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Abstract
Due to the rapid aging of the global population, concepts such as cognitive reserve and successful aging promote disease prevention and better quality of life to the elderly population and have gained attention in psychology and geriatrics studies. This integrative literature review aimed to identify and highlight the most relevant factors that may influence both concepts. In the recent literature regarding cognitive reserve, the most prominent markers were education, leisure activities, occupation complexity, and socioeconomic adversities. The aspects related to successful aging comprise physical (good physical and mental health), psychological (maintenance of cognitive functions), and social (leisure activities, education, and social interaction), including some of the aspects involved in cognitive reserve. Identifying factors that contribute to cognitive reserve and successful aging enables health and well-being to the elderly population and a better orientation to health professionals and caregivers.
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RESUMO
Devido ao rápido envelhecimento da população mundial, conceitos como a reserva cognitiva e o envelhecimento bem sucedido, que promovem a prevenção de doenças e melhoria da qualidade de vida da população idosa, ganharam destaque nos estudos em psicologia e geriatria. Desse modo, essa revisão integrativa buscou destacar os fatores mais relevantes que influenciam ambos os conceitos. Em relação a reserva cognitiva destacam-se os fatores relacinados a educação, as atividades de laser, a complexidade do trabalho e as adversidades socioeconômicas. Os fatores relacionados ao envelhecimento bem sucedido abrangem os aspectos físicos (boa saúde física e mental), psicológicos (manutenção das funções cognitivas) e sociais (atividades de laser, educação e interação social), incluindo alguns dos aspectos envolvidos na reserva cognitiva. A identificação dos fatores que contribuem para a reserva cognitiva e para o envelhecimento bem sucedido possibilita a promoção de saúde e bem estar para a população idosa, bem como uma melhor orientação para profissionais de saúde e cuidadores.
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Reserva cognitiva e envelhecimento bem sucedido: uma revisão integrativa da literatura
Introduction
According to a World Health Organization (WHO) projection, until 2030, 82 million people will suffer from at least one type of dementia worldwide, in its majority elderly. The various types of dementia have a significant social impact, considering that the patient depends on caregivers and the economic impact on the family and health system (WHO, 2020). With the increase in the elderly population globally and the significant prevalence of neurodegenerative diseases within this age group, the discussion regarding which aspects of one’s life can influence the prevention of health deterioration and promote more successful aging becomes relevant.
The cognitive reserve can be defined as a hypothetical mechanism able to compensate for the effects of brain damage, which could be enough to cause clinical dementia symptoms or cognitive decline (Stern, 2002). In other words, it is the maintenance of cognitive functions despite neurological deterioration (Golja, Daugherty, & Kavcic, 2020). This theory proposes that individual differences in task processing's neurological mechanisms allow some to cope better than others with brain damage (Stern, 2009). 
The concept of cognitive reserve emerged after a series of observations of inconsistencies between pathological damage and the clinical manifestation of Alzheimer's disease in post mortem studies (Harrison et al., 2015). It is possible for someone who does not manifest clinical symptoms to have neurodegenerative damage show in imaging exams. Two theoretical models were constructed: cognitive reserve and brain reserve. Cognitive reserve is an active model that consists of the brain's attempt to compensate for any structural damage. (Stern, 2002). As a contrasting model, brain reserve is a passive model, in which structural differences like a larger brain or a more significant number of brain cells demand more physical damage to reach a certain level of degeneration, delaying the manifestation of clinical symptoms (Stern, 2009). The most accepted hypothesis for brain reserve is the Threshold model. It suggests a neurological damage threshold that must be reached for the clinical manifestation of dementia. Thus, individuals with more brain reserve would take longer to reach the threshold and present clinical dementia (Stern, 2002). Both models are not mutually exclusive and must be understood as complementary mechanisms (Harrison et al., 2015). 
Exactly how the cognitive reserve works or which factors influence it is still unknown. One of the most accepted mechanisms is neural compensation. This concept refers to how individuals suffering from brain pathology utilize different brain structures or neural networks to compensate for neurological damage (Stern, 2009). In this regard, Grant et al. (2014), in a cross-sectional study with an elderly population, observed that those who were bilingual and presented degenerative marks on the brain had structural changes in the processing of cognitive tasks. That can help to explain the relationship between the compensation mechanism and cognitive reserve.
Successful aging is a multidimensional concept (Teater & Chonody, 2020) that is usually approached by physical, psychological, and social aspects, despite the lack of consensus about its definition (Martin et al., 2015). The introduction of this concept in geriatric literature debunked the idea that disease, cognitive impairment, and independence loss are intrinsic to aging (Estebsari et al., 2019; Golja et al., 2020). The advances in studies of this concept added to its definition several subjective criteria such as spirituality, marital state, resilience, participation in leisure activities, and satisfaction with life, apart from the objective criteria already used like physical health (absence of disease and of the risk of developing them) and psychological health (maintenance of cognitive functions) (Carver & Buchanan, 2016; Golja et al., 2020).
The multidimensional aspect of successful aging can be separated as social well-being, physical well-being, psychological well-being, spirituality, and social and financial security (Zanjari, Sani, Chavoshi, Rafiey, & Shahboulaghi, 2017). Also, Zanjari et al. (2017) suggested that this concept should be approached longitudinally (as an active process throughout life), contextually (culture dependent), and in various levels of social organization (individual, community, and governmental).
Cognitive reserve and successful aging are broad concepts encompassing various areas of life, such as education, work, and leisure. Many of the proxies used to measure cognitive reserve overlap with the aspects considered influential to successful aging. However, the literature about the relationship between these two terms is still lacking. Identifying the factors contributing to cognitive reserve and successful aging can help develop the prevention of age-related diseases and guide health professionals and caregivers to treat the elderly population better. Hence, this integrative literature review aims to identify and highlight the aspects commonly associated with the cognitive reserve that may contribute to successful aging.

Factors associated with cognitive reserve
There is little consensus regarding the factors that contribute to cognitive reserve (Harrison et al., 2015), primarily due to the lack of longitudinal studies with vast samples and multiple measurements (Stern, Barnes, Grady, Jones, & Raz, 2019). According to Sobral et al. (2015), cognitive reserve is probably the result of innate intelligence or experiences throughout life like education, occupation, and regular participation in social activities that require cognitive stimulation. Those experiences would increase one’s resistance to dementias (Harrison et al., 2015). Table 1 shows the main factors associated with cognitive reserve found in the literature.
	
Table 1
Main factors associated with cognitive reserve

	Author
	Factor
	Items

	Sobral et al., 2015; Sofia & Gomes, 2018; Stern, 2009; Farfel et al., 2013; Park et al., 2019

	Education 
	Years of formal educational attainment.

	Sobral et al., 2015; Stern, 2009; Ching-Teng, 2019; Fancourt et al., 2018
	Leisure activities
	Physical exercise, housework, cinema and theater, games, social activities, social engagement with Family and friends.


	Sobral et al., 2015; Stern, 2009; Harrison et al., 2015; Almeida-Meza et al., 2020
	Occupation
	The complexity of occupation, years in each job, income, and financial satisfaction.


	Stern, 2009; Scazufca et al., 2008
	Socioeconomic adversities
	Illiterate, lower-income, life satisfaction levels, manual work.



Education and cognitive reserve
Education is the most relevant factor contributing to cognitive reserve (Park et al., 2019). Longitudinal study results suggest that formal education years are directly related to better cognitive testing results (Wilson et al., 2019). However, no evidence was found of a slower cognitive decline in participants with higher educational attainment levels. These results suggest that late-life experiences might be more influential to cognitive reserve than those experienced early in life, such as education (Wilson et al., 2019). In another longitudinal study, education, participation in leisure activities, and occupation complexity were independently linked to a reduced risk of dementia development (Almeida-Meza et al., 2020). However, the findings for education and participation in leisure activities showed that within participants older than 80 years of age, those markers were not significantly related to a lower risk of cognitive impairment (Almeida-Meza et al., 2020). These results support a prior study that has suggested that activities experienced in adult age are more influential to cognitive function maintenance in older age (Chan et al., 2018).
Leisure activities and cognitive reserve
Leisure activity is an umbrella term that includes everything from housework to physical activity and social engagement (Harrison et al., 2015). Numerous leisure activities are used as cognitive reserve markers. Studies indicate that participation in activities such as board games and visits to museums and art galleries may play a protective role in cognitive decline and dementia   (Ching-Teng, 2019; Fancourt, Steptoe, & Cadar, 2018).
In a study with healthy elderly Koreans, a relation between cognitive functioning and diverse leisure activities was observed, in addition to a possible moderator effect exerted by education (Park et al., 2019). Its results suggest that leisure activities have a higher positive association in those participants with fewer years of formal education. For example, observations stated an association between volunteer work and better results in the Mini-Mental State Examination (MMSE) in individuals with few years of educational attendance (Park et al., 2019).
Another commonly associated factor to cognitive decline in the elderly is social isolation, resulting from non-participation in socially engaging leisure activities. In that sense, a longitudinal study (Evans et al., 2019) presented that, in the long run, cognitive reserve serves as a moderator between social isolation and cognitive decline, especially in the elderly that reported having less complex occupations throughout life—suggesting that social engagement may be another contributing aspect to cognitive reserve (Evans et al., 2019). 
Occupation and cognitive reserve
Occupation complexity is another accepted marker to measure cognitive reserve (Harrison et al., 2015), and it is present in many questionnaires. However, the influence of this proxy in protecting against cognitive decline has shown some contradictory results. Almeida-Meza et al. (2020) has found a negative association between occupation complexity and the risk of dementia. Conversely, the results of a longitudinal study have suggested that the complexity of work does not act as a protective factor of the various types of dementia (Sundström, Sörman, Hansson, Ljungberg, & Adolfsson, 2020). 
Socioeconomic adversities and cognitive reserve
The socioeconomic profile is also mentioned as a cognitive reserve proxy (Stern, 2009). In some studies, this includes already mentioned factors such as education and the opportunity to take part in leisure activities; nevertheless, in this part, only socioeconomic adversities related to cognitive reserve will be mentioned.
The relation between cognitive reserve and socioeconomic adversities was investigated, showing that dementia cases were common among within-participants born in rural areas, illiterates, manual workers, and lower-income (Scazufca et al., 2008). In this same study, it was also observed that the association of dementia and socioeconomic adversities tended to be cumulative. In other words, those adversities were negatively associated with cognitive reserve (Scazufca et al., 2008). Corroborating with these results, White, St. John, Cheverie, Iraniparast, & Tyas (2015) have observed a positive association between the level of satisfaction with finances and the probability of healthier aging. To men, these results indicate that income is a more significant aspect than to women (White et al., 2015).
It is important to note that the markers presented here are culturally dependent. For example, in developing countries, a large parcel of the elderly population did not have access to formal education, meaning that the standard measuring tests like vocabulary tests or the years of education proxy may not be adequate instruments for those populations (Park, Chey, & Lee, 2017). Additionally, Brazilian study results indicate that even a few years of educational attainment can increase cognitive reserve (Farfel et al., 2013). Hence, the importance of the cultural and socioeconomic profile of the target population regarding the cognitive reserve.
Successful aging and cognitive reserve
The concept of successful aging can be defined as aging disease-free, with the maintenance of cognitive functioning and frequent social interaction (Jeste et al., 2013). However, investigating the perception of successful aging in an adult population, Jeste et al. (2013) observed that the perfect health condition is not necessary nor sufficient to achieve successful aging (see also: Martin et al., 2015). Besides that, this same study encountered a positive association between the perception of successful aging and markers for education, cognitive functioning, better self-reported physical and mental health, resilience, optimism, and lower levels of depression (Jeste et al., 2013). 
Numerous investigations conducted in the last years have observed associations between the concept of successful aging and cognitive reserve. A study with a Slovenian elderly population showed that those who reported having successful aging also reported less depressive symptoms and higher cognitive reserve (Golja et al., 2020). Though, no connection between cognitive reserve and depressive symptoms has been found. Ihle et al. (2020) findings suggested a relation between physical and psychological well-being and an older-aged population's cognitive abilities, indicating a moderating effect exerted by the cognitive reserve. In other words, cognitive reserve markers like education, participation in leisure activities, and occupation complexity may attenuate the effects of cognitive decline and its physical and psychological consequences, contributing to successful aging.
Cognitive reserve proxies and successful aging
Numerous studies have observed that the most used cognitive reserve markers are also influential to the successful aging process. For instance, education, measured as several years of formal educational attainment, was suggested as a significant and independent marker of successful aging (Cosco, Stephan, Brayne, & Muniz, 2017). Accordingly, Lee, Peng, Lin, Loh, & Chen (2020), in a longitudinal study, found a higher probability of successful aging between younger men with higher education. 
The same study also indicated a positive association between successful aging and regular physical exercise, life satisfaction level, lowered stress levels, and a better health and financial situation (Lee et al., 2020). Frequent participation in leisure activities were also related to lower levels of depression e higher life satisfaction among the elderly (Jeong & Park, 2020). 
Analyzing the effects of retirement on the elderly, Lee, Chi, & Palinkas (2019) found that those who stopped working had a higher cognitive decline than those who kept working. The results indicated that this relation was mediated by cognitive stimulant leisure activities, such as reading and board games (Lee et al., 2019). These findings corroborate studies that suggested that the psychosocial aspects and a physically active lifestyle play a significant role in successful aging (Finkenzeller et al., 2019). Table 2 summarizes the relationship between cognitive reserve proxies and successful aging predictors.  

	Table 2
Cognitive reserve markers associated with successful aging predictors

	Authors
	Cognitive reserve marker
	Effect on successful aging

	Cosco et al., 2017
	Education attainment
	Their results suggest that early-life education is an independent marker for successful aging.


	Lee et al., 2020
	Education attainment, socioeconomic status, and leisure activities
	Higher probability of successful aging among those who had a higher education level. Also, Physical activity and financial status were related to successful aging predictors.


	Jeong & Park, 2020
	Participation in leisure activities
	The frequency and number of leisure activities were associated with lower levels of depression and higher quality of life.


	Lee et al., 2019
	Occupation and leisure activities
	Retirement had a significant impact on cognitive decline, and this relation was mediated by participation in mentally stimulating activities.



Cognitive functions and successful aging
An essential aspect of successful aging is cognitive function maintenance, which is directly related to cognitive reserve. In that respect, research suggests that markers related to both concepts are associated with better cognitive performance among elders. A longitudinal study with elderly participants of 10 European countries investigated the relation between years of formal educational attainment (cognitive reserve marker) and their performance in-memory testing (Cadar et al., 2017). Its results suggest that higher education participants performed significantly better on the tests, corroborating previous studies' results (Cadar et al., 2017). Similarly, Sobral, Pestana, & Paúl (2015) observed that older participants with higher cognitive reserve had better cognitive test scores. 
Regarding the relation with cognitive reserve, Cabral et al. (2016) found a positive association between individuals with a higher cognitive reserve and a better performance in neuropsychological testing and suggested a possible compensatory mechanism of cognitive decline. Cognitive reserve was also related to executive functions, showing a positive association with work memory and planning ability (Sofia & Gomes, 2018). See Table 3 for the listing of examined cognitive tests.
	Table 3
Relation of successful aging and cognitive reserve to cognitive performance 

	Authors
	Tests
	Results

	Cadar et al., 2017
	Immediate and Delayed 10-word List Recall 
	Participants with higher cognitive reserve also had better performances in cognitive testing.

	Sobral et al., 2015
	Mini-mental state examination (MMSE); clinical dementia rating (CDR) Addenbrooke's Cognitive Examination Revised (ACE-R) 
	Participants with higher cognitive reserve (measured with cognitive reserve questionnaire 'CRQ' and PLA through life questionnaire) also had a better cognitive performance.


	Cabral et al., 2016
	Clinical Dementia Rating Scale (CDR); Verbal Fluency Test; Trail Making Test; Stroop Test; Digit Span task; Word List Memory Task (WLMT); Digit Symbol Substitution Task

	The cognitive reserve may be a compensatory mechanism for cognitive decline due to its association with better cognitive performance.

	
	
	
	

	Sofia & Gomes, 2018
	Mini-Mental State Examination (MMSE); Hopkins Verbal Learning Test; Rule Shift Cards Test; Zoo Map Test; Key Se arch Test; Brief Attention Test; Stroop Test; Color Trail Test; Test de Vocales y Números
	Cognitive reserve was positively associated with work memory and planning ability.
	



Subjective perception and successful aging
Many authors defend the importance of investigating the subjective perception of successful aging: which aspects are relevant to successful aging from the elder's perspective (Martinson & Berridge, 2015; Teater & Chonody, 2020). With that in mind, aspects like subjective well-being (that encompass good self-perceived physical and mental health, life satisfaction, spirituality, among others) are included in the successful aging definition (Blanco-Molina, Pinazo-Hernandis, & Tomás, 2019). Income and participation in leisure activities were also mentioned as contributors to subjective well-being (Dominko & Verbič, 2020; Ku, Fox, & Chen, 2016).
In this regard, Bodogai et al. (2020) observed that income and perceived good health were the most influential factors to life satisfaction in the studied population. Also, analyzing the relation between chronological and subjective age suggested that individuals who felt younger than their chronological age tended to report better-perceived health, more optimism, psychological well-being, and better chances of a successful aging (Ambrosi-Randić, Nekić, & Tucak Junaković, 2018). Additionally, a lower perceived age was associated with higher expected age, which means the participants who reported feeling younger than their actual age were also expected to live longer (Ambrosi-Randić et al., 2018). 
It is needed to highlight that the present review presents some significant limitations. Firstly, the lack of definition of the analyzed concepts makes the search for relevant studies more difficult. Also, because they are broad concepts that encompass various aspects of one's life, some contradictions were noted in the most recent literature. Regarding successful aging, there is a clear drawback when its history is analyzed. Historically, successful aging models were developed, focusing exclusively on its physiological aspect, which means that successful agers were those aged without health complications, disregarding social and subjective aspects. For example, Rowe & Kahn (1997) developed the model influential in successful aging research. Posteriorly this approach was considered exclusive and unachievable. Hence only a few people got to older ages without any health complications or chronic diseases.
More recent studies have focused on building biopsychosocial models of successful aging, expanding the aspects of life considered influent to this concept (Blanco-Molina et al., 2019; Carver & Buchanan, 2016; W. J. Lee et al., 2020). Nevertheless, another essential consideration is made by many authors: the lack of research regarding the perception of the elderly population of what is successful aging and what aspects of life are relevant to them (Martinson & Berridge, 2015; Teater & Chonody, 2020).
Similarly, the literature on the cognitive reserve also presents a few lacks. There is a consensus regarding some proxies in questionnaires, such as education, leisure activities, and occupation complexity. However, in recent studies, some contradictory results have been found. For example, in respect to the importance of occupation complexity throughout life or the impact of early life experiences on cognitive reserve level in later life (Sundström et al., 2020; Wilson et al., 2019). In that sense, future research could focus on identifying the factors that individually contribute to both concepts, hypothesizing that a higher cognitive reserve may contribute to successful aging once the cognitive functioning and absence of age-related diseases are essential aspects of successful aging.
Conclusion
This paper aimed to review and highlight the factors related to cognitive reserve and successful aging. It was possible to identify that both concepts have been associated with common elements in many studies. Markers like education, participation in leisure activities, and social elements as income seem to contribute to cognitive reserve and successful aging. Historically, cognitive function maintenance is an integral part of the definition of successful aging (Depp & Jeste, 2006). Thus, the contribution of the cognitive reserve may be a significant marker to aging successfully. 
A better understanding of successful aging allows the development of public policies directly related to it, decreasing aging's social and economic impact (Estebsari et al., 2019). Cognitive reserve is a protective factor to the adverse effects of neuropathologies related to aging (Park et al., 2017). Preventing dementia via public policies may lighten the health system's burden, which, annually, has high costs budgeted to dementia patients and its caregivers worldwide (Scazufca et al., 2008). Finally, identifying influential aspects of successful aging finds its clinical application in counseling older adults and their families, proposing lifestyle adaptations to promote cognitive reserve and successful aging. Tracing the relevant markers to cognitive reserve and successful aging enables a broader approach to prevent neurodegenerative diseases aiming to increase the well-being and quality of life of the crescent elderly population.
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