
Journal of the American Heart Association

J Am Heart Assoc. 2026;15:e039035. DOI: 10.1161/JAHA.124.039035� 1

 

ORIGINAL RESEARCH

Stroke, Small-Vessel Disease, and 
Occupation: Systematic Review and  
Data Analysis
Thomas Zhang , BSc; Una Clancy , MB ChB; Ayush Singh , BSc; Stephen Makin , PhD; 
Caroline McHutchison , PhD; Vera Cvoro , MD; Carmen Arteaga-Reyes , MB ChB; Daniela Jaime Garcia , MSc; 
Will Hewins , MSc; Michael Stringer , PhD; Michael Thrippleton , PhD; Maria C. Valdes-Hernandez , PhD; 
Stewart Wiseman , PhD; Francesca Chappell , PhD; Rosalind Brown , PhD; Fergus Doubal , PhD; 
Joanna M. Wardlaw , MD

BACKGROUND: Novel risk factors for stroke, such as occupation, are increasingly under exploration. We investigate if specific oc-
cupational exposures and settings increase the risk of developing small-vessel disease (SVD), including SVD-related strokes.

METHODS: We performed a systematic review on stroke–occupation associations and then analyzed data from patients pre-
senting to Lothian stroke services with mild ischemic stroke (modified Rankin Scale score ≤2). We performed magnetic 
resonance imaging and inquired about occupational status. We assessed relationships between high-risk occupations (per 
Control to Substances Hazardous to Health guidelines) and standard occupational classifications (per Standard Occupational 
Classifications criteria) against white matter hyperintensity volumes, SVD score, and stroke subtype.

RESULTS: Our systematic review identified 37 papers assessing occupations/broad occupational classifications (n=13), psy-
chosocial work-related factors (n=11), and occupational exposure to hazardous substances (n=13). We then analyzed data 
from 414 participants and found, after adjustment for age, hypercholesterolemia, socioeconomic status, years of education, 
hypertension, diabetes, and smoking history, that high-risk occupations were associated with higher SVD scores (odds ratio, 
1.64 [95% CI, 1.07–2.54]; n=357; P=0.02) but not for lacunar stroke subtype (odds ratio, 1.03 [95% CI, 0.64–1.67]; n=358; 
P=0.90) or white matter hyperintensity volume (% intracranial volume) (β=−0.003 [95% CI, −0.015 to 0.008]; n=357; P=0.60). 
Examples of high-risk occupations include drivers, engineers, and skilled trade workers. No associations were found for 
standard occupational classifications.

CONCLUSIONS: This systematic review shows limited data on stroke–occupation associations. Our analysis showed that high-
risk occupations are associated with higher SVD scores but not stroke subtype.

REGISTRATION: URL: www.​crd.​york.​ac.​uk/​PROSPERO; Unique Identifier: 42024466671.
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Cerebral small-vessel disease (SVD) affects the 
brain’s arterioles, venules, and capillaries and is 
associated with vascular dementia, gait distur-

bance, and disability. Magnetic resonance imaging 

(MRI) features of SVD include lacunes, small subcor-
tical infarcts, white matter hyperintensities (WMHs), 
perivascular spaces, cerebral microbleeds, and atro-
phy.1 SVD also contributes to 25% of all strokes.1
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While traditional stroke risk factors like vascular risk 
factors, socioeconomic status, and educational attain-
ment are well known, they do not fully explain the risk 
for developing SVD-related strokes.1 SVD-related (ie, la-
cunar) stroke also has a different pathophysiology com-
pared with non–SVD-related stroke,1 so it is reasonable 
to explore whether alternative risk factors exist.

Midlife exposures such as occupation have been un-
derstudied to date. The interactions between stroke and 
occupational factors have been previously investigated, 
suggesting potential relationships.2 We are interested 
in further investigating all-cause stroke because no 
previous systematic reviews have assessed all-cause 
stroke relationships with occupation. Additionally, stroke 

subtyping is incomplete, which allows us to capture 
both ischemic strokes, including small-vessel stroke, 
and hemorrhagic strokes, which may have an under-
lying SVD pathogenesis. Moreover, the association of 
occupational factors with SVD-related stroke is unclear, 
as there are few studies exploring the associations be-
tween SVD-related stroke and occupation.2

There are multiple occupational factors that may 
influence the development and progression of stroke, 
both SVD- and non–SVD-related. Previously investi-
gated factors such as exposure to toxic substances 
(carbon monoxide, carbon disulfide) have shown a high 
prevalence of radiological SVD features in the popu-
lation.2 Psychosocial work factors such as workplace 
conflict may also impact stroke risk.3 We aim to inves-
tigate a range of potential occupational factors, includ-
ing but not limited to toxic exposures and psychosocial 
work-related factors, such as the type of occupation 
worked. This could potentially aid in identifying modifi-
able risk factors and guide interventions to reduce the 
burden of stroke, especially SVD-related stroke, in the 
working-age population.

To assess the knowledge base on SVD-related 
stroke, non–SVD-related stroke, and potential rela-
tionships with occupational factors, we performed a 
systematic review of the existing literature. Following 
the results of the systematic review, we also performed 
an analysis of patients presenting with all-cause mild 
stroke to investigate potential relationships between 
SVD features, SVD-related stroke, and occupation.

METHODS
Data Availability Statement
The data, analytic methods, and study materials are 
available from the corresponding author upon reason-
able request.

Systematic Review
Search Strategy and Inclusion Criteria

We conducted the systematic review according to 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses guidelines, searching MEDLINE 
and EMBASE via OVID from inception to September 
15, 2023. To investigate all-cause stroke, on EMBASE, 
we used the terms cerebrovascular disease, cerebro-
vascular accident, brainstem stroke, cardioembolic 
stroke, ischemic stroke, lacunar stroke, occupation, 
occupational exposure, and workplace. On MEDLINE, 
we used the terms stroke, lacunar, brain infarction, 
hemorrhagic stroke, ischemic stroke, embolic stroke, 
occupational exposure, occupations, workplace, and 
occupational diseases. See the full search strategy 
in Data S1. We included primary research studies of 

RESEARCH PERSPECTIVE

What Is New?
•	 Our data analysis of the MSS2 (Mild Stroke 

Study 2) and MSS3 (Mild Stroke Study 3) co-
horts identifies an association between oc-
cupational exposure to high-risk substances, 
commonly found in occupations such as jani-
tors, engineers, and machine operators, and 
increased cerebral small-vessel disease burden 
on imaging in a stroke population.

What Question Should Be Addressed 
Next?
•	 Mechanistic studies are required to investigate 

how specific occupational exposures such as 
psychosocial work-related factors and environ-
mental toxins contribute to small-vessel disease 
pathophysiology.

•	 Further research should confirm these findings 
in larger populations through prospective co-
hort studies with well-defined exposures, using 
large-scale epidemiological data sets to ac-
count for the potential delay between exposure 
and small-vessel disease development, while 
also assessing how occupation interacts with 
traditional risk factors and other determinants 
of brain health, such as medication adherence 
and mental health.

Nonstandard Abbreviations and Acronyms

ICV	 intracranial volume
MSS2	 Mild Stroke Study 2
MSS3	 Mild Stroke Study 3
SVD	 small-vessel disease
WMH	 white matter hyperintensity
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adults in any occupation or occupationally exposed 
to substances who were clinically diagnosed with 
ischemic/hemorrhagic stroke, excluding reviews, 
meta-analyses, duplicates, conference abstracts, and 
non–English language papers. We registered the pro-
tocol (International Prospective Register of Systematic 
Reviews CRD: 42024466671).

One reviewer (T.Z.) independently conducted title, 
abstract, and full-text reviews of select papers using 
the inclusion criteria. A second reviewer (U.C.) adjudi-
cated on a sample of papers (12%).

Data Extraction

Two reviewers (T.Z. and A.S.) conducted a narrative 
synthesis following extraction of data on population, 
study design, sample size, mean age, and associa-
tions between stroke and occupation with relevant 
effect sizes (standardized mortality ratios, adjusted 
hazard ratios, hazard ratios, odds ratios [ORs], subdis-
tribution hazard ratios, and adjusted ORs). We tabu-
lated these effect measures (Table S1). Median ages 
were collected when mean ages were unavailable. We 
stratified the data into 3 main occupational factors—
the type of occupation worked/broad occupational 
categories, psychosocial work-related factors, and ex-
posure to hazardous substances—and extracted the 
specific factor investigated and their associations with 
stroke risk (eg, train drivers, conflict at work, and expo-
sure to lead). We did not contact authors for missing 
information.

Risk-of-Bias Assessment

Two reviewers (T.Z. and A.S.) independently as-
sessed bias using the Risk of Bias Assessment Tool 
for Nonrandomized Studies,4 evaluating risk as high/
medium/low on the basis of participant selection, con-
founding variables, exposure measurement, outcome 
data completeness, and selective outcome report-
ing (Table  S2). We resolved discrepancies through 
discussion.

Clinical Data Analysis
Population

We pooled baseline cross-sectional data from 2 pro-
spective longitudinal observational studies: MSS2 (Mild 
Stroke Study 2)5 and MSS3 (Mild Stroke Study 3).6 We 
conducted the research according to Strengthening 
the Reporting of Observational Studies in Epidemiology 
guidelines.

Institutional Review Board Approval

Both studies received ethical approval from the South 
East Scotland Research Ethics Committee (MSS2, 09/

S1101/54; MSS3, 18/SS/0044). All participants gave 
written informed consent.

MSS2 and MSS3 recruited 264 and 229 outpatients 
and inpatients with mild (nondisabling; modified Rankin 
Scale score ≤2) ischemic stroke from Lothian regional 
stroke services from 2010 to 20125 and 2018 to 2021.6 
Baseline assessments occurred within 3 months of the 
index stroke.6 All patients attended local stroke clin-
ics, where a stroke diagnosis was made by a stroke 
specialist.

We excluded participants with MRI contraindica-
tions, major neurological conditions, and severe cardiac 
or respiratory disease.6 MSS2 gathered occupational 
data after a study protocol amendment (189/264 partic-
ipants).5 MSS3 gathered occupational data from recruit-
ment.6 All patients gave informed consent.

Stroke Classification From Clinical Data

A study team consisting of an expert panel of stroke 
physicians and neuroradiologists came to a consen-
sus diagnosis after a review of presenting symptoms 
(motor or sensory deficits, hemianopia, visuospatial 
disorder, dysphasia, dysarthria, ataxia, and cerebellar/
brainstem symptoms) and diagnostic imaging (MRI).5

Stroke was defined as clinical lacunar or nonlacu-
nar ischemic stroke syndrome using a combination of 
clinical and imaging findings as per the Oxfordshire 
Community Stroke Project classification.7 An expert 
neuroradiologist (J.M.W.) assessed all MRI scans for 
acute ischemic lesions according to standard neuro-
imaging criteria. Lacunar infarcts were defined as le-
sions <20 mm in diameter in the deep gray or white 
matter of the cerebral hemispheres or brainstem.5 
Cortical infarcts were characterized by involvement of 
the cortex or subcortical areas with infarcts >20 mm 
(striatocapsular infarcts).5

We recorded age, sex, and vascular risk factors 
including history of transient ischemic attack, stroke, 
smoking history, ischemic heart disease, diabetes, 
hypertension, atrial fibrillation, and hypercholesterol-
emia. We obtained lifestyle data, that is, years of ed-
ucation and main occupation (in free-text format), and 
a Scottish Index of Multiple Deprivation score on the 
basis of current postcode.8 Participants self-reported 
a response to the following question by an interviewer 
at the baseline within 3 months of index stroke: “What 
is/was your main occupation?” We derived stroke sub-
types from clinical symptoms at index stroke diagno-
sis, supported by imaging (MRI).

MRI Data

Following diagnostic imaging, all participants under-
went baseline MRI within 3 months of stroke using a 1.5T 
(MSS2) or 3T (MSS3) scanner, including T1-weighted, 

D
ow

nloaded from
 http://ahajournals.org by on M

arch 16, 2026



J Am Heart Assoc. 2026;15:e039035. DOI: 10.1161/JAHA.124.039035� 4

Zhang et al� Stroke, SVD, and Occupation

T2-weighted, fluid-attenuated inversion recovery, 
diffusion-weighted imaging sequences, susceptibility-
weighted imaging (MSS3) or T2* gradient recall echo 
(MSS2),5 and diffusion MRI.6 We assessed intracra-
nial volume (ICV), cerebrospinal fluid volume, normal-
appearing white and gray matter, WMH volume, and 
index and prior stroke lesion volumes. We segmented 
intracranial and WMH volumes using a validated pipe-
line.9 A team of experienced image analysts overseen 
by J.M.W. derived a summary SVD score from visual 
ratings, according to Standards for Reporting Vascular 
Changes on Neuroimaging 1 criteria.6,10,11 The com-
posite score (0–4) reflects overall SVD burden on MRI, 
including WMHs, lacunes, microbleeds, and perivas-
cular spaces.11

Data Preparation

We normalized WMHs by adjusting the cubed root of 
WMH volume and expressing as a percentage of ICV 
(WMH %ICV).12

Two reviewers (T.Z. and U.C.) independently classified 
free-text occupations per the Standard Occupational 
Classification 90,13 where jobs (eg, doctor, teacher, ac-
countant, secretary, plumber) are grouped into 9 pre-
defined groups: (1) managers and senior officials; (2) 
professionals; (3) associate professionals and technical; 
(4) administrative and secretarial; (5) skilled trades; (6) 
personal services; (7) sales and customer services; (8) 
process, plant, and machine operators; and (9) other 
occupations.

Next, we classified the free-text occupations into 
high- or low-risk groups. High-risk occupations in-
volved exposure to potentially hazardous substances 
(gases, fumes, dusts, vapors, industrial chemicals) as 
defined by Control of Substances Hazardous to Health 
UK criteria.14 This included occupations such as textile 
workers, factory workers, machinists, printers, pho-
tographers, engineers, builders, painters, janitors, driv-
ers, and managers in these occupations. See Data S2 
for the full list. Low-risk jobs included administrators, 
civil servants, general practitioners, nurses, bankers, 
teachers, sales workers, and others.

Investigators were blinded to SVD score,11 stroke 
subtype, and WMH score when rating occupations. We 
measured Cohen’s κ to test interrater reliability. We re-
solved discrepant classifications through discussion.

Statistical Analysis

We compared 2 sets of variables (high-/low-risk occu-
pations and standard occupational classifications) with 
3 primary outcomes: SVD score,11 stroke subtype (la-
cunar versus cortical) and WMH %ICV.12 We reported 
values as number (percentage) or median (interquartile 
range).

We performed univariate analyses using the 
Kruskal–Wallis rank-sum test for ordinal categorical 
variables (SVD score according to occupational risk/
standard occupational classification groups). We used 
the χ2 test for binomial variables (stroke subtype ac-
cording to occupational risk/standard occupational 
classification groups) and Welch’s t test for WMH %ICV 
according to occupational risk.

For multivariable analyses, we adjusted for age, 
hypercholesterolemia, Scottish Index of Multiple 
Deprivation quintile, years of education, hypertension, 
diabetes, and smoking history (nonsmoker versus 
ever-smoker). We also checked for collinearity between 
these confounding factors, such as Scottish Index of 
Multiple Deprivation quintile and years of education, to 
ensure that we could include all the confounding fac-
tors without breaching the assumptions of linear re-
gression and that our P values and CIs are reliable. 
We performed ordinal logistic regression (after check-
ing the proportional odds assumption using Brant’s 
test) for SVD score versus occupational risk/standard 
occupational classifications. An SVD score of 0 was 
used as the reference category. We also performed 
binary logistic regression for stroke subtype versus oc-
cupational risk/standard occupational classifications, 
and linear regression (after checking residual plots) for 
WMH volume versus occupational risk/standard occu-
pational classifications. We chose professionals as the 
reference category for standard occupational classifi-
cations, as they represent the highest socioeconomic 
group in the overall classification and have the larg-
est sample size (n=69), providing a suitable point of 
comparison for analyzing differences across the other 
occupational groups. We report ORs, unstandardized 
β, and 95% CIs.

We performed statistical analyses using R version 
4.1.2 (R Foundation for Statistical Computing, Vienna, 
Austria). MSS2 and MSS3 received approval from 
Lothian Ethics Medical Research Committee (REC 
09/81101/54) and the Southeast Scotland Regional 
Ethics Committee (reference 18/SS/0044).

RESULTS
Our search returned 1224 papers, with full-text review 
of 84 (see Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses flow diagram, Figure  1). 
We identified 37 papers studying occupation and 
stroke risk, reporting data on 27 477 660 patients, 
most (23.3 million) from a single Japanese study.15 The 
mean age was 47.3 years (n=20 studies); the median 
age was 44.9 years (n=2 studies); and age was unre-
ported in n=15 studies. Included studies focused on 3 
categories: (1) occupations/broad occupational clas-
sifications (n=13), (2) psychosocial work-related factors 
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(n=11), and (3) exposure to hazardous substances in 
occupational settings (n=13). We did not undertake a 
formal meta-analysis due to heterogeneity in outcome 
measures. See Table  S1 for a summary of included 
studies, including point estimates and 95% CIs and 
Figure S1 for a world map of study locations.

For specific occupations (n=7 studies, n=136 874), 
male Danish professional drivers (n=36 368) had an in-
creased all-cause stroke risk compared with men in 
other jobs.16 A Japanese study (n=32 441) found male 
train drivers and conductors17 had a lower stroke risk 
compared with clerical workers. Taiwanese doctors 
(n=28 062) had a lower stroke risk compared with the 
general population.18 No associations were found be-
tween Russian nuclear workers19 (n=22 377) or male 
iron-ore miners20 (n=13 000) and stroke. Results for pig 
factory21 and seafood workers22 were inconclusive.

For occupational classifications (n=6 studies, 
n=24 412 078), a large Japanese study investigating 
different occupations (n=23 249 301) and industries 

(n=22 990 733), each coming from the same Japanese 
census, found that male service workers, administra-
tors, construction workers, agriculturalists, transport 
and machine operators, and professional workers 
and engineers had a higher stroke risk compared with 
male sales workers.15 No associations were found 
for manufacturers, cleaners, security workers, and 
clerks.15 For industries, male employees in mining, 
fisheries, electricity and gas, agriculture, amusement 
services, hospitality, compound services, construc-
tion, transport, information, and “other” services had 
a higher stroke risk compared with wholesale and 
retail workers.15 A Scottish study (n=8353) found 
middle-aged people of a lower occupational class (ie, 
manual workers) had a higher stroke risk compared 
with individuals of a higher occupational class.23 
Individual studies found “overqualified women” (a dis-
crepancy in education level and occupation) in Japan 
had a higher stroke risk compared with “qualified 
women” (n=21 599)24; Iranian clerical support workers 

Figure 1.  Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram 
showing studies identified, screened, and included in the systematic literature review.
 

Studies imported from:
Medline (n=166)
Embase (n=1058)

Studies identified for title and 
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had a higher stroke incidence compared with craft 
and trade workers (n=2440)25; and “blue-collar” work-
ers in Japan (ie, transport and machine workers) had 
a higher stroke risk compared with managers and 
professionals (n=1 128 591).26 No associations were 
found between middle-aged Japanese factory non-
manual and manual workers (n=1794).27

For psychosocial work-related factors (n=11 studies, 
n=325 773), a French (n=160 751) and South Korean 
study (n=2820) found an increased hemorrhagic stroke 
risk in workers with long working hours (defined as >10 
hours for 50 days/year for the French study or 8–12 
hours/day for the South Korean study).28,29 A case–con-
trol study conducted on Indian workers (n=448) found 
sedentary occupations carried a higher ischemic stroke 
risk.30 Another case–control study found that job strain 
and physical/verbal conflict at work were associated 
with an increased stroke risk (n=198).31 Workplace con-
flict in German workers32 (n=7374) and US employees 
in long-term protective/food preparation employment33 
(n=13 659) were also associated with an increased stroke 
risk. Danish workers with increased work pressure34 
(n=4943) and Japanese workers in high-stress occupa-
tions35 (n=6553) had an increased stroke risk. Finnish 
workers engaging in passive commuting (n=47 721) had 
a higher stroke risk compared with daily active commut-
ing (walking/cycling).36 Conversely, 1 study found no as-
sociations between psychological stress and stroke in 
Swedish male workers (n=6070).37 No associations were 
found between poor job control, high job demands, and 
poor social support and stroke for Swedish male con-
struction workers (n=75 236).38

Numerous hazardous substances were investigated 
(n=13 studies, n=2 196 909). Two studies on lead expo-
sure, 1 in American, Finnish, and British (n=88 187)39 
and 1 in male Korean workers (n=53 970),40 found an 
increased stroke risk with high versus low lead expo-
sure. American automobile workers exposed to metal-
working fluids (n=38 553),41 Swedish foundry workers 
exposed to silica (n=2551),42 and British workers ex-
posed to radiation (n=166 812)43 all had a higher stroke 
risk compared with those with no exposure. An in-
creased stroke risk was found in Swedish manual work-
ers exposed to particulate matters44 (n=983 409) and 
in Chinese female textile workers exposed to cotton 
endotoxins (n=267 400) for hemorrhagic stroke risk.45 
Four studies (n=442 890) conducted on Scandinavian 
workers found no associations between noise expo-
sure and stroke risk.46–49 Inconclusive results were 
found for American radiological technologists exposed 
to radiation50 and American male agricultural workers 
exposed to pesticides.51

Regarding stroke subtypes, several studies in-
vestigated ischemic28,30,36,38,41,44,45 and hemorrhagic 
stroke,28,29,45 but none assessed small- versus large-
vessel strokes.

Risk of Bias
We outline risk-of-bias assessment in Table S2. Nine of 
37 studies had low risk of bias across all domains. The 
main biases included nonadjustments for confounding 
variables (ie, vascular risk factors).

MSS2/MSS3 Analysis
Study Population and Standard Occupational 
Classification 90 Analyses

Table  1, which includes data from the MSS25 and 
MSS36 cohort studies, shows baseline population 
characteristics for 414 participants (189 from MSS2; 
225 from MSS3). Seventy-nine of 493 original par-
ticipants had missing occupational data. Figure  S2A 
shows that professional workers were the most rep-
resented (81/414 [19.6%]), whereas sales workers were 
the least represented (17/414 [4.3%]). Table S3 shows 
SVD variables: 207 of 413 (50%) patients were diag-
nosed with lacunar stroke. The median WMH volume 
was 10 (interquartile range, 4–23) mL, and the median 
ICV was 1549 (interquartile range, 1428–1664) mL. 
One hundred twenty of 413 (29%) patients had an SVD 
score of 0, whereas 40 of 413 (9.7%) patients had an 
SVD score of 4. One patient had missing SVD variables 
data.

Table 1.  Baseline Clinical Population Characteristics, 
MSS25 and MSS36

Overall, n (%) 
(N=414)

MSS2, n (%) 
N=189

MSS3, n 
(%) N=225

Age, median (IQR) 67 (57–75) 67 (57–75) 67 (56–74)

Sex, female 153 (37) 78 (41) 75 (33)

Transient ischemic attack 44 (11) 21 (11) 23 (10)

Stroke 48 (12) 25 (13) 23 (10)

Ischemic heart disease 65 (16) 41 (22) 24 (11)

Diabetes 70 (17) 21 (11) 49 (22)

Hypertension 292 (71) 137 (72) 155 (69)

Atrial fibrillation 33 (8.0) 13 (6.9) 20 (8.9)

Hypercholesterolemia 285 (69) 118 (62) 167 (74)

Ever-smoker 245 (59) 119 (63) 126 (56)

Occupation

Associate professional 28 (6.8) 11 (5.8) 17 (7.6)

Clerical 68 (16) 27 (14) 41 (18)

Craft 57 (14) 34 (18) 23 (10)

Managerial 67 (16) 27 (14) 40 (18)

Other 41 (9.9) 20 (11) 21 (9.3)

Personal and 
protective

18 (4.3) 2 (1.1) 16 (7.1)

Plant and machine 37 (8.9) 19 (10) 18 (8.0)

Professional 81 (20) 40 (21) 41 (18)

Sales 17 (4.1) 9 (4.8) 8 (3.6)

IQR indicates interquartile range; MSS2, Mild Stroke Study 2; and MSS3, 
Mild Stroke Study 3.
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Occupational Risk and Univariate Analyses

Assessing interrater reliability for classifying free-text 
occupations into low-/high-risk occupations, we ob-
tained a κ value (0.81). Raters agreed on 91% of clas-
sifications. Low-risk occupations (263/413 [64%]) were 
more prevalent than high-risk occupations (Figure 2A). 
One participant was not classified due to missing data. 
See Data S3 for univariate results.

Multivariable Analyses

For SVD score, individuals in high-risk occupations 
had higher SVD scores compared with individuals in 
low-risk occupations (OR, 1.64 [95% CI, 1.07–2.54]; 
n=357; P=0.02) using data from MSS25 and MSS36 
(Table 2; Figure 2B). For standard occupational clas-
sifications, craft workers had higher increments in SVD 
score compared with other occupational classifica-
tions (OR, 2.94 [95% CI, 1.26–6.92]; n=353), whereas 

managerial workers had the lowest risk (OR,1.08 [95% 
CI, 0.55–2.12]; n=353; Table S4; Figure S2B).

There was insufficient evidence to support an asso-
ciation between stroke subtype and occupational risk 
(OR, 1.03 [95% CI, 0.64–1.67]; n=358; P=0.90) using 
data from MSS25 and MSS36 (Table  3; Figure  2C). 
For standard occupational classifications, sales work-
ers had the highest risk of lacunar (versus cortical) 
stroke (OR, 4.55 [95% CI, 1.00–32.8]; n=354; P=0.076; 
Table S5; Figure S2C). This estimate should be inter-
preted cautiously due to the small sample size (2/12) 
and the resulting imprecision, as reflected in the wide 
CI. Managerial workers had the lowest risk of lacunar 
stroke (OR, 0.55 [95% CI, 0.25–1.19]; n=354; P=0.13).

There was insufficient evidence to support an as-
sociation between occupational risk and WMH %ICV 
(β=−0.003 [95% CI, −0.015 to 0.008]; n=357; P=0.60; 
Table S6; Figure 2D). For standard occupational clas-
sifications, “other” workers had the highest WMH 

Figure 2.  Bar charts and boxplots showing SVD scores, stroke subtype, normalized WMH volume (%ICV) and occupational 
risk in the Mild Stroke Studies 2 and 3.
A, Bar chart showing the proportion of participants in low and high occupational risk groups. B, Grouped bar chart displaying 
the percentage distribution of SVD scores (0–4) across low and high occupational risk groups. C, Grouped bar chart showing the 
proportion of lacunar and cortical stroke diagnoses within low and high occupational risk groups. D, Boxplot showing adjusted WMH 
volume as a percentage of ICV, grouped by occupational risk. ICV indicates intracranial volume; SVD, small-vessel disease; and WMH, 
white matter hyperintensity.
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volumes (OR, 0.011 [95% CI, −0.011 to 0.033]; n=353; 
P=0.30) using data from MSS25 and MSS36 (Table 4; 
Figure S2D). Managerial workers had the lowest WMH 
volumes (OR, −0.011 [95% CI, −0.029 to 0.007]; n=353; 
P=0.20).

DISCUSSION
We found that occupational exposure to high-risk 
substances (found in “high-risk” occupations, eg, jani-
tor or engineer) is associated with slightly higher SVD 
scores (Table 2; Figure 2B). We found insufficient evi-
dence to support an association between standard 

occupational classifications and stroke subtype, SVD 
score, or WMH. Our systematic review found 37 stud-
ies (n=27 477 660) investigating associations between 
occupation and stroke, with many occupations, psy-
chosocial work-related factors, and substances in-
vestigated. However, none assessed occupational 
associations between small- versus large-vessel stroke 
subtypes. Higher all-cause stroke risk was linked to 
clerical support workers, professional drivers, ma-
chine operators, and manual workers. Psychosocial 
work-related factors with an association with higher 
stroke risk included long working hours, lack of physi-
cal activity at work, and conflict at work. Substances 
associated with higher stroke risk include lead, metal-
working fluids, silica, radiation, and cotton endotoxins. 
These findings from our systematic review align with 
our analysis of 2 studies at our center, which found 
an association between high-risk occupations (drivers, 
machine operators, etc) and higher SVD scores. Our 
findings are also consistent with a study investigating 
occupational exposures and SVD, which found a high 
prevalence of radiological SVD features in people ex-
posed to carbon monoxide/disulfide.2 In contrast, the 
mean age (47.3 years) of participants for our systematic 

Table 2.  Adjusted Ordinal Logistic Regression for 
Associations Between SVD Scores and Occupational Risk 
in MSS25 and MSS36

No. OR 95% CI P value

Occupational risk 0.024

Low 229 … …

High 128 1.64 1.07–2.54

Age 357 1.07 1.05–1.09 <0.001

Hypercholesterolemia 357 0.87 0.56–1.34 0.5

SIMD quintile 357 0.92 0.79–1.07 0.3

Years of education 357 1.05 0.97–1.12 0.2

Hypertension 357 1.96 1.28–3.01 0.002

Diabetes 357 1.26 0.78–2.05 0.3

Smoking history 0.5

Nonsmoker 150 … …

Ever-smoker 207 0.88 0.59–1.30

MSS2 indicates Mild Stroke Study 2; MSS3, Mild Stroke Study 3; OR, 
odds ratio; SIMD, Scottish Index of Multiple Deprivation; and SVD, small-
vessel disease.

Table 3.  Adjusted Binary Logistic Regression for 
Associations Between Lacunar Stroke Subtype and 
Occupational Risk in MSS25 and MSS36

n/N OR 95% CI P value

Occupational risk

Low 113/230 … … …

High 69/128 1.03 0.64–1.67 0.9

Age 182/358 0.97 0.95–0.99 0.002

Hypercholesterolemia 182/358 1.38 0.85–2.26 0.2

SIMD quintile 182/358 0.77 0.65–0.92 0.004

Total years of education 182/358 0.98 0.91–1.07 0.7

Hypertension 182/358 1.35 0.83–2.20 0.2

Diabetes 182/358 1.43 0.81–2.56 0.2

Smoking history

Nonsmoker 77/150 … … …

Ever-smoker 105/208 0.76 0.48–1.20 0.2

MSS2 indicates Mild Stroke Study 2; MSS3, Mild Stroke Study 3; OR, 
odds ratio; SIMD, Scottish Index of Multiple Deprivation; and SVD, small-
vessel disease.

Table 4.  Adjusted Multivariable Linear Regression for 
Associations Between Normalized WMH Volumes and 
Standard Occupational Classifications in MSS25 and 
MSS36

No. β 95% CI P value

Occupation

Professional 69 … … …

Associate 
professional

26 −0.008 −0.032 to 0.016 0.5

Clerical 61 −0.004 −0.022 to 0.015 0.7

Craft 40 0.004 −0.017 to 0.026 0.7

Managerial 58 −0.011 −0.029 to 0.007 0.2

Other 36 0.011 −0.011 to 0.033 0.3

Personal and 
protective

18 −0.008 −0.035 to 0.020 0.6

Plant and machine 33 −0.009 −0.032 to 0.014 0.5

Sales 12 0.002 −0.030 to 0.034 >0.9

Age 353 0.002 0.001–0.002 <0.001

Hypercholesterolemia 353 0.000 −0.012 to 0.012 >0.9

SIMD quintile 353 0.001 −0.003 to 0.006 0.5

Total years of education 353 −0.003 −0.005 to −0.001 0.012

Hypertension 353 0.022 0.011–0.034 <0.001

Diabetes 353 0.009 −0.005 to 0.023 0.2

Smoking history

Nonsmoker 148 … … …

Ever-smoker 205 −0.002 −0.013 to 0.009 0.7

R2=0.279; adjusted R2=0.247; P-value≤0.001. MSS2 indicates Mild Stroke 
Study 2; MSS3, Mild Stroke Study 3; SIMD, Scottish Index of Multiple 
Deprivation; and WMH, white matter hyperintensity.
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review is much younger than other stroke cohorts due 
to studies investigating patients of working age.

To our knowledge, this is the first study to exam-
ine associations between occupation, stroke subtype 
(lacunar and cortical), and SVD features in a stroke 
population, unlike earlier research, which often did not 
specify stroke subtypes, and with only a few studies 
investigating ischemic28,30,36,38,41,44,45 or hemorrhagic 
stroke.28,29,45 No other studies investigated lacunar/
cortical strokes or SVD features derived from imaging 
specifically. We also adjusted for multiple confounders, 
including vascular risk factors, educational attainment, 
and socioeconomic status, which are strongly linked 
with later-life cerebrovascular disease and occupa-
tion.1 Many (19/37) papers investigated in our system-
atic review did not adjust for many of these factors; 18 
of 37 adjusted for some.

The overall body of evidence in the existing litera-
ture is limited: Only 9 of 37 studies had low risk of bias 
across all domains; studies were adjusted for stroke 
risk factors in only half of all studies; and no study 
stratified results by stroke subtype. However, selective 
outcome reporting bias was low for all but 4 studies 
included in the systematic review (Table S2).

A limitation of the review process was that we 
searched only 2 databases: MEDLINE and EMBASE. 
Although these are the 2 largest biomedical data-
bases, we acknowledge that other databases are 
available that address occupation. Also, we performed 
single- rather than double-reviewer screening, but we 
ensured that a second reviewer adjudicated on dis-
crepant cases. Other limitations for the analysis in-
clude the use of Standard Occupational Classifications 
90 criteria,13 which differ from other available classifica-
tions. Furthermore, some occupational data were not 
acquired at the start of MSS2, and we did not collect 
data on participants who had multiple occupations or 
duration of employment. Exposure quantification was 
based on occupations and published occupational 
safety standards,14 but a limitation of all occupational 
exposure studies is that precise exposures are meth-
odologically difficult to assess with accuracy, so our 
findings should be interpreted in light of this. The effect 
of some exposures like asbestos may have been un-
derestimated because patients with cardiac or respira-
tory disease were excluded. Our analysis for standard 
occupational groups against stroke subtype was also 
limited by the small sample size and high proportion of 
events (10/12) for sales workers, which may affect the 
generalizability of the result. We considered measures 
such as exact logistic regression or combining the oc-
cupational classifications together, but these were un-
feasible to limited data and heterogeneity between the 
occupational classifications. Finally, this is a secondary 
analysis that was not included in the original statistical 
analysis plan.

Several recommendations can be made for further 
research. Our findings should be confirmed in larger 
populations and through prospective cohort studies 
with well-defined exposures. Large-scale epidemio-
logical data sets may help explore these associations, 
given the potential delay between exposure and SVD 
development. As well as the continued importance of 
traditional risk factors, future research models should 
assess the interplay of occupation with other factors 
(eg, medication adherence, mental health). There is 
also potential to investigate the mechanism of effect of 
occupational hazardous components on small vessels.

In conclusion, our study adds to limited existing 
knowledge (demonstrated by our systematic review) 
on relationships between occupational risk and stroke 
severity for SVD. Occupational exposure to high-risk 
substances (for “high-risk” occupations, eg, janitors or 
engineers) is associated with higher SVD scores. There 
is insufficient evidence to support an association be-
tween occupational risk and stroke subtype or WMH 
severity. Despite methodological difficulties in measur-
ing occupational exposures, these findings provide in-
sight into the impact of occupational factors on stroke 
subtypes and SVD burden.
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