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Abstract

Background: A higher level of academic education is associated with higher levels of physical
activity across the life course. However, the mechanisms underlying this association remain
unclear. Cognitive functioning is a potential mediator of this association, as higher levels of
education are associated with better cognitive function, which is associated with greater
engagement in physical activity. Therefore, this study aimed to investigate whether cognitive
function mediates the relationship between education and physical activity.

Methods: We used large-scale longitudinal data from 96,990 adults 50 years of age or older
(54% women) from the Survey of Health, Ageing and Retirement in Europe (SHARE).
Education and physical activity were self-reported. Two indicators of cognitive function
including delayed recall and verbal fluency were measured using cognitive tests. All measures
were collected seven times between 2004 and 2019. The mediating role of cognitive function
was tested using multilevel mediation analyses.

Results: Higher levels of education were associated with better cognitive function, which was
associated with higher physical activity, demonstrating an indirect effect of education on
physical activity through cognitive function. Cognitive function explained 91.6% of the total
effect of education on physical activity. Moreover, education was no longer significantly
associated with physical activity after adjustment for cognitive function.

Conclusions: These findings suggest that cognitive function mediates the association between
education and physical activity. This study provides new evidence for the beneficial role of
education and cognitive function in regulating physical activity in older adults.
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Introduction

Educational attainment plays a crucial role in promoting the engagement in multiple health
behaviors,!** such as physical activity.’® Less educated people exhibit a higher risk of physical
inactivity, a risk that increases with age.®%'9 Moreover, a recent Mendelian randomization
study conducted on middle-age Finnish adults revealed that a higher level of education was
associated with more time spent on physical activity.’ Overall, these findings support the role
of education in determining physical activity levels and their maintenance across the life course.
Still, gaps remain in our understanding of the mechanisms underpinning this association.

Several mechanisms may explain why lower levels of education lead to a less physically active
lifestyle. Firstly, poor health literacy has been suggested to explain the relationship between
lower education and lower engagement in protective health behaviors.!!"!5 Secondly, less-
educated people may have developed weaker motivation and self-efficacy toward health-
protective behaviors, putting them at higher risk for disengagement from these behaviors.!¢-1?
Thirdly, because the place of residence is influenced by sociocultural position,?° less-educated
people are more likely to live in disadvantaged physical (e.g., poor-maintained facilities, lack
of aesthetic and natural spaces) and social environments (e.g., unsafe and isolated areas), which
could contribute to their lack of engagement in physical activity.?!->3

In addition to these mechanisms, cognitive function is a potential candidate to mediate the
association between education and physical activity. On the one hand, previous studies and
meta-analyses showed that higher levels of education were associated with better cognitive
function.?*?° On the other hand, studies showed that better cognitive function predicted higher
engagement in physical activity.’*3* Conceptually, according to the Theory of Effort
Minimization in Physical Activity (TEMPA),* this latter association is explained by the fact
that cognitive function is considered necessary to counteract the innate human attraction to
effort minimization.>>* In line with this view and consistent with epidemiological and
neurobehavioral evidence, experimental studies have demonstrated that cognitive function is
crucial in inhibiting this automatic attraction to physical inactivity and in promoting regular
engagement in physical activity.*"** In sum, the above literature suggests that cognitive
function underlies the association between education and physical activity. However, to the
best of our knowledge, no study has directly investigated this potential mediation.

The objective of the present study was to examine whether cognitive function mediates the
relationship between education and physical activity in adults 50 years of age or older. Based
on the previous literature, we hypothesized that higher cognitive function explains the positive
relationship between and physical activity.

Methods

Participants and study design

Data were drawn from the Survey of Health, Ageing and Retirement in Europe (SHARE), a
longitudinal population-based study of adults 50 years of age or older living in 27 European
countries and one middle east country.** Data were collected every two years between 2004
and 2019, with a total of eight measurement waves using computer-assisted personal interviews
(CAPI) in participants’ homes. Physical activity and cognitive function (delayed recall and
verbal fluency) were assessed in all measurement waves except wave 3 (2008-2009). Education
level was measured when participants were first included in the study. The SHARE study was
approved by the relevant research ethics committees in the participating countries, and all
participants provided written informed consent. To be included in the study, participants must
have at least one measure of physical activity, one measure of cognitive function, and indicated



their education level. We excluded individuals with suspected dementia at baseline, as indicated
by a score above two on the time-orientation question,?® and people who reported more than
two limitations in activities of daily living (ADL) at baseline.

Measures

Outcome: Physical activity

Physical activity was derived from the following two questions: “How often do you engage in
activities that require a low or moderate level of energy such as gardening, cleaning the car, or
going for a walk?” and “How often do you engage in vigorous physical activity, such as sports,
heavy housework, or a job that involves physical labor?” 21314346 Participants responded using
a four-point scale: 1 = more than once a week; 2 = once a week; 3 = one to three times a month;
4 = hardly ever or never. Participants who did not respond “more than once a week” to any item
were classified as physically inactive. As described in previous research,”#4 this strategy
reduces the potential misclassification bias that would lead to misclassifying physically inactive
participants as physically active.

Independent variable: Education

The level of education was based on the UNESCO’s International Standard Classification of
Education (ISCED),*” and participants were defined as having a high level of education (ISCED
levels 5 and 6, indicating tertiary education) or a low level of education (ISCED levels 0 to 4,
indicating primary or secondary education).*

Mediating variables: Cognitive function

Cognitive function was assessed using two indicators including delayed recall and verbal
fluency. Delayed recall is a reliable predictive measure of the development of dementia.*->°
Delayed recall was extracted from an adapted 10-word delayed recall test.>! First, participants
listened to a list of 10 words that were read out loud by the interviewer. Then, they were
immediately asked to recall as many words as possible. At the end of the cognitive testing
session, the participants were asked to recall the words from the list a second time, which
captured a delayed recall score. This score ranged from 0 to 10, with higher scores indicating a
better cognitive function. In the verbal fluency test,>? the interviewer asked participants to name
as many different animals as they could think of in one minute. The score was the total number
of correctly named animals, with a higher score indicating better performance.

Covariates and potential confounders. We conducted a directed acyclic graph (DAG) to
identify potential confounding variables.>*>* Specifically, the following variables were
included: age group (50-64, 65-79, 80-96 years), birth cohort [war (1914-1918, 1939-1945),
great depression (1929-1938), no war nor economic crisis (before 1913, 1919-1928, after
1945)], sex (male, female), and country of residence.

Statistical analysis

The mediating role of cognitive function on the association between education and physical
activity was analyzed using mixed-effects models, which account for the nested structure of the
data (i.e., repeated measurement over time within a single participant) and provide acceptable
Type 1 error rates.>> The random structure included a random intercept for participants and a
random linear slope of measurement wave (1 to 8) for participants. This latter random effect
enabled the model to consider that each participant could have their own evolution of cognitive
function and physical activity across time. Including these random effects in the models favors
a correct estimation of fixed effects and of significance (i.e., p-values), despite the dependency
between observations for a same individual.



Consistent with previous literature,’®>7 we relied on two complementary approaches to test the

mediation process. First, the distribution-of-the-product coefficients approach was conducted
using the RMediation package.’® This approach provides confidence intervals around the
indirect effects using a bootstrap method. Second, we tested the parameters of the individual
models to confirm the significance of the indirect pathway using the component approach.>®
This approach tests each component of the indirect effect (i.e., from the independent variable
to the mediator [the first component] and from the mediator to the outcome [the second
component]) (Figure 1) and refers to the causal steps test,®® or the joint-significant test.%! In
comparison with sole reliance on a bootstrapped approach, the component approach provides
decreased risks of Type I errors.>

Two mixed-effects models were computed to investigate the mediating role of cognitive
function on the relationship between education and physical activity. The first linear model
(Model 1) tested the association between education and cognitive function (i.e., @ path, from
exposure to mediator), after adjusting for confounders. The second logistic model (Model 2)
tested the association between cognitive function and physical activity (i.e., b path, from
mediator to outcome), after adjusting for confounders and education. Note that in Model 2, both
indicators of cognitive function were included at the same time to examine the association
between a given indicator of cognitive function and physical activity, above and beyond the
effect of the second indicator. In the distribution-of-the-product method of the Rmediation
package, an indirect effect is assumed when the 95% confidence interval around the indirect
effect does not include zero. In the component approach, an indirect effect is evidenced if both
the association between education and cognitive function (i.e., @ path, Model 1) and the
association between cognitive function and physical activity (i.e., b path, Model 2) are
significant. The proportion of the total effect explained by the mediating variable was calculated
by subtracting the direct effect (¢’ path) from the total effect (¢ path), and then dividing this
result by the total effect (i.e., [total effect - direct effect] / total effect). Estimates of the effect
size for fixed effects were reported using the marginal and conditional pseudo-R? computed
with the MuMin R package.5?

Sensitivity analyses

Two sensitivity analyses were conducted. The first sensitivity analysis excluded participants
who dropped out during the survey (i.e., participants who responded to neither wave 7 nor wave
8). The second sensitivity analysis excluded participants who died during the survey.

Robustness analysis

We conducted a robustness analysis in which a time lag was created between cognitive function
(i.e., the mediator) and physical activity (i.e., the outcome). Accordingly, in line with previous
literature,® for a given wave (with the exception of wave 1), cognitive function was assigned
the score of the preceding wave. This approach was intended to reduce a potential reverse
causation bias on the observed associations.

Results
Descriptive results
A total of 96,990 participants (54.3% women) were included in the sample. Table 1 presents
the characteristics of the participants stratified by education level. Simple association tests
showed that participants with higher levels of education had better cognitive function, were
more physically active, younger, and more likely to be a man (ps <.001).



Table 1. Baseline characteristics of the participants across the level of education

N =96,990 Low education High education p-value
(N =175,278) (N=21,712)

Outcome: Physical activity

Physically inactive, n (%) 20126 (26.7) 4570 (21.0)

Physically active, n (%) 55152 (73.3) 17142 (79.0) <.001
Mediator: Cognitive function
Delayed recall, mean = SD 27+1.3 34+£1.0 <.001
Verbal fluency, mean = SD 189+7.3 23.5+7.7 <.001
Other covariates
Age, n (%)

50-64 42514 (56.5) 14452 (66.6)

65-79 27718 (36.8) 6403 (29.5)

80-96 5046 (6.7) 857 (3.9) <.001
Gender

Women, n (%) 41799 (55.5) 10919 (50.3)

Men, n (%) 33479 (44.5) 10793 (49.7) <.001
Birth Cohort, n (%)

After 1945 40905 (54.3) 14298 (65.8)

Between 1939 and 1945 15296 (20.3) 3985 (18.4)

Between 1929 and 1938 14494 (19.3) 2729 (12.6)

Between 1919 and 1928 4583 (6.1) 700 (3.2) <.001

Note. Baseline = first measurement for each participant; SD = standard deviation; High education = tertiary
education; Low education = no tertiary education; p-values are based on the analysis of variance and chi-square
tests for continuous and categorical variables, respectively, testing the effect of physical activity at baseline
(physically active vs. physically inactive) on these variables.

Main analyses

Results of the mediation analysis based on the distribution-of-the-product approach showed a
significant indirect effect of education on physical activity through both verbal fluency (b =
0.16, 95% confidence interval [95% CI] = 0.15-0.17) and delayed recall (b = 0.04, 95% CI =
0.04-0.05) (Table 2).

Table 2. Results of the distribution-of-the-product coefficients approach

(N =96,990) b (95% CI)
Mediators
Delayed recall 0.044 (0.039;0.050)
Verbal fluency 0.161 (0.153;0.170)
Proportion of mediated effect 91.6%

Note. 95% CI = confidence interval at 95%. An indirect effect is assumed when the 95% confidence interval
around the indirect effect does not include zero.

Results of the mediation analysis based on the component approach (Table 3) showed that, in
Model 1, individuals with a high (vs. low) education had better cognitive function (b = 3.44,
95% CI =3.35-3.53, p <.001; b = 0.49, 95% CI = 0.48-0.51, for verbal fluency and delayed
recall, respectively). In Model 2, results showed that better cognitive function was associated
with higher odds of being physically active (vs. inactive) (b = 0.05, odds ratio [OR] = 1.05,
95% CI = 1.04-1.05, p <.001; b = 0.09, OR = 1.09, 95% CI = 1.08-1.11, for verbal fluency
and delayed recall, respectively). Because the two components of the mediation were
significant for both indicators of the cognitive function, these results were consistent with the
results of the mediation analysis based on the distribution-of-the-product method and supported
a significant indirect effect of education on physical activity through cognitive function.
Further, in Model 2, after adjusting for cognitive function (i.e., both delayed recall and verbal
fluency), results showed that the association between education and physical activity was not
significant (b= 0.02, OR =1.02, 95% CI = 0.98-1.06, p = .323), suggesting that the association
of education with physical activity was fully mediated by cognitive function. Note that the



effect of education on physical activity when cognitive function was not adjusted in the models
was equal to b= 0.22 (OR = 1.24; 95% CI = 1.20-1.29, p <.001). Thus, the proportion of the
total effect of education on physical activity that was mediated by cognitive function was
91.6%. Model 2 explained 13.6% of the marginal variance and 39.8% of the conditional
variance in physical activity.

Table 3. Results of the component approach

Model 1 Model 2
(N'=96,990) Cognitive function Physical activity
Predictors: Delayed recall Verbal fluency
b (CI) p b (95% CI) p [b] OR (95% CI) P

Education (ref. Low) 0.49 (0.48;0.51) <.001 3.44 (3.35;3.53) <.001 [.02] 1.02 (0.98;1.06) 323
Cognitive function

Delayed recall - - - - [.09] 1.09 (1.08;1.11) <.001

Verbal fluency - - - - [.05] 1.05 (1.04;1.05) <.001

Note. 95% CI = confidence interval at 95%; OR = Odds Ratio. Results are derived from mixed-effects models.
Results of Model 1 are derived from linear mixed-effects models, whereas results of Model 2 are derived from
logistic mixed-effects models. The coefficients estimating the association between education and cognitive
function were obtained using two separated models (i.e., one model estimating the association between education
and verbal fluency, and a second model estimating the association between education and delayed recall), whereas
the coefficients estimating the associations between the cognitive function and physical activity were obtained
with a single model including both cognitive function at once. The latter model allowed examining the specific
contribution of each cognitive function on physical activity. Models were adjusted for wave of measurement (fixed
and random), age, sex, birth cohort, and country of residence.

Figure 1. Mediation model.

Verbal fluency

b =0.05%**

Delayed recall

a=0.49%*%

\ 4

Education Physical activity

¢’ =0.02" (c = 0.22%*%)

Note. ***: p <.001; c = total effect; ¢’ = direct effect; a = path Model 1; b = path Model 2.

Sensitivity and robustness analyses

The sensitivity (supplemental table S1 and S2) and the robustness analyses (supplemental table
S3) yielded consistent results to the main analyses. Specifically, we found a significant indirect
effect of education on physical activity through both cognitive functions. Note that for the
robustness analysis, which has introduced a time lag between cognitive function and physical
activity, the proportion of the mediated effect was lower relative to the proportion observed in
the main analysis (i.e., 55.8% vs. 91.6%). Moreover, in this robustness analysis, education
remained significantly associated with physical after adjustment for cognitive function.



Discussion

Main findings

This large-scale study of European adults aged 50 years or older revealed that the association
between education level and physical activity behavior was explained by cognitive function:
higher educational level was associated with increased cognitive function, which in turn
promoted higher physical activity. Education level was no longer significantly associated with
physical activity after adjustment for cognitive function, suggesting that cognitive function
explained the protective role of high education level on physical activity. In this section, we
discuss our results in the context of previous literature, elaborate on the mechanisms likely to
explain the observed associations, and we provide some limiting conditions to these findings.

Comparison with previous studies

Our results showed an association between education and physical activity that is consistent
with earlier evidence indicating that individuals with a higher level of education are more likely
to engage in a wide range of health-protective behaviors,'* including physical activity.>® The
role of education in promoting a sustained engagement in health behaviors can be explained by
several mechanisms, including, but not limited to, increased knowledge of the health
recommendations (i.e., health literacy),!!''* a greater motivation or ability to engage in
protective health behaviors,!5!8 as well as better physical and social conditions.?’?* Here, we
demonstrate, for the first time, that this association could be underpinned by improved cognitive
function. But how this mediating effect of cognitive function on the relationship between
education and physical activity be explained?

Potential mechanisms

On the one hand, our results showing that higher educational level was associated with better
cognitive function are aligned with previous literature.?*2® The mechanism of cognitive reserve
can be put forward to explain how education enhances cognitive function.?>#3:646> Qriginally,
cognitive reserve was developed to explain the gap between biological damage in the brain (or
brain pathology) and patient’s clinical presentation.®* Recently, the relevance of cognitive
reserve has been extended to physiological cognitive aging.%> Cognitive reserve is the brain’s
ability to optimize its performance through differential recruitment of brain networks, which
may be associated with different cognitive strategies.®* The construction of cognitive reserve is
based on cognitively stimulating situations, such as academic, occupational, and leisure
activities. 2% Particularly, Lenehan et al. (2015),%° contends that empirical data supports the
proposition that more educated individuals maintain a higher level of cognitive functioning
compared with less educated individuals. On the other hand, we found that higher cognitive
function was associated with higher physical activity. This result is consistent with previous
studies suggesting that cognitive function is required to engage in physical activity.>** The
recent Theory of Effort Minimization in Physical Activity (TEMPA) allows to account for these
findings.3?

Anchored in an evolutionary perspective, TEMPA posits that humans have an innate attraction
to physical effort minimization,*>-*739406¢ and that engaging in physically active behaviors
requires higher levels of cognitive function to overcome this attraction.®!#!:43:66 This hypothesis
is supported by the current results showing that education has an indirect effect on physical
activity through an effect on cognitive function. Specifically, in the main analyses, cognitive
function explained 91.6% of the total effect of education on physical activity. Importantly,
education was no longer significantly associated with physical activity after adjustment for
cognitive function, suggesting that cognitive function largely explained the positive association
between an educational attainment and physical activity. However, it should be noted that the



proportion of mediated effect was lower in the sensitivity and robustness analyses, with
education remaining significantly associated with physical activity after adjustment for
cognitive function. Nevertheless, these findings suggest that, among the multiple potential
mechanisms that have been shown to underpin the association between education level and
physical activity (i.e., health knowledge, motivation, environmental/neighborhood conditions),
cognitive function may play a prominent role. To our knowledge, this study is the first to
demonstrate this mediating pathway.

Limitations and strengths

The study includes at least three limitations. First, we relied on a self-reported measure of
physical activity. This measure may have reduced measurement validity and could have
generated a misclassification bias.®” Likewise, this measure was subject to a lack of granularity
because it only assessed the participation in low-light-moderate and vigorous physical activity.
Accelerometer-measured physical activity should be included in future studies. Second, our
measure of cognitive function was based on two tests intended to capture two dimensions of
cognitive function, namely cognitive impairment and early signs of dementia.*->!? Yet,
general cognitive function is underpinned by many other cognitive domains such as problem
solving, reasoning, processing speed, and inhibition.*®% Since both the effect of education and
cognitive function could differ by cognitive dimension,?!3>3641-43 fyuture studies should
investigate the relationships between education, other specific cognitive functions, and physical
activity. Third, our study was based on correlational data. Accordingly, we cannot exclude
reverse causality and thus cannot infer a true causal relationship from education to physical
activity through cognitive function.

The study includes at least five strengths. First, it was based on a large sample of non-
institutionalized older adults 50 years of age or older from 28 countries. Second, we relied on
two statistical approaches suited to formally test mediation processes that provided consistent
and complementary results. Third, this is the first study to directly test and support the
hypothesized mediating role of cognitive function on the association between educational
attainment and physical activity. Fourth, the results of the sensitivity and robustness analyses
were consistent with the results of the main analyses. Finally, the robustness analysis with a
time lag between the predictors and the outcome minimized the risk of reverse causation bias.

Conclusion

Our findings reveal that cognitive function explains the positive association between
educational attainment and physical activity levels. These results not only underline the
essential role of education in promoting an active lifestyle, but also uncover the role of cognitive
function as an explanatory mechanism for this association. Therefore, health policies and
interventions can benefit from special attention to individuals with lower levels of education
and could target cognitive function as a leveraging mechanism when aiming to promote a
sustained engagement in physical activity.
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Supplemental material
Sensitivity analyses
Table S1. Results excluding participants who dropped out during the survey.
Table S2. Results excluding participants who died during the survey.

Robustness analysis
Table S3. Results of the models including a time lag between the predictors and the outcomes.



Table S1. Results excluding participants who dropped out during the survey.
A. Results of the distribution-of-the-product coefficients approach

(N =66,434) b (95% CI)
Mediators
Delayed recall 0.039 (0.033;0.045)
Verbal fluency 0.178 (0.168;0.188)
Proportion of mediated effect 80.6%

Note. 95% CI = confidence interval at 95%. An indirect effect is assumed when the 95%
confidence interval around the indirect effect does not include zero.

B. Results of the component approach

_ Model 1 Model 2
(N'=66,434) Cognitive function Physical activity
Predictors: Delayed recall Verbal fluency

b (CI) p b (95% CI) p [b] OR (95% CI) p

Education (ref. Low) 0.49 (0.47;0.51) <.001 3.44(3.33;3.55) <.001 [.05]1.06(1.01;1.10) .013
Cognitive function
Delayed recall - - - - [.08] 1.08 (1.07;1.10) <.001
Verbal fluency - - - - [.05] 1.05 (1.05;1.06) <.001

Notes. CI = confidence interval at 95%; OR = Odds Ratio. Results are derived from mixed
effects models. Models were adjusted for wave of measurement (fixed and random), age, sex,
birth cohort, and country of residence



Table S2. Results excluding participants who died during the survey.
A. Results of the distribution-of-the-product coefficients approach

(N = 87,649) b (95% CI)
Mediators
Delayed recall 0.032 (0.026;0.038)
Verbal fluency 0.16 (0.147;0.165)
Proportion of mediated effect All

Note. 95% CI = confidence interval at 95%. An indirect effect is assumed when the 95%
confidence interval around the indirect effect does not include zero.

B. Results of the component approach

_ Model 1 Model 2
(N'=87,649) Cognitive function Physical activity
Predictors: Delayed recall Verbal fluency

b (CI) p b (95% CI) p [b] OR (95% CI) p

Education (ref. Low) 0.47 (0.46;0.49) <.001 3.39(3.29;3.48) <.001 [-.03] 0.97 (0.93;1.01) .098

Cognitive function
Delayed recall - - - - [.07] 1.07 (1.06;1.05) <.001

Verbal fluency - - - - [.05] 1.05 (1.04;1.08) <.001

Notes. CI = confidence interval at 95%; OR = Odds Ratio. Results are derived from mixed
effects models. Models were adjusted for wave of measurement (fixed and random), age, sex,
birth cohort, and country of residence



Table S3. Results of the models with a time lag between the predictors and the outcome.
A. Results of the distribution-of-the-product coefficients approach

(N =53,079) b (95% CI)
Mediators
Delayed recall 0.041 (0.033;0.049)
Verbal fluency 0.123 (0.111;0.135)
Proportion of mediated effect 55.8%

Note. 95% CI = confidence interval at 95%. An indirect effect is assumed when the 95%
confidence interval around the indirect effect does not include zero.

B. Results of the component approach

_ Model 1 Model 2
(N'=53,079) Cognitive function Physical activity
Predictors: Delayed recall Verbal fluency

b (CI) p b (95% CI) p [b] OR (95% CI) p

Education (ref. Low) 0.47 (0.44;0.49) <.001 3.47(3.34;3.59) <.001 [.13]1.14(1.08;1.21) <.001
Cognitive function
Delayed recall - - - - [.09] 1.09 (1.07;1.11) <.001
Verbal fluency - - - - [.04] 1.04 (1.03;1.05) <.001

Notes. CI = confidence interval at 95%; OR = Odds Ratio. Results are derived from mixed
effects models. Models were adjusted for wave of measurement (fixed and random), age, sex,
birth cohort, and country of residence



