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INTRODUCTION

With life expectancy increasing, many of us can hope to live a long life. However, older age comes with a higher risk for a variety of chronic health conditions such as for cardiovascular, respiratory, musculoskeletal, and neurological diseases that can make it difficult to enjoy getting older (1). One of the most prevalent neurological diseases in old age is dementia. Its prevalence increases with older age. While in the 70–74 years' age group, the prevalence of dementia is only around 3%, already about 12% in the 80–84 years' age group and more than 20% in the 90+ years' age group have dementia (2). Accordingly, the number of people with dementia will be increasing, as populations grow older. Estimations suggest that the prevalence worldwide is around 50 million people with nearly 10 million new cases every year (3). Therefore, dementia does not only affect the individual but society as a whole.

For more than a century, research on dementia has focused on biological aspects of cognitive disorders such as brain imaging and biomarkers (4). However, the neurobiological changes in the aging brain (5) are influenced by behavior and by the environment (6). More and more ongoing research reveals the relevance of social determinants and lifestyle factors for the risk of developing dementia (7).



LIFE-COURSE APPROACH

Taking a life-course approach to cognitive health, which explicitly includes social and lifestyle factors, can contribute to a better prevention. Research taking this approach aims at understanding how biological, behavioral, social, and psychological exposures are important for health in later life (8). The Life Course Health Development (LCHD) framework considers health to be the result of multiple interactions between the environment and the bio-behavioral regulatory systems of the human body (9). From that perspective, health trajectories are the cumulative product of risks and protective factors (9). Disparities in health between people of varying socioeconomic status are the result of psychological and social influences e.g., stress, social exclusion, working conditions, unemployment, healthy food etc. (10). In that sense, healthy aging is a multifaceted phenomenon that can only be understood by holistically studying the complexity of social and lifestyle factors in the context of aging (11). The “biological capital” that an individual has acquired in their lifetime determines how long they remain above a critical threshold for adverse health outcomes (12). This is a perspective adopted by the World Health Organization (WHO), which states that “Healthy aging is about creating the environments and opportunities that enable people to be and do what they value throughout their lives” (13).

Cognitive health also depends on multiple determinants and their dynamics throughout the life-course. The Cognitive Health Environment Life Course Model (CHELM) summarizes lifestyle factors that influence cognitive health in old age (14). Lifestyle can positively or negatively moderate disease risk via neuropathological changes (14). Indeed, lifestyle can affect cognitive health to a great extent. Estimates suggest that up to 3 million dementia cases worldwide could be prevented if it was possible to reduce known risk factors by 25% (15). This type of evidence calls for modification of public health policies to prevent cognitive decline and dementia (16).



THE ROLE OF INTELLECTUAL STIMULATION IN THE FORM OF EDUCATION AND OCCUPATION

Ever since researchers started investigating dementia, they observed that people with higher education develop dementia less frequently and express less severe dementia symptoms in comparison to low-educated people with the same level of Alzheimer's disease (AD) pathology in the brain (17). In research, this effect is called “cognitive reserve” (18). The interesting aspect is that a simple socio-environmental factor can possibly provide such resilience against a biologically devastating disease. Health status or income do not explain this resilience (19, 20). Rather, intellectual stimulation across the lifespan seems to be the central factor in this cognitive reserve effect. Moreover, intellectual stimulation by the environment can help the brain to remain healthy for longer by a process called “brain maintenance” (21). Indications on how intellectual stimulation leads to better brain maintenance come from rodent studies. Relevant studies have shown that exposure to enriched housing (i.e., an enriched environment) compared to standard housing conditions can protect against neurodegenerative diseases (22). Exposure to enriched environments seems to up-regulate synaptogenesis and synaptic plasticity and to activate epigenetic mechanisms (22). In this way, the intellectual stimulation provided by enriched environments can improve brain maintenance.

Evidence from longitudinal studies largely confirms that intellectually stimulating activities over the life-course protect cognitive health in old age. As summarized in the Life Course Model of Cognitive Reserve (LCMCR), an intellectually engaged lifestyle builds up a “cognitive reserve” that protects cognitive health in old age (23). The model highlights that all stages across the life-course—starting from cognitive development in childhood to hobbies in later life—can modify cognitive health (23). Results from the majority of longitudinal studies confirm that higher education is associated with benefits for cognitive functioning in later life (24). The socioeconomic attainment related to education has little impact on dementia risk, even in minority populations (20). Instead, it appears that the difference in the number of years of education can explain ethnic and racial disparities in dementia prevalence (20). However, high education does not prevent cognitive decline. Instead, it seems that highly educated individuals have a seven to 8 year period of only limited cognitive decline before their cognitive abilities deteriorate to the same extent as they do in low-educated individuals (25). Biological evidence reinforces the idea that education does not prevent dementia, as higher education does not seem to be associated with a reduction in AD biomarkers of Alzheimer's disease (26). Rather, studies have pointed out that higher education is associated with a higher brain network efficiency, even in the presence of such biomarkers (tau pathology) in the brain (26). This may reflect compensatory mechanisms in the brains of highly educated people.

In addition, evidence from longitudinal studies also accentuates the relevance of intellectual stimulation at work. Higher mental demands in the occupational context are shown to be associated with a lower dementia risk (27). Specifically, people who were working in jobs that challenge executive cognitive abilities have a lower dementia risk (27) and slower cognitive decline (28). Similar observations are made in people who were working in jobs with complex information processing (29). Importantly, these and other studies have shown that not all types of mental demands at work provide this beneficial effect. The complexity of information processing required appears to be critical (29). Based on Wickens's model of human information processing, tasks that are more complex require more attentional resources, a higher workload, and more integration of long-term memories (30). It is possible that this simultaneous activation of several cognitive resources will help to protect the brain longer.

Yet, the exact mechanisms remain unclear. On a cognitive level, people with high education seem to have superior semantic memory and executive cognitive abilities (31). These abilities provide them with a larger knowledge base and skills that constitute an advantage in terms of employing memory compensation strategies (32). Observations from computerized cognitive training show structural and functional brain changes related to the domain that was trained (33). Accordingly, a training in semantic memory and executive cognitive abilities might delay cognitive decline. Moreover, we would assume that maximizing the complexity of information processing in cognitive training tools might maximize training effects. However, differentiated evidence on this is not yet available.



BENEFITS FOR HIGH-RISK GROUPS

People with a greater risk for dementia can benefit from intellectual stimulation throughout the life-course. Genetically, people who carry an Apolipoprotein E (APOE) e4 allele are considered to be a high-risk group for dementia (34). Research has shown that associations between lifestyle factors and cognitive functioning are generally similar in APOE e4 allele carriers and non-carriers (35, 36). Accordingly, a preventive lifestyle approach is also beneficial for this group. Increasing education, in particular, may be relevant to this high-risk group as low education comes with a higher dementia risk in APOE e4 allele carriers than in non-carriers (37). Looking specifically at low-educated people, findings demonstrate that low-educated APOE e4 allele carriers had a larger decrease in the metabolism in medial-temporal and prefrontal areas in old age than low-educated non-carriers (38). Low education might thus be inflating dementia risk among people with the high-risk variant of the APOE e4 gene.

Another important risk factor for dementia is social isolation (39, 40). Evidence suggests that intellectual stimulation may also be beneficial for the socially isolated high-risk group. Regarding education, research findings indicate that the association between social isolation and memory performance is stronger among people with low education than high education (41). These findings suggest that low-educated individuals experience greater adverse effects from isolation. Education might thus shield against the negative impact of social isolation. Similar findings are made regarding people with high mental demands at work, who experienced less adverse effects from social isolation on their cognitive functioning than people with low mental demands at work (41, 42). The cause of this effect is yet unknown. Yet, the evidence suggests that intellectual stimulation is clearly advisable for people who live socially isolated.



PREVENTION STRATEGIES

Intellectual stimulation in the form of education, occupation, or other cognitive activities is associated with important protective effects for cognitive health. Accordingly, it should be integrated in effective prevention strategy programs. First initiatives to offer cognitive training programs have been created, e.g., the Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE) (43) and the Improvement in Memory with Plasticity-based Adaptive Cognitive Training (IMPACT) Study (44). In addition, the first multi-dimensional training programs (including cognitive training, diet, exercise, and vascular risk monitoring), such as the Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability (FINGER, 45) are being implemented. As far as publicly known, FINGER was the first study of this kind. It started in 2009 and offered a 2-year intervention for people at a high risk for developing dementia. After the 2 years, performance in all cognitive sub-domains was improved (45). By today, FINGER has inspired further large multi-domain intervention studies worldwide, which are connected in the World-Wide FINGERS, the first global network of multi-domain lifestyle intervention trials (https://www.alz.org/wwfingers/overview.asp).

WHO guidelines likewise recommend a proactive multi-dimensional approach to risk reduction of cognitive decline and dementia (46). Recommendations comprise physical activity, nutritional interventions, social activity, tobacco and alcohol abuse cessation, and better management of chronic diseases (46). Further, the WHO report includes a conditional recommendation for cognitive training for people with mild cognitive impairments. Even though many studies show significant effects of cognitive training, high quality evidence is still lacking—a conclusion also reached by the Lancet commission on dementia prevention (47). Irrespective of any benefit from short-term trainings, it is important to acknowledge the greater benefit of cumulative exposure to intellectual stimulation in all of its form throughout the life-course (48), which so far has been underestimated.

While the above-mentioned studies constitute important progress, major problems persist: First, the programs typically end when the respective study ends. Second, only a limited number of people in the population had the chance to benefit from the program. Third, the infrastructure necessary to implement such programs on a population scale is, as of now, rarely available. Table 1 summarizes a number of challenges that need to be addressed. Given the potential of intellectual stimulation to shape the expression of symptoms at each disease level, it should be a persistent part of secondary and tertiary as well as primary prevention for the entire population. Yet, preventative efforts on the population level are rare. Current efforts in prevention focus mainly on physical activity and obesity (49). Prevention, however, can and must encompass multiple factors, including access to higher education. Education is not only important to promote a longer lifetime period with better cognitive functioning, but education also strengthens the cognitive competencies necessary for social and economic participation of the elderly population. Hence, implementing programs that encourage and support higher education must be a major focus of public policy.


Table 1. Some important challenges for implementing intellectual stimulation within prevention programs.
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The process of translating research into policy is generally slow because the implementation of such programs requires a collaborative approach in raising awareness, reducing risk, informing local communities, targeting social inequalities, developing programs for high-risk groups, and establishing effective healthcare structures (49)—some challenges are mentioned in Table 1. Overall, it is useful to offer programs tailored to each person's individual risk profile. Personalized interventions can include social engagement strategies for the socially isolated people, nutrition plans for those with high blood sugar and high blood lipids, cognitive trainings for those with low education and those who worked in jobs with low mental demands, and others. Personalizing interventions is a more efficient use of resources than offering standardized multimodal programs. This is because the latter requires each participant to undergo the same program irrespective of individual need and characteristics, which is more expensive and stressful to the individual. Interventions for cognitive health that are tailored to the person are more likely to bring the best benefits with minimum burden. There are first tailored interventions implemented on a local level for managing behavioral disturbances of patients with frontotemporal dementia (50) and for preventing falls (51). Yet, to our knowledge, there seem to be no publicly known tailored intervention program for dementia prevention. This should be addressed urgently.



CONCLUSION

Aging is our future and every one of us wants to enjoy a long and happy life. To protect our cognitive abilities in old age, we need to be active now. Prevention starts today and evidence has shown that intellectual stimulation, such as our education and what we do every day at work, can strengthen our resilience against dementia. Despite the evidence, public policy is slow in implementing relevant prevention strategies. Encouraging higher education for everyone and supporting continuous education in mid- and old-age, including cognitive stimulation with complex information processing in medical treatment plans, and developing person-tailored intervention programs are just some steps in the right direction. Given that maintaining cognitive health in old age is one of the major challenges of aging societies like ours, we urgently need to recognize the potential of non-biological risk factors across the life-course in medical treatment plans and public policy.
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