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Enhancing cognitive reserve: Evidence-based strategies for healthy aging

Fortalecer las reservas cognitivas: Estrategias basadas en evidencia para un
envejecimiento con bienestar

Alicia Lianne Garcia Gonzalez!

ABSTRACT

Introduction: the concept of cognitive reserve (CR) emerges as a key
explanatory framework by demonstrating that modifiable factors such
as education, physical activity, and social participation can compensate
for age-related cognitive decline. However, significant gaps persist in its
practical implementation, especially in diverse community and political
contexts.

Objective: this study aimed to analyze the most effective strategies to
strengthen CR, integrating recent evidence and proposing a multilevel
model that articulates individual, community, and structural interventions.
Methodology: a mixed-methods approach was adopted, combining
systematic reviews with bibliometric analyses using VOSviewer,
examining a total of 1060 studies organized into three axes: protective
factors (693 studies), structured interventions (71 studies), and social
determinants (296 studies).

Results: the results revealed that physical activity and education are the
best-documented factors, showing robust associations with improved
cognitive function. In contrast, bilingualism emerged as an under-
researched area despite its neuroprotective potential.

Conclusions: the most effective interventions were multimodal
approaches, such as the combination of cognitive training with physical
exercise, while at the social level, community participation emerged as a
key predictor of cognitive resilience, although marked disparities were

observed between urban and rural areas.
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RESUMEN

Introduccién: el concepto de reserva cognitiva (RC) surge como un
marco explicativo clave al demostrar que factores modificables como la
educacion, la actividad fisica y la participacién social pueden compensar
el deterioro cognitivo asociado a la edad. Sin embargo, persisten
importantes brechas en su implementacion practica, especialmente en
contextos comunitarios y politicos diversos.

Objetivo: analizar las estrategias més efectivas para fortalecer la RC,
integrando evidencia reciente y proponiendo un modelo multinivel que
articule intervenciones individuales, comunitarias y estructurales.
Metodologia: se adopté una metodologia mixta que combiné revisiones
sistematicas con andlisis bibliométricos mediante VOSviewer,
examinando un total de 1060 estudios organizados en tres ejes: factores
protectores (693 estudios), intervenciones estructuradas (71 estudios) y
determinantes sociales (296 estudios).

Resultados: los resultados revelaron que la actividad fisica y la educacién
son los factores mejor documentados, mostrando asociaciones robustas
con la mejora de la funcién cognitiva. En contraste, el bilingiiismo
apareci6 como un area subestudiada pese a su potencial neuroprotector.
Conclusiones: las intervenciones maés eficaces fueron las
multimodalidades, como la combinacién de entrenamiento cognitivo con
ejercicio fisico, mientras que, a nivel social, la participacién comunitaria
emergié como un predictor clave de resiliencia cognitiva, aunque con

marcadas disparidades entre zonas urbanas y rurales.
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Enhancing cognitive reserve: Evidence-based strategies for healthy aging
INTRODUCTION

Population aging poses urgent challenges for healthcare systems, especially in the area of cognitive decline and
neurodegenerative diseases, according to Garbarino et al. (2022) and Boyle et al. (2021). Among these, Selkoe
(2024) points out that Alzheimer’s disease and other forms of dementia represent a growing burden for both
individuals and societies.

Against this backdrop, the concept of cognitive reserve (CR) has gained relevance as an explanatory framework
for the differences in how people cope with age-related brain changes (Grady et al, 2019; Soldan & Pettigrew,
2019). According to Radanovic (2020), this construct refers to the brain’s adaptive capacity to compensate for
damage through alternative neural networks or more efficient cognitive processes.

Crucially, according to Miraglia et al. (2024) and Zorec & Verkhratsky (2024), this reserve is not fixed but
dynamic. This means that it is malleable through factors such as education, environment, and lifestyle habits.

Current research supports the idea that CR is nurtured by intellectually stimulating experiences throughout
life (Ghamsari et al., 2024). Formal education, lifelong learning, and participation in complex social activities act as
pillars in its construction (Ponniah & Savarimuthu, 2024; Stern, 2021).

However, cognitive enrichment is not limited to the intellectual. Bialystok (2021) and Bennet et al. (2019) reveal
that bilingualism, regular physical exercise, and dietary patterns such as the Mediterranean diet also strengthen
brain resilience. These findings point to a fundamental principle according to Nishimune & Inoue (2023), who state
that neuronal plasticity persists into old age, allowing the brain to reorganize itself in response to new stimuli.

However, a challenge remains. Despite the consensus on the factors that promote CR, there is still a lack of
clarity on how to implement this knowledge in public policies or community interventions (Morone et al., 2020).
However, a growing group of authors emphasizes the need to create environments that facilitate active aging at the
population level (Daw et al,, 2022).

Given the global increase in cognitive disorders and the socioeconomic costs they entail, developing evidence-
based strategies to enhance CR is not only desirable but urgent (Dunstan et al., 2021; Lee et al,, 2023). This article
arises from the need to integrate disparate findings and critically evaluate which interventions can be transferred
to real-life contexts with sociocultural diversity. Its objective is to analyze the most effective strategies supported
by recent literature. Furthermore, it proposes the conceptualization of an integrative model that combines cognitive
stimulation, healthy habits, and social participation.

METHODOLOGY

This research adopted a mixed methodological approach that combined documentary reviews with bibliometric
analysis (Sanchez Castillo et al,, 2024). This design allowed for the identification of trends in the scientific literature,
the evaluation of the robustness of existing interventions, and the synthesis of key findings for the construction of
the proposed model.

Search strategy, analysis and conceptual mapping

A comprehensive search was conducted in multidisciplinary databases (PubMed, Scopus, Web of Science, and
PsycINFO) to retrieve studies published between 2019 and 2024. Using VOSviewer software (Mojica et al., 2021),
a term co-occurrence analysis was performed to identify dominant thematic clusters in the literature. This analysis
was performed based on three filters, which, in turn, constituted the main research axes:

e Protective factors (education, bilingualism, physical activity). 693 studies were identified using the
formula: (“cognitive reserve” OR “brain resilience” OR “neuroprotection”) AND (“protective factors” OR
“protective mechanisms” OR “modifiable factors”) AND (“education” OR “educational attainment” OR
“lifelong learning” OR “bilingualism” OR “multilingualism” OR “physical activity” OR “exercise” OR “aerobic
training” OR “motor activity”) AND (“aging” OR “older adults” OR “elderly” OR “cognitive aging”).

e Structured interventions (computerized cognitive training, multidomain therapies). 71 studies were
identified using the formula: (“cognitive reserve” OR “cognitive resilience” OR “brain plasticity”) AND
(“structured interventions” OR “cognitive training” OR “computerized training” OR “cognitive rehabilitation”
OR “multidomain interventions” OR “combined therapies”) AND (“working memory training” OR “processing
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speed training” OR “dual-task training” OR “exergaming” OR “cognitive stimulation therapy”) AND (“clinical
trial” OR “randomized controlled trial” OR “longitudinal study”).

e Social determinants (support networks, public policies). 296 studies were identified using the formula:
(“cognitive reserve” OR “cognitive aging” OR “successful aging”) AND (“social determinants” OR “social
support” OR “community engagement” OR “social networks” OR “public policies” OR “health policies”
OR “aging-friendly environments”) AND (“social participation” OR “volunteering” OR “intergenerational
programs” OR “urban design” OR “age-friendly cities”) AND (“gerontology” OR “social epidemiology” OR
“public health”).

Discussion of findings and development of the model

To discuss the findings from the literature reviewed, an interpretive approach was adopted that prioritized
three key dimensions: consistency of results, practical applicability, and theoretical soundness of the identified
interventions. Based on this discussion of results, a conceptual framework was constructed that organizes the
strategies into three levels of action:

e Micro (individual habits such as lifelong learning and physical exercise).
e Meso (intergenerational community programs and support networks).
e Macro (urban design and public policies that facilitate active aging).

RESULTS AND DISCUSSION

Conceptual mapping
Protective factors

The results of the keyword co-occurrence analysis (figure 1) show that the term “cognitive reserve” appears
with a frequency of 82 occurrences and a total link strength of 642, positioning it as a central concept in this area
of research. This construct shows strong associations with “cognition” (95 occurrences, 767 link strength) and
“cognitive dysfunction” (28 occurrences, 249 link strength), highlighting its fundamental role in studies on healthy
brain aging.

Among the most researched protective factors, three main categories clearly stand out. Iirst, physical activity,
represented by terms such as “exercise” (22 occurrences, 189 link strength) and “physical activity” (9 occurrences,
89 link strength), which show particularly robust links with “cognitive aging” (18 occurrences, 152 link strength).

Second, educational aspects appear as another important pillar, with “educational status” (27 occurrences, 257
link strength) and “education” (15 occurrences, 145 link strength) significantly correlated with “cognitive reserve/
physiology” (24 occurrences, 256 link strength). Finally, although less represented, factors such as bilingualism
and multilingualism emerge (“bilingualism” with 5 occurrences and 44 link strength; “multilingualism” with 8
occurrences and 75 link strength), which appear associated with specific cognitive functions such as “executive
function” (13 occurrences, 92 link strength).

Research in this period shows a clear focus on older populations, as evidenced by the high frequencies of terms
such as “aged” (196 occurrences, 1823 link strengths) and “older adults” (15 occurrences, 112 link strengths).
Particularly relevant is the strong association with conditions such as “mild cognitive impairment” (29 occurrences,
259 link strengths) and “Alzheimer’s disease” (74 occurrences, 553 link strengths), reflecting the interest in
understanding protective factors in contexts of cognitive decline.

At the level of biological mechanisms, terms such as “neuroprotection” (24 occurrences, 143 link strengths) and
“oxidative stress” (25 occurrences, 115 link strengths) frequently appear alongside “lifestyle” (6 occurrences, 64
link strengths), highlighting the interactions between modifiable habits and biomolecular processes.

The analysis also reveals important gaps in the literature. Bilingualism, despite its potential as a protective factor,
has a significantly lower density of studies compared to other factors. Furthermore, the low co-occurrence between
“social class” (7 occurrences, 69 link strengths) and protective factors indicates an important area of opportunity
for investigating how social inequalities can affect access to interventions that promote cognitive reserve. The
methodological data show a predominance of cross-sectional studies (50 occurrences, 488 link strengths) over
longitudinal studies (40 occurrences, 378 link strengths), suggesting the need for further research to establish
causal relationships.
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Figure 1.
Keyword co-occurrence network on cognitive reserve and protective factors
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These findings have important implications for future research. The clear consensus on physical activity and
education as fundamental pillars of cognitive reserve contrasts with the need to delve deeper into other potential
protective factors. Integrating protective factors (17 occurrences, 158 link strengths) into more comprehensive
multifactorial models could help bridge the gap between basic research and practical applications.

Structured interventions

The data from the keyword co-occurrence analysis (figure 2) show that cognitive training emerges as the most
studied intervention, with 17 occurrences and a total link strength of 67. This technique is frequently associated with
improvements in basic cognitive processes, particularly in “memory, short-term/physiology” (6.32) and “cognition/
physiology” (11.62).

The primary target populations are older adults, as evidenced by the high frequencies of “aged” (22.113) and
“aged, 80 and over” (6.43), with a particular interest in evaluating the effects of training on general cognition
(“cognition” = 14.50). The predominant methodological designs include randomized controlled trials, as evidenced
by the presence of randomized controlled trials (10.46) and double-blind methods (8.41), reflecting the scientific
rigor applied in this area of research.

The results show that structured interventions are frequently complemented with neuroimaging assessments,
where brain/diagnostic imaging (6.24) and magnetic resonance imaging (6.28) appear as key tools for measuring
neurobiological changes. Although less represented, physical activity (“exercise” = 5.23) emerges as a supporting
component in some intervention protocols.

The gender distribution in the studies shows a slight predominance of female samples (“female” = 11.70) over

male samples (“male” = 9.59). The term “treatment outcome” (5.24) appears with moderate frequency, suggesting a
growing interest in standardizing the effectiveness measures of these interventions.
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Figure 2.
Keyword co-occurrence network on cognitive reserve and structured interventions
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This analysis reveals two areas that require greater attention in future research: first, the need to include
more diverse populations in terms of age, particularly middle-aged groups (5.36), for early preventive strategies.
Second, the opportunity to integrate more multimodal components into intervention protocols, combining cognitive
training with other proven effective strategies. The data support the validity of structured cognitive training as a
tool to strengthen cognitive reserve, although they point out the importance of tailoring interventions according to
individual characteristics and the specific cognitive domains to be improved.

Social determinants

The results of the keyword co-occurrence analysis for this search formula are presented in figure 3. The
term “cognitive reserve” appears with 10 occurrences and a link strength of 60, demonstrating its fundamental
association with psychosocial factors such as “social participation” (22.183) and “social support” (17154). These
findings underscore the crucial role that social connections play in maintaining cognitive health during aging.

The results show a marked positive correlation between active social participation and indicators of cognitive
well-being. Particularly relevant is the association of “social participation/psychology” (9.104) with “quality of
life” (16.126) and “healthy aging” (13.105), suggesting that social engagement protects cognitive function and also
contributes to healthier aging. In contrast, social isolation emerges as a significant risk factor, with “social isolation”
(9.76) and “loneliness” (9.70) showing negative correlations with markers of cognitive reserve.

Although less studied in comparison, socioeconomic factors reveal their importance through terms such as
“socioeconomic factors” (5.49) and “social class” (5.39), which appear to be linked to higher risks of cognitive
impairment (9.87). These associations point to potential disparities in access to resources that support brain health,
highlighting the need to address social inequalities as an integral part of prevention strategies.

Geographic and cultural differences emerge as another relevant focus of research. Studies in East Asia,
represented by “East Asian people” (7.80) and “China/epidemiology” (15.154), contrast with findings in North
American contexts (“Canada/epidemiology” = 5.40), which could reflect variations in cultural models of aging
and social support systems. This diversity emphasizes the importance of developing contextualized approaches to
strengthening cognitive reserve.
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Figure 3.
Keyword co-occurrence network on cognitive reserve and social determinants
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From a methodological perspective, longitudinal studies (“longitudinal studies” = 34.321) predominate over
cross-sectional designs (“cross-sectional studies” = 29.236), indicating a growing interest in understanding the
long-term trajectories of cognitive decline in relation to social determinants. In addition, qualitative approaches
(“qualitative research” = 9.60) provide valuable insights into subjective dimensions such as “social networks” (5.38)
and “psychological resilience” (7.49), enriching the understanding of the psychosocial mechanisms involved.

The most studied populations include older adults (“aged” = 124.981; “older adults” = 35.256), people in the
transition to retirement (“retirement” = 7.51), and rural residents (“rural population” = 9.87). These research focuses
reflect current priorities in social gerontology, although they also highlight important gaps, particularly with regard
to disadvantaged socioeconomic groups and multicultural populations.

The COVID-19 pandemic (“covid-19” = 740) is emerging as a disruptive factor that has reshaped social dynamics
and its impact on cognitive health, although its study in this specific context remains incipient. This situation
underscores the need for research exploring the long-term effects of enforced social distancing on cognitive reserve
in vulnerable populations.

Proposed conceptual model
Micro Level: Individual factors in the construction of cognitive reserve

The micro level of the proposed model focuses on modifiable factors at the individual level that contribute
to strengthening cognitive reserve, supported by the converging findings of the three bibliometric searches
conducted (figure 4). The data reveal that the individual strategies with the greatest evidence cluster into three
interconnected domains: physical activity, cognitive stimulation, and healthy habits, which show synergistic effects
when implemented consistently.

Physical activity emerges as the best-documented individual factor (Arida & Teixeira-Machado, 2021; Gonzalez-
Garcia et al., 2023). Aerobic exercise, in particular (“exercise” = 22 occurrences in search 2, link strength = 189),
appears consistently associated with improvements in “cognitive function” (6.57) and “cognitive reserve/physiology”

(24.256) according to Gelfo et al. (2022).
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The underlying neurobiological mechanisms include increased cerebral blood flow and hippocampal neurogenesis,
which are particularly relevant for counteracting cognitive aging (18.152) (Webb et al., 2021). However, the analysis
shows that optimal benefits require moderate-to-high intensity and a minimum frequency of 150 minutes per week,
according to the reviewed longitudinal results (“longitudinal studies” = 40.378) (Huang et al., 2024; Yu et al., 2022).

In the area of cognitive stimulation, structured training (“cognitive training” = 17.67) demonstrates efficacy,
especially for executive functions (“executive function” = 13.92) and working memory (“memory, short-term/
physiology” = 6.32) (Andrews et al., 2019). However, the results highlight that its effectiveness increases significantly
when combined with physical activity (co-occurrence “exercise+cognitive training” = 9.78), supporting the
multimodal approach (Held et al., 2022). Bilingualism (“bilingualism” = 5.44) and continuous learning (“education”
=15.145) appear as complementary strategies that promote greater cognitive flexibility, as pointed out by Bialystok
(2021) and Bennet et al. (2019), although with less representation in recent literature.

Figure 4.
Implications for micro-level implementation
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Healthy lifestyle habits complete the triangle of micro-level interventions. The Mediterranean diet, according
to Berendsen et al. (2019) and Tan et al. (2022), shows consistent associations with a lower risk of cognitive
dysfunction (28.249). Furthermore, adequate sleep patterns emerge as an underestimated protective factor (Deary
et al,, 2019; Dupre, 2022).

Current evidence indicates that long-term adherence constitutes the main challenge for interventions at this
level. Health behavior data (5.46) obtained by Luque-Casado et al. (2021) indicate that adherence to physical
exercise in older adults is affected by several variables, including exercise program characteristics, professional
involvement, supervision, technology, and participant education.

Meso-Level: Community networks and environments that facilitate healthy cognitive aging

The meso-level of the integrative model addresses the community and social factors that act as catalysts for
cognitive reserve. The results of the three bibliometric searches reveal that this level is particularly relevant for
sustaining the benefits of long-term interventions, with a demonstrated impact on reducing the risk of cognitive
decline (figure 5).

In this sense, the data show that active social participation (“social participation” = 22 occurrences, link strength
=183) emerges as one of the most consistent predictors of cognitive reserve in older adults, according to Biackman
et al. (2022) and Jaeggi & Waever (2021). Furthermore, Spalding et al. (2021) point out that intergenerational
programs have been shown to improve executive function (“executive function” = 13.92) (Zhong et al, 2020) and
emotional well-being (“life satisfaction” = 6.53) (Pérez Valdivia et al., 2024).
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These findings are reinforced by the strong association between “social support” (17.154) and a lower prevalence
of dementia (“dementia” = 11.66) (Power et al., 2021). In this regard, Larson et al. (2023) corroborate that greater
social participation in middle and old age is associated with a 30-50% lower risk of dementia, possibly due to
increased cognitive reserve and brain maintenance through stress reduction and improved cerebrovascular health.

Figure 5.
Implications for the implementation of the meso level
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Bibliometric analysis identifies that physical and social environments play a determining role. Communities with
greater opportunities for social engagement, such as accessible cultural centers, structured volunteer programs,
and safe public spaces, have lower rates of social isolation (“social isolation” = 9.76) (Fujiwara et al, 2019). It
is noteworthy that Holmes et al. (2019) argue that in rural contexts (“rural population” = 9.87), where access to
specialized services is limited, informal support networks (“social networks” = 5.38) partially compensate for this
deficiency. However, significant disparities persist compared to urban areas.

Macro Level: public policies and structural determinants of cognitive reserve

The macro level of the integrative model examines how political, economic, and social systems influence cognitive
reserve at the population level (figure 6). Bibliometric analyses reveal that this level takes on particular relevance in
the post-pandemic context, where inequalities in healthy cognitive aging have widened.

Data show that nations with integrated active aging policies (“successful aging” = 14.108) perform better on
key brain health indicators (Lucantoni et al., 2023). This highlights the fundamental role of policy decisions in
promoting cognitive well-being (Gonzalez Argote et al., 2024).

Furthermore, research shows that the most effective policies combine targeted interventions with structural
changes. National cognitive stimulation programs (“cognitive training” = 17.67), when implemented alongside
improvements in urban infrastructure (“residence characteristics” = 5.42) and social protection systems (“retirement”
= 7.51), significantly reduce the incidence of cognitive decline, as was the case with Kua et al. (2022) in Singapore.

However, the analysis reveals worrying disparities between regions and socioeconomic groups. Populations
with lower educational levels (“educational status” = 27.257) and greater material deprivation (“socioeconomic
factors” = 5.49) show a significantly higher prevalence of early cognitive problems (Chauvel et al., 2021; Tan & Tan,
2023). These findings underscore the need to address structural inequalities as an essential part of any strategy to
strengthen cognitive reserve at the population level.

Urban design emerges as a determining factor at this macro level. In this regard, the studies by Assem et al.

(2023) and Abbas et al. (2024) stand out, highlighting that cities that incorporate principles of neuroarchitecture
and universal accessibility demonstrate measurable improvements in cognitive health indicators.
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According to Dong et al. (2024), green spaces, accessible transportation, and environments that encourage
social interaction appear consistently associated with greater physical activity (“physical activity” = 6.57), less social
isolation (“social isolation” = 9.76), and better cognitive performance (“cognitive function” = 6.57) in older adults.
These findings support the importance of considering the cognitive dimension in urban planning and territorial
development policies (Veeroja et al., 2022).

Figure 6.
Implications for macro-level implementation
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Within the health systems framework, integrating routine cognitive assessments into primary care has proven to
be a cost-effective strategy (Thompson, 2024). When these assessments are combined with educational campaigns
(“health behavior” = 5.46) and universal access to preventive interventions (“prevention” = 11.86), significant
improvements are observed in the early detection and management of cognitive decline (Pugh et al., 2024).

On the other hand, Awata (2024) highlights the urgency of developing regulatory frameworks that specifically
protect the cognitive rights of older adults (“healthy aging” = 13.105). This includes policies that guarantee access
to evidence-based interventions, protect against age discrimination in the workplace, and promote continued social
inclusion (Warhurst & Black, 2024).

This macro-level completes the integrative model by providing the structural framework necessary for individual
and community interventions to reach their full potential. The challenge for the coming years is to translate these
findings into concrete policies that can be adapted to diverse cultural and socioeconomic contexts. This will ensure
that the benefits of healthy cognitive aging are accessible to the entire population.

CONCLUSIONS

The evidence analyzed confirms that cognitive reserve is a dynamic and multifactorial construct influenced
by elements operating at different levels. At the individual level, regular physical activity, continuous cognitive
stimulation, and healthy habits constitute the foundation for building brain resilience, although their effectiveness
largely depends on long-term adherence and the personalization of interventions. However, these individual efforts
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are insufficient without a community environment to support them, as demonstrated by the positive impact of
intergenerational programs and accessible social spaces in reducing isolation and cognitive decline.

At the macro level, public policies play a decisive role in creating structural conditions that favor active aging,
from inclusive urban design to health systems that integrate routine cognitive assessments. Despite these advances,
critical challenges persist, such as socioeconomic gaps that limit access to protective resources and the limited
research on rural and multicultural populations. Future courses of action should prioritize equity, combining
evidence-based interventions with technological innovations and regulatory frameworks that protect the cognitive
rights of older adults. Ultimately, this comprehensive approach will not only enrich scientific research but also offer
practical tools for building more inclusive and resilient societies in the face of population aging.
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