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Abstract 

Objectives: The present study set out to investigate relations of the number of chronic 

diseases (as a global indicator of individuals’ multimorbidity) to cognitive status and 

cognitive decline over six years as measured by changes in Trail Making Test (TMT) 

completion time in old adults and whether those relations differed by key life course markers 

of cognitive reserve (education, occupation, and cognitively stimulating leisure activities). 

Method: We analyzed data from 897 participants tested on TMT parts A and B in two 

waves six years apart. Mean age in the first wave was 74.33 years. Participants reported 

information on chronic diseases, education, occupation, and cognitively stimulating leisure 

activities. 

Results: Latent change score modeling testing for moderation effects revealed that a 

larger number of chronic diseases significantly predicted stronger increase in TMT 

completion time (i.e., steeper cognitive performance decline). Notably, the detrimental 

relation of the number of chronic diseases to stronger increase in TMT completion time (i.e., 

cognitive performance decline) was significantly stronger in individuals with less engagement 

in cognitively stimulating leisure activities in midlife. 

Discussion: Present data suggest that disease-related cognitive decline may be steeper 

in individuals who have accumulated less cognitive reserve in midlife. However, greater 

midlife activity engagement seemed to be associated with steeper cognitive decline in any 

case. Implications for current cognitive reserve and neuropsychological aging research are 

discussed. 

 

Keywords: cognitive decline; multimorbidity; activities; life course; longitudinal study 
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1. Introduction 

A major goal in current gerontological neuropsychology is to better understand how 

interindividual differences in cognitive health in old age emerge (Opdebeeck, Martyr, & 

Clare, 2016). In particular, with respect to an individual’s potential for preserving cognitive 

functioning in old age, the cognitive reserve concept postulates that lifelong experiences, 

including educational and occupational attainment, and leisure activities in later life, stimulate 

brain development which increases the reserve capacity that may compensate for brain 

damage, neurological loss, and pathological decline such as dementia (Stern, 2002, 2017). 

Specifically, interindividual differences in the effective recruitment of neural networks and 

cognitive processes are hypothesized to explain differences in individuals’ capacity to cope 

with or compensate for age-related decline or pathology (Stern, 2009, 2012; see also e.g. 

Barnett, Salmond, Jones, & Sahakian, 2006; Bartres-Faz & Arenaza-Urquijo, 2011; 

Perneczky et al., 2011; Sole-Padulles et al., 2009). In individuals with healthy cognitive 

functioning, these mechanisms contribute to the adaptation of brain activity when task 

difficulty level is increased and thereby enhance cognitive performance (Stern, 2012). 

Empirically corroborating the predictions of the cognitive reserve concept, evidence showed 

that greater cognitive stimulation throughout the life course such as longer education in early 

life, cognitively demanding jobs in midlife, and cognitively stimulating leisure activities in 

midlife and old age contributes to the accumulation of cognitive reserve over the life course 

and is related to better cognitive functioning such as memory and executive functioning in old 

age as well as a lower risk of developing dementia and later age at dementia onset (Adam, 

Bonsang, Grotz, & Perelman, 2013; Hertzog, Kramer, Wilson, & Lindenberger, 2008; Ihle et 

al., 2015; Karp et al., 2006; Paillard-Borg, Fratiglioni, Xu, Winblad, & Wang, 2012; see 

Opdebeeck et al., 2016, for a meta-analysis). 

Cognitive reserve may particularly come into play when facing stressors that affect 

cognitive functioning such as suffering from chronic diseases (e.g., heart and vascular 
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diseases) that have been found to be related to lower cognitive functioning and faster 

cognitive decline in old age (Carmichael, 2014; Gasecki, Kwarciany, Nyka, & Narkiewicz, 

2013; Reijmer et al., 2012). Specifically, from a more general conceptual perspective, 

following models of vulnerability (Spini, Bernardi, & Oris, 2017) and cognitive reserve 

(Stern, 2012), we argue that certain individuals are more vulnerable to impairments in human 

functioning such as cognition because of insufficient reserves accumulated over the life 

course such as cognitive reserve (Ihle, Oris, Sauter, Rimmele, & Kliegel, 2018). We further 

argue that because of their little reserves those vulnerable individuals consequently have 

greater difficulty to deal with stressors that affect their cognitive functioning (such as 

suffering from chronic diseases). On the other hand, less vulnerable individuals who have 

accumulated greater cognitive reserve over the life course should be able to better deal with 

the negative aftereffects of such stressors on cognitive functioning. 

Therefore, we predict that cognitive reserve may modify the relation of chronic 

diseases to cognitive status and cognitive decline. Notably, in line with this conceptual view, 

recent empirical cross-sectional evidence suggests that in individuals with lower cognitive 

reserve (in terms of e.g. lower education, lower cognitive level of job, and less engagement in 

cognitively stimulating leisure activities) physiological stressors such as metabolic syndromes 

and chronic diseases (e.g., unfavorable blood fat level, obesity, and hypertension) are more 

strongly associated with poorer cognitive performance status (e.g., memory and executive 

functioning) than in individuals with greater cognitive reserve (Ihle, Gouveia et al., 2018; Ihle 

et al., 2016, 2017). 

Yet, a longitudinal investigation of these patterns with respect to disease-related 

cognitive decline is missing so far. However, longitudinal research is needed to evaluate 

whether cognitive reserve not only modifies disease-related cognitive status but also disease-

related cognitive decline. In addition, from a life course perspective further remaining open 

questions in this context include whether contributions to cognitive reserve in early, mid-, and 



6 

 

late-life phases are of equal importance or not. Therefore, to extend the literature we 

investigated relations of the number of chronic diseases (as a global indicator of individuals’ 

multimorbidity) to cognitive status and cognitive decline over six years as measured by 

changes in Trail Making Test (TMT) completion time and whether those relations differed by 

key life course markers of cognitive reserve (education, occupation, and cognitively 

stimulating leisure activities). 

2. Methods 

2.1 Participants 

Data come from the two waves of the Vivre-Leben-Vivere (VLV) survey (Ihle et al., 

2015; Ludwig, Cavalli, & Oris, 2014), which is a part of the research program LIVES on 

vulnerability processes across the life course. Respondents were first interviewed during 2011 

(Wave 1; W1) using a face-to-face computer-assisted personal interview method (CAPI) and 

questionnaires. The main sample in W1 included 3080 participants who were randomly 

selected in the cantonal Swiss administrations’ records and stratified by age (65-69, 70-74, 

75-79, 80-84, 85-89, and 90+), sex, and canton (Basel, Bern, Geneva, Ticino, and Valais). A 

subsample of 1059 participants from four cantons (Basel, Bern, Geneva, and Valais) was 

interviewed again during 2017 (Wave 2; W2). Present analyses were based on 897 

participants with data on TMT parts A and B as these were the outcome variables in the 

present study. Among these respondents, mean age was 74.33 years (SD = 6.50, range 65-96) 

in W1. 

With respect to the longitudinal study design, we acknowledge that our sample is 

clearly a survival sample. From the participants initially tested in W1, the participants who 

were analyzed in the present study were slightly younger (M = 74.33 years in W1, SD = 6.50) 

than the individuals who were lost at follow-up in W2 (M = 80.00 years in W1, SD = 8.60; p 

< .001). However, importantly, we still had a considerable number of respondents in the two 

highest age categories of 85 years and older (24.5% among the participants who were 
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analyzed in the present study; in comparison, 25.7% among the participants initially tested in 

W1). The participants who were analyzed in the present study (51.4% men) did not differ 

from the individuals who were lost at follow-up in W2 (51.9% men) with regard to sex (p = 

.811). The participants who were analyzed in the present study (43.2% with low education, 

30.0% with a low cognitive level of the first job, and 15.9% with a low cognitive level of the 

last job) slightly differed from the individuals who were lost at follow-up in W2 (58.9% with 

low education, 46.0% with a low cognitive level of the first job, and 31.1% with a low 

cognitive level of the last job) with regard to education and cognitive level of job (ps < .001). 

However, importantly, they were in a similar range as the overall sample initially tested in 

W1 (53.6% with low education, 39.9% with a low cognitive level of the first job, and 24.2% 

with a low cognitive level of the last job), suggesting that we still had a considerable number 

of respondents in low education and job categories. The participants who were analyzed in the 

present study had pursued slightly more leisure activities (at age 45: M = 11.73, SD = 2.66; in 

W1: M = 9.94, SD = 2.82) than the individuals who were lost at follow-up in W2 (at age 45: 

M = 10.76, SD = 3.03; in W1: M = 7.31, SD = 3.44; ps < .001). However, importantly, we still 

had a considerable number of respondents in the lower range of leisure activity participation 

(23.6% individuals with seven or fewer activities among the participants who were analyzed 

in the present study; in comparison, 42.6% among the participants initially tested in W1). The 

participants who were analyzed in the present study had slightly fewer chronic diseases in W1 

(M = 1.90, SD = 1.56) than the individuals who were lost at follow-up in W2 (M = 2.49, SD = 

2.10; p < .001). However, importantly, we still had a relatively large proportion of 

respondents with three or more chronic diseases (46.3% among the participants who were 

analyzed in the present study; in comparison, 43.9% among the participants initially tested in 

W1), suggesting sufficient heterogeneity of multimorbidity in the study sample (see e.g. 

Aartsen, Smits, van Tilburg, Knipscheer, & Deeg, 2002, for a comparable maintenance of the 

initial sample stratification distribution over six years in the Longitudinal Aging Study 
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Amsterdam; see e.g. Hultsch, Hertzog, Small, & Dixon, 1999, for a similar follow-up of 

participants over six years in the Victoria Longitudinal Study; see e.g. Lifshitz-Vahav, Shrira, 

& Bodner, 2017, for a similar follow-up of participants over four years in the Survey of 

Health, Ageing and Retirement in Europe). 

All participants gave their written informed consent for inclusion before they 

participated in the study. The present study was conducted in accordance with the Declaration 

of Helsinki, and the protocol had been approved by the ethics commission of the Faculty of 

Psychology and Social Sciences of the University of Geneva (project identification codes: 

CE_FPSE_14.10.2010 and CE_FPSE_05.04.2017). 

2.2 Materials 

2.2.1 Trail Making Test Completion Time 

We administered in both waves the Trail Making Test part A (TMT A; Reitan, 1958). 

After one exercise trail (connecting the numbers from 1 to 8), participants had to connect the 

numbers from 1 to 25 as fast as possible and without error in ascending order. The TMT A 

completion time was the time in seconds needed to correctly connect the 25 numbers. 

In addition, we administered in both waves the Trail Making Test part B (TMT B; 

Reitan, 1958). After one exercise trail (connecting 1-A-2-B-3-C-4-D), participants had to 

connect the numbers 1 to 13 in ascending order and the letters A to L in alphabetic order 

while alternating between numbers and letters (i.e., 1-A-2-B-3-C ... 12-L-13) as fast as 

possible and without error. The TMT B completion time was the time in seconds needed to 

correctly connect the 25 numbers / letters. 

2.2.2 Multimorbidity of Chronic Diseases 

We interviewed participants in both waves regarding the chronic diseases they 

suffered from such as heart diseases of ischemic or organic pathogenesis, primary 

arrhythmias, pulmonary heart diseases, hypertension, and peripheral vascular diseases. 

Participants reported in W1 and W2 the chronic diseases they currently suffered from at that 
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time, respectively. To gain a long-term-effect perspective, we analyzed the overall number of 

those chronic diseases participants suffered from in both W1 and W2 as a global indicator of 

individuals’ multimorbidity (see, e.g., Rozzini et al., 2002, for a similar approach). 

2.2.3 Markers of Cognitive Reserve 

Education. We asked participants in W1 to indicate their highest educational level 

attained. For analyses, low versus high education were distinguished according to the two 

categories of low educational attainment (i.e., primary and inferior secondary school levels) 

and apprenticeship graduation, both leading mainly to blue collar and/or unskilled jobs versus 

higher (advanced) educational attainment (i.e., superior secondary school level, technical 

college or superior vocational college, and university degree), typically leading to white collar 

jobs (Gabriel, Oris, Studer, & Baeriswyl, 2015). 

Cognitive level of job. We asked participants in W1 to indicate the first profession they 

had practiced after education had been completed as well as the last profession they had 

practiced before retirement. For analyses, low versus high cognitive level of job regarding 

individuals’ first profession and the last profession practiced were distinguished according to 

the two categories of lower cognitive demands (i.e., blue collar or unskilled jobs such as 

factory work, plumbing, carpentry, farming, etc.) versus higher cognitive demands (i.e., white 

collar jobs such as teacher, clerical work, lawyer, medical practice, etc.; see e.g. Kesse-Guyot 

et al., 2013; Opdebeeck et al., 2016, for similar ratings reflecting the degree of intellectual 

involvement at work as marker of cognitive reserve). 

Leisure activities. We interviewed participants in W1 regarding their engagement in 

cognitively stimulating leisure activities such as going to the cinema, going to conferences, 

journeys, artistic activities, table games, and municipality activities. Participants reported in 

W1 the activities they currently carried out (within the last months) at that time and those 

activities they had carried out at age 45. For analyses, we calculated the overall number of 
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leisure activities participants carried out in W1 and the overall number of midlife leisure 

activities participants had carried out at age 45. 

2.3 Statistical Analyses 

We conducted latent change score modeling (McArdle, 2009) using the R package 

lavaan (Rosseel, 2012). The specification of our latent change score model is illustrated in 

Fig. 1. Specifically, we modeled latent cognitive factors of TMT completion time in W1 

(constructed from scores in TMT parts A and B in W1) and W2 (constructed from scores in 

TMT parts A and B in W2) as well as a latent change variable regarding change in TMT 

completion time from W1 to W2. We enforced strong factorial invariance on the factor 

loadings, with intercepts of all indicators being fixed to zero to assure that the same cognitive 

factor was assessed at both waves (Meredith & Teresi, 2006). We included several covariates 

that predicted latent change and were correlated to the latent cognitive factor in W1: age, sex, 

the number of chronic diseases, the markers of cognitive reserve, and the interactions of the 

markers of cognitive reserve with the number of chronic diseases. We also included 

interrelations of all covariates and interaction terms. 

We obtained parameter estimates using maximum likelihood (ML) estimation. To 

evaluate model fit, we used the following criteria: χ² test (good models: p value > .10), 

Comparative Fit Index (good models: CFI > .95), Incremental Fit Index (good models: IFI > 

.95), Root Mean Square Error of Approximation (good models: RMSEA < .06), and 

Standardized Root Mean Square Residual (good models: SRMR < .08; Hu & Bentler, 1999). 

Significance testing of the effects of the covariates on latent change and of the associations of 

the covariates to the latent cognitive factor in W1 was based on likelihood ratio tests. 

Specifically, we compared the unconstrained model in which the parameter of interest (e.g., a 

covariate predicting latent change) was estimated freely with a constrained model in which 

this parameter was fixed to zero. For this purpose, we statistically tested the difference in 

model fit between the unconstrained model and the constrained model (Δχ²), including testing 
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for significance. In case the constrained model would have a significantly worse fit than the 

unconstrained model, that would mean that the parameter of interest was significant (e.g., the 

covariate significantly predicted latent change). 

For analyses, we standardized markers of cognitive reserve that have big scales, i.e. 

number of midlife leisure activities and number of W1 leisure activities so that the reported 

raw estimates (b) can be interpreted in terms of SDs. We did not standardize the number of 

chronic diseases because it allowed interpreting the reported raw estimates in terms of effects 

‘for each additional chronic disease’. We did not standardize completion time in TMT A or 

TMT B so that the reported raw estimates can be interpreted in terms of seconds. 

3. Results 

3.1 Descriptive Statistics 

Table 1 shows descriptive statistics for completion time in TMT A and TMT B in W1 

and W2, the number of chronic diseases, the markers of cognitive reserve, age, and sex in 

terms of means, standard deviations, skewness, and kurtosis as well as sample proportions. 

Comparing both waves, on average there was no difference in completion time in TMT A nor 

TMT B (ps > .145). 

With respect to first-order correlations, a larger number of chronic diseases was 

significantly related to longer completion time in both TMT A and TMT B in W2 (but not in 

W1). Higher education was significantly related to shorter completion time in TMT B (but not 

in TMT A) in both waves. Higher cognitive level of first job was significantly related to 

shorter completion time in TMT A in W2 (but not in W1) as well as in TMT B in both waves. 

Higher cognitive level of last job was significantly related to shorter completion time in TMT 

A in both waves as well as in TMT B in W2 (but not in W1). A larger number of midlife 

leisure activities was significantly related to shorter completion time in TMT A in both waves 

as well as in TMT B in W1 (but not in W2). A larger number of W1 leisure activities was 

significantly related to shorter completion time in both TMT A and TMT B in both waves. 
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Older age was significantly related to longer completion time in both TMT A and TMT B in 

both waves. In women completion time in TMT A in W2 was significantly shorter than in 

men. Besides that, TMT completion time did not differ by sex. A larger number of W1 leisure 

activities was significantly related to fewer chronic diseases (see Table 2 for the full 

correlation matrix). 

3.2 Latent Change Score Modeling 

Appendix A shows all parameter estimates of the latent change score model before the 

covariates being entered. Appendix B shows all parameter estimates of the latent change score 

model after the covariates being entered. This latent change score model provided a very good 

statistical account of the data (χ² = 30.73, df = 23, p = .130, CFI > .99, IFI > .99, RMSEA = 

.02, SRMR = .01). In this model, the covariates predicted 27.7% of variance in latent change 

in TMT completion time. Specifically, older age significantly predicted stronger increase in 

TMT completion time (i.e., steeper cognitive performance decline, b = 4.37, Δχ² = 31.01, Δdf 

= 1, p < .001). Sex (b = -2.01, Δχ² = 2.17, Δdf = 1, p = .141) did not predict change in TMT 

completion time. A larger number of chronic diseases significantly predicted stronger increase 

in TMT completion time (i.e., steeper cognitive performance decline, b = 1.99, Δχ² = 11.57, 

Δdf = 1, p < .001). Education (b = 1.03, Δχ² = 0.47, Δdf = 1, p = .494), cognitive level of first 

job (b = -2.15, Δχ² = 1.34, Δdf = 1, p = .247), and cognitive level of last job (b = -2.39, Δχ² = 

1.11, Δdf = 1, p = .292) did not predict change in TMT completion time. A larger number of 

midlife leisure activities significantly predicted stronger increase in TMT completion time 

(i.e., steeper cognitive performance decline, b = 3.14, Δχ² = 7.93, Δdf = 1, p = .005). A larger 

number of W1 leisure activities significantly predicted less increase in TMT completion time 

(i.e., less cognitive performance decline, b = -3.08, Δχ² = 13.07, Δdf = 1, p < .001). There was 

a significant interaction of the number of midlife leisure activities with the number of chronic 

diseases. Specifically, the relation of a larger number of chronic diseases to stronger increase 

in TMT completion time (i.e., cognitive performance decline) was significantly stronger in 
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individuals with a smaller number of midlife leisure activities (b = -1.23, Δχ² = 4.77, Δdf = 1, 

p = .029; cf. Fig. 2). Besides that, no other interactions of the markers of cognitive reserve 

with chronic diseases on latent change in TMT completion time were observed. 

With respect to correlations between the latent cognitive factor in W1 and the 

covariates, older age significantly correlated with longer TMT completion time (i.e., lower 

cognitive performance status, r = .32, Δχ² = 57.93, Δdf = 1, p < .001). Sex (r = .00, Δχ² = 0.01, 

Δdf = 1, p = .907) and the number of chronic diseases (r = .01, Δχ² = 0.01, Δdf = 1, p = .905) 

did not correlate with TMT completion time. Higher education (r = -.14, Δχ² = 10.12, Δdf = 1, 

p = .001), higher cognitive level of first job (r = -.15, Δχ² = 12.69, Δdf = 1, p < .001), higher 

cognitive level of last job (r = -.10, Δχ² = 5.21, Δdf = 1, p = .022), a larger number of midlife 

leisure activities (r = -.13, Δχ² = 9.72, Δdf = 1, p = .002), and a larger number of W1 leisure 

activities (r = -.27, Δχ² = 41.66, Δdf = 1, p < .001) significantly correlated with shorter TMT 

completion time (i.e., better cognitive performance status).¹ 

4. Discussion 

The present study set out to investigate relations of the number of chronic diseases to 

cognitive status and cognitive decline over six years as measured by changes in TMT 

completion time and whether those relations differed by key life course markers of cognitive 

reserve. With respect to first-order correlations, a larger number of chronic diseases was 

related to longer completion time in both TMT A and TMT B in W2. Latent change score 

modeling showed that a larger number of chronic diseases predicted stronger increase in TMT 

completion time (i.e., steeper cognitive performance decline). This finding confirms prior 

evidence that chronic diseases are a major antecedent of lower cognitive functioning and 

faster cognitive decline in old age (Carmichael, 2014; Gasecki et al., 2013; Reijmer et al., 

2012). We also found that a larger number of leisure activities in old age was related to fewer 

chronic diseases. This result is consistent with the view that markers of cognitive reserve are 

associated with a lower risk for developing chronic diseases in old age (Ihle, Oris, Fagot et al., 
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2018; see also e.g. Batty, Deary, Benzeval, & Der, 2010; Hart et al., 2004; Kilander, Nyman, 

Boberg, & Lithell, 1997). 

Moreover, we found that higher values in several markers of cognitive reserve (in 

terms of education, cognitive level of the first job and the last job, and cognitively stimulating 

leisure activities in midlife and old age) were related to shorter TMT completion time (i.e., 

better cognitive performance status). This finding confirms the conceptual view that cognitive 

stimulation throughout the life course may be associated with cognitive reserve, thereby being 

related to better cognitive functioning in old age (Hertzog et al., 2008; Opdebeeck et al., 

2016; Stern, 2012). With respect to cognitive decline across six years, we observed only few 

associations with markers of cognitive reserve. Education as well as cognitive level of the 

first job and the last job did not predict change in TMT completion time. This result 

corroborates prior studies reporting that education was only related to better cognitive status 

but not to cognitive decline (Köhncke et al., 2016; Tucker-Drob, Johnson, & Jones, 2009; 

Van Dijk, Van Gerven, Van Boxtel, Van der Elst, & Jolles, 2008). Yet, a larger number of 

leisure activities pursued in old age predicted less increase in TMT completion time (i.e., less 

cognitive performance decline). Thus, importantly, present findings also support those studies 

that observed relations of greater activity engagement in old age to reduced cognitive decline 

(e.g., Wang et al., 2013). Hence, findings seem to suggest a dissociation between cognitive 

reserve effects of early brain stimulation (education) mainly affecting cognitive status only 

and adulthood stimulation (leisure activities) affecting both status and decline. 

With respect to midlife leisure activities, we found that a larger number of midlife 

leisure activities predicted stronger increase in TMT completion time (i.e., steeper cognitive 

performance decline). Notably, and most importantly, we observed an interaction between 

midlife leisure activities and chronic diseases. Specifically, the detrimental relation of the 

number of chronic diseases to stronger increase in TMT completion time (i.e., steeper 

cognitive performance decline) was stronger in individuals with less compared to those with 
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greater engagement in cognitively stimulating leisure activities in midlife. However, greater 

midlife activity engagement seemed to be associated with steeper cognitive decline in any 

case (see Figure 2), while those not so active in midlife were favored for some reason. On 

first glance this finding may sound counterintuitive. Yet, this pattern is actually in line with 

the prediction of the cognitive reserve concept (Stern, 2002, 2009): Individuals with higher 

cognitive reserve can tolerate more pathology, i.e. they can still maintain cognitive 

functioning for a longer time (though pathology is advancing). Cognitive functioning will 

begin to decline later in time, after more pathology has accumulated. But, once it starts to 

decline the cognitive system rapidly collapses and will then decline at a steeper rate given that 

pathology is already highly advanced (Stern, 2002, 2009). Yet, empirical research on this 

conceptual prediction is mixed. While some studies found steeper decline in individuals with 

higher cognitive reserve such as with higher educational and occupational attainment and with 

greater activity engagement (e.g., Hall et al., 2007; Helzner, Scarmeas, Cosentino, Portet, & 

Stern, 2007; Scarmeas, Albert, Manly, &Stern, 2006; Thorvaldsson, Skoog, & Johansson, 

2017), other studies found the opposite pattern, i.e. less rapid decline in individuals with 

higher education and greater engagement in stimulating activities in old age (e.g., 

Schneeweis, Skirbekk, & Winter-Ebmer, 2014; Wang et al., 2013). Notably, in our data the 

difference in cognitive decline between individuals with greater and those with less leisure 

activity engagement in midlife was largely gone once individuals suffered from chronic 

diseases. This pattern of results suggests that presence/absence of chronic diseases may (at 

least partly) explain the inconsistencies across findings on cognitive reserve and cognitive 

decline. Given that we did not observe such patterns neither for education, nor for the first or 

the last profession practiced before retirement, nor for leisure activities in old age, but mainly 

for midlife leisure activities, present findings suggest a particularly important role of active 

reserve build-up in midlife for cognitive decline in old age. 
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This is conceptually important, as with respect to life course models on the 

development of vulnerability (e.g., Spini et al., 2017) and cognitive reserve (Stern, 2012), 

present differential results contrasting midlife activities versus activities in old age suggest 

that the investigated markers of cognitive reserve - depending on the specific life course phase 

they concern - may differentially affect cognitive decline (see a recent conceptual proposal on 

the development of reserves over the life course; Cullati, Kliegel, & Widmer, 2018). 

Moreover, steeper cognitive decline associated with higher cognitive reserve as a result of 

pathology-related processes has so far typically been reported in the context of Alzheimer's 

disease (e.g., Hall et al., 2007; Helzner et al., 2007; Scarmeas et al., 2006; Stern, 2002, 2009). 

However, the preclinical phase of Alzheimer's disease is known to be up to 15 years and more 

before the development of clinical symptoms and the diagnosis of dementia, which calls for a 

long-term perspective (Dubois et al., 2016; see also e.g. Amieva et al., 2014). Therefore, 

present results on cognitive decline over six years may also be related to early pathology-

related cognitive decline among healthy older adults that were so far not diagnosed. Thus, 

with the help of future long-term cognitive reserve studies the cognitive reserve concept will 

have to be further specified with respect to the detailed neuropsychological pathways 

underlying the interplay between chronic diseases and cognitive reserve in relation to 

cognitive decline observed (see also e.g. Nilsson & Lövdén, 2018, for a recent discussion on 

future directions for the cognitive reserve concept). 

We acknowledge that the present correlative study does not allow drawing causal 

inferences. Moreover, we acknowledge that we can only draw conclusions regarding the time 

period and time scale captured in the present study since interindividual differences in 

cognitive performance at any given point in time are the result of previous changes. Thus, we 

cannot draw conclusions regarding a time period or time scale that was not captured in the 

present study. We acknowledge that therefore future longitudinal studies encompassing much 

broader phases of individuals’ aging trajectories will have to investigate whether present 



17 

 

observations hold over a broader time frame. Furthermore, we acknowledge that the current 

study is limited by a relatively short assessment of cognitive performance. The battery of 

cognitive tests in the present study contained only TMT parts A and B. Thus, future studies 

will have to examine whether the present pattern of results holds also for a larger set of 

cognitive abilities such as episodic memory, working memory, and a broader range of 

executive functions and thereby apply to the broader domain of cognitive functioning. 

Moreover, we acknowledge that the present sample contained only a relatively small 

proportion of individuals who had worked in unskilled professions or who had only a very 

low education such as primary school level. Therefore, future research will have to investigate 

in more detail the association of cognitive decline with physiological and psychological 

stressors, vulnerability, and very low levels of reserves also with respect to very low socio-

economic status. 

Footnotes 

¹ We additionally repeated all analyses using maximum likelihood estimation with 

robust standard errors (MLR), which revealed the same pattern of results. Moreover, we 

additionally repeated all analyses with calculating bootstrapped standard errors (based on 

1000 bootstrap draws), which again revealed the same pattern of results. 
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Table 1 

 

Descriptive statistics of measures 

 

Variable 
M (SD) /  

sample proportions 
skewness kurtosis 

1. TMT A completion time (W1) [seconds] 55.23 (24.40) 1.60 6.45 

2. TMT A completion time (W2) [seconds] 56.03 (24.37) 1.67 7.44 

3. TMT B completion time (W1) [seconds] 115.13 (44.80) 1.16 4.37 

4. TMT B completion time (W2) [seconds] 108.90 (45.40) 0.98 4.63 

5. Number of chronic diseases [number] 1.26 (1.22) 1.16 4.61 

6. Education 
low: 43.2% 

high: 56.8% 
  

7. Cognitive level first job 
low: 30.0% 

high: 70.0% 
  

8. Cognitive level last job 
low: 15.9% 

high: 84.1% 
  

9. Midlife leisure activities [number] 11.73 (2.66) -.23 2.60 

10. W1 leisure activities [number] 9.94 (2.82) -.19 2.80 

11. Age (W1) [years] 74.33 (6.50) 0.58 2.61 

12. Sex 
men: 51.4% 

women: 48.6% 
  

Note: Descriptive statistics for completion time in TMT A and TMT B in W1 and W2, the number of chronic 

diseases, the markers of cognitive reserve, age, and sex in terms of means (standard deviations are given in 

parentheses), skewness, and kurtosis as well as sample proportions. 
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Table 2 

 

Full correlation matrix of measures 

 
Variable 1 2 3 4 5 6 7 8 9 10 11 

1. TMT A completion time (W1) ---           

2. TMT A completion time (W2) .38*** ---          

3. TMT B completion time (W1) .55*** .38*** ---         

4. TMT B completion time (W2) .35*** .63*** .49*** ---        

5. Number of chronic diseases -.02 ns .11** .02 ns .17*** ---       

6. Education (0 = low; 1 = high) -.08 ns -.05 ns -.10* -.10* -.01 ns ---      

7. Cognitive level first job (0 = low; 1 = high) -.08 ns -.12*** -.14*** -.23*** .00 ns .39*** ---     

8. Cognitive level last job (0 = low; 1 = high) -.09* -.08* -.07 ns -.17*** -.06 ns .36*** .51*** ---    

9. Midlife leisure activities -.11** -.08* -.08* -.07 ns .01 ns .04 ns .07* .06 ns ---   

10. W1 leisure activities -.20*** -.28*** -.18*** -.25*** -.12*** .09** .09** .08* .53*** ---  

11. Age (W1) .19*** .34*** .27*** .40*** .11*** .01 ns -.08* .01 ns -.09** -.33*** --- 

12. Sex (0 = men; 1 = women) .00 ns -.07* -.01 ns .03 ns .06 ns -.06 ns .19*** -.03 ns .07* .00 ns -.06 ns 

Note: First-order correlations between completion time in TMT A and TMT B in W1 and W2, the number of chronic diseases, the markers of cognitive reserve, age, and sex. 

*** p < .001; ** p < .01; * p < .05; ns = non-significant, p > .05.
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Fig. 1. Specification of the tested latent change score model. C1 and C2 represent the latent cognitive factors of 

Trail Making Test (TMT) completion time in Wave 1 (W1; constructed from scores in TMT parts A and B in 

W1) and Wave 2 (W2; constructed from scores in TMT parts A and B in W2), respectively. ΔC represents the 

latent change variable regarding change in TMT completion time from W1 to W2. Note that for clarity purposes 

the illustration is simplified. We enforced strong factorial invariance on the factor loadings, with intercepts of all 

indicators being fixed to zero to assure that the same cognitive factor was assessed at both waves. For 

simplification purposes, arrows from the triangle to the observed indicator variables (TMT A and B) that would 

indicate that intercepts of all indicators being fixed to zero are not displayed. cov represents all covariates that 

predicted latent change and were correlated to the latent cognitive factor in W1: age, sex, the number of chronic 

diseases, the markers of cognitive reserve, and the interactions of the markers of cognitive reserve with the 

number of chronic diseases (including interrelations of all covariates and interaction terms, which are not 

displayed here for a better overview). 
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Fig. 2. Estimated mean increase in Trail Making Test (TMT) completion time (i.e., cognitive performance 

decline in seconds) at a low and a high number of chronic diseases (i.e., 0 and 2 diseases, respectively) as a 

function of midlife leisure activities (at a low and a high number, i.e. -1 and +1 SD, respectively). Bars represent 

standard errors. 
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Appendices 

 

Appendix A 

 

Parameter estimates of the latent change score model before the covariates being entered 

 

Parameter (lavaan syntax) Raw estimate Standardized estimate p-value 

Loadings of latent variables: 

TMT factor W1 =~ TMT A W1 1.00 0.72 NA 

TMT factor W1 =~ TMT B W1 2.11 0.80 < .001 

TMT factor W2 =~ TMT A W2 1.00 0.82 NA 

TMT factor W2 =~ TMT B W2 2.11 0.85 < .001 

TMT change =~ TMT factor W2 1.00 0.82 NA 

Regressions:      

TMT factor W2 ~ TMT factor W1 1.00 0.87 NA 

TMT change ~ TMT factor W1 -0.29 -0.31 < .001 

Covariances:      

TMT A W1 ~~ TMT A W2 2.30 0.01 .896 

TMT B W1 ~~ TMT B W2 205.69 0.29 .015 

Intercepts:      

TMT A W1 ~1  0.00 0.00 NA 

TMT B W1 ~1  0.00 0.00 NA 

TMT A W2 ~1  0.00 0.00 NA 

TMT B W2 ~1  0.00 0.00 NA 

TMT factor W1 ~1  55.09 3.18 < .001 

TMT factor W2 ~1  0.00 0.00 NA 

TMT change ~1  16.51 1.01 < .001 

Variances:      

TMT factor W1 ~~ TMT factor W1 300.99 1.00 < .001 

TMT factor W2 ~~ TMT factor W2 0.00 0.00 NA 

TMT change ~~ TMT change 242.54 0.91 < .001 

TMT A W1 ~~ TMT A W1 284.69 0.49 < .001 

TMT B W1 ~~ TMT B W1 768.12 0.36 < .001 

TMT A W2 ~~ TMT A W2 198.24 0.33 < .001 

TMT B W2 ~~ TMT B W2 670.86 0.28 < .001 

Note: Parameter estimates of the latent change score model before the covariates being entered. Specifically, we 

modeled latent cognitive factors of Trail Making Test (TMT) completion time in Wave 1 (W1; constructed from 

scores in TMT parts A and B in W1) and Wave 2 (W2; constructed from scores in TMT parts A and B in W2) as 

well as a latent change variable regarding change in TMT completion time from W1 to W2. We enforced strong 

factorial invariance on the factor loadings, with intercepts of all indicators being fixed to zero to assure that the 

same cognitive factor was assessed at both waves. NA: p-value not available because the respective parameter 

was fixed in the model specification. 
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Appendix B 

 

Parameter estimates of the latent change score model after the covariates being entered 

 

Parameter (lavaan syntax) Raw estimate Standardized estimate p-value 

Loadings of latent variables: 

TMT factor W1 =~ TMT A W1 1.00 0.71 NA 

TMT factor W1 =~ TMT B W1 2.12 0.81 < .001 

TMT factor W2 =~ TMT A W2 1.00 0.80 NA 

TMT factor W2 =~ TMT B W2 2.12 0.86 < .001 

TMT change =~ TMT factor W2 1.00 0.83 NA 

Regressions:      

TMT factor W2 ~ TMT factor W1 1.00 0.89 NA 

TMT change ~ TMT factor W1 -0.43 -0.46 < .001 

TMT change ~ age 4.37 0.27 < .001 

TMT change ~ sex -2.01 -0.06 .141 

TMT change ~ diseases 1.99 0.15 < .001 

TMT change ~ education 1.03 0.03 .494 

TMT change ~ first job -2.15 -0.06 .247 

TMT change ~ last job -2.39 -0.05 .292 

TMT change ~ midlife activities 3.14 0.19 .005 

TMT change ~ W1 activities -3.08 -0.19 < .001 

TMT change ~ 
interaction midlife activities X 

diseases 
-1.23 -0.14 .029 

Covariances:      

TMT factor W1 ~~ TMT change 0.00 0.00 NA 

TMT A W1 ~~ TMT A W2 16.48 0.06 .325 

TMT B W1 ~~ TMT B W2 122.35 0.19 .121 

TMT factor W1 ~~ age 5.53 0.32 < .001 

TMT factor W1 ~~ sex 0.04 0.00 .907 

TMT factor W1 ~~ diseases 0.11 0.01 .905 

TMT factor W1 ~~ education -1.16 -0.14 .001 

TMT factor W1 ~~ first job -1.21 -0.15 < .001 

TMT factor W1 ~~ last job -0.63 -0.10 .022 

TMT factor W1 ~~ midlife activities -2.28 -0.13 .002 

TMT factor W1 ~~ W1 activities -4.67 -0.27 < .001 

TMT factor W1 ~~ 
interaction midlife activities X 

diseases 
-3.63 -0.11 .008 

TMT factor W1 ~~ interaction W1 activities X diseases -6.72 -0.20 < .001 

age ~~ sex -0.03 -0.06 .057 

age ~~ diseases 0.14 0.12 < .001 

age ~~ education 0.01 0.02 .645 

age ~~ first job -0.04 -0.08 .014 

age ~~ last job 0.00 0.00 .889 

age ~~ midlife activities -0.09 -0.09 .008 

age ~~ W1 activities -0.33 -0.33 < .001 

age ~~ 
interaction midlife activities X 

diseases 
-0.13 -0.07 .045 
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age ~~ interaction W1 activities X diseases -0.47 -0.24 < .001 

sex ~~ diseases 0.04 0.06 .091 

sex ~~ education -0.02 -0.06 .070 

sex ~~ first job 0.04 0.19 < .001 

sex ~~ last job -0.01 -0.03 .321 

sex ~~ midlife activities 0.03 0.07 .042 

sex ~~ W1 activities 0.00 0.00 .938 

sex ~~ 
interaction midlife activities X 

diseases 
0.05 0.06 .092 

sex ~~ interaction W1 activities X diseases -0.04 -0.04 .282 

diseases ~~ education 0.00 -0.01 .842 

diseases ~~ first job 0.00 0.00 .890 

diseases ~~ last job -0.03 -0.06 .107 

diseases ~~ midlife activities 0.02 0.02 .597 

diseases ~~ W1 activities -0.15 -0.12 < .001 

diseases ~~ 
interaction midlife activities X 

diseases 
0.04 0.02 .585 

diseases ~~ interaction W1 activities X diseases -0.37 -0.16 < .001 

education ~~ first job 0.09 0.39 < .001 

education ~~ last job 0.07 0.36 < .001 

education ~~ midlife activities 0.02 0.04 .199 

education ~~ W1 activities 0.05 0.09 .006 

education ~~ 
interaction midlife activities X 

diseases 
0.03 0.03 .306 

education ~~ interaction W1 activities X diseases 0.07 0.07 .037 

first job ~~ last job 0.09 0.51 < .001 

first job ~~ midlife activities 0.03 0.06 .057 

first job ~~ W1 activities 0.04 0.09 .012 

first job ~~ 
interaction midlife activities X 

diseases 
0.03 0.03 .340 

first job ~~ interaction W1 activities X diseases 0.03 0.03 .315 

last job ~~ midlife activities 0.02 0.06 .062 

last job ~~ W1 activities 0.03 0.07 .031 

last job ~~ 
interaction midlife activities X 

diseases 
0.01 0.01 .734 

last job ~~ interaction W1 activities X diseases 0.02 0.03 .416 

midlife activities ~~ W1 activities 0.53 0.53 < .001 

midlife activities ~~ 
interaction midlife activities X 

diseases 
1.33 0.73 < .001 

midlife activities ~~ interaction W1 activities X diseases 0.63 0.33 < .001 

W1 activities ~~ 
interaction midlife activities X 

diseases 
0.64 0.35 < .001 

W1 activities ~~ interaction W1 activities X diseases 1.41 0.73 < .001 

interaction midlife 

activities X 

diseases 

~~ interaction W1 activities X diseases 1.40 0.40 < .001 

Intercepts:      

TMT A W1 ~1  0.00 0.00 NA 

TMT B W1 ~1  0.00 0.00 NA 

TMT A W2 ~1  0.00 0.00 NA 

TMT B W2 ~1  0.00 0.00 NA 
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TMT factor W1 ~1  54.89 3.15 < .001 

TMT factor W2 ~1  0.00 0.00 NA 

TMT change ~1  25.54 1.58 < .001 

age ~1  0.00 0.00 > .999 

sex ~1  0.49 0.97 < .001 

diseases ~1  1.27 1.04 < .001 

education ~1  0.57 1.15 < .001 

first job ~1  0.70 1.53 < .001 

last job ~1  0.84 2.31 < .001 

midlife activities ~1  0.00 0.00 .986 

W1 activities ~1  0.00 0.00 .993 

interaction midlife 

activities X 

diseases 

~1  0.02 0.01 .804 

interaction W1 

activities X 

diseases 

~1  -0.15 -0.08 .023 

Variances:      

TMT factor W1 ~~ TMT factor W1 302.82 1.00 < .001 

TMT factor W2 ~~ TMT factor W2 0.00 0.00 NA 

TMT change ~~ TMT change 189.34 0.72 < .001 

age ~~ age 1.00 1.00 < .001 

sex ~~ sex 0.25 1.00 < .001 

diseases ~~ diseases 1.50 1.00 < .001 

education ~~ education 0.25 1.00 < .001 

first job ~~ first job 0.21 1.00 < .001 

last job ~~ last job 0.13 1.00 < .001 

midlife activities ~~ midlife activities 1.00 1.00 < .001 

W1 activities ~~ W1 activities 1.00 1.00 < .001 

interaction midlife 

activities X 

diseases 

~~ 
interaction midlife activities X 

diseases 
3.36 1.00 < .001 

interaction W1 

activities X 

diseases 

~~ interaction W1 activities X diseases 3.76 1.00 < .001 

TMT A W1 ~~ TMT A W1 293.52 0.49 < .001 

TMT B W1 ~~ TMT B W1 718.19 0.35 < .001 

TMT A W2 ~~ TMT A W2 219.94 0.36 < .001 

TMT B W2 ~~ TMT B W2 591.45 0.26 < .001 

Note: Parameter estimates of the latent change score model after the covariates being entered. Specifically, we 

modeled latent cognitive factors of Trail Making Test (TMT) completion time in Wave 1 (W1; constructed from 

scores in TMT parts A and B in W1) and Wave 2 (W2; constructed from scores in TMT parts A and B in W2) as 

well as a latent change variable regarding change in TMT completion time from W1 to W2. We enforced strong 

factorial invariance on the factor loadings, with intercepts of all indicators being fixed to zero to assure that the 

same cognitive factor was assessed at both waves. We included several covariates that predicted latent change 

and were correlated to the latent cognitive factor in W1: age, sex, the number of chronic diseases, the markers of 

cognitive reserve, and the interactions of the markers of cognitive reserve with the number of chronic diseases 

(note that only significant interactions were included in the final model for sake of parsimony and simplicity). 

We also included interrelations of all covariates and interaction terms. NA: p-value not available because the 

respective parameter was fixed in the model specification. 


