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Background Adverse effect of excessive work on health has
been suggested previously, but it was not documented in
cerebrovascular diseases.
Aim The authors investigated whether excessive working con-
ditions would associate with increased risk of haemorrhagic
stroke.
Methods A nationwide matched case-control study database,
which contains 940 cases of incident haemorrhagic stroke
(498 intracerebral haemorrhages and 442 sub-arachnoid haem-
orrhages) with 1880 gender- and age- (�5-year) matched
controls, was analysed. Work-related information based on
the regular job situation, including type of occupation, regular
working time, duration of strenuous activity during regular
work and shift work, was gathered through face-to-face inter-
views. Conditional logistic regression analyses were used for
the multivariable analyses.
Results Compared with white-collar workers, blue-collar
workers had a higher risk for haemorrhagic stroke (odds
ratio, 1·33 [95% confidence interval, 1·06–1·66]). Longer
regular working time was associated with increased risk of
haemorrhagic stroke [odds ratio, 1·38 (95% confidence inter-
val, 1·05–1·81) for 8–12 h/day; odds ratio, 1·95 (95% confi-
dence interval, 1·33–2·86) for �13 h/day; compared with �4 h/
day]. Exposure to �8 h/week of strenuous activity also
associated haemorrhagic stroke risk [odds ratio, 1·61 (95%
confidence interval, 1·26–2·05); compared with no strenuous
activity]. Shift work was not associated with haemorrhagic
stroke (P = 0·98). Positive associations between working con-
dition indices and haemorrhagic stroke risk were consistent
regardless of haemorrhagic stroke sub-types and current
employment status.
Conclusions Blue-collar occupation, longer regular working
time and extended duration of strenuous activity during work
may relate to an increased risk of haemorrhagic stroke.
Key words: haemorrhagic stroke, intracerebral haemorrhage, occupation,
sub-arachnoid haemorrhage, working condition, working hour

Introduction

In modern times, more than 80% of adults in developed countries

spend the majority of daily life in the workplace (1). So, occupa-

tion became not only being presentive of a person’s social or

economic status but being involved in the development of disease

by health risk behaviours (2). Excessive burden of regular work

has been indicated to have adverse effect on health, such as elevat-

ing risk of hypertension and cardiovascular events (3,4). Regard-

ing this issue, occupation and excessive work were supposed to

elevate a risk for chronic disease through psychological stress.

However, objections have been raised due to the fact that direct

biological links between psychological stress and disease risk are

still hypothetical, and measurement of stress remains at the level

of a subjective self-report (5). Hence, despite of its potential

modifiability, working condition and labour burden are currently

not accepted as documented risk factors for cardiovascular

diseases or stroke (6,7).

Haemorrhagic stroke (HS), which comprises 15% to 20% of

total stroke, is the most fatal and the least treatable stroke sub-

type, causing greater morbidity than ischaemic stroke (8). As HS

is at the close juncture of hypertension and haemodynamic insta-

bility, it may be reasonable to assume that psychological stress is

related to increased risk of HS. However, although the hypotheti-

cal association was documented in a recent international case-

control study of ischaemic stroke, psychological stress was not

associated with elevated risk of HS, possibly due to a limited

number of HS subjects (9). Moreover, among the various aspects

of life related to chronic stress, detailed investigations regarding

the specific effect of work-related factors on the risk of stroke are

scarce.

In this context, our objective was to evaluate the effect of

various working condition indices on the risk of HS. To study this

hypothesis, we investigated the Acute Brain Bleeding Analysis

(ABBA) study population, which consisted of 940 cases of HS and

1880 matched controls collected from 33 hospitals with nation-

wide coverage (10).

Materials and methods

Patient recruitment and selection
The ABBA study was a prospective, nationwide, multicenter, and

matched case-control study for the investigation of the effect of

taking phenylpropanolamine (PPA) on the risk of HS in the

Republic of Korea (10). Between October 2002 and March 2004, a

total of 2710 HS patients from 33 participating centres were

screened for eligibility of ABBA study. HS, including both intrac-

erebral haemorrhage (ICH) and sub-arachnoid haemorrhage

(SAH), was confirmed by imaging studies including computed
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tomography or magnetic resonance imaging scans, or by xantho-

chromia on lumbar puncture (11,12). Eligibility criteria were as

follows: age ranges of 30 to 84 years, absence of history of stroke

or haemorrhage-prone brain lesions, no traumatic bleeding,

and the competence to communicate and complete face-to-face

interview within 30 days after onset of HS. From 2710 initially

screened HS patients, 940 HS cases were finally selected for

matching their own controls (Fig. 1). Among cases, 498 subjects

(53·0%) were ICH patients and 442 subjects (47·0%) had SAH.

For each HS case, one hospital and one community controls were

matched by gender and age (�5-year). Hospital controls were

selected from non-neurological patients admitted to each partici-

pating centre, and community controls were selected from sib-

lings, friends, or neighbours of each HS case in descending order

of preference. Controls were required not to have dementia or

stroke history, and also be competent to complete the interview as

performed in HS cases. Distribution of PPA use before was as

follows: 16 (1·7%) HS cases and 14 (0·7%) matched controls (10).

The original ABBA study was approved by the institutional

review board of Seoul National University Hospital [0205-091-

012], and the post hoc analyses of the ABBA study were also

approved [H-0912-030-303]. All participants gave informed

consent voluntarily.

Data collection
Demographic, clinical, and work condition information was

gathered during face-to-face interviews administered by trained

nurses, and the best effort was made to avoid information bias.

Collected information included the following: gender, age,

weight, height, year of education, family history of stroke, hyper-

tension, diabetes mellitus, history of heart diseases, smoking

habits, alcohol consumption habits, occupation, regular working

time, duration of strenuous activities during regular work and

shift work. Study participants were instructed to provide work-

related information based on their regular job situation which

they had been in for the longest period of time. Type of occupa-

tion was categorized as white-collar jobs (office worker, profes-

sional, and service industry), blue-collar jobs (farming/forestry,

fishery, security, transportation/construction, and production),

and housewives/none (housewife and unemployed during most

of life) (13). Strenuous activities during regular work were

defined as physically demanding and exhaustive activities that

labourers should perform regularly during work. Shift work

was defined as a day/night shift of work time on a regular basis.

Interviewers were blind to the study hypothesis.

Statistical analysis
Baseline demographic, clinical, and work condition indices were

compared between HS cases and controls using c2-tests or t-tests,

as appropriate. The numbers of missing in cases: controls for each

variable were as follows: years of education, 6 : 8; family history of

stroke, 3 : 6; body mass index, 21 : 15; current habitual smoking,

2 : 17; current alcohol consumption, 5 : 19; occupation, 2 : 6;

regular working time, 6 : 11; and duration of strenuous work,

4 : 25. In regression analysis, missing values were treated as addi-

tional categories for categorical variables and imputed by the

mean values from the control group for continuous variables.

Multivariable models were constructed using conditional logistic

regression analyses with those variables whose univariate P-value

<0·10 or with clinical importance, including years of education,

family history of stroke, hypertension, diabetes, current habitual

smoking, current habitual alcohol consumption, and PPA use.

Each working condition index was entered into multivariable

models independently. We also performed stratified analyses

according to the sub-type of HS, and identical models were

applied as from composite HS analysis. P-values for linear trends

in odds ratios (ORs) were examined by likelihood ratio test for

trend, using regular working time and duration of strenuous

work as continuous variables. Type-specific associations, each for

ICH and SAH, were also presented from the same multivariable-

adjusted models. Significance was set at the two-tailed P < 0·05

level. We presented the values as frequencies (percentages) or

means � standard deviations, as appropriate. IBM SPSS 19

(IBM Corp, Somers, NY, USA) was used for performance of all

statistical analyses.

Results

The ABBA study included 940 cases of HS and 1880 matched

controls. ABBA study participants were composed of 925 blue-

collar workers (32·9%), 1405 white-collar workers (50·0%), and

482 housewives/none (17·1%; missing in eight subjects). The

regular working time of study subjects was as follows: less than

four-hours a day, 645 (23·0%); 4–8 h a day, 828 (29·5%); 8–12 h a

day, 1088 (38·8%); more than 12 h a day, 242 (8·6%; missing in

17 subjects). The number of workers exposed to more than

eight-hours/week of strenuous activity was 691 (24·8%), and the

number of shift worker was 59 (2·1%).

Fig. 1 Study profile. HS, haemorrhagic stroke.
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Compared with control subjects, HS cases showed elevated

frequency of having blue-collar jobs, higher exposure to extended

regular working time, and increased prevalence of more strenu-

ous activities during regular work (Table 1). Conditional logistic

regression models adjusted for relevant confounders resulted in

that blue-collar workers had higher odds of having HS than their

white-collar counterparts [adjusted OR, 1·33; 95% confidence

interval (CI), 1·06–1·66; Table 2]. Extended working time was also

associated with increased odds of HS. Compared with those who

work less than four-hours a day, labourers who regularly work

8–12 h a day had an increased risk of HS (adjusted OR, 1·38; 95%

CI, 1·05–1·81), and a more elevated risk of HS was observed in

those who had more than 13 h of regular working time (adjusted

OR, 1·94; 95% CI, 1·32–2·85). Higher risk of HS was associated

with exposure to more than eight-hours/week of strenuous activi-

ties during regular work (adjusted OR, 1·77; 95% CI, 1·41–2·24),

compared to those without such activities. Shift work was not

associated with risk of HS (P = 0·94). PPA use, as published pre-

viously (10) and included in all the multivariable models, was

significantly associated with increased odds of HS in all tested

models (results of full models are provided as a Supporting

Information Table S1).

We also performed stratified analyses according to the sub-type

of HS (Table 3). Positive associations between working condition

indices and HS risk were largely comparable in both sub-types,

in spite of wider confidence intervals due to smaller sample sizes.

Dose-dependent associations between point estimates from each

sub-type and increasing working time or duration of strenuous

work were also preserved. Estimated ORs from confounding vari-

ables were generally comparable between HS sub-types and with

composite HS models.

Additionally, we confined our analysis to those who were cur-

rently employed at the time of stroke onset. Despite statistical

power reduced to a certain degree, overall associations remained

unchanged. Blue-collar workers (adjusted OR, 1·22; 95% CI,

0·95–1·55; compared to white-collar workers), those who regu-

larly worked �13 h/day (adjusted OR, 1·80; 95% CI, 1·18–2·75),

and strenuous activities �8 h/week (adjusted OR, 1·79; 95% CI,

1·39–2·30) were significantly associated with increased odds of

having HS.

Table 1 Baseline characteristics

Variables Cases (n = 940) Controls (n = 1880) P-value

Demographic information
Male gender 469 (49·9%) 938 (49·9%) Matched
Age 54·1 � 11·4 53·6 � 11·6 Matched
Years of education <0·01

No education 70 (7·5%) 108 (5·8%)
1–6 year 59 (6·3%) 109 (5·8%)
7–9 year 207 (22·2%) 372 (19·9%)
10–12 year 151 (16·2%) 326 (17·4%)
13–14 year 292 (31·3%) 553 (29·5%)
�15 year 155 (16·6%) 404 (21·6%)

Family history of stroke 224 (23·9%) 281 (15·0%) <0·01
PPA use 16 (1·7%) 14 (0·7%) 0·02

Clinical information
Hypertension 442 (47·0%) 381 (20·3%) <0·01
Diabetes mellitus 69 (7·3%) 172 (9·1%) 0·10
History of heart diseases 27 (2·9%) 68 (3·6%) 0·30
Body-mass index 23·6 � 3·0 23·6 � 2·9 0·77
Current habitual smoking 307 (32·7%) 489 (26·2%) <0·01
Current habitual alcohol consumption 529 (56·6%) 861 (46·3%) <0·01

Working condition indices
Occupation <0·01

White-collar job 439 (46·8%) 966 (51·5%)
Blue-collar job 352 (37·5%) 573 (30·6%)
Housewives/none 147 (15·7%) 335 (17·9%)

Regular working time <0·01
�4 h/day 198 (21·2%) 447 (23·9%)
5–8 h/day 246 (26·3%) 582 (31·1%)
9–12 h/day 387 (41·4%) 701 (37·5%)
�13 h/day 103 (11·0%) 139 (7·4%)

Duration of strenuous work <0·01
None 556 (59·4%) 1249 (67·3%)
�7 h/week 100 (10·7%) 195 (10·5%)
�8 h/week 280 (29·9%) 411 (22·2%)

Shift work 22 (2·3%) 37 (2·0%) 0·52

Percentages were calculated based on available data.
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Discussion

From our nationally representative matched case-control sets of

HS, we discovered that the risk of HS increased in those with

blue-collar occupations, extended duration of working time and

strenuous activities during regular work. These associations

remained significant after controlling for the confounding effects

of age, years of education, family history of stroke, and vascular

risk factors. We also documented a dose-dependent relationship

between risk of HS and duration of working time or strenuous

activities, which may support the biological plausibility of our

findings. In addition, the type-specific odds of having ICH or

SAH were largely comparable in our population.

Straightforward biological mechanisms between laborious

working conditions and increased risk of HS have not yet been

clarified; however, a number of theories have been proposed.

Workers in such working condition may be exposed to a laborious

and arduous work load, and tend to have little control over their

work in spite of a higher job demand, which may be a typical

situation of a job strain model for work-related biological hazard

(14–16). As demonstrated in our study, the association between

longer working time and increased risk of cardiovascular diseases

Table 2 Results of conditional logistic regression analyses showing the associations between haemorrhagic strokes and working condition indices

Work conditions
Unadjusted OR
[95% CI]

Age and PPA use-adjusted
OR [95% CI]

Multivariable-adjusted
OR [95% CI]

Occupation
White-collar job 1·00 [reference] 1·00 [reference] 1·00 [reference]
Housewives/none 0·94 [0·72–1·23] 0·91 [0·69–1·19] 0·88 [0·65–1·19]
Blue-collar job 1·39 [1·15–1·67] 1·37 [1·13–1·65] 1·33 [1·06–1·66]

Regular working time
�4 h/day 1·00 [reference] 1·00 [reference] 1·00 [reference]
5–8 h/day 0·99 [0·77–1·27] 1·03 [0·80–1·32] 0·89 [0·67–1·18]
9–12 h/day 1·37 [1·07–1·74] 1·47 [1·15–1·87] 1·38 [1·05–1·81]
�13 h/day 1·86 [1·33–2·60] 2·04 [1·45–2·86] 1·94 [1·32–2·85]
P for trend <0·01 <0·01 <0·01

Duration of strenuous work
None 1·00 [reference] 1·00 [reference] 1·00 [reference]
�7 h/week 1·22 [0·92–1·61] 1·22 [0·92–1·62] 1·30 [0·95–1·77]
�8 h/week 1·66 [1·36–2·03] 1·65 [1·35–2·02] 1·77 [1·41–2·24]
P for trend <0·01 <0·01 <0·01

Shift work 1·20 [0·70–2·05] 1·20 [0·70–2·05] 1·02 [0·56–1·86]

ORs and CIs calculated from conditional logistic regression analyses. Multivariable models adjusted for age, education years, family history of stroke,
hypertension, diabetes mellitus, current habitual smoking, current habitual alcohol consumption, and phenylpropanolamine-use. CI, confidence
interval; OR, odds ratio; PPA, phenylpropanolamine.

Table 3 Stratified analyses of working condition indices according to haemorrhagic stroke sub-types

ICH SAH

Cases
(n = 498)

Controls
(n = 996)

Adjusted OR
[95% CI]

Cases
(n = 442)

Controls
(n = 884)

Adjusted OR
[95% CI]

Occupation
White-collar job 234 (47·1%) 503 (50·6%) 1·00 [reference] 205 (46·5%) 463 (52·7%) 1·00 [reference]
Housewives/none 68 (13·7%) 157 (15·8%) 0·89 [0·55–1·42] 79 (17·9%) 178 (20·3%) 0·91 [0·60–1·35]
Blue-collar job 195 (39·2%) 335 (33·7%) 1·15 [0·84–1·58] 157 (35·6%) 238 (27·1%) 1·52 [1·09–2·11]

Regular working time
�4 h/day 119 (24·0%) 286 (28·9%) 1·00 [reference] 79 (18·0%) 161 (18·3%) 1·00 [reference]
5–8 h/day 127 (25·6%) 277 (28·0%) 1·19 [0·80–1·75] 119 (27·2%) 305 (34·7%) 0·66 [0·44–0·99]
9–12 h/day 200 (40·3%) 350 (35·4%) 1·63 [1·11–2·39] 187 (42·7%) 351 (39·9%) 1·11 [0·74–1·65]
�13 h/day 50 (10·1%) 77 (7·8%) 1·72 [0·99–2·98] 53 (12·1%) 62 (7·1%) 1·97 [1·14–3·43]
P for trend <0·01 <0·01

Duration of strenuous work
None 302 (61·0%) 691 (70·2%) 1·00 [reference] 254 (57·6%) 558 (64·1%) 1·00 [reference]
�7 h/week 50 (10·1%) 86 (8·7%) 1·35 [0·86–2·13] 50 (11·3%) 109 (12·5%) 1·17 [0·75–1·81]
�8 h/week 143 (28·9%) 208 (21·1%) 2·01 [1·43–2·84] 137 (31·1%) 203 (23·3%) 1·51 [1·09–2·09]
P for trend <0·01 0·01

Shift work 14 (2·8%) 15 (1·5%) 1·22 [0·52–2·83] 8 (1·8%) 22 (2·5%) 0·76 [0·31–1·84]

ORs and CIs calculated from multivariable conditional logistic regression analysis models, adjusted for age, year of education, family history of stroke,
hypertension, diabetes mellitus, current habitual smoking, current habitual alcohol consumption and phenylpropanolamine use.
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has been suggested repeatedly (3,17,18). Labourers devoted to

extended regular work may be at risk of having insufficient

time for recovery and unwinding after work (19–21), and even

delay their hospital visit for health problems (22). Hence, longer

working time, with a synergistic effect of a blue-collar occupation

and strenuous activities during work, may lead to increased health

risk behaviour, lowered help-seeking behaviour, poor compliance

with medical treatment, and sickness presenteeism (23,24), all

of which may contribute to insufficient management of their

biological risk factors and ultimately lead to occurrence of HS.

Among the various biological risk factors, hypertension is one

of the most important contributors to HS. Risk indices found

in our study, extended duration of working time and strenuous

activities during work, are repeatedly indicated in stimulation of

sympathetic nervous activity and reduction of parasympathetic

nervous activity, thereby increasing blood pressure (25). Blue-

collar workers who are exposed to such laborious working con-

ditions would be at a higher risk of protracted activation of the

autonomic nervous system for a long period of time, thereby

cumulating small vessel diseases or wear of the incidental aneu-

rysmal wall in their brain (18,26–28). Likewise, work-related

stress was summarized to increase cardiovascular disease and a

combination of high demands at work and low job control was

found to double the risk of cardiovascular mortality (29,30). In

addition, from our study, we documented a dose-dependent rela-

tionship between working time and risk of HS as well as compa-

rable sub-type-specific odds ratios between ICH and SAH, both

of which may buttress the biological plausibility of laborious

working conditions and risk of HS.

A few points require further clarification. First, as working

condition data were gathered in a retrospective manner, the accu-

racy of self-reported information on working conditions infor-

mation may be pointed out, such as recall bias. However, ABBA

study participants were instructed to provide their information

based on the regular job situation which they had been in for the

longest period of time. Second, because indices for psychological

stress in relation to disease were prone to be biased, we did not

measure work-related stress itself (5). Third, our study was not

adequately powered for sub-group analysis. Fourth, we were

not able to collect information on other relevant social factors

such as income level. Fifth, our results should be interpreted

under consideration of particular economic, cultural, social, and

ethnic background. Lastly, the possibility of residual confounding

cannot be entirely ruled out.

Conventional risk factors, including hypertension, only

account for part of the occurrence of HSs. Along with previous

reports on longer work hours and cardiovascular disease risk,

authors discovered that laborious working conditions, such as

extended working time, strenuous activities during regular

work, and blue-collar occupation, increased the risk of HS. As our

study population was gathered through a nationwide multicenter

prospective cohort, sufficient external validity may be assumed

from our result. Although detailed causal links between excessive

work and increased risk of stroke are yet to be fully clarified, our

results suggest that demanding labour conditions may influence a

vast number of workers, putting them at elevated risk of HS.

Currently, we do not have much evidence for effective interven-

tions to reduce hazardous working conditions associated with

chronic diseases (31). In this context, our study may be utilized as

evidence for creation of healthier labour conditions, and future

research is needed in order to test the feasibility and efficacy of

interventions for reducing hazardous working conditions that

may increase the risk for chronic disease.
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