Then et al. Journal of Occupational Medicine and Toxicology 2014, 9:23

) 4
http://www.occup-med.com/content/9/1/23 JOURNAL OF OCCUPATIONAL MEDICINE
AND TOXICOLOGY

RESEARCH Open Access

Association between mental demands at work and
cognitive functioning in the general population -
results of the health study of the Leipzig research

center for civilization diseases (LIFE)

Francisca S Then'?, Tobias Luck'?, Melanie Luppa', Katrin Arélin®?, Matthias L Schroeter®?, Christoph Engel*”,
Markus Loffler**, Joachim Thiery®, Ao Villringer® and Steffi G Riedel-Heller'

Abstract

and might even delay cognitive decline in old age.

Background: The level of mental demands in the workplace is rising. The present study investigated whether and
how mental demands at work are associated with cognitive functioning in the general population.

Methods: The analysis is based on data of the Health Study of the Leipzig Research Centre for Civilization Disease
(LIFE). 2,725 participants aged 40-80 years underwent cognitive testing (Trail-Making Test, Verbal Fluency Test) and
provided information on their occupational situation. Participants over the age of 65 years additionally completed
the Mini-Mental State Examination. Mental demands at work were rated by a standardized classification system (O*NET).
The association between mental demands and cognitive functioning was analyzed using Generalized Linear Modeling
(GENLIN) adjusted for age, gender, self-regulation, working hour status, education, and health-related factors.

Results: Univariate as well as multivariate analyses demonstrated significant and highly consistent effects of higher
mental demands on better performance in cognitive testing. The results also indicated that the effects are independent
of education and intelligence. Moreover, analyses of retired individuals implied a significant association between high
mental demands at work of the job they once held and a better cognitive functioning in old age.

Conclusions: In sum, our findings suggest a significant association between high mental demands at work and better
cognitive functioning. In this sense, higher levels of mental demands — as brought about by technological changes in the
working environment — may also have beneficial effects for the society as they could increase cognitive capacity levels
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Introduction

There is a continuous trend of rising mental demands in
the general working environment, particularly in economic-
ally advanced countries [1]. The shift away from physical
jobs to occupations with higher mental demands apparently
encompasses all educational groups [2]. The motor of this
shift seems to be skill-based technological changes which
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bring about a greater contingent of professional, tech-
nical, and associate jobs [1]. The ongoing accelerated
technological advances push companies to compete at
increased quality standards which then involve higher
mental demands for the worker [3]. The trend of increas-
ing levels of mental demands in the working environ-
ment raises the question of how mental work demands
may affect the individual.

High mental demands encountered on a daily level, as
in the workplace, might exert a harmful or beneficial
effect on cognitive functioning. Experimental studies, for
example, have shown that very demanding tasks lead to
decrements of performance in cognitive testing (e.g.,
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[4-6]). Moreover, high mental demands might embody a
stressor that, if chronic, could impair cognitive function-
ing [7]. However, studies have shown that whether high
mental demands really impair cognitive performance
depends on task difficulty and neuroendocrinological
effects [8]. Hence, it is possible that — under particular
conditions — high mental demands can affect cognitive
functioning in a harmful manner. On the other hand,
there is evidence that high mental demands may have a
beneficial effect on cognitive functioning. Findings of
epidemiologic studies in the elderly (aged 70 years or
older) imply that individuals with mentally demanding
jobs may have a lower risk of cognitive impairment in
old age [9,10] and a reduced risk of dementia [11,12].
Similarly, studies examining manual work [13,14] or com-
plexity of work tasks [15,16] suggest that lower mental de-
mands at work may be associated with a higher dementia
risk. Essentially, mental activity throughout the life-course
is thought to build up a cognitive reserve that enhances
the capacity of the cerebral neural network to efficiently
compensate for pathogenic damages and, thus, delays the
symptomatic onset of severe neuropsychiatric diseases
such as dementia [17]. The motivational reserve model
adds another component to the cognitive reserve: It ar-
gues that innate motivation determines the amount of
highly demanding conditions confronted with during life
[18]. Hence, a high motivational reserve seems to reduce
the risk of cognitive impairment in old age [19]. In light of
the available research results, we are faced with two sets
of studies predicting either a harmful or a beneficial effect
of mental demands at work on cognitive functioning.

Considering evidence on a beneficial effect of high
mental demands on cognitive functioning, we need to be
aware that these studies have all been conducted in the
elderly population. Evidence for younger individuals is
extremely sparse — nonetheless, it is extremely import-
ant because, if mental demands impact cognitive func-
tioning, then they do that already when the individuals
are still an active part of the workforce. Moreover, evi-
dence on a beneficial effect of high mental demands on
cognitive functioning in population-based studies com-
monly involves threshold level examinations (either by a
clinical diagnosis or by using cutoffs). These types of
analyses may be difficult to interpret in particular for
individuals with initially poorer performance skills (e.g.,
low education). Analyzing effects on cognitive functioning
in a dimensional space (using metric variables; as experi-
mental studies do) could add valuable insights. Hence, the
present study aimed at examining cognitive functioning via
dimensional measures in a population-based sample of
individuals aged 40—80 years old.

In addition, we considered it as relevant that the
present study applied a comprehensive and objective
definition of mental demands at work. Previous studies
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investigated either very specific types of mental demands at
work (i.e., complexity with people, time pressure, etc.) or a
crude indicator of mental demands (i.e., manual vs. non-
manual labor, Dictionary of Occupational Titles, etc.). Then
again other studies used subjective assessment methods for
job demands by asking the participants, for example, how
intellectually stimulating they perceive their job to be.
Subjective assessment of job demands, however, could be
biased. In the present study, we therefore focused on a
comprehensive as well as objective indication of mental
demands at work.

As the currently available evidence on high mental
demands predicts two different outcomes, either a detri-
mental or a beneficial effect on cognitive functioning,
the present study investigated the association between
mental demands at work and cognitive functioning in a
representative sample of the general population aged
40-80 years old.

Methods
Study design
The health study of the Leipzig Research Centre for
Civilization Diseases (LIFE) is a large population-based
study of a representative sample of the inhabitants of the
city of Leipzig in Germany. An age- and gender-stratified
random selection of inhabitants aged 40 to 80 years old
was obtained from the population registry office. The target
sample of the LIFE study is 10,000 participants with 1,250
participants per 5-year age group of which 50% are male
and 50% are female. The only exclusion criterion is not be-
ing pregnant. Letters of invitation to participate in the study
were sent out by mail. By February 2013, 11,825 letters of
invitation were sent out. Of the invited individuals, 3,101
already participated in the study and about 30% refused
participation. The recruitment process is still ongoing and
response of the remaining invited individuals is pend-
ing. At the study center, the participants filled out an
informed consent form. They then underwent a set of
assessment batteries, including structured interviews
(socio-demographic information, medical history, medica-
tions, and lifestyle factors like tobacco, alcohol, physical
activity, sleep, eating behavior) and medical examinations
(anthropometry, blood samples, cognitive functioning,
heart anatomy & functioning, allergy, eye assessment,
and others). The participants received a financial com-
pensation of 20€.

The study was approved by the ethics committee of
the University of Leipzig.

Assessment of cognitive functioning

The assessment of cognitive functioning was always per-
formed in the morning in an interview setting in a sep-
arate enclosed room. The instructions for the examiners
were computerized and the examiners documented the
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participants’ results in an electronic data mask. All par-
ticipants at the LIFE study center were asked to take
part in the interview assessing cognitive performance
level via the Trail Making Test (TMT) and the Verbal
Fluency Test (VFT) - both subtests of the neuropsycho-
logical test battery of the Consortium to Establish a Registry
for Alzheimer’s disease (CERADplus) [20-22]. All partici-
pants aged 65 years or older were asked to take part in an
additional cognitive assessment at another day, which in-
cluded the Mini-Mental State Examination (MMSE). The
TMT is a test measuring the cognitive abilities working
memory, task-switching ability [23,24] and executive con-
trol [25,26]. Furthermore, the TMT is an extensively used
neuropsychological assessment for individuals of all age
groups [24,27]. In the TMT, the participants have to con-
nect numbers in an ascending order as fast as they can.
The version B of the TMT has an increased task difficulty:
The participants have to connect numbers and letters alter-
natingly. The participant’s score is the number of seconds
needed to complete the test. A smaller score signifies a bet-
ter cognitive functioning and a high score a poor cognitive
functioning. The VFT measures verbal abilities, semantic
fluency, and semantic memory [28,29]. In clinical practice,
the VFT is used to assess cerebral lesions and progressive
degenerating disorders for patients of all ages [30,31]. In
the VFT, the participants have to name as many animals as
possible in one minute. The score equals the number of
correct animals named. A higher score represents a better
cognitive functioning and a low score indicates a poor
cognitive functioning. The MMSE is a screening tool for
dementia and was completed only by participants over the
age of 65 years. It contains 30 items that assess the level of
global cognitive functioning. The highest possible score is
30, which indicates better cognitive functioning.

Participants who had difficulties completing the test (vis-
ual impairments, tremor, exhausted from a nightshift, etc.)
or who had difficulties understanding the instructions due
to language problems or with interruptions during the test-
ing session were excluded from the analysis (n=91). We
also excluded individuals with chronic neuropsychiatric dis-
eases/disorders, i.e., dementia, Parkinson’s disease, epilepsy,
polyneuropathy, muscle atrophy, multiple sclerosis, schizo-
phrenia, narcolepsy, or others (n = 83).

Table 1 Correlations between the dependent variables
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Occupational information

Information on the participants’ occupation was obtained
in personal standardized interview. The participants were
asked “Are you temporarily working?”, “If yes, how many
hours a week are you working?”, and “What occupational
title has the job that you are/were mainly working in?”.

For the analysis, we first matched the participants' occu-
pations to O*NET 17.0 standard occupational classification
categories (www.onetonline.org). The O*NET database was
developed by the US Department of Labor/Employment
and Training Administration (USDOL/ETA) and provides
a comprehensive set of occupational descriptors indicating
worker characteristics, worker requirements, experience re-
quirements, occupational requirements, workforce charac-
teristics, and occupation-specific information for every type
of occupation. The process of matching the participants’
occupations to O*NET codes was subject to stringent cri-
teria such as corresponding task descriptions, comparable
levels of responsibilities, and equivalent technical equip-
ment used. Some participants could not be matched to an
O*NET code since they did not provide their occupational
title (n=32) or there was no corresponding occupational
group in the O*NET database (n = 10). These occupational
groups included “master”, “helping my husband”, “service
provider”, “demonstration worker”, and “expert”. Further-
more, some O*NET codes (e.g., 11-9199.00 “Managers, All
Other”, 21-2011.00 “Clergy”, 15-1143.01 “Telecommuni-
cations Engineering Specialists”) had an incomplete set of
O*NET descriptors and hence could not be used for ana-
lysis. All together n =202 participants had to be excluded
from analysis due to incomplete occupational data.

In a second step, we created an index of mental demands
by using all O*NET descriptor variables of “Cognitive
Abilities” at work (O*NET variables 1.A.1.a - 1.A.1.g.2, see
Appendix). In order to obtain the index of mental de-
mands, the average of these variables was calculated. The
cronbach’s alpha of the index of mental demands was 0.97,
respectively. We then categorized the mental demands in
three categories: high, medium, and low demands.

In a last step, we additionally created an index of
self-regulation at work by calculating the averages of
the O*NET descriptor variables that describe job require-
ments with a high degree of self-regulation (O*NET

Mental demands Age Self-regulation Intelligence Working hours status Education
Mental demands® 1 0.169*** 0.183%** 0.280*** 0.056** 0461%**
Age§ 0.169%** 1 —0.071%** 0.178%** 0.719%%* 0.092%**
Self-regulation® 0.183%* —0.071%* 1 0.084** —-0.086%** 0.226%**
Intelligence§ 0.280*** 0.178%** 0.084*** 1 0.035 0452%%*
Working hour status” 0.056%** 0.719%** —0.086*** 0.035 1 —-0.032
Education” 0.461%** 0.092%** 0.226%%* 0.452%* -0.032 1

Notes: ® - Pearson’s correlation, * - Spearman-Rho correlation, level of significance: **p < 0.01, ***p < 0.001.
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Table 2 Prevalence of health-related events by the level of mental demands at work
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Diabetes High blood pressure Stroke Liver disease Elevated blood lipids Stroke

Mental demands (low)

Mental demands (middle)

Mental demands (high)

Demands & education (low & low)

Demands & education (middle & low)

Demands & education (middle & middle OR high & low)
Demands & education (high & middle)

Demands & education (high & high)

48.0%
48.9%
52.1%
48.5%*
49.2%
49.9%
47.3%
54.4%

4.3%
2.7%
3.4%
5.1%
2.5%
3.3%
2.3%
4.0%

8.6%
11.8%
12.3%
9.0%
9.6%
12.6%
12.4%
14.0%

40.6%
36.2%
40.0%
44.0%
37.8%
35.6%
34.3%
42.4%

3.4%
2.1%
24%
3.8%
2.7%
1.5%
2.2%
2.0%

Notes: level of significance by Pearson’s x*-test: *p < 0.05, **p < 0.01, ***p < 0.001.

Table 3 Cognitive functioning of the study sample according to socio-demographic and work-related characteristics

n (%) Trail making test - B mean (SD) Verbal fluency mean (SD)

Female® 1500 (51.2) 87.98 (45.64)*** 23.85 (6.12)**
Male 1427 (48.8) 97.97 (52.70) 23.20 (6.32)
Age (70-79 years)# 680 (23.2) 116.79 (57.00)*** 22.19 (5.86)***
Age (60-69 years) 867 (29.6) 99.81 (49.00) 22.92 (5.95)
Age (50-59 years) 776 (26.5) 82.96 (40.40) 23.74 (6.30)
Age (40-49 years) 604 (20.6) 68.58 (35.09) 25.64 (6.31)
Education (high)* 957 (329) 82.33 (38.06)*** 25.24 (6.25)***
Education (middle) 836 (28.7) 93.40 (46.71) 2361 (5.92)
Education (low) 1119 (38.2) 101.66 (57.87) 22.04 (6.06)
Not working" 1487 (51.1) 109.22 (55.20)*** 2241 (5.95)%*
Working <15h/week 54 (1.8) 95.20 (53.67) 23.84 (6.00)
Working 15-34h/week 275 (94) 78.67 (36.64) 25.44 (6.83)
Working 35 + h/week 1096 (37.6) 74.30 (34.00) 24.61 (6.17)
Demands (high)# 379 (13.9) 87.58 (38.85)*** 24.31 (6.34)***
Demands (medium) 1997 (84.3) 91.59 (48.85) 23.70 (6.13)
Demands (low) 344 (12.6) 105.52 (59.78) 21.69 (6.06)
Self-regulation (high)# 199 (7.3) 82.09 (41.54)*** 26.04 (6.09)***
Self-regulation (medium) 2295 (84.3) 92.18 (48.63) 23.48 (6.17)
Self-regulation (low) 230 (8.4) 108.08 (58.75) 21.91 (5.99)
Stroke (no)® 2819 (97.7) 92.10 (48.18)*** 23.61 (6.19)***
Stroke (yes) 66 (2.3) 130.27 (81.01) 21.14 (7.10)
Blood lipids (normal)® 1665 (63.0) 89.88 (48.23)*** 23.98 (6.23)***
Blood lipids (elevated) 976 (37.0) 99.26 (51.52) 22.99 (6.17)
Liver disease (no)§ 2368 (88.7) 93.09 (50.15)** 23.64 (6.26)
Liver disease (yes) 301 (11.3) 98.32 (49.61) 23.09 (5.96)
Heart attack (no)® 2792 (69.9) 92.36 (49.48)*** 23.62 (6.20)*
Heart attack (yes) 88 (3.1) 109.82 (45.44) 21.89 (6.39)
Blood pressure (normal)® 1391 (50.9) 85.61 (45.16)*** 24.16 (6.29)***
Blood pressure (high) 1340 (49.1) 100.98 (52.55) 22.96 (6.09)
Diabetes (no)® 2534 (88.0) 90.87 (48.37)*** 23.75 (6.23)***
Diabetes (yes) 346 (12.0) 108.01 (54.74) 22.13 (5.91)

Notes: SD standard deviation, $ - Mann-Whitney-U-Test, # - Kruskal-Wallis-Test, level of significance: *p < 0.05, **p < 0.01, ***p < 0.001.
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variables 1.C4.a Self-Control, 1.C4.b Stress-Tolerance, 1.
CA4.c Adaptability/Flexibility). The cronbach’s alpha of
the self-regulation index was 0.88. We also categorized
the self-regulation index in three categories: high,
medium, and low.

Statistical analyses
All statistical analyses were conducted using SPSS
(Version 20).

To test for group differences, Mann—Whitney-U-
Tests, Kruskal-Wallis-Tests, and Pearson’s x-tests
were performed as appropriate. The intercorrelation of
the dependent variables was significant but the coeffi-
cients were low (see Table 1). Yet in order to avoid
problems of multicollinearity, we (i) categorized the
dependent variables, (ii) used a very large sample size,
and additionally (iii) combined the variables demands
and education in one variable.

Associations between mental demands and cognitive
functioning were analyzed using Generalized Linear
Modeling (GENLIN). An advantage of GENLIN is that it
can be performed even when the distribution deviates
from normal. In Model 1, the main effect of mental
demands (low/medium/high) on cognitive functioning
(score in TMT-B and VFT) was investigated. In Model
2, main effects of mental demands (low/medium/high)
were adjusted for age (40-49/50-59/60-69/70-79), gender
(female/male), self-regulation (low/medium/high), work-
ing hours status (not working/<15 h per week/15-34 h
per week/35 + h per week), the level of education com-
pleted (primary/secondary/tertiary), having had a stroke

Page 5 of 13

(yes/no), having had a heart attack (yes/no), having had
a liver disease (yes/no), and having high blood pressure
(yes/no), elevated blood lipids (yes/no), and diabetes
(yes/no). Information on the individuals’ health was ob-
tained in a personal interview by the questions “Have
you even been diagnosed with stroke/ heart attack/ liver
disease/ high blood pressure/ elevated blood lipids/ dia-
betes?” In Model 3, we additionally analyzed additive
effects of the level of education and mental demands.
An additive score of education and demands was created
by 1) scoring education and mental demands and 2)
adding the scores. Scores were the following: primary
education = 1, secondary education =2, tertiary educa-
tion =3, low demands=1, medium demands =2, high
demands = 3. The scores were added, so that each indi-
vidual received one additive score for education and de-
mands. For example, an individual with only primary
education (=1) and a job with low mental demands (=1)
received an additive score of 2. A person with completed
tertiary education (=3) and a job with high mental de-
mands (=3) received an additive score of 6. Possible
additive scores comprised: 2 — primary education and low
demands, 3 — primary education and medium demands, or
secondary education and low demands, 4 — primary educa-
tion and high demands, or secondary education and
medium demands, or tertiary education and low demands,
5 — secondary education and high demands, or tertiary
education and medium demands, 6 — tertiary education
and high demands.

We conducted two further analyses: First, we addressed
the potential impact of intelligence on the association
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Figure 1 Means in cognitive testing (Trail Making Test - B and Verbal Fluency Test) by the level of demands over the age groups.
A. Mean seconds needed to complete the Trial Making Test - B with lower scores indicating a better performance. B. Mean number of words
named in the Verbal Fluency Test with higher scores indicating a better performance.
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Table 4 Generalized linear model analysis on the effect of mental demands at work on cognitive functioning

Model 1 Model 2 Model 3
Trail making test - B Verbal fluency Trail making test - B Verbal fluency Trail making Verbal fluency
test-B
B P B P B P B P B P B p

Constant 4.659 0.000 3.077  0.000 4437 0.000 3126 0000 Constant 4422 0000 3.130 0.000
Demands (high) -0.186 0.000 0.114  0.000 -0.161 0.000 0068 0002 Demands & education (high & high) -0346 0000 0.192  0.000
Demands (medium) -0.141 0.000 0.089  0.000 —0.096 0.000 0.047 0005 Demands & education (high & middle) -0.257 0.000 0.158  0.000
Demands (low) REF REF REF REF Demands & education (middle & middle OR high & low) —-0.160 0.000 0.094  0.000
Age (70-79 years) 0.406 0000  -0.120 0000 Demands & education (middle & low) -0067 0036 0048 0020
Age (60-69 years) 0.292 0.000 —-0.098 0000 Demands & education (low & low) REF REF
Age (50-59 years) 0.189 0.000 -0.076 0000  Age (70-79) 0406 0.000 -0.121  0.000
Age (40-49 years) REF REF Age (60-69) 0291 0.000 -0.098 0.000
Female -0.103 0.000 0019 0078  Age (50-59) 0.188 0.000 —0.076 0.000
Male REF REF Age (40-49) REF REF
Self-regulation (high) -0.071 0.089 0.080 0.003 Female -0.101 0000 0019 0.078
Self-regulation (medium) —0.029 0338 0016 0410 Male REF REF
Self-regulation (low) REF REF Self-regulation (high) -0.079 0058 0081 0.003
Not working 0.167 0000  —0.028 0090 Self-regulation (medium) —0033 0269 0014 0478
Working <15h/week 0.145 0.023 —0020 0624  Self-regulation (low) REF REF
Working 15-34h/week 0.048 0.107 0042 0026  Not working 0.169 0.000 -0.029 0.085
Working 35 + h/week REF REF Working <15h/week 0.144 0024 -0020 0610
Education (high) —0.194 0.000 0.120 0000  Working 15-34h/week 0050 0093 0042 0027
Education (medium) -0.070 0.001 0.052 0000  Working 35+ h/week REF REF
Education (low) REF REF Stroke (yes) 0.115 0038 -0028 0414
Stroke (yes) 0.112 0.042 —0.028 0428  Stroke (no) REF REF
Stroke (no) REF REF Blood lipids (elevated) -0.015 0393 -0.006 0.568
Blood lipids (elevated) -0.015 0397  —0006 0580 Blood lipids (normal) REF REF
Blood lipids (normal) REF REF Liver disease (yes) 0022 0379 -0004 0817
Liver disease (yes) 0.022 0.380 —0.004 0.787 Liver disease (no) REF REF
Liver disease (no) REF REF Heart attack (yes) 0.009 0842 -0.026 0380
Heart attack (yes) 0.006 0.890 —0027 0370 Heart attack (no) REF REF
Heart attack (no) REF REF Blood pressure (high) 0009 0617 0000 0970
Blood pressure (high) 0.009 0.597 0000 0984  Blood pressure (normal) REF REF
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Table 4 Generalized linear model analysis on the effect of mental demands at work on cognitive functioning (Continued)

Blood pressure (normal) REF REF Diabetes (yes)
Diabetes (yes) 0.018 0.500 —0026 0.117  Diabetes (no)
Diabetes (no) REF REF

0019 0474
REF

-0.027 0.101
REF

Notes: B - regression coefficient, p - level of significance, REF reference category.
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between mental demands and cognitive functioning. Thus,
we additionally adjusted Model 3 for estimated intelligence
as measured by the German Version of the Mill Hill Vo-
cabulary Scale [32]. Secondly, we were interested in possible
long-term effects of mental demands at work on cognitive
functioning. In order to evaluate whether there might be a
long-term effect, we included only participants that were
over the age of 65 and examined the association between
the level of mental demands of the job that they had before
retirement and current cognitive functioning as measured
by the MMSE. The association was analyzed in the same
types of models (Models 2 &-3) as described above.

Results

Within the final sample (n = 2,725), 13.9% of the partici-
pants had jobs with high mental demands, 84.3% jobs
with medium mental demands, and 12.6% jobs with low
mental demands. Examples of jobs with high mental de-
mands included chief executives, physicists, civil engineers,
manufacturing engineering technologists, mathematicians,
and others. Medium levels of mental demands at work are
faced by participants in jobs such as administrative service
managers, archivists, graphic designers, dispatchers, pre-
school teachers, or electrical power-line installers, etc. Jobs
with low mental demands were, for example, stock clerks,
packers, slaughterers, janitors, bartenders, or maids.

Within the group of participants in jobs with high mental
demands, 9.6% had completed primary education, 24.6%
secondary education, and 65.8% tertiary education. Of par-
ticipants in jobs with medium levels of mental demands,
36.2% had completed primary education, 30.9% secondary
education, and 32.8% tertiary education. Regarding, how-
ever, the participants in jobs with low mental demands,
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66.9% had completed primary education, 27.9% secondary
education, and 5.2% tertiary education.

The prevalence of having had a stroke, a heart attack,
liver disease, high blood pressure or elevated blood lipids
did not differ significantly by the level of mental de-
mands at work (see Table 2). However, individuals in
jobs with medium levels of mental demands had signifi-
cantly lower rates of diabetes (10.8%) than individuals in
jobs with low (14.9%) or high metal demands (15.3%).

Findings on cognitive functioning of the study popula-
tion are shown in Table 3. Participants who worked in
jobs with high mental demands had significantly better
scores in the cognitive tests TMT-B and VFT than par-
ticipants who worked in jobs with low mental demands
(p < 0.001). Moreover, participants who were younger, fe-
male, who worked fulltime, had a better health status, a
higher education, and worked in a job with a higher self-
regulation level performed also significantly better in the
cognitive tests (p < 0.01) (Figure 1).

Findings of univariate analyses using GENLIN model-
ing supported such a significant association between
higher mental demands and better cognitive functioning
(p <0.001 for scores in the TMT-B and VFT; see Table 4,
Model 1). The associations remained significant after ad-
justment for age, gender, self-regulation, working status,
level of education, having had a stroke, heart attack, liver
disease, high blood pressure, elevated blood lipids, and
diabetes (see Table 4, Model 2). In the multivariate
model (Model 2), also a high level of education and a
younger age was also significantly associated with bet-
ter scores in cognitive testing. Moreover, we found sig-
nificantly lower scores in the TMT-B in individuals
with male gender and who have had a stroke or were
not working (see Table 4).

Ddemands & education
(low)
Ddemands & education

100 | 1 (middleflow)
Bdemands & education
(middie OR high/low)
80 mdemands & education
(middle/high)
mdemands & education
high!
fe (high)
]
40
20

0
Trall Making Test- B

Figure 2 Means in cognitive testing (Trail Making Test - B and Verbal Fluency Test) by the level of demands and education. A. Mean
seconds needed to complete the Trial Making Test - B with lower scores indicating a better performance. B. Mean number of words named in
the Verbal Fluency Test with higher scores indicating a better performance.

B

28

Odemands & education
(low)

Odemands & education
(middle/low)

Bdemands & education
(middle OR high/low)

mdemands & education
(middle/high)

mdemands & education
(high)

26

24

22

words

Verbal Fluency Test
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In a third GENLIN model, we inspected a potential
additive effect of mental demands and education on
cognitive functioning (Model 3). We observed a highly
significant additive effect of mental demands and edu-
cation on better performance in the TMT-B and VFT
(p <0.001; see Table 4). The effect sizes of the factors
in Model 3 were comparable to those in Model 2. The
means in cognitive testing (TMT-B, VFT) by the level
of demands and education are shown in Figure 2.

In order to dismiss a potential influence of intelligence
on the association between mental demands and cogni-
tive functioning, we included intelligence as independent
variable in the GENLIN Model 3. The association be-
tween mental demands as well as education and cogni-
tive functioning remained significant after including I1Q
in the model (see Table 5).

In a last step, we were interested in possible long-term
effects of mental demands at work on cognitive function-
ing. Thus, in a subset of participants that were over the
age of 65 years (mean age = 71; n = 422), we examined the
association between the level of mental demands of the
job that they had before retirement and current cognitive
functioning as measured by the MMSE. Results are shown
in Table 6 (Model 4 and 5). Model 4 shows significant as-
sociations between higher MMSE scores and high mental
demands at work (p=0.010), a high educational level
(p=0.003), NOT having had a stroke (p=0.025), and
NOT having elevated blood lipids (p =0.049). Model 5
shows the same associations with a strong additive effect
of mental demands and education (p < 0.001) — indicating
that having had a job with high mental demands and hav-
ing a high educational level is associated with a better cog-
nitive functioning in old age.

Discussion
Our study aimed at examining the association between
mental demands at work and cognitive functioning in
the general population. Univariate as well as multivariate
findings consistently demonstrated significant associa-
tions between higher mental demands and a better per-
formance in cognitive tests. The results also indicate
that the effects are independent of education. The data
revealed no interaction effects but additive effects,
meaning that high mental demands at work seem to be
associated with cognitive functioning additionally to
the level of education. Moreover, analyses of retired in-
dividuals confirmed a significant association between
high mental demands at work and a better cognitive
functioning in old age. Hence, it may be possible that
jobs with high mental demands may constitute a bene-
ficial factor for cognitive functioning in old age.

A possible explanation for the observed findings is that
high mental demands at work might function like a
training of cognitive abilities. A great number of studies
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Table 5 Generalized linear model analysis on the effect of
mental demands at work on cognitive functioning,
including intelligence as covariate

Model 3

Trail making Verbal

Test-B fluency

B P B P
Constant 4473 0000 3.070 0.000
Demands & education (high & high) -0.189 0.000 0.135  0.000
Demands & education (high & middle) -0.124 0001 0092 0.000
Demands & education (middle & middle  —0.072 0.052 0.062  0.018
OR high & low)
Demands & education (middle & low) -0046 0202 0035 0.167
Demands & education (low & low) REF REF
Age (70-79) 0312 0000 -0.113 0.000
Age (60-69) 0286  0.000 —0.101 0.000
Age (50-59) 0.170  0.000 —0.063 0.000
Age (40-49) REF REF
Female -0.104 0000 0030 0015
Male REF REF
Self-regulation (high) -0.053 0235 0057 0.071

Self-regulation (medium) —-0.004 0916 —-0.005 0833

Self-regulation (low) REF REF
Not working 0076 0003 0002 0928
Working <15h/week -0.086 0235 —-0.045 0.365
Working 15-34h/week -0.031 0277 0044 0031
Working 35+h/week REF REF
Intelligence (high) -029 0.000 0220  0.000
Intelligence (middle) -0.187 0.000 0.119  0.000
Intelligence (low) REF REF
Stroke (yes) —-0.038 0572 0020 0.662
Stroke (no) REF REF
Blood lipids (elevated) 0008 0671 —-0.021 0.106
Blood lipids (normal) REF REF
Liver disease (yes) 0037 0180 -0.001 0974
Liver disease (no) REF REF
Heart attack (yes) —-0.048 0420 0029 0493
Heart attack (no) REF REF
Blood pressure (high) 0012 0541 -0.003 0.850
Blood pressure (normal) REF REF
Diabetes (yes) 0.033 0272 -0.038 0.076
Diabetes (no) REF REF

Notes: 3 - regression coefficient, p - level of significance, REF - reference category.

indicated that cognitive abilities generally can be trained
(e.g., [33,34]). Training effects, however, strongly depend
on the level of demands: it has been demonstrated
experimentally that only in high demand conditions par-
ticipants can actually improve their performance [35].
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Table 6 Generalized linear model analysis of mental demands at work before retirement on cognitive functioning in

old age (65+ years)

Model 4 Model 5
MMSE MMSE
B P B p

Constant 3.284 0.000 Constant 3.261 0.000
Demands (high) 0.036 0.010 Demands & education (high & high) 0.082 0.000
Demands (medium) 0.027 0.031 Demands & education (high & middle) 0.072 0.000
Demands (low) REF Demands & education (middle & middle OR high & low) 0.046 0.005

Demands & education (middle & low) 0.052 0.002
Age (70-79 years) 0.002 0.734 Demands & education (low & low) REF
Age (60-69 years) REF
Female 0.010 0111 Age (70-79) 0.002 0.727
Male REF Age (60-69) REF
Self-regulation (high) 0.026 0.100 Female 0.011 0.075
Self-regulation (medium) 0014 0.229 Male REF
Self-regulation (low) REF Self-regulation (high) 0.027 0.082
Education (high) 0.023 0.003 Self-regulation (medium) 0.013 0.248
Education (medium) —0.002 0.767 Self-regulation (low) REF
Education (low) REF Stroke (yes) -0.041 0.021
Stroke (yes) —0.040 0.025 Stroke (no) REF
Stroke (no) REF Blood lipids (elevated) 0.011 0.060
Blood lipids (elevated) 0012 0.049 Blood lipids (normal) REF
Blood lipids (normal) REF Liver disease (yes) 0.003 0.726
Liver disease (yes) 0.003 0.724 Liver disease (no) REF
Liver disease (no) REF Heart attack (yes) -0.009 0.631
Heart attack (yes) -0014 0478 Heart attack (no) REF
Heart attack (no) REF Blood pressure (high) -0.002 0.769
Blood pressure (high) -0.002 0.745 Blood pressure (normal) REF
Blood pressure (normal) REF Diabetes (yes) 0.000 0.962
Diabetes (yes) —0.001 0.881 Diabetes (no) REF
Diabetes (no) REF

Notes: B - regression coefficient, MMSE mini-mental status examination, p - level of significance; REF reference category.

Such experimental findings are also supported by findings
of imaging studies showing that the training of highly
demanding tasks obviously increases the activity of the
fronto-parietal network in the brain and strengthens
fronto-parietal as well as parietal-striatal connections
[36,37]. As previous findings suggest a connection be-
tween the training of tasks with high mental demands
and improved neural network efficiency, longitudinal
studies are necessary in order to evaluate whether the
association between high mental demands at work and
a better cognitive functioning is subject to this particu-
lar effect as well.

Having a job with high mental demands might addition-
ally contribute to a good cognitive reserve which protects
cognitive functioning in old age. A good cognitive reserve is

built up by the confrontation with mentally demanding
conditions throughout the life-course, for example, obtain-
ing a higher level of education [38]. Being confronted with
high mental demands in the workplace for quite a long
period of time may also constitute a life-course condition
that builds up a cognitive reserve. Neuroimaging studies
generally observed that with older age, the connectivity of
the neural network in frontal brain regions gets disrupted
[39]. Having a good cognitive reserve, however, seems to
guard the brain against these age-related changes as neural
imaging studies showed that older individuals with a higher
cognitive reserve have a larger cortical thickness [40], a
larger gray matter volume [41], and more efficiently func-
tioning neural networks [42,43] than individuals of the
same age but with a smaller cognitive reserve. A cognitive
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training that ameliorates the efficiency of the neural
network — maybe in the form of high mental demands at
work — might help building up a cognitive reserve and,
hence, prolong the lifetime period during which we func-
tion well and stay symptom-free (compression of morbidity
[44]). Further studies will have to validate this hypothesis.

Cognitive functioning, especially in old age, is also influ-
enced by other factors. One important factor influencing
old-age cognitive functioning is cardiovascular health. In
our analysis, we have adjusted for cardiovascular factors.
The association between high mental demands at work and
a better cognitive functioning, however, was not modified
by cardiovascular risk factors like heart attack, high blood
pressure, or stroke. The prevalence of cardiovascular risk
factors was similar across the different levels of mental de-
mands at work, suggesting that the association between
mental demands at work and cognitive functioning is inde-
pendent of cardiovascular risk factors. Notwithstanding,
further studies should investigate potentially mediating ef-
fects in more detail.

Our study is not without limitations. First, the study
provides only cross-sectional findings. Longitudinal data
are necessary to confirm the assumed causal association
between high mental demands at work and better cogni-
tive functioning. Secondly, it is unclear in how far a re-
versed causality might influence the results. Individuals
may self-select or be recruited for particular occupations
based on their capacities which then could reflect their
performance. Only a longitudinal study design can reveal
more details. In the present study, we adjusted the ana-
lysis for intelligence as measured by the German Version
of the Mill Hill Vocabulary Scale. However, the vocabulary
scale is only a crude proxy for intelligence. Consideration
should also be given to the fact that occupational mental
demands were exclusively operationalized by objective clas-
sification measures (O*NET descriptor variables). These
measures, however, might differ from subjectively per-
ceived levels of demands, as the latter strongly depend
on factors like personality [45] and individual stress
coping capacities [46]. Including subjective measures as
well might thus help differentiating the general benefi-
cial effects of high mental demands from those situa-
tions when high mental demands lead to decrements in
cognitive performance. More research is needed to
clearly understand the synergistic effect of mental de-
mands with other influencing factors on an individual’s
cognitive functioning.

A general methodological challenge arising in population-
based studies is the problem of multicollinearity. In the
present study we attempted to avoid problems of multicolli-
nearity by (i) categorizing dependent variables, (ii) using a
very large sample size, and (iii) combining dependent vari-
ables into one variable. However, we cannot be sure that we
have completely ruled out any confounding.

Page 11 of 13

In sum, our findings suggest a significant association be-
tween high mental demands at work and better cognitive
functioning. In this sense, higher levels of mental demands
— as brought about by technological changes in the work-
ing environment — may also have beneficial effects for the
society as they could increase cognitive capacity levels and
might even delay cognitive decline in old age. With this in
mind, the debate about changes and challenges in the
world of work should give a strong consideration to such
potentially beneficial effects as well.

Appendix
O*NET descriptor variables included in the index “men-
tal demands”

1.A.1 Cognitive Abilities

1.A.1.a Verbal Abilities

1.A.l.a.l Oral Comprehension: The ability to listen to
and understand information and ideas presented through
spoken words and sentences.

1.A.1.a.2 Written Comprehension: The ability to read and
understand information and ideas presented in writing.
1.A.1.a3 Oral Expression: The ability to communicate
information and ideas in speaking so others will
understand.

1.A.1.a4 Written Expression: The ability to communicate
information and ideas in writing so others will
understand.

1.A.1.b Idea Generation and Reasoning Abilities
1.A.1.b.1 Fluency of Ideas: The ability to come up
with a number of ideas about a topic (the number of
ideas is important, not their quality, correctness, or
creativity).

1.A.1.b.2 Originality: The ability to come up with unusual
or clever ideas about a given topic or situation, or to
develop creative ways to solve a problem.

1.A.1.b.3 Problem Sensitivity: The ability to tell when
something is wrong or is likely to go wrong. It does not
involve solving the problem, only recognizing there is a
problem.

1.A.1.b.4 Deductive Reasoning: The ability to apply
general rules to specific problems to produce answers
that make sense.

1.A.1.b.5 Inductive Reasoning: The ability to combine
pieces of information to form general rules or
conclusions (includes finding a relationship among
seemingly unrelated events).

1.A.1.b.6 Information Ordering: The ability to arrange
things or actions in a certain order or pattern according
to a specific rule or set of rules (e.g., patterns of numbers,
letters, words, pictures, mathematical operations).
1.A.1.b.7 Category Flexibility: The ability to generate or
use different sets of rules for combining or grouping
things in different ways.
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1.A.1.c Quantitative Abilities

1.A.1.c.1 Mathematical Reasoning: The ability to choose
the right mathematical methods or formulas to solve a
problem.

1.A.1.c.2 Number Facility: The ability to add, subtract,
multiply, or divide quickly and correctly.

1.A.1.d Memory

1.A.1.d.1 Memorization: The ability to remember information
such as words, numbers, pictures, and procedures.

1.A.1.e Perceptual Abilities

1.A.l.e.l Speed of Closure: The ability to quickly
make sense of, combine, and organize information
into meaningful patterns.

1.A.1.e.2 Flexibility of Closure: The ability to identify
or detect a known pattern (a figure, object, word, or
sound) that is hidden in other distracting material.
1.A.1.e.3 Perceptual Speed: The ability to quickly and
accurately compare similarities and differences among
sets of letters, numbers, objects, pictures, or patterns.
The things to be compared may be presented at the same
time or one after the other. This ability also includes
comparing a presented object with a remembered object.
1.A.1.f Spatial Abilities

1.A.1.£1 Spatial Orientation: The ability to know your
location in relation to the environment or to know
where other objects are in relation to you.

1.A.1.£2 Visualization: The ability to imagine how
something will look after it is moved around or when
its parts are moved or rearranged.

1.A.1.g Attentiveness

1.A.1.g.1 Selective Attention: The ability to concentrate
on a task over a period of time without being distracted.
1.A.1.g.2 Time Sharing: The ability to shift back and forth
between two or more activities or sources of information
(such as speech, sounds, touch, or other sources).
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