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Retirement has been associated with cognitive decline. However, the influence of specific job characteristics
like occupational complexity on post-retirement cognitive outcomes is not well understood. Data from the
Midlife in the United States (MIDUS) study were used to examine occupational complexity in relation to
cognitive performance and cognitive change after retirement. Initial sample included 471 workers between
45 and 75 years of age. At 9-year follow-up (T2), 149 were retired and 322 were still working. All six tasks
from the Brief Test of Adult Cognition by Telephone (BTACT) were used. Hierarchical regression with
workers at T1 indicated that, controlling for sociodemographic variables, complexity of work with people
significantly contributed to explaining variance in overall cognitive performance (1.7%) and executive
function (2%). In Latent Change Score (LCS) models, complexity of work with people was the only
significant predictor of cognitive change in retirees, with those retiring from high-complexity jobs showing
less decline. In conclusion, high complexity of work with people is related to better executive functioning
and overall cognition during working life and slower decline after retirement. The finding that more
intellectually stimulating work carries cognitive advantage into retirement fits the cognitive reserve concept,
where earlier intellectual stimulation brings about lower risks of cognitive problems later. Study results also
go along with the unengaged lifestyle hypothesis, whereby people may slip into so-called “mental
retirement,” leading to post-retirement cognitive loss, which may be most apparent among those retiring
from jobs with low complexity of work with people.

Keywords: retirement, occupational complexity, complexity of work with people, cognitive change,
executive functioning

Cognitive functioning is influenced by many factors including
age, years of education, health, or activity engagement (Brewster
et al., 2014). Among these influencing factors, cognitive stimulation
associated with environmental complexity during adulthood,
including occupational complexity, is often highlighted as a leading
contributor to the maintenance of cognitive function during older
adulthood (Schooler et al., 1999). In that sense, retirement has been
associated with cognitive decline (Bonsang et al., 2012). This
decline might be explained according to the “unengaged lifestyle
hypothesis” (Rohwedder & Willis, 2010). The hypothesis proposes
that the work context provides more cognitively stimulating and
challenging conditions than a non-work environment. Workers are

more involved in regular “mental exercise” than retired individuals,
who sometimes engage in “mental retirement”, whereby retirement
becomes synonymous with low activity and a drop in cognitive
performance (Rohwedder &Willis, 2010). Taken together, there are
reasons to believe that there would be a decline in cognitive
performance due to retirement and the accompanying loss of
stimulation through occupational activities.

Retirement has been associated with accelerated loss in proces-
sing speed and spatial skills (Finkel et al., 2009), and a negative
lagged effect in memory and working memory (Bonsang et al.,
2012). Compared with working peers, retirees show greater loss of
learning, memory, and inductive reasoning (Celidoni et al., 2017;
Hamm et al., 2020; Roberts et al., 2011; Ryan, 2008; Wickrama
et al., 2013; Xue et al., 2018). Thus, it is possible that delayed
retirement would relate to better maintenance of cognitive abilities,
decreasing the risk of cognitive impairment and cognitive aging and
potentially reducing social and health costs (Dufouil et al., 2014;
Grotz et al., 2016).

The opposite effect of retirement on cognition has been found,
noting that retirees show better verbal memory and abstract reason-
ing than workers (Bianchini & Borella, 2016; Denier et al., 2017),
and a slightly decreased rate of decline in episodic memory post-
retirement (Andel et al., 2016; Fisher et al., 2014), especially when
paired with preretirement higher mental demands at work or less
work-related stress. These positive outcomes have been explained
by the effect of mental stimulation at work that acts as a boost for
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cognitive reserve (Andel et al., 2016; Denier et al., 2017; Fisher
et al., 2014).
The cognitive reserve hypothesis (Stern, 2009; Stern et al., 2020)

suggests that lifetime intellectual activities and other environmental
factors, such as occupational tasks, may protect brain function from
aging (Barulli & Stern, 2013). Mounting evidence suggests occu-
pational characteristics can play a substantial role in the develop-
ment and maintenance of cognitive reserve, thus supporting normal
cognitive function even in the face of underlying age-associated
brain pathology (Stern et al., 2020). These effects seem to persist
through older adulthood, as evidenced by research suggesting that
work complexity is significantly associated with reduced risk of
dementia (Andel et al., 2005; Dekhtyar et al., 2016; Karp et al.,
2009; Kröger et al., 2008; Then et al., 2014). Complexity of work
refers to the extent to which occupations provide cognitively
demanding tasks and incentives to train and improve cognitive
skills, as well as promote opportunities for social interaction
(Denier et al., 2017). Complexity of work and its three different
types—in the management of data, people, or things—might shed
light on relationships between occupational activities and cognitive
performance during working life and retirement (Nexø et al., 2016).
Regarding the effect of occupational complexity on workers, evi-
dence in favor of the environmental complexity theory shows that the
more complex the job, the greater the cognitive stimulation (Schooler
et al., 1999; Then et al., 2014). Studies have associated high occu-
pational complexities with better specific cognitive performance
during working life. For instance, a recent longitudinal study found
that, even after controlling for demographics, education, and health,
higher occupational complexity was associated with a better proces-
sing speed and cognitive flexibility in workers aged between 42 and
56 years (Kraup et al., 2018). A cross-sectional study using the
Midlife in United States (MIDUS) study’s database found that
workers in higher-complexity occupations had better episodic mem-
ory and executive function (Grzywacz et al., 2016). In terms of the
associations of each type of work complexity and effects on cogni-
tion, individuals retiring from jobs with high complexity of work with
data showed better general cognition (Andel et al., 2007, 2016;
Correa Ribeiro et al., 2013; Finkel et al., 2009) and memory and
faster processing speed (Lane et al., 2017) at the moment of retire-
ment. Still, little is known as to how specific work characteristics, like
work complexity, affect the various aspects of cognitive function
when retirement and complexity are considered within the same
longitudinal model.
In a complementary way, the “disuse hypothesis” (Salthouse,

2006) asserts that the rate of age-related decline in cognitive
measures is less pronounced for those people that are less mentally
active. Given the extent of exposure to work environment across the
life course for a large proportion of adults, and the variability of job
tasks across different occupations, it is likely that work character-
istics, like occupational complexity, contribute substantially to the
assumptions that underlie the disuse hypothesis. Specifically, it is
possible that high occupational complexity can buffer against age-
related decline whereas low occupational complexity can exacerbate
decline. What is less known is how retirees respond cognitively
when exposure to mentally engaged work environment is removed.
Based on the continuity theory of aging (Atchley, 1989), individuals
are innately motivated to maintain their behaviors as they get older.
The identity continuity and identity crisis theories (Atchley, 1971)
further posit that retirement can lead to an identity crisis that can be

resolved by engagement in similar activities, or similar activity level,
as before retirement. Evidence showing the association between
greater work complexity and lower risk of dementia many years
after retirement (Andel et al., 2005; Karp et al., 2009) supports this
notion.

However, research properly investigating occupational complex-
ity and cognitive aging in the context of retirement is still sparse.
Findings show mainly two patterns: the preserved differentiation
and the differential preservation (Salthouse, 2006). The preserved
differentiation pattern shows that at the time of retirement, indivi-
duals with higher complexity of work exhibit higher cognitive
performance than those with lower occupational complexity but
show similar and parallel rates of cognitive decline over time. On the
other hand, a differential preservation pattern shows that, at the time
of retirement, individuals with higher complexity of work exhibit
higher cognitive performance than those with lower complexity of
work and show reduced decline compared with those retiring from
less-complex jobs. In terms of types of complexity, higher com-
plexity of work with people has been associated with a faster rate of
decline after retirement more consistently, although complexity of
work with data shows similar patterns (Finkel et al., 2009; Grotz
et al., 2018). Studies that applied an overall measure of complexity
without differentiating between the three types of complexity
(i.e., data, people, and things) found that higher-complex jobs
were associated with slower cognitive aging (Fisher et al., 2014)
and lower risk of cognitive impairment (Andel et al., 2017; Boots
et al., 2015) post-retirement. For example, spending more than
23 years in a job of high complexity with people and with things
was found to reduce the risk for dementia by 64% and 55%,
respectively (Kröger et al., 2008).

In summary, more research studying the effect of the different
types of occupational complexities on cognition during working life
and retirement is needed. In addition, a recent systematic review
suggested that factors that explain the association between retire-
ment and cognition should be studiedmore extensively (Meng et al.,
2017). Baldivia et al. (2008) also suggested that complexity of work
seems to be one of the main mechanisms as to why occupation may
modulate cognitive reserve. Regarding the research designs used to
achieve that aim, there is a need for longitudinal studies on the effect
of retirement and occupational complexity on cognitive perfor-
mance, especially on executive functioning (Sörman et al., 2019).
Some authors suggest that measurement of cognitive change should
be the primary focus of longitudinal aging research (Sliwinski &
Buschke, 2004). Moreover, cross-sectional studies comparing re-
tirees with working adults might be needed as well.

To our knowledge, this is the first study using LCS (Latent
Change Score) modeling for the purpose of comparing the influence
of complexity of work on the rate of cognitive change in the
retirement transition compared with older workers, while control-
ling for covariates commonly associated with cognition such as age,
education, and health. The current study selected a specific age
range to explore the association between cognitive performance and
occupational complexity at a time close to retirement, as a first step
to examine the rate of cognitive change. Therefore, our aims were (a)
to examine the relationship between cognitive performance and
occupational complexity in a sample of workers aged between 45
and 75, and (b) to examine the effect of complexity at work on
cognitive change after retirement, while controlling for age, educa-
tional level, and health.
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Method

Participants and Procedure

The MIDUS study (http://midus.wisc.edu/) was the first North
American longitudinal study conceived to investigate the role of
psychological, behavioral, and social factors in health and well-being
in midlife. The first wave, MIDUS-1 (1995–1997), was the baseline
and included demographics, psychosocial, and information about
daily life health information. MIDUS-2 [M2; Time 1 (2004–2009)]
was the follow-up and added cognitive, biomarker, and neuroscience
assessments. MIDUS-3 [M3; Time 2 (2013–2019)] was the second
follow-up. The current study was conducted with samples from the
MIDUS-2 and 3 (Figure 1). In order to select a suitable sample for
both study aims (i.e., to explore the association of cognitive perfor-
mance and complexity of work in workers and to study how
occupational complexity influences change in cognition during the
retirement transition), an age range eligibility criteria had to be set at
Time 1 (T1), so part of the sample were retired at Time 2 (T2). Age
criteria for M3 sample was set 15 years above and below the average
retirement age (60 ± 15; Gallup Inc, 2013). Therefore, the following
inclusion criteria were applied in M2: being employed and aged
between 45 and 75 at T1.
The exclusion criteria were (a) previous history of stroke,

Parkinson’s disease, head injury, or other neurological disorders,
(b) current clinical depression, (c) incomplete cognitive assessment
in M2, (d) incomplete occupational information in order to obtain
the complexity of work scores, and (e) incomplete cognitive assess-
ment in M3.
From the initial population of 4,512 people in T1, 2,652 people

did not meet the inclusion criteria, and 1,389 met the exclusion
criteria, leaving a sample for analysis of 471 subjects. Mean age was
54.12 (SD = 6.07) and 54% were women (Table 1). In T2, the
majority of participants (n = 315) were still working, whereas the
remaining were retired (n = 144) (Table 2).

Measures

The Brief Test of Adult Cognition by Telephone

The Brief Test of Adult Cognition by Telephone (BTACT) was
administered by interviewers in M2 and M3 to assess cognitive
performance. This instrument, administered over the phone, allows
valid assessment of cognitive areas that are sensitive to aging, so it
can be administered to large population-based studies (Lachman
et al., 2014).

BTACT has an administration time of ≈20 min and includes six
tests: the Rey Auditory-Verbal Learning Test (RAVLT; Lezak, 1995)
for assessing episodic verbal memory, the Backward Digit Span
subtest from theWAIS-III (Weschler, 1997) for workingmemory, the
Category Fluency test (Tombauh et al., 1999) for verbal category
fluency, the Number Series (Salthouse & Prill, 1987) for reasoning,
the 30 s and Counting task (Backward Counting) for processing
speed, and the Stop andGo Switch task (Switching task) for switching
control. An exploratory analysis of the battery suggested two factors:
Memory and Executive Functioning and with good test-retest reli-
ability (Lachman et al., 2014). The Memory factor includes the
immediate and delayed recalls of the RAVLT. The remaining tests
composed the Executive Function factor. Every factor is calculated as
the mean of z scores of the tests. A BTACT composite score, for
general cognitive performance, is also available using the mean of
z scores of all tasks. The BTACT composite and the two factors were
standardized as well (M = 0, SD = 1).

Occupational Complexity

Complexity of work scores have been widely used in research
(Andel et al., 2005; Feldberg et al., 2016; Kröger et al., 2008;
Smart et al., 2014). In the MIDUS study, respondent occupations
were derived from three open questions in the M2 phone interview:
(a) what kind of business or company is this? (b) what is your

Figure 1
Flow Chart of the Sample Selection
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job title? and (c) what are your most important activities or duties?
Interviewers were trained to code occupations and worked in pairs
to agree to the final occupation code. Each respondent was
assigned an occupation code using the 1990 Census Bureau

occupational classification scheme from the U.S. Department of
Labor. This scheme was developed by job analysts based on their
observation of jobs and it is available in the Occupational
Information Network (O*NET; http://www.onetonline.org/).

Table 1
Descriptive Data of the Sample for Objective #1 (Time 1)

Workers

n = 471
M (SD) or n (%) Skewness Kurtosis

Age 54.15 (6.09) .56 −.16
Age range 45–75
Gender
Male 217 (46.1%)
Female 254 (53.9%)

Educational level (U.S. Department of Education)
Less than high school 9 (1.9%)
High-school competition 114 (24.2%)
Some college, no degree 81 (17.2%)
Associate degree 34 (7.2%)
Bachelor’s or higher degree 233 (49.5%)

Complexity of work with data 4.18 (1.34) −1.49 2.16
Complexity of work with people 3.65 (2.49) .25 −1.46
Complexity of work with things 1.88 (2.39) .69 −1.19
Physical health 3.88 (.82) −.45 .11
BTACT composite at T1 0 (1) −.01 .12
Memory factor at T1 0 (1) .52 .43
Executive function factor at T1 0 (1) .00 .37

Note. M = Mean; SD = Standard Deviation.

Table 2
Descriptive Data for Objective #2 (Time 2)

Retirees Workers

n = 149
M (SD) or n (%)

n = 322
M (SD) or n (%) t (p) or χ2 (p) Skewness Kurtosis

Age at T2 67.27 (5.32) 61.35 (5.49) 10.97 (<.001) .56 −.16
Gender 2.31 (.128)
Male 61 (40.9%) 156 (48.4%)
Female 88 (59.1%) 166 (51.6%)

Physical health 3.73 (.82) 3.95 (.82) −2.58 (.010) −.45 .11
Educational level (MIDUS interviews) 20.65 (.037)
No school/some grade school 2 (1.3%) 1 (.3%)
Eighth grade/junior high school 2 (1.3%) 2 (.6%)
Some high school 47 (31.5%) 3 (.9%)
GED 23 (15.4%) 1 (.3%)
Graduated from high school 3 (2%) 64 (19.9%)
1–2 years of college, no degree yet 14 (9.4%) 42 (13%)
3 or more years of college, no degree yet 22 (14.8%) 13 (4%)
Graduated from 2-year college or associate degree 3 (2%) 20 (6.2%)
Graduated from 4- or 5-year college or bachelors degree 25 (16.8%) 79 (24.5%)
Some graduate school 7 (4.7%) 11 (3.4%)
Master’s degree 2 (1.3%) 54 (16.8%)
PhD, EDD, MD, DDS, LLB : : : , or other professional degree 2 (1.3%) 32 (9.9%)

Complexity of work with data 3.84 (1.52) 4.34 (1.23) −3.55 (<.001) −1.49 2.16
Complexity of work with people 3.38 (2.54) 3.78 (2.46) −1.64 (.101) .25 −1.46
Complexity of work with things 1.84 (2.34) 1.91 (2.42) −.29 (.767) .69 −1.19
BTACT composite at T1 −.28 (1.00) .13 (.97) −4.15 (<.001) −.01 .12
Memory factor at T1 −.09 (1.01) .04 (.99) −1.38 (.170) .52 .43
Executive function factor at T1 −.29 (.99) .13 (.97) −4.75 (<.001) 0 .37
BTACT composite at T2 −.31 (.97) .14 (.98) −4.75 (<.001) .03 .02
Memory factor at T2 −.18 (.99) .08 (.99) −2.69 (.008) .61 .12
Executive function factor at T2 −.29 (.96) .14 (.99) −4.49 (<.001) .05 .16

Note. M = Mean; SD = Standard Deviation.
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Subsequently, for this study, codes of current occupations were
assigned to the 2000 Dictionary of Occupational Titles (DOT)
classification scheme, because the three middle digits in the
codes represent complexity of work with data (4th digit), people
(5th digit), and things (6th digit). The work complexity classifica-
tion is composed of a list of particular skills that are required in
every occupation and reflects the level of complexity in the
management of data, people, and things. Categories of the three
dimensions of complexities at work are shown in Table 3. This
scoring system makes it possible to quantify the complexity of
working tasks required in a certain job, with lower scores indicat-
ing more complexity. For instance, counseling psychologist
(code 045.107-026) has a complexity of work with data score
of 1 (Coordinating), a complexity of work with people score of 0
(Mentoring), and a complexity of work with things score of 7
(Handling). This would mean that a counseling psychologist
would determine the sequence of actions to be taken on the basis
of analysis of data, guide individuals to solve problems based on
clinical principles, and handle devices with no responsibility to
accomplish tasks. As in previous studies, in order to facilitate the
interpretation of the analysis, each complexity score was reversed
so a higher score reflects higher complexity.

Demographic and Health Measures From MIDUS

Age, highest educational level, and subjective physical health
were extracted from MIDUS dataset. The highest educational
level was recorded by interviewers and coded into 12 categories.
In order to use dummy coding in the regression analysis, the 12
categories were recoded to 5 categories (Table 1), used by the
U.S. Department of Education. The reference group for dummy
coding was less than high-school completion. The original 12
educational-level variables were used for the second objective
(Table 2).
To obtain a measure of health status, the interviewers in

the MIDUS study asked the participants to rate their physical
health. Respondents rated their health from 1 to 5 as (1) excellent,
(2) very good, (3) good, (4) fair, and (5) or poor. A score of this
kind of assessment has been considered a good indicator of
general objective health (Wu et al., 2013). For this study, health

scores were reversed so higher scores reflect a better subjective
health (5-excellent, 1-poor).

Statistical Analyses

For the first objective, bivariate correlations were calculated to
assess associations between cognitive outcomes and complexity of
work, demographics, and health. Hierarchical linear regression
analyses were conducted to estimate which complexity of work
indices predicted better cognition. Age, dummy variables for edu-
cation, and subjective health were introduced in the first block.
Complexity of work with people, data, and things were included in
the following blocks separately according to an evidence-based
order. That is, both complexity of work with data and people have
significant associations with cognition. However, complexity of
people was entered in the first block after covariates due to the fact
that there is greater evidence supporting the importance of com-
plexity of work with people (Andel et al., 2005, 2016; Boots et al.,
2015; Finkel et al., 2009; Karp et al., 2009; Kröger et al., 2008;
Smart et al., 2014).

To accomplish the second objective, we fit two Latent Change
Score (LCS) models for the general cognitive functioning (Kievit
et al., 2018; Figure 2). The LCS (Δ) represents the rate of change
between two measures in different times. This score is estimated
in the model as a latent variable, allowing to attenuate influences of
measurement error and variances and to reduce task-specific
variance. According to the specifications of a multiple-indicator
univariate LCS model (Kievit et al., 2018), variance of cognition
at T1 was constrained to zero, cognition at T2 was regressed onto
T1 (COG_T1) and Δ, and a covariance was set between same
measures at different times. Parameters for Δ were set to one.
Loadings of indicators of cognition variables were set to be equal
over time in order to ensure obtain measurement invariance (Eid
et al., 2012).

The first latent construct of general cognition was composed by the
Memory and Executive factors in MIDUS-2 (T1), and the second
latent construct included the same measures at MIDUS-3 (T2).
In Model 1, change in cognition (Δ) was regressed on age, educa-
tional level, subjective health, and complexity of work with people.
Covariances between all the independent variables and between
cognition at T1 were set (Figure 2). Then, we tested the same model
including complexity of work with data (Model 2). Complexity of
work with things was not included because it was not significant in
the cross-sectional prediction of cognitive performance, and it has
previously shown weak reliability (Cain & Treiman, 1981; Kröger
et al., 2008).

Models were tested in a multigroup framework for workers
(n = 322) and retirees (n = 149) simultaneously. Differences
across groups were tested by comparing an equality-constrained
model with a model where parameters were freely estimated in each
group. If the model constrained to be equal in loadings, intercepts
and regressions fit worse, this would mean that there are differences
between groups.

Model fit was assessed by standards of χ2 test (χ2/df < 2;
p > .05), Comparative fit index (CFI; >.95), Root Mean Square
Error of Approximation (RMSEA; <.05), and Standardized Mean
Square Residual (SRMR; <.07) and Goodness of Fit (GFI; >.09).
For this purpose, RStudio (v. 1.2.5042; 2020) and lavaan package
(Rosseel, 2012) were used, applying the robust Maximum

Table 3
Rating Scores and Categories of Occupational Complexity With
Data, People, and Things From the Dictionary of Occupational
Titles

Data People Things

0 Synthesizing 0 Mentoring 0 Setting up
1 Coordinating 1 Negotiating 1 Precision working
2 Analyzing 2 Instructing 2 Operating-controlling
3 Compiling 3 Supervising 3 Driving-operating
4 Computing 4 Diverting 4 Manipulating
5 Copying 5 Persuading 5 Tending
6 Comparing 6 Speaking-signaling 6 Feeding-offbearing

7 Serving 7 Handling
8 Taking instructions-

Helping

Note. For this study, ratings were reversed, meaning that the higher the
score is, the higher the complexity.
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Likelihood Estimator (MLR). This estimator introduces corrections
to offset the bias produced by non-normal distributions (Li, 2016).
Moreover, the mean LCS (μΔ) indicates reliable change between the
two different times; variance of the change (σ2Δ) represents the
extent to which individuals differ in the change; and β can be
assessed to interpret the extent to which change is dependent, or
proportional, to the scores at T1 (Kievit et al., 2018).

Results

Association Between Complexity of Work and
Cognitive Performance in Workers

Results for the first objective showed significant correlations
between cognitive measures and complexity of work and

sociodemographic factors (Table 4). The highest correlation, though
moderate, was between education and the BTACT composite and
Executive Function factor (r = .37 and r = .36, respectively) (Cohen,
1988). Complexity of work with data correlated significantly with
the three cognitive measures, as well as complexity of work with
people. Complexity of work with things had significant correlations
(p < .05) with the BTACT composite and the Executive Function
factor.

Hierarchical regression analyses showed that complexity of work
with people explained variance of the models of BTACT general
composite and the Executive Function factor (Table 5). The models,
including complexity with people, age, educational level, and
health, accounted for 21% and 19% of the variance, respectively.
Additionally, a model with complexity of work with data was
significant for the Executive factor (R2 = .20, p < .001).

Figure 2
Simplified Path Diagram of the Multivariate Latent Change Score Model Testing for Latent Change in General Cognitive Performance

Note. There is a latent variable at each time (T1 and T2) (represented by circles) and they are indicated by scores on each of the two BTACT factors: Memory
(Memo_T1 andMemo_T2) and Executive Function (EF_T1 and EF_T2) and a latent change score (ΔCOG) is derived from them. The variables age, education,
health, and complexity of work with people are regressed on the change factor. Dashed lines are covariances. Grey lines represent the addition in Model 2.
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Effect of Complexity of Work on Cognitive Change
for Retirees and Workers

Regarding the second objective, the first model describing the
influence of complexity with people on cognitive change between
T1 and T2 showed optimum fit indices (Model 1: χ2/df = 1.32,
p = .175, CFI = .994, robust RMSEA = .037, SRMR = .048,
GFI = 1.00; Table 6). Estimates of rate of change were significant
for the retiree group (μΔCOG = 1.80, p = .037). Additionally,
educational level and complexity of work with people showed
significant covariance with cognition at T1. On the other hand,
workers did not show a significant change (p = .097) and all
covariates showed a significant association with cognition at T1.
Multigroup differences for retirees and workers showed that the
model did fit the data significantly better than the one with loadings,
intercepts and regressions constrained to be equal across groups
[χ2(13) = 183.68, p < .001].
In the retiree group, the regression of complexity of work with

people on the latent cognitive change was significant (p = .044),
indicating better cognitive performance with increasing complexity
of work with people. This association is illustrated in Figures 3
and 4. Specifically, Figure 3 shows means of cognitive scores of
retirees at T1 and T2 by the level of complexity of work with people.
Subgroups of level of complexity were made for illustrative
purposes based on one standard deviation above the mean (high)
and below the mean (low). Figure 3 shows that those retiring from
jobs with higher complexity of work showed better cognitive
performance than those retired from low-complexity jobs, both at
T1 and T2. Moreover, it depicts that the latter showed a steeper
cognitive decline.
Figure 4 illustrates the regression slope for the association

between the continuum of complexity of work with people scores
(X-axis) and cognitive change scores (Y-axis) (β = .38). The results
are shown separately for retirees and workers at T2. Among retirees,
those who retired from jobs with higher complexity of work with
people showed less negative change (i.e., less cognitive decline)
than those who retired from jobs with lower level of complexity of
work with people. Complexity of work with people did not influence
cognitive change significantly among those still working at T2
(p = .803).
Fit indices were also acceptable for the same model including

complexity of work with data (Table 7; Model 2: χ2/df = 1.21,

p < .232, CFI = .995, RMSEA = .030, SRMR = .048). In this case,
retirees also showed a significant rate of change (μΔCOG = 1.91,
p = .045), but none of the independent variables were significant
predicting the change. All covariates showed a significant associa-
tion with cognition at T1 for workers and retirees, as well as
complexity of work with people and with data. Multigroup differ-
ences showed that the model did fit the data significantly better than
the constrained model (χ2(15) = 200.21, p < .001).

Discussion

Association of Occupational Complexity With
Cognitive Performance

The first objective of the study was to determine the relationship
between cognitive performance and occupational complexity in
workers between 45 and 75 years old. Correlation results showed
significant and positive associations between workers’ general
cognitive ability, Memory and Executive Function factors, and
the complexity of work indices with data and people. Complexity
of work with things showed a negative significant correlation with
the BTACT composite and the Executive factor. However, the
correlation between complexity of work with people and the general
composite and executive performance was the closest to the critical
level of .30 to be considered a moderate association (Cohen, 1988).
These results are consistent with other observational studies that
found a positive association between complexity with people and
with data and better general status (Andel et al., 2016; Finkel
et al., 2009).

However, the results of prediction models of workers’ cognitive
functioning showed that just complexity of work with people acts as
a significant predictive factor for the BTACT composite. Age,
educational level, self-rated physical health, and complexity of
work with people accounted for 21% of the variance. This finding
is supported by previous studies which have found that complexity
with people is the type of occupational complexity that is most
associated with general cognitive performance, even after correcting
for education (Finkel et al., 2009; Smart et al., 2014).

Some authors discuss that complexity of work is associated
with better cognition because people who possess high cognitive
skills, and so higher educational levels, might have better access to
jobs rated as more complex by the DOT (Hyllegard & Lavin, 1992).

Table 4
Descriptive Data and Correlations of Sociodemographics (a–c), Complexity of Work Indices (d–f), and the Brief Telephone Adults Cognitive
Testing (BTACT) Measures (1–3)

a b c d e f 1 2

a. Age —

b. Educational level −.10* —

c. Physical health −.02 .21** —

d. Complexity with data −.16** .31** .13* —

e. Complexity with people −.09 .46** .07 .45** —

f. Complexity with things .05 −.21** −.04 −.21** −.50** —

1. BTACT composite −.18** .37** .20** .28** .29** −.12* —

2. Memory factor −.10** .22** .10** .12** .15** −.06 .53** —

3. Executive function factor −.17** .36** .20** .27** .29** −.12* .97** .30**

Note. Spearman rho bivariate correlations (n) were calculated for educational level. Remaining refers to Pearson correlations (r).
* p < .05. ** p < .01.
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In relation to this, few studies have controlled for previous cognitive
ability variables. For instance, Smart et al. (2014), controlling for
childhood intelligence, education, and social deprivatio, found that
complexities of work with people and data were associated with
better cognitive ability in older age. In the present model, the highest
educational level had the greatest weight in the explained variance
(bachelors or higher degree [β = .68, p < .001]), while complexity
with people showed a β = .15 (p < .01). However, recent evidence
suggests that the complexity of work mediates the protective effect
of education by 11%–22% (Fujishiro et al., 2019). Hence, as it has
been suggested in previous research (Karp et al., 2009), it may be

that the effect of work complexity is greater in low educational
levels.

Our results show that no type of complexity of work explained
variance of theMemory factor. Findings from anotherMIDUS study
showed that occupational complexity was a significant predictor of
the BTACT Memory factor (Grzywacz et al., 2016). However, that
study is not directly comparable because it used a general complex-
ity measure instead of the DOT categorization and did not differen-
tiate between working with data, people, and things. Additionally,
the sample consisted of adults aged 32–84, so it might be that
complexity of work accounts for episodic memory in the broad

Table 5
Hierarchical Regression Model Results for Cognitive Measures at Time 1

Step Predictor B SE B β R2 ΔR2

BTACT composite 1 Constant −.38 .49 .19*** .19**
Age −.02 .01 −.14**
Educ_2 .82 .32 .36*
Educ_3 .90 .32 .35**
Educ_4 .97 .35 .26**
Educ_5 1.34 .32 .77***
Health .12 .05 .10*

2 Constant −.56 .49 .21*** .02**
Age −.02 .01 −.14**
Educ_2 .81 .31 .35*
Educ_3 .83 .32 .32**
Educ_4 .90 .34 .24**
Educ_5 1.28 .32 .68***
Health .13 .05 .10*
Complexity with people .06 .02 .15**

Memory factor 1 Constant −.79 .51 .09*** .09***
Age −.02 .01 −.10*
Educ_2 1.30 .33 .58***
Educ_3 1.45 .34 .57***
Educ_4 1.22 .36 .33***
Educ_5 1.65 .33 .86***
Health .03 .06 .03

Executive function factor 1 Constant −.14 .50 .18*** .18***
Age −.02 .01 −.14**
Educ_2 .49 .33 .21
Educ_3 .54 .33 .20
Educ_4 .71 .35 .18*
Educ_5 1.17 .32 .59***
Health .14 .05 .11*

2 Constant −.33 .50 .19*** .02**
Age −.02 .01 −.13**
Educ_2 .47 .32 .20
Educ_3 .48 .33 .18
Educ_4 .64 .35 .17
Educ_5 1.00 .33 .50**
Health .14 .05 .12**
Complexity with people .06 .02 .15**

3 Constant −.61 .52 .20*** .01*
Age −.02 .01 −.12**
Educ_2 .45 .32 .19
Educ_3 .43 .33 .16
Educ_4 .57 .35 .15
Educ_5 .94 .33 .47**
Health .14 .05 .11*
Complexity with people .05 .02 .11*
Complexity with data .08 .04 .10*

Note. B = Unstandardized beta; SE = Standard error; β = Standardized beta;ΔR2 = Change in R2; Educ_2 = Dummy variable for high-school completion;
Educ_3 = Dummy variable for some college, no degree; Educ_4 = Dummy variable for associate degree; Educ_5 = Dummy variable for bachelor’s or higher
degree. Models with no significant complexity of work with data or things are not shown in the table.
* p < .05. ** p < .01. *** p < .001.
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spectrum of adulthood and not in older adults. Another possible
reason as to why no indicator of complexity was shown to be
significant in the prediction of the Memory factor may be that all
levels of education are associated with memory, but only the highest
level is associated with executive functions, as shown in Table 5.
This finding might suggest that memory is more required and
influenced by educational level, while the unfolding of executive
functioning is greater at highest educational levels (O’Shea et al.,
2018; Ritchie et al., 2015).
In our study, the weight of education is less important for executive

functioning, where the highest category is the only significant one
(β = .47, p < .01). In addition, complexity of work with people and
with data, age, and health were all significant (People β = .11,
p < .05; Data β = .10, p < .05). As far as we know, just one study
has previously found complexity with people to be associated with
executive function (Sörman et al., 2019). Their sample had similar
ages (50–75 y/o) and structural modeling analysis showed similar
findings as complexity of work with people was related to the main
executive components (working memory and switching), as well as
complexity with data (working memory). Other findings have also
associated complexity of work with data with a better performance in
executive functions and attention (Feldberg et al., 2016).
Some mechanisms could be considered about these associations.

On the one hand, it seems that social networks influence general
cognition, memory performance, and executive functioning (Ybarra

et al., 2008). It would be expected that people in more social
occupations have larger social networks and more complex interac-
tions with people. Likewise, occupations with higher social partici-
pation are among the more complex occupations, because they entail
constant interpretation of social cues and selection and inhibition of
appropriate responses (Cramm et al., 2013). These characteristics are
inherently related to executive functioning. Processes as working
memory, switching, or reasoning are enhanced when interacting with
other people (e.g., in negotiation or mentoring), as one needs to
access, maintain, and manipulate social information.

In that context, the concept of social working memory has
recently emerged (Meyer et al., 2015). Research on this topic has
found that social working memory tasks recruit two neurocognitive
networks: the medial frontoparietal system or mentalizing system
(associated with mental state reasoning) and the lateral frontopar-
ietal system (associated with traditional working memory and
general intelligence). At the same time, jobs with higher complexity
with data, as researchers or accountants, imply a high level of
processing speed, working memory, or task switching, because they
have to manipulate many sources of information simultaneously.
Consequently, it would be expected that more complex occupations
with people and data promote the activation of working memory
systems, improving its performance. Thus, stimulation of working
memory may transfer to an improvement in fluid intelligence (Zinke
et al., 2014).

Table 6
Model 1. Latent Change Scores Estimates by Groups (Retirees and Workers)

B SE B β z value p

Retirees (n = 149)
Estimates of change
μΔCOG .57 .28 1.80 .28 .037
σ2ΔCOG .07 .10 .71 .70 .483

Prediction of ΔCOG
Cognition at Time 1 −.28 .16 −.52 −1.73 .083
Age −.02 .01 −.26 −1.82 .069
Education −.00 .02 −.01 −.08 .939
Health .02 .05 .04 .38 .708
Complexity with people .05 .02 .38 2.01 .044

Covariance with COG_T1
Age −.26 .34 −.08 −.76 .449
Education .72 .16 .48 4.58 <.001
Health .11 .06 .23 1.82 .069
Complexity of work with people .73 .16 .50 4.58 <.001

Workers (n = 322)
Estimates of change
μΔCOG .34 .21 .77 1.66 .097
σ2ΔCOG .18 .06 .93 5.62 <.001

Prediction of ΔCOG
Cognition at Time 1 −.18 .03 −.20 −5.70 <.001
Age −.01 .01 −.15 −2.44 .015
Education −.02 .01 −.09 −1.22 .224
Health .05 .04 .09 1.26 .209
Complexity of work with people .00 .01 .02 .25 .803

Covariance with COG_T1
Age −.60 .24 −.22 −2.49 .013
Education .68 .12 .53 5.72 <.001
Health .11 .04 .27 2.98 .003
Complexity of work with people .40 .11 .33 3.79 <.001

Note. ΔCOG = Rate of change; COG_T1 = Cognition at Time 1; B = Unstandardized coefficient; SE = Standard error; β = Standardized coefficient. Fit
indices: χ2 = 21.1 (χ2 Retirees = 8.2, χ2 Workers = 12.8), df = 16, p = .175. CFI = .994, RMSEA = .037, SRMR = .048, GFI = 1.00, R2 ΔCOGR = .30,
R2 ΔCOGW = .07.
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Effect of Complexity of Work on Intraindividual
Cognitive Change After Retirement

The second objective was to determine the effect of complexity of
work on long-term change in cognition by employment status.
Results show that complexity of work with people was the only
significant predictor of intraindividual cognitive change in retirees
(β = .38, p = .044), compared with workers. Also, higher levels of
preretirement complexity of work with people were associated with
less decline in cognition compared with lower levels of complexity
of work with people (Figure 3). That is, a less negative rate of
change was found in those retiring from higher-complex occupa-
tions (Figure 4).
This finding is in line with a previous study that found that higher

levels of mental demands at work were associated with a slower
rate of memory decline in older adults after retirement (Fisher
et al., 2014). Moreover, it fits the differential preservation pattern
(Salthouse, 2006), which was observed previously (Finkel et al, 2009).
Thus, individuals in high-complexity occupations had the advantage of
achieving higher cognitive performance up to retirement plus showed
less cognitive change than those who retired from lower-complexity
jobs (see Figure 3), suggesting that the cognitive advantage presum-
ably attributable to work complexity remains after retirement. Addi-
tional research is needed to understand the mechanism of the effect.
The effect of retirement on cognitive decline can be explained by

the “unengaged lifestyle hypothesis” (Rohwedder & Willis, 2010),

which states that people after retirement lose their exposure to work
environment and the engagement and routine that comewith it, which
may accelerate cognitive aging. These results provide support for
Rohwedder and Willis’ proposition that retirement represents a
crucial life event that can lead to “mental retirement” or the tendency
to significantly reduce intellectual activity. In that sense, Hamm et al.
(2020) found in the same MIDUS sample that retirees who disen-
gaged from challenging activities showed a steeper cognitive decline.

Furthermore, the fact that higher complexity of work has an effect
on cognitive aging post-retirement is also supported by the cognitive
reserve theory (Stern, 2009; Stern et al., 2020), which argues that
complexity of work provides a range of cognitive benefits that
protect against decline at older ages. Our findings support the notion
that mental stimulation offered specifically by higher complexity of
work with people relates to better cognitive function. In addition,
this aspect of work also relates to less age-related cognitive decline,
indicating that the reserve gained from complex work continues to
provide cognitive advantage into older adulthood.

Figure 3
Means of Standardized Cognitive Scores From Time 1 (T1) to
Time 2 (T2) by Level of Complexity of Work With People in Retirees

Note. Levels of complexity of work with people were calculated by scores
one standard deviation above the mean (high complexity) and one standard
deviation below the mean (low complexity). See the online article for the
color version of this figure.

Figure 4
Regression of Complexity of Work With People on the Cognitive
Change Between T1 and T2 by Retirement Status at T2

Note. Change score = Time 2 cognitive scores minus Time 1 scores
(ΔCOG). Change scores above zero mean positive change and scores below
zero mean negative change (i.e., cognitive decline). The colored line in the
center represents the linear regression slope. Y-axis depicts the magnitude of
individual cognitive change scores and the X-axis shows the continuum of
complexity of work with people scores. Among T2 retirees, complexity of
work with people had a positive effect on change in cognition between T1
and T2, where those retiring from high-complexity jobs showed less negative
change scores. Among T2 workers, complexity of work with people had an
insubstantial negative effect on change in cognition. See the online article for
the color version of this figure.
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The finding that benefits of complex work appear to span
throughout retirement deserves attention in the context of the
possibility that mental stimulation through work may be the mecha-
nism. Beyond the possibility that mental stimulation provided by
high-complex jobs helps build cognitive reserve, having a high-
complexity job may have other benefits. Although we could not test
the possibility directly, it may be that those retiring from high-
complexity jobs have an easier time maintaining their preretirement
levels of intellectual activity. Based on Atchley’s continuity theory
(Atchley, 1989), which posits that individuals aspire to remain at the
same level of engagement throughout the life course, we can
speculate that those retiring from high-complexity jobs transfer
into intellectually engaging post-retirement activities. The identity
continuity theory (Atchley, 1971), which posits that retirement can
lead to identity crisis, which is best resolved by transition into
activities that map well onto previous work activities, also supports
this notion.
The fact that complexity of work with people specifically

emerged as the stronger factor in reducing cognitive aging
than complexity of work with data is of interest in terms of

designing work-related interventions to promote cognitive health.
Previous research also suggests that complexity of work with
people may be particularly useful in buffering against cognitive
decline (Andel et al, 2016; Finkel et al., 2009) and risk of
dementia (Andel et al., 2005). It may be that the specific work
tasks reflected in the complexity of work with people provides
particularly distinct cognitive benefits. In addition, retirement
also tends to bring about reduction in social networks
(Kemperman et al., 2019), which has been found to accelerate
cognitive decline in older adulthood. It may be that for people
retiring from jobs with high complexity of work with people,
staying socially engaged is somewhat easier. Regardless, com-
plexity of work with people appears to hold promise in terms of
cognitive health promotion.

Of note is that complexity of work with people did not influence
the cognitive change in retirees (β = .33, p = .162), when com-
plexity with data was added into the same model, although both
were related to the level before retirement. This finding is likely to be
explained by collinearity between complexity of work with people
and data, whereby some aspects of intellectual stimulation are

Table 7
Model 2. Latent Change Scores Estimates by Groups (Retirees and Workers)

B SE B β z value p

Retirees (n = 149)
Estimates of change
μΔCOG .54 .27 1.91 2.01 .045
σ2ΔCOG .05 .10 .67 .51 .609

Prediction of ΔCOG
Cognition at Time 1 −.25 .17 −.51 −1.45 .143
Age −.02 .01 −.29 −1.80 .071
Education −.01 .02 −.06 −.26 .793
Health .02 .05 .05 .34 .733
Complexity of work with people .04 .03 .33 1.40 .162
Complexity of work with data −.03 .03 .17 1.13 .257

Covariance with COG_T1
Age −.26 .34 −.10 −.76 .447
Education .72 .16 .50 4.59 <.001
Health .11 .06 .23 1.82 .069
Complexity of work with people .73 .16 .50 4.59 <.001
Complexity of work with data .27 .08 .31 3.19 .001

Workers (n = 322)
Estimates of change
μΔCOG .40 .21 .89 1.94 .052
σ2ΔCOG .19 .03 .93 5.56 <.001

Prediction of ΔCOG
Cognition at Time 1 −.17 .05 −.19 −3.12 .002
Age −.01 .01 −.16 −2.23 .026
Education −.02 .01 −.09 −1.12 .261
Health .05 .04 .09 1.33 .184
Complexity of work with people .01 .01 .04 .47 .640
Complexity of work with data −.02 .03 −.10 −.85 .395

Covariance with COG_T1
Age −.60 .24 −.22 −2.48 .013
Education .68 .12 .52 5.73 <.001
Health .11 .04 .27 2.99 .003
Complexity of work with people .41 .11 .33 3.80 <.001
Complexity of work with data .21 .06 .35 3.43 .001

Note. ΔCOG = Rate of change; COG_T1 = Cognition at Time 1; B = Unstandardized coefficient; SE = Standard error; β = Standardized coefficient. Fit
indices: χ2 = 24.2 (χ2 Retirees = 9.6, χ2 Workers = 14.7), df = 20, p = .232. CFI = .995, RMSEA = .030, SRMR = .048, GFI = 1.00, R2 ΔCOGR = .34,
R2 ΔCOGW = .07.

COMPLEXITY OF WORK AND COGNITIVE DECLINE 153

T
hi
s
do
cu
m
en
t
is
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al

A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le

is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al

us
e
of

th
e
in
di
vi
du
al

us
er

an
d
is
no
t
to

be
di
ss
em

in
at
ed

br
oa
dl
y.



shared between the two constructs, as reflected in a relatively high
correlation (r = .45, see Table 4). This may also be due to the
influence of education on these associations. In a previous study, the
association between complexity of work with data and cognition
was substantially attenuated when education was included (Finkel
et al., 2007).

Limitations and Strengths

This study has some limitations. First, we had available only one
measurement of complexity of current work in a specific time.
Ideally, a complexity of work index should be calculated for every
job in which the individual has been employed, building a composite
score. Second, this study only included two waves of data from the
MIDUS study. Ideally, accounting for more longitudinal data would
determine the rate of cognitive change in a longer period of time.
Additionally, although the DOT has been widely used to determine
level of complexity of work, it assigns levels according occupation,
failing to characterize individual differences in complexity and
perceptions of complexity. However this may also be a strength
as characterizing complexity as high subjectively may be a reflection
of either actual work complexity or cognitive difficulties. Despite
the fact that the BTACT cognitive battery has shown good reliability
and concurrent validity (Lachman et al., 2014), telephone testing
has relevant limitations. Namely, there are restrictions to auditory
stimuli and tasks, and lack of control over distractors, and inter-
ferences due to the quality of connection or other technical pro-
blems. Hence, results would benefit from the use of a face-to-face
administered battery.
This research has several strengths. First of all, the data from

MIDUS is recent, so information about complexities is more likely
to be representative of tasks in current jobs. Additionally, the entire
sample resides in the same country, which suggests that institutional
retirement conditions are similar across the sample. Finally, we
selected the exclusion criteria so that we could exclude noncogni-
tively healthy individuals, as well as those with a previous history of
stroke or clinical depression. As a result, we presented the associa-
tion between complexity of work and executive functioning in older
workers and its association with cognitive aging in healthy retired
and working people.
In summary, the current study brings to light that complexity of

work with people may play an important role in cognitive
functioning, especially in executive function, a crucial domain
in terms of everyday activities and overall cognitive function,
both before and after retirement. The contrast to complexity of
work with data, where the results were more obscure, along with
the inclusion of multiple cognitive domains, provides a uniquely
detailed look at a modifier of cognitive aging before and after
retirement in MIDUS. This evidence implies that, when assessing
the effect of occupational complexity, the types (i.e., people,
data, and things) should be specified, as they show different
effects. Second, to our knowledge, this is the first longitudinal
study to use a LCS model to determine the influence of complex-
ity of work with people on cognitive change, comparing indivi-
duals who retire in a 9-year period with those who continue to
work. This kind of analysis is a type of structural equation model
that allows researchers to assess patterns, causes, and conse-
quences of intraindividual change (Ferrer & McArdle, 2010;
Kievit et al., 2018). These outcomes continue to support the

role of occupational complexity with people in cognitive func-
tioning after the end of working life. Thus, only this type of
complexity is shown to play a significant role in age-related
cognitive decline after retirement, being slightest for those in
more complex jobs.

Present findings have some theoretical implications for the
cognitive reserve hypothesis. This study highlights the need for
inclusion of specific measures of complexity of previous work in
studies assessing the impact of cognitive reserve on normal and
pathological aging trajectories. The lack of specification of the types
of complexities, as well as the omission of occupational complexity
measures, could lead to inaccurate conclusions. Furthermore, these
findings have implications for the environmental complexity
hypothesis and the disuse hypothesis, because not all types of
complexity of work have the same effect on cognition in the short
and long term.

Additionally, our findings provide a thorough look at a potential
important factor, contributing to slowing age-related cognitive
decline in the early years following retirement, jobs with high
complexity of work with people. Previous studies have shown
that a higher complexity of work is also associated with a lower
risk of developing Alzheimer’s disease and other dementias (Karp
et al., 2009). Thus, these findings showing that complexity of work
with people is associated with cognitive abilities and that high levels
might protect against cognitive decline have substantial implications
to health and design of preventive interventions, as recommended
by the World Health Institution (2019). Interventions should there-
fore be focused on fostering cognitively engaging activities after
retirement. Retirees from low-complexity jobs may need to pay
particular attention to the maintenance of their cognitive function
post-retirement. Given that complexity of work with people stood
out in the results as especially important, social engagement at work
may operate as an overarching construct to slow cognitive aging,
offering a clear target for intervention at the workplace (i.e., to
increase social engagement in jobs low on complexity of work with
people). Particularly, executive function stimulation is recom-
mended because it is associated with less functional decline in
instrumental activities of daily life in older people (Rebok
et al., 2014).

Conclusion

Findings have shown an association between higher complexity
of work with people and better general cognition and complexity
with data and people with executive functioning. This association
persisted after retirement, with those who retired from jobs with
high complexities of work with people showing less cognitive
decline. During working life, occupational complexity was asso-
ciated with better general cognitive performance and, specifically,
better executive functioning. Further research on associations
between retirement, complexity of work with people, and execu-
tive functioning is needed. In particular, the field would benefit
from knowing what characteristics of managing people are asso-
ciated with executive processes, and how they contribute to
general cognitive functioning. Additionally, research assessing
the implications of complexity of work on cognitive reserve is
still required. In this sense, more neuroimaging studies would help
to discern compensation in cognitive performance and real brain
atrophy.
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