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Abstract

Objective: This study assessed whether self-rated physical and mental work demands were
associated with cognition among older working adults and whether their effects were
dependent.

Methods: Our cross-sectional sample consisted of 6,377 working older adults uisng the Health
and Retirement Study in 2004. Self-rated work demands were summarized from four questions
about frequency of mental or physical demands in the respondent’s current job. Cognition was
assessed using a subset of the Telephone Interview for Cognitive Status. We used multivariable
linear regression to test for associations and additive interaction between physical and mental
work demands and cognition, adjusted for age, sex, race, education, and practice effect.
Results: Independently, higher physical work demands were associated (P<0.001) with poorer
cognition and higher mental work demands were associated (P<0.001) with better cognition.
The effect of one work demand measure became more negative as level of the other increased
(B for interaction = -0.23, 95% CI: -0.43, -0.03). A one-point increase in mental work demands
was associated with 0.79 (95% CI: 0.51, 1.08) points higher cognition score when physical work
demands were lowest, but was not associated with cognition when physical work demands were
highest (0.11, 95% CI: -0.26, 0.48). The highest predicted cognition score was for the highest
mental and lowest physical work demands. Results were robust to additional adjustment for
health and behavior covariates.

Conclusions: The associations of self-rated mental and physical work demands on cognition
are dependent. Future studies should strongly consider examining interactions to capture the

range of work demand effects.

Keywords: mental work demands, physical work demands, cognition, Health and Retirement

Study, interaction
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Key points:

What is already known on this topic: Mental work demands may help to preserve cognition
in older adults, both while working and after retirement. However, the relationship of physical
work demands and its interaction with mental work demands on cognition is less clear.

What this study adds: We found that the associations of mental and physical work demands
on cognition are dependent. There was a statistically significant interaction between mental and
physical work demands, with the beneficial effect of mental work demands attenuating with
increasing levels of physical work demands.

How this study might affect research, practice or policy: This study suggested the
interactive impact of mental and physical work demands on cognition. Future studies examining
work demands need to consider interaction between mental and physical work demands. More
generally, this means that the traditional view of mentally stimulating work as protective of
cognition may not apply for workers who also have physically demanding jobs. The effects that
our jobs have on our cognitive health is complex, and ever more important as we live and work

longer.
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Introduction

As the US population ages, the number of older adults in the workforce has increased.
From 1998 to 2018, the proportion of the labor force aged 55 or older nearly doubled, from
12.4% to 23.1% (Clark & Ritter, 2020). The aging population also means that more people are
affected by cognitive impairment and dementia. As of 2022, an estimated 6.5 million Americans
age 65 or older live with Alzheimer's dementia (2022 Alzheimer’s Disease Facts and Figures,”
2022). Cognitive impairment and cognitive decline affect even more people, with the worldwide
prevalence of mild cognitive impairment estimated to be between 15-20% among persons 60
years and above (Petersen, 2016). As more older adults remain in the workforce longer, it
becomes even more important to understand the relationship between work characteristics and
cognition.

Mental work demands may help to preserve cognition in older adults, both while working
and after retirement. Higher mental work demands based on job title are associated with
reduced odds of dementia later in life (Andel et al., 2005; Krdger et al., 2008; Smyth et al., 2004;
Then et al., 2017) and improved cognition (Fisher et al., 2014; Potter et al., 2006), including in
younger adults (Nexg et al., 2016). Higher self-rated mental work demands are also associated
with reduced risk of cognitive impairment (Bosma et al., 2003). While the exact mechanism is
not understood, evidence suggests that increased mental work demands are associated with
improved cognitive outcomes.

The relationship between physical work demands and cognition is less clear. Higher
levels of leisure-time physical activity are consistently associated with improved cognition
(Ludyga et al., 2020). Conversely, higher occupational physical demands are associated with
poorer cognition-related outcomes. Increased occupational physical demands based on job title
are associated with worse cognition-related outcomes, including increased odds of Alzheimer’s
disease (Smyth et al., 2004) and poorer longitudinal cognition trends (Potter et al., 2006). In the

U.S. Health and Retirement Study (HRS), physical demands assigned by job title were


https://doi.org/10.1101/2024.11.11.24317122
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2024.11.11.24317122; this version posted November 11, 2024. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

It is made available under a CC-BY-NC-ND 4.0 International license .

associated with lower baseline cognition, but also marginally associated with slower cognitive
decline (Lee et al., 2022). Self-rated occupational physical demands were not associated with
risk of dementia or Alzheimer’s disease (Rovio et al., 2007) or odds of cognitive impairment (Ku
et al., 2012), but were associated with reduced incident cognitive impairment non-dementia
(Marengoni et al., 2011) and with poorer cognition in the 2010 wave of the Health and
Retirement study (Choi et al., 2022).

Several studies have examined the effects of both mental and physical work demands
on cognition- or dementia-related outcomes (Potter et al., 2006; Prieske et al., 2021; Smyth et
al., 2004), but only one study has examined their effects in the same model, allowing
researchers to examine the effect of one work demand measure while holding the level of the
other constant. In a study of Canadian older adults using work demands assigned by job title,
complexity of work with people and things, but not data, was associated with reduced hazard of
dementia when adjusted for work-related physical activity (Kroger et al., 2008). To our
knowledge, this is one of the first studies that has examined the presence of interaction between
physical and mental work demands and included self-rated physical and mental work demands
in the same model. Self-rated work demands, as opposed to demands assigned by job title,
may better capture the range of work demands actually experienced by participants.

The aims of this study are to test whether self-rated physical and mental work demands
are associated with cognition among older working adults and how their effects may be
dependent. Using data from the Health and Retirement Study, a longitudinal panel study of U.S.
adults over the age of 50, we examine the relationship between self-rated physical work
demands, self-rated mental work demands, and cognition, as well as the presence of an
additive interaction between self-rated mental and physical demands. This study will advance
our understanding of how physical and mental work demands, two co-occurring exposures, may

jointly affect cognition among older adults.
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Methods
Study sample

The Health and Retirement Study (HRS) is a longitudinal panel study of U.S. adults 50
years and older and their spouses that began in 1992 and is conducted by the University of
Michigan and funded by National Institute on Aging (NIA U01AG009740). This secondary
analysis was approved by the University of Michigan Institutional Review Board
(HUMO00128220). Participants provided written informed consent. HRS participants are
surveyed biennially on a range of topics including income and wealth, health, work and
retirement, and family connections (Sonnega et al., 2014). Participants in the 2004 wave of the
HRS were included in these analyses. We chose to analyze the 2004 wave for two primary
reasons. First, a new cohort of participants, the Early Baby Boomers (born 1948-53), was added
in 2004, increasing the number of younger and working participants. Second, work
characteristics were asked of all participants in the 2002 panel and of new participants in the
2004 panel. This is not the case in future waves, where values for most work demand measures
were carried forward unless a participant changed jobs, resulting in exposure measures which
may be more inaccurate for participants who had stayed in the same job or been in the study

longer.

Data sources

All survey measures were collected as part of the HRS core survey and are publicly
available. We used the HRS imputation of cognitive functioning measures, details of which are
available here (McCammon et al., 2023). If available, data was pulled from the RAND
corporation longitudinal dataset (Health and Retirement Study, 2024; RAND HRS Longitudinal
File 2020 (V2), 2024), which is a cleaned data product containing information on HRS variables.
If not available in the longitudinal file, variables were pulled from the RAND Fat files, which

presents the survey data in a single respondent-level dataset for each wave (Health and
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Retirement Study, 2017; Health and Retirement Study, 2019; RAND HRS 2002 Fat File (V2C),

2017; RAND HRS 2004 Fat File (V1C), 2019).

Cognitive outcome

Cognition was assessed in 2004 using an adapted version of the Telephone Interview
for Cognitive Status, which assesses two separate aspects of cognition: episodic memory and
mental status. Episodic memory was assessed by asking participants to recall a list of 10 words
immediately and after a 5 minute delay resulting in a score of 0-20 (one point per word recalled
at each time point). Mental status was assessed through a serial seven subtraction and
backward count from 20 tasks resulting in a score of 0-7, with 5 points possible from the serial 7
subtraction (one point per correct subtraction), and 2 points for backward count from 20 (two if
correct on first try, one if correct on second try, zero for two failed attempts).

Our main outcome was the combined score of the two subscales, which has been
previously validated in HRS to classify respondents into normal cognition, cognitive impairment
non-dementia (CIND), and dementia (Crimmins et al., 2011) using score ranges of 12-27, 7-11,
and 0-6, respectively. To increase statistical precision and to expand our inference to the
spectrum of cognition beyond impairment, we used the continuous score, ranging from 0 to 27,
as our primary outcome measure. In sensitivity analyses, we considered CIND/dementia vs.
normal cognition, the episodic memory subscale (20 points total), and the mental status

subscale (7 points total) as alternate outcomes.

Exposure assessment

Work demands were assessed via a series of Likert scale assessments, which we
transformed into summary scores. The physical work demands summary score was derived
from four items asking about the frequency of their job requiring “lots of physical effort,”

“stooping, kneeling, or crouching,” “good eyesight,” and “lifting heavy loads,” from the following
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options: none or almost none of the time, some of the time, most of the time, and all or almost
all the time. Each question was scored from 0-3 respectively, and responses were averaged
across the four physical work demands questions to create a summary score ranging from 0-3,
with 0 indicating the lowest and 3 representing the greatest amount of physical work demands.

Mental work demands were assessed via four questions. The first three, similar to that of
physical work demands, asked about the frequency of their job requiring “intense
concentration,” “skill in dealing with people,” and “work with computers,” from the following
options: none or almost none of the time, some of the time, most of the time, and all or almost
all of the time. The last question asked about agreement with the statement “my job requires me
to do more difficult things than it used to” with the following options: strongly disagree, disagree,
agree, or strongly agree. Each of the four items was assigned a score from 0-3 and averaged to
create a summary score ranging from 0-3, with 0 indicating the lowest amount, and 3
representing the greatest amount of mental work demands.

Work demand measures were carried forward from the 2002 wave and not asked again
in 2004 except in the following situations. Participants who joined the study or changed jobs in
2004 were asked all work demand measures in 2004. Additionally, all participants answered
guestions on “computer use” and “job requiring more difficult things than it used to” in 2004

regardless of job tenure.

Covariate measures

Respondents’ age in years was assessed at administration of the 2004 questionnaire.
Sex (male or female), years of education, and race/ethnicity was assessed upon entry into HRS.
For race/ethnicity, respondents were classified into non-Hispanic White, non-Hispanic Black,
and other. Cognitive test practice effect was defined as present when the participant had
experience taking the same test in any previous wave of HRS. Job tenure was length of current

job in years. Household, for the purpose of this analysis, is the combination of a participant’s
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original household assignment upon entry to HRS, and their sub-household assignment, which
was assigned in case of household split or merge (e.g., a participant divorces, remarries, etc.).
The combined household ID allowed us to assess and account for similarities between current
household members.

Depressive symptoms was a dichotomous variable using an 8-item short-form of the
Center for Epidemiologic Studies Depression Scale (CESD) (Radloff, 1977). A score of O
indicated no symptoms and a score of 1-8 indicated any symptoms. Smoking status was
classified as never, former, or current smoker using ever and current smoker variables from
RAND. We obtained diabetes, hypertension, and stroke history from the participant’s self-report
of a diagnosis in any wave of the study up to 2004. Drinks per week was calculated from
participant report of average drinks per day and average days drinking per week. Participants
rated their health as poor, fair, good, very good, or excellent. We merged poor and fair due to
low frequency of poor health. We used three leisure-time physical activity variables that
assessed frequency (every day, > once per week, once per week, 1-3 times per month, rarely or
never) of mild, moderate, and vigorous activity. We combined “every day” and “> once per
week” due to low frequencies and because “every day” was not an option given by interviewers

and was only recorded if participants volunteered it.

Statistical methods

All analyses were completed using R (version 4.0.2) (R Core Team, 2020). We tested
differences in covariate distributions between the following groups using t-tests or ANOVA for
continuous variables and chi-square tests for overall association of categorical variables. First,
we compared the included and excluded sample. Second, we compared those in each of the
four combinations of mental and physical work demands below and above or equal to the
median (< 2 vs. = 2 for mental work demands, < 1.25 vs = 1.25 for physical work demands).

Third, we compared those with impaired (Langa-Weir classification of cognitive impairment no
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dementia or dementia, cognition score 0-11) and non-impaired (cognition score 12-27)
cognition. To test intra-group correlations within household that could affect independence of
our linear regression models, we used Pearson’s correlation coefficient. There were few (0.6%)
participants living in households with >2 members, so for the purpose of simplicity, we limited
this analysis to households with 2 members.

We used multiple linear regression to estimate the associations between physical work
demands, mental work demands, and cognition. We examined each exposure independently in
unadjusted models, then included both exposures in the same model for all subsequent
analyses. We examined the crude and adjusted associations, adjusting for age, sex,
race/ethnicity, years of education, and practice effect. We tested for additive interaction between
physical and mental work demands.

We tested robustness to potential confounders adding two distinct sets of covariates.
First, we added health-related measures (depressive symptoms, hypertension, diabetes, self-
rated health, and stroke), and second, we added health behavior measures (smoking, drinking,
frequency of mild, moderate, and vigorous physical activity). We assessed robustness to
violation of the independence assumption from household clustering using a mixed effects
model with a random intercept for household using the Ime4 package (Bates et al., 2015) and
calculating the intra-class correlation coefficient (ICC). We used Cook’s distance and a visual
assessment to identify potential influential points and removed them in a sensitivity analysis.

We tested the consistency of our results when using alternate cognitive outcome
measures. We used logistic regression to estimate the association of mental and physical work
demands with the odds of impaired (cognition score 0-11) vs. normal cognition (score 12-27).
For the subscale analyses, we used linear regression to estimate the association between
mental and physical work demands and score on the episodic memory subscale (delayed and
immediate recall). The mental status subscale (range 0-7) was highly left-skewed, so we

dichotomized it at the median (7) and used logistic regression to estimate the association of
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mental and physical work demands with the odds of a mental status subscale (range 0-7) score

at/above or below the median (7 vs. <7).

Results
Study sample characteristics

Of the 7,841 participants worked for pay in the 2004 wave, we excluded 635 (8.1%)
participants under age 50. A further 829 (10.6%) of participants were excluded for missing data
(Supplemental Figure 1) leaving our analytic sample at 6,377.

Participants included in our analysis had an average age of 60, were 46% male, 75%
non-Hispanic White, and had completed an average of 13.4 years of education (Supplemental
Table 1). The average cognition score was 16.8 points out of 27 total possible points, and 68%
had practice effect, meaning they had taken the same test in a previous wave of the study.
Included participants were similar to excluded participants in cognition classification and alcohol
consumption; however, included participants were more likely to have lower physical and mental
work demands, be non-Hispanic White, have more years of education, and be non-current

smokers compared to excluded patrticipants.

Descriptive statistics and bivariate measures by joint exposure level

For our descriptive statistic comparison, we classified participants into mental and
physical work demand groups based on the median values in our sample (i.e. low mental/low
physical, low mental/high physical, high mental/low physical, high mental/high physical
demands). Mean cognition score was highest (mean = 18.0, standard deviation (SD) = 3.2), in
participants who had high mental work demands (above or equal to the median = 2) and low
physical work demands (below the median <1.25). Mean cognition score was lowest (mean =
15.7, SD = 3.8) among those with low mental work demands and high physical work demands

(Table 1). Education was also highest in those with high mental and low physical work demands
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(mean = 14.6 years, SD = 2.2), and lowest in those with low mental and high physical demands
(mean = 12.1 years, SD = 2.9). The distribution of race/ethnicity, age, sex, and other covariates
differed between the different work demands groups.

Participants who were classified as having impaired cognition (cognition score 0-11,
n=551) were older, more likely to be non-White, and had completed fewer years of education
than participants with normal cognition (n=5,826) (Supplemental Table 2). Mental work
demand score was lower (1.68 vs. 1.99, P <0.001), and the physical work demand score was
higher (1.54 vs 1.29, P <0.001) in those with impaired cognition than those with normal
cognition. More patrticipants with impaired cognition were depressed, were current smokers,
drunk more, had ever been diagnosed with hypertension, diabetes, or stroke, and rated their
health as good or fair/poor. There was no difference in sex, or practice effect between those

with impaired or non-impaired cognition.

Primary regression analyses

Self-rated mental work demand score was slightly negatively correlated (r = -0.09,
P<0.001) with self-rated physical work demand score. In an unadjusted model, a one-unit
increase in self-rated mental work demands was associated with a 1.39 increase in cognition
score (95% CI 1.25, 1.54) (Table 2). In a separate unadjusted model, a one-unit increase in
level of self-rated physical work demands was associated with -0.88 point decrease in cognition
score (95% CI -1.00, -0.75). When included in the same model with no interaction term, the
independent effects of mental and physical work demands were similar in magnitude and
direction and remained significant. Adding age, sex, race/ethnicity, years of education, and
practice effect to this co-adjusted model attenuated the effects of mental work demands
(change per one unit increase: 0.50, 95% CI 0.36, 0.65) and the effect of physical work
demands (change per one unit increase: -0.31, 95% CI -0.44, -0.19) though they remained

significant. The effect of a 1-unit increase in mental work demands controlling for level of
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physical work demands was similar in magnitude to the negative effect of a 5-year increase in
age (-0.45), indicating that there is a meaningful association between mental work demands and
cognition.

In the primary interaction model with age, sex, race/ethnicity, education, and practice
effect as covariates, there was a significant additive interaction between mental and physical
work demands (P = 0.02). Specifically, for each increasing unit of one of the work demand
measures, the effect of the other on cognition became more negative (B for interaction: -0.23,
95% CI: -0.43, -0.03). For instance, when the physical work demands score was zero, the
estimated effect of a one-unit increase in mental work demands was a gain of 0.79 (95% CI:
0.51, 1.08) points on the cognition test. However, at the highest level of physical work demands
(three) the estimated effect of a one-unit increase in mental work demands was reduced to a
gain of 0.11 (95% CI: -0.26, 0.48) points, holding all other variables constant. When mental work
demands are zero, the estimated effect of physical work demands was slightly positive, though
not significantly, (change per one unit increase: 0.12, 95% CI: -0.27, 0.52) on cognition score. At
the highest level of mental work demands (three), a one-unit increase in physical work demands
was associated with -0.57 (95% CI: -0.81, -0.32) points on the cognition score. Predicted
cognition scores for all combinations of mental and physical work demand levels with covariates
set at the mean or reference values are represented by the shading in Figure 1, showing that
the highest predicted cognition score is for those with the highest level of mental work demands

and lowest level of physical work demands.

Sensitivity analyses

To assess the robustness of our findings, we performed a number of sensitivity
analyses. We additionally adjusted our primary interaction model for a set of health-related
potential confounders (self-rated health, depression, hypertension, stroke and diabetes), a set of

behavior-related potential confounders (smoking, drinking, and physical activity), and both of
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them separately. We observed effect estimates that were similar in direction and significance to
the primary interaction model (Table 2).

HRS samples spouses of participants, so to test if the independence assumption of
linear regression is violated when we examined clustering by household. In our sample, 2286
(35.9%) of participants were part of a household with at least one other participant. Participants
living in the same household were generally more similar on characteristics than would be
expected at random. Participants in the same household were similar on cognition (r = 0.16, P
<0.001), physical work demands (r = 0.17, P <0.001), and mental work demands (r = 0.19, P
<0.001). However, results from a mixed effects model were nearly identical to our primary model
(results not shown), and the ICC was low (0.02) indicating that the impact of household
clustering was minimal.

In our primary interaction model, linear regression diagnostics suggested assumptions
were met, with normally distributed residuals and homoscedasticity. However, predicted
cognition scores were left skewed, with few individuals having a low predicted cognition score.
While none of these observations exceeded Cook’s distance, a marker of influential outliers, we
conducted a sensitivity analysis removing points in the bottom 20% of the range of predicted
cognition values (n = 33) to test the robustness of our effect estimates. The impact of removing
these observations on did not change the magnitude or interpretations of both main work
demands effects and interaction effect (Table 3).

To assess clinical relevance, we used a dichotomous cognitive outcome (cognitively
impaired versus not impaired), modeled with logistic regression and adjusted for the same
covariates as our primary interaction model. The directions of effect for mental work demands,
physical work demands, and the interaction term were the same as in our main analysis, though
the interaction term became marginally significant (P = 0.06). The interaction term (odds ratio
(OR) =1.22, 95% CI: 0.99, 1.49) indicated that for increasing level of one work demand

measure, the OR of cognitive impairment for the other will become more positive. For example,
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when physical work demands was zero, the effect of a one-unit increase in mental work
demands was a 48% reduction in the odds of impaired cognition (OR = 0.52, 95% CI = 0.38,
0.72). However, with the highest level of physical work demands (3), the effect of a one-unit
increase was a 5% reduction in the odds, an effect that was non-significant (OR = 0.95, 95% CI:
0.66, 1.38).

To investigate cognitive domains within our summary cognitive measure, cognitive
subscales were used as outcomes. Using continuous episodic memory (immediate and delayed
recall) as an outcome, we observed similar directions and levels of significance on the effect
estimates of work demand to the main analysis using the entire 27-point scale. Using logistic
regression to model the odds of a mental status score at/above vs. below the median (7 versus
<7). We found a significant interaction (P = 0.04), and similar directions of effect to the main
analysis. Together, in all sensitivity models, though the level of significance varied, we observed
a beneficial main effect of increased mental work demands on cognition, a non-significant main
effect for physical work demands, and an interaction term that indicated a more harmful (or less

beneficial) effect of one work demand measure when the level of the other increased.

Discussion

This study investigated the relationship between self-rated mental work demands, self-
rated physical work demands, and their interaction between work demand measures on
cognition in working older adults in the U.S. Independently, greater mental work demands were
associated with higher levels cognition and greater physical work demands were associated
with poorer cognition. In an interaction analysis, there was a statistically significant interaction
between mental and physical work demands, with the beneficial effect of mental work demands
attenuating with increasing levels of physical work demands. Results were robust after adjusting

for potential health or behavior-related confounders and removal of potential influential points.
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When assessing the relationship between mental and physical work demands with related
outcomes, directions of effects were similar.

While many studies have examined independent effects of mental and physical work
demands on cognition, no study has reported on the presence of an interaction between these
work characteristics. Our study supports previously reported findings that independently, mental
work demands were meaningfully positively associated with cognition and physical work
demands were negatively associated with cognition. The associations between mental and
physical work demands and cognition were similar in a co-adjusted analysis, which reflects the
findings of Kroger et al. that the reduced hazard of dementia associated with complexity of work
with people and things was unchanged by controlling for work-related physical activity (Kroger
et al., 2008). However, the interaction analysis suggests that their effects are dependent. This
dependency means that while there is a strong body of literature supporting a positive effect of
mental work demands, this effect may be significantly attenuated for workers who also have a
physically demanding job.

The protective association between mental work demands or occupational complexity is
often explained using the concept of cognitive reserve (Fisher et al., 2017; Pettigrew & Soldan,
2019). Cognitive reserve, as defined by a 2018 consensus paper, is the “adaptability that helps
to explain differential susceptibility of cognitive abilities or day-to-day function to brain aging,
pathology, or insult” (Stern et al., 2020). The results of our analysis suggest that increased
cognitive reserve through higher mental work demands may not protect from potential insults
from physical work demands, as evidenced by the significantly attenuated effect of mental work
demands as level of physical work demands increase.

Physical work demands were negatively associated with cognition at all but the lowest
level of mental work demands. There are several hypotheses that could potentially explain
these effects (Fisher et al., 2017). First, physically demanding jobs are proxies for other

variables including socio-economic status, education, and income that also are associated with
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cognition. Second, physically demanding jobs may be repetitive in nature and lack complex and
varied intellectual demands. Our study attempted to address both of these through controlling
for education and for mental work demands. A third hypothesis suggests a causal pathway for
physical work demands through injury and inflammation from repetitive movement. Results from
our study support a negative association between physical work demands and cognition for
participants who reported non-zero mental work demands, which could potentially be explained
by injury or inflammation.

In sensitivity analyses with alternate outcomes (impaired vs. non-impaired cognition,
episodic memory subscale, and mental status subscale), directions of effects remained the
same. The interaction effect was not significant for the more clinically oriented outcome of
impaired vs. normal cognition, which could potentially be due to the loss of power from
dichotomizing the outcome.

Our investigation has several strengths. It is the first study to examine interaction
between physical and mental work demands on cognition, and our findings suggest a significant
and meaningful interaction. The Health and Retirement Study is a large and diverse cohort that
allows us to examine the effects of mental and physical work demands for older adults who
have a wide range of jobs, education levels, and health statuses. Our use of self-rated work
demands may better capture the actual work demands experienced by each individual rather
than linking to an occupational database such as the Occupational Information Network
(O*NET), and our consistency with previous results suggest that they are comparable.
Analyzing a continuous cognitive outcome can increase power to capture differences that may
not show on a clinical level. Our results were robust to a variety of potential confounders as well
as removal of potential influential observations.

The greatest limitations of our study stem from the cross-sectional analysis. It is
impossible to rule out reverse causation, so it could be that individuals who have worse

cognitive function consequently self-select into jobs with lower mental work demands or higher
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physical work demands. Job tenure did not differ between participants with impaired vs. normal
cognition, suggesting that individuals are not changing jobs differentially by cognition status.
However, it is possible that individuals have adjusted work demands within a position depending
on cognition level. Our study also could be prone to selection bias, as we selected only current
workers, who are more likely to be healthy than the non-working population. Investigators in the
future should pursue longitudinal analyses to address both direction of causation and selection
bias, by collecting job demands at a past time and examining later cognition or cognitive

trajectories.

Conclusion

This study has broad implications for the impact of work demands on cognition. Future
studies examining work demands need to consider interaction between mental and physical
work demands. More generally, this means that the traditional view of mentally stimulating work
as protective of cognition may not apply for workers who also have physically demanding jobs,
such as nurses or first responders. The effects that our jobs have on our cognitive health is

complex, and ever more important as we live and work longer.
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Table 1. Characteristics of included study participants by joint exposure level, Health and
Retirement Study, 2004 wave.

Low mental Low mental | High mental | High mental
Overall, and low and high and low and high i
Characteristic N = physical physical physical physical va‘I)uez
6,377" demands, N | demands, N | demands, N | demands, N
=1,169" =1,668" = 1,920 = 1,620
Cognition score 16.8 16.3 (3.9) 15.7 (3.8) 18.0 (3.2) 16.8 (3.7) <0.001
(range: 0-27) (3.7)
Langa-Weir <0.001
classification
Normal 5,826 1,043 (89%) | 1,436 (86%) | 1,858 (97%) | 1,489 (92%)
(91%)
CIND 505 111 (9.5%) 217 (13%) 59 (3.1%) 118 (7.3%)
(7.9%)
Dementia 46 15 (1.3%) 15 (0.9%) 3 (0.2%) 13 (0.8%)
(0.7%)
Age (years) 60 (8) 64 (9) 61 (8) 59 (7) 58 (6) <0.001
Sex (male) 2,955 560 (48%) 870 (52%) 858 (45%) 667 (41%) <0.001
(46%)
Race/ethnicity <0.001
Non-Hispanic 4,801 879 (75%) 1,179 (71%) | 1,565 (82%) | 1,178 (73%)
White (75%)
Non-Hispanic 863 168 (14%) 254 (15%) 199 (10%) 242 (15%)
Black (14%)
Other 713 122 (10%) 235 (14%) 156 (8.1%) 200 (12%)
(11%)
Education 13.36 13.11 (2.99) | 12.08 (2.85) | 14.64 (2.21) 13.35(2.79) | <0.001
(years) (2.85)
Practice effect 4,349 950 (81%) 1,201 (72%) | 1,258 (66%) 940 (58%) <0.001
present (68%)
Self-rated <0.001
health
Excellent 1,155 183 (16%) 244 (15%) 419 (22%) 309 (19%)
(18%)
Very good 2,218 373 (32%) 547 (33%) 743 (39%) 555 (34%)
(35%)
Good 2,014 390 (33%) 560 (34%) 555 (29%) 509 (31%)
(32%)
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Low mental Low mental | High mental | High mental
Overall, and low and high and low and high i
Characteristic N = physical physical physical physical val?uez
6,377" demands, N | demands, N | demands, N | demands, N
=1,169" =1,668" = 1,920 = 1,620
Fair/Poor 990 223 (19%) 317 (19%) 203 (11%) 247 (15%)
(16%0)
Depressive 2,962 516 (44%) 848 (51%) 789 (41%) 809 (50%) <0.001
symptoms (46%)
(any)
Hypertension 2,628 556 (48%) 672 (40%) 763 (40%) 637 (39%) <0.001
(ever) (41%)
Diabetes (ever) 777 167 (14%) 208 (12%) 208 (11%) 194 (12%) 0.040
(12%)
Stroke (ever) 170 43 (3.7%) 46 (2.8%) 51 (2.7%) 30 (1.9%) 0.032
(2.7%)
Smoking status <0.001
Never 2,791 527 (45%) 644 (39%) 904 (47%) 716 (44%)
(44%)
Former 2,542 475 (41%) 697 (42%) 764 (40%) 606 (37%)
(40%)
Current 1,044 167 (14%) 327 (20%) 252 (13%) 298 (18%)
(16%0)
Drinks per 3.0(6.8) 3.0 (7.6) 3.1(7.8) 2.9 (5.3) 2.9 (6.6) <0.001
week
Vigorous <0.001
physical
activity
frequency
>1 time per 1,867 300 (26%) 474 (28%) 595 (31%) 498 (31%)
week (29%)
1 time per 673 108 (9.2%) 201 (12%) 185 (9.6%) 179 (11%)
week (11%)
1-3 times per 618 97 (8.3%) 154 (9.2%) 199 (10%) 168 (10%)
month (9.7%)
Never 3,219 664 (57%) 839 (50%) 941 (49%) 775 (48%)
(50%)
Moderate 0.004
physical
activity
frequency
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Low mental Low mental | High mental | High mental
Overall, and low and high and low and high i
Characteristic N = physical physical physical physical val?uez
6,377 demands, N | demands, N | demands, N | demands, N
=1,169" =1,668" = 1,920 = 1,620
>1 time per 3,803 668 (57%) 987 (59%) 1,160 (60%) 988 (61%)
week (60%)
1 time per 1,171 201 (17%) 308 (18%) 346 (18%) 316 (20%)
week (18%)
1-3 times per 699 139 (12%) 170 (10%) 216 (11%) 174 (11%)
month (11%)
Never 704 161 (14%) 203 (12%) 198 (10%) 142 (8.8%)
(11%)
Light physical <0.001
activity
frequency
>1 time per 4,286 725 (62%) 1,142 (68%) | 1,256 (65%) | 1,163 (72%)
week (67%)
1 time per 1,403 283 (24%) 339 (20%) 459 (24%) 322 (20%)
week (22%)
1-3 times per 394 91 (7.8%) 99 (5.9%) 125 (6.5%) 79 (4.9%)
month (6.2%)
Never 294 70 (6.0%) 88 (5.3%) 80 (4.2%) 56 (3.5%)
(4.6%)

! Work demands were classified as low if they were below the median and high if they were above or
equal to the median. Continuous variables presented as mean (standard deviation) and categorical
variables as N (%)

2 P values comparing groups were generated using Kruskal-Wallis rank sum test for continuous
variables and Pearson's Chi-squared test for categorical variables
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Table 2. Linear regression associations between self-rated physical and mental work demands and cognition score, Health

and Retirement Study, 2004 wave.

Models Parameter (B, 95% ClI) Adjusted R?
Mental work Physical work Mental*Physical
demands demands work demands
Individual unadjusted* 1.39 (1.25, 1.54) -0.88 (-1.00, -0.75)
Joint unadjusted? 1.31 (1.17, 1.45) -0.77 (-0.90, -0.65) 0.07
Demographic® 0.50 (0.36, 0.65) -0.31 (-0.44, -0.19) 0.21
Demographic + 0.79 (0.51, 1.08) 0.12 (-0.27, 0.52) -0.23 (-0.43, -0.03) 0.21
interaction®
Health sensitivity® 0.72 (0.44, 1.01) 0.06 (-0.33, 0.45) -0.19 (-0.38, 0.01) 0.23
Behavior sensitivity® 0.79 (0.51, 1.08) 0.08 (-0.31, 0.48) -0.22 (-0.41, -0.02) 0.22
Health + behavior 0.72 (0.44, 1.01) 0.03 (-0.36, 0.42) -0.18 (-0.38, 0.01) 0.23

sensitivity’

! only includes mental or physical work demand
% includes both mental and physical work demand
% adds age, sex, race/ethnicity, years of education, and practice effect to joint unadjusted model

“adds interaction term for mental*physical work demand to demographic model
®> adds depressive symptoms, self-rated health, hypertension, diabetes, stroke, and interaction term for mental*physical work demand

to demographic model

® adds smoking, drinking, physical activity, and interaction term for mental*physical work demand to demographic model

" includes all parameters from health and behavior sensitivity models.
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Table 3. Associations between self-rated physical and mental work demands and several outcomes from sensitivity

analyses, Health and Retirement Study, 2004 wave.

Parameter (B, 95% CI)

Outcome (measure of | Regression N in model P for
association) type Mental work Physical work Mental*Physical | interaction
demands demands work demands
n=6344
Cognition score . (33 potential ) : )
(change per 1-unit Linear | influential | 0.75 (0.46, 1.04) | 0.06 (-0.34,045) | 020 (0.40, 0.04
. regression . 0.01)
increase) points
removed)
Episodic memory Linear
score (change for 1- , n=26,377 0.49 (0.26, 0.73) | 0.06 (-0.26, 0.39) | -0.15 (-0.32, 0.01) 0.12
s regression
unit increase)
Impaired vs. normal Logistic
cognition (OR for 1- 9 : n==6,377 0.52 (0.38,0.72) | 0.87 (0.60, 1.27) 1.22 (0.99, 1.49) 0.06
2 regression
unit increase)
Mental status score of Loagistic
=7 vs. <7 (OR for 1-unit reggression n=6,377 1.38(1.14,1.65) | 1.06 (0.83, 1.37) 0.88 (0.77, 0.99) 0.04

increase)

All models included age,

sex, race/ethnicity, years of education, and practice effect as covariates.
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Figure 1. Surface of predicted cognition score as a function of self-rated physical work
demands and self-rated mental work demands in the Health and Retirement Study from the
2004 wave.
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Color represents predicted cognition score (yellow = high, blue = low) as a function of physical
work demands and mental work demands (demographic model with interaction term) with age
and years of education fixed at the mean and with reference values of sex (male), race/ethnicity
(non-Hispanic White), and practice effect (none). Jittered scatterplot represents the observed
distribution of physical and mental work demands scores among all participants (n = 6,377),
with random noise added to better visualize incremented values.
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Supplementary Table 1. Univariate characteristics of study participants working for pay from
the 2004 wave in the Health and Retirement Study, included (n = 6377) vs. excluded (1,464)

Characteristic Overall, lN = Exclude,lN = Include,lN = p- ,
7,841 1,464 6,377 value
Cognition score (range: O- 16.8 (3.7) 17.1(3.9) 16.8 (3.7) 0.034
27)
Unknown 567 567 0
Langa-Weir classification 0.2
Normal 6,646 (91%) 820 (91%) 5,826 (91%)
CIND 571 (7.8%) 66 (7.4%) 505 (7.9%)
Dementia 57 (0.8%) 11 (1.2%) 46 (0.7%)
Unknown 567 567 0
Mental work demands 1.98 (0.61) 2.10 (0.58) 1.96 (0.61) <0.001
Unknown 689 689 0
Physical work demands 1.34 (0.72) 1.47 (0.75) 1.32 (0.71) <0.001
Unknown 425 425 0
Age (years) 59 (8) 54 (10) 60 (8) <0.001
Sex (male) 3,704 (47%) 749 (51%) 2,955 (46%) | <0.001
Race/ethnicity <0.001
Non-Hispanic White 5,813 (74%) 1,012 (69%) 4,801 (75%)
Non-Hispanic Black 1,062 (14%) 199 (14%) 863 (14%)
Other 964 (12%) 251 (17%) 713 (11%)
Unknown 2 2 0
Education (years) 13.25 (2.94) 12.75 (3.23) 13.36 (2.85) <0.001
Unknown 22 22 0
Practice effect present 4,970 (63%) 621 (42%) 4,349 (68%) <0.001
Self-rated health 0.021
Excellent 1,418 (18%) 263 (18%) 1,155 (18%)
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frequency

Characteristic Overall, lN = Exclude,lN = Include,lN = p- ,
7,841 1,464 6,377 value

Very good 2,674 (34%) 456 (31%) 2,218 (35%)
Good 2,492 (32%) 478 (33%) 2,014 (32%)
Fair/Poor 1,254 (16%) 264 (18%) 990 (16%)
Unknown 3 3 0

Depressive symptoms 3,405 (47%) 443 (50%) 2,962 (46%) 0.028

(any)
Unknown 585 585 0

Hypertension (ever) 3,140 (40%) 512 (35%) 2,628 (41%) <0.001
Unknown 6 6 0

Diabetes (ever) 926 (12%) 149 (10%) 777 (12%) 0.034
Unknown 3 3 0

Stroke (ever) 198 (2.5%) 28 (1.9%) 170 (2.7%) 0.10
Unknown 1 1 0

Smoking status <0.001
Never 3,397 (44%) 606 (43%) 2,791 (44%)
Former 3,029 (39%) 487 (35%) 2,542 (40%)
Current 1,346 (17%) 302 (22%) 1,044 (16%)
Unknown 69 69 0

Drinks per week 3.1(8.0) 3.5(11.8) 3.0 (6.8) 0.5
Unknown 27 27 0

Vigorous physical activity 0.006

>1 time per week

2,330 (30%)

463 (32%)

1,867 (29%)

1 time per week

797 (10%)

124 (8.5%)

673 (11%)

1-3 times per month

786 (10%)

168 (12%)

618 (9.7%)

Never

3,921 (50%)

702 (48%)

3,219 (50%)
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Characteristic Overall, lN = Exclude,lN = Include,lN = p- ,
7,841 1,464 6,377 value
Unknown 7 7 0
Moderate physical activity 0.041
frequency
>1 time per week 4,649 (59%) 846 (58%) 3,803 (60%)
1 time per week 1,430 (18%) 259 (18%) 1,171 (18%)
1-3 times per month 854 (11%) 155 (11%) 699 (11%)
Never 904 (12%) 200 (14%) 704 (11%)
Unknown 4 4 0
Light physical activity <0.001
frequency
>1 time per week 5,223 (67%) 937 (64%) 4,286 (67%)
1 time per week 1,699 (22%) 296 (20%) 1,403 (22%)
1-3 times per month 509 (6.5%) 115 (7.9%) 394 (6.2%)
Never 407 (5.2%) 113 (7.7%) 294 (4.6%)
Unknown 3 3 0

! Work demands were classified as low if they were below the median and high if they were above or
equal to the median. Continuous variables presented as mean (standard deviation) and categorical
variables as N (%)

% P values comparing groups were generated using Wilcoxon rank sum test for continuous variables
and Pearson's Chi-squared test for categorical variables
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Supplementary Table 2. Demographic and occupational characteristics of included study

participants by impaired cognition status, Health and Retirement Study, 2004 wave.

Non-impaired (12-

Impaired (0-11), N

Characteristic 27). N = 5,8261 551! p-value?
Mental work demands average 1.99 (0.61) 1.68 (0.61) <0.001
(range: 0-3)
Physical work demands 1.29 (0.70) 1.54 (0.75) <0.001
average (range: 0-3)
Age (years) 60 (7) 62 (9) <0.001
Sex (male) 2,689 (46%) 266 (48%) 0.3
Race/ethnicity <0.001

Non-Hispanic White 4,549 (78%) 252 (46%)

Non-Hispanic Black 691 (12%) 172 (31%)

Other 586 (10%) 127 (23%)
Education (years) 13.61 (2.65) 10.78 (3.57) <0.001
Practice effect present 3,976 (68%) 373 (68%) 0.8
Self-rated health <0.001

Excellent 1,090 (19%) 65 (12%)

Very good 2,089 (36%) 129 (23%)

Good 1,821 (31%) 193 (35%)

Fair/Poor 826 (14%) 164 (30%)
Depressive symptoms (any) 2,603 (45%) 359 (65%) <0.001
Hypertension (ever) 2,358 (40%) 270 (49%) <0.001
Diabetes (ever) 682 (12%) 95 (17%) <0.001
Stroke (ever) 149 (2.6%) 21 (3.8%) 0.081
Smoking status 0.015

Never 2,566 (44%) 225 (41%)
Former 2,330 (40%) 212 (38%)
Current 930 (16%) 114 (21%)
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Non-impaired (12-

Impaired (0-11), N

Characteristic 27). N = 58261 - 5511 p-value?
Drinks per week 2.9 (6.4) 3.4 (10.3) <0.001
Vigorous physical activity 0.003
frequency

>1 time per week 1,731 (30%) 136 (25%)

1 time per week 624 (11%) 49 (8.9%)

1-3 times per month 572 (9.8%) 46 (8.3%)

Never 2,899 (50%) 320 (58%)
Moderate physical activity <0.001
frequency

>1 time per week 3,524 (60%) 279 (51%)

1 time per week 1,058 (18%) 113 (21%)

1-3 times per month 622 (11%) 77 (14%)

Never 622 (11%) 82 (15%)
Light physical activity <0.001

frequency

>1 time per week

3,964 (68%)

322 (58%)

1 time per week

1,245 (21%)

158 (29%)

1-3 times per month

365 (6.3%)

29 (5.3%)

Never

252 (4.3%)

42 (7.6%)

! Work demands were classified as low if they were below the median and high if they were above or
equal to the median. Continuous variables presented as mean (standard deviation) and categorical

variables as N (%)

2 P values comparing groups were generated using Wilcoxon rank sum test for continuous variables
and Pearson's Chi-squared test for categorical variables
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Supplemental Figure 1. Sample selection steps, Health and Retirement Study, 2004 wave
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