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Abstract

Background: Cognitively stimulating activities contribute to the accumulation of
cognitive reserve that is proposed to be instrumental for maintaining cognitive functioning in
aging. Adopting a novel, more general conceptual perspective including models of
vulnerability, we argue that cognitive reserve may modify the longitudinal association
between perceived stress and the rate of subsequent decline in executive functioning.

Obijective: The present study set out to investigate the longitudinal relationship
between perceived stress and subsequent decline in executive functioning over six years as
measured through performance changes in the Trail Making Test (TMT) and whether this
longitudinal relationship differed by key markers of cognitive reserve (education, occupation,
and leisure activities), taking into account age, sex, and chronic diseases as covariates.

Methods: We used latent change score modeling based on longitudinal data from 897
older adults 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 perceived stress, education,
occupation, leisure activities, and chronic diseases.

Results: The longitudinal relationship between greater perceived stress in the first
wave of data collection and steeper subsequent decline in executive functioning over six years
was significantly reduced in individuals who had pursued a higher frequency of leisure
activities in the first wave.

Conclusion: The longitudinal relationship between perceived stress and subsequent
decline in executive functioning may be attenuated in individuals who have accumulated
greater cognitive reserve through an engaged lifestyle. Implications for current cognitive

reserve and gerontological research are discussed.
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A major goal of current gerontological research is to better understand how inter-
individual differences in maintenance of cognitive functioning in old age emerge [1]. In this
regard, the cognitive reserve concept postulates that lifelong experiences, including
educational and occupational attainment, and leisure activities, provide cognitive stimulation
building up a buffer that is instrumental for preserving cognitive functioning in aging [2, 3].
Empirically corroborating the predictions of the cognitive reserve concept, both cross-
sectional and longitudinal evidence for example showed that multiple markers of cognitive
reserve that have been frequently used in the literature such as longer education, more
cognitively demanding jobs, and a greater engagement in leisure activities contribute to the
accumulation of cognitive reserve and are related to better executive functioning in old age [1,
4-6].

Cognitive reserve may be particularly important when faced with stressors that affect
executive functioning. In particular, both perceived and physiological stress have been found
to impair executive functioning [7, 8]. Yet, the relationship between stress and executive
functioning is not always negative since it was also documented to depend on the type and
duration of stressor exposure and the investigated correlates of stress [8]. Furthermore, the
relationship between stress and executive functioning may be modulated by individual-
difference characteristics such as an individual’s cognitive reserve.

Adopting a more general conceptual perspective employing models of vulnerability
[9] and cognitive reserve [2], we argue that individuals who accumulated less cognitive
reserve are more vulnerable to stress-related impairments in executive functioning [10, 11].
Therefore, we predict that cognitive reserve may modify the cross-sectional association
between perceived stress and executive functioning at a given point in time and possibly also
the longitudinal relationship between perceived stress and the rate of subsequent decline in
executive functioning. Consistent with this conceptual view, recent empirical cross-sectional
evidence suggests that in individuals with greater cognitive reserve (in terms of e.g. higher
education, higher cognitive demand of jobs, and greater engagement in leisure activities) the
negative cross-sectional association between greater perceived stress and poorer executive
functioning in old age was markedly reduced [11, 12].

Yet, to the best of our knowledge, there is no longitudinal investigation to date
regarding the role of cognitive reserve in modifying the longitudinal relationship between
stress and subsequent decline in executive functioning. This gap in the literature is
particularly troubling, as longitudinal research is needed to evaluate whether cognitive reserve

not only modifies the cross-sectional association between stress and executive functioning at a
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given point in time, but also the longitudinal relationship between stress and the rate of
subsequent decline in executive functioning. To address this major gap in the literature, we
investigated the longitudinal relationship between perceived stress and subsequent decline in
executive functioning over six years as measured through performance changes in the Trail
Making Test (TMT). We also assessed whether this longitudinal relationship differed by key
markers of cognitive reserve that have been frequently used in the literature (i.e., education,
occupation, and leisure activities), taking into account age, sex, and chronic diseases as
covariates.

Methods
Participants

The data of this study come from two waves of the Vivre-Leben-Vivere (VLV) survey
[13, 14], which is part of the research program LIVES on vulnerability processes across the
life course. Respondents were first interviewed during 2011 (Wave 1; W1) using face-to-face
computer-assisted personal interviewing (CAPI) and paper-pencil questionnaires. VLV drew
a stratified random sample of 3,080 participants in W1 based on administrative records from
five Swiss cantons with stratification 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 1,059 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, the outcome variables in the present study. Mean age of these respondents in W1 was
74.33 years (SD = 6.50, range 65-96).

Reflecting the longitudinal study design, our sample only contained survivors.t
Compared to all participants initially tested in W1, the participants retained in the present
study were 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). Importantly though, our
sample still contained a considerable proportion of respondents aged 85 years and older in W2
(24.5% in W2 among the participants who were analyzed in the present study; in comparison,
25.7% in W1 among the participants initially tested in W1). The fraction of male vs. female
participants did not differ significantly between our analytical sample and individuals who
were lost at follow-up in W2 (51.4% vs 51.9% men, p = .811). With respect to perceived
stress, the participants retained in the present study reported a slightly lower overall perceived
stress level in W1 (M = 3.14, SD = 2.30) than the individuals who were lost at follow-up in
W2 (M =359 in W1, SD = 2.62; p <.001). Yet, our sample still contained a considerable
proportion of respondents with overall perceived stress scores of 4 or higher (42.8% among
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the participants who were analyzed in the present study; in comparison, 44.7% among the
participants initially tested in W1). Moreover, with respect to years of education the
participants retained in the present study (M = 13.46, SD = 3.96) had spent more time for
education than the individuals who were lost at follow-up in W2 (M =12.58, SD =3.97; p =
.018). However, our sample still contained a considerable proportion of respondents with
lower educational levels (43.2% individuals with primary and inferior secondary school levels
as well as apprenticeship graduation among the participants who were analyzed in the present
study; in comparison, 53.6% among the participants initially tested in W1). With respect to
cognitive demand of jobs the participants retained in the present study (M = 114.95, SD =
62.94) did not differ significantly from the individuals who were lost at follow-up in W2 (M =
110.81, SD = 68.72; p = .491). The participants retained in the present study also had pursued
leisure activities in W1 with higher frequency (M = 1.28, SD = 0.38) than the individuals who
were lost at follow-up in W2 (M =0.97 in W1, SD = 0.45; p <.001). However, our sample
still contained a considerable proportion 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). Moreover, the participants retained in the present study had suffered from
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 in W1, SD = 2.10; p < .001). However, we still had a
considerable proportion of respondents with four or more chronic diseases (29.7% among the
participants who were analyzed in the present study; in comparison, 21.1% among the
participants initially tested in W1), suggesting sufficient variance in multimorbidity in the
study sample. Thus, systematic attrition did not eliminate entire population groups of interest
(see [15], for comparable retention patterns over six years in the Longitudinal Aging Study
Amsterdam; see [16], for a similar follow-up of participants over six years in the Victoria
Longitudinal Study; see [17], 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 in the study before
participating. The present study was conducted in accordance with the Declaration of
Helsinki, and the study 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).



Materials
Trail Making Test Completion Time

In both waves, we administered the Trail Making Test part A (TMT A [18]). 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
[18]). 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.

Perceived Stress

We assessed perceived stress in W1 using the four-item Perceived Stress Scale (PSS-4
[19]) that evaluates how unpredictable, uncontrollable, and overloaded participants find their
lives, using a five-point Likert-type scale ranging from 0 (‘never’) to 4 (‘very often”). The
four items showed an internal consistency of Cronbach’s a = .60. The four item scores were
summed up to derive an overall score of perceived stress in W1 (possible range 0-16) [19].
Markers of Cognitive Reserve

Education. We asked participants to indicate the total time in years they had spent for
formal education (comprising primary school, secondary school, and university).

Cognitive Demand of Jobs. We asked participants to indicate their past professions
and how many years they had each been practiced during adulthood. Following Nucci et al.
[20], we recorded these professions in different job categories based on a five-point Likert-
type scale reflecting the degree of intellectual involvement and personal responsibility at
work: (1) unskilled manual / non-manual work (e.g., farmer, car driver, call center operator);
(2) skilled manual work (e.g., craftsman, clerk, hairdresser); (3) skilled non-manual or
technical work (e.g., trader, kindergarten teacher, real estate agent); (4) specialized work (e.g.,
psychologist, physician, head of a small enterprise); or (5) highly intellectual work with large
responsibilities (e.g., director of a large company, judge, top manager). Following Nucci et
al., we calculated the overall score of cognitive demand of jobs by multiplying the years of
professions by the respective cognitive demand (1 to 5, as illustrated above) and summing up

across the different job categories [20].



Leisure Activities. We asked participants in W1 about their engagement in the
following 18 leisure activities: (1) go for a walk; (2) gardening; (3) gymnastics or other
physical exercises; (4) other sports; (5) go into a café, restaurant, etc.; (6) go to the cinema,
theater, etc.; (7) excursions of 1 or 2 days; (8) journeys of at least 3 days; (9) play a musical
instrument; (10) other artistic activities; (11) take courses, go to conferences, etc.; (12) party
games (cards, scrabble, etc.); (13) crossword puzzles, sudoku, etc.; (14) needlework (knit,
dressmaking, etc.); (15) handicrafts, repair, carpentry, pottery, etc.; (16) participation in
political or labor union activities; (17) participation in municipality or district activities; and
(18) participation in sporting events (e.g., visit a football match, etc.). These activities had
been a priori selected with respect to different life domains such as cognitive activities,
physical activities, or social activities comprising a large variety of leisure activities [21]. For
each of the 18 activities, participants reported in W1 current frequency of engagement at that
time, using a five-point Likert-type scale with values of 0 (‘never’), 1 (‘at least once a year’),
2 (“at least once a month’), 3 (“at least once a week’), or 4 (‘every day or almost every day’).
To derive an overall measure of frequency of leisure activities in W1, we averaged frequency
scores across all 18 leisure activities in W1 (possible range 0-4; for a validation see e.g. [22];
see [23], for the same approach).

Chronic Diseases

We interviewed participants in W1 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. For analyses, we summed up
the overall number of chronic diseases participants suffered from in W1 as a global indicator
of individuals’ multimorbidity [24, 25].

Statistical Analyses

We conducted latent change score modeling [26] using the R package lavaan [27]. The
specification of our latent change score model is illustrated in Fig. 1. Specifically, we
modeled latent executive functioning 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 in executive functioning 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 executive
functioning factor was assessed at both waves [28]. We included several covariates that
predicted latent change and were correlated to the latent executive functioning factor in W1:

perceived stress in W1, the markers of cognitive reserve (education, cognitive demand of
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jobs, and frequency of leisure activities in W1), the number of chronic diseases in W1, age in
W1, sex, and the interactions of perceived stress in W1 with the markers of cognitive reserve.
We also included interrelations of all covariates to take the dependencies among them into
account.

We evaluated model fit as follows: Given that with large study samples the y? test
often indicates a significant deviation of the model matrix from the covariance matrix despite
good model fit [29], we inspected several additional fit indices. Specifically, we used the
following criteria: 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 [29]). We
analyzed perceived stress, education, cognitive demand of jobs, frequency of leisure activities,
the number of chronic diseases, and age as continuous variables. We standardized these
covariates so that the reported raw estimates (b) can be interpreted in terms of SDs. We did
not standardize completion time in TMT A or TMT B so that the reported raw estimates can
be interpreted in seconds.

Results
Descriptive Statistics

Table 1 shows descriptive statistics of analyzed measures in terms of means and
standard deviations as well as sample proportions. Comparing both waves, there were no
statistically significant differences in the average completion time in neither TMT A nor TMT
B (ps > .145).

With respect to first-order correlations, greater perceived stress in W1 was
significantly related to longer completion time in both TMT A and TMT B in W2 (but not in
W1). Longer education was significantly related to shorter completion time in TMT A in W1
(but not in W2) as well as in TMT B in both waves. Higher cognitive demand of jobs was
significantly related to shorter completion time in TMT B in W1 (but not in W2) and
unrelated to TMT A in both waves. A higher frequency of leisure activities in W1 was
significantly related to shorter completion time in both TMT A and TMT B in both waves. A
larger number of chronic diseases in W1 was significantly related to longer completion time
in TMT A in W2 (but not in W1) as well as TMT B in both waves. Older age in W1 was
significantly related to longer completion time in both TMT A and TMT B in both waves.
Women had a significantly shorter completion time in TMT A in W2 than men. Otherwise,
TMT completion time did not differ significantly by sex (see Table 2 for the full correlation

matrix).



Latent Change Score Modeling

The latent change score model provided a very good statistical account of the data (>
=30.14, df = 19, p =.050, CFI > .99, IFI > .99, RMSEA = .03, SRMR =.02).
Longitudinal Predictions of Subsequent Change in TMT Completion Time

Greater perceived stress in W1, a larger number of chronic diseases in W1, and older
age in W1 significantly predicted a larger subsequent increase in TMT completion time from
W1 to W2 (i.e., steeper decline in executive functioning; see upper panel of Table 3). Longer
TMT completion time in W1 (i.e., lower performance status in executive functioning) and a
higher frequency of leisure activities in W1 significantly predicted a smaller subsequent
increase in TMT completion time from W1 to W2 (i.e., a smaller decline in executive
functioning). Education, cognitive demand of jobs, and sex did not predict changes in TMT
completion time. There was a significant interaction of perceived stress in W1 with the
frequency of leisure activities in W1. Specifically, the longitudinal relationship between
greater perceived stress in W1 and larger subsequent increases in TMT completion time from
W1 to W2 (i.e., decline in executive functioning) was significantly attenuated in individuals
with a higher frequency of leisure activities in W1 (cf. Fig. 2). Besides that, no other
interactions of perceived stress in W1 with the markers of cognitive reserve on latent changes
in TMT completion time were observed.
Cross-Sectional Correlations with TMT Completion Time in W1

Greater perceived stress in W1, a larger number of chronic diseases in W1, and older
age in W1 significantly correlated with longer TMT completion time in W1 (i.e., lower
performance status in executive functioning; see lower panel of Table 3). Longer education,
higher cognitive demand of jobs, and a higher frequency of leisure activities in W1
significantly correlated with shorter TMT completion time in W1 (i.e., better performance
status in executive functioning). Sex was not related to TMT completion time in W1.

Discussion

The present study assessed the longitudinal relationship between perceived stress and
subsequent decline in executive functioning over six years as measured through performance
changes in the TMT. We also assessed whether this longitudinal relationship differed by key
markers of cognitive reserve.

Our longitudinal analyses using latent change score modeling showed that greater
perceived stress in the first wave of data collection predicted a steeper subsequent decline in
executive functioning (i.e., indicated by a larger increase in TMT completion time).

Moreover, we found that higher values in several markers of cognitive reserve (in terms of
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education, cognitive demand of jobs, and leisure activities) were related to a better
performance status in executive functioning (i.e., indicated by shorter TMT completion time).
This finding confirms the conceptual view that cognitive stimulation may be associated with
cognitive reserve, thereby being related to better executive functioning in old age [1, 2, 4].

However, regarding decline in executive functioning across six years, we observed
only few longitudinal associations with markers of cognitive reserve. Neither education nor
cognitive demand of jobs did significantly predict changes in TMT completion time. Yet, we
observed that a higher frequency of leisure activities pursued in the first wave of data
collection longitudinally predicted a smaller subsequent decline in executive functioning (i.e.,
indicated by a smaller increase in TMT completion time). Thus, our findings are also
consistent with studies that observed a longitudinal relationship between greater activity
engagement in old age and reduced decline in executive functioning [6].

Notably, and most importantly, we found that the detrimental longitudinal relationship
between greater perceived stress in the first wave of data collection and subsequent decline in
executive functioning (i.e., indicated by increases in TMT completion time) was attenuated in
individuals with greater engagement in leisure activities in the first wave. This finding
confirmed our prediction regarding the key role of cognitive reserve in attenuating stress-
related executive functioning changes in old age. In this regard, present findings confirm
recent empirical cross-sectional studies reporting that cognitive reserve (in terms of e.g.
higher education, higher cognitive demand of jobs, and greater engagement in leisure
activities) is associated with a reduced negative cross-sectional relationship between
perceived stress and poorer executive functioning in old age [11, 12]. Importantly, our study
extends those cross-sectional studies with longitudinal data regarding stress-related decline in
executive functioning over six years.

We acknowledge that the present correlative study does not allow drawing causal
inferences. Moreover, we acknowledge that the present two-wave longitudinal design is
somehow limited to investigate longitudinal change since a larger number of longitudinal
assessments is generally more preferable. Yet, latent change score models can be
appropriately used already with two waves of data assessment to model latent variables of
inter-individual differences in intra-individual change over time [26]. Likewise, we
acknowledge that we can only draw conclusions regarding the time period and time scale
captured in the present study since inter-individual differences in executive functioning at any
given point in time are the result of previous changes. Thus, we cannot draw conclusions

regarding a point in time or time scale that was not captured in the present study. We
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acknowledge that therefore future longitudinal studies encompassing much broader phases of
individuals’ aging trajectories with assessments at multiple timepoints will have to investigate
whether present observations hold over a broader time frame.

One could also argue that comparing both waves, there was no difference in
completion time in TMT A nor TMT B on average. Yet, note that the present study focused
on explaining inter-individual differences regarding intra-individual change (not average
change). Importantly, despite non-significant average change, however, in ageing there are in
general large inter-individual differences in intra-individual change over time [30-33]. Present
results showed that there was a sufficient amount of inter-individual differences in intra-
individual change in TMT completion time to be able to detect differential relationship
patterns with respect to perceived stress and activity engagement. Furthermore, we
acknowledge that the current study is limited by a relatively short assessment of executive
functioning. Thus, future longitudinal studies will have to examine whether the present
pattern of results holds also for a larger set of cognitive abilities such as episodic memory and
working memory (besides a broader range of executive functions) and thereby apply to
cognitive decline in general. In addition, we acknowledge that due to the restrictive criteria
for the TMT (see Footnote 2), there was a certain selection of the remaining sample. 1t may be
possible that participants who properly did the test had better executive functioning than those
who did an error. Thus, future research might investigate whether the present pattern of
results holds also for tasks that allow error exclusion on a trial basis. Moreover, we
acknowledge that our assessment of cognitive reserve markers is limited to education,
cognitive demand of jobs, and frequency of leisure activities. Future studies have to take a
more fine-grained life course perspective, for example, using detailed life-interview
operationalizations, including a broader focus on social activities, to disentangle the
differential contributions of different domains of cognitive reserve accumulation (e.g., formal
and lifelong education, non-formal intellectual activities, physical activities, and social
activities) from the different life phases (e.g., childhood, early, mid-, and late adulthood) in
which these contributions to cognitive reserve happen.

Footnotes

1 The major part of the selection occurred through the fact that over six years
individuals had died, refused to continue, or moved away and thus could not be re-contacted
(N =1,415). In addition, a subsample of participants in the canton Ticino that had participated
in W1 could not be included in W2 due to funding restrictions (N = 606).
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2 We terminated the TMT parts A / B (without any score) when the individual made
any error in connecting the 25 numbers/letters in the respective test. We applied these
restrictive criteria to be able to directly compare the completion times across individuals (i.e.,
completion times would be confounded when including participants who made errors and

took additional time to correct them).
Conflict of Interest
None.

Acknowledgements

This publication benefited from the support of the Swiss National Centre of
Competence in Research LIVES — Overcoming vulnerability: Life course perspectives, which
is financed by the Swiss National Science Foundation (grant number: 51NF40-160590). The
authors are grateful to the Swiss National Science Foundation for its financial assistance. The
authors also thank the participants of the Vivre-Leben-Vivere (VLV) study, as well as all
members of the LIVES project 1P213 and LINK institute who contributed to the realization of
the VLV study.

References

1. Opdebeeck, C., Martyr, A., & Clare, L. (2016). Cognitive reserve and cognitive
function in healthy older people: a meta-analysis. Aging, Neuropsychology, and Cognition,
23, 40-60. DOI: 10.1080/13825585.2015.1041450

2. Stern, Y. (2012). Cognitive reserve in ageing and Alzheimer’s disease. Lancet
Neurology, 11, 1006-1012. DOI: 10.1016/S1474-4422(12)70191-6

3. Stern, Y. (2009). Cognitive reserve. Neuropsychologia, 47, 2015-2028. DOI:
10.1016/j.neuropsychologia.2009.03.004

4. Hertzog, C., Kramer, A. F., Wilson, R. S., & Lindenberger, U. (2008). Enrichment
effects on adult cognitive development: can the functional capacity of older adults be
preserved and enhanced? Psychological Science in the Public Interest, 9, 1-65. DOI:
10.1111/j.1539-6053.2009.01034.x

5. Schneeweis, N., Skirbekk, V., & Winter-Ebmer, R. (2014). Does education improve
cognitive performance four decades after school completion? Demography, 51, 619-643.
DOI: 10.1007/s13524-014-0281-1

6. Wang, H. X,, Jin, Y. L., Hendrie, H. C., Liang, C. K., Yang, L. L., Cheng, Y. B, ...
Gao, S. J. (2013). Late Life Leisure Activities and Risk of Cognitive Decline. Journals of

12



Gerontology Series a: Biological Sciences and Medical Sciences, 68, 205-213. DOI:
10.1093/gerona/gls153

7. Korten, N. C. M., Comijs, H. C., Penninx, B. W. J. H., & Deeg, D. J. H. (2017).
Perceived stress and cognitive function in older adults: which aspect of perceived stress is
important? International Journal of Geriatric Psychiatry, 32, 439-445. DOI: 10.1002/gps.4486

8. Lupien, S. J., McEwen, B. S., Gunnar, M. R., & Heim, C. (2009). Effects of stress
throughout the lifespan on the brain, behaviour and cognition. Nature Reviews Neuroscience,
10, 434-445. DOI: 10.1038/nrn2639

9. Spini, D., Bernardi, L., & Oris, M. (2017). Toward a Life Course Framework for
Studying Vulnerability. Research in Human Development, 14, 5-25. DOI:
10.1080/15427609.2016.1268892

10. Cullati, S., Kliegel, M., & Widmer, E. (2018). Development of reserves over the
life course and onset of vulnerability in later life. Nature Human Behaviour, 2, 551-558. DOI:
10.1038/s41562-018-0395-3

11. Ihle, A., Oris, M., Sauter, J., Rimmele, U., & Kliegel, M. (2018). Cognitive
Reserve and Social Capital Accrued in Early and Midlife Moderate the Relation of
Psychological Stress to Cognitive Performance in Old Age. Dementia and Geriatric Cognitive
Disorders, 45, 190-197. DOI: 10.1159/000488052

12. Pertl, M. M., Hannigan, C., Brennan, S., Robertson, I. H., & Lawlor, B. A. (2017).
Cognitive reserve and self-efficacy as moderators of the relationship between stress exposure
and executive functioning among spousal dementia caregivers. International Psychogeriatrics,
29, 615-625. DOI: 10.1017/S1041610216002337

13. lhle, A., Mons, U., Perna, L., Oris, M., Fagot, D., Gabriel, R., & Kliegel, M.
(2016). The Relation of Obesity to Performance in Verbal Abilities, Processing Speed, and
Cognitive Flexibility in Old Age: The Role of Cognitive Reserve. Dementia and Geriatric
Cognitive Disorders, 42, 117-126. DOI: 10.1159/000448916

14. Oris, M., Guichard, E., Nicolet, M., Gabriel, R., Tholomier, A., Monnot, C., ... &
Joye, D. (2016). Representation of vulnerability and the elderly. In M. Oris, C. Roberts, D.
Joye, & M. Ernst-Stahli (Eds.), Surveying Human Vulnerabilities across the Life Course (Pp.
27-64). Heidelberg, Springer.

15. Aartsen, M. J., Smits, C. H. M., van Tilburg, T., Knipscheer, K. C. P. M., & Deeg,
D. J. H. (2002). Activity in older adults: Cause or consequence of cognitive functioning? A

longitudinal study on everyday activities and cognitive performance in older adults. Journals

13



of Gerontology Series B: Psychological Sciences and Social Sciences, 57, 153-162. DOI:
10.1093/geronb/57.2.P153

16. Hultsch, D. F., Hertzog, C., Small, B. J., & Dixon, R. A. (1999). Use it or lose it:
engaged lifestyle as a buffer of cognitive decline in aging? Psychology and Aging, 14, 245-
263. DOI: 10.1037//0882-7974.14.2.245

17. Lifshitz-Vahav, H., Shrira, A., & Bodner, E. (2017). The reciprocal relationship
between participation in leisure activities and cognitive functioning: the moderating effect of
self-rated literacy level. Aging & Mental Health, 21, 524-531. DOI:
10.1080/13607863.2015.1124838

18. Reitan, R. M. (1958). Validity of the trail making test as an indicator of organic
brain damage. Perceptual and Motor Skills, 8, 271-276.

19. Cohen, S., Kamarck, T., & Mermelstein, R. (1983). A Global Measure of
Perceived Stress. Journal of Health and Social Behavior, 24, 385-396. DOI: 10.2307/2136404

20. Nucci, M., Mapelli, D., & Mondini, S. (2012). Cognitive Reserve Index
questionnaire (CRIq): a new instrument for measuring cognitive reserve. Aging Clinical and
Experimental Research, 24, 218-226. doi: 10.3275/7800

21. Karp, A., Paillard-Borg, S., Wang, H. X,, Silverstein, M., Winblad, B., &
Fratiglioni, L. (2006). Mental, physical and social components in leisure activities equally
contribute to decrease dementia risk. Dementia and Geriatric Cognitive Disorders, 21, 65-73.
DOI: 10.1159/000089919

22. Jopp, D. S. & Hertzog, C. (2010). Assessing Adult Leisure Activities: An
Extension of a Self-Report Activity Questionnaire. Psychological Assessment, 22, 108-120.
doi: 10.1037/a0017662

23. Paggi, M. E., Jopp, D., & Hertzog, C. (2016). The Importance of Leisure Activities
in the Relationship between Physical Health and Well-Being in a Life Span Sample.
Gerontology, 62, 450-458. doi: 10.1159/000444415

24. Rozzini, R., Frisoni, G. B., Ferrucci, L., Barbisoni, P., Sabatini, T., Ranieri, P., ...
Trabucchi, M. (2002). Geriatric Index of Comorbidity: validation and comparison with other
measures of comorbidity. Age and Ageing, 31, 277-285. doi: 10.1093/ageing/31.4.277

25. lhle, A., Oris, M., Fagot, D., Chicherio, C., van der Linden, B. W. A,, Sauter, J., &
Kliegel, M. (2018). Associations of educational attainment and cognitive level of job with old
age verbal ability and processing speed: The mediating role of chronic diseases. Applied
Neuropsychology: Adult, 25, 356-362. DOI: 10.1080/23279095.2017.1306525

14



26. McArdle, J. J. (2009). Latent variable modeling of differences and changes with
longitudinal data. Annual Review of Psychology, 60, 577-605. DOI:
10.1146/annurev.psych.60.110707.163612

27. Rosseel, Y. (2012). lavaan: An R Package for Structural Equation Modeling.
Journal of Statistical Software, 48, 1-36.

28. Meredith, W. & Teresi, J. A. (2006). An essay on measurement and factorial
invariance. Medical Care, 44, 69-77. DOI: 10.1097/01.mlr.0000245438.73837.89

29. Hu, L. & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance
structure analysis: Conventional criteria versus new alternatives. Structural Equation
Modeling, 6, 1-55. DOI: 10.1080/10705519909540118

30. Christensen, H., Mackinnon, A., Jorm, A. F., Henderson, A. S., Scott, L. R., &
Korten, A. E. (1994). Age differences and interindividual variation in cognition in
community-dwelling elderly. Psychology and Aging, 9, 381-390. DOI: 10.1037/0882-
7974.9.3.381

31. Ghisletta, P. & Lindenberger, U. (2004). Static and dynamic longitudinal structural
analyses of cognitive changes in old age. Gerontology, 50, 12-16. DOI: 10.1159/000074383

32. Lindenberger, U. & Chicherio, C. (2008). Intellectual development across the
lifespan: Sources of variability and levels of analysis. Annee Psychologique, 108, 757-793.

33. Ram, N., Gerstorf, D., Lindenberger, U., & Smith, J. (2011). Developmental
Change and Intraindividual Variability: Relating Cognitive Aging to Cognitive Plasticity,
Cardiovascular Lability, and Emotional Diversity. Psychology and Aging, 26, 363-371. DOI:
10.1037/a0021500

15



Table 1

Descriptive statistics of analyzed measures

. M (SD) /
Variable sample proportions
1. TMT A completion time (W1) [seconds] 55.23 (24.40)
2. TMT A completion time (W2) [seconds] 56.03 (24.37)
3. TMT B completion time (W1) [seconds] 115.13 (44.80)
4. TMT B completion time (W2) [seconds] 108.90 (45.40)
5. Perceived stress (W1) [overall score] 3.14 (2.30)

6. Education [years] 13.46 (3.96)

7. Cognitive demand of jobs [overall score] 114.95 (62.94)

8. Frequency of leisure activities (W1) [rating] 1.28 (0.38)

9. Number of chronic diseases (W1) [number]  1.90 (1.56)

10. Age (W1) [years] 74.33 (6.50)
men: 51.4%

11. Sex

women: 48.6%

Note: Descriptive statistics for completion time in Trail Making Test (TMT) parts A and B in Wave 1 (W1) and
Wave 2 (W2), perceived stress in W1, education, cognitive demand of jobs, frequency of leisure activities in
W1, the number of chronic diseases in W1, age in W1, and sex in terms of means (standard deviations are given
in parentheses) 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
1. TMT A completion time (W1)
2. TMT A completion time (W2) 38F*F* -
3. TMT B completion time (W1) SEFAx 38FF
4. TMT B completion time (W2) B5FFx B3R 40Fx
5. Perceived stress (W1) .08 09** .06 J12*
6. Education -10**  -.05 - 18*x* - 12* .03
7. Cognitive demand of jobs -.05 .03 -11**  -04 S 11x*E 3gFRx
8. Frequency of leisure activities (W1) S17xxx xR _16% S 21% .00 .01 07*
9. Number of chronic diseases (W1) .04 A5***  08* 15%* 20%** 01 -.01 - 13%F**
10. Age (W1) J9FFE ZgFEk 7Rk 40*** - 01 -.08* .04 S 27*** 5% ** .
11. Sex (0 = men; 1 = women) .00 -.07* -.01 .03 AZFr* - 25%** L B7*** 03 .06 -.06

Note: First-order correlations between completion time in Trail Making Test (TMT) parts A and B in Wave 1 (W1) and Wave 2 (W2), perceived stress in W1, education,

cognitive demand of jobs, frequency of leisure activities in W1, the number of chronic diseases in W1, age in W1, and sex.

% ) < 001; ** p < .01; * p < .05.
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Table 3

Latent change score modeling results

Raw estimate Standardized estimate
Longitudinal predictions of subsequent change in TMT completion time
TMT completion time (W1) -0.43*** (0.06) -.46
Perceived stress (W1) 1.54* (0.68) .09
Education -0.18 (0.74) -.01
Cognitive demand of jobs 1.21 (0.86) .07
Frequency of leisure activities (W1) -2.15** (0.71) -.13
Number of chronic diseases (W1) 1.54* (0.67) .09
Age (W1) 4.84*** (0.75) .30
Sex (0 = men; 1 = women) -1.19 (1.61) -.04
Interaction of perceived stress (W1) -1.24* (0.63) -.08

with frequency of leisure activities (W1)
Cross-sectional correlations with TMT completion time in W1

Perceived stress (W1) 1.48* (0.74) .08
Education -3.52*** (0.75)  -.20
Cognitive demand of jobs -2.05** (0.74) -12
Frequency of leisure activities (W1) -3.80*** (0.74) -.22
Number of chronic diseases (W1) 1.65* (0.73) .09
Age (W1) 5.52*** (0.76) .32
Sex (0 = men; 1 = women) 0.00 (0.37) .00

Note: Parameter estimates of latent change score modeling. Upper panel: Longitudinal predictions of subsequent
change in Trail Making Test (TMT) completion time from Wave 1 (W1) to Wave 2 (W2). Raw estimates b (with
their respective standard errors in parentheses) and standardized estimates {3 are given. Lower panel: Cross-
sectional correlations with TMT completion time in W1. Raw estimates b (with their respective standard errors
in parentheses) and standardized estimates r are given.

**%*p<.001; **p<.01; *p<.05.
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Fig. 1. Specification of the tested latent change score model. E; and E; represent the latent executive functioning
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. AE
represents the latent change in executive functioning 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 executive
functioning 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
executive functioning factor in W1: perceived stress in W1, the markers of cognitive reserve (education,
cognitive demand of jobs, and frequency of leisure activities in W1), the number of chronic diseases in W1, age
in W1, sex, and the interactions of perceived stress in W1 with the markers of cognitive reserve (including
interrelations of all covariates, which are not displayed here for a better overview).

19



6- -o— |ow activity
-= high activity

Decline

. — —3

]
-2 -1 0 1 2
Perceived stress in W1

Fig. 2. lllustration of the interaction of perceived stress in W1 with frequency of leisure activities in W1 on latent
change. Estimated mean increase in Trail Making Test (TMT) completion time in seconds (i.e., decline in
executive functioning) at a low and a high perceived stress level in W1 (i.e., -1 and +1 SD, respectively) as a
function of leisure activities in W1 (at a low and a high frequency, i.e. -1 and +1 SD, respectively). Bars

represent standard errors.
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