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0 riginal article
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Psychosocial work exposures of the job strain model and cardiovascular mortality in
France: results from the STRESSJEM prospective study

by Isabelle Niedhammer, PhD,” Allison Milner, PhD,?" Béatrice Geoffroy-Perez, MD,* Thomas Coutrot, PhD,* Anthony D
LaMontagne, ScD,?° Jean-Francois Chastang, PhD'

Niedhammer I, Milner A, Geoffroy-Perez B, Coutrot T, LaMontagne AD, Chastang J-F. Psychosocial work exposures of the job
strain model and cardiovascular mortality in France: results from the STRESSJEM prospective study. Scand J Work Environ
Health. 2020;46(5):542-551. doi:10.527 1/sjweh.3902

Objectives The study aims to explore the prospective associations of the psychosocial work exposures of the
job strain model with cardiovascular mortality, including mortality for ischemic heart diseases (IHD) and stroke,
using various time-varying exposure measures in the French working population of employees.

Methods The study was based on a cohort of 798 547 men and 697 785 women for which job history data from
1976 to 2002 were linked to mortality data and causes of death from the national death registry. Psychosocial
work exposures from the validated job strain model questionnaire were assessed using a job-exposure matrix
(JEM). Three time-varying measures of exposure were studied: current, cumulative, and recency-weighted cumu-
lative exposure. Cox proportional hazards models were used to examine the associations between psychosocial
work exposures and cardiovascular mortality.

Results Within the 1976-2002 period, there were 19 264 cardiovascular deaths among men and 6181 among
women. Low decision latitude, low social support, job strain, iso-strain, passive job, and high strain were associ-
ated with cardiovascular mortality. Most of these associations were also observed for IHD and stroke mortality.
The comparison between the different exposure measures suggested that current exposure may be more important
than cumulative (or past) exposure. The population fractions of cardiovascular mortality attributable to job strain
were 5.64% for men and 6.44% for women.

Conclusions Psychosocial work exposures of the job strain model may play a role in cardiovascular mortality.
The estimated burden of cardiovascular mortality associated with these exposures underlines the need for preven-
tive policies oriented toward the psychosocial work environment.

Keyterms cardiovascular disease; cumulative exposure; job-exposure matrix; JEM; ischemic heart disease; job

stress; stroke.

Psychosocial work factors have been at the heart of occu-
pational health issues in working populations of devel-
oped countries for the last decades. They have been found
to influence cardiovascular diseases (1-4). While the
literature has been extensive on cardiovascular morbidity,
there is a lack of research on the associations between
psychosocial work factors and cardiovascular mortality.
Among the existing theoretical models, the job
strain model has been widely used for the measurement
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of psychosocial work factors through Karasek’s Job
Content Questionnaire (JCQ) (5). This model relies on
three factors: psychological demands (intense and com-
plex workload), decision latitude (skill discretion and
decision authority), and social support from supervisor
and colleagues. These three factors may have adverse
effects on health outcomes, and the model also assumes
that the combination of these factors may be still more
detrimental for health, in particular job strain (combi-
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nation of high demands and low latitude) and isostrain
(combination of job strain and low support).

A recent literature review summarized the results
on the associations between psychosocial work factors
and coronary heart disease mortality (6). Twelve studies
explored the associations between the job strain model
factors and cardiovascular mortality (7—18), three of
them were based on the same study sample and hence
can be considered as one study only (8, 14, 15). Among
eight studies exploring decision latitude, five highlighted
the influence of low decision latitude (7, 12, 14, 16, 17).
Only one study (13) of five found psychological demands
as a risk factor. Three studies explored job strain, and two
(13, 14) found that job strain was associated with cardio-
vascular mortality. Of two studies, only one (11) found an
association between iso-strain and cardiovascular mortal-
ity. Finally, two studies observed unexpected protective
effects of high demands (16), low decision authority and
low support from coworkers on cardiovascular mortality
(9). These mixed findings make it difficult to draw con-
clusions about the associations between job strain model
factors and cardiovascular mortality.

Three of the previous studies used a job-exposure
matrix (JEM) for exposure assessment (7, 12, 17). Such
a JEM has at least two major advantages in the topic
of psychosocial work exposures: it provides exposure
assessment in datasets that do not include any measure
of exposure (except job title), and it reduces the bias
related to self-reported measures, ie, reporting bias. The
use of JEM is not a novel approach in the literature.
Indeed, the pioneer studies by Alfredsson et al (19) and
Johnson et al (20) already constructed and studied JEM
for the job strain model exposures in the 1980-1990s.
However, the study of cumulative exposure in associa-
tion with cardiovascular mortality has been very rare for
the studies using JEM and in the literature in general.

Consequently, there is a lack of prospective studies
based on large national representative samples of the
working population of men and women followed up
over a long period of time, exposures from the validated
JCQ and derived from JEM, and repeated measures of
exposure over time. The present study thus attempted to
overcome shortcomings of previous studies by using a
very large nationally representative sample of the work-
ing population of men and women, evaluating exposures
via the validated JCQ and a JEM over a long period
of time, constructing various time-varying measures
of exposures, and conducting long-term follow-up for
exposure and outcome.

The objective of the study was to explore the pro-
spective associations between the psychosocial work
exposures of the job strain model and cardiovascular
mortality. An additional objective was to examine vari-
ous time-varying measures of exposure as well as sub-
types of cardiovascular mortality.
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Methods

The protocol of the STRESSJEM study has been
presented in a previous publication (21).

Study sample

Briefly, the study was based on a nationally representa-
tive prospective cohort of the working population of
employees that combined the national SUMER survey
data from DARES (French Ministry of Labor) and the
COSMOP program data from Santé publique France.
For the studied sample of 1 511 456 individuals, two
sources of data were linked: job history from 1976-2002
(INSEE DADS panel data, a random population-based
sample, 1/24", of the French national working popula-
tion of employees, excluding self-employed workers,
agricultural workers/employees, employees of some
public sectors and of houschold activities and extra-
territorial organizations) and mortality data and causes
of death coded according to the 10%, 9 or 8" revisions
of the ICD over the period 1976-2005 (French national
death registry, INSERM-CépiDc, which is the official
statistical organization in charge of mortality and causes
of death in France). Data included information about
job history over the period 1976-2002, in particular for
all jobs held: dates of start and end of job, occupation,
economic activity of the company, and company size.
Exposure estimates for the validated job strain model
questionnaire (JCQ) (22, 23) were assessed through a
JEM that was constructed and validated for men and
women separately using the national SUMER data. The
JEM construction was based on a segmentation method
with cross-validation that used the three job title vari-
ables: occupation, economic activity of the company,
and company size. Validity was assessed in two main
steps: comparison between self-reported individual
versus JEM exposures, and study of the predictive valid-
ity of JEM exposures in association with self-reported
health. The JEM estimates were then imputed using the
same three job title variables for each job held during
1976-2002 in the COSMOP dataset. One of our previ-
ous publications described the construction and study of
validity of this JEM (24).

Outcomes

Three outcomes were studied, namely, deaths for all
cardiovascular diseases (100199 in ICD-10 or the corre-
sponding ICD-9 and ICD-8 codes); deaths for ischemic
heart diseases (IHD) (I20-125 or the corresponding
ICD-9 and ICD-8 codes); and deaths for stroke (160,
161, 163, 164 in ICD-10 or the corresponding ICD-9 and
ICD-8 codes).
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Measures of exposure

We constructed three time-varying exposure measures,
using all jobs held during 1976-2002: (i) current expo-
sure at time i; (ii) cumulative exposure until time i,
calculated from an average measure at time i using the
estimates of exposure and the time spent in all jobs up to
and including time i; and (iii) recency-weighted cumu-
lative exposure at time i, calculated from both past and
current exposures and the time elapsed since exposure
with higher weights assigned to more recent exposures
(25). Psychosocial work exposure effects were assumed
to persist for <5 years after the end of exposure (26) and
decrease linearly over a 5-year period to be null after 5
years. We chose this S-year period in accordance with
the study by Amick et al (26) and also because this was
a balanced choice between current exposure at time i
only and cumulative exposure that assessed exposure
over the whole 26-year follow-up period.

The current exposure measures were: (i) the binary
exposures for psychological demands, decision lati-
tude, and social support, derived from the JEM scores
dichotomized at the median of the distribution for the
first job among the total sample of men and women; (ii)
the binary variables for job strain (combination of high
demands and low latitude) and isostrain (combination of
job strain and low support), constructed from the binary
variables of demands, latitude, and support (11, 13); (iii)
the 4-category variable related to the four quadrants by
Karasek (13), from the combination of demands and
latitude, that were: high strain (ie, high demands and
low latitude), low strain (ie, low demands and high lati-
tude), passive job (ie, low demands and low latitude),
and active job (ie, high demands and high latitude). Two
alternative reference groups were used: active job and
low strain.

The two cumulative exposure measures (cumulative
and recency-weighted cumulative exposure) were based
on time-weighted scores for demands, latitude, and sup-
port as previously defined and dichotomized. Job strain,
isostrain, and the 4-quadrant variable were constructed
as mentioned earlier.

Statistical methods

The hazard ratio (HR) of cardiovascular mortality was
estimated according to the studied exposures using
Cox proportional hazards models. The proportional
hazard assumption checked by graphical analysis was
not violated (supplementary material, www.sjweh.fi/
show_abstract.php?abstract id=3902, figures S1-3).
It can be noticed that the survival curves at older ages,
especially for women, were based on a very low num-
ber of persons and had large confidence intervals (CI).
The studied exposures were time-dependent variables.
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Age was used as the time scale. Calendar time and four
occupational variables related to biomechanical, physi-
cal, chemical, and biological exposures were included
as adjustment variables. These four occupational vari-
ables were assessed by occupational physicians in the
SUMER survey (27) and imputed through a JEM whose
construction followed the same methodology as the JEM
for the job strain model factors (24). They were used as a
marker of social position as they displayed strong social
gradients (28). We used a model with delayed entry.
Individuals entered the cohort on the 1 January 1976 if
they already had a job or when they started a first job
within the 1976-2002 period.

As we had full information about exposures over
the study period, both mortality during time intervals
with job and mortality during the total follow-up (ie,
including mortality after the end of last job/exposure)
were studied.

For the three exposure measures, we used cardio-
vascular mortality until the end of last job to study
mortality during time intervals with job (called "on-the-
job" cardiovascular mortality); thus in this analysis, the
follow-up ended at the time of death or at the end date
of the last job within the 1976-2002 period, or at the end
of follow-up (31 December 2002) if still working at this
time, whichever came first.

For the two cumulative exposure measures, as
delayed effects may be expected, a second analysis was
performed in which the follow-up ended at the time of
death or 31 December 2002, whichever came first. Com-
pared to on-the-job cardiovascular mortality, the study
of cardiovascular mortality until 2002 included cardio-
vascular deaths that occurred after the end of last job.

Death for causes other than cardiovascular diseases
were censored at that time.

Three types of models were performed which
included: (i) each exposure separately, (ii) demands,
latitude and support simultaneously, (iii) job strain,
isostrain, and the 4-quadrant variable separately. In
the model that included demands, latitude, and sup-
port together, we tested the interaction term between
high demands and low latitude, following Karasek’s
hypothesis.

Akaike’s Information Criterion (AIC) was used
to compare the three models with the three exposure
measures — current, cumulative, and recency-weighted
cumulative exposure — in association with on-the-job
cardiovascular mortality to identify the highest relative
quality model.

Finally, the population fractions of cardiovascular
mortality attributable (PAF) to job strain and isostrain
were calculated for France, with Pe being the exposure
prevalence, and HR, the hazard ratio for mortality asso-
ciated with exposure:

PAF = Pe(HR-1)/[1+Pe(HR-1)]


https://www.sjweh.fi/show_abstract.php?abstract_id=3902
https://www.sjweh.fi/show_abstract.php?abstract_id=3902

Pe was assessed by the weighted prevalence of job
strain (19.94% among men, 28.70% among women) and
iso-strain (12.72% among men, 17.44% among women)
using the SUMER survey data. HR was provided by the
present study. We used simulation-modelling techniques
for the CI of PAF (29).

As interaction terms were found to be statistically
significant between psychosocial work exposures and
gender in the total sample, all analyses were performed
for men and women separately and using SAS (SAS
Institute, Cary, NC, USA) and R statistical software.
Gender-related interactions were presented.

Sensitivity analyses

To check the robustness of the results, we performed the
sensitivity analyses: (i) using scores for the measure of
exposure instead of binary variables; (ii) adjusting for
occupation in addition to the occupational exposures of
biomechanical, physical, chemical and biological nature;
(iii) imputing the lowest level of exposure instead of the
highest level of exposure in case of multiple job-holder
(only 3% of the sample had more than one job at the same
time); (iv) studying mortality until 2005 instead of 2002;
(v) excluding the first years of follow-up (1976-1978).

Results

Description of the study sample

The studied sample included 1 496 332 individuals,
798 547 men and 697 785 women (1%, N=15 214,
had missing values for job history). Men and women
had a mean age of 28 and 27 years, respectively, at
entrance in the cohort. There were 13.6 million and
11.6 million person-years in the follow-up period for
men and women, respectively. The mean duration of
follow-up was 17 years for both genders (21). Over
1976-2002, there were 19 264 cardiovascular deaths
(14.19 cases per 10 000 person-years) among men and
6181 (5.35 per 10 000 person-years) among women,
including 2988 cardiovascular deaths (2.89 per 10 000
person-years) among men and 474 (0.56 per 10 000
person-years) among women during time intervals with
a job (on-the-job cardiovascular mortality). All details
about person-years, number of cases, and cases per 10
000 person-years for cardiovascular, IHD and stroke
mortality are provided in supplementary table S1. The
description of exposures was presented in our study pro-
tocol (21). Women had a higher prevalence of exposure
to high psychological demands, low decision latitude,
low social support, job strain, and iso-strain than men.
Low correlations for demands were found with latitude

Niedhammer et al

(0.28) and support (-0.18) and a moderate correlation
was observed between latitude and support (0.57).

Associations between psychosocial work factors and
cardiovascular mortality

The results are presented in table 1 for current expo-
sure, table 2 for cumulative exposure, and table 3 for
recency-weighted cumulative exposure. The results of
these tables were very close and can be summarized
as follows. Low latitude and low support were found
to be risk factors in almost all models. High demands
displayed either no effects or protective effects on car-
diovascular mortality. Job strain, iso-strain, passive job,
and high strain were found to be risk factors in almost
all models. No interaction term between high demands
and low latitude was found to be statistically significant
in the models exploring current exposure to demands,
latitude, and support together. Information about person-
years, number of cases, and cases per 10 000 person-
years for cardiovascular mortality according to the
studied exposures of job strain, isostrain, quadrants is
provided in supplementary tables S2-5.

Gender-related interactions

Statistically significant gender-related interactions were
observed suggesting differences in exposure—outcome

Table 1. Associations between current exposure and cardiovas-
cular mortality (CM) among men and women. [HR=hazard ratio;
Cl=confidence interval.]

Men (N=798 547)  Women (N=697 785)

HR (95% Cl)» HR (95% Cl) ?
(CM=2988) (CM=474)

High psychological demands® 0.89(0.81-0.98) 1.00(0.81-1.23)
Low decision latitude ® 1.36(1.25-1.48) 1.67(1.28-2.18)
Low social support® 1.24(1.14-1.35) 1.56(1.26-1.93)
High psychological demands ¢ 0.98(0.88-1.09) 1.01(0.80-1.27)
Low decision latitude ¢ 1.43(1.25-1.64) 1.36(0.98-1.88)
Low social support® 0.93(0.81-1.07) 1.37(1.06-1.78)
Job strain® 1.30(1.16-1.46) 1.24(0.97-1.58)
Isostrain ® 1.26(1.11-1.42) 1.24(0.97-1.58)
Quadrants by Karasek b ¢

Active job (reference) 1 1

Low strain 1.08(0.94-1.23) 0.76(0.52-1.13)

Passive job 1.37(1.22-1.54) 1.56(1.15-2.13)

High strain 1.44(1.27-1.64) 1.56(1.14-2.13)
Quadrants by Karasek ¢

Active job 0.93(0.81-1.06) 1.31(0.88-1.94)

Low strain (reference) 1 1

Passive job 1.28(1.13-1.44) 2.05(1.34-3.13)

High strain 1.34(1.15-1.56) 2.04(1.33-3.14)

2 All models were adjusted for calendar time, biomechanical, physical, chemi-
cal and biological exposures and age was used as the time scale.

b Each exposure was studied separately.

¢Demands, latitude and support were studied simultaneously, ie, adjusted for

each other.

4High strain (high demands and low latitude), low strain (low demands and
high latitude), passive job (low demands and low latitude), and active job

(high demands and high latitude).

Scand J Work Environ Health 2020, vol 46, no 5
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associations by gender. The effect of low support on | Study of subtypes of cardiovascular mortality
on-the-job cardiovascular mortality was stronger among

women than among men. The association of job strain Information about person-years, number of cases, and
and iso-strain with cardiovascular mortality until 2002 cases per 10 000 person-years for IHD and stroke mor-
was stronger among men than women. tality according to the studied exposures of job strain,

Table 2. Associations between cumulative exposure and cardiovascular mortality (CM) among men and women. [HR=hazard ratio; Cl=confidence
interval.]

Follow-up Men (N=798 547) Women (N=697 785)
On-the-job Until 31/12/2002 On-the-job Until 31/12/2002
HR (95% Cl)? HR (95% Cl) 2 HR (95% Cl)? HR (95% Cl)
(CM=2988) (CM=19 264) (CM=474) (CM=6181)
High psychological demands ® 1.00(0.91-1.10) 0.92(0.89-0.96) 1.02(0.82-1.27) 0.88(0.83-0.93)
Low decision latitude ® 1.42(1.30-1.54) 1.19(1.16-1.23) 1.54(1.21-1.95) 1.35(1.26-1.44)
Low social support® 1.23(1.13-1.33) 1.09(1.06-1.13) 1.64(1.30-2.06) 1.10(1.03-1.16)
High psychological demands ¢ 1.11(1.00-1.23) 0.96 (0.92-1.00) 0.99(0.79-1.25) 0.90(0.84-0.96)
Low decision latitude ¢ 1.41(1.28-1.55) 1.18(1.14-1.22) 1.31(1.00-1.70) 1.29(1.20-1.40)
Low social support®© 1.07(0.97-1.17) 1.01(0.98-1.05) 1.50(1.16-1.93) 1.05(0.98-1.12)
Job strain® 1.33(1.18-1.50) 1.19(1.13-1.24) 1.26(1.02-1.56) 1.06(1.00-1.13)
Isostrain ® 1.34(1.18-1.52) 1.17(1.11-1.23) 1.30(1.05-1.61) 1.06(0.99-1.13)
Quadrants by Karasek ¢
Active job (reference) 1 1 1 1
Low strain 0.87(0.77-0.99) 1.10(1.05-1.15) 0.71(0.44-1.16) 1.08(0.97-1.21)
Passive job 1.30(1.16-1.45) 1.23(1.18-1.29) 1.43(1.06-1.91) 1.44(1.33-1.57)
High strain 1.39(1.22-1.59) 1.28(1.22-1.34) 1.47(1.12-1.91) 1.32(1.21-1.43)
Quadrants by Karasek b¢
Active job 1.15(1.01-1.31) 0.91(0.87-0.96) 1.41(0.87-2.29) 0.92(0.83-1.03)
Low strain (reference) 1 1 1 1
Passive job 1.49(1.33-1.67) 1.13(1.08-1.17) 2.01(1.22-3.31) 1.33(1.19-1.48)
High strain 1.60(1.38-1.87) 1.17(1.10-1.23) 2.06(1.26-3.36) 1.22(1.09-1.36)

2 All models were adjusted for calendar time, biomechanical, physical, chemical and biological exposures and age was used as the time scale.

b Each exposure was studied separately.

¢Demands, latitude and support were studied simultaneously, ie, adjusted for each other.

4 High strain (high demands and low latitude), low strain (low demands and high latitude), passive job (low demands and low latitude), and active job (high demands
and high latitude).

Table 3. Associations between recency-weighted cumulative exposure and cardiovascular mortality (CM) among men and women. [HR=hazard
ratio; Cl=confidence interval.]

Follow-up Men (N=798 547) Women (N=697 785)
On-the-job Until 31/12/2002 On-the-job Until 31/12/2002
HR (95% ClI) HR (95% Cl)® HR (95% Cl) HR (95% Cl)
(CM=2988) (CM=19 264) (CM=474) (CM=6181)
High psychological demands® 0.94(0.85-1.03) 0.91(0.86-0.97) 1.12(0.90-1.38) 0.88(0.78-1.00)
Low decision latitude ® 1.37(1.26-1.48) 1.24(1.17-1.30) 1.64(1.27-2.10) 1.53(1.32-1.77)
Low social support® 1.30(1.19-1.41) 1.12(1.06-1.18) 1.78(1.43-2.22) 1.23(1.09-1.38)
High psychological demands ¢ 1.04(0.94-1.15) 0.96(0.90-1.02) 1.09(0.87-1.37) 0.91(0.80-1.04)
Low decision latitude © 1.28(1.15-1.42) 1.25(1.17-1.33) 1.30(0.97-1.74) 1.43(1.20-1.69)
Low social support ¢ 1.13(1.02-1.26) 0.97(0.91-1.04) 1.59(1.23-2.05) 1.10(0.95-1.26)
Job strain® 1.26(1.12-1.42) 1.26(1.17-1.36) 1.41(1.13-1.76) 1.16(1.01-1.33)
Isostrain ® 1.23(1.08-1.40) 1.19(1.09-1.28) 1.43(1.14-1.79) 1.16(1.01-1.33)
Quadrants by Karasek b ¢
Active job (reference) 1 1 1 1
Low strain 0.96 (0.84-1.09) 1.14(1.05-1.23) 0.74(0.48-1.15) 1.12(0.90-1.39)
Passive job 1.33(1.19-1.49) 1.28(1.19-1.38) 1.40(1.03-1.90) 1.61(1.35-1.93)
High strain 1.36(1.19-1.55) 1.39(1.28-1.50) 1.64(1.24-2.18) 1.54(1.29-1.83)
Quadrants by Karasek b¢
Active job 1.04(0.92-1.19) 0.88(0.81-0.95) 1.34(0.87-2.07) 0.90(0.72-1.11)
Low strain (reference) 1 1 1 1
Passive job 1.39(1.24-1.56) 1.13(1.05-1.21) 1.88(1.19-2.97) 1.45(1.15-1.81)
High strain 1.42(1.22-1.65) 1.22(1.11-1.34) 2.21(1.42-3.45) 1.38(1.10-1.73)

2 All models were adjusted for calendar time, biomechanical, physical, chemical and biological exposures and age was used as the time scale.

b Each exposure was studied separately.

¢Demands, latitude and support were studied simultaneously, ie, adjusted for each other.

4 High strain (high demands and low latitude), low strain (low demands and high latitude), passive job (low demands and low latitude), and active job (high demands
and high latitude).
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isostrain, quadrants is provided in supplementary tables
S2-5. Most of the associations observed in tables 1-3
for cardiovascular mortality remained statistically signif-
icant for IHD and stroke mortality among men whereas
only a smaller number of the associations remained
significant among women, probably due to a low number
of cases (supplementary tables S6-11).

Comparison between models

Tables 2-3 showed that, although the statistical power
was higher, the study of cardiovascular mortality after
the end of the last job (until 31/12/2002) reduced the
effect size of most HR (dilution of the effects over time)
compared to the study of on-the-job cardiovascular mor-
tality (during time intervals with job). AIC calculation
showed that the model with the lowest value of AIC (ie,
the highest relative quality) was the model with current
exposure. However, although the AIC value was lower
for current exposure, it was not significantly different
from the AIC values from the two models with cumula-
tive exposure or recency-weighted cumulative exposure.

Sensitivity analyses

The sensitivity analyses found similar results compared
to tables 1-3, except including occupation as additional
adjustment variable, which reduced the statistical sig-
nificance of the associations (supplementary tables
S12-14).

Population attributable fractions

Following the AIC results, the population fractions of
cardiovascular mortality attributable to current expo-
sure to job strain and iso-strain were calculated. For job
strain, the PAF were 5.64% (95% CI 3.09-8.42) among
men and 6.44% (95% CI 0-14.3) among women. For
iso-strain, the PAF were 3.20% (95% CI 1.38-5.09)
among men and 4.02% (95% CI 0-9.20) among women.

Discussion

Summary of the results

Low decision latitude, low social support, job strain,
iso-strain, passive job, and high strain were found to be
associated with cardiovascular mortality for both gen-
ders. These results were observed for current, cumula-
tive and recency-weighted cumulative exposure. Similar
results were found for IHD and stroke mortality, espe-
cially among men. The population fractions of cardio-
vascular mortality attributable to current exposure to
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job strain were 5.64% and 6.44% for men and women
respectively.

Comparison with the literature

Our study underlined the effect of low decision latitude
on cardiovascular mortality. This result is in agreement
with the findings of five studies among men mainly (7,
12, 14, 16, 17) and with a recent review and meta-anal-
ysis (6), whose results showed that the only statistically
significant psychosocial work factor was low latitude
in association with coronary heart disease mortality.
In our study, high psychological demands were found
to be a non-significant or protective factor. These find-
ings echo some rare previous studies that reported no
effect (7, 12, 14) or a protective effect of high demands
(16). Only one study reported an association between
high demands and cardiovascular mortality (13). Low
social support was found to be a risk factor in our study.
Three previous studies either did not find any effect of
low support (12, 16) or found a protective effect of low
support from coworkers (9). Our study is thus the first
one to show low social support as a risk factor for car-
diovascular mortality.

Job strain was associated with cardiovascular mor-
tality in our study, confirming two previous studies
(13, 14). We found iso-strain to be a risk factor, which
is in agreement with Johnson et al's study (11) but not
that of Padyab et al (16) who reported no effect of iso-
strain. Regarding the study of the four quadrants, our
study showed that passive job and high strain were both
associated with cardiovascular mortality. Two previous
studies explored the four quadrants but did not find any
associations (16, 18). Our study is thus the first one to
report an association between passive job and cardio-
vascular mortality.

In addition, our HR estimates were very close in
effect size to previous estimates published in the lit-
erature for both cardiovascular mortality and morbidity.
Indeed, the recent review and meta-analysis on job strain
in association with cardiovascular mortality (6) provided
a summary HR of 1.3 (95% CI 0.9-1.9), though non-
significant, and the last update of a meta-analysis (30)
on the association between job strain and cardiovascular
morbidity reported a summary relative risk of 1.33 (95%
CI 1.19-1.49).

All previous studies explored a measure of exposure
at baseline in association with cardiovascular mortal-
ity, except Johnson et al's (12), which used a JEM and
explored a cumulative exposure based on job history
but limited to the past five occupations held by the sub-
jects for >2 years, meaning a potential incomplete job
history. In addition, Johnson et al's study examined the
association between retrospective cumulative exposure
(before 1977) and mortality over the period 1977-1990,
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leading to an absence of information about exposure
during follow-up. The results of this study underlined
the effects of low work control on cardiovascular mor-
tality, but no other association was observed except for
the combination of low control and low support. The
two other studies using JEM also reported an associa-
tion between low decision latitude and cardiovascular
mortality (7, 17).

A small number of studies calculated population
attributable fractions, although most of them did so for
cardiovascular morbidity and not mortality (3, 29, 31,
32). Two studies (33, 34) estimated the fractions of car-
diovascular mortality attributable to occupational expo-
sures, including job strain, shift work, noise, exhaust
gases, combustion products, and/or environmental
tobacco smoke together. Nurminen et al (34) provided
estimates of the fractions of cardiovascular fatalities
attributable to job strain in Finland that were 16% for
men and 19% for women. We may consider that these
estimates were high given that Nurminen et al (34) as
well as Jarvholm et al (33) provided estimates of the
fractions of cardiovascular mortality attributable to all
occupational exposures together of 23.0% (women)
and 20.1% (men) for acute myocardial infarction (33)
and of 18.9% (men) and 9.1% (women) for IHD, and
of 14.4% (men) and 6.7% (women) for all diseases of
the circulatory system (34). In that sense, the attribut-
able fractions of our study are more in line with the
fractions of cardiovascular morbidity attributable to job
strain, provided by the studies of Kivimaki et al (3),
who found an estimate of 3.4% (95% CI 1.5-5.4), and
Niedhammer et al (29), who reported an estimate of
4.46% (95% CI 1.26-7.65). The present study adds to
the literature by providing estimates for mortality among
men and women separately. The PAF estimated among
women (6.44% for job strain and 4.02% for isostrain)
were found to be non-significant (as 0 was included in
the CI). This was explained by the non-significant HR
from table 1 used for the calculations. Given the dif-
ferences between HR (both in statistical significance
and effect size) associated with job strain and iso-strain
among women between table 1 and tables 2-3 for on-
the-job cardiovascular mortality, these PAF estimates
may be considered conservative among women. In
addition, these PAF estimates may underestimate the
global burden of cardiovascular mortality attributable
to psychosocial work exposures as only job strain or
iso-strain were considered and not other exposures such
as, for example, job insecurity or long working hours.

Limitations and strengths of the study

The strengths of this study deserve to be mentioned.
The studied cohort was a very large and national rep-
resentative sample of the working population of men
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and women followed up for a long period of time for
both exposure and outcome. As the data were routine,
participation, response or selection bias were unlikely.
However, a healthy worker effect may not be excluded
for the association of current exposure and on-the-job
cardiovascular mortality, but this would bias the expo-
sure—outcome associations towards the null hypothesis.
As we had complete follow-up, there was no attrition
bias. As the data were provided by sources that were not
the individuals themselves, no reporting bias for both
exposure (assessed using a JEM) and outcome (derived
from national registry data) could be suspected. We
adjusted for physico-biomechanical-chemical-biological
exposures that were used as proxies of social position.
These occupational exposures are known to display
strong social differences, the lower the social groups,
the higher the prevalence of exposure (28). Indeed, the
results without adjustment for these exposures showed
stronger and more significant results than those pre-
sented in tables 1-3, underlying the appropriateness of
taking them into account. Exposure was assessed by the
validated JCQ, and we explored both main factors and
combinations of factors. Thus, job strain, isostrain, and
the four quadrants were found to be risk factors, which
may be explained by the main effects of low decision lat-
itude and low social support on cardiovascular mortality.
This point was confirmed by the absence of interaction
between high demands and low latitude. Exposure was
defined using various time-varying measures. The com-
parison between the three exposure measures showed
that the most recent (current) exposure may be more
important than past (cumulative) exposure, although
the results were not significant. This may also suggest
that repeated measures of exposure (what we called
current exposure at each time i) may be most powerful
to capture the effects of exposure on cardiovascular
mortality. Mortality was provided by the national death
registry. We studied two outcomes (on-the-job and until
31/12/2002 cardiovascular mortality) and the results
suggested that the effects of exposure on cardiovascu-
lar mortality may decrease after the end of exposure
(potential reversibility of the effects). Two subtypes
of cardiovascular mortality (IHD and stroke mortal-
ity) were studied, which has not been done previously.
Finally, sensitivity analyses confirmed the robustness
of the findings.

However, the study included limitations. Few adjust-
ment variables were available, thus residual confounding
bias was possible. We had no data on baseline cardio-
vascular morbidity. This may have led to a potential
selection bias, as people with cardiovascular morbidity
at baseline may have changed to less exposed jobs or
left the labor market, but this would bias towards the
null hypothesis. This may also have led to the reserve
bias (bias away from the null) if people with cardio-



vascular morbidity at baseline changed to jobs with
low decision latitude for example. We may think that
our study of cumulative and recency-weighted cumu-
lative exposure might have reduced this bias as these
exposure measures took past exposure into account.
More information would have been useful to control for
major cardiovascular risk factors. Nevertheless, control-
ling for cardiovascular risk factors in the association
between psychosocial work factors and cardiovascular
mortality may be considered as an over adjustment as
these cardiovascular risk factors may be on the causal
pathways between exposures and outcome. Although
we controlled for other occupational exposures used as
proxies of social position, this adjustment may not be
completely satisfactory. Our sensitivity analysis addi-
tionally adjusted for occupation, a way to control further
for social position. However, as occupation was among
the job title variables used to construct the JEM, this
may have led to over adjustment. Indeed, as expected,
although most of the results were found to be similar,
the associations were weaker and less significant. The
true measure of the exposure—outcome associations
may be in between. Although using a JEM may have
the advantage of reducing reporting bias, imprecision
in the exposure assessment, non-differential misclas-
sification and bias towards the null hypothesis may be
present and may have led to an underestimation of the
observed associations. Furthermore, the validity of the
JEM was lower for psychological demands and social
support, which may contribute to explain discrepancies
in the results for psychological demands (24). There
was rare missing information about some jobs that was
treated using midcensoring. As we only had data for
1976-2002, we were unable to assess complete work-
ing life-course exposure. We studied two subtypes of
cardiovascular mortality (IHD and stroke), but the study
of ischemic and hemorrhagic stroke separately provided
non-significant results and did not confirm previous
results on morbidity reporting an association of job
strain with ischemic stroke but not with hemorrhagic
stroke (1). Low statistical power was related to both a
substantial proportion of stroke cases not specified as
hemorrhage or infarction and consequently a low num-
ber of cases for each subtype of stroke. The total effect
of all these limitations on our results may be difficult to
evaluate as they included both over- and underestima-
tions of the exposure—outcome associations.

Concluding remarks

Our findings suggested that the psychosocial work
exposures of low decision latitude, low social support,
job strain, iso-strain, high strain, and passive job showed
concerning patterns of association with cardiovascu-
lar mortality. The same associations were also found
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for IHD and stroke especially among men. The PAF
observed in our study were substantial and reaffirm the
need for preventive policies at the workplace to improve
cardiovascular health.

Acknowledgements

We wish to dedicate this paper to the memory of our
highly valued colleague, Allison Milner, who died tragi-
cally and prematurely in August 2019.

The authors thank the members of the DARES
(French Ministry of Labour), all the occupational phy-
sicians and médecins inspecteurs régionaux du travail,
and all the employees who participated in the SUMER
survey. The authors thank Catherine Buisson, Laurence
Chérié-Challine, and Pascal Empereur-Bissonnet at
Santé publique France (Direction Santé Travail) for the
access to the COSMOP data. The authors also thank all
people and public institutions who contributed directly
or indirectly to the final COSMOP database, especially
INSEE and INSERM-CépiDc.

Conflict of interest

The authors declare no conflicts of interest.

Funding

The French National Research Program for Environ-
mental and Occupational Health of ANSES, France,
supported this study (grant number: EST-2016/1/49).

Ethics approval

Ethical permissions were granted by French ethics com-
mittees: Commission Nationale de I’Informatique et des
Libertés (no 762430V1 and no 04-1274) and Conseil
National de I’Information Statistique (no 2009X705TV).

References

1. Fransson EI, Nyberg ST, Heikkild K, Alfredsson L,
Bjorner JB, Borritz M et al. Job strain and the risk of
stroke: an individual-participant data meta-analysis.
Stroke 2015 Feb;46(2):557-9. https://doi.org/10.1161/
STROKEAHA.114.008019.

2. HuangY,XuS,HualJ,ZhuD, LiuC,Hu'Y etal. Association
between job strain and risk of incident stroke: A meta-
analysis. Neurology 2015 Nov;85(19):1648-54. https://doi.
org/10.1212/WNL.0000000000002098.

3. Kivimidki M, Nyberg ST, Batty GD, Fransson EI, Heikkild

Scand J Work Environ Health 2020, vol 46, no 5 549


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25563644&dopt=Abstract
https://doi.org/10.1161/STROKEAHA.114.008019
https://doi.org/10.1161/STROKEAHA.114.008019
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26468409&dopt=Abstract
https://doi.org/10.1212/WNL.0000000000002098
https://doi.org/10.1212/WNL.0000000000002098

Psychosocial work exposures and cardiovascular mortality

10.

11.

12.

13.

550

K, Alfredsson L et al.; IPD-Work Consortium. Job strain
as a risk factor for coronary heart disease: a collaborative
meta-analysis of individual participant data. Lancet 2012
Oct;380(9852):1491-7. https://doi.org/10.1016/S0140-
6736(12)60994-5.

Xu S, Huang Y, Xiao J, Zhu W, Wang L, Tang H et al. The
association between job strain and coronary heart disease:
a meta-analysis of prospective cohort studies. Ann Med
2015;47(6):512-8. https://doi.org/10.3109/07853890.2015.
1075658.

Karasek R, Brisson C, Kawakami N, Houtman I, Bongers
P, Amick B. The Job Content Questionnaire (JCQ): an
instrument for internationally comparative assessments of
psychosocial job characteristics. J Occup Health Psychol
1998 Oct;3(4):322-55. https://doi.org/10.1037/1076-
8998.3.4.322.

Taouk Y, Spittal MJ, LaMontagne AD, Milner AJ.
Psychosocial work stressors and risk of all-cause and
coronary heart disease mortality: A systematic review and
meta-analysis. Scand J Work Environ Health 2020 Jan
1;46(1):19-31. https://doi.org/10.5271/sjweh.3854.

Alterman T, Shekelle RB, Vernon SW, Burau KD. Decision
latitude, psychologic demand, job strain, and coronary heart
disease in the Western Electric Study. Am J Epidemiol 1994
Mar;139(6):620-7. https://doi.org/10.1093/oxfordjournals.
aje.all7051.

Brunner EJ, Kivimaki M, Siegrist J, Theorell T, Luukkonen
R, Riithimdki H et al. Is the effect of work stress on
cardiovascular mortality confounded by socioeconomic
factors in the Valmet study? J Epidemiol Community
Health 2004 Dec;58(12):1019-20. https://doi.org/10.1136/
jech.2003.016881.

Joensuu M, Kivimiki M, Koskinen A, Kouvonen A, Pulkki-
Raback L, Vahtera J et al. Differential associations of job
control components with mortality: a cohort study, 1986-
2005. Am J Epidemiol 2012 Apr;175(7):609-19. https://doi.
org/10.1093/aje/kws028.

Joensuu M, Kiviméki M, Pentti J, Virtanen M, Vidndnen
A, Vahtera J. Components of job control and mortality:
the Finnish Public Sector Study. Occup Environ Med
2014 Aug;71(8):536-42. https://doi.org/10.1136/
oemed-2014-102111.

Johnson JV, Hall EM, Theorell T. Combined effects of
job strain and social isolation on cardiovascular disease
morbidity and mortality in a random sample of the Swedish
male working population. Scand J Work Environ Health
1989 Aug;15(4):271-9. https://doi.org/10.5271/sjweh.1852.

Johnson JV, Stewart W, Hall EM, Fredlund P, Theorell
T. Long-term psychosocial work environment and
cardiovascular mortality among Swedish men [see
comments]. Am J Public Health 1996 Mar;86(3):324-31.
https://doi.org/10.2105/AJPH.86.3.324.

Karasek R, Baker D, Marxer F, Ahlbom A, Theorell T. Job
decision latitude, job demands, and cardiovascular disease: a
prospective study of Swedish men. Am J Public Health 1981
Jul;71(7):694-705. https://doi.org/10.2105/AJPH.71.7.694.

Scand J Work Environ Health 2020, vol 46, no 5

20.

21.

22.

23.

. Kiviméki M, Leino-Arjas P, Luukkonen R, Riihimiki H,

Vahtera J, Kirjonen J. Work stress and risk of cardiovascular
mortality: prospective cohort study of industrial employees.
BMJ 2002 Oct;325(7369):857. https://doi.org/10.1136/
bm;j.325.7369.857.

. Kiviméki M, Leino-Arjas P, Kaila-Kangas L, Luukkonen R,

Vahtera J, Elovainio M et al. Is incomplete recovery from
work a risk marker of cardiovascular death? Prospective
evidence from industrial employees. Psychosom Med
2006 May-Jun;68(3):402-7. https://doi.org/10.1097/01.
psy.0000221285.50314.d3.

. Padyab M, Blomstedt Y, Norberg M. No association

found between cardiovascular mortality, and job
demands and decision latitude: experience from the
Visterbotten Intervention Programme in Sweden. Soc
Sci Med 2014 Sep;117:58-66. https://doi.org/10.1016/j.
socscimed.2014.07.033.

. Toivanen S, Hemstrom O. Income differences in

cardiovascular disease: is the contribution from work
similar in prevalence versus mortality outcomes? Int J
Behav Med 2006;13(1):89-100. https://doi.org/10.1207/
s15327558ijbm1301_11.

. Tsutsumi A, Kayaba K, Hirokawa K, Ishikawa S; Jichi

Medical School Cohort Study Group. Psychosocial
job characteristics and risk of mortality in a Japanese
community-based working population: the Jichi Medical
School Cohort Study. Soc Sci Med 2006 Sep;63(5):1276-88.
https://doi.org/10.1016/j.socscimed.2006.03.028.

. Alfredsson L, Spetz CL, Theorell T. Type of occupation and

near-future hospitalization for myocardial infarction and
some other diagnoses. Int J Epidemiol 1985 Sep;14(3):378-
88. https://doi.org/10.1093/ije/14.3.378.

Johnson JV, Stewart WF. Measuring work organization
exposure over the life course with a job-exposure matrix.
Scand J Work Environ Health 1993 Feb;19(1):21-8. https://
doi.org/10.5271/sjweh.1508.

Niedhammer I, Milner A, Geoffroy-Perez B, Coutrot
T, LaMontagne AD, Chastang JF. Prospective
associations of psychosocial work exposures with
mortality in France: STRESSJEM study protocol. BMJ
Open 2019 Oct;9(10):e031352. https://doi.org/10.1136/
bmjopen-2019-031352.

Niedhammer I, Chastang JF, Gendrey L, David S,
Degioanni S. Propriétés psychométriques de la version
frangaise des echelles de la demande psychologique, de
la latitude décisionnelle et du soutien social du 4 Job
Content Questionnaire,) de Karasek : résultats de I’enquéte
nationale SUMER. [Job Content Questionnaire” and its
scales measuring psychological pressures, decisional
latitude and social support: the results of the SUMER] Sante
Publique 2006 Sep;18(3):413-27. https://doi.org/10.3917/
spub.063.0413.

Niedhammer I. Psychometric properties of the French
version of the Karasek Job Content Questionnaire: a study
of the scales of decision latitude, psychological demands,
social support, and physical demands in the GAZEL cohort.
Int Arch Occup Environ Health 2002 Mar;75(3):129-44.


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22981903&dopt=Abstract
https://doi.org/10.1016/S0140-6736(12)60994-5
https://doi.org/10.1016/S0140-6736(12)60994-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26416502&dopt=Abstract
https://doi.org/10.3109/07853890.2015.1075658
https://doi.org/10.3109/07853890.2015.1075658
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9805280&dopt=Abstract
https://doi.org/10.1037/1076-8998.3.4.322
https://doi.org/10.1037/1076-8998.3.4.322
https://doi.org/10.5271/sjweh.3854
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31608963&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8172173&dopt=Abstract
https://doi.org/10.1093/oxfordjournals.aje.a117051
https://doi.org/10.1093/oxfordjournals.aje.a117051
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15547064&dopt=Abstract
https://doi.org/10.1136/jech.2003.016881
https://doi.org/10.1136/jech.2003.016881
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22392475&dopt=Abstract
https://doi.org/10.1093/aje/kws028
https://doi.org/10.1093/aje/kws028
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24891558&dopt=Abstract
https://doi.org/10.1136/oemed-2014-102111
https://doi.org/10.1136/oemed-2014-102111
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2772582&dopt=Abstract
https://doi.org/10.5271/sjweh.1852
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8604756&dopt=Abstract
https://doi.org/10.2105/AJPH.86.3.324
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7246835&dopt=Abstract
https://doi.org/10.2105/AJPH.71.7.694
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12386034&dopt=Abstract
https://doi.org/10.1136/bmj.325.7369.857
https://doi.org/10.1136/bmj.325.7369.857
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16738071&dopt=Abstract
https://doi.org/10.1097/01.psy.0000221285.50314.d3
https://doi.org/10.1097/01.psy.0000221285.50314.d3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25047710&dopt=Abstract
https://doi.org/10.1016/j.socscimed.2014.07.033
https://doi.org/10.1016/j.socscimed.2014.07.033
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16503845&dopt=Abstract
https://doi.org/10.1207/s15327558ijbm1301_11
https://doi.org/10.1207/s15327558ijbm1301_11
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16690187&dopt=Abstract
https://doi.org/10.1016/j.socscimed.2006.03.028
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4055205&dopt=Abstract
https://doi.org/10.1093/ije/14.3.378
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8465168&dopt=Abstract
https://doi.org/10.5271/sjweh.1508
https://doi.org/10.5271/sjweh.1508
https://doi.org/10.1136/bmjopen-2019-031352
https://doi.org/10.1136/bmjopen-2019-031352
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17094683&dopt=Abstract
https://doi.org/10.3917/spub.063.0413
https://doi.org/10.3917/spub.063.0413
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11954980&dopt=Abstract

24.

25.

26.

27.

28.

29.

https://doi.org/10.1007/s004200100270.

Niedhammer I, Milner A, LaMontagne AD, Chastang JF.
Study of the validity of a job-exposure matrix for the job
strain model factors: an update and a study of changes over
time. Int Arch Occup Environ Health 2018 Jul;91(5):523-36.
https://doi.org/10.1007/s00420-018-1299-2.

Sylvestre MP, Abrahamowicz M. Flexible modeling of
the cumulative effects of time-dependent exposures on the
hazard. Stat Med 2009 Nov;28(27):3437-53. https://doi.
org/10.1002/sim.3701.

Amick BC 3rd, McDonough P, Chang H, Rogers WH, Pieper
CF, Duncan G. Relationship between all-cause mortality and
cumulative working life course psychosocial and physical
exposures in the United States labor market from 1968 to
1992. Psychosom Med 2002 May-Jun;64(3):370-81. https://
doi.org/10.1097/00006842-200205000-00002.

Niedhammer I, Chastang JF, David S. Importance of
psychosocial work factors on general health outcomes in the
national French SUMER survey. Occup Med (Lond) 2008
Jan;58(1):15-24. https://doi.org/10.1093/occmed/kqm115.

Niedhammer I, Chastang JF, David S, Kelleher C. The
contribution of occupational factors to social inequalities in
health: findings from the national French SUMER survey.
Soc Sci Med 2008 Dec;67(11):1870-81. PubMed https://doi.
org/10.1016/j.socscimed.2008.09.007

Niedhammer I, Sultan-Taieb H, Chastang JF, Vermeylen G,
Parent-Thirion A. Fractions of cardiovascular diseases and
mental disorders attributable to psychosocial work factors
in 31 countries in Europe. Int Arch Occup Environ Health
2014 May;87(4):403-11. https://doi.org/10.1007/s00420-
013-0879-4.

30.

31

32.

33.

34.

Niedhammer et al

Kivimédki M, Kawachi 1. Work Stress as a Risk Factor
for Cardiovascular Disease. Curr Cardiol Rep 2015
Sep;17(9):630. PubMed https://doi.org/10.1007/s11886-015-
0630-8

Olsen O, Kristensen TS. Impact of work environment
on cardiovascular diseases in Denmark. J Epidemiol
Community Health 1991 Mar;45(1):4-9. https://doi.
org/10.1136/jech.45.1.4.

Rosengren A, Hawken S, Ounpuu S, Sliwa K, Zubaid
M, Almahmeed WA et al.; INTERHEART investigators.
Association of psychosocial risk factors with risk of acute
myocardial infarction in 11119 cases and 13648 controls
from 52 countries (the INTERHEART study): case-control
study. Lancet 2004 Sep;364(9438):953—62. https://doi.
org/10.1016/S0140-6736(04)17019-0.

Jarvholm B, Reuterwall C, Bystedt J. Mortality attributable
to occupational exposure in Sweden. Scand J Work Environ
Health 2013 Jan;39(1):106-11. https://doi.org/10.5271/
sjweh.3284.

Nurminen M, Karjalainen A. Epidemiologic estimate of the
proportion of fatalities related to occupational factors in
Finland. Scand J Work Environ Health 2001 Jun;27(3):161—
213. https://doi.org/10.5271/sjweh.605.

Received for publication: 14 February 2020

This work is licensed under a Creative Commons Attribution
4.0 International License.

Scand J Work Environ Health 2020, vol 46, no 5 551


https://doi.org/10.1007/s004200100270
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29520473&dopt=Abstract
https://doi.org/10.1007/s00420-018-1299-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19708037&dopt=Abstract
https://doi.org/10.1002/sim.3701
https://doi.org/10.1002/sim.3701
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12021412&dopt=Abstract
https://doi.org/10.1097/00006842-200205000-00002
https://doi.org/10.1097/00006842-200205000-00002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17965447&dopt=Abstract
https://doi.org/10.1093/occmed/kqm115
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18851892&dopt=Abstract
https://doi.org/10.1016/j.socscimed.2008.09.007
https://doi.org/10.1016/j.socscimed.2008.09.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23624754&dopt=Abstract
https://doi.org/10.1007/s00420-013-0879-4
https://doi.org/10.1007/s00420-013-0879-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26238744&dopt=Abstract
https://doi.org/10.1007/s11886-015-0630-8
https://doi.org/10.1007/s11886-015-0630-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2045743&dopt=Abstract
https://doi.org/10.1136/jech.45.1.4
https://doi.org/10.1136/jech.45.1.4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15364186&dopt=Abstract
https://doi.org/10.1016/S0140-6736(04)17019-0
https://doi.org/10.1016/S0140-6736(04)17019-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22358144&dopt=Abstract
https://doi.org/10.5271/sjweh.3284
https://doi.org/10.5271/sjweh.3284
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11444413&dopt=Abstract
https://doi.org/10.5271/sjweh.605

