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Abstract

classes and clinical phenotypes of AD (x = 53.65, n.s.).

Background: Growing evidence suggests a role of occupation in the emergence and manifestation of dementia.
Occupations are often defined by complexity level, although working environments and activities differ in several
other important ways. We aimed to capture the multi-faceted nature of occupation through its measurement as a
qualitative (instead of a quantitative) variable and explored its relationship with different types of dementia.

Methods: We collected occupational information of 2121 dementia patients with various suspected etiologies from
the Amsterdam Dementia Cohort (age 67 + 8, 57% male; MMSE 21 + 5). Our final sample included individuals with
Alzheimer's disease (AD) dementia (n = 1467), frontotemporal dementia (n = 281), vascular dementia (n=98), Lewy
body disease (n=174), and progressive supranuclear palsy/corticobasal degeneration (n = 101). Within the AD
group, we used neuropsychological data to further characterize patients by clinical phenotypes. All participants were
categorized into 1 of 11 occupational classes, across which we evaluated the distribution of dementia (sub)types with
¥ analyses. We gained further insight into occupation-dementia relationships through post hoc logistic regressions
that included various demographic and health characteristics as explanatory variables.

Results: There were significant differences in the distribution of dementia types across occupation groups (y° = 85.87,
p <.001). Vascular dementia was relatively common in the Transportation/Logistics sector, and higher vascular risk
factors partly explained this relationship. AD occurred less in Transportation/Logistics and more in Health Care/Welfare
occupations, which related to a higher/lower percentage of males. We found no relationships between occupational

Conclusions: Relationships between occupation and dementia seem to exist beyond the complexity level, which
offers new opportunities for disease prevention and improvement of occupational health policy.
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Background

Dementia currently affects 46.8 million people world-
wide [1], and this number is expected to increase as the
aging population grows. Causes of dementia include Alz-
heimer’s disease (AD), frontotemporal dementia (FTD),
vascular dementia (VaD), and movement disorders such
as Lewy body disease (DLB), progressive supranuclear
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palsy (PSP), and corticobasal degeneration (CBD). Apart
from age and genetic influences, lifestyle factors play a
role in the emergence and manifestation of dementia.
For example, a comprehensive body of research points
to the influence of education and occupation on demen-
tia incidence [2-5]. Occupation could be an especially
strong contributing factor, as most individuals spend a
major part of their life at work.

Studies on the relationship between occupation and
dementia have generally focused on the role of occupa-
tional complexity (e.g., rated as “white versus blue collar”
[6]). The results indicate that older individuals who

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s13195-019-0570-4&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:a.vanloenhoud@amsterdamumc.nl

Loenhoud et al. Alzheimer's Research & Therapy (2019) 11:112

engaged in greater levels of occupational complexity have
a better current cognitive status [6—13], a lower risk to de-
velop dementia [5, 14—17], or a different rate of clinical
progression after the onset of dementia [4, 11, 18]. How-
ever, these studies mostly investigated one particular form
of dementia, or “dementia” in general without specifying
its type. Moreover, the common quantification of occupa-
tion by complexity level represents an oversimplification
of the multi-faceted quality of this lifestyle factor. Working
environments and activities differ in several important
ways beyond complexity level, such as the level of physical
activity, stress, social demands, and exposure to hazardous
substances [19, 20]. Although a broader evaluation of oc-
cupation in the context of dementia could thus provide
important new insights in the context of dementia, this
approach is relatively rare.

To overcome this scarcity in the literature, we took a
different approach by (1) measuring occupation as a quali-
tative (i.e, occupational class) rather than a quantitative
variable (i.e., degree of occupational complexity), without
making prior assumptions about complexity or other
potential protective or harmful factors, and (2) exploring
the relationships between occupation and various forms of
dementia (ie, different suspected etiologies and clinical
phenotypes). Our sample included >2000 memory clinic
patients with dementia due to AD, FTD, VaD, or move-
ment disorders. Occupation was categorized into several
nominal groups (e.g., Pedagogical, Agricultural, Transporta-
tion/Logistics), across which we compared the distribution
of these dementia types [21]. Within the AD subsample, we
had sufficient data to additionally investigate the relation-
ships between occupation and specific cognitive profiles. As
this study was exploratory in nature, we did not formulate
a priori hypotheses. For relationships that emerged, we
gained further insight through post hoc analyses with
additional demographic and health characteristics (i.e., age,
sex, education, and vascular risk factors [VRFs]).

Methods

Participants

Participants were selected from the Amsterdam Dementia
Cohort (ADC [22, 23]). The sample consists of individuals
who visited the Alzheimer Center Amsterdam between
2000 and 2017. They underwent a standardized screening
process that included the (patient- and informant-based)
collection of demographic information, medical history,
neurological examination, neuropsychological assessment,
standard laboratory tests, brain magnetic resonance im-
aging (MRI), and lumbar puncture in a subsample. Diagno-
sis was established in a multidisciplinary meeting, based on
common clinical criteria [24—34]. For some dementia types,
diagnostic criteria underwent revisions during the period
across which our participants were selected (Add-
itional file 2: Table S1), but changes with respect to their
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core clinical characteristics were minor. Dementia diagno-
ses in the present study included AD, FTD, VaD, DLB, and
PSP/CBD.

Assignment of occupational codes

Information on occupation was collected by a physician
during a semi-structured interview with the participants
and their informants. We subsequently coded this infor-
mation according to the Dutch ROA-CBS 2014 occupa-
tional categorization system (BRC 2014), a derivative of
the International Standard Classification of Occupations
2008 (ISCO 2008) [21]. The BRC 2014 consists of the
following occupational classes: (1) Pedagogical, (2) Cre-
ative/Linguistic, (3) Commercial, (4) Business/Adminis-
trative, (5) Management, (6) Governmental/Law/Safety,
(7) Technical, (8) Information and Communication
Technology (ICT), (9) Agricultural, (10) Health Care/
Welfare, (11) Service, and (12) Transportation/Logistics
(see Additional file 1). The BRC 2014 additionally in-
cludes the 13th “Other” category (mostly applicable
when occupational descriptions are absent or unclear)
and makes further divisions into segments and sub-
groups. For the present paper, we were only interested
in the occupational classes (i.e., classification at the seg-
ment level would result in 40 groups of insufficient size).
We excluded participants in the “Other” category and
those classified as “no occupation.” When multiple occu-
pations were listed at once for a given participant (which
is not permitted in our y* model as described below in
the “Statistical analyses” section [35]), we used the first
job title for consistency reasons.

The assignment of BRC 2014 codes was performed by
two raters (ACvL and KW). To promote inter-rater
consistency, a subset of the sample was independently
coded and subsequently compared. Discordant cases
were discussed with (RO) to reach consensus. The
remaining sample was divided among ACvL and KW,
and only ambiguous cases were discussed and coded to-
gether. On rare occasions where this did not resolve the
classification  uncertainty, medical records were
inspected for more occupational details. If this did not
provide useful information, the participant was coded as
13 (unclear), hence excluded for further analysis.

Sample selection

We initially selected all ADC individuals with a demen-
tia diagnosis at the baseline visit and occupational data
available. Exclusion criteria were as follows: (1) age
below 40 years and (2) presence of autosomal dominant
mutations for a neurodegenerative disease. The original
selection consisted of 2310 participants, of which we ex-
cluded 140 individuals with occupational descriptions
that were either indicative of unemployment (~70%) or
non-informative (~ 30%). Unemployed participants were
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beyond the scope of our study, as they constitute a hetero-
geneous group and our current interest was specifically in
the distribution of dementia types among people who
were part of the active workforce. Regarding non-
informative descriptions, examples are “retired” (i.e., it
gives no information about occupation beyond stating that
the person is no longer employed) or “studied psychology”
(i.e., it describes education rather than occupation). In
addition, 2 participants were excluded because their occu-
pational descriptions were not detailed enough to assign
them to a category, even after the inspection of their med-
ical records. Finally, we decided to omit the category ICT
due to the small sample size (n=12). ICT is a relatively
“young” sector that did not have a prominent position in
the labor market during the period in which the majority
of our sample was employed. Similarly, 35 patients with
relatively rare forms of dementia (e.g., alcohol-related de-
mentias, normal pressure hydrocephalus, Creutzfeldt-
Jakob disease) were excluded (Fig. 1). The final sample in-
cluded 2121 individuals, with a diagnosis of AD (n=
1467), FTD (n=281), VaD (n=98), DLB (n=174), or
PSP/CBD (1 = 101).

Vascular risk factors
Complete data on VRFs were available for the majority
of our sample (n=1562/2121) and included clinically
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measured body mass index (BMI), smoking, alcohol use
(units per day), and presence or absence of a myocardial
infarction, hypertension, hypercholesterolemia, and dia-
betes mellitus in the medical history. We dichotomized
BMI (<25=0, >25=1), smoking (never smoked =0,
ever smoked = 1), and alcohol (0-1 units per day=0, > 1
units per day=1) in order to derive a VRF score based
on the sum of these seven risk factors [36].

Neuropsychological assessment

Nearly all individuals underwent an elaborate neuro-
psychological assessment within 3 months of their diag-
nosis. For the AD dementia subsample, we therefore had
a large dataset available (n=1071/1467) that consisted
of participants who were cognitively tested in each of
four cognitive domains: memory, attention/executive
function, language, and visuospatial function [37]. The
memory domain included the total immediate and de-
layed recall as well as the recognition condition of the
Rey Auditory Verbal Learning Test, and total recall in
condition A of the Visual Association Test. In the atten-
tion/executive function domain, we used the Trail Mak-
ing Test (part A and B), Stroop Test (conditions I-III),
90-s Letter Digit Substitution Test [38], Digits Forward
and Backwards, Letter Fluency, and total score on the
Frontal Assessment Battery. The language domain

2310 participants selected from the ADC cohort
with dementia and occupational descriptions

140 participants excluded with occupational
descriptions that were:

v

2170 participants eligible for assignment of BRC

2014 occupational codes

\ 4

- non-informative

- indicative of unemployment

2 participants excluded with occupational

\4

2168 participants eligible for statistical analysis

v

descriptions that were not detailed enough
to assign occupational codes

47 participants excluded because the size of
their category was not sufficienctly large:

\4

2121 participants included in the final sample

Fig. 1 Flow diagram of the study sample. ADC, Amsterdam Dementia Cohort; BRC 2014, Dutch ROA-CBS 2014 occupational categorization
system, a derivative of the Standard Classification of Occupations 2008 (ISCO 2008); ICT, Information and Communication Technology
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consisted of the Category Fluency, a short version of the
Boston Naming Test and the total number of correctly
named items of the Visual Association Test. Finally, the
visuospatial function domain was assessed with the Dot
Counting, Number Location, and Fragmented Letters sub-
tests of the Visual Object and Space Perception Battery.

We carried out multiple imputations in SPSS 22.0 for
Windows (SPSS, Chicago, IL, USA) to account for miss-
ing data (ranging from 1 to 45% per test). This proced-
ure was performed using the fully conditional
specification method, an iterative Markov chain Monte
Carlo approach suitable for arbitrary patterns of missing
data. We imputed 25 datasets and included demo-
graphic, clinical, neuropsychological variables, APOE
status, and cerebrospinal fluid biomarkers as predictors
in the model (i.e., occupational code was not used). In
the pooled dataset, we created standardized residuals
(i.e., W-scores) for each neuropsychological test score
based on regressions with age, sex, and educational level
(measured on a 7-item scale, [39]). We calculated the
average W-scores across tests measuring memory, atten-
tion/executive function, language, and visuospatial func-
tion, to obtain cognitive domain scores.

These cognitive domain scores were subsequently used
to divide AD participants into clinical phenotypes, accord-
ing to a previously validated method [40]. Specifically, we
averaged across cognitive domains to create a “global cog-
nition” composite score for each participant. Next, each
cognitive domain score was dichotomized based on
whether they were below a certain threshold relative to
the global cognition score. A score of 1 thus means that a
given cognitive domain “stands out” by being more af-
fected than (the combination of) other domains. Based on
these dichotomized scores, we assigned each participant
to one of the following cognitive profiles: (1) memory-
dominant, (2) attention/executive-dominant, (3) language-
dominant, (4) visuospatial-dominant, and (5) multi-
domain (i.e., either more than one or no cognitive do-
main = 1). As this profile categorization relies on which
threshold is used to dichotomize the cognitive domain
scores, we systematically tested all values between .250
and .500 and selected .255 as the “optimal” value that
yielded (1) the lowest number of participants in the multi-
domain profile and (2) the lowest sum of squared group
sizes (Additional file 6: Figure S1). Most individuals had a
memory-dominant cognitive profile (n = 292), followed by
a language-dominant (n = 140), attention/executive-dom-
inant (z = 130), and visuospatial-dominant (n = 126) sub-
group. The remaining participants fell into the multi-
domain category (n = 383).

Statistical analyses
First, we carried out a y* analysis in the total sample to
investigate if the distribution of dementia types differed
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across occupational classes. In two sensitivity analyses,
we reran the same model after exclusion of (1) 93 per-
sons with comorbid dementias (e.g., persons with AD as
the primary diagnosis, but who also met NINDS-AIREN
criteria for VaD) to create a sample with less overlap be-
tween diagnostic groups and (2) 268 individuals who
had reported more than one occupation, to enhance cer-
tainty that each participant was assigned to the most ap-
propriate occupational class.

When y* results were significant, we post hoc
inspected the adjusted residuals of each combination of
occupation and dementia type. Adjusted residuals reflect
the difference between the expected and observed count
(e.g., the number of AD participants in the Pedagogical
occupational class). An absolute value of ~ 2 (i.e., 1.96 or
- 1.96) is considered significant at the p < .05 level. Since
our contingency table was relatively large, we used a
more stringent adjusted residual value threshold of ~ 3
(i.e, 3.29 or -3.29 corresponds to p<.001 [41];). In
addition, to assess whether the main relationships ob-
served in significant y* analyses could be explained by
other demographic and health variables, we additionally
performed logistic regressions. Specifically, we predicted
dementia type from occupational class and evaluated
age, sex, education, and VRF score as potential explana-
tory variables. We used a forward selection procedure
with a change-in-estimate (CIE) criterion of 10% [42, 43]
and ran these models in all participants with complete
data (n = 1562/2121).

Finally, we carried out y* analyses to investigate
whether occupation related to cognitive profiles within
the AD subsample, following the same approach as de-
scribed above. In a second analysis, we reran the same
model using a different threshold for the dichotomiza-
tion of cognitive domain scores (and subsequent
categorization of participants into cognitive profiles;
Additional file 6: Figure S1) and compared the results to
evaluate the robustness of our findings.

Results

Participants

The mean age across the diagnostic groups was 67 + 8
years (Table 1). Individuals with FTD were younger
compared to other groups (63 +7), and DLB participants
were significantly older than the AD group (69+7).
Overall, our sample included a somewhat larger propor-
tion of males (57%), presumably reflecting the historic-
ally higher prevalence of males in the labor market (by
comparison, the excluded “no occupation” sample was
82% female). The proportion of males was even higher
among DLB participants (82%) in comparison with most
other groups, while this was significantly lower for AD
(52%) in contrast to all groups except PSP/CBD. Educa-
tional level was largely similar across dementia types in
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Table 1 Participant characteristics in the total sample and according to dementia type

Total AD FTD VaD DLB PSP/CBD p value

N 2121 1467 281 98 174 101 -
Age 6720+8.19 6742+ 835 63.92+7.49 69.67 +8.02 6937+7.19 66.96 +6.75 <.001
Sex (% male) 572 522 63.7 67.3 81.6 604 <.001
Education (\/erhage)a'b 5(2) 5(2) 5(1) 5(1) 6 (2) 5() 007
MMSE® 2125+529 2042 +5.14 2348 +£548 22.80+4.78 2242 +4.94 23.82+4.82 <.001
BMI® 2524+ 405 2483 +3.95 26.88 +4.38 2692 +4.70 25.10+3.38 25.73+3.58 <.001
Smoking (% even)© 533 520 56.5 55.2 54.2 59.6 464
Alcohol use (units/day) 32+ 47 32+ 47 36+ 48 22+ 42 30+ 46 28+ 45 190
Myocard infarction (%) 39 34 49 14.6 25 1.0 < 001
Hypertension (%) 26.3 253 23.2 54.6 220 286 <.001
Hypercholesterolemia (%) 93 93 8.2 94 104 9.2 957
Diabetes mellitus (%) 95 8.0 11.5 29.2 109 5.1 <.001
VRF score © 197 £1.64 1.86+1.62 200+ 1.56 329+1.82 203 £1.69 198+ 146 <.001

Data represent mean + SD unless indicated otherwise

AD Alzheimer's disease dementia, FTD frontotemporal dementia, VaD vascular dementia, DLB Lewy body disease, PSP progressive supranuclear palsy, CBD
corticobasal degeneration, MMSE Mini-Mental State Examination, BMI body mass index, VRF vascular risk factors (total number)

Data are displayed as mode (interquartile range)
bThis information was available for 96% of the sample
“This information was available for 75% of the sample

our sample (except for a DLB > VaD difference). Global
cognitive impairment was most severe among AD partic-
ipants (mean MMSE =20 + 5). Finally, VaD participants
had a higher VRF score than most other diagnostic
groups (p <.05; except FTD). Table 2 provides an over-
view of the number of participants in each occupational
class for the total sample and according to dementia
type. The largest occupation groups were Technical (n =
429, 20%) and Business/Administrative (7 =388, 18%),
while the Agricultural class had the lowest number of
participants (1 =31, 1%).

Relationship between occupation and dementia types

There were significant differences in the distribution of
dementia types across occupation groups ()(2 =85.87,
p <.001, Table 2). The adjusted residuals revealed three
effects significant at p <.001. First, individuals from the
Transportation/Logistics sector were more often diag-
nosed with VaD (adjusted residual 4.0). Second, this oc-
cupational class had fewer AD participants (adjusted
residual — 3.7). Third, in the Health Care/Welfare group,
AD was relatively common (adjusted residual 3.6). These
results are displayed in Fig. 2, along with 11 other effects
that were significant at p <.05 (adjusted residuals >2 or
< —2). When we repeated the y* analysis with the exclu-
sion of 93 individuals with comorbid dementias (7=
2028), the results remained essentially unchanged (y* =
78.73, p <.001; Additional file 3: Table S2). The same
was true for the results based on a sample that excluded

268 individuals with multiple occupations (n=1853;
X*=79.93, p <.001; Additional file 4: Table S3).

Contribution of age, sex, education, and vascular risk
factors

In line with the previous results, uncorrected logistic re-
gression models with either AD or VaD as a dependent
variable (AD/VaD = 1 in separate models, other diagnosis =
0) confirmed Transportation/Logistics to be significantly re-
lated to both VaD (B =1.23, odds ratio [OR] =341, p <.01)
and AD (f=-.85, OR=.43, p<.001). Likewise, Health
Care/Welfare was a significant determinant of AD (5 = .55,
OR = 1.74, p < .01; Additional file 5: Table S4). Forward se-
lection of explanatory variables in corrected models re-
vealed that VRF score, but no other factors (i.e., age, sex,
education), was positively associated with a VaD diagnosis
(B=43, OR=1.53, p<.001) and reduced the Transporta-
tion/Logistics effect by 15% (from 5=1.23 to 1.04, OR =
341 to 284). For AD, only the variable sex (range
=.68-.69, OR =1.96-1.98, p <.001) significantly reduced
the effects of Transportation/Logistics (from = -.85 to
-.62, OR = 43 to .54; 27%) and Health Care/Welfare (from
S=.55 to .31, OR =1.74 to 1.37; 43%). Figure 3 gives an
overview of the mean VRF score and the percentage of
males for all dementia types and occupational classes.

Relationship between occupation and cognitive profiles
of AD

We found only trend-significant differences between oc-
cupations in the distribution of cognitive profiles (y* =
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Table 2 Distribution of dementia types across occupational classes

Total AD FTD VaD DLB PSP/CBD
Total, n (%) 2121 (100) 1467 (69) 281 (13) 98 (5) 174 (8) 101 (5)
Pedagogical, n (%) 183 (100) 129 (70) 25 (14) 7 4) 14 (8) 8 (4)
Creative/Linguistic, n (%) 74 (100) 53 (72) 8 (11) 4 (5) 7 (9) 2(3)
Commercial, n, (%) 205 (100) 146 (71) 29 (14) 6 (3) 17 (8) 7 (3)
Business/Administrative, n (%) 388 (100) 275 (71) 48 (12) 16 (4) 28 (7) 21 (5)
Management, n (%) 206 (100) 145 (70) 17 (8)* 3(1)* 25 (12)* 16 (8)*
Governmental/Law/Safety, n (%) 90 (100) 64 (71) 10 (11) 2(2) 9 (10) 5(6)
Technical, n (%) 429 (100) 273 (64)* 72 (17)* 28 (7)* 39 (9 17 (4)
Agricultural, n (%) 31 (100) 16 (52)* 7 (23) 13 3 (10) 4 (13)*
Health Care/Welfare, n (%) 283 (100) 222 (78)*** 26 (9)* 8 (3) 13 (5)* 14 (5)
Service, n (%) 141 (100) 97 (69) 23 (16) 11(8) 7 (5 3(2)
Transportation/Logistics, n (%) 91 (100) 47 (52)*** 16 (18) 12 (13)*** 12 (13) 4 (4)

Ten cells (18.2%) had an expected count less than 5; the minimum expected count was 1.43

AD Alzheimer's disease dementia, FTD frontotemporal dementia, VaD vascular dementia, DLB Lewy body disease, PSP progressive supranuclear palsy, CBD

corticobasal degeneration
*? adjusted residual <— 2 or > 2 (corresponding to p <.05)
*%2 adjusted residual < -3 or > 3 (corresponding to p <.001)

Transportation/Logistics

Service
Health Care/Welfare
Agricultural

Technical

Government/Law/Safety

Management

Business/Administrative

Commercial

Artistic/Linguistic

Pedagogical

*
*

0% 20% 40% 60%

(corresponding to p < .05), ***y* adjusted residual < — 3 or > 3 (corresponding to p <.001)

80%

100%

Fig. 2 Proportions of dementia types for each occupational class. AD, Alzheimer's disease dementia; FTD, frontotemporal dementia; VaD, vascular
dementia; DLB, Lewy body disease; PSP, progressive supranuclear palsy; CBD, corticobasal degeneration. *x* adjusted residual < —2 or =2

Dementia type
B AD

B FID

E vaD

H DLB

J PSP/CBD
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Fig. 3 The mean number of vascular risk factors and male percentage for occupational classes and dementia types. Error bars represent standard
errors. AD, Alzheimer’s disease dementia; FTD, frontotemporal dementia; VaD, vascular dementia; DLB, Lewy body disease; PSP, progressive
supranuclear palsy; CBD, corticobasal degeneration; VRF, vascular risk factors, including included body mass index (BMI), smoking, alcohol use
(units per day), and presence or absence of a myocardial infarction, hypertension, hypercholesterolemia, and diabetes mellitus in the

53.65, p = .07; Table 3). Additional file 7: Figure S2 pro-
vides an overview of these findings. In a secondary ana-
lysis, we repeated the same analysis using cognitive
profiles that were calculated based on a different thresh-
old of —.442 (Additional file 6: Figure S1). Similar to the
original findings, these results were not significant
(> = 38.24, p = .55).

Discussion

In this exploratory study, we investigated the association
between occupation and dementia (sub)types in a large
sample of memory clinic patients. The main finding was
that VaD was relatively common in participants with

Transportation/Logistics occupations. Post hoc analyses
suggested that this observed relationship was partly ex-
plained by a higher number of VRFs among these indi-
viduals. In addition, the number of AD participants was
relatively low in the Transportation/Logistics sector and
high among Health Care/Welfare occupations. We
found that these effects were mostly attributable to the
differences between the groups in sex distribution. There
was no relationship between occupation types and AD-
related cognitive profiles.

Our finding that VRFs are more prominent among
VaD participants is in line with previous studies [44, 45],
but of particular interest was our observation of a higher
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Table 3 Distribution of cognitive profiles of AD across occupational classes

Total Memory Attention/executive Language Visuospatial Multi-domain

Total, n (%) 1071 (100) 292 (27) 130 (12) 140 (13) 126 (12) 383 (36)
Pedagogical, n (%) 91 (100) 31 (34) 8(9) 12 (13) 9 (10 31 (34
Creative/Linguistic, n (%) 37 (100) 11 (30) 3(8) 5(14) 4(11) 14 (38)
Commercial, n (%) 104 (100) 24 (23) 13 (13) 15 (14) 16 (15) 36 (35)
Business/Administrative, n (%) 203 (100) 54 (27) 17 (8) 34 (17) 21 (10) 77 (38)
Management, n (%) 109 (100) 27 (25) 15 (14) 15 (14) 17 (16) 35 (32)
Governmental/Law/Safety, n (%) 48 (100) 9 (19) 5(10) 4 (8) 48 26 (54)
Technical, n (%) 201 (100) 53 (26) 34 (17) 29 (14) 18 (9) 67 (33)
Agricultural, n (%) 13 (100) 4 (31) 0 (0) 0 (0) 4 (31) 5 (38)
Health Care/Welfare, n (%) 163 (100) 48 (29) 26 (16) 17 (10) 12.(7) 60 (37)
Service, n (%) 66 (100) 22 (33) 6 (9) 5(8) 16 (24) 17 (26)
Transportation/Logistics, n (%) 36 (100) 9 (25 38 4(11) 5(14) 15 (42)

Eleven cells (20.0%) had an expected count less than 5; the minimum expected count was 1.53. Each column represents a cognitive profile in which one particular
domain is predominantly affected (except the multi-domain). There were no significant differences between the groups (x* n.s.)

number of VRFs in Transportation/Logistics occupa-
tions. Although we cannot make any inferences about
dementia risk (due to the absence of a healthy control
group), it raises the possibility that certain job-related
aspects or occupational habits contribute to the develop-
ment of VRFs and the emergence of VaD. Our data at
least warrant an increased awareness and monitoring of
VRFs by occupational physicians in the Transport/Logis-
tics sector. Furthermore, the lower presence of AD cases
in Transpiration/Logistics groups (male-predominant) ver-
sus higher AD occurrence Healthcare/Welfare (female-pre-
dominant) is in line with the evidence that women have a
higher risk for AD than men [46, 47]. Importantly, while
VRFs and sex partially explained the main occupation-
dementia relationships we observed, these factors did not
account for all variance. This suggests there might be other
important ways in which occupations are related to the
emergence and manifestation of dementia.

In contrast to our present study, most previous studies
operationalized occupation by complexity level. Apart
from the coarse ratings such as “white versus blue collar,”
more fine-grained classifications have been made in which
the complexity of multiple occupational aspects was con-
sidered. An example is the use of questionnaires that dif-
ferentiated between working with “people, data, or things”
(e.g., [12]). However, although these approaches have pro-
vided important insights, they did not consider other po-
tential job-related risks or protective factors. The few
studies that did take a more qualitative approach towards
the measurement of occupation have used “job exposure
matrices” or “occupational description databases” to show,
among other results, that dementia risk and late-life cog-
nition were influenced by the degree of work control (e.g.,
influence over work planning, variation in task content)
[48], level of human interaction and physical activity [49],

and mental demands (e.g., information processing, pattern
detection, creativity) [50].

The novelty of the present work lies in our “assumption-
free” approach that did not involve any additional
characterization of occupations besides their categorization
across 11 occupational classes. This enabled examining the
relationships between occupation and dementia (sub)types
in an exploratory manner. Importantly, occupational classes
and complexity level did not correspond in a straightfor-
ward manner. Most classes comprised occupations that
varied considerably with respect to complexity (e.g., the
“Technical” group both contained engineers and assembly
workers, see Additional file 1). Another strength of our
study is the fact that our sample consisted of dementias
with different suspected etiologies. Most earlier studies have
either focused on the occurrence of dementia as a general
syndrome or one particular form of dementia. As our data-
set included over 2000 carefully diagnosed participants, we
were able to create several independent diagnostic groups
and AD-related cognitive profiles that were sufficiently
sized for statistical analysis. Finally, we consider the use of
the BRC 2014 classification system to be an important ad-
vantage, because it improves the replicability of our findings
across other populations on an international scale.

Our study has several limitations. First, although we col-
lected occupational data with a refined method that in-
volved a semi-structured interview with the patient and
caregiver, we did not have detailed enough information to
capture a person’s entire occupational timeline. For indi-
viduals who had multiple occupations listed, we often
could not retrieve their sequence and respective durations.
It is therefore possible that the first mentioned job not
always reflects the person’s foremost/primary occupation,
but rather the most recent occupation. This is non-
optimal because of potential reverse causation: we cannot
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rule out that some patients switched jobs as a conse-
quence of their dementia diagnosis (e.g., choosing less de-
manding work in a different sector). However, we have no
reason to assume that reverse causation is more promin-
ent for some dementia (sub)types than others, and thus,
the degree of bias seems limited. Moreover, our results
did not change after the exclusion of individuals with mul-
tiple occupational descriptions. A second limitation con-
cerns our inability to define occupation groups beyond the
highest hierarchical level of the BRC 2014, due to a lack of
detail in occupational descriptions and the fact that the
resulting number of categories would be too large for our
sample size (i.e, ~40 occupation groups). More detailed
distinctions between occupations would have decreased
heterogeneity within categories and might have revealed
additional relevant occupation-dementia relationships that
were currently missed. Third, the absence of a healthy
control group restricted our ability to make inferences
about dementia risk or distinguish between protective and
harmful effects of occupation (Additional file 8: Figure
S3), which limits the interpretability of our results. Fourth,
our sample of dementia patients may not be fully repre-
sentative of the population of individuals with dementia as
a whole. As not every person with dementia is referred to
a memory clinic or seeks medical care in an academic ex-
pertise center such as the Alzheimer Center Amsterdam,
the generalizability of our results is somewhat limited.
Fifth, although diagnoses of dementia were generally
based on both clinical observation and in vivo neuroimag-
ing biomarkers, we did not have neuropathological con-
firmation of the underlying etiologies. It is therefore
possible that some participants were categorized under a
dementia type that would not completely correspond with
their neuropathological diagnosis. Finally, although our
total sample was large (N = 2121), some occupational clas-
ses (e.g., Agricultural) contained a low number of observa-
tions. It is possible that we have failed to find certain
relationships with dementia types due to the limited
power in these classes.

Conclusions

To conclude, we observed relationships between occupa-
tion and dementia types. Our findings suggest that these
relationships emerged beyond the occupational com-
plexity level. Differences between occupational classes in
the number of VRFs and sex distributions partially ex-
plained our results, but other—currently unknown—fac-
tors likely play a role as well. It is important to note that
associations between occupation and dementia could
exist for multiple reasons. While it seems plausible that
some occupational characteristics causally relate to the
occurrence of specific dementia types, another possibility
is that certain (genetic or early environmental) factors
both influence career choice and dementia development
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later in life. This is consistent with theoretical frame-
works that propose a neurodevelopmental component in
the etiology of dementia [51-53]. Ultimately, as most
people spend the majority of their life working, occupa-
tion could be an important lifestyle factor to consider in
relation to preventive strategies for dementia. A better
understanding of occupation-dementia relationships may
improve occupational health policy through the reduc-
tion of job hazards and more targeted health monitoring
by occupational physicians.
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Supplementary information accompanies this paper at https://doi.org/10.
1186/513195-019-0570-4.

Additional file 1. Overview of occupational classes and examples.

Additional file 2: Table S1. Clinical criteria for different dementia types
between 2000-2017.

Additional file 3: Table S2. Distribution of dementia types across
occupations groups after excluding comorbid cases.

Additional file 4: Table S3. Distribution of dementia types across
occupations groups after excluding cases with multiple occupations.

Additional file 5: Table S4. Uncorrected and corrected logistic
regression models of relationships between occupational class and
dementia type.

Additional file 6: Figure S1. Thresholds used for the dichotomization
of cognitive domains and division of participants across cognitive
profiles. Within the AD subsample (n=1,071), we dichotomized each
cognitive domain score (i.e. memory, attention/executive functions,
language and visuospatial functions), based on whether or not a
domain’s W-score was considerably lower compared to an individual’s
global cognition score. We used an optimal threshold between .250 and
.500 for this dichotomization, and defined “optimality” in two different
ways: 1) the lowest number of participants in the multi-domain profile
and the lowest sum of squared group sizes (threshold=.255), 2) the high-
est number of atypical variant AD cases (n=85) categorized into the
language (i.e. for logopenic aphasia) or visuospatial cognitive profile (i.e.
for PCA; n=.442). Note that neither thresholds (i.e. .255 or .442) resulted in
all atypical variants being categorized into these two cognitive profiles,
presumably because in advanced disease stages, several cognitive
domains become affected. For many participants with an initial logopenic
aphasia or PCA diagnosis, visuospatial/language may no longer have
been predominant at study inclusion, causing them to be assigned to
the multi-domain instead.

Additional file 7: Figure S2. Proportions of AD-related cognitive
profiles for each occupational class. There were no significant differences
between groups (X° n.s).

Additional file 8: Figure S3. Schematic representation of protective
and harmful effects and resulting cells in the contingency table. Each
color (red, blue, green) represents a different occupational class. In
scenario A, the red occupational class is relatively protected against
dementia type 1, while the distribution of the remaining dementia types
across occupations is equal. When the healthy control group is included
in the analysis, this protective effect will be reflected in a higher
proportion of individuals in red in the healthy group (4/6=67% versus
50% for blue/green) and a lower percentage of red persons in the type 1
dementia group (0% versus 1/6=17% for blue/green). All other
proportions will be identical across occupational classes. However, when
the healthy control group is not taken into account, the protective effect
of the red occupation for dementia type 1 will create also an apparent
"harmful” effect of the red occupation for dementia types 2 and 3 (i.e. 1/
2=50%, compared to 1/3=33% for blue/green). In scenario B, the green
occupational class shows a harmful effect on the development of
dementia type 3, while no other differences between groups exist. Again,
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when the healthy control group is included, this only results in a lower
percentage of healthy green individuals (1/6=17% versus 50% for red/
blue) and a greater proportion of persons with green occupations in
dementia type 3 (ie. 50% versus 1/6=17% for red/blue). In the absence of
a healthy control group, however, the green occupational class” harmful
effect for dementia type 3 leads to an apparent “protective” effect for
dementia types 1 and 2 (1/5=20%, compared to 1/3=33% for red/blue).
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