reduction and improved blood circulation, primarily rely on attention and may occur independently of cardiac rehabilitation (Rosenich et al., 2020).
To sum up, Cognitive reserve (CR) helps maintain mental activity and strength, which protects against brain decline associated with ageing or disease; research shows that life experiences such as education, various jobs, and engaging in mental activities support brain health and may protect against dementia. However, experts are still debating how CR affects mild cognitive impairment (MCI); future research should explore other ways of measuring CR to understand its effects better because it is important to promote social engagement, mental activity, and a healthy lifestyle to reduce the risk of cognitive decline. Maintaining a lifelong cognitive reserve is crucial for healthy ageing and supporting people at risk of cognitive problems.

Part 2: Using empirical evidence, critically discuss how an individual could slow down cognitive decline.
Because our brains shrink with age from about 3% every 10 years after age 40 to 5% after age 80, the speed at which we process information slows down, so we find it more difficult to recall information and ignore background noise, probably due to the hardening of the blood vessels in the brain. (Richards, 2024; Xu & Angelina Xu, 2024). According to studies conducted in the United States as well as in Europe, factors such as diabetes, hypertension, excessive body gain, lack of physical exercise, depression, excessive alcohol consumption, smoking, and lack of education in middle age can be high factors responsible for about 30% of AD cases (Kivipelto et al., 2020; Livingston et al., 2024). 
According to Iso-Markku et al. (2024), physical activity can delay cognitive processes because it improves blood flow and, thus, oxygenation of the brain and it also reduces inflammation of nerve connections. As a result, it supports brain health over age. Studies show that physical activity, energy, or even simple walks help delay cognitive processes. Because physical activity can help reduce or delay the risk of dementia, they are considered a non-pharmacological approach that can help older adults enjoy longer, better mental health. 
According to research by Rashid et al. (2020), physical activity is also key to delaying or slowing cognitive decline and reducing the risk of Alzheimer's disease and, as a result, dementia. Physical activity improves blood flow and oxygenation of the brain and, as a result, reduces oxidative stress, which can delay the ageing process and cause cognitive impairment in the brain because physical activity offers simple strategies to delay cognitive processes, it can be a simple answer to the fight against dementia.  
Fujita (2024), in a study, observed for more than two decades participants how their way of life and choices can impact the quality of life and cognitive decline through long-term brain imaging, interventions such as regular exercise, mental stimulation, and also socialising with society. These studies showed that physically and mentally active people had less decline in critical areas of the brain, including the hippocampus and prefrontal cortex, which are responsible for memory and coordination. 
De Lima et al. (2024) pointed out that factors such as chronic stress and cardiovascular problems can accelerate brain ageing and impair cognitive decline. The results of these studies show that the effects of promoting neuroplasticity and learning new things can help the brain in immunity and delay cognitive decline. According to them, this is an indispensable strategy in the fight against brain ageing and maintaining good mental health in older people. 
According to Matared et al. (2023), lifestyle also significantly impacts cognitive decline; things like music and video games can slow cognitive decline because music relaxes and improves mood in people with dementia, and personalised games improve concentration and cognitive control in older adults. However, this study found that mindfulness and exercise showed limited cognitive benefits and emphasised tailored intervention, as music therapy and lifestyle changes can support cognitive health in ageing populations.
James et al. (2023) also noted that playing musical instruments has benefits in delaying memory and thinking problems because playing musical instruments requires memory, focus, quick thinking, coordination of movements, and reasoning, which helps to exercise and strengthen the brain. Musical instrument skills that use hearing, movement, and vision simultaneously can improve motor skills. Playing musical instruments combines various processes such as memory, planning, and thinking, which positively affects brain function and delays the function of cognitive processes. 
According to Freedman et al. (2014), bilingualism can support cognitive reserve by strengthening connections in the brain by exercising executive control. Because people who speak two languages, both languages are constantly active, which requires attention, switching between languages and constant thinking. Also, these activities engage the brain in regular training, which can build cognitive reserve. However, the effects may vary from person to person.
Lifelong bilingualism can increase cognitive reserve, as it helps delay the onset of symptoms such as mild cognitive impairment (MCI), dementia, and Alzheimer's disease (AD). However, some studies do not show that bilingualism reduces the risk of dementia, it does show that it increases cognitive control because bilinguals must manage two languages at the same time. Learning a new language has benefits for the brain because it supports cognitive processes, but it can be difficult for older people; focusing on the regular use of both languages (DL), where both are actively practised, better supports the flexibility of the mind, as it strengthens the ability to learn and remember words better. Bilingualism also helps learn new things and improves verbal skills because it forces the brain to work hard (Yow et al., 2024; Rothman, 2024).
According to Bubbico et al. (2019), early bilingualism can protect the ageing brain by strengthening neural connections and supporting flexibility, and it needs to be clarified whether learning a second language at a later age offers similar benefits because bilingual people show better connections between different brain regions throughout their lives, prompting researchers to investigate how language learning can reorganize brain networks in older adults. Also, learning a new language supports key cognitive functions such as memory, reasoning, and concentration; it can be especially beneficial in the context of ageing. This is particularly important because better cognitive functioning affects the quality of life; more importantly, language learning stimulates various brain processes, which can delay cognitive decline. Although research on the protective effects of bilingualism is ongoing, it is worth further exploring the potential for supporting cognitive functions through late language learning. Once dementia begins, such as in the form of mild cognitive impairment (MCI), it may be too late to repair the damage to the brain (Dumas, 2017). Then, the changes in the nervous system are so advanced that it is difficult to undo them because early detection and action can be crucial in slowing down these processes. If dementia has already progressed, the brain's ability to protect itself becomes limited, and the impact on daily functioning becomes more and more apparent.
In summary, Eason's (2024) article highlights precisely that brain health depends on mental, physical and life habits; activities such as reading, solving puzzles, playing instruments and learning new skills keep the brain active, as aerobic exercise such as walking or swimming improves cognitive function, and the Mediterranean diet supports brain health. Getting enough sleep consolidates memories and removes toxins; stress can be relieved through mindfulness or yoga, social interaction, avoiding smoking and excess alcohol, hydration, and regular checkups, which also help protect the brain. Simple lifestyle changes can improve cognitive function and reduce the risk of dementia.
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