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Abstract

The study of how engagement in enriching cognitive, physical and social activities in childhood 

impacts cognitive function decades later will advance our understanding of how modifiable 

lifestyle activities promote cognition across the lifespan. 88 healthy older adults (aged 60–80 

years) returned a retrospective questionnaire regarding their participation in seven lifestyle 

activities (musical instrument playing, language learning, sport participation, art/dance lessons, 
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scouting, volunteering, family vacations) before age 13 years. After controlling for current age, 

educational attainment, socioeconomic status of the mother and current engagement in lifestyle 

activities, a greater number of activities were significantly associated with better vocabulary 

abilities, episodic memory and fluid intelligence. The relationships with vocabulary and fluid 

intelligence were mediated by educational attainment. We postulate that engagement in a 

higher number of enriching early life activities is a reflection of both one’s sociocontextual 

environment and engagement with that environment. This engagement leads to attributes relevant 

for educational aspirations/attainment, ultimately contributing to factors that have a lifespan 

impact on cognitive function.
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Introduction

Engagement in cognitively, physically and socially enriching lifestyle behaviors is 

associated with the promotion and maintenance of cognitive function with age (Erickson et 

al., 2011; Kotwal et al., 2016; Mansky et al., 2020; Voss et al., 2010). Importantly, cognitive 

decline and the development of pathological aging are not compulsory effects of aging 

(Pascual-Leone et al., 2011). Maintaining cognitive function with age is likely a function of 

both the brain’s preservation of efficient mechanisms of plasticity (i.e., the nervous system’s 

ability to make adaptations to constantly changing environmental inputs) (Pascual-Leone, 

2006) and the brain’s expression of compensatory responses in the face of pathological 

changes (i.e., brain resilience / cognitive reserve) (Stern, 2012).

Cognitive reserve refers to the adaptability of cognitive processes to brain aging, pathology 

or insult (Stern et al., 2020). Individual differences in cognitive reserve are determined by 

existing cognitive or functional brain processes (Stern et al., 2020). A life course model of 

cognitive reserve put forward by Richards and Deary (Richards & Deary, 2005), proposes 

that (beyond genetics) early social and maternal environments, education and occupational 

attainment, socioeconomic status and degree of enriching lifestyle activities determine 

brain structure (white matter lesions, volume, vascularization) and function (neural network 

density, efficiency, processing capacity). Engagement in modifiable enriching lifestyle 

activities, such as learning a language or musical instrument, physical exercise and team 

sports, volunteering, family vacations and socialization, can promote these mechanism of 

plasticity and cognitive reserve across the lifespan (Bak et al., 2014; Hertzog et al., 2008; 

Mansky et al., 2020; Voss et al., 2010). A small number of recent studies have assessed the 

relationships between engagement in a variety of enriching activities in childhood/early 

adolescence and cognitive function later in life (Chan et al., 2019; Dik et al., 2003; 

Wilson et al., 2003). This is important because during development, the brain may be 

particularly susceptible to environmental and psychosocial processes that can positively 

affect the development of neural mechanisms of plasticity and cognitive reserve (Richards 

& Deary, 2005). It is possible therefore that engagement in a variety of enriching early 

life activities (EELA) during a critical period of brain development (before 13 years) may 
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lead to enhanced mechanisms of plasticity that are still present decades later. Alternatively, 

engagement in EELAs may promote engagement in similar lifestyle activities across the 

lifespan, leading to a consistent upkeep of mechanisms of cognitive reserve (Richards 

& Deary, 2005; Schreiber et al., 2016). Lifespan studies have either looked at in-home 

activities, such as reading and writing (Wilson et al., 2003) or individual activities such 

as participation in physical activity (Dik et al., 2003). A lot of previous research has also 

focused on the frequency of engagement in a given activity, yet the variety of different 

activities may be just as important for the effects on cognitive function (Bielak et al., 

2019). A recent study by Chan and colleagues (Chan et al., 2019) utilized a multimodal 

perspective of EELA involving not only cognitive but also social and physical stimulating 

experiences, and demonstrated a link between greater variety of EELA before age 13 and 

greater performance in a select few cognitive abilities (processing speed and set shifting 

ability), in a sample of older African American adults. Whether these results extend to other 

older populations who are not deemed to be at greater risk for cognitive decline (Mayeda 

et al., 2016) is not known (Chan et al., 2019). However, this knowledge would significantly 

improve both the scientific and public health perspectives on how lifestyle activities can 

promote brain health maintenance across the lifespan.

Educational attainment, often measured as years in formal education is also a strong 

proxy of cognitive reserve (Lövdén et al., 2020), with numerous studies demonstrating 

a relationship between more educational attainment and higher cognitive function across 

the lifespan (Baldivia et al., 2008; Wilson et al., 2019). In a meta-analysis of cognitive 

reserve and cognitive function in older adults, (Opdebeeck et al., 2016) a relationship 

between education and fluid and crystalized abilities (vocabulary) was found, as well as 

with processing speed, with a smaller correlation being seen with episodic memory. The 

education-cognitive function relationship is, in part, a reflection of the sociocontextual 

environment during childhood and how one interacts with that environment (Lövdén et al., 

2020). Consequently, educational attainment may be one pathway through which early life 

activities lead to the long-term promotion of mechanisms of plasticity and cognitive reserve, 

ultimately resulting in better later life cognitive function.

The objectives of this study were therefore to assess whether engagement in a greater 

variety of EELA before age 13 is associated with educational attainment and better later life 

(>60 years) cognitive function using a comprehensive battery of neuropsychological tasks 

in a sample of healthy older adults. We hypothesized that EELA would be associated with 

perceptual, executive, episodic and vocabulary abilities and that education attainment would 

mediate these relationships.

Methods

Participants and study design

Participants in the study comprised a sub-sample of low active (< 3 days of physical 

activity per week) but healthy older adults aged between 60–80 years who participated in 

a randomized controlled trial of exercise (https://clinicaltrials.gov/ct2/show/NCT01472744). 

All outcome data are taken from baseline pre-intervention measurements. All participants 

provided informed consent and the University of Illinois Institutional Review Board 
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approved all procedures used in the study. Inclusion criteria for the original study consisted 

of 1) >75% right-handed on the Edinburgh Handedness Questionnaire; (2) normal or 

corrected-to-normal vision of at least 20/40; (3) no color- blindness; (4) no history of 

stroke, transient ischemic attack, or head trauma; (5) >23 score on Mini-Mental State 

Examination (MMSE); (6) >21 score on Telephone Interview of Cognitive Status (TICS); 

(7) <10 score on Geriatric Depression Scale (GDS). 202 of the original study participants 

(out of 247) who had agreed to be recontacted were sent a letter gauging their interest in 

completing a short questionnaire about their early life experiences. Those interested were 

mailed a short, 10-item paper and pencil questionnaire (supplementary table 1), which were 

completed and returned via US postal service. At the same time, participants read and signed 

a new informed consent document pertaining to these new measures. Full demographic 

information about the included participants (N=88) are detailed in Table 1. No significant 

differences in demographics between the included sub-sample and the initial randomized 

control trial participants existed (supplementary table 1).

Power analysis

We performed a power analysis (in R using the ‘pwr’ package) on our sample size to ensure 

sufficient power was gained to detect a true effect. Based on our sample size (N=88) and 

an assumed type I error rate of 0.05, we calculated an estimated 88% power to detect an 

effect size of 0.19 from multiple linear regression with five covariates in our main analysis 

(association between EELA and cognitive function).

Enriching early life activities

Enriching early life experiences were assessed through a retrospective questionnaire. The 

questionnaire asked for a “yes” or “no” answer to whether they participated in the following 

seven activities before the age of 13 years; “Did you play a musical instrument?” “Did you 

take art, dance or musical lessons?” “Did you play team sports?” “Did you study a foreign 

language?” “Did you volunteer at a place of worship?” “Did you participate in scouting?” 

“Did you take family vacations?” The main measure was comprised of the sum total of all 

“yes” answers with a resultant score ranging from 0-to-7, where a higher score meant more 

engagement in early life activities.

Outcome measures

Educational attainment was measured as the total number of years in formal education. 

Cognitive performance was assessed using a comprehensive battery of neuropsychological 

assessments taken from the Virginia Cognitive Aging Project (Salthouse & Ferrer-Caja, 

2003). A detailed description of each task can be found in a previous open access 

publication (Baniqued et al., 2018). We grouped each task into four broad cognitive domains 

(sum of the standardized (z-score) score of each individual task) based on a previous 

principal component analysis performed using the same dataset (Baniqued et al., 2018). 

These included: word vocabulary, picture vocabulary and synonym-antonym, to create a 

‘vocabulary’ domain; digit symbol, letter comparison and pattern comparison, to create a 

‘perceptual speed’ domain; logical memory, paired associations and word recall, to create a 

‘episodic memory’ domain; Shipley abstraction, foam boards, letter sets, matrix reasoning, 
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paper folding and spatial relations, to create a ‘fluid intelligence’ domain. Composite scores 

for each domain were computed by averaging the z-scores of each task.

Covariates

Covariates included current age (in years), gender, the subjective socioeconomic status 

(SES) of the participants’ mother, per studies showing a relationship between early 

childhood SES and later life outcomes (Guralnik et al., 2006; Rahkonen et al., 1997) and 

engagement in current lifestyle activities. The mothers’ subjective socioeconomic status 

was measured using a ladder ranging from 1-to-10 asking “what did you consider the 

socioeconomic status of your mother?”, with 1 being ‘worst off’ and 10 being ‘best off’. 

This was measured in accordance with previous publications (Chan et al., 2019). Current 

engagement in lifestyle activities was measured as the number of later life activities via a 

23-item questionnaire that probed participants engagement in a variety of activities ranging 

from volunteer work, gardening and cooking to crosswords, drawing and socialization. A 

detailed description of the questionnaire development can be found in a previous publication 

(Carlson et al., 2012). We used the sum of “yes” answers as our covariate.

Statistical analyses

All statistical analyses were performed in R Version 3.6.3 (R Foundation for Statistical 

Computing, Vienna, Austria). The independent associations between EELA and cognitive 

performance/educational attainment were assessed using separate multiple linear regression, 

controlling for current age, gender, education (cognitive models), mother’s SES and current 

engagement in lifestyle activities. Model assumptions were checked using Q-Q and fitted 

vs. residual plots in R and the normality of the residuals was formally checked using 

Shapiro-Wilk tests of normality. The significant influence of outliers was checked using 

Cooke’s distance with a cut off of 0.5 (no outliers removed). Beta coefficients (β) with 

95% confidence intervals are given and model fitness is presented as adjusted R2 values 

and significance is considered at the p < .05 level. To account for a violation of the model 

assumptions (normality of residuals) in the vocabulary model, a generalized linear model 

with a gaussian family and identity link function was fit (both for the multiple linear 

regression and subsequent mediation models). Multiple comparisons (for cognitive models) 

were corrected for using Bejamini and Hochberg’s false discovery rate (FDR) at a q value 

of 0.05, after pooling the p values from the regression analysis. FDR-adjusted p values 

(FDRpval) are presented. A table of all bivariate correlations between each independent and 

dependent variable is included in supplementary table 2.

Mediation analysis using the R package ‘mediation’ (Tingley et al., 2014) was performed 

to assess whether educational attainment mediated the associations between EELA and 

later life cognitive performance, taking into account all covariates (current age, gender, 

mother’s SES, current lifestyle activities; see figure 1 for graphical representation of the 

model). The total effects (effect of X on Y), direct effects (effect of X on Y taking into 

account M (ADE)) and indirect effects (or ‘mediation effect’, the total effect minus the 

direct effect (ACME)) are reported. The presence of statistical mediation was determined 

through nonparametric bootstrap confidence intervals via 1000 bootstrap resamples of the 

estimated indirect effect. The estimated indirect (ACME) effect corresponds to the reduction 
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in the independent variable effect on the dependent variable when adjusted for the mediator. 

For the direct and total effects, the estimate is interpreted as per 1-unit (1 EELA activity) 

increase.

To formally assess the robustness of the mediation findings to potential violations of the key 

assumption to mediation (sequential ignorability (SI) (Albert & Wang, 2015), i.e., that no 

unmeasured confounders effect X on M nor M on Y), we used sensitivity analyses per Imai 

et al. (Imai et al., 2010). The sensitivity parameters are presented as the correlation between 

the two error terms for the outcome and mediation models (rho) at the point at which the 

ACME becomes 0. That is, how large does this correlation need to be for mediation to 

disappear? Alternatively, we also express the sensitivity parameter as the function of the 

coefficient of determination (R2) for the proportion of original variance explained by the 

unobserved confounder (R^2_M*R^2_Y*) and the proportion of the previously unexplained 

variance explained by the unobserved confounder (R^2_M ~ R^2_Y~). That is, how large 

must the unobserved confounder be (relative to the observed pretreatment covariates in the 

model) for mediation to disappear (Imai et al., 2010).

Results

Participant characteristics

Table 1 presents the participant characteristics. At the group level, participants engaged in 

multiple early life activities, where a majority of participants learned to play a musical 

instrument, took extracurricular lessons, volunteered at a place of worship, engaged in the 

scouts and went on family vacations.

Relationship between EELA and later life cognitive performance

We examined whether EELA were associated with later life cognitive performance, 

controlling for current age, gender, mother’s SES and current engagement in lifestyle 

activities (figure 2). Episodic memory (β =.15, 95%CI = 0.04, 0.25, p = .005, aR2=.15, 

FDRpval = .01), fluid intelligence (β =.12, 95%CI = 0.03, 0.21, p = .008, aR2=.16, FDRpval 

= .011) and vocabulary (β =.20, 95%CI = 0.08, 0.32, p = <.001, aR2=.14, FDRpval = .002), 

were all significantly associated with EELA, which remained significant after multiple 

comparison correction. Perceptual speed was not associated with EELAs (β =.04, 95%CI = 

−0.05, 0.14, p = .369, aR2=.33).

Relationship between EELA and educational attainment and later life activities

We further asked if EELA were associated with educational attainment after controlling 

for mother’s SES. We found that the greater engagement in EELA, the more education 

was attained (β =.52, 95%CI = 0.20, 0.85, p = .001, aR2=.10). Furthermore, a trending 

but non-significant association between the variety of EELAs and the variety of later life 

lifestyle activities was seen (β =.46, 95%CI = −0.005, 0.92, p = .052, aR2=.03).

Mediation results and sensitivity analyses

Given EELA (prior to age 13) were significantly associated with later life cognitive 

performance and educational attainment, we asked whether the number of years of education 
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mediated the relationship between EELA and later life cognitive performance. Table 2 

displays the results of mediation analyses, where education significantly mediated the 

relationship between EELA and later life fluid intelligence and vocabulary, after controlling 

for current age, gender, mother’s SES and current engagement in lifestyle activities.

Sensitivity analyses suggest that the EELA-Fluid intelligence relationship appears more 

sensitive to violations of the SI assumption than the EELA-vocabulary relationship, with a 

moderate correlation between error terms (.25) and a moderate amount of variance required 

by an unobserved confounder to see null result (6%) (table 3).

Discussion

Cognitive decline and onset of neurodegenerative disease is not an obligatory consequence 

of aging (Pascual-Leone et al., 2011; Yaffe et al., 2009). That is, certain individuals are 

capable of maintaining their cognitive function with age (Josefsson et al., 2012; Yaffe et al., 

2009). A corpus of research has focused on the concept of cognitive or brain reserve (Barulli 

& Stern, 2013) and how it can promote cognitive function with advancing age, even in the 

face of neuropathology (Katzman et al., 1988). Educational attainment and occupational 

complexity have been used as proxies for cognitive reserve (Baldivia et al., 2008; Richards 

& Deary, 2005; Wilson et al., 2019) and have shown robust and replicable associations 

with cognitive performance in older adults (Lövdén et al., 2020; Opdebeeck et al., 2016). 

Further, interest in how modifiable lifestyle factors can promote and maintain cognitive 

function across the lifespan has increased. A wealth of literature demonstrates that social 

(Kok et al., 2018; Kotwal et al., 2016), intellectual (Bak et al., 2014; Mansens et al., 2018) 

and physical activities (Erickson et al., 2011; Kramer & Erickson, 2007) are beneficial for 

cognitive function in childhood (Donnelly et al., 2016; Hillman et al., 2011), midlife (Chang 

et al., 2010) and older healthy adults (Kotwal et al., 2016; Kramer & Colcombe, 2018). In 

our study, we demonstrated that educational attainment is one pathway through which early 

modifiable lifestyle activities (< 13 years of age) promote later life (over 60 years of age) 

cognitive function.

A small number of studies have taken a lifespan approach to study how early engagement 

in enriching activities affect later life cognitive function (Chan et al., 2019; Dik et al., 2003; 

Oveisgharan et al., 2020). This may be highly important as during childhood, the brain may 

be particularly sensitive to environmental and psychosocial processes that can beneficially 

affect the development of neural mechanisms of plasticity (Richards & Deary, 2005), key 

to the maintenance of cognitive function in older adults (Barulli & Stern, 2013; Scarmeas 

& Stern, 2003). For example, early engagement in physical exercise (15 to 25 years) was 

shown to be positively associated with later life processing speed (Dik et al., 2003), a result 

which was partially replicated in another study by Chan and colleagues (Chan et al., 2019). 

In Chan et al., (Chan et al., 2019) rather than focusing on a single activity the authors 

demonstrated that a variety of EELAs (using an identical retrospective questionnaire to the 

present study) were associated with higher later life processing speed (patten comparison) 

and set-shifting (trail-making test-B), in a sample of African American older adults. A 

key discrepancy between Chan and colleagues and our results is that we failed to see a 

relationship between EELA and processing speed. The use of empirically-derived construct-
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level cognitive abilities is often preferred to characterize cognitive function than individual 

tasks owing to their greater construct validity (Caemmerer et al., 2020), which may in part 

provide some explanation as to the discrepancies in the finding between studies. However 

it is more likely that the inconsistencies are reflective of a difference in the populations’ 

samples, with the study by Chan and colleagues consisting of mostly African American 

participants with greater risk factors for cognitive decline (Mayeda et al., 2016), where 

in our study, participants with certain risk factors were screened out and consisted of 

only healthy older adults. This interpretation is perhaps strengthened by a recent study 

(Oveisgharan et al., 2020) that found the relationship between early cognitive enrichment 

(without social or physical activities) and later life cognitive decline was attenuated when 

including Alzheimer’s disease indices into the model, concluding that lower pathology may 

explain some part of the relationship between early life enrichment and later life cognitive 

function (Oveisgharan et al., 2020).

Our results further demonstrated that education attainment mediated the effects of EELAs 

on later life fluid intelligence and vocabulary abilities, but not perceptual speed or episodic 

memory. At the global level, the associations between education attainment and cognitive 

function likely reflect both sociocontextual (environmental) factors throughout development 

as well as how an individual interacts (through their own actions and behaviors) with 

the contextual opportunities available (Lövdén et al., 2020). In this scenario, EELAs 

are likely, in part, a reflection of the sociocontextual environment (higher parental and 

financial resources, greater likelihood of family vacations/art and music lesson, for example) 

that lead to greater development of psychological and behavioral characteristics relevant 

for scholastic performance and educational aspirations (Lövdén et al., 2020; Sewell et 

al., 1970). The two ultimately contribute to increased cognitive function decades later. 

Importantly, this relationship does not appear to be unique to our sample of healthy older 

and mostly Caucasian adults with Chan and colleagues demonstrating a similar relationship 

in a sample of mostly African American adults (Chan et al., 2019).

There was no association between EELA and processing speed and education did 

not mediate this nor the relationship with episodic memory. In a meta-analysis of 

cognitive reserve and cognitive function in older adults (Opdebeeck et al., 2016), episodic 

memory had the smallest correlation with education compared to reasoning abilities (fluid 

intelligence) and vocabulary abilities (even though a relationship did exist, as did one 

between education and processing speed). However across studies it appears that the 

relationship between cognitive reserve proxies of education and cognitively-stimulating 

activities with cognition (Baldivia et al., 2008) differs depending on which cognitive 

domain is assessed (Opdebeeck et al., 2016). Whilst the immediate effects of education 

on fluid and crystallized abilities appear robust (Ritchie & Tucker-Drob, 2018), the direct 

effects of educational attainment on later life cognitive function or decline appear to be 

marginal (Lövdén et al., 2020; Protzko, 2015). Numerous studies do suggest that educational 

attainment affects later life cognitive function indirectly via a number of pathways related to 

self-selection of environmental demands across the lifespan (e.g., occupational complexity, 

lifestyle choices) that can reduce the fade-out of education’s effects on later life cognition 

(Lövdén et al., 2010, 2020). It is of note that the result that education mediated the 

association between EELA and fluid intelligence and vocabulary (a form of crystallized 
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knowledge) is in line with the mutualism model put forward by Van der Mass and colleagues 

(van der Maas et al., 2006) that suggests their exits a bidirectional coupling of fluid and 

crystallized abilities. Cattell (Cattell & Cattell, 1971) hypothesized that those with higher 

fluid abilities would acquire more crystallized knowledge (via effortful cognitive processing) 

and more recently it has been shown that this relationship is likely bidirectional (Ferrer 

et al., 2010; Ferrer & McArdle, 2004; Kievit et al., 2017) and fundamentally facilitated 

by education (Lövdén et al., 2020). This is then perhaps one theory as to why we see an 

EELA-education-fluid/crystallized ability mediation in our study.

A life course model of cognitive reserve put forward by Richards and Deary (Richards 

& Deary, 2005), proposes that (beyond genetics) early social and maternal environments, 

education and occupational attainment, socioeconomic status and degree of lifestyle 

activities determine brain structure (white matter lesions, volume, vascularization) and 

function (neural network density, efficiency, processing capacity). It is possible therefore 

that greater engagement in EELAs during a critical period of brain development (before 13 

years) may lead to enhanced mechanisms of plasticity that are still present decades later. 

Alternatively, engagement in EELAs may promote engagement in similar lifestyle activities 

across the lifespan, leading to a consistent upkeep of mechanisms of cognitive reserve 

(Richards & Deary, 2005; Schreiber et al., 2016). Prior literature has demonstrated a link 

between childhood engagement in sports participation and physical exercise later in life 

(Telama et al., 2005), and Kagitcibasi and Colleagues (Kagitcibasi et al., 2009) found long 

lasting (22 years) beneficial effects of early enrichment on cognitive, social and educational 

achievement trajectories into young adulthood, compared to children who did not receive 

enrichment. Nevertheless, we did not find a significant correlation between EELA and later 

life activities.

Our results should be considered in light of their limitations. Firstly, the EELA questionnaire 

deployed, identical to that of previous studies (Chan et al., 2019; Moored et al., 2018) relied 

upon retrospective recall, which is susceptible to recall bias. Nevertheless, free from emotion 

and retrospective impact bias, such questionnaires that are designed to have low recall bias 

by asking simply whether one engaged or not in these actives has been shown to be very 

accurate, even after 50+ years (Berney & Blane, 1997). Notwithstanding, the questionnaire 

used did not capture duration of activity engagement nor intensity, which could provide 

greater information about engagement that we are unable to speculate upon. Additionally, 

our sample of healthy older adults was taken from a randomized clinical trial of exercise for 

cognitive and brain health study with explicit inclusion and exclusion criteria, not specific 

to the study of EELA and later life cognitive function, namely this sample included older 

adults who we deemed sedentary (spent less than 3 days per week performing any type of 

physical activity). Whilst this is a definite selection bias and should be considered, it is also 

perhaps reflective of the general US population with over a 3rd (34.8%) leading a sedentary 

lifestyle (Du et al., 2019), and of high-income Western countries on the whole (Guthold et 

al., 2018).

In light of our findings and of those in previous studies, strategies to increase childhood 

participation in a variety of enriching lifestyle activities should be developed to help 

maintain and promote cognitive function across the lifespan.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Statement of relevance

Maintaining cognitive function with advancing age is fundamental to quality of life and 

independent living. Adherence to and participation in enriching activities, such as sport, 

dance, musical and art have beneficial effects on cognitive function. Engagement in 

these activities during a critical period in childhood may lead to optimal trajectories of 

brain development and lifestyle factors (educational attainment, occupational complexity, 

lifelong adherence to activities) which continue to have beneficial effects on cognitive 

function with advancing age. Our results demonstrate that the more variety of enriching 

early life activities (before age 13 years), the higher the educational attainment that is 

reached, leading to better cognitive function later in life (after age 60 years). Our results 

have wide ranging implications for both our understanding of how our interactions with 

our environment across the lifespan affect cognitive function and for the development of 

strategies to increase childhood engagement in enriching activities.
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Figure 1. 
Conceptual model for the mediation analysis. X being the exposure (EELA), M the mediator 

(educational attainment), the outcome Y (cognitive performance), covariates C and the 

unmeasured mediator-outcome confounder, U, which itself can be affected by X.
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Figure 2. 
Scatter plots illustrating the significant relationships between EELA and our outcome 

measures. Standardized beta coefficients (β) are presented. * signifies statistical significance 

after multiple comparison corrections (FDR), for the cognitive models only.
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Table 1.

Participant Characteristics

Overall

N 88

Current age (mean (SD) 65.81 (4.72)

Gender: Female (%) 63 (71.6)

Race (%)

Caucasian 79 (89.7)

African American 7 (8)

Asian/Pacific Island 2 (2.3)

Years of education (mean (SD) 15.89 (2.66)

Mother’s SES (mean (SD) 5.93 (2.01)

Mini mental status exam (mean (SD) 28.65 (1.36)

EELA composite (mean (SD) 4.16 (1.78)

EELA specific

Musical instrument (%) 58 (65.9)

Extracurricular lessons (%) 62 (70.5)

Team sports (%) 30 (34.1)

Foreign language (%) 20 (22.7)

Volunteer at place of worship (%) 72 (82.8)

Scouts (%) 65 (73.9)

Family vacations (%) 59 (67.0)

Current lifestyle activities (mean (SD) 16.25 (3.58)
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Table 2.

Mediation analysis results

Outcomes Total effect ADE ACME

Beta(95%CI) Beta(95%CI) Beta(95%CI)

Episodic memory .15(0.03,0.26)* .12(0.02,0.24)* .02(−0.02,0.07)

Fluid intelligence .12(0.01,0.22)* .08(−0.01,0.19) .03(0.003,0.07)*

Vocabulary .2(0.06,0.34)* .13(−0.002,0.26) .07(0.01,0.14)*

Perceptual speed .05(−0.06,0.14) .02(−0.08,0.13) .02(−0.01,0.06)

Each model was adjusted for age, gender, mother socioeconomic status and engagement in current lifestyle activities. ADE = average direct effect; 
ACME = average causal mediation effect.

*
Denotes statistical significance at p < 0.05 and 95% CI not including 0.
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Table 3.

Sensitivity analyses

Outcomes

Fluid intelligence Vocabulary

Rho at which ACME = 0 .25 .4

R^2_M*R^2_Y* at which ACME = 0: .06 .16

R^2_M ~ R^2 Y~ at which ACME = 0: .03 .08
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