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IT HAS BEEN SHOWN IN SEVERAL1-6 BUT

not all studies7-9 that job strain, a
combination of high psychologi-
cal demands and low decision lati-

tude,10 increases the risk of a first coro-
nary heart disease (CHD) event.
However, the association of job strain
with the risk of recurrent CHD events
after a first myocardial infarction (MI)
has been documented in only 2 pro-
spective studies whose findings were in-
consistent.11,12 Two major limitations of
these previous studies were that they
did not assess the duration of psycho-
social work exposure11-13 and were con-
ducted with a limited number of par-
ticipants (n=62,11 n=20012). Our study
was undertaken to determine whether
job strain increases the risk of recur-
rent CHD events when the duration of
psychosocial work exposure is taken
into account in a large cohort who re-
turned to work after a first recent MI.

METHODS
Patients and Data Collection

A total of 1191 patients younger than
60 years were recruited from 30 hos-
pitals in the province of Quebec,
Canada, between November 1995 and

October 1997. Eligible patients had a
first acute MI, held a paid job in the 12
months before their MI, and planned
to return to work at least 10 hours per
week within 18 months after their MI.
The ethics board of each hospital ap-
proved the study. Written informed
consent was obtained before hospital
discharge. The final study population
included 972 patients (FIGURE 1).

Medical information regarding the
acute MI and past medical history
was documented during the first hos-
pitalization. Participants were inter-
viewed 3 times by telephone: at base-
line in 1996-1998, an average of 6

weeks after their return to work, 2.2
years later in 1998-2000, and after
6.9 years in 2003-2005. Validated
questionnaires for the first 2 inter-
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Context There is evidence that job strain increases the risk of a first coronary heart
disease (CHD) event. However, little is known about its association with the risk of
recurrent CHD events after a first myocardial infarction (MI).

Objective To determine whether job strain increases the risk of recurrent CHD events.

Design, Setting, and Patients Prospective cohort study of 972 men and women
aged 35 to 59 years who returned to work after a first MI and were then followed up
between February 10, 1996, and June 22, 2005. Patients were interviewed at base-
line (on average, 6 weeks after their return to work), then after 2 and 6 years subse-
quently. Job strain, a combination of high psychological demands and low decision
latitude, was evaluated in 4 quadrants: high strain (high demands and low latitude),
active (high demands and high latitude), passive (low demands and low latitude), and
low strain. A chronic job strain variable was constructed based on the first 2 inter-
views, and patients were divided into those exposed to high strain at both interviews
and those unexposed to high strain at 1 or both interviews. The survival analyses were
presented separately for 2 periods: before 2.2 years and at 2.2 years and beyond.

Main Outcome Measure The outcome was a composite of fatal CHD, nonfatal
MI, and unstable angina.

Results The outcome was documented in 206 patients. In the unadjusted analysis,
chronic job strain was associated with recurrent CHD in the second period after 2.2
years of follow-up (hazard ratio [HR], 2.20; 95% CI, 1.32-3.66; respective event rates
for patients exposed and unexposed to chronic job strain, 6.18 and 2.81 per 100 person-
years). Chronic job strain remained an independent predictor of recurrent CHD in a
multivariate model adjusted for 26 potentially confounding factors (HR, 2.00; 95%
CI, 1.08-3.72).

Conclusion Chronic job strain after a first MI was associated with an increased risk
of recurrent CHD.
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views focused on demographics, hos-
pital readmission, physical and
chemical exposures at work, psycho-
social factors in and outside work,
personality, and CHD risk factors.
The third interview focused on car-
diovascular and noncardiovascular
hospital readmissions. A listing of
hospital readmissions was compiled
for each patient and used to search
medical records throughout hospitals
in Canada and abroad.

Hospital readmissions and causes of
death were checked against 2 valid and
reliable administrative databases: the
hospital summary database for Que-
bec residents (MED-ECHO)14,15 and the
Quebec Institute of Statistics,16,17 with
agreement for 98.8% of recurrent CHD
events. We searched medical charts and
databases for recurrence data for those
who did not participate in a second or
third interview. The period between MI
and the baseline interview was consid-
ered as immortal person-time18 and ex-
cluded from the analyses.

Outcome

The outcome was the first recurrent
CHD event among a composite of
fatal CHD, nonfatal MI, and unstable
angina. A cardiologist and a vascular
specialist, who were blind to the
patients’ characteristics, adjudicated
the first MI, and each subsequent
cardiovascular outcome. An MI diag-
nosis19 required an increase in car-
diac enzymes with 1 of the following
symptoms: ischemic chest pain, evo-
lutionary ST-T segment changes, or
new Q waves. The unstable angina
diagnosis required hospitalization
due to prolonged chest discomfort
attributed to angina with either
i schemic e lec t rocardiographic
changes or urgent coronary revascu-
larization within 14 days of symptom
onset.

Causes of death were ascertained
with hospital charts, next-of-kin inter-
views, autopsy result, and death cer-
tificates. CHD deaths were defined by
the International Classification of Dis-
eases, Ninth Revision, codes 410-414 as
underlying causes of death.

Job Strain
Psychological demands and decision
latitude were assessed using the 18-
item scale of the French validated ver-
sion20,21 of the Karasek Job Content
Questionnaire.22,23 Psychological de-
mands refer to the quantity of work, in-
tellectual requirements, and time con-
straints. Decision latitude refers to the
possibility of making decisions, being
creative, and using and developing one’s
abilities. Job strain was constructed by
the combination of demands and lati-
tude that were both dichotomized at the
median of the distribution of a ran-
dom sample of the general working
population21 and divided into 4 quad-
rants23: high strain (high demands and
low latitude), active (high demands and
high latitude), passive (low demands
and low latitude), and low strain or
reference (low demands and high
latitude). With respect to baseline char-
acteristics, job strain was also dichoto-
mized into high strain vs non–high
strain categories (after merging the ac-
tive, passive, and low quadrants).

We hypothesized that the effects of
exposure would persist during the
first 6 months after the end of
employment at a given job. Therefore,
the psychosocial categories were
imputed using information from the
baseline interview for the 18 patients
who at their second interview had
ceased working for 6 months or less
at their baseline job.

A 3-level variable of chronic job
strain was constructed to assess the
duration of exposure to high strain
between baseline and the second
interview: exposed to high strain at
both interviews, unexposed or refer-
ence (the categories of nonhigh
strain at either or both interviews
were put together because of their
similar rates), and stopped working
for more than 6 months (separate
category of 97 patients who had
stopped working for more than 6
months before their second inter-
view). Job strain quotient (demands/
la t i tude) , 2 4 and psycholog ica l
demand and decision latitude scores
were split into quartiles for analysis.

Other Measurements
The following classes of characteris-
tics were assessed as potential con-
founders in multivariate models.

Sociodemographics: sex, age, mari-
tal status, education, perceived eco-
nomic situation.

CHD risk factors: hypertension,
dyslipidemia (treated or noted in
medical record or diagnosed after
first MI), diabetes mellitus, smoking
status after MI, primary family mem-
bers experiencing CHD younger than
60 years, and body mass index,
obtained by self-report of height and
weight.

Figure 1. Flow Diagram

950 Completed second
telephone interview
939 Patients
11 Next-of-kin of

deceased patients

972 Completed baseline
telephone interview
(study population)

1018 Completed in-hospital
data collection

1191 Eligible

1357 Patients hospitalized for acute myocardial
infarction assessed for eligibility

942 Completed third
telephone interview
902 Patients
40 Next-of-kin of

deceased patients

173 Refused to participate

46 Nonrespondents
29 Refused
17 Lost to follow-up

22 Nonrespondents of 972
participants
15 Refused
6 Lost to follow-up
1 Inability to responda

30 Nonrespondents of 972
participants
10 Refused
17 Lost to follow-up
3 Inability to responda

166 Ineligible
114 Did not return to work
35 Selection errors
10 Inability to responda

7 Died

a Includes those who had language barriers or could
not participate because they were too sick.
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Table 1. Baseline Characteristics by Levels of Job Strain and Associations With Recurrent Coronary Heart Disease Eventsa

No. (%)

All Patients
(N = 972)

Event
Rateb

Hazard Ratio
(95% CI)

Nonhigh Job
Strain

(n = 771)

High Job
Strain

(n = 201)
Sociodemographics

Sex
Women 67 (8.7) 39 (19.4) 106 3.39 1 [Reference]
Men 704 (91.3) 162 (80.6) 866 3.62 1.07 (0.68-1.68)

Age, y
�39 76 (9.9) 25 (12.4) 101 4.91 1 [Reference]
40-49 351 (45.5) 94 (46.8) 445 3.46 0.71 (0.47-1.08)
50-59 344 (44.6) 82 (40.8) 426 3.44 0.71 (0.46-1.08)

Marital status
Married/common law partner 651 (84.4) 159 (79.1) 810 3.62 1 [Reference]
Divorced/separated/widowed/single 120 (15.6) 42 (20.9) 162 3.47 0.95 (0.65-1.39)

Educational level
College/university education 354 (45.9) 68 (33.8) 422 3.14 1 [Reference]
Primary/high school education 417 (54.1) 133 (66.2) 550 3.97 1.25 (0.95-1.66)

CHD risk factors
Hypertension

No 571 (74.1) 151 (75.1) 722 2.92 1 [Reference]
Treated 132 (17.1) 35 (17.4) 167 5.32 1.80 (1.29-2.50)
Untreated 68 (8.8) 15 (7.5) 83 6.63 2.25 (1.51-3.34)

Dyslipidemia
No 271 (35.1) 64 (31.8) 335 1.45 1 [Reference]
Yes 500 (64.9) 137 (68.2) 637 4.87 3.31 (2.26-4.85)

Diabetes mellitus
No 662 (85.9) 182 (90.5) 844 3.43 1 [Reference]
Yes 109 (14.1) 19 (9.5) 128 4.76 1.39 (0.97-2.00)

Smoking status
Nonsmoker 87 (11.3) 16 (8.0) 103 3.29 1 [Reference]
Ex-smoker 482 (62.7) 116 (57.7) 598 2.87 0.88 (0.55-1.42)
Current smoker 200 (26.0) 69 (34.3) 269 5.57 1.69 (1.04-2.75)

Family history of CHD �60 y
No 388 (50.3) 84 (41.8) 472 3.00 1 [Reference]
Yes 383 (49.7) 117 (58.2) 500 4.19 1.39 (1.05-1.83)

BMI, mean (SD)
�30 623 (80.9) 156 (77.6) 779 3.38 1 [Reference]
�30 147 (19.1) 45 (22.4) 192 4.45 1.31 (0.95-1.81)

Lifestyle factors
Alcohol consumption per week, No. of drinks

0 286 (37.1) 80 (39.8) 366 3.50 1 [Reference]
1-10 377 (48.9) 96 (47.8) 473 3.58 1.02 (0.76-1.38)
�10 108 (14.0) 25 (12.4) 133 3.90 1.12 (0.74-1.70)

Physical activity per week
Vigorous 310 (40.2) 86 (42.8) 396 3.61 1 [Reference]
Moderate 335 (43.5) 67 (33.3) 402 3.33 0.92 (0.68-1.25)
Inactivity 126 (16.3) 48 (23.9) 174 4.25 1.17 (0.81-1.69)

Clinical prognostic factors
Prior comorbid conditionsc

Anginad 79 (10.3) 22 (10.9) 101
Percutaneous coronary interventiond 10 (1.3) 5 (2.5) 15
Coronary artery bypass graft surgeryd 6 (0.8) 2 (1.0) 8
Stroke/transient ischemic attackd 8 (1.0) 3 (1.5) 11
Peripheral vascular diseased 36 (4.7) 9 (4.5) 45
COPDd 44 (5.7) 9 (4.5) 53

Prior comorbid conditions, No.
0 624 (80.9) 165 (82.1) 789 3.21 1 [Reference]
�1 147 (19.1) 36 (17.9) 183 5.46 1.68 (1.23-2.30)

LVEF, %
�40 622 (90.4) 170 (90.9) 792 3.53 1 [Reference]
�40 66 (9.6) 17 (9.1) 83 4.22 1.19 (0.75-1.90)

(continued)
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Lifestylefactors:alcoholconsumption;
physicalactivityperformedwithinthelast
2 weeks evaluated in metabolic equiva-

lent tasks–hours per week (METs-h/wk:
0 for inactivity,0.25-14.08 formoderate,
and �14.08 for vigorous exercise).25

Clinical prognostic factors: left ven-
tricular ejection fraction (LVEF) less
than 40%; number of prior comorbid

Table 1. Baseline Characteristics by Levels of Job Strain and Associations With Recurrent Coronary Heart Disease Eventsa (cont)

No. (%)

All Patients
(N = 972)

Event
Rateb

Hazard Ratio
(95% CI)

Nonhigh Job
Strain

(n = 771)

High Job
Strain

(n = 201)

Clinical prognostic factors (cont)
Admission blood pressure, mean (SD), mm Hg

Systolic 139.3 (27.1) 137.5 (26.0)

Diastolic 84.5 (16.9) 83.4 (17.2)

Hospital treatment and procedures
No thrombolysis 355 (46.0) 88 (43.8) 443 3.21 1 [Reference]

Thrombolysis 416 (54.0) 113 (56.2) 529 3.94 1.23 (0.93-1.62)

Discharge medicationsc

Antiplatelet agentse 715 (92.7) 184 (91.5) 899

�-Blockerse 542 (70.3) 144 (71.6) 686

Lipid-lowering agentse 405 (52.5) 106 (52.7) 511

ACE inhibitorse 143 (18.5) 44 (21.9) 187

Calcium channel blockers 105 (13.6) 36 (17.9) 141

Discharge medications, No.
�3 347 (45.0) 93 (46.3) 440 3.96 1 [Reference]

2 313 (40.6) 81 (40.3) 394 3.47 0.88 (0.66-1.18)

1 98 (12.7) 23 (11.4) 121 2.53 0.64 (0.39-1.05)

0 13 (1.7) 4 (2.0) 17 5.74 1.41 (0.57-3.46)

Work environment
Baseline social support at work

High 360 (49.9) 51 (26.3) 411 4.26 1 [Reference]

Low 362 (50.1) 143 (73.7) 505 3.20 0.75 (0.57-0.99)

Chronic social support at work
High 415 (58.0) 73 (38.8) 488 3.44 1 [Reference]

Low 226 (31.6) 92 (48.9) 318 3.37 0.98 (0.72-1.34)

Stopped workingf 74 (10.4) 23 (12.2) 97 4.04 1.17 (0.74-1.85)

Physical and chemical factors, No.g

0 180 (23.3) 29 (14.4) 209 2.87 1 [Reference]

1 161 (20.9) 25 (12.4) 186 3.69 1.28 (0.82-2.00)

2 163 (21.1) 38 (18.9) 201 4.75 1.64 (1.08-2.49)

�3 267 (34.6) 109 (54.2) 376 3.38 1.17 (0.79-1.74)

Adverse work organization factors, No.
0 93 (12.1) 32 (15.9) 125 3.26 1 [Reference]

1 365 (47.3) 106 (52.7) 471 2.89 0.89 (0.57-1.41)

2 222 (28.8) 45 (22.4) 267 4.33 1.32 (0.83-2.11)

�3 91 (11.8) 18 (9.0) 109 5.44 1.66 (0.98-2.82)

Other factors
Social support outside work

High 610 (79.1) 148 (73.6) 758 3.44 1 [Reference]

Low 161 (20.9) 53 (26.4) 214 4.17 1.20 (0.88-1.65)

Psychological distress
Low 548 (71.1) 117 (58.2) 665 3.31 1 [Reference]

High 223 (28.9) 84 (41.8) 307 4.25 1.27 (0.96-1.69)
Abbreviations: ACE, angiotensin-converting enzyme; BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; CHD, coronary heart disease;

CI, confidence interval; COPD, chronic obstructive pulmonary disease; LVEF, left ventricular ejection fraction.
aDenominator may vary due to missing information.
bEvent rate per 100 person-years.
cEmpty cells corresponded to variables not included individually in multivariate analyses but that were included in index variables (number of prior comorbid conditions, number of

discharge medications).
dComorbid conditions included in the number of prior comorbid conditions.
eMedication included in the number of discharge medications.
fStopped working for more than 6 months before the second interview.
gDescribed in the “Methods” section.
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conditions (stroke, angina, coronary re-
vascularization, chronic pulmonary dis-
ease); thrombolysis; number of in-
hospital events during the first MI
(reinfarction, recurrent angina, conges-
tive heart failure, cardiac arrest, and coro-
nary revascularization); and number of
recommended medications after dis-
charge.

Other work environment character-
istics: social support at work assessed
using four 5-item subscales of super-
visor and coworker support and con-
flict from the validated Work Interper-
sonal Relationship Inventory.26 The
workers without a supervisor at base-
line (n=178, 18.3%) and at the sec-
ond interview (n=181, 18.6%) were im-
puted the double score of coworker
support. A 2-level variable dichoto-
mized at the median of the sample was
used to measure baseline and chronic
low social support at work between
baseline and the second interview. The
other variables were the number of
physical and chemical exposures at
work (passive smoking, chemicals, pol-
lution, noise, excessive heat, exces-
sive cold, and physical exertion at
work); and the number of adverse work

organization factors (absence of rest pe-
riods; owner, shareholder, or partner;
seasonal job; self-employed; second
paid job; 45-97 work hours per week
and night work).

Other factors: social support out-
side work (low �0, high = 0; range
0-11), using an 11-item subscale of the
validated 19-item Medical Outcomes
Study (MOS) Social Support Survey27;
3 personality factors with their scores
split at the median (alexithymia,28 hos-
tile affect,29 and suppressed anger30);
and psychological distress (dichoto-
mized at the highest quintile observed
in the general population).31,32

Data Analyses

Person-years of follow-up were calcu-
lated from the baseline interview until
the first recurrent CHD event, death,
or the third interview, whichever
came first. The third-interview nonre-
spondents were considered as drop-
outs and censored at the midpoint of
the interval between the second and
third interviews. Survival curves were
obtained by the Kaplan-Meier method
with log-rank test for comparison.
Unadjusted rates of recurrent CHD

per 100 person-years were computed.
Cox regression models were used to
estimate hazard ratios (HRs) of recur-
rent CHD and their 95% confidence
intervals (CIs). The graphical check
for parallelism between log-log curves
suggested nonproportional hazards at
approximately 2.2 years. The time
axis partition revealed significant sta-
tistical interactions between job strain
and each of these periods. Accord-
ingly, all analyses were presented
separately for the periods less than 2.2
and 2.2 or more years. Concerning
chronic job strain, the study had
respective statistical powers of 64%
and 88% over the first and second
periods to detect an HR of 2.0. All
tests of significance (P�.05) were
2-tailed.

The model was first adjusted for each
variable to test whether confounding
changed the effect estimate by at least
5%. Variance inflation factors and con-
dition indices revealed no multicol-
linearity between cofactors. Based on
prior knowledge,33-35 the modifying ef-
fects of sociodemographics and chronic
low social support at work were ana-
lyzed with statistical interaction terms

Table 2. Unadjusted Hazard Ratios of Recurrent Coronary Heart Disease Events by Baseline Job Strain Components and Follow-up

Job Strain Components

Follow-up �2.2 y Follow-up �2.2 y

No. (%)
(N = 972)

Event Rate/100
Person-Years
(No. of Events)

Unadjusted HR
(95% CI)

No. (%)
(n = 862)

Event Rate/100
Person-Years
(No. of Events)

Unadjusted HR
(95% CI)

Psychological demands at baseline, quartile
(score range)a

1 (12.0-20.6) 203 (20.9) 5.91 (24) 1 [Reference] 172 (20.0) 1.70 (13) 1 [Reference]

2 (21.0-23.0) 295 (30.4) 5.98 (36) 1.01 (0.60-1.70) 258 (29.9) 3.08 (34) 1.81 (0.95-3.42)

3 (23.1-26.0) 255 (26.2) 2.80 (15) 0.48 (0.25-0.91) 237 (27.5) 4.05 (40) 2.37 (1.27-4.42)

4 (27.0-36.0) 219 (22.5) 4.21 (19) 0.71 (0.39-1.30) 195 (22.6) 2.88 (25) 1.69 (0.87-3.31)

Decision latitude at baseline, quartile
(score range)b

4 (82.0-96.0) 219 (22.5) 4.39 (20) 1 [Reference] 197 (22.9) 2.60 (23) 1 [Reference]

3 (74.0-80.0) 230 (23.7) 4.23 (20) 0.96 (0.52-1.79) 205 (23.8) 3.16 (28) 1.21 (0.70-2.10)

2 (68.0-72.0) 261 (26.8) 6.75 (35) 1.53 (0.88-2.65) 220 (25.5) 2.88 (27) 1.11 (0.64-1.93)

1 (24.0-66.0) 262 (27.0) 3.46 (19) 0.79 (0.42-1.47) 240 (27.8) 3.34 (34) 1.29 (0.76-2.18)

Job strain at baseline
Low strain 177 (18.2) 5.83 (21) 1 [Reference] 153 (17.7) 3.15 (21) 1 [Reference]

Passive 322 (33.1) 6.00 (39) 1.03 (0.60-1.75) 278 (32.3) 2.15 (26) 0.69 (0.39-1.22)

Active 272 (28.0) 3.35 (19) 0.58 (0.31-1.07) 249 (28.9) 2.71 (30) 0.86 (0.49-1.50)

High strain 201 (20.7) 3.59 (15) 0.62 (0.32-1.20) 182 (21.1) 4.69 (35) 1.48 (0.86-2.55)
Abbreviations: CI, confidence interval; HR, hazard ratio.
aNine-item scale of psychological demands of the Karasek Job Content Questionnaire (score range, 12.0-36.0).
bNine-item scale of decision latitude from the Karasek Job Content Questionnaire (score range, 24.0-96.0).
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along with job strain (P� .10). The sec-
ond-interview nonrespondents (n=22),
the deceased (n=11), and the patients
on long-term sick leave (n=10) were
excluded from analysis of chronic job
strain. We used dummy indicators for
LVEF (n=97, 10%) and chronic social
support at work (n=69, 7.1%) with
missing information for more than 5%
of the participants. Little missing in-
formation was otherwise observed:
smoking status (n=2), body mass in-
dex (n = 1), and suppressed anger
(n = 1). Second, the model was ad-
justed sequentially for each subgroup
of cofactors to assess a possible over-
adjustment by mediators such as CHD
risk factors and psychological dis-
tress. Third, the model was fully ad-
justed for fixed and time-dependent co-
variates. Time-dependent covariates
were age, marital status, perceived eco-
nomic situation, smoking status, body
mass index, alcohol consumption,
physical activity, number of recom-
mended medications, number of ad-
verse work organization factors, so-
cial support outside work, and
psychological distress. Analyses were
performed using SAS version 9.1 (SAS
Institute Inc, Cary, North Carolina).

RESULTS
The mean (SD) time to return to work
after MI was 3.6 (2.4) months. During
the mean follow-up of 5.9 years (me-
dian 6.7 years), 206 patients had a con-
firmed recurrent CHD event (111 non-
fatal MI, 82 unstable angina, and 13 fatal
CHD), for an overall recurrent rate of
3.60 per 100 person-years correspond-
ing to a cumulative incidence of 21.2%.
Of these 206 patients, 22 (10.7%) had
a second recurrence, the first recur-
rence having occurred between the first
MI and the baseline interview. The base-
line characteristics of the 950 respon-
dents and the 22 nonrespondents at the
second interview were similar, except
that the nonrespondents were more
likely to be divorced, separated, or
single; to be less educated; to have un-
treated hypertension, diabetes melli-
tus, and psychological distress; and to
be heavy drinkers (P� .05).

Patients exposed to high strain dif-
fered from unexposed patients with re-
spect to sex, education, smoking sta-
tus, family history of premature CHD,
physical activity, and social support at
work (P� .05, TABLE 1). Cofactors such
as CHD risk factors, number of prior

comorbid conditions, 2 physical and
chemical exposures at work, 3 or more
adverse work organization factors and
psychological distress increased the
risks of recurrent CHD.

There was little association of base-
line exposure to job strain components

Table 3. Adjusted Hazard Ratios of Recurrent Coronary Heart Disease Events by Baseline Job
Strain Components and Follow-up

Job Strain Components (n = 971)

Adjusted HR (95% CI)a

Follow-up �2.2 y Follow-up �2.2 y

Psychological demands at baseline, quartile
(score range)b

1 (12.0-20.6) 1 [Reference] 1 [Reference]

2 (21.0-23.0) 0.99 (0.59-1.68) 1.77 (0.92-3.38)

3 (23.1-26.0) 0.43 (0.22-0.83) 2.25 (1.19-4.28)

4 (27.0-36.0) 0.67 (0.36-1.26) 1.59 (0.79-3.19)

Decision latitude at baseline, quartile
(score range)c

4 (82.0-96.0) 1 [Reference] 1 [Reference]

3 (74.0-80.0) 1.09 (0.58-2.05) 1.39 (0.79-2.45)

2 (68.0-72.0) 1.65 (0.93-2.92) 1.22 (0.68-2.16)

1 (24.0-66.0) 0.84 (0.44-1.61) 1.37 (0.79-2.40)

Job strain at baseline
Low strain 1 [Reference] 1 [Reference]

Passive 1.04 (0.60-1.80) 0.68 (0.38-1.23)

Active 0.54 (0.29-1.03) 0.82 (0.46-1.45)

High strain 0.58 (0.29-1.16) 1.45 (0.82-2.58)
Abbreviations: CI, confidence interval; HR, hazard ratio.
aAdjusted for 26 covariates, among which 15 were fixed (sex, education, hypertension, dyslipidemia, diabetes, family

history of coronary heart disease �60 y, left ventricular ejection fraction, number of prior comorbid conditions, throm-
bolysis, number of in-hospital events, chronic social support at work, number of physical and chemical exposures at
work, alexithymia, hostile affect, and suppressed anger) and 11 were time-dependent (age, marital status, perceived
economic situation, smoking status, body mass index, alcohol consumption, physical activity, number of recom-
mended medications, number of adverse work organization factors, social support outside work, and psychological
distress).

bNine-item scale of psychological demands of the Karasek Job Content Questionnaire (score range, 12.0-36.0).
cNine-item scale of decision latitude from the Karasek Job Content Questionnaire (score range, 24.0-96.0).

Figure 2. Cumulative Incidence of Recurrent Coronary Heart Disease Events by Chronic Job
Strain Among Patients After Myocardial Infarction
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with risk of recurrent CHD except for
the third quartile of psychological de-
mands in the second period (TABLE 2
and TABLE 3).

However, chronic exposure to job
strain was associated with an increased
risk. Indeed, Kaplan-Meier curves
showed lower survival rates for patients
exposed to chronic job strain compared
with those unexposed from 2.2 years to
theendoffollow-up(FIGURE2).Chronic
job strain was associated with a 2-fold
increase in the unadjusted risk of recur-
rentCHDinthesecondperiod(TABLE4).
There were no significant statistical in-
teractionsbetweenchronicjobstrainand
either sex (P=.56), or age (P=.72), mari-
talstatus(P=.71),education(P=.33),per-
ceived economic situation (P=.75), and
chronic low social support at work
(P=.12).

Only dyslipidemia, smoking status,
and number of adverse work organiza-
tion factors were confounders that
changed the effect estimate of chronic job
strain by at least 5%. Chronic job strain
remained associated with recurrent CHD
in all sets of sequential adjustment
(Table 4). Analysis using continuous val-
ues of chronic job strain (quotient)
yielded positive results for the last quar-
tile with an adjusted HR of 1.67 (95% CI,
0.95-2.94) in the second period.

Post hoc stratified analyses were car-
ried out separately in patients with
LVEF less than 40% to examine
whether the association of job strain
with recurrent CHD could be worse in
this subgroup. Among the 80 patients
with LVEF less than 40%, the HR of
chronic job strain was 8.02 (95% CI,
1.99-32.32) in the second period.

Among the 758 patients with LVEF of
40% or more, the HR of chronic job
strain was 1.80 (95% CI, 1.00-3.26).

COMMENT
Chronic job strain was associated with
a significantly increased risk of recur-
rent CHD events from 2.2 years of fol-
low-up and beyond among middle-
aged patients who returned to work
after a first MI. These results were
obtained after full adjustment for 26
CHD-risk factors and sociodemograph-
ics, lifestyle, and clinical-prognostic and
work-environment characteristics.

Our study has several strengths. This
was a large prospective study of men and
women with a high participation rate.
Only first definite MI cases were in-
cluded to avoid an eventual ascertain-
ment bias.36 Chronic effects of work
characteristics were calculated taking
into account changes between 2 time
points. The time at risk for exposure to
job strain was defined as starting at the
baseline interview and lasting for the first
6 months of unemployment.18 Several
potential confounders, modifiers and
mediators were measured and sequen-
tially adjusted for in models to provide
valid estimates. In general, the coro-
nary risk profile and treatment were in
line with expectations for a Canadian
post-MI population in the mid-1990s
with a preserved mean ejection frac-
tion.37,38 Results observed herein for tra-
ditional CHD risk factors follow the
prognostic patterns found in previous
population-based studies39,40 and there-
fore support the validity of the data.

Ourstratifiedanalysisshowedthat the
job strain effect may be extrapolated to
middle-aged patients but was possibly
worseforthosewithLVEFlessthan40%.
Another argument that supports the
generalizationtopatientswithLVEFless
than 40% is that, in our population, the
use of 2 evidence-based drugs such as
angiotensin-converting enzyme inhibi-
torandangiotensin-receptorblocker(re-
spectively, 65% and 58% at baseline and
the second interview) was comparable
with that found for such patients in the
general population during the same
period.41

Table 4. Unadjusted and Adjusted Hazard Ratios of Recurrent Coronary Heart Disease by
Chronic Job Strain and Follow-upa

Model Adjusted for Cofactors, by
Follow-upb

Chronic Job Strain, HR (95% CI)

Unexposed
(n = 750)c

Exposed
(n = 82)d

Stopped
Working �6 moe

(n = 97)

None
�2.2 y 1 [Reference] 0.89 (0.38-2.05) 1.83 (1.03-3.27)

�2.2 y 1 [Reference] 2.20 (1.32-3.66) 0.80 (0.39-1.66)

Sociodemographic factors
�2.2 y 1 [Reference] 0.80 (0.34-1.86) 1.99 (1.10-3.60)

�2.2 y 1 [Reference] 2.04 (1.22-3.41) 0.81 (0.39-1.69)

CHD risk factors
�2.2 y 1 [Reference] 0.76 (0.33-1.76) 1.79 (1.00-3.22)

�2.2 y 1 [Reference] 2.02 (1.21-3.37) 0.83 (0.40-1.72)

Lifestyle factors
�2.2 y 1 [Reference] 0.87 (0.38-2.02) 1.86 (1.04-3.33)

�2.2 y 1 [Reference] 2.21 (1.33-3.69) 0.81 (0.39-1.68)

Clinical prognostic factors
�2.2 y 1 [Reference] 0.90 (0.39-2.07) 1.77 (0.99-3.17)

�2.2 y 1 [Reference] 2.30 (1.37-3.84) 0.77 (0.37-1.60)

Work environment characteristics
�2.2 y 1 [Reference] 0.92 (0.40-2.15) 1.88 (1.04-3.41)

�2.2 y 1 [Reference] 2.31 (1.36-3.91) 0.88 (0.38-2.03)

Other factors
�2.2 y 1 [Reference] 0.88 (0.38-2.05) 1.79 (1.00-3.21)

�2.2 y 1 [Reference] 2.26 (1.35-3.80) 0.79 (0.38-1.62)

All cofactors
�2.2 y 1 [Reference] 0.86 (0.36-2.03) 2.00 (1.08-3.72)

�2.2 y 1 [Reference] 2.38 (1.37-4.13) 0.81 (0.34-1.90)
Abbreviations: CHD, coronary heart disease; CI, confidence interval; HR, hazard ratio; MI, myocardial infarction.
aOf the 929, 11died, 10 took long-term sick leave (� 1 year), and 22 did not respond.
bEach subgroup of cofactors is described in the “Methods” section.
cUnadjusted event rates for periods before 2.2 years is 3.94 and 2.81 at or beyond 2.2 years per 100 person-years.
dUnadjusted event rates for periods before 2.2 years is 3.49 and 6.18 at or beyond 2.2 years per 100 person-years.
eStopped working for more than 6 months before the second interview. Unadjusted event rates for periods before 2.2

years is 7.28 and 2.27 at or beyond 2.2 years per 100 person-years.
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Our study has some limitations. Mea-
surement error in job strain is possible.
However, this misclassification would
likely result in an underestimation of the
true effect.36,42 In addition, to avoid mis-
classification bias,42 the 97 patients who
had stopped working for more than 6
months before their second interview
were analyzed separately because their
risk was intermediate between those ex-
posed to chronic job strain and those un-
exposed to high strain at one or both in-
terviews. To gain statistical power,
dummy indicators were created for ejec-
tion fraction and chronic low social sup-
port. Dummy indicators could yield con-
founded results if the variables were
confounders leading to biased esti-
mates of the overall effect.18 Neverthe-
less, analysis with and without dummy
indicators generated comparable effect
estimates ensuring the validity of the re-
sults. A nonresponse bias may not sig-
nificantly impact the results of chronic
job strain since excluding the few non-
respondents at second interview (n=22,
2.3%) only slightly changed the base-
line effect estimates of job strain.

Ourstudy’s findingsshouldbeconsid-
ered in lightofother studies.Noneof the
2previousstudiesconductedonthecur-
rent topicassesseddurationofexposure.
In the first study, job strain assessed at
baselinewas foundtobean independent
predictorofCHDmortality.However,the
studywasconducted inasmall sampleof
62menofalimitedagerange(�45years).
In the second study, job strain assessed
atbaselinewasnotassociatedwithrecur-
rentCHDinacohortof200womenaged
55.8yearsonaverageandfollowedupfor
amedianof4.8yearsafteranMIoranun-
stableangina.12 Notassessingdurationof
exposure may generate an information
bias,whichcouldleadtoanunderestima-
tion of the true effect.18,35

Theresultsof thecurrentstudy,show-
ing an effect for chronic exposure while
finding no effect for exposure assessed
onlyatbaseline,underlinetheimportance
of measuring exposure duration to pro-
vide valid effect estimates that take into
accountchanges inexposureover time.13

The 2-wave data measurement allowed
us to assess for the first time the tempo-

ral relationship of job strain with recur-
rentCHD.Thesurprising lackofassocia-
tion of job strain that was observed dur-
ingthefirst2yearsofgreatervulnerability
for patients after MI could be explained
bythefact thatacertaintimelagisneeded
for jobstrain tohaveaneffectashasbeen
observed with other outcomes.43,44

High social support at work was not
associatedwith reducedrisk in this study.
This is consistent with 2 previous stud-
ies that found that social support at work
was not associated with cardiovascular
risk3,45 although one previous study did
find an association with reduced risk.46

The absence of an association could pos-
sibly be related to the specific situations
involved. Indeed, receiving social sup-
port in “no problem” and “solvable prob-
lem” situations may not be associated
with lower risk.47

The excess risk of recurrent CHD ob-
served for the third quartile of psycho-
logical demands is not supported theo-
retically10 nor empirically35 and could
reflect an artifact introduced by the cate-
gorization in quartiles.48

Several biologically plausible hypoth-
eses may explain the independent asso-
ciation of chronic job strain with recur-
rent CHD. The first hypothesis is a direct
effect of job strain via an increased acti-
vation of the sympathetic and the renin-
angiotensin-aldosterone systems con-
tributing most likely to an accentuated
inflammation of the arterial wall and sub-
sequently to the formation of thrombo-
sis.49-53 These findings are indirectly sup-
ported by the effects of job strain on heart
rate variability.49 It has also been shown
that after an MI, there is a positive rela-
tionship between reduced heart variabil-
ity, the autonomic nervous system ac-
tivities and increased inflammatory
markers.50 The second hypothesis, which
seems unlikely, is that there is an indi-
rect effect of job strain on recurrent CHD,
mediated by a lack of adherence to a
healthier lifestyle anddrug therapy.54 Our
data do not however support this hy-
pothesis because the effect remained
similar after adjustment for lifestyle and
drug therapy.

This study found that chronic job
strain significantly increased the risk of

recurrent CHD among middle-aged pa-
tients who returned to work after a first
MI. These results suggest that preven-
tive interventions aimed at reducing job
strain might have a significant impact
on recurrent CHD events. Although fur-
ther studies are required to establish op-
timal interventions, information about
the results of this study should be dis-
seminated in cardiac practice55,56 and in
occupational health services with the
aim of reducing job strain for workers
returning to work after an MI.
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Mâsse, Milot, Théroux, Dagenais.
Statistical analysis: Aboa-Éboulé, Brisson, Mâsse.
Obtained funding: Brisson, Maunsell, Bourbonnais,
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Québec. Drs Brisson and Maunsell were Canadian In-
stitutes of Health Research (CIHR) Investigators when
this work was conducted. Renée Bourbonnais re-
ceived a Research Investigator Grant from the FRSQ.
Role of the Sponsor: The funding source had no role
in the design or conduct of the study, data manage-
ment or analysis, or manuscript preparation.
AdditionalContributions:Wewishto thankthepatients
who enrolled in the study. We would like to thank Guy
Tremblay, MD, cardiologist (Hôpital du St-Sacrement,
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Breton (nurse), Stéphanie Dionne (medical archivist),
Caroline Guillemette (research assistant) and Isabelle
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13. Kivimäki M, Head J, Ferrie JE, et al. Why is evi-

dence on job strain and coronary heart disease mixed?
Psychosom Med. 2006;68(3):398-401.
14. Levy AR, Tamblyn RM, Fitchett D, McLeod PJ,
Hanley JA. Coding accuracy of hospital discharge data
for elderly survivors of myocardial infarction. Can J
Cardiol. 1999;15(11):1277-1282.
15. Monfared AA, Lelorier J. Accuracy and validity of
using medical claims data to identify episodes of hos-
pitalizations in patients with COPD. Pharmacoepide-
miol Drug Saf. 2006;15(1):19-29.
16. Shannon HS, Jamieson E, Walsh C, et al. Com-
parison of individual follow-up and computerized rec-
ord linkage using the Canadian Mortality Data Base.
Can J Public Health. 1989;80(1):54-57.
17. Goldberg MS, Carpenter M, Theriault G, Fair M.
The accuracy of ascertaining vital status in a histori-
cal cohort study of synthetic textiles workers using com-
puterized record linkage to the Canadian Mortality Data
Base. Can J Public Health. 1993;84(3):201-204.
18. Rothman K, Greenland S. Modern Epidemiology.
2nd ed. Philadelphia, PA: Lippincott Williams & Wilkins;
1998.
19. Myocardial infarction redefined—a consensus
document of The Joint European Society of Cardiology/
American College of Cardiology Committee for the
redefinition of myocardial infarction. Eur Heart J. 2000;
21(18):1502-1513.
20. Brisson C, Blanchette C, Guimont C, et al. Reli-
ability and validity of the French version of the 18-
item Karasek Job Content Questionnaire. Work Stress.
1998;12(4):322-336.
21. Larocque B, Brisson C, Blanchette C. Cohérence
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