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Abstract

IMPORTANCE Psychosocial stress is considered a modifiable risk factor for stroke. Given the
prevalence of chronic and acute exposure to stress, it represents a potentially attractive target for
population-health interventions.

OBJECTIVES To determine the association of psychosocial stress with the risk of acute stroke and
explore factors that might modify the association of stress with risk of acute stroke in a large
international population.

DESIGN, SETTING, AND PARTICIPANTS INTERSTROKE is an international retrospective case-
control study of risk factors for first acute stroke in 32 countries in Asia, North and South America,
Europe, Australia, the Middle East, and Africa. A total of 13 462 patients with stroke and 13 488
matched controls were recruited between January 11, 2007, and August 8, 2015. The present
analyses were performed from June 1 to 30, 2021, and included 13 350 cases and 13 462 controls with
available data on psychosocial stress.

EXPOSURES Psychosocial stress and occurrence of stressful life events within the preceding year
were measured using a standardized questionnaire of self-reported stress at home and work.

MAIN OUTCOMES AND MEASURES The association of stress with acute stroke and its subtypes
was examined using multivariable conditional logistic regression and factors that might modify the
association, particularly self-reported locus of control.

RESULTS Among 26 812 participants included in the analysis, the mean (SD) age of cases was 62.2
(13.6) years; that of controls, 61.3 (13.3) years; 7960 cases (59.6%) and 8017 controls (59.6%) were
men. Several periods of stress and permanent stress were reported for 2745 cases (20.5%) and 1933
controls (14.4%), with marked regional variation in prevalence, with the lowest in China (201 of 3981
[5.0%] among controls and 364 of 3980 [9.1%] among cases) and highest in South East Asia (233 of
855 [26.1%] among controls and 241 of 782 [30.8%] among cases). Increased stress at home (odds
ratio [OR], 1.95 [95% CI, 1.77-2.15]) and at work (OR, 2.70 [95% CI, 2.25-3.23]) and recent stressful life
events (OR, 1.31 [95% CI, 1.19-1.43]) were associated with an increased risk of acute stroke on
multivariable analyses (vs no self-reported stress). Higher locus of control at home was associated
with a reduced odds of all stroke (OR, 0.73 [95% CI, 0.68-0.79]), and higher locus of control both at
work and at home were associated with a lower odds of acute stroke and significantly diminished
the association with stress at work (OR, 2.20 [95% CI, 1.88-2.58]; P = .008 for interaction) and home
(OR, 1.69 [95% CI, 1.44-1.98]; P < .001 for interaction) for acute stroke.

(continued)

Key Points
Questions Is psychosocial stress

associated with an increased risk of

acute stroke, and does higher locus of

control modify this risk?

Findings In this international case-

control study of risk factors for first

stroke in 26 812 participants, self-

reported psychosocial stress was

associated with increased risk of all

stroke. Higher locus of control at work

and home was associated with
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acute stroke.

Meaning These findings suggest that

higher locus of control may be an effect

modifier of the risk for stroke associated

with psychosocial stress.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE Psychosocial stress is a common risk factor for acute stroke. The
findings of this case-control study suggest that higher locus of control is associated with lower risk
of stroke and may be an important effect modifier of the risk associated with psychosocial stress.

JAMA Network Open. 2022;5(12):e2244836. doi:10.1001/jamanetworkopen.2022.44836

Introduction

Self-reported psychosocial stress has been reported to be an independent risk factor for stroke and
myocardial infarction.1-4 Hence, some guidelines for cardiovascular disease prevention recommend
screening for psychosocial stress in high-risk patients.5,6

Long-term exposure to increased stress has been associated with development of
atherosclerosis and small-vessel disease (ie, intermediate phenotype), and short-term increases in
stress have been reported as a trigger for acute cardiovascular events.7-10 The strength of the
association of exposure to chronic stress with cardiovascular disease that has been reported in
prospective cohort studies11 has generally been lower than the association of short-term increases in
stress with triggering cardiovascular events that has been reported in case-control studies.3

Although reasonable consensus exists that psychosocial stress is a risk factor for stroke, no
convincing interventions have been proven to reduce both stress and the risk of stroke.
Consequently, there is debate about the logic of investing in public health interventions to target
stress management and prevention.12,13 Although exposure to stress may have limited modifiability
for many people and situations, there may be other opportunities to mitigate the association of
stress and cardiovascular risk, such as enhancing coping strategies or environmental factors to
mitigate the impact of stress (locus of control), which may be an important effect modifier.

The INTERSTROKE study offers an opportunity to evaluate the association of a recent exposure
to psychosocial stress (ie, the past year) with stroke risk in an international population. The
INTERSTROKE investigators4 have previously reported on the association between global
psychosocial stress and stroke, reporting an increased risk of stroke associated with global
psychosocial stress. The aim of the present analysis of the INTERSTROKE study was to evaluate the
associations of different psychosocial stressors with the risk of stroke in different populations
(characterized by age, sex, region, and self-reported ethnicity) and to consider whether factors such
as locus of control are associated with modified risk.

Methods

INTERSTROKE is an international case-control study of risk factors for first stroke. The methods have
been described previously.4 Patients (13 462 with stroke and 13 488 matched controls) were
recruited between January 11, 2007, and August 8, 2015. For the current analyses, we included
13 350 cases and 13 462 controls (13 350 matched pairs) with available data on psychosocial stress.
Each case was matched for sex and age (±5 years) with a control from the same center or catchment
area. Cases comprised patients who presented with a first ischemic or hemorrhagic acute stroke
(confirmation by computed tomography or magnetic resonance imaging of the brain) and were
enrolled within 72 hours of hospital admission or 5 days of symptom onset. Stroke severity was
measured using the modified Rankin Scale at the time of recruitment and at 1-month follow-up.
Control participants were either community based or hospital based. Hospital-based controls were
patients admitted to a hospital or those attending an outpatient clinic for disorders or procedures not
related to stroke or visitors or relatives of other inpatients as previously described (eMethods 1 in
Supplement 1).4 The study was approved by the ethics committees at all participating centers.
Written informed consent was obtained from participants or their proxies. This study adhered to the
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Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guidelines.

Measurement of Stress and Locus of Control
We measured psychosocial and psychological stress in the preceding year using a standardized
questionnaire with questions relating to stress at home, work stress, financial stress, and stressful life
events (eMethods 2 in Supplement 1). The questionnaire was translated from English to the local
language, administered in the local language, and back translated after administration. Stress was
defined as feeling irritable or filled with anxiety or as having sleeping difficulties as a result of
conditions at work or at home. Cases were instructed to respond as they would before the stroke
event. Participants were asked to grade how often they felt stress at work or home in the previous
year. Home stress and work stress were graded as follows: never, some of the time, several periods of
stress, and permanent stress. Because stress at work and at home were highly intercorrelated and
because only 5266 cases and 5614 controls were currently working, we also generated a summary
measure of general stress at home and/or in the workplace, similar to that of the INTERHEART study.3

This summary measure combined stress at work, home, or both and was categorized as follows:
never, some periods at home or at work, several periods at home or at work, and permanent stress at
home or at work. To assess whether there was an additive association regarding home stress and
work stress among those who were working, a composite variable was derived. This composite
variable of home and work stress was categorized as follows: neither work nor home stress, mild
(some of the time) work or home stress, mild work and home stress, severe (several periods or
permanent) home or work stress, and severe work and home stress. Financial stress was categorized
into 3 levels: little or none, moderate, and high or severe. Work stress and home stress were
categorized into 3 levels: never, some of the time, and several periods or permanent. Participants
were also asked if they experienced specified stressful life events in the previous year.

Locus of control was assessed by responses to a 6-item scale measuring perceived control over
what happens at work and in life, positive outlook for the future, perception of fairness, life changes
during the past decade, and whether participants have given up on life improvements (eMethods 3 in
Supplement 1). This scale has been used in the INTERHEART study3 and others.14 This 6-item scale
measured self-reported locus of control in life and at work using single-item questions. To assess
perceived life control, participants were asked to respond to the following statement, “I feel what
happens in my life is often determined by factors beyond my control” on a 5-point Likert scale. To
assess perceived work control, participants were asked to respond to the following statement, “At
work, I feel I have control over what happens in most situations” on a 5-point Likert scale, with higher
scores indicating strongly agree.

Measurement of Other Risk Factor Exposures
Standardized questionnaires were used to collect data on baseline demographic characteristics,
lifestyle stroke risk factors, and characteristics of acute stroke from all cases and controls. Ischemic
stroke subtype was based on clinical assessment (baseline and 1 month), neuroimaging (baseline),
and results of tests to determine stroke etiology. Physical measurements (eg, blood pressure) were
recorded in a standardized manner. A modified Rankin Scale score was collected at 3 points for cases
(preadmission, time of interview, and 1-month follow-up) and 1 point for controls (time of interview).
Hypertension was defined as a composite of self-reported hypertension and a blood pressure
reading of greater than 140/90 mm Hg at recruitment. We measured depressive symptoms by asking
whether during the past 12 months the participant had felt sad, blue, or depressed for 2 or more
consecutive weeks. Those who responded yes were asked to complete a 7-item questionnaire about
associated symptoms (eMethods 3 in Supplement 1).
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Statistical Analysis
Data were analyzed from June 1 to 30, 2021. Simple associations were assessed with frequency
tables and Pearson χ2 tests for 2 independent proportions. We used multivariable conditional logistic
regression to evaluate the association between the following exposures with stroke: general stress,
work stress, home stress, a composite of home and work stress, stressful life events (discrete and
cumulative events), and financial stress. We used conditional logistic regression–matched case-
control pairs for primary analysis of all stroke. All conditional analyses were stratified on the matching
criteria (ie, controls were matched for sex and age [±5 years] with cases; age matching was extended
[±10 years] for participants older than 90 years). We adjusted for covariates in 5 sequential models.
Model 1 was adjusted for age (and matched for sex and center). Model 2 (the primary model) was
additionally adjusted for occupation, educational level, and wealth index. Model 3 was additionally
adjusted for diet, physical activity, alcohol consumption, and smoking, which was a model to explore
variables potentially along the causal pathway mediating the association of stress and stroke. Model
4 was additionally adjusted for body mass index, waist-to-hip ratio, hypertension, atrial fibrillation,
and diabetes. Model 5 was additionally adjusted for depressive symptoms. A sensitivity analysis was
performed adjusting for the primary model (model 2) and other stress domains.

We completed an analysis to explore whether locus of control modified the association of stress
and risk of stroke, where we derived a binary variable for locus of control, based on response to
questions that signified high life control (strongly disagree or disagree), low life control (neutral
response, agree, or strongly agree), high work control (strongly agree/agree) and low work control
(neutral response, disagree, or strongly disagree) (eMethods 3 in Supplement 1). In these analyses
(and other subgroup analysis), we used unconditional regression models, which additionally adjusted
for sex and center (random effect) to our primary model. A likelihood ratio test was used to test for
interaction between risk factor and subgroups (eg, regions). Two-sided P < .05 for interaction was
considered statistically significant. Subgroup analyses were exploratory in nature, and we did not
alter the threshold of the P value. Statistical analyses were performed using R, version 3.4.2 (R Project
for Statistical Computing).

Results

A total of 26 812 participants were included, comprising 13 350 cases and 13 462 controls. The mean
(SD) age of cases was 62.2 (13.6) years; that of controls, 61.3 (13.3) years. Among cases, 7960
(59.6%) were men and 5390 (40.4%) were women; among controls, 8017 (59.6%) were men and
5445 (40.4%) were women. The Table presents baseline characteristics among controls and cases
by general stress level categories (ie, stress at home, work, or both). Individuals with high general
stress were younger (mean [SD] age, 57.5 [13.7] vs 62.6 [13.2] years), had attained a higher number of
years in formal education (postsecondary school, 1576 of 4678 [33.7%] vs 5279 of 22 134 [23.9%]),
had higher body mass index (calculated as weight in kilograms divided by height in meters squared;
mean [SD], 26.4 [5.5] vs 25.6 [4.8]), and were less physically active (656 of 2593 [25.3%] vs 1673 of
8199 [20.4%]). eTable 1 in Supplement 1 presents the association of cardiovascular risk factors with
general stress. Figure 1 demonstrates the frequency of general stress levels by region and country
income level. The lowest frequency of several periods of stress or permanent stress was reported in
China (201 of 3981 [5.0%] among controls and 364 of 3980 [9.1%] among cases). The highest
frequency of several periods of stress or permanent stress was reported in South East Asia (223 of
855 [26.1%] among controls and 241 of 782 [30.8%] among cases). High-income countries reported
higher percentages of permanent stress (248 of 3242 cases [7.6%] and 165 of 3246 controls [5.1%])
compared with middle- or low-income countries (eg, 53 of 3437 cases [1.5%] and 57 of 3420 controls
[1.7%] in low-income countries) (Figure 1).

Overall, 1901 cases (14.2%) reported several periods of home stress or permanent home stress
compared with 1292 controls (9.6%). Data were missing for 112 participants (0.4%). Having several
periods of home stress or permanent home stress was associated with increased risk of all stroke

JAMA Network Open | Neurology Association of Psychosocial Stress With Risk of Acute Stroke

JAMA Network Open. 2022;5(12):e2244836. doi:10.1001/jamanetworkopen.2022.44836 (Reprinted) December 9, 2022 4/14

Downloaded From: https://jamanetwork.com/ by a Copenhagen University Library User  on 02/13/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.44836&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.44836
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.44836&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.44836


Table. Cardiovascular Risk Factors, Educational Level, and Other Psychosocial Variables by General Stress Levela

Characteristic

Cases (n = 13 350) Controls (n = 13 462)

Stress level

P valueb

Stress level

P valueb
None or some periods
(n = 10 605)

Several periods or
permanent (n = 2745)

None or some periods
(n = 11 529)

Several periods or
permanent (n = 1933)

Age, mean (SD), y 63.3 (13.3) 57.8 (13.6) <.001 62.0 (13.1) 57.1 (13.8) <.001

Sex

Women 4312 (40.7) 1078 (39.3)
.19

4608 (40.0) 837 (43.3)
.006

Men 6293 (59.3) 1667 (60.7) 6921 (60.0) 1096 (56.7)

Educational level

None 1804 (17.0) 343 (12.5)

<.001

1422 (12.3) 209 (10.8)

<.001
1-8 y 4106 (38.7) 793 (28.9) 3835 (33.3) 451 (23.3)

9-12 y 2704 (25.5) 796 (29.0) 2979 (25.8) 510 (26.4)

Trade school, college, or
university

1990 (18.8) 813 (29.6) 3289 (28.5) 763 (39.5)

Occupation

Professional 989 (9.3) 377 (13.7)

<.001

1855 (16.1) 408 (21.1)

<.001

Skilled or general laborer 3491 (32.9) 1010 (36.8) 3916 (34.0) 633 (32.7)

Housewife or farmer 4172 (39.3) 665 (24.2) 3617 (31.4) 418 (21.6)

Police, military, business, or
clerical

1049 (9.9) 427 (15.6) 1303 (11.3) 291 (15.1)

Disability or social security 299 (2.8) 51 (1.9) 259 (2.2) 43 (2.2)

Other 602 (5.7) 214 (7.8) 568 (4.9) 139 (7.2)

Physical activity at work,
mainly sedentaryc

706 (19.1) 384 (25.6) <.001 967 (21.5) 272 (24.9) <.001

History of alcohol consumption

Never 6520 (61.5) 1349 (49.1)

<.001

7279 (63.1) 922 (47.7)

<.001
Former 1084 (10.2) 374 (13.6) 1241 (10.8) 284 (14.7)

Low or moderated 1620 (15.3) 608 (22.1) 1902 (16.5) 524 (27.1)

High or binged 1368 (12.9) 407 (14.8) 1097 (9.5) 202 (10.5)

History of smoking or current
smoker

3098 (29.2) 942 (34.3) <.001 2597 (22.5) 418 (21.6) .39

mAHEI Score, mean (SD)e 23 (6) 23 (7) .001 23 (6) 24 (7) <.001

Body mass index, mean (SD)f 25.6 (4.8) 26.6 (5.0) <.001 25.5 (4.7) 26.2 (5.0) <.001

Waist-to-hip ratio, mean (SD) 0.93 (0.08) 0.95 (0.09) <.001 0.92 (0.08) 0.93 (0.08) <.001

Hypertensiong 7718 (72.8) 1980 (72.1) .50 5430 (47.1) 938 (48.5) .24

HDL cholesterol level,
mean (SD), mg/dLh

42.9 (14.3) 42.9 (14.3) .45 45.2 (15.1) 44.8 (15.4) .02

Non-HDL cholesterol level,
mg/dLh

137.5 (44.8) 141.7 (46.7) <.001 140.5 (42.5) 139.8 (41.7) .61

Diabetesi 2956 (27.9) 787 (28.7) .39 2567 (22.3) 387 (20.0) .03

History of atrial fibrillation or
flutter

1054 (9.9) 261 (9.5) .50 305 (2.6) 64 (3.3) .10

Financial stress, moderate or
severe

5059 (47.7) 1935 (70.5) <.001 5234 (45.4) 1321 (68.3) <.001

Home stress

Never 4212 (39.7) 194 (7.1)

<.001

5041 (43.7) 172 (8.9)

<.001Some of the time 6393 (60.3) 650 (23.7) 6488 (56.3) 467 (24.2)

Several periods or
permanent

0 1901 (69.3) 0 1292 (66.8)

Work stressc

Never 1273 (32.4) 64 (4.1)

<.001

1572 (33.9) 49 (4.4)

<.001Some of the time 2655 (67.6) 229 (14.8) 3071 (66.1) 185 (16.5)

Several periods or
permanent

0 1257 (81.1) 0 887 (79.1)

Stressful life events

1 2061 (19.4) 811 (29.5)
<.001

2137 (18.5) 554 (28.7)
<.001

≥2 939 (8.9) 853 (31.1) 961 (8.3) 561 (29.0)

(continued)
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(odds ratio [OR], 1.95 [95% CI, 1.77-2.15]), ischemic stroke (OR, 1.82 [95% CI, 1.63-2.03]), and
intracerebral hemorrhage (OR, 2.55 [95% CI, 2.05-3.18]) on multivariable analysis (Figure 2 and
eFigure and eTable 2 in Supplement 1). A total of 5266 cases (39.1%) and 5614 controls (41.6%) were
employed. We had missing data for work stress for 175 participants (1.6%) who were working. During
the previous year, 1214 cases who were working (23.1%) experienced several periods of work stress
or permanent work stress compared with 865 controls (15.4%). Several periods of work stress or
permanent work stress was associated with increased odds of all stroke (OR, 2.70 [95% CI,
2.25-3.23]), ischemic stroke (OR, 2.27 [95% CI, 1.85-2.78]), and intracerebral hemorrhage (OR, 5.20
[95% CI, 3.48-7.77]) on multivariable analysis (Figure 2 and eFigure and eTable 2 in Supplement 1).
There was a higher magnitude of association of several periods of home stress or permanent home
stress among those who experienced several periods of work stress or permanent work stress (OR,
3.64 [95% CI, 2.79-4.75]) (eTable 2 in Supplement 1).

Any stressful life event was also associated with increased odds of stroke (OR, 1.17 [95% CI,
1.09-1.25]), with higher magnitude of association for 2 or more stressful life events (OR, 1.31 [95% CI,
1.19-1.43]) (Figure 2 and eTable 2 in Supplement 1). Of the stressful life events, major intrafamily

Table. Cardiovascular Risk Factors, Educational Level, and Other Psychosocial Variables by General Stress Levela (continued)

Characteristic

Cases (n = 13 350) Controls (n = 13 462)

Stress level

P valueb

Stress level

P valueb
None or some periods
(n = 10 605)

Several periods or
permanent (n = 2745)

None or some periods
(n = 11 529)

Several periods or
permanent (n = 1933)

Depressive symptoms, sad in
last 2 wk

1439 (13.6) 1007 (36.7) <.001 1241 (10.8) 660 (34.1) <.001

High locus of control 8954 (85.2) 1840 (67.8) <.001 10 078 (87.6) 1440 (74.7) <.001

Abbreviations: HDL, high-density lipoprotein; mAHEI, modified Alternative Healthy
Eating Index.
a Unless otherwise indicated, data are expressed as No. (%) of participants. Owing to

missing data, percentages may not total 100 for each category.
b Calculated using the Wilcoxon rank-sum test and Pearson χ2 test.
c Includes respondents who were employed.
d Low or moderate intake defined as 0 to 30 U/mo; high or binge, greater than 30 U/mo.

e Scores range from 0 to 70, with higher scores indicating a healthier diet.
f Calculated as weight in kilograms divided by height in meters squared.
g Defined as a history of hypertension or blood pressure of greater than 140/90 mm Hg

on admission.
h To convert to mmol/L, multiply by 0.0259.
i Indicates history of diabetes or hemoglobin A1c level of at least 6.5%.

Figure 1. Prevalence of General Stress by Country Region and Income Level
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For regions, participants include 267 cases and 246 controls in Africa; 364 cases and 201
controls in China; 363 cases and 282 controls in Eastern and Central Europe and the
Middle East; 370 cases and 241 controls in South America; 604 cases and 306 controls
in South Asia; 241 cases and 223 controls in Southeast Asia; and 536 cases and 434

controls in Western Europe, North America, and Australasia. For country income level,
participants include 2415 cases and 2333 controls in high-income countries (HIC); 2766
cases and 2750 controls in low-income countries (LIC); and 4242 cases and 3748
controls in middle-income countries (MIC).
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conflict (OR, 1.77 [95% CI, 1.60-1.96]), marital separation or divorce (OR, 1.33 [95% CI, 1.07-1.66]),
death of a spouse (OR, 1.35 [95% CI, 1.11-1.63]), and violence (OR, 1.26 [95% CI, 1.03-1.54]) were
individually associated with a significantly increased odds of all stroke (eTable 3 in Supplement 1).

Higher locus of control at home was associated with a reduced odds of all stroke (OR, 0.73 [95%
CI, 0.68-0.79]). However, higher locus of control at work was not associated with risk of stroke (OR,
0.90 [95% CI, 0.80-1.01]) (Figure 3). In those who experienced several periods of home stress or

Figure 2. Association of Stress Types and Risk of Stroke
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Multivariable analysis adjusted for covariates in the primary model, including occupation, educational level, and wealth index. Work stress analysis included only those participants
who were working. ICH indicates intracerebral hemorrhage; OR, odds ratio.
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permanent home stress, high life control was associated with lower odds for all stroke (OR, 1.69 [95%
CI, 1.44-1.98]) compared with low life control (OR, 2.40 [95% CI, 2.11-2.72]) (P < .001 for interaction)
(eTable 4 in Supplement 1). Similarly, among those who experienced several periods of work stress or
permanent work stress, high work control was associated with lower odds for all stroke (OR, 2.20
[95% CI, 1.88-2.58]) compared with low work control (OR, 2.70 [95% CI, 2.16-3.37]) (P = .008 for
interaction) (eTable 4 in Supplement 1). The interaction between work control and home stress was
not significant (P = .02 for interaction). High life control also modified the association of death or
major illness of a family member and risk of stroke (OR for high control, 0.93 [95% CI, 0.82-1.05]; OR
for low control, 0.99 [95% CI, 0.91-1.08]; P = .007 for interaction), but not other discrete life events.
eTable 5 in Supplement 1 reports an analysis stratified by control.

eTable 6 in Supplement 1 presents an analysis stratified by region, demonstrating a significant
association between several periods of general stress or permanent general stress with all stroke in all
regions other than Africa (P < .001 for interaction). The association between several periods of global
stress or permanent global stress and all stroke was not significant within Africa for ischemic stroke
(OR, 0.86 [95% CI, 0.57-1.31]) but was associated with a significant increase in intracerebral
hemorrhage (OR, 2.00 [95% CI, 1.04-3.84]) (eTable 6 in Supplement 1).

eTable 7 in Supplement 1 presents analysis stratified by sex, demonstrating a consistent
association between chronic stress domains and all stroke. The association between some stressful
life events and all stroke varied by sex; major intrafamily conflict was associated a higher risk of stroke
in men (OR, 1.96 [95% CI, 1.72-2.23]) compared with women (OR, 1.64 [95% CI, 1.43-1.88]) (P = .02
for interaction), and other stressful life events were associated with higher odds of all stroke in men
(OR, 1.69 [95% CI, 1.44-1.98]) compared with women (OR, 1.27 [95% CI, 1.07-1.51]) (P = .008 for
interaction).

eTable 8 in Supplement 1 presents an analysis stratified by age group (<45, 45-65, and >65
years). The association of home stress and work stress with all stroke was consistent across age
groups. Financial stress was associated with the highest odds of all stroke in those aged 45 to 65
years (OR, 1.85 [95% CI, 1.58-2.17]) (P < .001 for interaction). The association between other stress
and all stroke also varied by age group, with highest odds of all stroke in those younger than 45 years
(OR, 2.25 [95% CI, 1.59-3.17]). Business failure or loss of crop was associated with highest odds of all

Figure 3. Association of Life and Work Control and Risk of Stroke
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stroke in those younger than 45 years (OR, 1.13 [95% CI, 0.79-1.61]) (P = .05 for interaction). The
association of discrete stressful life events (with the exception of business failure or loss of crop) and
all stroke was consistent across age groups.

eTable 9 in Supplement 1 presents a sensitivity analysis reporting the association of stress
domains and stroke adjusted for the primary model and the other stress domains. There was no
material difference in conclusions.

Discussion

Our study found that self-reported psychosocial stress within the previous 12 months was associated
with increased risk of all stroke, ischemic stroke, and hemorrhagic stroke. This association was
consistent for all stress domains, including work stress, home stress, and financial stress. The
association was independent of socioeconomic status, occupation, and educational level and
remained significant after adjustment for cardiovascular risk factors, suggesting that some of the
association may be independent of other cardiovascular risk factors (eg, blood pressure, smoking,
unhealthy diet). We report that higher locus of control at work and home diminished the magnitude
of association between context-specific psychosocial stress and odds of acute stroke.

Our findings from the INTERSTROKE study add to prior evidence, which has come
predominantly from studies in high-income countries.1,2 The association between stress and stroke
was first reported in the early 1990s, with observational studies identifying that stroke had a higher
incidence in men with high self-perceived stress ratings.15 Since then, numerous studies have
evaluated the association of stress and stroke, and meta-analyses of these studies1 report a
significant increase in stroke risk and other cardiovascular events. Our estimate of increased risk
associated with global stress is consistent with a systematic review of prospective cohort studies16

and case-controls studies,3 as is the finding that stress is a stronger risk factor for intracerebral
hemorrhage than for ischemic stroke. In general, case-control studies, other than our present
analysis, have reported higher magnitudes of risk than prospective cohort studies, which may relate
to recall bias in case-control studies with spurious inflation of ORs. However, it may also relate to
differences in the type of association, in that prospective cohort studies often measure stress at an
interval that is remote from the cardiovascular event, whereas case-controls studies capture recent
exposure to stress, which may reflect both chronic exposure and acute triggering increases in
stress.17 Therefore, a higher magnitude of risk, if the association of stress and stroke is truly causal,
might be expected in case-control studies, which is unrelated to biases.

The European Society of Cardiology5 and American Heart Association6 guidelines for
cardiovascular prevention include stress as a potentially modifiable risk factor for stroke and
coronary heart disease. The European Society of Cardiology makes a class IA recommendation to
integrate stress management and counselling on psychosocial risk factors for individuals at very high
cardiovascular risk.5 However, optimal approaches to managing and preventing psychosocial stress
are uncertain. A Cochrane review of psychological interventions for coronary heart disease18

reported a significant reduction in cardiovascular mortality in intervention groups compared with
control groups but noted the heterogeneity of interventions and low quality of evidence.
Interventions included in studies were multicomponent, and the most common domains were
cognitive behavioral therapy, relaxation techniques, client-led discussion, stress management,
exercise regimens, and anger management.18 The World Health Organization19 also released
guidance on management of conditions specifically related to stress and a mental health intervention
guide in 2013. However, stress interventions face numerous challenges, including lack of availability
of resources, particularly in lower income countries (eg, access to cognitive behavioral therapy), and
ongoing stressors that will not be modifiable for the individual (eg, chronic poverty, being a refugee,
or ongoing armed conflict).13,20 Our findings would support the need to develop generalizable,
effective, and feasible interventions to reduce psychosocial stressors, whereas relieving conditions
related to poverty and conflicts will rest with political decisions.
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Several studies have shown that low control in the work place is a risk factor for cardiovascular
disease.21-23 There is also evidence that job strain (high demands and low control) is associated with
increased risk of ischemic stroke.24 We report a significant interaction between locus of control and
stress at home and work, which is consistent with findings of the INTERHEART study.3 We observed a
source-specific interaction, with locus of control at work a stronger effect modifier of the association
with work stress (P = .008 for interaction) and stroke (P = .02 for interaction) compared with home
stress. These findings suggest that improvement in locus of control might be an important target for
mitigating adverse cardiovascular outcomes associated with psychosocial stress. In particular,
workplace intervention may be promising, based on the demand-control-support model of
workplace and health association. This model hypothesizes that job demands may negatively impact
employees’ health; however, employees may decrease stress by increasing control or developing
supportive relationships within the workplace.25 Karasek et al25 proposed that interventions to
reduce work strain be considered macro or organizational-level interventions or micro or individual-
level interventions. A systematic review of organizational-level interventions26 suggests that
participation interventions (eg, flexible working hours or problem-solving committees) at an
organizational level may improve health outcomes. A companion systematic review of individual-
level interventions27 demonstrated that task restructuring that increases demand or decreases
control adversely affected employees’ health, supporting interventions to improve job control.

Several mechanisms have been proposed to explain the association between stress and stroke
or cardiovascular risk. Acute stress may trigger an event by leading to activation of the sympathetic
nervous system causing vasoconstriction and plaque rupture in vulnerable individuals.7 Chronic
stress is hypothesized to cause dysregulation of the sympathetic system, endothelial dysfunction,
and atherosclerosis.28 Stress may indirectly increase stroke risk by fostering unhealthy behaviors.29

We note that those who reported several periods of general stress or permanent general stress were
more likely to be mainly sedentary, had higher body mass index, and more frequently reported high
levels of alcohol intake. However, the association between general stress and stroke does not appear
to be attenuated by the addition of behavioral risk factors in our findings (model 3, eFigure in
Supplement 1).

Limitations
This study has some limitations. Stress was self-reported, and the perception of stress may vary
between individuals and may be subject to recall bias. Stress and depressive symptoms are common
after stroke.30,31 To mitigate the potential for reverse-causation bias, cases were instructed to answer
as they would before their stroke. In addition, the interpretation of questions on stress may vary by
country and culture, making interpretation of regional variations in prevalence uncertain.32 However,
this source of potential bias should not influence the magnitude of association, which is expected to
be represented in cases and controls similarly.

Conclusions

The findings of this international case-control study suggest association between psychosocial stress
and stressful life events with increased risk of all stroke. This association is consistent for ischemic
and hemorrhagic stroke types. Our findings suggest that the association between stress and stroke
is consistent across age groups and geographic regions, with the possible exception of Africa. Locus
of control and its relevant components, life control and work control, appear to be important effect
modifiers. The association between locus of control and stroke appears to be contextual (eg, work
control appears to modify the effect size of work stress on stroke risk). Locus of control warrants
further evaluation as a potential target for public health interventions.
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