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ABSTRACT

Objective: To examine whether occupational cognitive requirements, as a marker of adulthood
cognitive activity, are associated with late-life cognition and cognitive decline.

Methods: Main lifetime occupation information for 7,637 participants aged >65 years of the
Chicago Health and Aging Project (CHAP) was linked with standardized data on worker attributes
and job characteristics from the Occupational Information Network (O*NET). Ratings of cognitive
processes required in 10 work-related tasks were used to create a summary measure of occu-
pational cognitive requirements (possible range 0-7). Multivariable-adjusted linear mixed models
were used to estimate the association of occupational cognitive requirements score (OCRS) with
cognitive function and rate of cognitive decline.

Results: Higher OCRS corresponded to significantly better late-life cognitive performance
at baseline in 1993 (p < 0.001) and to slower decline in global cognitive function over time
(o = 0.004). Within a genotyped subsample (n = 4,104), the associations of OCRS with rate of
cognitive decline did not differ significantly by APOE g4 carriership (o = 0.11).

Conclusions: Findings suggest that occupational cognitive requirements are associated with
better cognition and a slower rate of cognitive decline in older age. Adulthood cognitive activity
may contribute to cognitive reserve in late life. Neurology® 2016;86:1386-1392

GLOSSARY

AD = Alzheimer disease; CHAP = Chicago Health and Aging Project; COC = Census Occupation Code; O*NET = Occupa-
tional Information Network; OCRS = occupational cognitive requirements score.

Alzheimer disease (AD) dementia affects a large number of older adults for whom there are few
effective treatment options available.! The long duration of the preclinical phase, which is
thought to last from at least several years to over a decade” and is characterized by a period of
decline in cognitive function, has prompted increasing efforts to identify potentially modifiable
risk factors from earlier stages in adulthood that affect disease onset and initial progression. A
range of mid-adulthood lifestyle risk factors, including adherence to a healthy diet’ and regular
participation in physical activity,* are associated with reduced risk of late-onset AD dementia.’

There has been a growing interest in the role of cognitively stimulating activity during adult-
hood and its potentially protective effect on late-life cognitive decline and AD dementia risk.
There is some evidence that engagement in leisure time cognitive activity is associated with high-
er levels of cognitive functioning in older age.*® More recent studies have explored occupation-
related cognitive activity and complexity, but have produced inconsistent findings on whether
higher occupation-related cognitive requirements are associated with late-life cognitive
decline.””'* A challenge central to these studies is the measurement of occupation-related cog-
nitive activity, and most studies to date have relied on relatively crude measures, such as broad
employment categories.

In this study, we used a detailed measure of occupation-related cognitive activity derived from
the Department of Labor’s Occupational Information Network (O*NET) database to test the

From the Department of Epidemiology (L.R.P., C.F.M.d.L.), University of Michigan, Ann Arbor; Department of Internal Medicine (J.W., D.A.E.),
Rush Institute for Healthy Aging (J.W., D.A.E.), Rush Alzheimer’s Discase Center (R.S.W.), and Departments of Neurological Sciences and Behavioral
Sciences (R.S.W.), Rush University Medical Center, Chicago, IL; and Department of Health Sciences, Community and Occupational Medicine (U.B.),
University of Groningen, University Medical Center Groningen, the Netherlands.

Go to Neurology.org for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

© 2016 American Academy of Neurology


mailto:lpool@umich.edu
http://neurology.org/lookup/doi/10.1212/WNL.0000000000002569

Table 1

List and descriptive statistics of Occupational Information Network

variables included in the OCRS

OCRS variable

Composite OCRS exposure variable
Judging qualities of things, services, people

Evaluating information against standards

Processing information

Analyzing data or information

Making decisions and solving problems

Thinking creatively

Updating and using job-relevant knowledge
Developing objectives and strategies
Scheduling work and activities

Organizing, planning, and prioritizing

Mean (SD) Min-max value
2.2(0.9) 0.5-5.2
24 (11) 0.2-5.8
2.5(0.9) 0.2-6.8
23(1.2) 0.2-6.5
23(1.3) 0.0-6.7
24 (1.2) 0.5-6.0
1.7 (1.1) 0.0-6.5
25(1.2) 0.2-6.5
13(1.3) 0.0-5.8
1.5(1.4) 0.0-5.3
2.4 (1.2) 0.5-5.8

Abbreviation: OCRS = occupational cognitive requirements score.

degree to which occupation-related cognitive
activity is associated with slower cognitive
decline in later life. To that end, we linked
the O*NET-derived measure of occupation-
related cognitive activity with changes in
cognitive function using data from a well-
established longitudinal study of older adults:
the Chicago Health and Aging Project
(CHAP). We further tested this potential asso-
ciation for potential modification by carrier-
ship of an APOE €4 allele, a known risk

factor for AD dementia."®

METHODS CHAP participants. CHAP recruited persons
aged 65+ years in 3 adjacent neighborhoods in Chicago, Illinois.
Six data collection cycles were completed from 1993 to 2012 at
approximately 3-year intervals. All cycles included in-home
interviews with questions on sociodemographics, occupation
history, psychosocial variables, medical history, and physical
and cognitive functioning tests. Of the 10,516 CHAP
participants, 7,765 (73.8%) had at least 2 assessments of
cognitive function and thus were eligible for inclusion in this

analysis.

Standard protocol approvals, registrations, and patient
consents. The study was approved by the Institutional Review
Board of Rush University Medical Center. Written informed

consent was received from all study participants.

Occupational cognitive requirements/O*Net linkage.
O*NET is a data collection project sponsored by the US
Department of Labor to serve as the nation’s primary source
of standardized information on worker attributes and job
characteristics for a broad range of occupations. Data collec-
tion occurs annually through surveys administered to a ran-
dom sample of US workers. We used the first version of the
O*NET database (O*Net 98) for our analyses instead of
more recent versions so that job characteristics might better
approximate the experiences of the mostly retired CHAP

participants.

The O*NET data are compiled to provide standardized
scores on the day-to-day needs of occupations and the qualifica-
tions and interests of the typical worker.'® We identified 10 cog-
nitively related variables, listed in table 1. The scores for the 10
cognitively related constructs assess the level of activity needed to
perform the job, ranging from 0 to 7, which were averaged across
O*NET occupations to create a single occupational cognitive
requirements score (OCRS) to be used in analysis (Cronbach
a = 0.97).

To link the OCRS to the main lifetime occupation in the
CHAP data, open-ended questions in CHAP about occupational
title, industry, and duties were first coded to the best-fitting 1990
Census Occupation Code (COC). These COC codes were linked
to the O*NET database using a publicly available crosswalk
developed by the National Crosswalk Service Center (http://
www.xwalkcenter.org). Some COC codes link to more than
one O*NET job code, and in this case, the OCRS was averaged
across all O*NET occupations that linked to a CHAP partici-
pant. A small number of CHAP participants did not provide
occupational data (n = 105) or worked in an occupation without
available O*NET data (n = 23). These participants were

excluded from this analysis.

Global cognitive measure. At each in-home assessment, 4
brief cognitive function tests were administered, including the
East Boston tests of immediate and delayed recall, the Mini-
Mental State Examination, and the Symbol Digit Modalities
Test. As previously described,'” raw scores for each test were
converted to z scores, then averaged to create a global measure
of cognitive function. Higher scores indicate higher cognitive

function.

Covariates. Educational attainment was reported by the partic-
ipant as years of formal schooling completed. Race was assessed
with the US Census questions. Income was assessed by asking
participants to choose one of 10 levels of total family income from
a show card. Time since baseline was calculated as days from base-
line to cognitive function assessment date, rounded to nearest
tenth of a year. At each cycle, a stratified random sample of par-
ticipants was invited to participate in a more intensive clinical
examination, which included testing for the presence of an APOE

4 allele. About 43% of CHAP participants underwent APOE
genotyping.

Statistical analysis. Linear mixed models were used to estimate
the association between the OCRS and the global measure of
cognition. Diagnostic evaluation of the unadjusted association
between OCRS and global cognition indicated the use of both
a linear and quadratic term to account for a curvilinear relation-
ship in baseline cognitive function; however, the quadratic term
was not a significant predictor of cognitive function over time.
Inclusion of the covariates did not change the functional form
of the association. Using data from up to 6 cycles of cognitive
assessment and random effects accounting for the nested struc-
ture of these outcome data, the analytical model included main
lifetime OCRS, OCRS-squared, time since baseline, and an
interaction term between time and OCRS, while adjusting for
race, sex, income decile, education, education-squared, age,
age-squared, education X time, income X time, and age X
time. Additionally, 3-way interactions with the OCRS and
time were fitted to test differential associations by race or sex.
We repeated the analytical model in the subset of participants
with APOE genotyping to test the degree to which the
association between OCRS and cognitive decline was modified
by APOE. This model included an indicator for having at least
one APOE €4 allele and the 2-way interactions between APOE
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€4 with OCRS and time and the 3-way interaction term APOE
€4 X OCRS X time. Models were validated graphically and
analytically, and assumptions were judged to be adequately

met. Analyses were performed using SAS software version 9.3

(SAS Institute, Cary, NC).

RESULTS The baseline demographic and occupa-
tion variables of the participants included in this anal-
ysis are given in table 2. The CHAP sample is diverse
in sex, race, socioeconomic status, and main lifetime
occupation category. The OCRS mean was 2.2 (SD
0.9), with a range of 0.5-5.2, slightly compressed
from the possible range of 0—7. OCRS differed across
educational attainment, income, and occupation type
categories, though a wide range of OCRS was repre-
sented within each category.

At baseline, the mean global cognitive function
score was 0.29 (SD 0.72). The results of the linear
mixed model assessing the relationship between occu-
pational cognitive requirements and overall cognitive
function are presented in table 3. Cognitive function
declined at a rate of 0.046 standard units per year
after baseline (p < 0.001). At baseline, OCRS was
associated with higher cognitive function, although
this benefit receded at higher levels of OCRS. Higher
OCRS was associated with slower decline in cognitive
function over time (3 = 0.003; p = 0.004). Further
adjustment for cardiovascular disease and related risk
factors, such as body mass index and smoking status,
did not meaningfully alter the pattern of findings for
baseline cognitive function (p < 0.001) or cognitive
decline (p = 0.02).

Figure 1 illustrates the differences in predicted
cognitive trajectories of main lifetime OCRS in the
75th percentile (OCRS = 3.0) and 25th percentile
(OCRS = 1.5), after adjustment for covariates. The
late-life cognitive function difference between
OCRS in the 75th percentile and 25th percentile
is 0.08 at baseline, but doubles to 0.16 after 15
years of follow-up.

In analyses testing differential associations by race
and sex, the protective effects of OCRS on cognitive
decline were somewhat weaker among black than
among white participants (p = 0.02). Female sex
was not associated with differential decline in cogni-
tive function nor did it modify the association
between OCRS and cognitive decline (p = 0.84).

Within the genotyped subsample, higher OCRS
remained significantly associated with both baseline
postretirement cognitive function and slower decline
in cognitive function over time (table 3). APOE €4
allele was not significantly associated with baseline
cognitive function (3 = —0.016; p = 0.75), but
was associated with faster decline in cognitive func-
tion over time (3 = —0.030; p < 0.001). A 3-way
interaction term between APOE ¢4 allele, OCRS, and
time indicated that the association of higher OCRS
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with slower decline was more pronounced among
APOE ¢4 allele carriers, but this difference in slopes
was not statistically significant (p = 0.11). Figure 2
illustrates the differences in predicted cognitive tra-
jectories of main lifetime OCRS in the 75th percen-
tile (OCRS = 3.0) and 25th percentile (OCRS =
1.5), separately by APOE €4 allele carriership.

Several sensitivity analyses were performed. Firs,
we removed 11% of the sample who reported home-
making as their main lifetime occupation. The base-
line linear and quadratic cognitive function
estimates increased slightly (B = 0.272; p < 0.001
and B = —0.046; p < 0.001, respectively), as did the
cognitive decline estimate (B = 0.004; p < 0.001).
Second, we removed the highest and lowest 5% of
cognitive function scores. The baseline linear and
quadratic cognitive function estimates attenuated
slightly but remain significant (3 = 0.182; p <
0.001 and B = —0.030; p < 0.001, respectively),
but there was no change in the cognitive decline esti-
mate (3 = 0.003; » = 0.002). Finally, an analysis
examining the separate tests of cognitive function
indicated that higher OCRS was associated with
slower decline in episodic memory (p = 0.04), but
not executive function (p = 0.17).

DISCUSSION In this study, we found evidence for
a relationship between the cognitive requirements
of an individual’s main lifetime occupation and
both cognitive function at baseline and rate of cog-
nitive decline in older age. Greater occupational
cognitive requirements were associated with higher
levels of cognitive function at baseline, with smaller
benefit at the upper end of occupational cognitive
requirements. These findings are consistent with
previous  cross-sectional research on late-life
cognitive function, in which occupation-related
cognitive stimulation has been shown to be
associated  with higher levels of cognitive
function.'®2° They are also consistent with the
cognitive reserve hypothesis, in which a
cognitively stimulating environment is thought to
increase neuronal capacity, which helps the brain
compensate for neuronal damage that might
manifest clinically as AD dementia.”’

Previous research examining the cognitive reserve
hypothesis has focused primarily on the association
between early-life or late-life cognitive activity in pre-
venting or delaying cognitive decline in older age.®
In contrast, we focus on mid-adulthood, using a spe-
cific measure of occupation-related cognitive de-
mands and complexity, providing evidence that
higher levels of occupation-related cognitive require-
ments are not only associated with higher level of
cognitive function, but also with a slower rate of
decline. Our findings are consistent with another



Table 2 Baseline participant characteristics in the Chicago Health and Aging
Project (h = 7,637)

Mean (SD) or
frequency (%) Mean (SD) Range (min-max)

of variable of OCRS of OCRS

Follow-up time, y, mean (SD) 7.9 (4.3) — —
Age, y, n (%)

<70 3,539 (46.3) 2.3 (1.0 0.5-5.2

70-74 2,081 (27.3) 2.2(0.9) 0.5-5.1

275 2,017 (26.4) 2.2(0.9) 0.5-5.0
Sex, n (%)

Female 4,770 (62.5) 2.2(0.9) 0.6-4.2

Male 2,867 (37.5) 2.2(1.0 0.5-4.7
Race/ethnicity, n (%)

Black 4,886 (64.0) 2.0(0.9) 0.5-5.2

Non-black 2,751 (36.0) 2.6(0.9) 0.5-5.1
Education, y, n (%)

Less than high school 2,244 (29.4) 1.7 (0.6) 0.5-4.9

High school 2,210 (29.0) 2.0(0.7) 0.5-4.8

Some college 1,807 (23.7) 2.4 (0.9 0.6-5.2

College degree or higher 1,363 (17.9) 3.3(0.8) 0.9-5.1
Income, n (%)

$0-$9,999 1,052 (14.2) 1.8(0.7) 0.6-4.8

$10,000-$19,999 2,071 (27.9) 1.9(0.8) 0.5-4.8

$20,000-$29,999 1,749 (23.6) 2.2(0.9) 0.5-5.0

$30,000-$49,999 1,526 (20.6) 2.5(1.0) 0.7-5.1

$50,000 and over 1,021 (13.7) 2.9 (1.0 0.6-5.2
Current working status, n (%)

Working full-time 500 (6.6) 26(11) 0.9-4.9

Working part-time 690 (9.0) 2.4 (1.0 0.9-5.0

Not working 6,444 (84.4) 2.2(0.9) 052
Main lifetime occupation type, n (%)

Managerial and professional 1,594 (20.9) 3.6 (0.6) 1.5-5.2

Sales and administrative 2,057 (26.9) 2.1 (0.6) 11-41

Service 1,153 (15.1) 1.7 (0.6) 0.8-4.1

Manual labor 2,008 (26.3) 1.5(0.5) 0.5-3.6

Homemaker? 825 (10.8) 2.1 (0.0 No range
APOE genotype, n (%)°

£4 allele 1,384 (33.7) 2.2(0.9) OIS

No =4 allele 2,720 (66.3) 2.3(0.9) 0.5-5.1

Abbreviation: OCRS = occupational cognitive requirements score.

20CRS is identical for all homemakers; therefore there is no SD or range for OCRS in this
occupation type.

b APOE ¢4 allele presence reported only for the genotyped subsample (n = 4,104).

cohort study of American older adults, the Health
and Retirement Study, which used a similar
O*NET-derived measure of mental demands at
work,'? as well as a study of German older adults that
used O*NET-derived measures of enriched work

environment.'*

The exact mechanisms by which work-related cog-
nitive demands and complexity may lead to slower
cognitive decline later in life remain mostly unknown.
It is possible that participation in cognitive stimulat-
ing activities throughout a large part of a person’s
adult life may contribute to cognitive reserve, and
buffer or conceal the effects of neurodegeneration
on cognitive function at more advanced ages.”' In
terms of potential neurologic pathways, environmen-
tal stimulation may increase the level of neurotro-
phins available in brain tissue, which may protect or
repair existing neurons as well as actively promote
neurogenesis. This pathway, which is also referred
to as differential preservation, may enhance neural
reserve that protects against the adverse effects of
brain deterioration due to aging, stress, and neurode-
generative disease.”

A major strength of our research is the use of the
O*NET data, which provide validated assessments
of occupational exposure. O*NET measures the
actual experience of workers in real time,
which minimizes recall bias that may affect self-
reported information on specific work functions that
occurred 20-30 years earlier in life. The specific
O*NET constructs included in the occupational cog-
nitive requirements index include job tasks that
recruit different cognitive domains, which is ideal
for comparison with a global cognitive function mea-
sure, as is available in CHAP. The OCRS used in this
article is distinct from socioeconomic status: the score
is correlated with education, income, and broad occu-
pational category, but the full range of the OCRS was
represented across all levels of each of these covariates.

By combining the O*NET data with observations
from CHAP, we were able to produce these results in
a large racially and socioeconomic diverse US-based

sample. With few exceptions,'*?°

the majority of
studies examining detailed occupational complexity
and cognitive aging have used data from European
studies. Because of international differences in work
environments and population heterogeneity, analysis
in a US-based sample is important for generalizability
to older Americans. Although findings similar to ours
have been observed previously in a US-based cohort
of older adults,”” our findings are derived from a
diverse cohort with a wide range of educational and
occupational exposures, and using a well-validated,
comprehensive assessment of cognitive function
involving several tests administered in-person at
regular intervals with high rates of follow-up
participation.

The effect of having at least one APOE ¢4 allele is
associated with higher risk of AD" as well as faster
late-life cognitive decline.?* Our results were consis-
tent; we found faster annual decline among those

with APOE €4 genotype. We also found some
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[ Table 3 Adjusted associations between occupational cognitive requirements and cognitive aging

Difference in baseline cognitive score

Per unit increase in
OCRS (95% Cl)

Model 1

All participants (n = 7,636) 0.223 (0.144-0.301)*
Model 2: Subgroup analyses of
participants with APOE =4
genotype data

APOE :4 carriers (n = 1,384) 0.230 (0.053-0.407)°
APOE :4 noncarriers (n = 2,720) 0.196 (0.084-0.307)°

POCRS-APOE-:4 interaction 0.87

Per unit increase
in OCRS-squared
(95% CI)

-0.037 (-0.052 to —0.022)*

—0.040 (-0.073 to —0.007)°

—-0.031 (-0.052 to —0.011)°

0.82

Difference in rate of change
in cognitive score per unit
increase in OCRS (95% ClI)

0.003 (0.001 to 0.005)°

0.007 (0.003 to 0.011)°

0.001 (~0.001 to 0.004)

011

Abbreviations: Cl = confidence interval; OCRS = occupational cognitive requirements score.
All estimates in table 3 are from linear mixed models adjusted for race, sex, income decile, education, education-squared,

age, age-squared, education X time, income X time, and age X time.

2p < 0.001.
bp < 0.01.
°p < 0.05.

evidence that occupational cognitive requirements
may attenuate some of the risk of APOE €4 genotype
on decline; however, this finding did not meet con-
ventional criteria of statistical significance (p = 0.11).

About 11% of our sample identified the home-
maker role as their main lifetime occupation. Nearly
all of these participants were women, and had lower
levels of income and educational attainment as com-
pared to those who worked outside of the home.
Much of the existing research on occupational com-
plexity excludes homemakers, which may result in a
sample of women that is not representative of the gen-
eral population, especially among studies of older

adults. O*NET provides data on the occupational
cognitive requirements of homemakers, and thus we
wete able to include homemakers in our analysis. We
conducted a sensitivity analysis in which we removed
homemakers from the sample, which produced little
change in the overall results.

This study is subject to several limitations.
Although O*NET measures minimize potential for
recall bias, they do not capture variations due to per-
sonal experience. The assumption is that all persons
who had a specific occupation had identical occupa-
tional cognitive requirements, which is probably not
true. Moreover, we assume that the main lifetime

[ Figure 1 Global cognitive function score over time by levels of occupational cognitive requirements ]
0.80 +
0.70 ~ o tional it
Cognitive function difference = 0.08 ccupational cognitive
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8 050 - .
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S 040 -
g
2 0.30 1
)
=2 0.20
=
& 0.10 -
5]
s 0.00 + $
[¢)
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The predicted values are derived from linear mixed models adjusted for race, sex, income decile, education, education-
squared, age, age-squared, education X time, income X time, and age X time.
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Figure 2

Global cognition score over time by APOE =4 allele and levels of

occupational cognitive requirements

Global cognitive function score I>
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(A) APOE &4 +: Participants with an APOE ¢4 allele. (B) APOE ¢4 —: Participants without an
APOE ¢4 allele. The predicted values are derived from linear mixed models adjusted for race,
sex, income decile, education, education-squared, age, age-squared, education X time,
income X time, and age X time.

occupation was the predominant job throughout the
life course; persons who had more than one occupa-
tion throughout their lifetime may be subject to
incomplete measurement. Additionally, the cognitive
requirements of an occupation at the time of O¥NET
data collection may differ from the occupational re-
quirements in the years when our sample was work-
ing, primarily the 1960s, 1970s, and 1980s. We
attempted to minimize this difference by using the
first release of the O*NET from 1998, instead of
more recent versions, but differences may still persist.

Because CHAP did not collect data on midlife risk
factors, we were unable to adjust for the potentially
confounding health and psychosocial functioning
factors of participants in mid-adulthood. Some
residual confounding may therefore be present and
the true magnitude of the OCRS effect may be some-
what overestimated. Cognition at labor force entry
may influence the cognitive requirements of the

25,26

selected occupation, as may other health-related

covariates. Likewise, physical and psychosocial occu-
pational attributes, such as job strain®” or lead expo-
sure,”® may correspond with OCRS but affect late-life
cognition through separate mechanisms. Adjustment
for a variety of late-life health and psychosocial func-
tioning status factors did not affect significant inde-
pendent effects of OCRS on baseline cognitive
function or decline in cognitive function over time.

Our results are based primarily on a measure of
global cognitive function, with some evidence that
our measures of occupational cognitive requirements
are related to decline in episodic memory and general
cognition, but not executive function. Few studies
have attempted to link specific cognitive domains of
stimulation in lifetime occupation to decline in spe-
cific cognitive domains in older age.'®* More
research is needed to understand the pathways by
which different forms of lifetime cognitive stimula-
tion differentially affect decline in specific cognitive
domains in late life.

Data on American time use show that employed
adults spend over one-third of their weekday hours
at work,?® and thus the duration of exposure to occu-
pational risk factors can be considerable. This study
represents a systematic evaluation of midlife
occupation-related cognitive activity in relation to
cognitive aging, and provides evidence in support of
the hypothesis that adulthood cognitive activity may
enhance cognitive reserve in late life.
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