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Objectives This study focused on estimating the relative risk of coronary heart disease (CHD) in association
with work stress, as indicated by the job-strain model, the effort–reward imbalance model, and the organizational injustice model.
Methods A systematic review and meta-analysis of prospective cohort studies were carried out. Studies were
eligible if they had published a quantitative estimate of the association between work stress and incident CHD or
cardiovascular mortality by January 2006.
Results Fourteen prospective cohort studies were identified. For a total of 83 014 employees, the age- and
gender-adjusted relative ratio of CHD for high versus low job strain was 1.43 [95% confidence interval (95%
CI) 1.15–1.84], but the ratio decreased to 1.16 (95% CI 0.94–1.43) after adjustment for risk factors and potential
mediators. The age- and gender-adjusted risk ratio for a combination of high efforts and low rewards was 1.58
(95% CI 0.84–2.97) for 11 528 employees, and no reduction in the risk ratio was seen after further adjustments.
For organizational injustice, the age- and gender-adjusted, and multiple-adjusted relative risks were 1.62 (95%
CI 1.24–2.13) and 1.47 (95% CI 1.12–1.95), respectively, for a population of 7246 men and women. There was
little standardization in the assessment of work stress within all three stress models, and significant heterogeneity in the effects of stress was observed between studies. Few studies were available for female samples.
Conclusions Observational data suggest an average 50% excess risk for CHD among employees with work
stress. Further research is needed to confirm that a reduction in work stress will lead to a reduction in CHD risk.
Key terms

cardiovascular disease; effort–reward imbalance; job strain; mortality; organizational justice;
prospective cohort study; psychosocial factors; systematic review; working population.

Activation of the stress system in the hypothalamus and
the brain stem helps the body to overcome the influence
of short-term physical stressors. However, prolonged
overactivity of these systems may cause wear and tear
and play a role in coronary heart disease (CHD), infection, and accelerated aging (1). The recognition that the
physiological reactions to stress cannot only protect, but
also damage the body has provided a basis for epidemiologic research on work stress.

Three models for work stress and coronary heart disease
Work-stress models aim at describing factors that are
likely to elicit harmful stress at work in a large

1
2
3

proportion of employees. These factors are conceptualized at a level of generalization that allows for their
identification in a wide range of occupations. The stress
model most often cited and most widely tested is the
two-dimensional job-strain model (2–4) (table 1). It proposes that employees who have high job demands and
low control over work simultaneously are in a job-strain
situation that, if prolonged, increases the risk of stressrelated diseases. Job control (or decision latitude) refers
to both socially predetermined control over detailed aspects of task performance (eg, pace, quantity of work,
policies and procedures, time of breaks, and scheduled
hours) and skill discretion (ie, control over the use of
skills by the worker). An expanded version of the job
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strain model adds social support to the model as a third
component (5). The highest risk of illness is assumed
to be related to iso-strain jobs, characterized by high demands, low job control, and low social support.
More recent developments in conceptualizations of
work stress have broadened the view from proximal
work characteristics to cover aspects of the person and
the labor market context. A promising example is the
effort–reward imbalance (ERI) model (6, 7) (table 1).
This model maintains that an experienced imbalance
between high effort spent at work and low reward received is particularly stressful, as this imbalance violates core expectations about reciprocity and adequate
exchange at work. Not only high demands and challenges at work, but also overcommitment and heavy
obligations in private life (eg, heavy debts) may contribute to a high expenditure of effort. Low rewards can
be related to insufficient financial compensation from
work, low esteem (eg, lack of help or acceptance by supervisors and colleagues), and poor career opportunities (no promotion prospects, job insecurity, and status
inconsistency).
While effort–reward imbalance defines disproportionate costs for an employee in terms of gains received
(ie, a distributive injustice condition) the latest research
on work stress has also focused on the two remaining
aspects of justice (8–10). Procedural justice indicates
whether decision-making procedures include input from
affected parties, are consistently applied, suppress bias,

are accurate, are correctable, and are ethical (11). Relational justice refers to the treatment of workers with fairness, politeness, and consideration by supervisors (11).
As justice is a fundamental value in social interaction
and the organization of society (12–14), enduring problems with procedural and relational justice have been
hypothesized to form an important source of stress at
work, the organizational injustice model (8, 9, 15)
(table 1).

Challenge of testing the models
Several plausible mechanisms have been suggested
through which long-term work stress may have an impact on the risk of CHD (16) (figure 1, part 1). They
include prolonged overactivation and dysregulation of
the autonomic nervous system and the hypothalamuspituitary-adrenal cortex (HPA) axis; both are assumed
to increase disease risk, to disrupt existing disease processes, to act as triggers of acute events, such as heart
attack, and to worsen prognosis. Stress is also assumed
to drive susceptible persons towards the metabolic syndrome, characterized by insulin resistance, lipoprotein
disturbances, reduced fibrolysis, and central obesity and
to accelerate cellular aging (17–19). In addition to these
and other direct biological effects, work stress may influence CHD risk indirectly through increased health
risk behavior (20–23), lowered help-seeking behavior,
and poor compliance with medical treatment (16).

Table 1. Sample items from scales assessing the three work-stress models.
Conceptual model

Sample item

Job-strain model (iso-strain model)

“Do you have to work very fast?” “I have a good deal of say in decisions about work” (reversed). “When you
are having difficulties at work, how often do you get help and support from your colleagues?”
“I am often pressured to work overtime.” “Considering all my efforts and achievements, I receive the respect
and prestige I deserve at work” (reversed). “My job security is poor.”
“Procedures are designed to hear the concerns of all those affected by the decision” (reversed). “Decisions are
made with consistency (the rules are the same for every employee)” (reversed). “My supervisor treats me
fairly” (reversed).

Effort–reward imbalance (ERI) model
Organizational injustice model

PART 1:

Work
Workstress
stress

STRESS MODELS

Etiological factor trigger

Indirect effect

Risk
Riskfactors
factors
xx
(eg, obesity, smoking,
physical inactivity,
high LDL cholesterol)

Preclinical
Preclinicaldisease
disease
processes
processes
(eg, atherosclerosis,
endothelic dysfunction)

Prognostic factor

Manifest
Manifestdisease
disease
xx

Cardiovascular
Cardiovascular
death
death

(eg, angina, myocardial
infarction)

Confounding, bias, reversed causality

PART 2:
ALTERNATIVE
EXPLANATIONS

432

kivimaki.pmd

Work
Workstress
stress

Figure 1. Hypothesized pathways from work
stress to coronary heart disease and alternative explanations for this association. (LDL =
low-density lipoprotein)
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However, demonstrating a causal relationship between work stress and CHD is not a simple task due to
the possibilities for confounding, reversed causality,
bias, and the difficulties with measurements (figure 1,
part 2). Randomized controlled trials in this field of research are often impractical and unfeasible. CHD takes
decades to develop, and it is associated with a large variety of risk factors in adulthood and from the
preemployment period in childhood and adolescence.
The possibility of type I error (false positive) arises
when these risk factors are additionally associated with
work stress. Reversed causality (eg, if early manifestations of CHD bias perceptions of stress) and publication bias would also increase the likelihood of such an
error (24). In contrast, potential sources of false null
findings (type II error) include a lack of an accurate
quantification of long-term stress exposure (in particular if work stress was assessed at one point in time only)
(25), insufficient statistical power to detect small or
moderate effects, and the operation of the healthy
worker effect (a selection bias in which healthier workers remain in stressful jobs and those with health problems drop out).

The present review
At least four narrative reviews on the job-strain model
and the ERI model in the etiology of CHD have recently
been published (26–29). We performed a systematic review and meta-analysis on updated evidence of these
models and the injustice model. Compared with narrative reviews, systematic reviews with meta-analyses are
strong in that the method of summarizing the data is
transparent and reproducible, and it provides a quantitative estimate of the magnitude of the risk (30). However, as narrative reviews, meta-analyses are open to
bias due to validity problems in the studies included. To
decrease biases from confounding and reversed causality in the observed work stress–CHD relationships, we
focused exclusively on prospective etiological cohort
studies (ie, observational data with the strongest internal validity).

Methods

prospective. We replicated this literature search with additional terms, such as “job control”, “work stress”, “job
stress”, and “psychosocial factors” to examine whether
it would add to the identification of relevant studies. We
continued searching for potentially suitable studies by
using cross-references from original articles and reviews
and by interviewing experts in the field (31). We
screened titles, key words, and abstracts of the citations
identified by the searches and obtained full copies of
potentially suitable studies for further assessment.

Criteria for inclusion
We included prospective cohort studies if they had reported quantitative estimates and confidence intervals
(or standard errors) of the relative risk (RR) for coronary heart disease or cardiovascular mortality associated
with work stress. We excluded studies with no original
data (eg, reviews), those lacking relevant measurement
of the exposure or outcome, those that were not genuine prospective cohort studies, as well as overlapping
papers reporting duplicate data for a same stress model.
Among the excluded studies were also those analyzing
the components of job strain (demands and control)
separately but not the combination of the two, as the jobstrain model explicitly states that “cardiovascular risk
results not from a single factor, but from the joint effects of the psychological demands of the work situation and the range of decision-making freedom with respect to task organization and skill usage . . . [p 910]”
(32). In cases of duplicate reports, we selected the one
with a more valid assessment of the exposure or outcome or, if there was no difference in this respect, the
paper first published.

Study selection
Two authors (MK, JV) independently assessed the studies identified by the search strategy to identify suitable
cohort studies according to the aforementioned criteria.
Details about each exclusion criterion were obtained
independently and cross-checked for accuracy. All disagreements were resolved by consensus.

Data analysis

Search strategy
We identified potentially relevant studies through
Medline (1979, the year the first work-stress model was
published, to January 2006) using a combined text word
and medical subheading (MeSH) search strategy. We
entered a script, (job strain OR effort-reward OR justice) AND cardiovascular diseases [MeSH] AND

We used statistical software provided by Stata version
8 for a standard meta-analysis of observational studies
(33, 34). We calculated summary estimates of relative
risk for employees high versus low on work stress across
the studies by means of a random effects method using
inverse variance weighting. The random effects model
assumes that the underlying effect of work stress may
vary around some overall central effect and is not
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necessarily fixed across studies. This approach provides
more conservative summary estimates than a fixed effects model assuming that the differences between study
results are solely due to chance.
Separate summary estimates were obtained for each
of the three stress models, for age- and gender-adjusted
data, and for multiple-adjusted data. For the studies of
the job-strain model, we made a forest plot in which the
contribution of each study to the summary estimate was
represented by the area of the box whose center was at
the relative risk estimate for job strain from that study.
The summary estimate was shown by the middle of a
diamond (left and right extremes showing the corresponding 95% confidence intervals). A corresponding
summary estimate was reported for the ERI and organizational justice models without forest plots due to the
small number of studies. For each summary estimate,
we assessed heterogeneity between the studies. We used
meta-regression to assess the difference in combined
relative risk estimates of CHD for work stress between
men and women (34, 35).
To study the presence of publication bias, we evaluated and tested funnel plot asymmetry (available from
the first author upon request), as suggested by Begg &
Mazumdar (36). Publication bias arises from the possibility that statistically significant findings are more
likely to get published than nonsignificant results. Thus
publication bias is assumed to be present if larger studies (in which smaller effects can be significant) report
smaller effects than small studies (larger effects are
needed for significant findings with these data).

Articles (N=58)

Articles
excluded
(N=37):
Articles
excluded
(n=xx):
--no
No primary
primary data
data (n=)
(N=7)
--no
No relevant
relevant outcome
exposuredata
data(N=25)
(n=)
--no
No relevant
relevant outcome
exposuredata
(N=3)
(n=)
- No prospective design (N=2)

Articles
with
prospective
dataon
onexposure
exposureand
and
Articles
with
primary data
outcome
outcome (N=20)
(n=164)

Articles
Articles excluded
excluded (N=6):
(n=xx):
--no
Duplicate
data
(N=6)
primary data (n=)

Studies
Studiesincluded
included(N=14)
(n=xx)
Figure 2. Flow chart of the search strategy.
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Results
Our search strategy yielded 58 articles (51 from the electronic search, 5 from cross-references, and 2 from experts), of which 14 included independent primary data
on both work stress, as an exposure variable, and CHD,
as an outcome, and were prospective cohort studies (figure 2). Replication of the PubMed search with additional
terms identified 202 other articles, but none of them met
the inclusion criteria.
The 14 included studies comprised a total population of 83 014 employees for the test of the job-strain
model, 11 528 employees for the test of the ERI model,
and 7246 employees for the test of the organizational
injustice model (table 2). Of the combined study population, 52% were men and 48% were women. The ages
ranged between 17 and 65 years, except for the
NHANES 1 study (37), the nurses’ health study (38),
and the Framingham offspring study (39), which also
included older participants up to the ages of 74, 71, and
77 years, respectively. Seven studies were from European countries (the United Kingdom, Sweden, Finland,
Belgium, Germany, Denmark), five came from the
United States, and one was from Japan. While the studies on job strain were from Europe, the United States
and Japan, only European studies were available for the
ERI and injustice models.

Assessment of exposure
A large variety of measurement instruments was used
to assess work stressors in studies of the theoretical
stress models. Typically the studies assessed work stress
at one point in time only. Eleven independent studies
tested the job-strain model (37–46). While the measure
of job strain in all of these studies was generated by
cross-tabulating the dichotomized or trichotomized
scales of job demands and job control, the items included in these scales varied between the studies. Seven
studies analyzed individual scores, but, in four studies,
occupation-wise job-strain scores were imputed to the
data (table 2).
In the four studies examining the ERI model, individual scores for effort–reward imbalance were constructed with two different approaches, first, by calculating the ratio of the effort and reward scales and then
dividing this ratio into thirds or quartiles (43, 47) and,
second, by cross-tabulating the dichotomized scales (6,
48). Also regarding the ERI model, the item content of
the scales varied between the studies. Of the two ERI
studies using the British Whitehall II cohort, Bosma et
al (48) may have had a more comprehensive measure
of ERI, but Kuper et al had a more objective CHD outcome (47). For this reason, two meta-analyses with three
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Table 2. Characteristics of studies on work-stress models and coronary heart disease (CHD). (ERI = effort–reward imbalance, CVD =
cardiovascular disease)
Study

Cohort &
country

Reed et al,
1989 (40)
Johnson et al,
1989 (41)

Kivimäki et al,
2002 (43)

The Honolulu heart
program, Hawaii
Random sample of
male working
population, Sweden
Blue-collar men,
Germany
The Chicago Western
Electric study,
United States
The NHANES1 study,
United States
The Whitehall II
study, United
Kingdom
Industrial employees, Finland

Lee et al,
2002 (38)

Kuper et al,
2002 (47);
Kuper & Marmot, 2003 (44)
Eaker et al,
2004 (39)

Siegrist et
al, 1990 (6)
Alterman et
al, 1994 (42)
Steenland et
al, 1997 (37)
Bosma et al,
1998 (48)

Bacquer et al,
2005 (45)
Uchiyama et
al, 2005 (46)

Kivimäki et al,
2005 (8)
Netterström
et al, 2006
(49)
Elovainio et
al, 2006
(15)
a
b

Partici- Men Age
pants (%) (years)
(N)
4 737 100 45–65
7 219 100 25–65

416 100 25–55

Stress
indicator

Outcome

Job strain Incident CHD
(imputed)
Iso-strain CVD death
(imputed)
ERI

Dura- Events Adjustments
tion a
(N)
(years)
18

359

9

193

Incident CHD 6.5

21

1 683 100 38–56

Job strain CHD death
(imputed)

25

115

3 575 100 25–74

Job strain Incident CHD 16
(imputed)
ERI b
Incident CHD 5.3

519

25.6

73

Age, body mass index, blood pressure,
cholesterol
Age, blood pressure, cholesterol, smoking,
alcohol consumption, family history of CVD
disease, education, occupational class
Age, blood pressure, education, body mass
index, cholesterol, smoking, diabetes
Age, gender, grade, negative affectivity,
smoking, cholesterol, hypertension, body
mass index
Age, gender, occupational group, smoking,
physical activity, blood pressure,
cholesterol, body mass index
Age, follow-up period, smoking, alcohol
consumption, hypertension, diabetes,
hypercholesterolemia, menopausal status,
medication, diet, physical activity, parental
history of myocardial infarction, education, marital status, husband’s education
Age, gender, grade, cholesterol, body
mass index, smoking, hypertension,
physical activity, alcohol consumption

4 393

67

35–55

812

67

17–65

Job strain, CVD death
ERI

The nurses’ health
study, United States

35 038

0

46–71

Job strain Incident CHD

4

146

The Whitehall II
study, United
Kingdom

10 300

67

35–55

Job strain, Incident CHD
ERI b

11

916

3 039

56

18–77

Job strain Incident CHD

10

149

Age, blood pressure, cholesterol, body
mass index, smoking, diabetes

Job strain, Incident CHD 3.2
iso-strain

87

40–65

Job strain Incident CVD 5.6
event

47

6 442 100 35–55

Justice at Incident CHD 8.7
work

237

659 100 30–60

Job strain Incident IHD

13
(maximum)

47

804

Justice at CVD death
work

25.6

73

Age, education, body mass index, smoking,
diabetes, blood pressure, cholesterol,
occupation
Age, blood pressure, body mass index,
cholesterol, proteinuria, left ventricular
hypertrophy, ischemic ST-T change, atrial
fibrillation, family history of stroke
Age, grade, cholesterol, body mass index,
hypertension, smoking, alcohol consumption, physical activity, job strain, ERI
Age, socioeconomic position, marital
status, cholesterol, triglycerides, body
mass index, blood pressure, smoking,
alcohol consumption, physical activity
Age, gender, occupational group, smoking,
physical activity, blood pressure, cholesterol, body mass index, job strain, ERI

The Framingham
offspring study,
United States
The Belgian job
stress project,
Belgium
The hypertension
follow-up group
study, Japan
Men from the
Whitehall II study,
United Kingdom
Men from the
MONICA II study,
Denmark
Industrial employees,
Finland

14 337 100 35–59

1 615

56

67

17–65

251

Age, smoking, blood pressure, cholesterol, physical activity, glucose
Age

Duration of follow-up.
Bosma et al, 1998 (48) and Kuper et al, 2002 (47) are from a same cohort, the first having a more comprehensive assessment of ERI, but the latter
having a more objective assessment of outcome. Thus two meta-analyses were conducted for ERI, one including Bosma et al but not Kuper et al and
the other including Kuper et al but not Bosma et al.

independent studies were conducted for ERI, one including Bosma et al but not Kuper et al and the other including Kuper et al but not Bosma et al.
Two studies examined the association between organizational injustice and CHD. In one study, long-term
exposure to injustice was assessed by repeated measurements over a 3-year period with a 5-item scale, and the
average of these measurements was used in the analysis (8). The second study assessed justice with a

single-item measure measured at a single point in
time (15).

Assessment of coronary heart disease
Among the included studies, the duration of mean follow-up varied between 4 to 26 years. For the job-strain
model, the outcome definitions included diagnoses of
CHD in hospital or mortality records (39, 42–45, 49) or
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recorded death from cardiovascular disease (CVD) in
national mortality registers (41, 43). In the Whitehall II
study, self-reported angina was included in the outcome
in addition to medical records (45), and the outcome in
the nurses’ health study was self-reported myocardial
infarction confirmed by medical records (definite or
probable myocardial infarction) and next-of-kin or
postal-authorities-reported CHD deaths ascertained by
records of the National Death Index (38). The outcome

Study (year) gender

RR (95% CI)

Reed (1989), m

0.94 (0.65–1.36)

Johnson (1989), m
Johnson 1989, men (iso-strain)

1.92 (1.15–3.21)

Alterman (1994), m

1.48 (0.98–2.24)

Bacquer (2005), m

1.35 (0.73–2.49)

Uchiyama (2005), m

1.75 (0.49–6.27)

Netterström (in press), m

2.40 (1.01–5.68)

Kivimäki (2002), m & w
Kivimaki 2002, men & women

2.20 (1.16–4.17)

Kuper (2002), m & w

1.57 (1.26–1.96)

Lee (2002), w

0.80 (0.48–1.34)

Uchiyama (2005), w

6.66 (0.93–47.70)

Summary estimate

1.45 (1.15–1.84)

Reed 1989, men

Alterman 1994, men

Bacquer 2005, men

Uchiyama 2005, men

Netterstromin press, men

Kuper 2003, men & women

Lee 2002, women

Uchiyama 2005, women

Combined

1

0.1

10

Summary estimates of relative risk for coronary heart
disease
50

RR
Age- and gender-adjusted
relative risk (95% CI)

Figure 3. Relative risk (RR) of incident coronary heart disease and
cardiovascular events and its summary estimate for the prospective
cohort studies on the job-strain model by gender. (95% CI = 95% confidence interval, m = male study population, f = female study population)

Study (year) gender

RR (95% CI)

Alterman
Alterman1994, men (1994), m

1.03 (0.75–1.41)

Steenland
(1997), m
Steenland1997, men

1.08 (0.80–1.45)

Eaker 2004,
men
Eaker
(2004),
m

1.18 (0.69–2.01)

Bacquer 2005, men (2005), m
Bacquer

1.26 (0.66–2.41)

Uchiyama2005, men
Uchiyama
(2005), m

1.86 (0.51–6.77)

Netterstrominpress, men
Netterström
(in press), m

2.40 (1.01–5.73)

Kivimaki 2002, men& women (2002), m & w
Kivimäki

2.22 (1.04–4.73)

Kuper 2002, men& (2002),
women
Kuper
m&w

1.12 (0.81–1.55)

2002, women
LeeLee(2002),
w

0.71 (0.42–1.20)

Eaker 2004,(2004),
women
Eaker
w

0.61 (0.21–1.76)

Uchiyama (2005), w

9.05 (1.17–69.93)

Combined
Summary
estimate

1.16 (0.94–1.43)

Uchiyama2005, women

1

0.1

10

50

RR risk (95% CI)
Multiple adjusted relative

Figure 4. Multiple adjusted relative risk of incident coronary heart
disease and cardiovascular events and its summary estimate for the
prospective cohort studies on the job-strain model by gender. (95% CI =
95% confidence interval, m = male study population, f = female study
population)
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in the hypertension follow-up group study was CVD
events indicated as initial cerebral hemorrhage, cerebral
infarction, subarachnoidal hemorrhage, myocardial infarction, heart failure, aortic aneurysmal rupture, or sudden death (46). In the Honolulu heart program study,
data for the outcome included hospitalization and mortality data combined with information from obituary
notices in local newspapers, a less-convincing outcome
measure (40).
The studies of the ERI model defined their outcomes
as self-reported angina or self-reported physician-diagnosed ischemia (48), expert judgments on definite or
probable fatal or nonfatal myocardial infarction or sudden cardiac death (6), recorded deaths from CVD from
a nationwide mortality register (43), and recorded CHD
death, a first nonfatal myocardial infarction or self-reported or definite angina (47).
The two outcomes for the organizational injustice
model were the incidence of CHD (defined as a CHD
death, a recorded first nonfatal myocardial infarction,
or definite angina) (8) and recorded CVD death from a
nationwide mortality register (15).

An age- and gender-adjusted summary estimate across
all of the job-strain studies suggested a risk ratio of 1.43
[95% confidence interval (95% CI) 1.15–1.84] for a
combination of high work demands and low job control
(figure 3). Eight of the ten individual studies reported a
significant or nonsignificant positive association between job strain and CHD, but, in the reports from the
Honolulu heart program (40) and the nurses’ health
study (38), there was a nonsignificant negative association. After multiple adjustments for risk factors and potential mediators, the overall summary estimate of the
relative risk (RR) decreased to 1.16 (95% CI 0.94–1.43)
(figure 4).
The summary estimate for the ERI model showed a
1.58-fold (95% CI 0.84–2.97) age- and gender-adjusted
excess risk for employees reporting high effort and low
reward (table 3). When Kuper et al (47) was replaced
by Bosma et al (48), the excess risk was higher
(RR 2.52, 95% CI 1.63–3.90). Multiple adjustments did
not reduce the overall relative risk for effort–reward
imbalance (2.05, 95% CI 0.97–4.32 with Kuper; 2.51,
95% CI 1.58–3.90 with Bosma).
The two studies of organizational injustice and CHD
reported an age- and gender-adjusted relative risk of
1.62 (95% CI 1.24–2.13) for organizational injustice
(table 3). This risk remained statistically significant after additional adjustments for other risk factors including job strain and effort–reward imbalance (RR 1.47,
95% CI 1.12–1.95).
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Test of heterogeneity
We observed heterogeneity between studies regarding
the relative risks for job strain (Q=17.5, df=9, P=0.04
in age- and gender-adjusted model; Q=15.4, df=10,
P=0.12 in multiple-adjusted model) and effort–reward
imbalance (Q=3.9, df=1, P<0.05 in age- and gender-adjusted model; Q=6.4, df=2, P=0.04 in multiple-adjusted
model). It was not possible to perform this test for the
organizational injustice model due to the too small number of studies.

Table 3. Relative risk (RR) of incident coronary heart disease or
cardiovascular mortality and its summary estimate in observational cohort studies on the effort–reward imbalance model and
the organizational injustice model. (95% CI = 95% confidence
interval)
Stress model

RR

95% CI

Multiple
adjusted a
RR

95% CI

Effort-reward imbalance
Siegrist et al, 1990 (6) (men)
Bosma et al, 1998 (48)
(men, women)
Kivimäki et al, 2002 (43)
(men, women)
Kuper et al, 2002 (47) (men,
women)
Combined summary estimate excluding Bosma et al, 1998 (48) b
Combined summary estimate excluding Kuper et al, 2002 (47) b

Gender difference in the job strain–coronary heart disease association
A complete test of gender differences in the association
between job strain and CHD was not possible because
two studies reported only risk ratios for men and women
in combination. However, in both of these studies, twothirds of the participants were men who also had the vast
majority of CHD events. Thus it was possible to compare male or male-dominated samples with female
samples.
For all of the male or male-dominated samples, a significant or nonsignificant positive association between
job strain and CHD was reported, with the exception of
samples from the Honolulu heart project study, which
reported an inverse nonsignificant association (40). For
the three female samples included in the meta-analysis,
a nonsignificant inverse association between job strain
and CHD was observed in two studies and a positive
association was shown in one study with only two CVD
events in the group of women with job strain. The formal test of gender difference failed to reach statistical
significance (P=0.21 for age-adjusted model, P=0.25 for
multiple-adjusted model).
Lack of studies with female samples prevented the
test of gender differences for the ERI and injustice models.

Age- and genderadjusted

··
··
2.68 1.46–4.91

4.53 1.43–14.3
2.15 1.15–4.01

2.36 1.26–4.42

2.42 1.02–5.73

1.22 1.01–1.46

1.26 1.03–1.55

1.58 0.84–2.97

2.05 0.97–4.32

2.52 1.63–3.90

2.51 1.58–3.98

1.54 1.10–2.13
1.81 1.14–2.94

1.41 1.01–1.96
1.64 1.00–2.78

1.62 1.24–2.13

1.47 1.12–1.95

Organizational injustice
Kivimäki et al, 2005 (8) (men)
Elovainio et al, in press (15)
(men, women)
Combined summary estimate

The covariates varied between studies. See table 1 for adjustments in
each study.
b
Bosma et al (48) and Kuper et al (47) are from the same cohort, the first
having a more comprehensive assessment of effort–reward imbalance,
but the latter having a more objective assessment of outcome. Thus two
meta-analyses were conducted.
a

model (43, 47), but no evidence was found for publication bias (P=0.32 in Begg’s test), and exclusion of the
first ERI study did not alter the summary estimate (RR
for effort–reward imbalance 1.52, 95% CI 0.85–2.70,
with Kuper et al and 2.24, 95% CI 1.35–3.71, with
Bosma). The two studies of the organizational injustice
model provided similar hazard ratios for injustice. All
of these findings suggested that publication bias was
unlikely to have substantially distorted the findings of
our meta-analysis.

Test of publication bias
We found some evidence for publication bias. The funnel plots for the age- and gender-adjusted and multipleadjusted job-strain studies appeared to be asymmetric,
and the corresponding P-values for publication bias in
Begg’s test were 0.09 and 0.04, respectively. However,
exclusion of the smaller studies (<1000 participants or
<50 CHD or CVD events, 3 studies) (43, 46, 49) had
little effect on the overall excess risk related to job strain
(the age- and gender-adjusted summary estimate 1.30,
95% CI 1.01–1.68). The first study of the ERI model
(6) reported a two times greater hazard ratio for effort–
reward imbalance than the later studies testing this

Discussion
Work stress is currently not included in the American
Heart Association list of established risk factors for CHD,
but individual response to stress is acknowledged as a
potential contributing factor (www.americanheart.org).
According to our meta-analysis of prospective cohort
studies published by January 2006, work stress is associated with about a 50% excess risk of CHD. To our
knowledge, this is the first meta-analysis on the best
evidence available on this topic, and it was based on
14 studies, of which 6 were not included in the previous
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narrative reviews (16, 26–29). An advantage of metaanalyses when compared with narrative reviews is that
they provide an objective summary of the existing
evidence.
Only three independent prospective cohort studies
tested the ERI model (6, 43, 47, 48), and two studies
tested the organizational injustice model (8, 9). All of
these studies reported a positive association between
work stress and CHD that was robust to adjustment for
other risk factors. The number of identified independent
prospective cohort studies assessing the job-strain model
was 11, relating to a 7–10 times greater total population than that for the other work-stress models (37–46).
Although the overall summary estimate of the age- and
gender-adjusted relative risk for CHD among employees with job strain suggested increased risk, some single
studies reported null findings.
The reasons for mixed findings on job strain are unclear, but at least the following four issues may have
contributed to inconsistent evidence. First, two of the
three studies with a lower ratio of CHD risk for highstrain employees (compared with those with low strain)
were related to female samples (38, 39). This inverse
association was not replicated in a study of cardiovascular events among Japanese women (46), but, because
only two cardiovascular events were recorded in the
high-strain group, that finding remains open to chance.
The stress of unpaid work at home (eg, child care) may
be particularly important for women because they still
carry a larger share of the responsibility for doing domestic duties (50, 51). For example, findings from the
Whitehall II study suggest that low control at home predicts CHD among women but not among men (52), and
a Swedish study showed that a combination of stressful
conditions at work and at home predicted perceived
symptoms among women, whereas, for men, symptoms
were more strongly determined by work stress alone
(53). Although the formal test of gender difference
failed to reach statistical significance in this meta-analysis, it is possible that work stress is a less powerful predictor of CHD among women than among men.
Second, all studies with null findings assessed job
strain at one point in time only. As CHD develops over
a long time span, long-term rather than short-term levels of job strain are assumed to have an impact on CHD
incidence. For employees with stable strain, a single
time measurement may provide an accurate estimate of
long-term strain, but this is not necessarily the case for
others with changing job-strain levels. Data from the
British Whitehall II study suggest that the use of singletime exposure measures may underestimate the status
of long-term job strain as a CHD risk factor (25). Indeed, the regression dilution-corrected excess risk of
CHD for job strain was 30% higher than the corresponding uncorrected estimate in these data.
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Third, bias and measurement error may have contributed to false negative results. Two cohorts with null
findings included participants at postretirement age [the
maximum age was 71 years in the nurses’ health study
(38) and 77 years in the Framingham offspring study
(39)], and, therefore, the likelihood of recall and survivor biases was increased. In the nurses’ health study,
146 incident CHD cases were detected after the assessment of job strain. However, this assessment took place
16 years after the baseline and involved only 29% of
the baseline cohort, excluding over 7000 participants
who had a diagnosis of CHD, as well as 38 000 baseline
participants who were no longer working (38). If job
strain predicts an increased risk of CHD and retirement
(16, 27, 54), this selective inclusion has a potential for
biasing results towards the null. The third study with
negative findings, the Honolulu heart program study,
used imputed occupation-based job-strain scores derived
from United States data as a whole to men of Japanese
ancestry in Hawaii (40). The identification of incident
CHD cases was, in part, based on obituary notices in
local newspapers. Thus both exposure and outcome may
have been imprecisely measured.
Fourth, it is also important to consider type I error
(false positive) as a source of mixed findings (ie, the
possibility that the observed positive associations between work stress and CHD are spurious), the null findings representing the true estimates. Publication bias
may increase the risk of false positive findings, but we
found little evidence suggesting that this type of bias
would have distorted findings in our meta-analysis. Confounding due to some unmeasured third factors (eg, risk
factors from the preemployment period) may artificially
inflate associations, a possibility that cannot fully be
ruled out in any observational study. However, there is
some evidence suggesting that preemployment factors
do not substantially confound the association between
job strain and CHD risk (55).

Directions of future research
Further studies with more sophisticated assessment strategies are needed to develop a more complete picture of
the role of work stress in the etiology of CHD. There
has been little standardization in the assessment of work
stress, as the survey instruments have varied between
studies and many studies have made modifications to the
scales. Moreover, the standard questionnaires for the ERI
and organizational injustice models have only recently
been published; thus the existing follow-up studies on
these models rely on preliminary scales or secondary
analyses of data originally collected for other primary
purposes. Thus replications of work-stress studies with
standard instruments (11, 56–58) would be vital to ensure independent assessment of exposure and outcome.
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At the same time, however, it is important to recognize that worklife is under continuous change, and this
process causes variation in the relative importance of
existing stressors and the possibility of new stressors
emerging. An interdisciplinary approach may help to update stress models in the future. The job-strain model
was developed in the context of industrialization in parallel to a widely applied work-motivation theory with
some core aspects of work that are close to the job-control concept (ie, task variety, and autonomy) (59, 60).
The ERI model shares elements with the distributive
justice model, another work motivation theory (10), and
taps features of postmodern flexible worklife, such as
temporary employment and job insecurity (61). The
most recent developments in work motivation theories
involve procedural and relational justice at work (11,
13), which has been shown to be an important moderator of employee responses (62–65). A further parallel
between work motivation theories and stress models is
the application of the organizational injustice concept
in studies of stress as an etiological factor for CHD.
The pathways through which work stress may elicit
harmful effects on CHD have remained unclear. This
meta-analysis showed that the association between work
stress, as indicated by job strain, and CHD substantially
decreased after adjustment for covariates, such as socioeconomic position, body mass index, blood pressure,
cholesterol concentration, smoking, and sedentary
lifestyle. While the interpretation of this finding is not
unambiguous, the decrease may provide information
about factors that mediate the association between work
stress and CHD. Stress has been associated with sleep
disturbances (20), increased smoking intensity (21), reduced leisure-time physical activity (22), unhealthy diet
(23), increased weight gain and obesity (66, 67), metabolic and hemostatic disturbances (18, 68), reduced
heart rate variability and vagal tone (9, 68, 69), early
atherosclerosis (70), impaired inflammatory and immune response (71, 72), accelerated cellular aging (19),
and other risk factors (1, 17). To determine whether
these associations indicate stress mediators, studies directly linking epidemiologic evidence with subsequent
intermediate biological and behavioral mechanisms and
with cardiovascular endpoints are needed.
Attenuation of the stress–CHD association after adjustments may also imply confounding and a risk marker
status for work stress. The long latency period between
some distant risk factors and manifest CHD (73, 74) and
the fact that CHD is a multietiological disease make it
difficult to distinguish between single causal risk factors and risk markers, although this distinction is essential in terms of policy implications. Favorable change
in causal risk factors, but not in risk markers, would reduce the risk of CHD and therefore form the target for
interventions. In the future, attempts to carry out

large-scale work stress intervention studies with long
follow-up periods would be of vital importance, as they
may increase the understanding of both causality and
means of prevention. Additional studies taking advantage of naturally occurring worklife changes could also
be helpful. One example of such changes is organizational downsizing, a proxy measure for increases in job
strain and effort–reward imbalance among those who
keep their jobs (75). In a recent study, downsizing was
associated with an increased risk of CVD mortality
among such employees, and the greatest excess risk was
found in the years immediately following the personnel
reductions (76). This time-dependent effect pattern supports a causal, rather than a confounded, association
between downsizing and CVD mortality, but further research is needed for confirmation.
Finally, little research has been done to establish risk
profiles for people exposed to work stress. The same
environmental challenges or stressors are not likely to
induce similar stress reactions in all people, but factors
determining groups at greatest risk of CHD under stress
have remained unclear. Thus future research should also
focus on interactions between work stress, genetic predispositions, and health behavior to improve the predictive validity of stress models.

Concluding remarks
Traditional occupational hazards, such as exposures to
toxic chemicals, cold, and noise, may account for only
part of the effect of work on health. Work stress refers
to the aspects of work design, organization, and management, and their social and organizational contexts,
that have the potential to cause harm to employee health.
This paradigm, in addition to the conventional physicochemical approach, is suggested to form an essential part
of contemporary occupational health research. We
found an overall predictive association between work
stress and CHD with about 50% excess risk among
stressed employees, but we also acknowledged several
methodological limitations in the existing evidence. A
meta-analysis provides an objective summary of current
evidence, but is open to the same threats of validity as
the single studies that form the combined data base.
Thus further research in contemporary worklife is needed
to clarify the role of work stress in the etiology of CHD.
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