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Abstract

Purpose A systematic review was carried out to assess
evidence for the association between different models of
stress at work, and cardiovascular morbidity and mortality.
Methods A literature search was conducted using five
databases (MEDLINE, Cochrane Library, EMBASE,
PSYNDEX and PsycINFO). Inclusion criteria for studies
were the following: self-reported stress for individual
workplaces, prospective study design and incident disease
(myocardial infarction, stroke, angina pectoris, high blood
pressure). Evaluation, according to the criteria of the
Scottish Intercollegiate Guidelines Network, was done by
two readers. In case of disagreement, a third reader was
involved.

Results Twenty-six publications were included, describ-
ing 40 analyses out of 20 cohorts. The risk estimates for
work stress were associated with a statistically significant
increased risk of cardiovascular disease in 13 out of the 20
cohorts. Associations were significant for 7 out of 13
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cohorts applying the demand—control model, all three
cohorts using the effort-reward model and 3 out of 6
cohorts investigating other models. Most significant results
came from analyses considering only men. Results for the
association between job stress and cardiovascular diseases
in women were not clear. Associations were weaker in
participants above the age of 55.

Conclusions In accordance with other systematic reviews,
this review stresses the importance of psychosocial factors at
work in the aetiology of cardiovascular diseases. Besides
individual measures to manage stress and to cope with
demanding work situations, organisational changes at the
workplace need to be considered to find options to reduce
occupational risk factors for cardiovascular diseases.

Keywords Psychosocial stress at work - Job strain -
Demand—control model - Effort-reward imbalance model -
Cardiovascular diseases - Systematic review

Introduction

Cardiovascular diseases (CVD) are the major cause of
death and morbidity in Western countries, accounting for
more than half of all deaths (American Heart Association
2005). Despite declining mortality of chronic heart disease
in the last decade, the incidence and prevalence of chronic
heart disease are still high (Mosterd et al. 1998; Raymond
et al. 2003; Roger et al. 2004). Thus, cardiovascular disease
remains a serious public health problem and an economic
burden for society and its health care system (O’Connell
2000; Stewart et al. 2003).

The relationship between adverse working conditions
and CVD has been investigated for many decades,
including studies on the effect of physical workload, noise,
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long working hours, shift work and social job characteris-
tics such as occupational position. Special attention has
been given to the role of work stress. The mechanisms
underlying the association between work stress and heart
disease remain still unclear. Possible pathways are through
the direct activation of neuroendocrine responses to
stressors or more indirectly through unhealthy behaviours,
such as smoking, lack of physical exercise or excessive
alcohol consumption (Chandola et al. 2008).

Since the mid-1990s, more sophisticated studies on
psychosocial stress at work based on theoretical models of
stress have emerged. Two theoretical models on work
stress were developed, and with them, validated and
standardised methods assessing work stress were intro-
duced into epidemiological research.

The demand—control or job strain model by Karasek
et al. (1998) is the most often used stress model. It is based
on the assumption that a mismatch between low control
over working conditions (decision latitude) and high
demand in terms of work load is particularly hazardous to
health, while high control and low demand are the most
beneficial. By cross-tabulating the scales of job demand
and decision latitude, both divided at their median, four
categories, or quadrants, are obtained: active jobs (high
demands, high control), passive jobs (low demands, low
control), high strain (high demands, low control) and low
strain (low demands, high control).

With growing research evidence, the model has been
expanded by the inclusion of social support into the so-
called isostrain model, posing that a combination of low
control, high demand and lack of social support at the
workplace has the highest health risk.

Another well-known theoretical approach is the effort—
reward imbalance (ERI) model by Siegrist (1996a, b) that
focuses on the lack of reciprocity as a source of stress at the
workplace. According to this model, rewards such as
money, esteem and career opportunities will buffer the
negative effect of efforts spent in terms of psychological
and physical load. An imbalance, on the other hand, will
lead to stress and hence to ill health. The ratio of the
respective scores of effort and reward constitutes the
measure of stress; a ratio above 1 indicates the presence of
an imbalance between effort and reward. An extension of
the ERI model takes overcommitment into account (Sie-
grist et al. 2004). This refers to a motivational pattern of
excessive work-related commitment and high need for
approval. Overcommitment is a psychological risk factor in
itself that adds to the strain of working conditions. Besides
these theory-based approaches to assess stress at work, a
large number of studies based on questionnaires of stress-
related items dealing with long working hours, time pres-
sure, interpersonal conflicts and other psychosocial aspects
of work have been conducted (e.g. Theorell and Floderus-
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Myrhed 1977; Suadicani et al. 1993; Hibbard and Pope
1993; Matthews and Gump 2002).

While cross-sectional, case—control and prognostic
studies still dominate in the literature, a large number of
well-designed prospective cohort studies have been con-
ducted in the last years. These contribute a higher degree of
evidence to the causal relationship between work stress and
health.

Numerous reviews have been published on the relation
between stress and CVD (e.g. Costa 2004; Dimsdale 2008;
Karasek 2006). Unfortunately, most of the reviews are
narrative in nature and thus not transparent and not as
comprehensive. Eller et al. (2009), Kivimiki et al. (2006),
Netterstrgm and Kristensen (2005), Belkic et al. (2004) and
Hemingway and Marmot (1999) conducted systematic
reviews. These employ an explicit research strategy with
predefined search terms for identifying every publication in
the field and analyse the results in a systematic, objective
manner in order to minimise bias. Usually, the quality of
each study in respect to its level of evidence of results is
taken into account, giving more weight to higher-level
studies with less risk of bias or confounding (such as ran-
domised trials or cohort studies) than to studies with
methodological restrictions.

The aim of the present study was to conduct an up-to-
date systematic review based on longitudinal data on the
association of psychosocial stress at work with cardiovas-
cular diseases. A broader definition of work stress and
cardiovascular outcomes was applied.

The following questions were assessed:

— Is stress at work related to cardiovascular morbidity
and mortality (coronary heart disease, stroke and
hypertension)?

— Which stress models and which CVD outcomes have
the strongest evidence for an association?

Methods

The authors performed a systematic review on the role of
work stress for the development of cardiovascular diseases
by collecting and analysing all relevant publications with a
predefined strategy. The authors intended to include a
variety of databases besides MEDLINE, possibly identi-
fying articles published in less-known journals and older
publications, and to include those based on less-known
stress models.

All studies dealing with stress perceived at work (search
terms: psychosocial stress at work, work stress, occupa-
tional stress, mental stress, job strain, effort, reward,
demand, control with cardiovascular diseases and hyper-
tension) were included. Self-reported and expert-rated
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assessment for individual workplaces was taken into
account, while those articles based on job titles were
excluded. Studies dealing exclusively with organisational
factors (e.g. overtime work) were also excluded.

Inclusion criteria of diseases were cardiovascular dis-
ease, coronary heart disease, myocardial infarction, heart
failure, angina pectoris, stroke and hypertension. Outcomes
such as atherosclerosis, blood pressure described as a
metric variable and other subclinical measures as well as
gestational hypertension were not included in this review.

In order to minimise bias from reversed causality as well
as recall bias and other methodological restrictions, only
prospective aetiological cohort studies and randomised
controlled trials (RCT) were included. Prognostic studies
with CVD patients were excluded from the analyses. In
addition, case—control, cross-sectional and aggregated
studies, as well as narrative reviews were excluded. Fur-
ther, systematic reviews were checked for studies that had
been missed by the search strategy of the presented sys-
tematic review. Relevant publications were added to the
analyses.

Scientific articles were identified from MEDLINE,
EMBASE, PSYNDEX, PsycINFO and Cochrane Library
with defined search terms (see above). A senior medical
information specialist performed the search in July 2008.
After finishing the main data analyses, the procedure was
repeated in March 2010 to identify studies published since
the first search (see Fig. 1).

Two readers (EM.B and B.S.) decided independently on
inclusion or exclusion of all identified publications based
on title and—if available—abstract. In order to avoid bias,
readers were blinded to the name of the authors. In case of
disagreement, consent was achieved by discussion, or a
third reader (A.S.) was involved.

Multiple publications based on the same cohort were
retained if they involved analyses on different exposure
methods or outcomes, e.g. stress measured as job strain
and as effort-reward imbalance. If outcomes differed
only slightly, such as cardiovascular morbidity and
mortality, the most comprehensive publication was con-
sidered. If exposure, methods and outcomes were iden-
tical in two articles, they were regarded as multiple
publications and the one which was described in more
detail was retained.

Retrieved papers were evaluated by the two readers in
respect to the level of evidence using a modified version of
the Scottish Intercollegiate Guidelines Network (SIGN)
checklist for cohort studies (Scottish Intercollegiate
Guidelines Network 2008; Harbour and Miller 2001).
Since no randomised trials were found, the respective
SIGN checklist for RCTs was not applicable. A third reader
(A.S.) served as an arbiter in case of disagreement con-
cerning the level of evidence of a study.

Records identified and screened

1977 — July 2008 n = 1566
July 2008 — March 2010 n= 203

Records excluded
n = 1560

Full-text articles excluded:

- no relevant outcome n= 8

- no relevant exposure n= 23

- no relevant study design n =128
(case-control or cross-sectional studies,
comments or narrative reviews)

- publication not available n= 5

- no English publication n= 4

Full-text articles assessed for eligibility
n =209

v
Relevant citations

found in systematic
reviews n=3

Articles included in qualitative analysis
n=238

ZN

Articles excluded
N inadequate quality
Multiple publications

Articles finally selected and described
n=26

Fig. 1 Flowchart

The SIGN checklists were applied to grade the level of
evidence of each study.

Overview of included studies

The search yielded 1,769 citations for the period between
1977 and March 2010, of which 26 were finally selected
according to the inclusion criteria. All studies were cohort
studies; no randomised controlled trials covering this topic
were found. All studies included were in English. For
details of the literature search, see Fig. 1 (flowchart).
Twenty cohorts were described in the selected 26 publi-
cations. Some of these 26 publications included more than
one exposure model, or more than one outcome, or results
were gender-stratified. Thus, 40 different analyses were
described (see Tables 1, 2, 3) and considered within the
following systematic evaluation.

In the majority of the cohorts, participants were recrui-
ted from an unselected general working population. The
remaining studies included selected occupations or com-
panies (see Tables 1, 2, 3 for details).

Nine cohorts investigated only men and three cohorts
only women. Twelve publications (eight cohorts) described
both men and women. Ten of the 15 analyses examining
only male participants yielded significant positive results,
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whereas only one of the nine analyses observing exclu-
sively women showed significant positive results.

In summary, statistically significant associations
between psychosocial stress and cardiovascular disease
were described in 14 out of 26 publications (11 out of 20
cohorts, respectively). With the exception of the Nurses
Health Study (Lee et al. 2002), all studies that reported risk
estimates indicated a higher risk of cardiovascular diseases
with increasing stress. However, not all of these results
were statistically significant. Most of the significant results
came from studies including only men; thus, no clear
statement is possible for the association between job stress
and cardiovascular diseases in women.

The majority of the investigations described either
overall cardiovascular disease or coronary heart disease,
either based on mortality registers or (for morbidity) col-
lected by questionnaires, clinical diagnosis based on ECG
or enzyme measurement. Some analyses regarded solely
stroke (Tsutsumi et al. 2009; André-Petersson et al. 2007,
Kuper et al. 2006; Hibbard and Pope 1993), angina pectoris
(Chandola et al. 2005) or hypertension (Fauvel et al. 2003;
Markovitz et al. 2004). Since most of the studies investi-
gated cardiovascular disease or heart disease as a whole, it
was not possible to evaluate whether work stress acts dif-
ferently in relation to myocardial infarction, angina pec-
toris, hypertension or stroke within the same study
population. Results were significant for six out of 14
publications investigating CHD, and for five out of seven
articles on CVD. One of the two publications on hyper-
tension, one of the two publications on stroke and one
publication on angina pectoris revealed statistically sig-
nificant positive associations.

The two publications with the highest level of evidence
(SIGN classification 2++, indicating a study with high-
quality and a very low risk of confounding and bias) for the
relationship between stress and cardiovascular disease were
based on the Whitehall cohort. One publication (Kuper
et al. 2003) used the job strain model and the other one
(Kuper et al. 2002) the effort-reward imbalance model to
describe stress at the workplace (Tables 1, 2). Both found
statistically significant results. Thirteen publications
showed a low risk of bias and a moderate probability that
the relationship investigated was causal (SIGN classifica-
tion 24), eight of these 13 studies described significant
results. The remaining eleven publications had a high risk
of confounding and bias (SIGN classification 2—). Statis-
tical analysis and adjustment for potentially confounding
factors were insufficient in some of these studies.

Demand-—control model

Seventeen publications used the job strain model to
describe stress at the workplace (Table 1). In seven of the
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13 cohorts, workers with high strain had a significantly
higher risk to develop cardiovascular diseases than workers
in the low-strain group. Risk estimates varied between 1.33
and 2.62. Markovitz et al. (2004) reported a significant
association between changes in job strain (of increasing
demands relative to decreasing decision latitude) and risk
of hypertension. A cumulative index was used in one study
(Chandola et al. 2008), and the results indicate a dose—
response relationship between the frequency of stress and
cardiovascular outcomes.

In three publications, also ‘isostrain’, a combination of
high job strain and lack of social support at work, was
investigated (André-Petersson et al. 2007; De Bacquer
et al. 2005; Chandola et al. 2008). Two investigations
found significant associations between isostrain and car-
diovascular disease (De Bacquer et al. 2005; Chandola
et al. 2008). Age-stratified analyses in two articles (Ki-
vimaki et al. 2008; Chandola et al. 2008) indicated that the
association between job strain and cardiovascular diseases
is not as strong in participants older than 55 years.

Effort—-reward imbalance model

Three cohorts, described in four publications, applied the
effort—reward imbalance model (Table 2). Statistically
significant associations were found in all these investiga-
tions. In the Valmet study (Kiviméki et al. 2002), a more
than twofold risk, and in the Whitehall study (Kuper et al.
2002), a 1.2-fold risk to develop coronary heart disease
(CHD) were estimated. Within the Whitehall study, tem-
poral changes in exposure (increase in ERI score between
phase 1 and phase 5) in men were statistically significant
related to the development of angina pectoris (Chandola
et al. 2005).

Other models

Three of the six cohorts that applied other exposure mea-
surements than the demand-control or effort-reward
imbalance model suggested an elevated risk of cardiovas-
cular disease following psychosocial stress (Table 3). One
model that is comparable to the effort-reward imbalance
model (Lynch et al. 1997) showed significant results, and
the other two cohorts with significant results used indices
consisting of several items related to stress.

Discussion

This systematic review describes 26 articles investigating
20 study cohorts. The discussion of the results is based
upon 40 different analyses. The included studies were
diverse regarding the investigation into and description of



Int Arch Occup Environ Health (2012) 85:67-79

75

exposure to psychosocial load. Psychosocial factors acting
as stressors in daily work are multifaceted, and each
exposure model addresses different aspects of a work sit-
uation. Besides the aspects addressed in the exposure
models described in these 26 publications, there may be
also other stressors, e.g. bullying at work or ambiguity
concerning work tasks, but also external factors like noise
leading to amplified experience of stress and demands.

Presently, there is no agreement (Eller et al. 2009;
Bosma et al. 1998; Belkic et al. 2004) whether the two
scales of high demands or low control observed separately
have stronger effects on cardiovascular health than the
concept of ‘job strain’ that is based on both scales, demand
and control. The authors excluded studies from this review
that investigated only one scale of the stress models since
the traditional concept of ‘job strain’ is based on both
scales, demand and control.

Work stress might also have an impact on re-events after
myocardial infarction or on the prognosis of other cardio-
vascular diseases. Such prognostic studies, however, were
excluded from the analyses. Since most of the studies have
not been specifically designed to answer the question
whether there is an association between work stress and
cardiovascular disease, detailed job descriptions were not
available in most of the investigations. Outcomes, statisti-
cal models and confounders such as biological and
behavioural risk factors were also heterogeneous. Thus, a
meta-analysis was not conducted.

Findings

The presented systematic review affirms the first research
question, since the collected studies revealed moderate
evidence that stress at work is related to cardiovascular
morbidity and mortality. The strength of association
depended on the stress model employed and the population
or subgroups examined. All studies based on the effort—
reward imbalance model, and about half of the studies with
the job strain model revealed an impact of work stress on
cardiovascular disease. So far, the ERI model seems to be a
more consistent predictor of cardiovascular diseases.
However, the ERI approach was used in only three studies.
Thus, the answer to the question which stress model has the
strongest evidence for an association with cardiovascular
diseases is not unambiguous.

With one exception (Lee et al. 2002), all risk estimates
showed a positive association between psychosocial stress
at the workplace and cardiovascular disease. However,
statistically significant results were described for only 13
out of the 20 cohorts investigated (Tables 1, 2, 3). Some
issues may explain the non-significant results.

Most of the included studies assessed job strain at one
point in time only. Three analyses (Chandola et al. 2005,

2008; Markovitz et al. 2004) that measured either temporal
changes in job stress or cumulative stress reported statis-
tically significant associations with disease. However, more
studies with sophisticated assessment of the development
of job stress over time and its impact on health are desir-
able. Another aspect is the long follow-up duration in some
of the studies. As a consequence, information bias might be
introduced unless job strain is stable for a long time and
workers do not change and leave their job or experience
times of unemployment. Job change due to stress will
underestimate the effect, in case vulnerable individuals
may have already left work. In the Whitehall study, the
effect of effort-reward imbalance on cardiovascular health
indicated higher risk estimates after an average follow-up
time of 5.3 years (Bosma et al. 1998) than after a follow-up
time of 11 years (Kuper et al. 2002). However, the out-
come in the two analyses differed. Bosma et al. (1998)
considered cardiovascular morbidity and mortality and
Kuper et al. (2002) only cardiovascular morbidity. The
possible conclusion of an underestimation of true effect
estimates in long-term studies needs further investigations.

In some studies included in our review, only few events
occurred. Thus, the statistical power was probably not
strong enough to observe significant results (e.g. Tsutsumi
et al. 2006).

Demand—control model

Self-reported job demands might be difficult to measure
across different occupational groups because they may
experience and interpret job demands in a different way.
However, this is contradicted by two studies investigating
only one occupational group (bus drivers, nurses) that show
no significant results. The study investigating nurses (Lee
et al. 2002) even described risk estimates below 1. On the
other hand, a rather similar degree of job stress within one
occupational group can be discussed as an explanation for a
missing association. Comparability of the results of the
different studies is also restricted because of different
versions of the Job Content Questionnaire (JCQ) and dif-
ferent allocation into the four different groups (high strain,
low strain, active job and passive job) according to the
demand-—control model.

Effort-reward imbalance model

Results were more consistent for the concept of effort—
reward imbalance than for the job strain model. The results
of all three cohorts yielded significant results suggesting
the concept of effort-reward imbalance as a predictor for
cardiovascular diseases. Results of the Whitehall study
have already been discussed in an earlier publication
(Bosma et al. 1998, publication not included in the tables).
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The authors describe even higher risk estimates than Kuper
et al. (2002). Yet, the observed outcome was cardiovas-
cular morbidity, not mortality as in the publication of
Kuper et al. Since the effort-reward model was used in
only three cohorts, results are limited and need to be
confirmed. In addition, different versions of the effort—
reward imbalance questionnaire were used in these studies
that may limit comparability.

Other models

The six cohorts investigating exposure models that are not
as validated and standardised as the effort-reward imbal-
ance model or the job strain model all use different
instruments. Thus, results are not comparable. Addition-
ally, the quality of many of these studies was low. One
exception was the Kuopio Ischemic Heart Disease Risk
Factor Study (Lynch et al. 1997), describing an exposure
model (demand/resources/income) that is quite similar to
the effort-reward imbalance model. This study adds to the
positive results found by the studies using the ERI concept.
Results of the Multiple Risk Factor Intervention Trial
(MRFIT) (Matthews and Gump 2002) and the results of the
study by Theorell and Floderus-Myrhed (1977) show that
even an exposure measure including a sum score of ques-
tions concerning work stress such as changes in job,
problems with workmates or getting unemployed is related
to cardiovascular outcomes.

Gender and age effects

There appear to be gender differences for the influence of
work stress on cardiovascular disease. In the Nurses Health
Study that enrolled a high number of female nurses’ risk
estimates were below 1, indicating an inverse (although
non-significant) relationship. The Swedish Woman Life-
style Study found positive associations although not
reaching significance. Chandola et al. (2005) described a
significant relation between the change in effort-reward
imbalance and angina pectoris in men, but not in woman. A
study by Tsutsumi et al. (2006) investigating the relation-
ship between job stress and stroke indicated a risk estimate
of 1.25 for women (not significant) and a risk estimate of
2.6 for men.

Several reasons may explain differences between the
results found for men and women. First, cardiovascular
events in women occur later in life than in men; thus, the
investigated cohorts, including mainly working popula-
tions, might have been too young to observe cardiovascular
events. Additionally, in most of the studies, no information
was available concerning psychosocial burden or resources
at home that may have an even stronger impact on
women’s health, as shown by Orth-Gomer et al. (2000).
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There was also sparse information concerning part-time
work that is probably more frequent in the female popu-
lation. As shown for the association between job strain and
depression (Ertel et al. 2008), social support as well as
family demands may moderate the effect of job strain on
cardiovascular health in women. There may be also gender
differences in the experience of stress (de Smet et al. 2005)
leading to differing answers to the questionnaire. Another
reason for inconsistent results in the included studies may
be the inclusion of participants of different age. High age
seems to dilute the association between job stress and
disease (Kivimiki et al. 2008). This may be due to a
healthy worker effect or due to adjustment to stressful
working conditions. Additionally, lower risk due to psy-
chosocial stress at work in higher age may be due to
concurring classical risk factors, e.g. high blood pressure
that become relatively more important with increasing age.

Other cardiovascular risk factors

With only one exception, all studies describing risk esti-
mates that were included in this review showed positive
associations between work stress and cardiovascular out-
comes, although not all of them reached statistical signif-
icance. Of those publications including several statistical
models (n = 16), the multiple adjustment leads to a lower
risk estimate in 50% (8 out of 16 models); in few analyses
(5 out of 16 models), a higher risk estimate was observed or
the risk estimate remained unchanged (3 out of 16 models).
Nevertheless, adjustment to biological and behavioural
factors did not explain completely the associations found
between work stress and cardiovascular events. Since CHD
takes decades to develop and is associated with a large
variety of risk factors in childhood and adulthood, there
may be some other unidentified important confounding
factors, already present before being employed (Kiviméki
et al. 2006). However, new results from the Whitehall
study (Hintsa et al. 2010) indicate that the association
between psychosocial factors at work and CHD is largely
independent of family history of CHD, education, paternal
educational attainment social class, number of siblings and
height.

Previous reviews

This review continues and adds to other previous system-
atic reviews (Eller et al. 2009; Kivimaki et al. 2006;
Netterstrom and Kristensen 2005; Belkic et al. 2004;
Hemingway and Marmot 1999). Unique in the presented
review is the inclusion of additional databases beside
MEDLINE. This approach retrieved additional publica-
tions that did not appear in the other systematic reviews
(Chandola et al. 2005, 2008; Fauvel et al. 2003; Hibbard
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and Pope 1993; Markovitz et al. 2004; Matthews and
Gump 2002; Tsutsumi et al. 2006, 2009). The authors
restricted the selection to prospective cohort studies and
randomised trials (none of the latter was identified in the
literature search) in order to avoid selection bias and recall
bias particularly present in case—control studies. Most of
the existing reviews focus on the job strain and the effort—
reward imbalance models, whereas the presented review
included several studies based on less-known approaches.
These latter studies tended to be less sophisticated and
lacked a theoretical foundation. However, this finding
could not be anticipated beforehand.

Furthermore, hypertension besides myocardial infarc-
tion and stroke was included. Thus, some studies and/or
analyses that have not been considered in the previous
reviews were included here. Chandola et al. (2005, 2008)
analysed data of the Whitehall cohort taking into account
exposure measurements at two points in time, and both
analyses support the association of stress and cardiovas-
cular disease. Hibbard and Pope (1993) as well as Mat-
thews and Gump (2002) used exposure models depending
on sum scores of different items. Results of the MRFIT
study (Matthews and Gump 2002) indicate that job stress is
a risk factor for cardiovascular disease. Data from the Jichi
Medical cohort (Tsutsumi et al. 2006, 2009) indicate a
significant association between job strain and stroke in
men. Of the two studies investigating hypertension (Fauvel
et al. 2003; Markovitz et al. 2004), the study by Markovitz
et al. (2004) found significant results. Even with these
additional data, the presented findings are in agreement
with the previous systematic reviews or meta-analyses
confirming the association between job stress and cardio-
vascular disease especially in men.

All reviews support the European guidelines for the
prevention of cardiovascular diseases in clinical practice
(Orth-Gomer et al. 2005) that name the importance of work
stress-related questions when counselling patients with
cardiovascular risk.

Future research

Since work life is changing continuously, the relative
importance of a single stress factor will also change. New
types of stressors are emerging and need to be considered
in exposure models describing psychosocial burden. A
recent prospective study (Virtanen et al. 2010) describes
the association of overtime work and incident coronary
heart disease. More detailed models requesting different
issues related to the experience of stress (e.g. leadership,
conflicts, clarity concerning work task, job insecurity) at
the workplace need to be included in future study designs.

Future studies should include multiple measurement of
work stress to monitor temporal changes. Additionally,

questions concerning psychosocial burden at home and
information about work—privacy conflict that seems to be
especially important in the female participants need to be
enclosed (Orth-Gomer et al. 2005).

With the inclusion of other work-related factors in the
study design such as noise, physical workload and shift
work as well as the enquiry of several lifestyle factors,
interactions between risk factors can be analysed, given
adequate statistical power. This will permit new concepts
concerning the multifactorial aetiology of cardiovascular
diseases and their prevention. Data need to be stratified for
potential effect modifiers such as age groups and gender.
There is a clear need for primary interventions examining
the effects of lowering work stress by enhancing the ability
of coping as well as changes in work organisation (e.g.
changes related to demands, decision authority, quality of
leadership). Events enhancing stress such as organisational
downsizing have already shown to increase the risk of
cardiovascular death (Vahtera et al. 2004). Also, individual
risk profiles, such as cardiovascular reactivity or inflam-
matory response following an acute stress situation, need to
be investigated and considered, since the same challenges
may not induce similar stress responses in all workers. A
recent meta-analysis (Chida and Steptoe 2010) showed that
a higher cardiovascular response to laboratory mental
stress is related to poor cardiovascular status. Also, stress-
induced inflammatory responses may have implications for
future health (Steptoe et al. 2007). Success of interventions
needs to be monitored by measuring subclinical changes
rather than long-term outcomes such as cardiovascular
mortality. Candidates for subclinical parameters were dis-
cussed in a recent review about the effect of psychosocial
working environment on physiological changes in blood
and urine (Hansen et al. 2009). Carotid intima media
thickness (Tu et al. 2010) and arterial stiffness (Utsugi
et al. 2009) are parameters that seem to be increased fol-
lowing high job strain or effort-reward imbalance.

Summary

In line with other systematic reviews, this publication
provides moderate evidence that psychosocial factors at
work are related to cardiovascular diseases. However, none
of the stress models used in epidemiological research has
so far proven to satisfactorily elucidate the stress—disease
relationship. Both the job strain and the effort-reward
imbalance model are promising despite the limitation of
existing studies. It is not yet clear whether individual fac-
tors (e.g. coping, overcommitment) or the objective
working conditions (e.g. time pressure, work organisation),
which both contribute to the individual perception of work
stress, have a stronger impact. Apart from individual
measures to manage stress and to cope with demanding
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work situations, organisational changes at the workplace
need to be considered to find options to reduce occupa-
tional risk factors for cardiovascular diseases.
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