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Conclusions Same to a SRev, an overview of SRev is 
used to summarize literature and identify areas in which 
research is needed. This overview can be used to: (a) Dis-
seminate an up-to-date information on work-related stress 
as a risk factors for CV morbidity and mortality to gov-
ernment, health care providers, workers, and other stake-
holders; (b) Encourage governments to better regulate the 
working conditions and consider work-related psychosocial 
stress as a hazardous factor that leads to CV diseases or 
mortality; and (c) Analyze gaps in the literature and pro-
vide a summary of research needs.
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Background

Description of the condition

WHO (2011) reports that cardiovascular diseases (CVDs), 
especially coronary heart diseases (CHD), are the number 
one cause of premature death worldwide. About 17.3 mil-
lion people died in 2008, representing 30 % of all global 
deaths, and almost 23.6 million people are expected to die 
from CVD, mainly from heart disease and stroke, by 2030. 
Also the estimated disability-adjusted life years (DALYs) 
are expected to rise from a loss of 85 million DALYs in 
1990 to a loss of about 150 million DALYs globally in 
2020, classifying CVDs as the leading cause of productiv-
ity loss worldwide (Perk et al. 2012). CVDs are reported to 
have different origins. Among other reasons, epidemiologi-
cal data confirmed that exposure to work-related psychoso-
cial stress is an important and independent risk factor that 
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predicts heart disease including elevation of blood pressure 
(Chandola et al. 2008; Steptoe and Kivimäki 2012).

The etiology of CVD is multifactorial involving 
genetic, biologic, and psychosocial factors. It is generally 
accepted that working conditions, gender, and age may 
be associated with the development of CVDs. Moreover, 
perceived job stress may vary between workers in certain 
occupations, enterprises, and also among different occupa-
tional groups (at least between blue-collar and white-collar 
groups) in the same workplace. Enough evidence con-
firms that, especially long-term and repeated stress experi-
ences predict CV morbidity and mortality. Chandola et al. 
(2008) report a dose–response relationship between the 
frequency of stress and CV outcomes. Short-term or acute 
stress might also cause CV events which is, especially 
hazardous among individuals with advanced atherosclero-
sis (Steptoe and Kivimäki 2012). Short-term psychologi-
cal stress induced transient myocardial ischemia (MI) at 
patients with CHD (Steptoe and Kivimäki 2012), whereas 
long-term stress at work increased the risk of recurrent 
CHD events and predicted CV morbidity and mortality in 
middle-aged men (Steptoe and Kivimäki 2012; Ohlin et al. 
2004).

Objective of the overview

The objective of this overview is to summarize and inter-
pret the up-to-date evidence commencing from published 
systematic reviews (SRevs) that answer the research ques-
tion “Does psychosocial stress at work lead to cardiovas-
cular morbidity or mortality?”. Numerous primary stud-
ies but also several SRevs highlight the importance of this 
association. Per definition, a SRev, attempts to collate all 
empirical evidence that fulfills pre-specified eligibility cri-
teria to answer a specific research question and provides a 
summary of the information reported in the individual stud-
ies that fulfilled the inclusion criteria (Liberati et al. 2009). 
An overview of systematic review (OSRev) can follow the 
same principle except that it does not generate data from 
primary studies but from SRevs. Since each review has 

its specific focus, which means specific questions as well 
as search strategies leading, e.g., to the inclusion of stud-
ies that have not been discussed in other reviews before, 
an overview of the existing reviews can give a broader per-
spective of the existing evidence. An OSRev makes sense 
in case several good and up-to-date SRevs that answer the 
same or a similar research question exist. Several SRevs 
were done on this topic, but there has been no OSRev con-
ducted yet.

Furthermore, to our knowledge, this is the first OSRev 
that used a rigorous systematic procedure to generate infor-
mation from published up-to-date and high quality SRevs. 
Without a proper summary of the available literature, it is 
difficult to draw inferences from science to practice. There-
fore, not only SRevs but also OSRevs performed in a sys-
tematic way according to predefined protocols will increas-
ingly be seen as the key source of information for policy 
makers and considered as the top of the hierarchy of levels 
of evidence.

Methods

Study procedure

The study procedure consisted of the following steps: (a) 
formulation of a clear, specific, and structured PICOS 
research question, (b) determination of the systematic 
search strategy by defining the search terms and electronic 
databases, (c) literature screening by applying the prede-
fined inclusion and exclusion criteria, (d) quality evaluation 
of each SRev, (e) data extraction from enrolled SRevs, (f) 
summary of the results, (g) discussion and interpretation of 
study results, and h) identification of the need for further 
research.

Criteria for considering reviews for inclusion

The searching process was done following a structured 
approach, and the study inclusion and exclusion criteria 

Table 1  Study inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Included reviews searched systematically in at least one electronic database Wrong research question (wrong PICO question)

Research question based on PICOS/PEOS S systematic review

 P workers  Non-systematic review

 E psychosocial stress at work  Published in a non-European language

 O CV morbidity or mortality  Published before year 2000

 S systematic review  Animal and human experimental studies

  Language articles published in a European language

  Publication year articles published after year 2000
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were defined a priori (Table 1; PEROSH 2011). A search 
strategy was formulated to systematically seek out system-
atic reviews and meta-analysis that answer the research 
question: “Does psychosocial stress at work lead to CV dis-
eases or mortality?”. The specification of the key research 
question was done by defining the ‘PICOS’ components 
(P-population, I-intervention or exposure, C-control or 
comparison group, O-outcome, and S-study design). 
Accordingly, we included studies on workers (P) exposed 
to psychosocial stress at work (E) that had an outcome of 
CV morbidity or mortality (according to ICD-10, codes 
I00–I99) including the coronary heart diseases (CHD; 
I70), acute or subsequent myocardial infarction (MI; I21–
I22) and other acute or ischemic heart diseases (I24–I25), 
angina pectoris (I20), heart insufficiency (I50), but exclud-
ing cerebrovascular accidents such as strokes (I60–I69), 
and defined arterial hypertension (I10–I11; O) (WHO 
2010). In case enrolled SRevs used an older ICD version, 
we converted the used code for the diagnoses into the cor-
responding ICD-10 code. All studies dealing with CV out-
comes such as sub-clinical atherosclerosis, blood pressure 
described as a metric variable, and other subclinical meas-
ures as well as gestational hypertension, pregnancy-related 
CV diseases, heart diseases with genetic origin, and neo-
plasms of the CV system were excluded.

Exposure to several work-related factors such as physi-
cal, chemical, biological, and psychological factors can 
lead to stress. In this study, we focused exclusively on 
the exposure to so-called psychosocial stressors at work 
including job insecurity. These stressors are extremely 
diverse and can be very different depending on the type of 
job. Studies dealing explicitly with exposure to bullying, 
precarious employment relationship (such as type of con-
tract and duration of employment), shift work, or emotion-
ally stressful work were excluded. Non-systematic reviews 
such as narrative reviews and publications where a full text 
was not available were excluded. We have restricted our 
search to reviews that were written in one of the European 
languages. Studies published before year 2000 were also 
excluded as they could be outdated. Studies that based their 
results on animal experimentation were excluded (PER-
OSH 2011).

Searching methodology for identification of reviews

Following the OSH Evidence criteria for searching sys-
tematic reviews (PEROSH 2011), the systematic literature 
search was carried out in two relevant electronic data-
bases (MEDLINE and EMBASE). One author (AF) ran 
the search for the period 01 January 2000–6 January 2014. 
For the search in MEDLINE (via PubMed), based on the 
PICOS question, we defined the search terms and prepared 
a “specific” search string (Schaafsma et al. 2006; Verbeek 
et al. 2005; Mattioli et al. 2010) which was then translated 
and used for the search in the EMBASE database (Table 2).

Data collection and analysis

Initially, two reviewers (AF and EMB) screened the titles 
and abstracts of the identified literature independently from 
each other and eliminated irrelevant papers which did not 
fulfill the predefined criteria. The final study selection 
was based on their full texts and was done again blindly 
by two reviewers (AF and EMB). In both steps, discrepan-
cies were solved by discussion between the two reviewers 
and reasons for exclusion were documented in all cases. 
The results of the selection process are summarized in a 
PRISMA diagram (Liberati et al. 2009; Fig. 1).

Assessment of the methodological quality of included 
systematic reviews

Once the papers have been selected, a quality assessment of 
the methodology of each retrieved SRev was made by two 
reviewers independently (AF and EMB) using an expanded 
version of the Scottish Intercollegiate Guidelines Network 
(SIGN) checklist for systematic reviews and meta-analyses 
(SIGN 2012). Discrepancies were solved by discussion.

Reviews at the highest quality and with very low risk 
of bias or confounding are scored as “++”. In this case, 
according to OSH Evidence Methods (PEROSH 2011), 
the SRev or meta-analysis was scored as “well covered” 
or “adequately addressed” for all five SIGN questions 
and at least two questions were scored as “well cov-
ered”. SRevs with a good quality and low risk of bias or 

Table 2  Search string for the MEDLINE via PubMed search

(((((occupation* OR worker*) OR (occupational diseases [MH] OR occupational exposure [MH] OR occupational medicine [MH] OR occu-
pational risk [TW] OR occupational hazard [TW] OR (industry [MeSH Terms] mortality [SH]) OR occupational group* [TW] OR work-
related OR occupational air pollutants [MH] OR working environment [TW])) AND (((psychosocial[All Fields] AND (“Stress”[Journal] OR 
“stress”[All Fields])) OR (“stress, psychological”[MeSH Terms] OR (“stress”[All Fields] AND “psychological”[All Fields]) OR “psycho-
logical stress”[All Fields] OR (“psychological”[All Fields] AND “stress”[All Fields]))) AND (“cardiovascular diseases”[MeSH Terms] OR 
(“cardiovascular”[All Fields] AND “diseases”[All Fields]) OR “cardiovascular diseases”[All Fields]))) AND (meta-analysis as topic [mh] 
OR meta-analysis[pt] OR meta-analysis [tiab] OR review[pt] OR review [tiab]) NOT (letter[pt] OR editorial[pt] OR comment [pt]) NOT 
((animals [Mesh:noexp]) NOT (humans [Mesh]))) AND (“2000/01/01”[PDAT]: “2014/01/6”[PDAT]))
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confounding are scored as “+”. This means that the review 
was scored as “adequately addressed” or “well covered” 
for at least three of the five SIGN questions. The system-
atic reviews with low quality and high risk of bias or con-
founding scored as “−” are excluded; they were scored as 
“adequately addressed” for three or less than three of the 
five SIGN questions. All quality assessment checklists are 
documented.

Data extraction and synthesis

One reviewer (AF) systematically extracted the follow-
ing data from all six included SRevs: population (sample 
size, gender), exposure, outcome, study design of studies 
included in the review, search strategies (searched data-
bases, follow-up and searching period), results with regard 
to exposure and outcome/s, methodological quality assess-
ment that was used to evaluate the quality of enrolled 
studies, methods used to validate the association between 
exposure and outcome/s (including the used stress model 
to measure the exposure), potential biases and the funding 
source. An additional reviewer (EMB) did a quality check 
of the data extraction.

Methods to measure stress exposure

It remains important to use appropriate methods for meas-
uring stress. The increasing concern that psychological 
conditions and social factors at work influence the work-
er’s well-being has led to the detection of several risk 
factors and development of epidemiological theoretical 
models. The extent to which work stress and health out-
comes correlate with each other varies depending on the 
model used to measure exposure to work characteristics. 
The first attempts to measure job-related stress and CVD 
started in 1960s by developing numerous tools such as 
questionnaires and interviews (Landsbergis et al. 2000). 
The main theoretical models used nowadays to describe 
stress at the workplace are the demand-control or the job 
strain (JS) model (Karasek et al. 1998; Karasek 1979; Kar-
asek and Theorell 1990) and the effort-reward imbalance 
(ERI) model (Siegrist et al. 1990; Siegrist 1996). Further 
dimensions are also being used to evaluate work-related 
stressors.

The demand-control model (Karasek and Theorell 
1990) is based on psychosocial characteristics of work. 
The model is being used in relation to CVD in numerous 
epidemiological studies and now operates with three main 
dimensions: (a) psychological job demands, (b) job con-
trol or decision latitude, and (c) social support at work. 
According to this model, workers with jobs characterized 
by high psychological demands in terms of workload, low 

control over working conditions (decision latitude), and 
lack of social support at work (isostrain) are assumed to 
have the highest risk of poor psychological well-being and 
ill health. On the other side, high control and low demand 
are the most beneficial to health (Karasek and Theorell 
1990). Due to the fact that social support at work has 
shown to modify the strain that might lead to stress, some 
studies evaluate the dimension of social support in com-
bination with the JS model (the so-called isostrain model; 
Johnson et al. 1989). Most studies use two measures of 
social support: the supervisors support and co-workers 
support. A Job Content Questionnaire (JCQ) is used to 
measure job stressors.

The effort-reward imbalance (ERI) model (Siegrist et al. 
1990; Siegrist 1996) is an alternative and important model 
that is being used in occupational health research to evalu-
ate stress. The model is based on the premise that work-
related stress happens due to lack of reciprocity at work. 
Siegrist et al. define threatening job conditions as a mis-
match between efforts or high workload (high demand) and 
low control over long-term rewards consisting of money, 
esteem, and job security or career opportunities (Siegrist 
et al. 1990; Siegrist 1996). In summary, according to the 
ERI model, work characterized by both high efforts and 
low rewards in terms of salary, esteem, or job security rep-
resents a reciprocity deficit between ‘‘costs’’ and ‘‘gains’’. 
Working hard without receiving appreciation is an exam-
ple of a stressful imbalance that increases health problems. 
Additionally, to effort and rewards, the ERI model includes 
a third component—overcommitment—which refers to a 
set of attitudes, behaviors, and emotions reflecting exces-
sive striving in combination with a strong wish to be 
approved and esteemed.

The Organizational Justice (OJ) dimension defines 
the quality of social interaction at work and evaluates the 
decision-making rules and managerial behaviors within the 
organization. It is used to evaluate the extent to which peo-
ple perceive that they are treated fairly by their supervisors 
and assumes that stress-related disease happens because the 
individual does not feel treated fairly in the organization 
(Elovainio et al. 2010). The dimension evaluates the extent 
to which employees are treated justly and whether the out-
comes obtained and the processes carried out at the work-
place are fair. In this case, workers seem to be affected not 
only by rewards as such, but also by the procedures used 
to determine how they will be distributed (Elovainio et al. 
2002). Originally, the dimension was used to evaluate the 
distribution of justice and perception of equity (Elovainio 
et al. 2010).

Besides stress described in these models, there are also 
further factors, e.g., job insecurity that contributes to the 
perception of stress at the workplace (Table 5).
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Results

Literature search for identification of reviews

All 473 search matches (MEDLINE: N = 85, EMBASE: 
N = 377, hand searching: N = 11) were merged and stored 
in the literature database Reference Manager 12. After 
eliminating the duplicate references, titles and abstracts of 
the remaining publications (N = 466) were screened and 
full texts for all articles not eliminated at this step were 
obtained. After a full text screening (N = 67), only six 
SRevs met the prerequisites to be included in this OSRev. 
The list of excluded studies can be obtained by contacting 
the authors. The study identification process is illustrated in 
Fig. 1 using the PRISMA flow diagram for reporting SRevs 
and meta-analyses (Liberati et al. 2009; Moher et al. 2009).

Description of included reviews

The epidemiologic evidence is derived from six SRevs 
(Belkic et al. 2004; Netterstrøm and Kristensen 2005; 
Kivimäki et al. 2006; Eller et al. 2009; Backé et al. 2012; 
Virtanen et al. 2013) and includes a total of 81 studies 
and a population of approximately 1,468,670 individuals 
(Table 5). All SRevs measured the relationship between 
psychosocial conditions at work and CV morbidity and 
mortality. In two SRevs, a meta-analysis was conducted 
(Kivimäki et al. 2006; Virtanen et al. 2013). Generally, 
three different measures of exposure were considered: (a) 
objective evaluation of the stressors, (b) subjective or self-
reported stressors, and (c) the so-called ecologic method 
(Walter 1991a, b). Although different models were used, all 
reviews considered the exposure to psychosocial stress at 
work and comparable cardiovascular outcomes. There are 
enough similarities between the studies to combine them in 
a reasonable way.

Due to the fact that enrolled SRevs answered the same 
or similar PICOS question(s) and that their period of lit-
erature searching overlapped partially, to some extent they 
were based on the same primary studies. However, they dif-
fered from each other in aspects such as quality, methodol-
ogy used for measuring the exposure, considered outcomes, 
criteria used to include and exclude studies, and also in the 
interpretation of the results they found. The degree of over-
lap in studies and population is presented in Table 3 (the 
original data analyzed for this matrix can be obtained by 
contacting the authors).

All SRevs report that consistent evidence confirms a sig-
nificant association between psychosocial stressors at work 
and CV morbidity or mortality. Due to lacking studies, this 
association was confirmed mainly among men and only 
some (not entirely consistent) evidence was found among 
women. The strength of the association was dependent on 
the methods or models that were used to measure and eval-
uate stress-related conditions at work as well as the target 
population or population subgroups that were examined. 
All SRevs disclosed a number of significant and nonsignifi-
cant trends toward associations and showed a large varia-
tion in the measurements of exposure and study designs. 
Working under high strain compared to low strain causes a 
significant risk of developing a CVD; a modest to moderate 
association was reported (risk estimates: 1.33–2.62; Backé 
et al. 2012). A modest association was reported for high 
effort versus low reward (RR 1.58, 95 % CI 0.84–2.97; 
Kivimäki et al. 2006) as well as for perceived job insecurity 
and incident CHD (RR 1.32, 95 % CI 1.09–1.59; Virtanen 
et al. 2013).

Quality validation of included reviews

The methodological validation of the six SRevs included in 
this OSRev, according to our criteria, showed that they var-
ied in their quality (Table 4). Four SRevs were of highest 
quality and limited risk of bias (++) (Belkic et al. 2004; 
Netterstrøm and Kristensen 2005; Backé et al. 2012; Vir-
tanen et al. 2013), and two SRevs were of high quality 
and low risk of bias (+) (Eller et al. 2009; Kivimäki et al. 
2006). SRevs of low quality and high risk of bias (−) were 
excluded.

Three SRevs (Netterstrøm and Kristensen 2005; 
Kivimäki et al. 2006; Eller et al. 2009) had a rather broad 
research question; the PICO question or its elements could 
have been more specific and well-defined to achieve higher 
quality. With regard to the methodology, description of 
the data extraction and data synthesis was missing in four 
SRevs (Belkic et al. 2004; Netterstrøm and Kristensen 
2005; Eller et al. 2009; Backé et al. 2012). Furthermore, 
a good SRev should use clear criteria to assess whether 
individual studies were well conducted before deciding 

2.
3.

Records iden�fied in PubMed 
(N= 85) and EMBASE (N= 377)

N= 462

Duplicates
N= 7

Screened �tles & abstracts
N= 466

Screened full texts
N= 67

Included systema�c reviews
N= 6

Records iden�fied through 
manual search

N= 11

Records excluded
N= 399

Records excluded
N= 61

Reasons for exclusion: 
• Language: 3 (Chinese, 

Japanese, Vietnamese)
• Duplicates: 1
• Full texts not available: 4
• Other reasons: 53 (e.g. wrong 

PICOS, did not fulfill the 
inclusion criteria)

Fig. 1  Flow diagram of the process of literature search and identifi-
cation of SRevs eligible for inclusion in the OSRev
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whether to include or exclude them (SIGN 2012). One 
SRev (Kivimäki et al. 2006) did not report to have done 
the quality validation of included studies. Netterstrøm and 
Kristensen (2005) included in their SRev studies of low 
quality (29 of the 35 studies included achieved a quality 
score of 16 from 25 points). In another SRev (Eller et al. 
2009), the studies were evaluated for their quality but a 
sensitivity analysis to exclude studies at low quality was 
not done.

Four SRevs (Belkic et al. 2004; Netterstrøm and Kris-
tensen 2005; Kivimäki et al. 2006; Eller et al. 2009) addi-
tionally limited their literature search in the MEDLINE 
database to manually searching key journals and following 
up reference lists of included studies. Searching in further 
relevant electronic databases such as EMBASE, PSYN-
DEX, and PsycINFO could have been done to decrease 
the probability of missing important literature. Only in one 
SRev (Eller et al. 2009), the inclusion and exclusion crite-
ria were not clearly described in order to be able to evalu-
ate whether the selected studies are similar and therefore 
easily combinable. In the remaining five SRevs (Belkic 
et al. 2004; Netterstrøm and Kristensen 2005; Kivimäki 
et al. 2006; Backé et al. 2012; Virtanen et al. 2013), the 
key research question was fully answered and there were 
enough similarities between the studies selected to justify 
combining them.

Main results with regard to the research question and its 
PICOS elements (see also Table 5)

Study population (P)

The association between job stress and CV outcomes 
was consistent among men, and some evidence (not 

entirely consistent) was found for women. Most studies 
included in each SRev involved only men; there were 
too few studies on women to draw conclusions (Backé 
et al. 2012; Eller et al. 2009). A gender and age dif-
ference was reported in individual studies (Chandola 
et al. 2008) but, due to a lack of available investiga-
tions where gender stratification was done, no conclu-
sions were drawn in the enclosed reviews. For exam-
ple, in their SRev, Kivimäki et al. (2006) report that a 
complete test of gender differences in the association 
between job stress and CHD was not possible because 
there were only two studies available that report only 
risk ratios for both men and women in combination. 
Belkic et al. (2004) report that women are more likely 
than men to have low levels of control over their work, 
and the ones working in jobs with low decision latitude 
are expected to have higher psychological demands. 
Therefore, women are several times more likely than 
men to hold high-strain jobs, whereas men’s high-
demand jobs are generally to some extent accompanied 
by higher decision latitude. Furthermore, women (the 
same holds for men) could be stressed for other rea-
sons such as unpaid work at home, changing hormones, 
home and family responsibilities, or the marital status. 
For example, based on individual studies, Kivimäki 
et al. (2006) report that low control at home predicts 
CHD among women but not among men and a combi-
nation of stress at home and at work predicts perceived 
symptoms among women. Given that CVD is by far the 
biggest cause of death in women (Perk et al. 2012) and 
that women develop CHD later in life than men (Conroy 
et al. 2003), using subclinical disease measures as tools 
to examine psychosocial hypotheses in women earlier in 
the pathogenesis of CHD is crucial (Low et al. 2010).

Table 3  Overlap matrix of studies and considered populations

∑ = 81 studies
Popula�on = ~1 468 670

Backé (2012)
No. Studies: 20 (5*)
Popula�on: ~216 821

Belkic (2004)
No. Studies: 34 (3*)
Popula�on: ~1 119 533

Eller (2009)
No. Studies: 33 (8*)
Popula�on: ~1 228 964

Kivimäki (2006)
No. Studies: 14 (3*)
Popula�on: ~95 069

Ne�erstrøm (2005)
No. Studies: 35 (14*)
Popula�on: ~1 132 693

Virtanen (2013)
No. Studies: 17 (14*)
Popula�on: ~ 175 195

Backé (2012)
No. Studies: 20 (5*)
Popula�on: ~216 821

No. Studies: 20 (5*)
Popula�on: ~216 821

No. Studies: 4
Popula�on: ~47 910

No. Studies: 13
Popula�on: ~126 036

No. Studies: 5
Popula�on: ~48 432

No. Studies: 9
Popula�on: ~67 491

No. Studies: 2
Popula�on: ~15 301

Belkic (2004)
No. Studies: 34 (3*)
Popula�on: ~1 119 533

No. Studies: 4
Popula�on: ~47 910

No. Studies: 34 (3*)
Popula�on: ~1 119 533

No. Studies: 10
Popula�on: ~1 043 800 

No. Studies: 7
Popula�on: ~63 372

No. Studies: 14
Popula�on: ~1 055 318

No. Studies: 0
Popula�on: 0

Eller (2009)
No. Studies: 33 (8*)
Popula�on: ~1 228 964

No. Studies: 13
Popula�on: ~126 036

No. Studies: 10
Popula�on: ~1 043 800 

No. Studies: 33 (8*)
Popula�on: ~1 228 964

No. Studies: 10
Popula�on: ~64 008

No. Studies: 15
Popula�on: ~1 053 390 

No. Studies: 2
Popula�on: ~51 897

Kivimäki (2006)
No. Studies: 14 (3*)
Popula�on: ~95 069

No. Studies: 5
Popula�on: ~48 432

No. Studies: 7
Popula�on: ~63 372

No. Studies: 10
Popula�on: ~64 008

No. Studies: 14 (3*)
Popula�on: ~95 069

No. Studies: 7
Popula�on: ~63 372

No. Studies: 0
Popula�on: 0

Ne�erstrøm (2005)
No. Studies: 35 (14*)
Popula�on: ~1 132 693

No. Studies: 9
Popula�on: ~67 491

No. Studies: 14
Popula�on: ~1 055 318

No. Studies: 15
Popula�on: ~1 053 390 

No. Studies: 7
Popula�on: ~63 372

No. Studies: 35 (14*)
Popula�on: ~1 132 693

No. Studies: 1
Popula�on: 314

Virtanen (2013)
No. Studies: 17 (14*)
Popula�on: ~ 175 195

No. Studies: 2
Popula�on: ~15 301

No. Studies: 0
Popula�on: 0

No. Studies: 2
Popula�on: ~51 897

No. Studies: 0
Popula�on: 0

No. Studies: 1
Popula�on: 314

No. Studies: 17 (14*)
Popula�on: ~ 175 195

Studies marked (*) can only be found in this systematic review
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Significant heterogeneity in psychosocial stress was 
a problem of the study population enrolled in all studies 
included in each SRev. Backé et al. (2012) report that most 
of the studies enrolled in the SRev have not been specifi-
cally designed to answer the question whether there is an 
association between work stressors and CV outcomes.

Only three out of six enclosed reviews report on the 
influence of cultural variation and country differences 
(Eller et al. 2009; Kivimäki et al. 2006; Netterstrøm and 
Kristensen 2005). Most studies were conducted in the US 
and Europe (UK, Denmark, Germany, Sweden, Spain, Bel-
gium, and Finland, and most of them in the Nordic coun-
tries); one study was performed in Asia (Japan). Eller et al. 
(2009) report that all studies conducted in the Nordic coun-
tries report a positive and significant association between 
job stress and CHD. All five US studies enrolled in the 
SRev of Netterstrøm and Kristensen (2005) report no or 
only partial association between psychosocial job factors 
and ischemic heart disease (IHD). The 11 studies showing 
a positive association were carried out in the UK, Sweden, 
the Czech Republic, and Denmark (Netterstrøm and Kris-
tensen 2005).

Exposure measures (I)

To evaluate the characteristics of the workplace and to 
analyze the most important job stressors, studies enrolled 
in each SRev used the theoretical models, a modifica-
tion of these models or further dimensions. Five SRevs 
(Backé et al. 2012; Belkic et al. 2004; Eller et al. 2009; 
Kivimäki et al. 2006; Netterstrøm and Kristensen 2005) 
report that the mostly used stress model was the job strain 
Model (Karasek et al. 1998; Karasek 1979; Karasek and 
Theorell 1990). Using the JS model, compelling evi-
dence showed that low decision latitude is predictive for 
future CV morbidity and mortality. In the SRev of Bel-
kic et al. (2004), eight investigations overall showed sig-
nificant positive results with effect sizes (range for men: 
OR = 1.21, 95 % CI 1.08–1.35–4.0, 95 % CI 1.1–14.4; 
range for women: 1.3, 95 % CI 1.1–1.6–SMR = 164, 
95 % CI 112–233). Limited data on workplace inter-
ventions aiming to increase decision-making latitude or 
diminish psychological demands (e.g., by reducing time 
pressure) showed favorable changes in mediators relevant 
to the CV system (e.g., blood pressure or the catechola-
mine and lipid profile; Belkic et al. 2004). Social support 
was, in consensus, reported in all SRevs as a potential 
confounder for job stress, and the association between 
stress at work and CVD could have been influenced by 
the social class which would act as an effect modifier 
(Belkic et al. 2004).

None of the enclosed SRevs report on the duration of 
exposure. Exposure was mostly measured at one point in Ta
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time only. Generally, there was limited evidence available 
regarding exposure in specific occupations, and there was 
no evidence for specific occupational groups. Insufficient 
evidence was reported for a relationship between the IHD 
and job stress using ERI (Backé et al. 2012; Belkic et al. 
2004; Kivimäki et al. 2006; Netterstrøm and Kristensen 
2005), and IHD and injustice, or long working hours (Eller 
et al. 2009). In contrast to Eller et al. (2009), the recent 
review of Virtanen et al. (2013) reports a modest correla-
tion between job insecurity and CVD (RR 1.32, 95 % CI 
1.09–1.59; Table 5).

Outcomes (O)

Since most of the studies included in SRevs investigated 
CVD as a whole, it was not possible to evaluate whether 
job stress acts differently in relation to specific outcomes 
alone, e.g., myocardial infarction (MI), angina pectoris, 
hypertension, or stroke within the same study population. 
One review (Backé et al. 2012) reports significant results 
for six out of 14 publications investigating CHD and for 
five out of seven articles on CVD. One of the two publi-
cations on hypertension, one of the two publications on 
stroke, and one publication on angina pectoris revealed sta-
tistically significant positive associations. One SRev (Eller 
et al. 2009) reports that sudden death was included as an 
end point in some studies, but it does not always happen 
due to MI. Arrhythmia may very well be originated by the 
same conditions as ischemic heart disease on the basis of 
atherosclerosis; however, the time from exposure to out-
come may be much shorter (Eller et al. 2009).

Work stress also has an impact on CV re-events (e.g., 
after MI) (Aboa-Éboulé et al. 2011) or on the prognosis of 
other CVD. None of the enrolled SRevs analyzed the prog-
nostic association between work stress and CVD. A reason 
could be the incompleteness of data available. Backé et al. 
(Backé et al. 2012) argued that detailed job descriptions 
were lacking in most of the studies included in the SRevs.

Discussion of quality, overall completeness, 
and applicability of evidence

Interaction mechanisms

Multiple patho-physiological mechanisms which stim-
ulate vascular inflammation and atherosclerosis are 
involved in the stress response (Black 2006). These mech-
anisms activate the autonomic nervous system and might 
deregulate the hypothalamic pituitary adrenal axis result-
ing in increased adrenaline and cortisol secretion patterns 
and development of the metabolic syndrome (Chandola 
et al. 2008; Black 2003). The CV system is consequently 
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prone to: (a) increased heart and blood flow rate due to 
which the heart might retain an abnormal rhythm or prob-
lems of its muscle, (b) elevated blood pressure due to 
which the CV system can experience all common prob-
lems that are associated with hypertension including 
damaged blood vessels, accelerated atherosclerosis, and 
increased risk of heart disease and stroke, and (c) higher 
cholesterol and triglyceride levels in the bloodstream 
which increases the risk of plaque and thus could lead to 
coronary artery disease (CAD) or heart attack (Lewing-
ton et al. 2002). In summary, in certain individuals, stress 
leads to deterioration of the CV system “directly” through 
activation of neuroendocrine stress pathways and initial-
izing atherosclerosis or “indirectly” through unhealthy 
lifestyle behaviors such as smoking, alcohol consump-
tion, diet, and lack of physical activity which encourage 
CV risk factors such as high cholesterol level, overweight, 
poor dietary habits (Perk et al. 2012).

This OSRev confirmed that work-related stress is an 
important social determinant of CV diseases and mortality. 
However, there is little longitudinal evidence on the mecha-
nisms which cause cumulative stress at work to affect an 
employee’s health. The way how stressful conditions are 
translated into changes in disease patterns is also not com-
pletely clear in the evidence (Perk et al. 2012). Such mech-
anisms and the psychosocial pathways that might mediate 
the effect of exposures to job stress should be the object of 
more theorization and testing in the future (Chandola et al. 
2008; Eller et al. 2009).

Work life is in continuous change; studies on work life 
changes are lacking (Kivimäki et al. 2012). An example of 
such changes is organizational downsizing due to which 
increases in JS and ERI among those who keep working is 
expected (Kivimäki et al. 2012). Moreover, it is advisable 
to jointly consider work and out-of-work-related conditions 
that encourage stress. However, due to insufficient evi-
dence, more research is needed to evaluate also single risk 
factors (Kivimäki et al. 2012). Potential stress factors such 
as the low socio-economic status, lack of social support, 
crisis or conflicts in family life (Eaker et al. 2007), bullying 
at work, depression, anxiety, hostility, type D personality 
(Perk et al. 2012; Backé et al. 2012), genetic predisposition, 
and financial strain could contribute to the development of 
CVD, worsening of clinical course, and their prognosis. 
The meta-analysis of (Kivimäki et al. 2006) showed that 
the association between work-related stress and CHD sig-
nificantly decreased after adjustment for covariates, such as 
socioeconomic position, body mass index, blood pressure, 
cholesterol concentration, smoking, and sedentary lifestyle. 
Employees experiencing chronic work-related stress and 
who, in addition, are socially isolated or lonely have an 
increased risk of a first coronary heart disease event (Step-
toe and Kivimäki 2012). Furthermore, consideration of 

other work-related factors (e.g., noise, cold, physical work-
load, shift work, overtime work, exposures to toxic chemi-
cals) and the enquiry of several lifestyle factors and inter-
actions between risk factors would allow developing new 
concepts concerning the multifactorial etiology and pre-
vention of CVD (Backé et al. 2012; Kivimäki et al. 2012). 
Such data need to be stratified for potential effect modifiers 
such as age groups, gender, occupation, and occupational 
group. Based on only two case control studies, Belkic et al. 
(2004) report that shift work does not confound the associ-
ation between job stress and MI. Although the importance 
of long working hours is emphasized in several observa-
tions considered in all SRevs, none of the SRevs adjusted 
for risk estimates for working long hours in a high-strain 
job. According to Belkic et al. (2004), physical factors such 
as heavy lifting, vibration, noise, and extreme heat or cold 
are considered potentially harmful to the CV system (espe-
cially as possible trigger mechanisms). However, seems 
that little evidence linking these exposures to hard CV out-
comes is available.

The correlation between exposure to job strain (conflict-
ing demands, work pace, and decision latitude) and CV 
morbidity or mortality could be due to several non-causal 
mechanisms which include confounding by negative affect, 
health behaviors, or social class additionally to reverse cau-
sation where individuals with underlying poor health may 
rate their jobs as more stressful (Frese and Zapf 1988). 
According to the Whitehall II study, greater work stress 
(self-reported) was associated with poorer health behaviors 
in terms of eating less fruit and vegetables or less physi-
cal activity (Chandola et al. 2008). On the other hand, the 
long latency period between exposure to some distant risk 
factors and development of CVD as well as the multi-etio-
logical character of CVD makes the differentiation between 
individual causal risk factors or risk markers difficult 
(Kivimäki et al. 2006).

Groups at higher risk

Attempts to prevent CVD started decades ago by suggest-
ing two different approaches to etiology, respectively, in 
benefit of the population as a whole (seeking to control 
the determinants of CVD incidence) and the population 
at risk (intending the individual protection) (Rose 1985). 
The European Guidelines on CVD Prevention in Clinical 
Practice suggests that preventive efforts should be life-
long—from birth to old age and recommends stress man-
agement programs at least for individuals at high risk (Perk 
et al. 2012). It is, however, not easy to identify the groups 
at higher risk since the same environmental stressors are 
unlikely to induce similar stress reactions in the entire pop-
ulation. For these reasons, risk profiles for people exposed 
to work stress need to be established and validated in future 
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studies (Kivimäki et al. 2012) followed by intensive public 
health and individual preventive efforts (Perk et al. 2012). 
Among the psychosocially stressed working population, 
some, but insufficient, evidence is available and obviously 
more primary research is necessary for risk groups such as 
elderly and young employees where consideration of gen-
der, occupation, and occupational level is crucial. There 
is also little evidence on the benefit these prevention pro-
grams convey, especially for the population at high risk and 
in a specific occupation or occupational group. More stress 
management intervention studies are needed to validate the 
benefits of such proposed programs.

Availability of evidence on job stress interventions

There is a clear need for primary large-scale work stress 
intervention studies with long follow-up periods aiming to 
examine the effects of new actions for lowering work stress 
and changing the work organization (e.g., changes related 
to demands, decision-making latitude, and quality of lead-
ership). An example is the reduction of working time, 
which has shown favorable changes in mediators relevant 
to the CV system such as blood pressure or the catechola-
mine and lipid profile (Belkic et al. 2004). The best way to 
measure the success of interventions would be to measure 
subclinical changes rather than long-term outcomes such as 
CV mortality (Backé et al. 2012). Such intervention stud-
ies may improve the understanding of both causality and 
means of prevention (Kivimäki et al. 2012).

Age aspect

Length of exposure would be important, especially, for 
the younger employees because they often perceive stress-
ors as more uncontrollable, and in contrast to the elderly, 
this population group is less likely to be under the effect 
of other risk factors (Eller et al. 2009). Consequently, more 
studies on younger population groups would be advisable 
in order to make the negative influence of psychosocial 
working conditions on health more evident. Aging workers 
were part of the target population in all SRevs, which could 
increase the risk of “healthy worker effect”. In his meta-
analysis, Kivimäki et al. (2006) estimated the age and gen-
der-adjusted relative ratio of CHD for high versus low job 
strain to 1.43 (1.15–1.84). In another study (Kivimäki et al. 
2012), when participants of all ages were included, the HR 
was 1.35, but when only those aged 19–55 at baseline were 
included, it rose to 1.82.

Gender differences

The nature of job exposures and patterns of CV manifes-
tation and age-related prevalence is also highly gender 

specific (Belkic et al. 2004). Gender is certainly a critical 
further effect modifier for which stratified analysis is essen-
tial. Most reported significant associations between psy-
chosocial stress at work and CV outcomes came from anal-
yses considering only men (Backé et al. 2012; Eller et al. 
2009). Backé et al. (2012) concur that a generalization of 
study results from men to women would not be applicable 
because there are gender differences for the influence of 
job stress on CVD. Rather than merely adjusting for gen-
der, studies measuring the association between job stress 
and CV outcomes could test hypotheses separately for men 
and women, either through stratified analyses or by testing 
interactions with gender. Stress perception may also be dif-
ferent for women than for men. Mediators such as marital 
strain, family responsibilities, and strain due to multiple 
roles or lack of reciprocal supportive relationship may be 
particularly significant for women only, while work-related 
stress may be less important.

Impact of the culture and geographical diversity

Among other risk factors, culture and country of origin of 
the target population might also have an effect on the asso-
ciation between stress at work and CV outcomes. Three 
SRevs enrolled in this overview (Eller et al. 2009; Kivimäki 
et al. 2006; Netterstrøm and Kristensen 2005) report that 
the studies they considered were mainly conducted in the 
United States and Europe. The meta-analysis (Kivimäki 
et al. 2012) noted differences in the effect of job stress on 
CHD between studies from Nordic countries, continental 
Europe, and the UK. The information was, however, insuf-
ficient to conclude whether a cultural variability existed. 
Due to such variability, a degree of misclassification may 
happen in countries in which health care is not for free (for 
instance in the US). In such countries, individuals with 
lower incomes might not have enough financial resources 
to cover all necessary expenses of their treatment or hos-
pitalization; in contrast, the ones with high incomes may 
be over-treated and over-examined leading to the overrep-
resentation or underrepresentation of the individuals with 
higher or lower socioeconomic status, respectively (Eller 
et al. 2009).

Furthermore, more than 80 % of all CV mortality occurs 
in the developing countries (Perk et al. 2012). The avail-
able literature is based only on developed countries. There 
is also lack of country-based research also differentiating 
developing from developed countries.

Job stress and validity of instruments that are used 
to measure stress

Due to many existing and continuously improving theoreti-
cal ways to define and evaluate load and strain, measuring 
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stress at work was not easy (Nubling et al. 2006). In this 
OSRev, JS was mainly measured with the help of theoreti-
cal models were the job strain model (Karasek et al. 1998; 
Karasek 1979; Karasek and Theorell 1990) was the mostly 
used model. However, the quality and consequently, the 
reliability on stress models is often being criticized. While 
external or “objective” reporting can be influenced by the 
subjectivity of the expert, self or “subjective” reporting is 
also known to be prone to bias due to over or underreport-
ing on environmental conditions (Theorell and Hassel-
horn 2005). However, it still remains questionable whether 
workers in identical or similar working environments 
respond highly similarly to the Job Content Questionnaire 
(JCQ) used for the job strain model (Karasek et al. 1998; 
Karasek 1979; Karasek and Theorell 1990). For exam-
ple, the Whitehall II study found a significant relationship 
between low decision latitude and risk of MI when using 
expert reporting of the work exposure. In this study, exter-
nal measures of job characteristics were associated more 
strongly with higher rates of sickness absence compared 
with self-assessed reporting for low frequency and fast 
work pace and lower conflicting demands (Rehkopf et al. 
2010). Also Persson et al. (2012) report large variations on 
how workers from the same industry with similar working 
conditions and conducting similar work responded to the 
JCQ.

Although there are stress-theoretical models, a standard-
ization in the assessment of stressors at work does not exist. 
A variety of measurement instruments is being used to 
assess work stressors among studies included in each SRev. 
Furthermore, many studies modified the standard question-
naires or stress scales. Kivimäki et al. (2012) report that 
while the measure of job strain in all of the studies using 
the JS model is generated by cross-tabulating the dichoto-
mized or trichotomized scales of job demands and job con-
trol, the items included in these scales often vary between 
the studies. Furthermore, at present, there is no agreement 
whether the two dimensions of high demands or low con-
trol observed separately have stronger effects on CV health 
than the concept of ‘job strain’ that is based on both scales, 
demand, and control (Eller et al. 2009; Belkic et al. 2004). 
Regarding the ERI model, the item content of the scales 
varied between the studies, as well (Kivimäki et al. 2006). 
In such circumstances, the usage of models could in fact be 
a risk of bias itself. If you want to answer questions using a 
stress model, you might overlook and consequently under-
estimate some risks. Using the same instrument to measure 
the correlation between exposure and outcome is therefore 
advisable.

On the other hand, work life is in continuous change 
and therefore linked to new types of stressors that need to 
be considered in the theoretical stress models which are 
used as instruments to evaluate stress. In such a situation, 

updating the existing theoretical models and inclusion 
of further dimensions are advisable. More studies with 
sophisticated assessment of the development of job stress 
over time and its impact over health are necessary (Backé 
et al. 2012). The ERI model, organizational injustice, and 
job insecurity are examples of new theories that have to be 
evaluated in future studies before determining the effect of 
the included dimensions (Eller et al. 2009).

Dose–response relationship between work-related stress 
and CVD

This OSRev confirmed that although enrolled reviews 
due to lacking information (in primary studies exposure 
was measured only in one point in time) could not meas-
ure a dose–response relationship, they agree that a corre-
lation between work-related stress and CV morbidity and 
mortality exists. Belkic et al. (2004) found that employees 
working under same or similar conditions and are exposed 
to high levels of job strain (high or intermediate demands 
and low control) are at higher risk than the ones exposed to 
intermediate job strain levels. Consistent with a prospective 
cohort study (Kivimäki et al. 2002), Belkic et al. (2004) 
report indirect evidence of a temporal dose–response rela-
tionship based on a stratified analysis with workers whose 
occupational group did not change for over 5 years. This 
group of workers revealed a higher hazard ratio (HR 2.9, 
95 % CI 1.25–6.71) compared to the whole cohort. Further-
more, several studies enrolled in the SRev of Belkic et al. 
(2004) found a dose–response effect for decision latitude 
alone and risk of incident CVD, but no dose–response rela-
tionship was found for CV mortality.

In general, there were few longitudinal studies examin-
ing the effect of cumulative work stress on other interme-
diate mechanisms despite the evidence that chronic stress 
predicts CV morbidity and mortality (Chandola et al. 
2008; Kivimäki et al. 2006). Three SRevs (Backé et al. 
2012; Eller et al. 2009; Kivimäki et al. 2006) report that 
most of the studies that included assessed exposure to job 
stress only at one point in time (only at baseline). Expo-
sure measures at different points in time were not reported 
from any other included SRev. Individual studies confirmed 
that measuring exposure at different points in time would 
change the results. For example, within the Whitehall study, 
temporally increased exposure in men (using ERI score) 
was statistically significantly related to the development of 
angina pectoris (Chandola et al. 2005). Measuring expo-
sure only at baseline may be sufficient when workers expe-
rience the same level of exposure to job stress during the 
follow-up period, but in case a negative change in exposure 
happened during the follow-up (e.g., due to job change), a 
re-evaluation of exposure would be important. After a tem-
porary increase in work stress, the atherosclerotic condition 
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could progress with a different (higher) rate than otherwise. 
A significant change in exposure occurs when individuals 
retire; therefore, follow-up beyond the retirement age is not 
advisable (Eller et al. 2009). Examining cumulative expo-
sures and showing dose–response relationships would con-
tribute to a causal understanding of this association.

Diversity in professions and occupational groups

High perceived stress is seen in (a) specific professions 
such as nurses or teachers; (b) specific groups of workers in 
precarious employment situations such as subcontractors or 
temporary or leased workers, but also among the (c) high-
skilled, motivated, and dedicated ones. Furthermore, there 
are more and more high-qualified employees struggling 
with high demands. Several investigations such as the large 
Whitehall study (Chandola et al. 2008) report that stress 
varied among workers in different occupational levels such 
as office-based workers (so-called “white-collar workers”) 
and manual workers (“blue-collar workers”). It is seen 
that also higher qualified workers such as managers with a 
secure and well-paid job work under bad conditions, e.g., 
under high demands, are consequently prone to all possible 
stress-related outcomes. None of the enrolled SRevs report 
on the CV morbidity or mortality due to perceived stressors 
among different occupational groups of the same occupa-
tion or industry. We noticed an obvious deficit in studies 
evaluating psychosocial conditions at specific occupations 
and occupational groups and CV outcomes.

Potential biases

Potential biases in the overview process

Overviews of reviews are only as good as the SRevs and pri-
mary studies on which they are based; gaps or lack of consist-
ency in this evidence will weaken the overview of reviews. 
Although this OSRev was performed in a systematic way 
by strictly following the predefined criteria and was based 
on a rigorous protocol developed at the outset, we realized 
that due to its complexity, conducting an OSRev is not easy. 
Using the data of existing SRevs and drawing conclusions 
based on their results is a complex procedure. Each enrolled 
SRev would generally bring an amount of bias with it, espe-
cially because they are also based on other (primary) studies, 
which are a source of bias themselves. As example, authors 
of enrolled SRevs partially used different standards and also 
different instruments to validate the quality of the enrolled 
primary studies. Subsequently, in some cases, the same stud-
ies appeared to have different quality. Although in this OSRev 
we applied an up-to-date methodology and even introduced 
new actions, e.g., the Plot of Study Overlap Matrix, we real-
ized that the risk of combining “apples and oranges” exists.

The methodology of conducting such overviews of sys-
tematic reviews needs improvement. We were unable to 
recommend a specific instrument for reaching judgments, 
e.g., about the possible influence of the amount of study 
overlap over the study conclusions. A checklist to evaluate 
the quality of such OSRev does not exist yet either.

Potential biases in the search process

The systematic literature search was run in two relevant 
electronic databases (PubMed and EMBASE) and was 
followed by a manual search. Further databases were not 
searched which means that some relevant publications may 
have been missed. However, given the fact that we searched 
manually in addition to the two biggest and most relevant 
databases, we assume that we could not have missed any 
relevant SRevs. Furthermore, we only considered stud-
ies published in a European language which means that, 
although non-English studies usually publish at least the 
title or also an abstract in English, a small probability of 
having missed such studies exists. During the literature 
screening, we did not find such publications; therefore, we 
believe that the language limitation did not bias our search-
ing results.

For the literature search, we decided to use the more 
“specific” search string for occupational health studies 
(Mattioli et al. 2010) which is capable of retrieving more 
than 40 % of the relevant publications (specificity of 98 %, 
sensitivity of 47 %). Using the “specific” string, a high pro-
portion of articles that do not fulfill our predefined crite-
ria are excluded, a limited number of articles but precisely 
fitting to our PICOS question are found and the smallest 
number of false positive articles is yielded.

Study diversity

Although studies enrolled in each SRev partially over-
lapped, different interpretation of the results with respect to 
slightly different key research question(s) is possible.

Investigations considered in all enrolled SRevs varied in 
reporting on exposure, outcomes, statistical models used 
and considered confounders such as biological and behav-
ioral risk factors. Eller et al. (2009) report that, in some 
cases, studies were hard to compare, especially with regard 
to the different cultures, which might be a reason of une-
qual stress perception, and in reference to gender and age.

A meta-analysis of individual participant data (IPD) from 
197,473 European men and women based on 13 cohort 
studies (Kivimäki et al. 2012) was not included in this 
OSRev, since it was not based on an SRev. The study found 
a significant increase in incident CHD due to job strain 
based on one baseline assessment. Using non-randomized 
observational data, it could not make any conclusions on the 
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causality of the findings and could not exclude residual con-
founding as an alternative explanation for the findings.

Publication bias

Due to the publication bias, published studies may not truly 
represent all accurate studies carried out, which may alter 
the results of meta-analyses and SRevs of big numbers of 
studies on which evidence-based medicine increasingly 
relies. The problem may be, especially important when the 
study is sponsored by entities that are interested in positive 
results. The collaborative meta-analysis of individual par-
ticipant data from 13 cohort studies on job strain and CHD 
incidence found a small heterogeneity in study-specific 
estimates (overall HR: 1.23; 95 % CI 1.10–1.37) for job 
strain vs. no job strain (Kivimäki et al. 2012). Furthermore, 
a considerable difference in the association between job 
strain and CHD was noticed between published and unpub-
lished studies (respectively, HR: 1.43; 95 % CI 1.15–1.77 
and HR: 1.16; 95 % CI 1.02–1.32).

In this OSRev, it was hard to avoid the publication 
bias because each SRev brought some risk of publication 
bias with it; however, all included SRevs had no conflict 
of interest. The sponsors of each SRev had no role in the 
study design, data collection, data analysis, data interpreta-
tion, or writing of the report.

Information bias, underestimation or overestimation of the 
effect

Backé et al. (2012) reported that some of the studies 
included in the SRev had a long follow-up duration. In such 
a situation, there is a risk of information bias unless job 
stress remains stable and employees do not change their job 
or experience periods of unemployment. Job change due 
to stress would underestimate the effect, especially in indi-
viduals at risk. In the Whitehall study, the effect of ERI on 
CV 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 outcome of the two analyses differs Bosma et al. (1998) 
consider CV morbidity and mortality and Kuper et al. 
(2002) only CV morbidity. The possible conclusion of an 
underestimation of true effect estimates in long-term stud-
ies needs further investigations.

Many studies included in each SRev might be too small 
to detect possible associations. A recent SRev (Pejtersen 
et al. 2014) that aimed to update the findings of Eller et al. 
(2009) by applying a stricter methodology (only papers 
with a high statistical power were considered) suggests that 
measuring an association based on studies with high statis-
tical power is important when evaluating published studies.

Author’s conclusions

Key messages and needs for further research

Work-related stress is an important determinant of CV dis-
ease and mortality. Thus, cardiovascular diseases caused by 
work stress as one risk factor beside others can be ranked as 
work related according to the definition of the International 
Labour Organisation “a disease with multiple causal agents, 
where factors in the work environment play a role, together 
with other risk factors” (European Commission 2013). 
When work-related stress is considered as one of several 
risk factors for cardiovascular diseases, there is a need to 
address this issue within prevention strategies offered by 
occupational physicians as well as general practitioners.

Further research is necessary to: (a) evaluate the mecha-
nisms and psychosocial pathways that might mediate the 
effect of job stress on employee’s health, (b) evaluate the in 
and out-of-work factors that encourage stress separately and 
in combination, (c) focus on groups at higher risk and vali-
date the newly established risk profiles of the ones exposed 
to psychosocial stress at work, (d) measure the exposure in 
different points in time, (e) consider additional and up-to-date 
potential stressors in the changing working environment with-
out limiting evaluation of stress to existing stress models, (f) 
evaluate whether a cultural variability exists and consider the 
developed and developing countries separately, (g) consider 
the target population grouped, e.g., with regard to gender, 
age, occupation and occupational level, (h) improve the ways 
for analyzing job stressors, and (i) aim to measure the dose–
response relationship between the exposure and outcome.

Implications for policy and practice

In a nutshell, this overview can be used to: (a) disseminate an 
up-to-date information on work-related stress as a risk factor 
for CV morbidity and mortality to government, health care 
providers, workers, and other stakeholders; and (b) encour-
age governments to better regulate the working conditions 
and consider work-related psychosocial stress as a hazardous 
factor that leads to CV diseases or mortality, which would 
indirectly lead to improved workers` health quality.
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