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Abstract
Objectives: We examined the influence of postretirement leisure activity on longitudinal associations between work com-
plexity in main lifetime occupation and trajectories of cognitive change before and after retirement.
Methods: Information on complexity of work with data, people, and things, leisure activity participation in older adulthood, 
and four cognitive factors (verbal, spatial, memory, and speed) was available from 421 individuals in the longitudinal Swedish 
Adoption/Twin Study of Aging. Participants were followed for an average of 14.2 years (SD = 7.1 years) and up to 23 years 
across eight cognitive assessments. Most of the sample (88.6%) completed at least three cognitive assessments.
Results: Results of growth curve analyses indicated that higher complexity of work with people significantly attenuated 
cognitive aging in verbal skills, memory, and speed of processing controlling for age, sex, and education. When leisure activ-
ity was added, greater cognitive and physical leisure activity was associated with reduced cognitive aging in verbal skills, 
speed of processing, and memory (for cognitive activity only).
Discussion: Engagement in cognitive or physical leisure activities in older adulthood may compensate for cognitive disad-
vantage potentially imposed by working in occupations that offer fewer cognitive challenges. These results may provide a 
platform to encourage leisure activity participation in those retiring from less complex occupations.
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Intellectual engagement, specifically intellectual engagement 
reflected in leisure activities (Baer et  al., 2013; Lee et  al., 
2013; Verghese et al., 2003) or occupation (Adam, Bonsang, 
Grotz, & Perelman, 2013; Finkel, Andel, Gatz, & Pedersen, 
2009; Schooler, Mulatu, & Oates, 2004) has been linked 
to favorable late-life cognitive outcomes (better function, 
slower decline, lower risk of dementia) in a great number 
of studies, presenting itself as one target for intervention 
to support cognitive function with age. Although there are 
questions regarding whether these associations are due to 
the influence of intellectual engagement on cognition itself or 

due to inherently higher mental ability in those who engage 
in cognitive stimulating activity (Salthouse, 2006), it could 
still be argued that knowledge regarding the role of intel-
lectual engagement in cognition and aging may be a catalyst 
in an effort to maintain normal cognitive function with age.

Two overlapping theoretical concepts have been used 
as conceptual foundation of these relationships—cogni-
tive reserve and environmental complexity. According to 
the concept of cognitive reserve (Stern, 2002), intellectual 
engagement promotes reserve in brain function that can later 
be used to delay clinical signs of cognitive decline despite 
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substantial dementia-related neuropathology. Similarly, 
the environmental complexity hypothesis (Kohn &  
Schooler, 1983) posits that prolonged exposure to complex 
environments that tend to challenge the individual to per-
form intellectually demanding tasks has a measurable, posi-
tive influence on cognitive function.

Although work and leisure environments seem to affect 
cognitive aging outcomes, neither dimension can provide 
a full picture of the intellectual engagement-cognitive 
aging link by itself. Therefore, we set out to examine the 
two dimensions of intellectual engagement simultaneously 
within one study in relation to age-related changes in sev-
eral major cognitive domains. Given the central role of 
retirement in this type of study, we modeled change as a 
function of retirement. We presumed that this comprehen-
sive look at levels of intellectual engagement within and 
outside of work could provide a better foundation for strat-
egies to modify work and leisure environment to support 
cognitive function with age.

Most adults spend a substantial amount of time at work. 
Therefore, employment is one of the central tenets of adult 
life in modern society with a vital role in shaping the course 
of one’s adult development (Schlultz & Wang, 2011). With 
a gradual increase in retirement age (Szinovacz, Martin, & 
Davey, 2013), the importance of work for cognitive aging 
will likely grow even further. Together, this suggests that 
work environment needs to be considered among impor-
tant factors in the search for ways to modify trajectories 
of cognitive change (Bonsang, Adam, & Perelman, 2012).

Previously, work environment characterized by higher 
levels of occupational complexity was related to greater 
intellectual flexibility (Schooler et  al., 2004), better cogni-
tive function (Andel, Kareholt, Parker, Thorslund, & Gatz, 
2007), and a reduced risk of cognitive impairment (Andel 
et al., 2005). Most relevant to this study, Finkel et al. (2009) 
used a subset of data from the Swedish Twin Registry that 
included up to 18 years of follow-up across up to five waves 
of cognitive assessment and occupation-based data regard-
ing work complexity. The results indicated that greater 
complexity of work with people was related to faster speed 
of processing and better verbal and spatial ability. In addi-
tion, the examination of trajectories of cognitive change 
that were modeled in two phases with retirement as the 
pivot point indicated a slower rate of decline in verbal abil-
ity in the years leading up to retirement and a greater rate 
of decline in spatial ability after retirement as a function 
of greater complexity of work with people. Recently, two 
similar retirement-based analyses with data from the nation-
ally representative Health and Retirement study found that 
higher levels of “mental demands” (Fisher et al., 2014) or 
self-direction at work (Andel et al., 2015) were associated 
with better episodic memory before retirement as well as a 
slower rate of memory decline in the years following retire-
ment. It should be noted that although gender differences 
have been observed in psychological outcomes relative to 
retirement (Calvo, Sarkisian, & Tamborini, 2013), research 

points consistently to the lack of gender differences in the 
association between work characteristics and cognitive 
change before versus after retirement (Finkel et  al., 2009; 
Fisher et al., 2014).

Overall, there is evidence for the role of intellectual and 
social engagement at work in cognitive function and cogni-
tive aging. However, it could be argued that looking at work 
environment alone presents only part of the picture or that 
intellectual benefits of work environment cannot be eas-
ily separated from engagement outside of work. Therefore, 
we set out to examine modification of the effects of com-
plex work environment on trajectories of cognitive change 
before and after retirement using data from the Swedish 
Adoption/Twin Study of Aging (SATSA). Specifically, we 
examined whether the influence of complexity of the main 
lifetime occupation on the level and trajectory of change 
in cognitive functioning before/after retirement may be a 
function of the level and type of leisure activity. We meas-
ured occupational complexity as complexity of work with 
data, people, and things and used principal components 
analysis to generate latent components for verbal, spatial, 
memory, and speed cognitive domains.

This is the first longitudinal study to consider the influ-
ence of leisure activity on the association between com-
plex work environments and cognition. Recently, Andel, 
Silverstein, and Kåreholt (2014) tested parallel roles of 
work complexity and leisure activity in late-life cognition 
(assessed at one time point). They found that greater work 
complexity and more engagement in leisure activity related 
to cognition independent of one another. Further, leisure 
activity played a compensatory role in the work complex-
ity–cognition link, whereby above-average levels of leisure 
activity compensated for less complex work. Based on this 
research, we hypothesized that leisure activity would com-
pensate for low work complexity in relation to overall cog-
nitive performance and trajectory of cognitive change. We 
also expected that leisure activity would add to the pre-
diction of cognitive decline over and above the predictive 
value of occupational complexity. This is the first study 
to consider the role of retirement in this context, and we 
expected leisure activity engagement to play an increased 
role in cognitive aging after retirement.

Method
Participants
Ascertainment procedures for SATSA have been described 
previously (Finkel & Pedersen, 2004). In brief, the sample 
is a subset of twins from the population-based Swedish 
Twin Registry. The base population comprises all pairs of 
twins who indicated that they had been separated before 
the age of 11 and reared apart, and a sample of twins 
reared together matched on the basis of gender and date 
and county of birth. Twins were mailed questionnaires and 
a sample of those pairs aged 50 years or older in which both 
twins responded was invited to participate in an additional 
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in-person examination of health and cognitive abilities. 
In-person testing (IPT1) took place in a location conveni-
ent to the twins during a single 4-h visit. IPT was repeated 
every 2 or 3  years, although funding limitations resulted 
in a reduced sample at IPT4. Up to IPT5, new participants 
were added at each wave as they reached age 50. A total 
of 8 IPT waves were included in the present analyses, for a 
total potential follow-up of 23 years. In addition, partici-
pants were mailed questionnaires at irregular intervals. The 
leisure activity data included in this analyses was first col-
lected at the fourth questionnaire wave (Q4) in 1993 and 
included in waves Q5 (2004), Q6 (2007), and Q7 (2010).

Dementia status was determined by clinical diagnosis 
based on current diagnostic criteria (Gatz et al., 1997) and 
data from participants who developed dementia at any 
point during their participation was excluded after diagno-
sis. Combining the data from the IPTs, Qs, and a baseline 
questionnaire in 1984 resulted in a sample of 421 individu-
als with cognitive, leisure, and occupational data. The cur-
rent sample was 53.2% female and 88.6% of the sample 
had data from three or more waves of testing. Sample size 
and mean age at each IPT are presented in Table 1.

Measures

Cognitive components
Four cognitive domains are represented in the SATSA cog-
nitive test battery included in the IPTs (Pedersen, Plomin, 
Nesselroade, & McClearn, 1992): verbal, spatial, memory, 
and processing speed abilities. Verbal abilities are tapped 
by Information, Synonyms, and Analogies. Figure Logic, 
Block Design, and Card Rotations assess spatial abili-
ties. Memory tests include Digit Span, Picture Memory, 
and Names & Faces. Finally, Symbol Digit and Figure 
Identification measure processing speed. Reliabilities for 
these tests range from 0.82 to 0.96 (Pedersen et al., 1992). 
Principal components analysis was used to construct latent 
components from the individual tests within each domain: 
verbal, spatial, memory, and speed. To avoid the issue of 
measurement variance (cf. Wicherts et al., 2004), an invari-
ant definition of components at each testing occasion was 
created by standardizing the cognitive measures relative to 

the respective means and variances at IPT1 and the load-
ings from the principal components analyses conducted at 
IPT1 were used to construct the components. Finally, for 
ease of interpretation, all component scores were translated 
to T-scores, using means and variances from IPT1.

Occupational complexity
In the 1984 SATSA-mailed questionnaire, the respondents 
were asked “What kind of occupation did you have dur-
ing the major part of your working life?” The measure of 
complexity of work included three specific dimensions—
complexity of work with data (processing information), 
people (managing and mentoring), and things (working 
with machinery). Occupation was originally coded accord-
ing to categories from the 1980 Swedish Population and 
Housing Census. To assess complexity of work, we first 
matched each occupational category from the 1980 Swedish 
Census to the best-fitting category in the 1970 U.S. Census 
(Roos & Treiman, 1980; U.S. Bureau of the Census, 1973) 
using category descriptions. Then, we used the score matrix 
for complexity of work with data, people, and things avail-
able in the 1970 U.S. Census (see Roos & Treiman, 1980). 
A detailed description of the conversion method and gen-
eral characteristics of complexity measures can be found in 
Andel et al. (2005).

Leisure activities
Starting at Q4, participants were asked how often, on a 
scale of 1 (daily) to 5 (never), they participated in a list of 
8 leisure activities. Factor analysis indicated that responses 
clustered into three factors: Physical activities (athletics and 
walks), Social activities (club meetings, church activities, 
and courses), and Cognitive activities (reading books and 
playing puzzles or chess). The factors explained 20%, 25%, 
and 20% of the total variance, respectively. Interfactor 
correlations ranged from 0.12 to 0.15. The same factor 
structure was found at each measurement wave. Factors 
were transformed to T-scores such that high scores indi-
cated more activity. To focus on leisure activity after retire-
ment, responses to the activities items from each person’s 
last wave of participation were used in the present analy-
ses. Mean age of leisure activities assessment was 73.4 
(SD = 10.6) and for 92.25% of the sample leisure activities 
were assessed after retirement.

Retirement age
Combining self-report of retirement year with birth year, 
we calculated retirement age for 342 individuals from the 
current sample. Of the 79 individuals who had not reported 
a retirement year, 66 had not participated in an IPT meas-
urement occasion after the typical Swedish retirement age 
of 65 and 13 individuals failed to complete that item on the 
questionnaire (note that all individuals included in the cur-
rent analyses worked outside the home at some point). For 
these individuals, retirement was estimated at age 65. Mean 
retirement age was 62.9 (SD = 4.4).

Table 1. Sample Statistics

Wave N Mean Age (SD)

IPT1 272 63.99 (6.9)
IPT2 292 64.27 (8.2)
IPT3 306 66.54 (8.8)
IPT4 29 67.24 (9.3)
IPT5 312 68.88 (9.0)
IPT6 277 71.23 (8.6)
IPT7 242 73.50 (8.2)
IPT8 212 75.14 (8.0)
Retirement age 421 62.87 (4.4)
Leisure activities 421 73.4 (10.6)
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Education
Education was included as a covariate in the growth curve 
models. In SATSA, education is rated on a 4-point scale 
from 1 (elementary school) to 4 (university or higher). 
Mean education was 1.79 (SD = 0.95).

Statistical Method

A growth curve model was used to examine the impact of 
occupational complexity on cognitive aging. The structural 
model can be considered as a multilevel random coeffi-
cients model (Bryk & Raudenbush, 1992). The model pro-
vides estimation of fixed effects, that is, fixed population 
parameters as estimated by the average growth model of 
the entire sample, and random effects, that is, interindivid-
ual variability in intraindividual change in growth model 
parameters. Growth curve models take into account miss-
ing data by giving more weight to individuals with the most 
time points.

A two-slope latent growth curve model (LGCM) was 
applied to the data: centering age was set at each individu-
al’s retirement age with one linear slope before retirement 
age and a separate linear slope after retirement age. As a 
result, retirement age serves as the intercept, or pivot point, 
between the two estimated slopes. Individual scores on the 
cognitive factors at any one time are a function of a latent 
intercept, slope 1, slope 2, and random error. Age basis coef-
ficients are calculated separately for each individual, based 
on age at testing and age of retirement. Values of the first 
age basis were set to zero for any age greater than retire-
ment age, thereby defining slope 1 as the rate of change up 
to retirement. Similarly, values of the second age basis were 
set to zero for any age less than retirement age, defining 
slope 2 as the rate of change after retirement. The model 
fitting procedure entails fitting individual growth models 
to all available data. The random errors represent unac-
counted variation from fitting the growth model to the cog-
nitive measures; these time-specific residual variances were 
constrained to be equal over time. The means growth curve 
parameters are the estimates of the average performance 
and average amount of change. The random and fixed 
effects parameter estimates were obtained using PROC 
Mixed in SAS 9.2. Models were corrected for twinness by 
including a common twin pair identifier in the SUBJECT 
statement along with the unique individual identifier.

Results
Five growth curve models were fit to each combination of 
cognitive factor, occupational complexity factor, and leisure 
activity factor. First education and sex were included as 
covariates of all three LGCM parameters: intercept, slope 
1, and slope 2. Second, either the occupational complexity 
factor was added as a covariate of all 3 LGCM parameters 
(model 2a), or the leisure factor was added as a covariate 
to intercept and slope 2 (model 2b). Leisure was not added 

as a covariate of slope 1 because the leisure factors were 
measured primarily after retirement age. Comparing the 
fit of model 1 and model 2a or 2b provided a test of the 
contribution of the occupational complexity or leisure fac-
tor, respectively, to describing cognitive aging. As expected 
from previous research (Andel et  al., 2005; Finkel et  al., 
2009), of the occupational complexity factors, only com-
plexity with people was significantly associated with trajec-
tories of cognitive aging (model 2a vs. model 1). Therefore, 
additional model fitting focused on building on models that 
included education, sex, and complexity with people. In the 
third LGCM, both the complexity with people and the lei-
sure factor were added as covariates to the LGCM param-
eters. Comparing the fit of models 2a or 2b with model 3 
provided a test of the extent to which each type of factor 
(occupational complexity or leisure) was associated with 
trajectories of cognitive aging, over and above education, 
sex, and the other type of factor (leisure or occupational 
complexity). Finally, in the fourth model, interaction terms 
between complexity with people and the leisure factor were 
added to the intercept and slope 2 parameters to deter-
mine whether an improvement of fit resulted (model 4 vs. 
model 3).

Model-fit statistics for testing the five LGCM are pre-
sented in Table 2. Slightly different sample sizes were used 
due to missing values across the leisure factors (n = 421 for 
the cognitive leisure factor; n = 420 for the social leisure 
factor; n = 418 for the physical leisure factor). This resulted 
in variation in the fit of models 1 and 2a depending on 
which leisure factor was involved. In the first section of the 
table, the results for testing the contribution of complexity 
with people and the social leisure factor to the LGCM for 
the four cognitive factors was tested. Results indicate that 
complexity with people adds significantly to the LGCM for 
the verbal, memory, and speed factors, but not the spatial 
factor. Moreover, complexity with people makes a signifi-
cant contribution regardless of whether it was added before 
or after any of the leisure factors. In contrast, the social lei-
sure factor does not contribute significantly to the cognitive 
aging trajectories, and thus no interaction between com-
plexity with people and the social leisure factor achieved 
significance.

Next, the contribution of the physical leisure factor 
was assessed. The physical leisure factor made a significant 
contribution to the LGCM of the verbal and speed factors, 
and this contribution was significant both before and after 
inclusion of the complexity with people factor. Finally, the 
cognitive leisure factor demonstrated the most consistent 
relationship with cognitive factors, adding significantly to 
the LGCM for all four cognitive factors, both before and 
after inclusion of complexity with people. In no case did 
the interaction of the leisure factor and complexity with 
people contribute significantly to the LGCM.

Parameter estimates and standard errors for occu-
pational complexity and leisure covariates for the ver-
bal, memory, and speed factors are presented in Table 3; 
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complete parameter estimates for all models are available 
from the authors. Results presented in Table  3 allow us 
to isolate the locus of the impact of including complexity 
with people and the leisure factors in the LGCM. In these 
models, complexity with people has an impact only on the 
intercept: higher levels of complexity result in higher lev-
els of cognitive performance. Although complexity with 
people adds significantly to the overall LGCM for pro-
cessing speed, the effect on the intercept does not achieve 
significance. In contrast, the leisure factor (either physical 
or cognitive) affects slope 2 in every case, resulting in a 
smaller (shallower) rate of decline after retirement. In addi-
tion, the leisure factors affected the intercept in every case 
except physical leisure factor by processing speed. Higher 
levels of cognitive leisure activity resulted in higher levels of 

cognitive function; whereas higher levels of physical leisure 
activity tended to produce lower mean cognitive function.

To generate Figures 1–3, a median split was used to 
recode complexity with people and the leisure factors into 
dichotomous variables, dividing the sample into individu-
als scoring high and low on those factors. Sample size in 
each resulting cell ranged from 91 to 126; thus participants 
were fairly equally distributed across the possible combina-
tions of occupational complexity with people and leisure 
activities. The LGCM were then repeated with the dichoto-
mous variables to generate separate aging trajectories for 
individuals with high and low values on the covariates. In 
Figure 1, the upper panel presents the impact of complexity 
with people and the physical leisure factor on the LGCM 
for verbal ability. The figure demonstrates a modest impact 

Table 2. Results of Latent Growth Curve Model Fitting with Complexity of Work with People and Social, Physical, or Cognitive 
Leisure Activity: Log Likelihoods

Models Number of Parameters

Cognitive Factor

Verbal Spatial Memory Speed

1. Education and sex 19 10,509.3 11,292.8 12,694.4 12,128.3
2a. Add people to I, S1, S2 22 10,499.9a 11,290.0 12,685.3a 12,119.7a

2b. Add social to I, S2 21 10,506.3 11,287.1 12,693.9 12,125.4
3. Add both people and social 24 10,496.8c 11,284.1 12,684.7c 12,116.3c

4. Add interaction terms 26 10,492.2 11,284.0 12,683.7 12,115.9

1. Education and sex 19 10,480.4 11,265.3 12,660.7 12,095.3
2a. Add people to I, S1, S2 22 10,470.6a 11,262.3 12,651.3a 12,086.3a

2b. Add physical to I, S2 21 10,472.0a 11,259.9 12,659.6 12,088.7a

3. Add both people and physical 24 10,462.5bc 11,256.8 12,650.4c 12,079.4bc

4. Add interaction terms 26 10,461.4 11,256.3 12,648.8 12,078.8

1. Education and sex 19 10,519.2 11,301.4 12,716.7 12,145.2
2a. Add people to I, S1, S2 22 10,509.8a 11,298.6 12,707.7a 12,136.5a

2b. Add cognitive to I, S2 21 10,428.2a 11,276.2a 12,680.7a 12,107.2a

3. Add both people and cognitive 24 10,416.5bc 11,273.0b 12,670.6bc 12,097.6bc

4. Add interaction terms 26 10,415.4 11,272.5 12,669.5 12,097.6

Notes: I = intercept; S1 = rate of change up to retirement; S2 = rate of change after retirement.
aModel fit is significantly different from model 1 at p < .05; individual covariate contributes to LGCM.
bModel fit is significantly different from model 2a at p < .05; leisure covariate contributes after complexity of work with people.
cModel fit is significantly different from model 2b at p < .05; complexity of work with people contributes after leisure covariate.

Table 3. Parameter Estimates (SE) for the Occupational and Leisure Covariates in the Relevant LGCM

Cognitive Leisure N People × Intercept People × Slope 1 People × Slope 2 Leisure × Intercept Leisure × Slope 2

Verbal
 Physical 418 0.76 (0.28)** −0.02 (0.02) −0.006 (0.02) −0.07 (0.04)* 0.005 (0.002)**
 Cognitive 421 0.78 (0.27)** −0.02 (0.02) −0.006 (0.02) 0.29 (0.04)** 0.004 (0.002)**
Memory
 Cognitive 421 0.89 (0.32)** 0.003 (0.04) −0.004 (0.03) 0.16 (0.04) ** 0.008 (0.003)**
Speed
 Physical 418 0.59 (0.35) 0.001 (0.03) −0.01 (0.02) −0.01 (0.04) 0.006 (0.003)*
 Cognitive 421 0.60 (0.35) 0.001 (0.03) −0.01 (0.02) 0.11 (0.05)* 0.008 (0.002)**

Notes: LGCM, latent growth curve model; people, complexity of work with people.
*p < .05, **p < .01.



854 Journals of Gerontology: PSYCHOLOGICAL SCIENCES, 2016, Vol. 71, No. 5

of the physical leisure factor; primarily, individuals high on 
complexity with people had higher mean levels of verbal 
ability prior to retirement, but all aging trajectories con-
verge after retirement. The lower panel presents the impact 
of complexity with people and the cognitive leisure factor 
on LGCM for verbal ability. Before retirement, four dif-
ferent trajectories are evident, with the highest levels of 
performance found for people who are high on both com-
plexity with people and cognitive leisure activities. After 
retirement, trajectories converge, suggesting a stronger 
impact of the cognitive leisure factor than occupational 
complexity with people.

Because none of the leisure factors contributed to the 
LGCM for spatial ability, these results are not presented 
in figure form. Only the cognitive leisure factor had an 
impact on cognitive aging trajectories for the memory factor 
(Figure 2). Although complexity with people supported mem-
ory functioning prior to retirement, the impact waned after 
retirement. Instead, cognitive leisure activity played a role in 
maintaining memory ability after retirement. We tend to see 
similar patterns in Figure 3, presenting the results for process-
ing speed and the physical and cognitive leisure factors.

Discussion
We examined the role of leisure activity engagement in 
the association between work complexity and cognitive 
aging. By considering work complexity and leisure activ-
ity within one study, we were able to incorporate two of 
the most common daily sources of intellectual engagement. 
By incorporating retirement as a pivot point, we were able 

to capture trajectories of change in cognitive functioning 
before and after retirement. By measuring leisure activ-
ity postretirement, we were able to capture intellectual 
engagement when it cannot be influenced by differences in 
the level of occupational complexity. We found that higher 
complexity of work with people significantly attenuated 
cognitive aging in the domains of verbal skills, memory, 
and speed of processing above and beyond age, sex, and 
education. When leisure activities were considered within 
the same models, cognitive and physical leisure activities 
affected verbal skills and speed of processing regardless of 
the level of complexity of work with people. Cognitive lei-
sure activities also affected memory. Therefore, complexity 
of work with people appears important for cognitive aging. 
However, greater cognitive and physical leisure activity in 
older adulthood can significantly reduce the rate of cogni-
tive aging regardless of work complexity.

Figure  2. Age trajectories for the memory factor with occupational 
complexity with people as a covariate and the cognitive leisure factor 
as covariates.

Figure 3. Age trajectories for the Speed factor with occupational com-
plexity with people as a covariate and either the physical leisure factor 
(upper panel) or the cognitive leisure factor as covariates (lower panel). 

Figure 1. Age trajectories for the verbal factor with occupational com-
plexity with people as a covariate and either the physical leisure factor 
(upper panel) or the cognitive leisure factor as covariates (lower panel).
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Overall, change in cognitive functioning across all tested 
domains was most visible during the postretirement years. 
During this time, the trajectories of cognitive change for par-
ticipants who retired from jobs characterized by low versus 
high complexity of work with people converged while the tra-
jectories for participants with high versus low engagement in 
cognitive leisure activities continued to retain the difference in 
performance observed earlier in the study. Therefore, cogni-
tive and/or physical leisure activity can be considered a useful 
intervention tool to offset adverse influences on cognitive aging 
attributable to low complexity of work with people. In this 
context, the influence of cognitive and physical leisure activi-
ties on memory and speed of processing is particularly com-
pelling as these two domains represent cognitive abilities that 
are likely fundamental to cognitive aging processes (Finkel, 
Reynolds, McArdle, & Pedersen, 2007; Petersen, 2004).

This work builds on research indicating that work com-
plexity relates to more favorable cognitive aging outcomes 
(Andel et al., 2007; Finkel et al., 2009; Schooler et al., 2004) 
as well as lower risk of dementia (Andel et al., 2005), either 
as a function of exposure to complex environments (Kohn 
& Schooler, 1983) or as a boost to cognitive reserve (Stern, 
2002), or both. We cannot confirm or dispute the idea that 
a lack of bidirectionality exists (Salthouse, 2006). However, 
our findings point to the potentially important role of cog-
nitive and/or physical leisure activity in cognitive aging in 
the postretirement period above and beyond the effects 
attributable to exposure to complex work environments.

This is only the second study to pursue the simultane-
ous examination of intellectual engagement via both leisure 
and work-related pursuits. Using a one-time assessment of 
cognition in advanced old age, Andel et al. (2014) previ-
ously reported independent associations of leisure activity 
and work complexity with cognition. The present study, 
by using comprehensive, multiple assessments of cogni-
tive performance before and after retirement, indicated 
that cognitive aging is altered as a function of variability 
in cognitive and physical leisure activity above and beyond 
the effects of work complexity. This is particularly impor-
tant given that leisure pursuits are relatively amenable to 
change. Future research should further explore variability 
in engagement in cognitive or physical leisure activities into 
every life upon retirement in relation to cognitive aging.

Several study limitations should be mentioned. First, we 
used a relatively small, convenience sample. Large, represent-
ative studies may be needed to confirm or refute our findings. 
Second, we measured work complexity with an occupation-
based matrix based on main lifetime occupation. While this 
type of objective measurement avoids subjective reporting 
bias, it also precludes direct assessment of the intellectual 
effort exerted by different individuals in the same occupa-
tion. However, this approach has been used frequently and 
yields presumably valid findings (Andel et al., 2015; Karp 
et  al., 2009; Kroger et  al., 2008; Potter, Plassman, Helms, 
Foster, & Edwards, 2006). If anything, it moves results 
towards null. Third, we were able to incorporate only one 

measurement occasion of leisure activity. Future research 
assessing the influence of change (or lack thereof) in leisure 
activity on the work complexity–cognitive aging link may 
provide for a more refined understanding of these interre-
lationships. Fourth, we used a self-report of retirement age. 
It is possible that some individuals re-entered the workforce 
on a part-time basis or were involved in other work-related 
activities such as volunteering. However, operationalizing 
the various possible transitions to retirement was not pos-
sible in this study, and may not be feasible given the coding 
complexities. It is of note that previous related research has 
also defined retirement as a single time point (Andel et al., 
2015; Calvo et  al., 2013). Finally, it is possible that some 
participants changed jobs after their main lifetime occupa-
tion was recorded. However, it is known that this cohort was 
characterized by low occupational mobility (Oyer, 2008) 
and, even if a job change occurred, it was unlikely to affect 
what would constitute the main lifetime occupation.

In conclusion, this study supports the notion that high 
complexity of work with people facilitates cognitive func-
tion with age. It also provides novel evidence suggesting 
that participation in cognitive or physical leisure activities 
in older adulthood may compensate for the variability in 
work complexity, thus altering the trajectory of cognitive 
change in the postretirement years. In other words, postre-
tirement engagement in cognitive or physical leisure activi-
ties may compensate for cognitive disadvantage imposed 
by working in simpler occupations that offer fewer cogni-
tive challenges. These results may provide a platform from 
which to encourage leisure activity participation in those 
retiring from less complex occupations.

Funding
The Swedish Adoption/Twin Study of Aging (SATSA) is supported by 
NIA (AG04563, AG10175, AG08724); The MacArthur Foundation 
Research Network on Successful Aging, Swedish Council for 
Working Life and Social Research (97:0147:1B, 2009-0795, 2013-
2292), Swedish Research Council (825-2007-7460, 825-2009-6141, 
521-2013-8689). Support provided to Dr Andel by the Marianne 
and Marcus Wallenberg Foundation (MMW 2011.0036) and the 
European Regional Development Fund—Project FNUSA-ICRC 
(CZ.1.05/1.1.00/02.0123). 

Conflict of Interest
Drs Finkel and Pedersen have no additional support to disclose.

References 
Adam, S., Bonsang, E., Grotz, C., & Perelman, S. (2013). Occupational 

activity and cognitive reserve: implications in terms of prevention 
of cognitive aging and Alzheimer’s disease. Clinical Interventions 
in Aging, 8, 377–390. doi:10.2147/CIA.S39921

Andel, R., Crowe, M., Pedersen, N. L., Mortimer, J., Crimmins, E., 
Johansson, B., & Gatz, M. (2005). Complexity of work and 
risk of Alzheimer’s disease: a population-based study of Swedish 



856 Journals of Gerontology: PSYCHOLOGICAL SCIENCES, 2016, Vol. 71, No. 5

twins. The Journals of Gerontology, Series B: Psychological 
Sciences and Social Sciences, 60, P251–P258.

Andel, R., Infurna, F. J., Rickenbach Hahn, E. A., Crowe, M., 
Marchiondo, L., & Fisher, G. G. (2015). Job strain and tra-
jectories of change in episodic memory before and after retire-
ment: results from the Health and Retirement Study. Journal 
of Epidemiology and Community Health, 69, 442–446. 
doi:10.1136/jech-2014-204754 

Andel, R., Kareholt, I., Parker, M. G., Thorslund, M., & Gatz, M. 
(2007). Complexity of primary lifetime occupation and cog-
nition in advanced old age. Journal of Aging and Health, 19, 
397–415. doi:10.1177/0898264307300171

Andel, R., Silverstein, M., & Kåreholt, I. (2015). The role of midlife 
occupational complexity and leisure activity in late-life cog-
nition. The Journals of Gerontology Series B: Psychological 
Sciences and Social Sciences, 70, 314-321. doi: 10.1093/geronb/
gbu110

Baer, L. H., Tabri, N., Blair, M., Bye, D., Li, K. Z., & Pushkar, D. 
(2013). Longitudinal associations of need for cognition, cog-
nitive activity, and depressive symptomatology with cognitive 
function in recent retirees. The Journals of Gerontology Series 
B: Psychological Sciences and Social Sciences, 68, 655–664. 
doi:10.1093/geronb/gbs112

Bonsang, E., Adam, S., & Perelman, S. (2012). Does retirement affect 
cognitive functioning? Journal of Health Economics, 31, 490–
501. doi:10.1016/j.jhealeco.2012.03.005

Bryk, A., & Raudenbush, S. W. (1992). Hierarchical linear models 
for social and behavioral research: Applications and data analy-
sis methods. Newbury Park, CA: Sage.

Calvo, E., Sarkisian, N., & Tamborini, C. R. (2013). Causal effects of 
retirement timing on subjective physical and emotional health. 
The Journals of Gerontology Series B: Psychological Sciences 
and Social Sciences, 68, 73–84. doi:10.1093/geronb/gbs097

U.S. Bureau of the Census. (1973). Census of population 1970. Subject 
Reports, Final Report PC(2)-7A. Occupational Characteristics. 
Washington, DC: U.S. Government Printing Office.

Finkel, D., Andel, R., Gatz, M., & Pedersen, N. L. (2009). The 
role of occupational complexity in trajectories of cognitive 
aging before and after retirement. Psychology and Aging, 24, 
563–573. doi:10.1037/a0015511

Finkel, D., & Pedersen, N. L. (2004). Processing speed and longitu-
dinal trajectories of change for cognitive abilities: The Swedish 
Adoption/Twin Study of Aging. Aging, Neuropsychology, and 
Cognition, 11, 325–345.

Finkel, D., Reynolds, C. A., McArdle, J. J., & Pedersen, N. L. (2007). 
Age changes in processing speed as a leading indicator of cogni-
tive aging. Psychology and Aging, 22, 558.

Fisher, G. G., Stachowski, A., Infurna, F. J., Faul, J. D., Grosch, J., & 
Tetrick, L. E. (2014). Mental work demands, retirement, and longitu-
dinal trajectories of cognitive functioning. Journal of Occupational 
Health Psychology, 19, 231–242. doi:10.1037/a0035724.

Gatz, M., Pedersen, N. L., Berg, S., Johansson, B., Johansson, 
K., Mortimer, J. A., … Ahlbom, A. (1997). Heritability for 
Alzheimer’s Disease: The study of dementia in Swedish twins. 
Journal of Gerontology: Medical Sciences, 52A, M117–M125.

Karp, A., Andel, R., Parker, M. G., Wang, H. X., Winblad, B., & 
Fratiglioni, L. (2009). Mentally stimulating activities at work 

during midlife and dementia risk after age 75: follow-up study 
from the Kungsholmen project. American Journal of Geriatric 
Psychiatry, 17, 227–236. doi:10.1097/JGP.0b013e318190b691

Kohn, M. L., & Schooler, C. (1983). Work and personality: An inquiry 
into the impact of social stratification. Norwood, NJ: Ablex.

Kroger, E., Andel, R., Lindsay, J., Benounissa, Z., Verreault, R., & 
Laurin, D. (2008). Is complexity of work associated with risk of 
dementia? The Canadian Study of Health And Aging. American 
Journal of Epidemiology, 167, 820–830. doi:10.1093/aje/
kwm382

Lee, T., Lipnicki, D. M., Crawford, J. D., Henry, J. D., Trollor, J. 
N., Ames, D., … Sachdev, P. S. (2013). Leisure activity, health, 
and medical correlates of neurocognitive performance among 
monozygotic twins: The Older Australian Twins Study. The 
Journals of Gerontology Series B: Psychological Sciences and 
Social Sciences, 69, 514–522. doi:10.1093/geronb/gbt031

Oyer, P. (2008). Wage structure and labor mobility in Sweden, 1970–
1990. In E. P. Lazear & K. L. Shaw (Eds.), The structure of wage, 
an international comparison (pp. 419–448). Chicago, IL: The 
University of Chicago Press.

Pedersen, N. L., Plomin, R., Nesselroade, J. R., & McClearn, G. E. 
(1992). Quantitative genetic analysis of cognitive abilities during 
the second half of the lifespan. Psychological Science, 3, 346–353.

Petersen, R. C. (2004). Mild cognitive impairment as a diagnostic 
entity. Journal of Internal Medicine, 256, 183–194.

Potter, G. G., Plassman, B. L., Helms, M. J., Foster, S. M., & Edwards, 
N. W. (2006). Occupational characteristics and cognitive perfor-
mance among elderly male twins. Neurology, 67, 1377–1382. 
doi:10.1212/01.wnl.0000240061.51215.ed

Roos, P. A., & Treiman, D. J. (1980). DOT scales for the 1970 Census 
classification. In A. R. Miller, D. J. Treiman, P. S Cain, & P. A. 
Roos (Eds.), Work, jobs, and occupations: A critical review of 
occupational titles. Washington, DC: National Academy Press.

Salthouse, T. A. (2006). Mental exercise and mental aging evaluating 
the validity of the “use it or lose it” hypothesis. Perspectives on 
Psychological Science, 1, 68–87. 

Schlultz, K. S., & Wang, M. (2011). Psychological perspectives on 
the changing nature of retirement. American Psychologist, 66, 
170–179. doi:10.1037/a0022411

Schooler, C., Mulatu, M. S., & Oates, G. (2004). Occupational self-
direction, intellectual functioning, and self-directed orientation 
in older workers: Findings and implications for individuals and 
societies. American Journal of Sociology, 110, 161.

Stern, Y. (2002). What is cognitive reserve? Theory and research 
application of the reserve concept. Journal of the International 
Neuropsychological Society, 8, 448–460.

Szinovacz, M. E., Martin, L., & Davey, A. (2013). Recession 
and expected retirement age: another look at the evidence. 
Gerontologist, 54, 245–257. doi:10.1093/geront/gnt010 

Verghese, J., Lipton, R. B., Katz, M. J., Hall, C. B., Derby, C. A., 
Kuslansky, G., … Buschke, H. (2003). Leisure activities and 
the risk of dementia in the elderly. New England Journal of 
Medicine, 348, 2508–2516.

Wicherts, J. M., Dolan, C. V., Hessen, D. J., Oosterveld, P., van Baal, 
G. C. M., Boomsma, D. I., & Span, M. M. (2004). Are intel-
ligence tests measurement invariant over time? Investigating the 
nature of the Flynn effect. Intelligence, 32, 509–537.


