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Abstract 
Objective: This study aimed to test whether the level of cognitive resources explain the 
engagement in physical activity across aging and whether the age-related decline of cognitive 
resources precede the decline in physical activity. Methods: Data from 105,206 adults aged 50 
to 90 years from the Survey of Health, Ageing and Retirement in Europe (SHARE) were used 
in adjusted linear mixed models to examine whether the engagement in moderate physical 
activity and its evolution across aging was dependent on cognitive resources. Cognitive 
resources and physical activity were measured 5 times over a 12-year period. Delayed recall, 
verbal fluency, and the level of education were used as indicators of cognitive resources. The 
frequency of engagement in moderate physical activity was self-reported. Dynamic structural 
equation models (SEM) were used to assess the temporal precedence of changes in cognitive 
resources and physical activity. Results: Results showed that lower cognitive resources were 
associated with lower levels and steeper decreases in moderate physical activity across aging. 
Results further revealed a time-ordered effect with a stronger influence of cognitive resources 
(delayed recall and verbal fluency) on subsequent changes in moderate physical activity than 
the opposite. Conclusion: These findings suggest that, after age 50, the level of engagement in 
moderate physical activity and its trajectory depend on the availability of cognitive resources.  
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Introduction 
In healthy aging, observational studies have widely reported the protective effect of physical 
activity on cognitive functioning.1-6 Yet, the evidence stemming from intervention studies in 
older adults is inconclusive. Some studies observed this protective effect of physical activity,7 

8 whereas more recent ones did not.9-13 Other studies supported the prospective effect of 
cognition and education on physical activity.14 15 Finally, one study suggested that the effect of 
cognitive functioning on physical activity was stronger than the effect in the opposite 
direction.16 Taken together, these findings question the unidirectionality of the relationship 
between cognition and physical activity. To the best of our knowledge, large-scale longitudinal 
studies have never been used to clarify the nature of this relationship. 
 
To investigate whether cognitive resources explain the frequency of engagement in moderate 
physical activity and their trajectories across aging, we used data from 105,206 adults aged 50 
years and older collected over 12 years. Both the effect of inter-individual differences and intra-
individual changes in cognitive resources were tested. Based on a recent theory contending that 
cognitive resources are required to counteract the attraction to energetic cost minimization,17,41 
thereby facilitating the engagement in physical activity, we hypothesized that lower cognitive 
resources (both inter- and intra-individual) are associated with less frequent engagement in 
physical activity (H1) and with a more pronounced decline of this engagement across aging 
(H2). We expected the decrease in cognitive resources to precede the decrease in physical 
activity (H3). 
 
Methods 
Population and design  
Our analyses used data from the Survey of Health, Ageing and Retirement in Europe 
(SHARE),17 a European database of individuals aged 50 or older including 5 repeated 
measurements between 2004 and 2015. Physical activity and cognitive function (delayed recall 
and verbal fluency) were assessed at measurement 1, 2, 4, 5, and 6. Education was measured 
when the participant joined the study. Participants aged 50 to 90 years with at least one measure 
of physical activity and cognitive functioning were included in our analysis. The relevant ethics 
committees in the participating countries approved SHARE. All participants provided written 
informed consent.  
 
Measures 

Physical activity. Moderate physical activity was measured using the following item:15 

18 19 “How often do you engage in activities that require a low or moderate level of energy such 
as gardening, cleaning the car, or doing a walk?” Participants answered on a 4-point scale: 1, 
more than once a week; 2, once a week; 3, one to three times a month; 4, hardly ever, or never. 
In the models, the variable was reversed so that higher values indicated higher physical activity. 

 
Cognitive resources. Cognitive resources were measured using the following three 

indicators: delayed recall, verbal fluency, and highest educational attainment. In the 10-word 
delayed recall test,20 participants listened to a list of ten words that were read out loud by the 
interviewer. Immediately after reading the wordlist, the participants were asked to recall as 
many words as possible. This was asked again after a delay during which the verbal fluency 
took place. The latter delayed recall score is the number of words that the respondent is able to 
recall, which ranges from 0 to 10. In the verbal fluency test,21 participants named as many 
different animals as they could think of in 60 seconds. The score consisted of the total number 
of correctly named animals. Verbal fluency and delayed recall tasks were used to assess fluid 
cognitive abilities,22 with verbal fluency reflecting executive functioning (e.g., as executive 
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control, selective attention or selective inhibition)23 and delayed recall reflecting early-
cognitive impairment.24 Yet, it is important to acknowledge that emerging research suggests 
that verbal fluency is also highly related to verbal skills and thus, is not a perfect measure of 
executive functioning.25 UNESCO’s International Standard Classification of Education 
(ISCED) was used to group participants into primary, secondary, and tertiary levels of 
education.26 This latter measure was used to assess cognitive reserve.27 

 
Covariates. The following covariates were used: gender, measurement occasions, birth 

cohort, attrition, chronic health conditions, country of residence, and dementia (Supplemental 
Material 1). 

 
Statistical analysis 
Linear mixed models were used to examine the effect of cognitive resources on engagement in 
moderate physical activity and its trajectory across aging. By accounting for the nested structure 
of the data (i.e., repeated observations within a single participant),28 these models allow 
examining both the average engagement in physical activity across aging and the inter-
individual variabilities in these levels as well as the rate of change. These models can separate 
within- and between-person effects by introducing both the individual mean value of a 
particular variable and the deviation from this mean at each time point. The coefficient of the 
mean value estimates inter-individual differences. The coefficient of the deviation estimates 
intra-individual changes. 
 
The fitted models included linear age, quadratic age, and the covariates as fixed effects. Their 
random structure encompassed random intercepts for participants and random linear slopes for 
the repeated measurements at the level of participants. These random effects estimated each 
participant’s engagement in physical activity and the rate of change of this engagement over 
time. Age was centred at the midpoint of the sample’s age range (70 years) and was then divided 
by 10. Thus, a 1-unit change in the coefficients yielded effects on the physical activity rate of 
change over a 10-year period. Model 1 tested the association of an indicator of cognitive 
resources (within- and between-person effects) and the mean level of physical activity in older 
adults. In model 2, interaction terms between cognitive resources (within- and between-person 
effects) and linear and quadratic age were included to assess the influence of cognitive resources 
on physical activity trajectories. The quadratic effect of age was added to account for the 
potential influence of cognitive resources on the accelerated (or decelerated) decline of physical 
activity across aging. Specifically, the interactions of between-participant differences with age 
tested whether between-participant differences in cognitive resources moderated the effect of 
age. For example, individuals with lower cognitive resources may show a faster decline of 
physical activity across aging. The interactions of within-person differences with age tested 
whether having a lower (vs. higher) level of cognitive resources than usual influenced physical 
activity trajectories. For instance, a faster decline in physical activity may be observed in 
individuals with a lower level of cognitive resources than usual. The models were fitted with 
one indicator of cognitive resources at a time. We also fitted a fully-adjusted model including 
the three indicators of cognitive resources. Statistical analyses were performed using the lme4 
and lmerTest R packages.29-31 Pseudo R2 were calculated to estimate effect size. 
 
We performed four sensitivity analyses: 1) including health behaviours (smoking, alcohol 
consumption, dietary behaviour), health-related covariates (depression, body mass index, and 
self-rated health), and additional sociodemographic variables (partner status and satisfaction 
with household income); 2) excluding participants with dementia; 3) excluding participants 
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who died during the survey; 4) excluding participants who dropped out during the survey. 
Supplemental Material 2 provides more details on all covariates used in the sensitivity analyses. 
 
Bivariate latent change score models (BLCSMs)32 were used to examine the temporal 
precedence of changes in cognitive resources and physical activity. BLCSMs are structural 
equation models (SEM) that combine latent growth curves models33 with autoregressive cross-
lag models.34 We adopted a step-by-step modelling strategy.35-37 The fitted models included 
dynamic parameters: coupling and auto-proportional effects. BLCSM1 did not include cross-
lag paths between cognitive resources and physical activity and served as the baseline 
comparison model. In BLCSM2, a unidirectional coupling from cognitive resources predicting 
subsequent changes in physical activity was included. In BLCSM3, a unidirectional coupling 
from physical activity to predicting subsequent changes in cognitive resources was included to 
BLCSM1. BLCSM4 was a bidirectional coupling model included both pathways. BLCSM2 
assessed the temporal precedence of cognitive resources on physical activity, BLCSM3 the 
precedence temporal of physical activity on cognitive resources, and BLCSM4 the reciprocal 
associations between cognitive resources and physical activity. The models were run separately 
for each cognitive indicator (verbal fluency and delayed recall). The models were fitted using 
Mplus38 with full-information maximum-likelihood estimation and were tested against the 
baseline model (BLCSM1). A likelihood ratios test of changes was performed to determine 
whether the coupling parameters were significant. The alpha criterion was set to .01. The 
weighted Bayesian information criterion [w(BIC)]39 was used to select the best fitting model. 
All the models were also tested using vigorous physical activity (Supplemental Material 3). 
 
Results 
At baseline, 11.4% of the participants were hardly ever or never active, 6.0% were active 1 to 
3 times per month, 13.8% were active once a week, and 68.7% were active more than once a 
week (Table 1). Physically active participants showed better delayed recall and verbal fluency, 
higher education, lower dementia, and were less likely to be older, to be a woman, and to drop 
out or die during the survey than physically inactive participants (Table 1). 
 
Cognitive resources and level of physical activity.  
Results showed that lower levels of delayed recall, verbal fluency, and education were 
associated with lower engagement in physical activity (Table 2 and Table S1). For delayed 
recall and verbal fluency, this association was observed at the between- and within-person level. 
At the between-person level, participants with lower levels of delayed recall or verbal fluency 
showed lower engagement in moderate physical activity. At the within-person level, lower 
delayed recall or verbal fluency were associated with lower engagement in moderate physical 
activity. These associations remained significant in the fully-adjusted model. Results of the 
sensitivity analyses were consistent with the main analyses (Table S5).  
 
Cognitive resources and physical activity trajectories. 
Results showed that lower levels of delayed recall, verbal fluency, and education were 
associated with a steeper decline of physical activity across aging (Figure 1; Table 2 and Table 
S1). At the between-person level, participants with lower levels of delayed recall, verbal 
fluency, and education showed an accelerated decline of physical activity across aging. In other 
words, the influence of cognitive resources on the engagement in moderate physical activity 
was more pronounced as adults grew older. At the within-person level, decreases in delayed 
recall or verbal fluency were associated with a faster decline of physical activity, but without 
acceleration across aging. In the fully-adjusted model, these associations were attenuated but 
cognitive resources remained associated with physical activity trajectories. In the latter model, 
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cognitive resources explained 5.8% and 6.4% of the inter-individual variance of the level and 
trajectories of moderate physical activity, respectively. Taken together, all the variables 
explained 21.8% and 19.2% of the inter-individual variance of the level and trajectories of 
moderate physical activity, respectively. Results of the sensitivity analyses were consistent with 
the main analyses (Table S5).  
 

 
 

Figure 1. Associations of cognitive resources with the trajectories of moderate physical activity 
across aging. For delayed recall and verbal fluency, the variables were standardized. The coefficients are 

interpreted as the effect of an increase of one standard deviation. 
 
 
Temporal precedence.  
Results showed a fit improvement when the cognitive resources (delayed recall and verbal 
fluency) → change in moderate physical activity coupling was included in the baseline model 
(BLCSM2 vs. BLCSM1). Including the moderate physical activity → change in cognitive 
resources coupling also improved the fit (BLCSM3 vs. BLCSM1), but to a lesser extent. The 
bidirectional couplings model showed better fit than the baseline model (BLCSM4 vs. 
BLCSM1). This better fit was mainly explained by the cognitive resources → change in 
moderate physical activity coupling. The weighted Bayesian information criterion favored 
BLCSM2 over all the other models. BLCSM2 accounted for 81.5% (for delayed recall) and 
72.8% (for verbal fluency) of relative predictive accuracy. BLCSM3 accounted for 9.5% (for 
delayed recall) and 3.3% (for verbal fluency) of predictive accuracy. Overall, results of this 
step-by-step modelling strategy clearly showed that the model including the effect of the 
cognitive resources → changes in physical activity coupling (BLCSM2) was the model that best 
fitted the data (Table 3; Figure 2). 
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Figure 2. Fit of the bivariate latent change score models (BLCSM1 to 4) in two cognitive resources 
that change across aging (delayed recall and verbal fluency). 

BLCSM1 = baseline comparison model. BLCSM2 = unidirectional coupling from cognitive resources 
predicting subsequent changes in physical activity. BLCSM3 = unidirectional coupling from physical 
activity to predicting subsequent changes in cognitive resources. BLCSM4 = bidirectional coupling 

model included both pathways. w(BIC) = weighted Bayesian information criterion. BLCSM2 best fitted 
the data in both cognitive resources. 

 
 
Discussion 
Main findings. 
This study aimed to test whether cognitive resources were associated with the frequency of 
engagement in physical activity and its evolution across aging. In this large-scale longitudinal 
study including 21 European countries and 105,206 older adults, results showed that lower 
levels of cognitive resources were associated with less frequent engagement in moderate 
physical activity and with a steeper decline of this engagement across aging. These effects were 
observed across three cognitive indicators (delayed recall, verbal fluency, and education) and 
two levels of analysis (within- and between-person). These associations remained significant 
after adjusting for health behaviours, health-related covariates, and sociodemographic 
variables. Results further revealed, for the first time, that the decline of cognitive resources 
preceded the decline of moderate physical activity, with a weaker association in the opposite 
direction. Taken together, these results demonstrate that the engagement in moderate physical 
activity and its trajectory after age 50 depends on cognitive resources. 
 
Comparison with previous studies.  
Results showed that lower cognitive resources were associated with lower engagement in 
moderate physical activity in adults aged 50 years and older (H1). This association was 
consistent across the three indicators of cognitive resources at the within- and between-person 
levels. These findings support previous studies that investigated the association between 
cognitive functioning and physical activity.1-5 
 
Results showed that lower levels of cognitive resources were associated with an accelerated 
decline of physical activity at the within- and between-person levels (H2). This association was 
robust after adjusting for multiple sociodemographic and health-related covariates, thereby 
confirming the critical role of cognitive resources in explaining physical activity. Of note, the 
results were consistent across the three indicators of cognitive resources, which targeted 



 7 

somewhat different cognitive processes. Therefore, multiple dimensions of cognitive resources 
may be required to engage in physical activity. 
 
To the best of our knowledge, this study is the first to formally test the temporal precedence of 
cognitive resources and moderate physical activity. Results showed that the influence of 
cognitive resources on subsequent changes in physical activity was stronger than the influence 
in the opposite direction (H3). While previous studies focused on the protective effect of 
physical activity on cognitive functioning7 8, our results showed that this relationship is not 
unidirectional. Cognitive resources are required to engage in physical activity and to slow down 
the decline of this engagement over the years. A potential explanation for these time-ordered 
associations is that cognitive resources are critical in counteracting a general tendency to 
minimize energetic expenditure and to engage in physical activity.40-42 This explanation is 
supported by recent results showing that avoiding sedentary behavior opportunities are 
associated with higher brain activity in the frontal lobe.41 The availability of cognitive resources 
supporting the engagement in physical activity may be particularly important in modern 
societies, where opportunities to adopt sedentary behaviors are ubiquitous.43 The fact that 
physical activity was also associated, although to a weaker extent, with subsequent changes in 
cognitive resources suggested a reciprocal relationship. This result is consistent with previous 
studies suggesting that physical activity is a determinant of cognitive functioning,4 5 7 although 
most recent studies and those with a long follow-up (i.e., less prone to reverse causation biases) 
found no evidence of a causal effect of physical activity on cognitive decline.9-12 14 
 
Strengths and weaknesses. 
This study has many strengths. First, the repeated measurement of physical activity allowed 
investigating its evolution over 40 years (i.e., from age 50 to 90). Second, the repeated 
assessment of cognitive resources allowed examining the influence of inter-individual 
differences and intra-individual changes. Third, the inclusion of more than 105,000 participants 
living in 21 European countries provided reliable and generalizable results. Fourth, sensitivity 
analyses excluding participants with dementia controlled for the potential confounding 
influence of this cognitive impairment. Fifth, results were robust after adjusting for health 
behaviours, health-related covariates, and additional sociodemographic variables. Sixth, this 
study was the first to formally test the temporal precedence of changes in cognitive resources 
and physical activity using dynamic structural equation models. 
 
However, potential limitations should also be noted. The first limitation is related to physical 
activity. Our results were based on self-reported measures of moderate physical activity, which 
creates the potential for misclassification bias.44 However, the potential inaccuracy of these 
self-reports is unlikely to explain the observed associations between cognitive resources and 
physical activity. Moreover, the scale lacked granularity, which prevented the assessment of 
specific physical activity levels that are associated with health benefits, such as the 30 minutes 
of moderate physical activity intensity 5 times per week. Studies accurately determining 
thresholds of physical activity are needed. Additionally, the examples of physical activities used 
in the scale (e.g., gardening, cleaning the car) may have biased participants’ response toward 
activities that were more specifically associated with these social contexts. It should also be 
noted that the results of the models examining vigorous physical activity showed a lower impact 
of cognitive resources on physical activity as adults grew older (Supplemental Material 2). 
Results of the cross-lagged dynamic structural equation models failed to converge. These 
results suggest that the processes reported in here are specific to moderate physical activity. 
The processes linking cognitive resources and vigorous physical activity may be different. The 
second limitations are potential selection biases related to the SHARE design. The recruitment 



 8 

procedure occurred late in life (i.e., after 50 years old) and participants who were able to 
respond to SHARE may have specific characteristics. The second selection bias was due to the 
loss of participants during the follow-up, which cannot be excluded, like in all long-term 
prospective studies. To attenuate this bias, our statistical analyses were adjusted for attrition 
and sensitivity analyses excluded participants who died or dropped out during the follow-up. 
The third limitation is related to the cognitive resources. Verbal fluency was used to assess fluid 
cognitive abilities, specifically executive control and inhibiting functions.23 45 Yet, previous 
studies showed that verbal fluency was not only affected by executive control ability, but also 
by verbal ability.25 Therefore, future studies could use tasks that are specifically designed to tap 
into the different domains of executive functions to determine their relative contribution to 
physical activity.46 
 
Conclusion and policy implications. 
Lower cognitive resources are robustly associated with lower engagement in moderate physical 
activity and faster decline of this engagement across aging. These findings support recent 
studies suggesting that cognitive resources are required to counteract a general attraction to 
effort minimization. Interventions aiming to prevent the decline of cognitive resources should 
be implemented to improve the engagement in physical activity, which is associated with 
extensive health benefits.47,48 
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Table captions: 
Table 1. Sample characteristics by baseline engagement in moderate physical activity. 
Physically active participants scored 1 or 2 on the item assessing moderate physical activity. 
Physically inactive participants scored 3 or 4. SD = standard deviation. 
 
Table 2. Summary of the association of cognitive resources with the levels and trajectories 
of moderate physical activity across aging. Notes. All models were adjusted for gender, 
measurement occasion, dementia, chronic conditions, country of residence, birth cohort, and 
attrition. The models estimating the level of physical activity did not include interactions 
between cognitive resources and age (linear and quadratic). The models estimating the rate of 
change of physical activity included these interactions. Age (10y follow-up)” and “Age (10 y 
follow-up) squared” estimated the linear and quadratic changes in the odds of engagement in 
physical activity over a 10-year period. 
 
Table 3. Summary of the changes in fit of the bivariate latent change score models. CFI = 
comparative fit index; chi2 = deviance (-2 x log-likelihood); df = change in deviance per 
degrees freedom; BIC = Bayesian information criterion; w(BIC); RMSEA = root mean square 
error of approximation. Delta chi2 is estimated in comparison with the no coupling model, with 
lower values indicating better fi; P = p-value for the log likelihood-ratio test of change in model 
fit. Models with a uni-directional coupling from vigorous physical activity to changes in verbal 
fluency did not converge. 
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Table 1. 

  Physically active 
(n = 18345) 

Physically  
Inactive 

( n = 86861 ) 

 

         
 

P 
Cognitive resources 

     

   Delayed recall (number of words), SD 3.9 2.1 2.9 2.1 <.001 
   Verbal fluency (number of words), SD 20.4 7.4 16.0 7.8 <.001 
   Education 

     

      Primary 18172 20.9% 6617 36.1% 
 

      Secondary 48964 56.4% 9240 50.4% 
 

      Tertiary 19725 22.7% 2488 13.5% <.001 
Covariates 

     

Age at baseline (years), SD  62.8 9.2 67.4 10.9 <.001 
Gender 

     

   Women 47142 54.3% 10726 58.5% 
 

   Men 39719 45.7% 7619 41.5% <.001 
Dementia 

     

   Yes 1716 2.0% 1083 5.9% 
 

   No 85145 98.0% 17262 94.1% <.001 
Chronic conditions (2 or more) 

     

   Yes 34223 39.4% 10320 56.3% 
 

   No 52628 60.6% 8025 43.7% <.001 
Countries 

     

   Belgium 7073 8.1% 1373 7.5% 
 

   Austria 4675 5.4% 942 5.1% 
 

   Denmark 4760 5.5% 422 2.3% 
 

   France 5782 6.7% 1195 6.5% 
 

   Germany 6275 7.2% 833 4.5% 
 

   Greece 4678 5.4% 1141 6.2% 
 

   Israel 2220 2.6% 699 3.8% 
 

   Italy 5268 6.1% 2097 11.4% 
 

   Netherlands 4686 5.4% 554 3.0% 
 

   Spain 5985 6.9% 1363 7.4% 
 

   Sweden 5236 6.0% 401 2.2% 
 

   Switzerland 3602 4.1% 488 2.7% 
 

   Czech Republic 6386 7.4% 1710 9.3% 
 

   Ireland 827 0.9% 139 0.8% 
 

   Poland 1999 2.3% 766 4.2% 
 

   Estonia 5991 6.9% 1325 7.2% 
 

   Hungary 2161 2.5% 729 4.0% 
 

   Portugal 1275 1.5% 740 4.0% 
 

   Slovenia 4301 4.9% 778 4.2% 
 

   Luxembourg 1683 1.9% 278 1.5% 
 

   Croatia 1998 2.3% 372 2.0% <.001 
Birth cohort 

     

   After 1945 50621 58.3% 7701 42.0% 
 

   between 1939 and 1945 17085 19.7% 3331 18.2% 
 

   between 1929 and 1938 14914 17.2% 4746 25.9% 
 

   between 1919 and 1928 4241 4.8% 2567 13.9% <.001 
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Table 2. 

  Models delayed recall 
only 

Models verbal fluency 
only 

Models education 
only 

Full Models  

Moderate physical activity b (95CI) P b (95CI) P b (95CI) P b (95CI) P 
Level 

        

Cognitive resources 
       

Between-person effects 
       

   Delayed recall  0.06 (0.06–0.06) <.001 
    

0.02 (0.02–0.03) <.001 
   Verbal fluency 

  
0.03 (0.02–0.03) <.001 

  
0.02 (0.02–0.02) <.001 

   Education (ref. primary) 
       

       Secondary 
    

0.14 (0.13-0.16) <.001 0.08 (0.06–0.09) <.001 
       Tertiary 

    
0.21 (0.20-0.23) <.001 0.07 (0.05–0.09) <.001 

Within-person effects 
       

   Delayed recall  0.01 (0.01–0.02) <.001 
    

0.01 (0.01–0.01) <.001 
   Verbal Fluency 

  
0.01 (0.01-0.01) <.001 

  
0.01 (0.01–0.01) <.001 

Rate of change (trajectories) 
        

Age (10y follow-up) -0.22 (-0.23–-0.20) <.001 -0.20 (-0.22–-0.19) <.001 -0.25 (-0.26–-0.23) <.001 -0.19 (-0.20–-0.17) <.001 
Age (10y follow-up) squared -0.11 (-0.12–-0.11) <.001 -0.11 (-0.11–-0.10) <.001 -0.12 (-0.12–-0.11) <.001 -0.11 (-0.11–-0.10) <.001 
Cognitive resources 

       

Between-person effects 
       

Linear effect 
        

   Delayed recall  0.06 (0.06–0.07) <.001 
    

0.02 (0.01–0.02) <.001 
   Verbal fluency 

  
0.08 (0.08–0.09) <.001 

  
0.07 (0.06–0.08) <.001 

   Education (ref. primary) 
       

       Secondary 
    

0.02 (0.01–0.03) .001 -0.01 (-0.02–0.00) .150 
       Tertiary 

    
0.08 (0.07–0.10) <.001 0.02 (0.00–0.04) .020 

Non-linear (quadratic) effect 
       

   Delayed recall  0.02 (0.01–0.02) <.001 
    

0.00 (0.00–0.01) .210 
   Verbal Fluency 

  
0.02 (0.02–0.03) <.001 

  
0.02 (0.01–0.02) <.001 

   Education (ref. primary) 
       

       Secondary 
    

0.03 (0.02-0.04) <.001 0.02 (0.01–0.03) <.001 
       Tertiary 

    
0.04 (0.03-0.05) <.001 0.03 (0.01–0.04) .001 

Within-person effects 
       

Linear effect 
        

   Delayed recall  0.01 (0.00–0.01) .004 
    

0.00 (0.00–0.01) 0.390 
   Verbal fluency 

  
0.02 (0.01–0.02) <.001 

  
0.02 (0.01–0.02) <.001 

   Education (ref. primary) 
       

       Secondary 
        

       Tertiary 
        

Non-linear (quadratic) effect 
       

   Delayed recall  0.00 (0.00–0.01) .160 0.00 (0.00–0.01) 0.180 
  

0.00 (0.00–0.00) .570 
   Verbal fluency     

    
0.00 (-0.00-0.01) .310 



 15 

Table 3. 

Moderate physical activity                     

Models Parameters chi2 df CFI BIC w(BIC)  RMSEA delta chi2 delta df P 

Delayed recall           
No coupling 19 1845.90 46 .981 1772551.61 .064 .018    
Delayed recall → changes in moderate physical activity 20 1828.97 45 .982 1772546.52 .816 .018 -16.93 1 <.001 

Moderate physical activity → changes in delayed recall 20 1833.26 45 .981 1772550.82 .095 .018 -12.64 1 <.001 

Full coupling 21 1824.22 44 .982 1772553.47 .025 .018 -21.68 2 <.001 

Verbal fluency           
No coupling 19 1431.12 46 .988 2387128.17 .235 .016    
Verbal fluency → changes in moderate physical activity 20 1417.17 45 .988 2387125.91 .729 .016 -13.95 1 <.001 

Moderate physical activity → changes in verbal fluency 20 1423.34 45 .988 2387132.08 .033 .016 -7.78 1 <.001 

Full coupling 21 1416.58 44 .988 2387137.01 .003 .016 -14.55 2 <.001 
 


