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2 INSERM, Univ Angers, Univ Rennes, EHESP, Irset (Institut de recherche en sant�e, environnement et travail) - UMR_S

1085, Epidemiology in Occupational Health and Ergonomics (ESTER) Team, Angers, France

Correspondence: H�elène Sultan-Taı̈eb 320, rue Sainte-Catherine Est, Montr�eal, QC H2X 1L7, Canada, Tel: þ1 438 391 9073,
e-mail: Sultan_taieb.helene@uqam.ca

Background: This study aimed to estimate the annual burden of cardiovascular diseases and depression attribut-
able to five psychosocial work exposures in 28 European Union countries (EU28) in 2015. Methods: Based on
available attributable fraction estimates, the study covered five exposures, job strain, effort–reward imbalance,
job insecurity, long working hours and workplace bullying; and five outcomes, coronary/ischemic heart diseases
(CHD), stroke, atrial fibrillation, peripheral artery disease and depression. We estimated the burden attributable
to each exposure separately and all exposures together. We calculated Disability-Adjusted Life Years (DALY) rate
per 100 000 workers in each country for each outcome attributable to each exposure and tested the differences
between countries and between genders using the Wald test. Results: The overall burden of CHD attributable to
the five studied psychosocial work exposures together was estimated at 173 629 DALYs for men and 39 238 for
women, 5092 deaths for men and 1098 for women in EU28 in 2015. The overall burden of depression was
estimated at 355 665 DALYs for men and 305 347 for women (respectively 3931 and 912 deaths). The three
highest burdens in DALYs in EU28 in 2015 were found for depression attributable to job strain (413 938
DALYs), job insecurity (223 200 DALYs) and workplace bullying (209 306 DALYs). Significant differences between
countries were observed for DALY rates per 100 000 workers. Conclusions: Such results are necessary as decision
tools for decision-makers (governments, employers and trade unions) when defining public health priorities and
work stress preventive strategies in Europe.
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Introduction

Psychosocial work factors are a major occupational hazard in
European countries. They may be highly prevalent in these coun-

tries and are associated with cardiovascular diseases (CVD) and
mental disorders, especially depression, with a high level of evidence
in the literature.1 These health outcomes represent a high and
increasing burden in terms of morbidity and mortality. Prevalent
cases of CVD have raised by 26% between 1990 and 2019 in 28
European Union member countries (EU28) (from 47.6 to 59.9 mil-
lion), the increase being higher for men (36%) than for women
(18%). Prevalent cases of depressive disorders increased by 11% be-
tween 1990 and 2019 in EU28 (13% for men and 10% for women).2

Yet, evaluations of the burden of diseases attributable to occupa-
tional exposures are seldom in the literature and these are even
scarcer for psychosocial work exposures. In Europe, only a few stud-
ies provided estimates of the burden of these exposures in Denmark
and Sweden,3 and in France,4 and they were limited to job strain
exposure only. Other studies were conducted in the USA,5 Australia6

and South Korea.7 There is no study available on the burden of
psychosocial work factors encompassing all European Union (EU)
countries and covering several concepts of psychosocial work factors.
However, such results are necessary as decision tools for decision-
makers and policymakers (governments, employers and trade
unions) in order to identify preventive priorities in occupational
health.

Indeed, such estimates are difficult to produce since data on the
number of cases of occupational diseases available in work

compensation statistical systems are heavily underestimated.
Several estimates of under-reporting and under-coverage were pro-
duced for work-related diseases,8–10 and this phenomenon is all the
more present for diseases due to psychosocial work factors since they
are often not recognized as work-related diseases by public health
insurance systems in EU countries.11

The objectives of this study were to estimate the annual burden of
CVD and depression attributable to psychosocial work exposures in
EU28 in 2015. This study was based on up-to-date estimates of
fractions of CVD and depression attributable to five psychosocial
work exposures in Europe12 and on a new formula for the estimation
of the overall fraction of diseases attributable to multiple dependent
risk factors.13 This is the first study focusing on the morbidity and
mortality burden of diseases attributable to five different psycho-
social work exposures, encompassing several health outcomes and
covering 28 EU member states (Austria, Belgium, Bulgaria, Croatia,
Republic of Cyprus, Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Hungary, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden and UK).

Methods

Attributable fractions
Fractions of CVD and depression attributable to psychosocial work
exposures in Europe were provided in one of our previous publica-
tions12 and covered job strain, effort–reward imbalance (ERI), job
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insecurity, long working hours and workplace bullying. Attributable
fraction (AF) estimates were based on the prevalences of exposure to
these factors obtained from the 2015 European Working Conditions
survey data of the European Foundation for the improvement of living
and working conditions (EUROFOUND). Relative risk (RR) estimates
were obtained from the literature.1,12

We used the same AFs to estimate the number of morbidity and
mortality cases attributable to each psychosocial work exposure. RRs
used to compute AFs derived from meta-analyses based on prospect-
ive studies. However, meta-analyses were missing for mortality.
Comparison between the rare available studies on cardiovascular
mortality14,15 and meta-analyses on cardiovascular morbidity16 sug-
gested RRs of similar magnitude. In the same way, a comparison
between the very seldom studies on suicide ideation17 and meta-
analyses on depression18 showed a strong similarity of RRs.

We retained all significant AFs (i.e. those with a 95% confidence
interval above 0) (table 1), which allowed us to include the following
diseases: coronary/ischemic heart disease (CHD), peripheral artery
disease, atrial fibrillation and stroke for CVD and depression. Given
the lack of available data on the prevalence of venous thrombo-
embolism in EU28, this disease was not included.

We also provided the overall burden of a given disease attributable
to the five studied psychosocial work exposures together.12 Given
that these exposures may be partially dependent (i.e. workers may
be exposed to more than one factor), we used an approximation of
the overall fractions of diseases for EU28 based on Niedhammer and
Chastang’s formula.13 We used the overall fraction of CHD attrib-
utable to the four among five studied psychosocial work exposures
together (7.88%) since RR and consequently AF were not available
for the pair bullying-CHD. We also used the overall fraction of de-
pression attributable to the five studied exposures together in EU28
in 2015 (25.95%).12,13

Burden of diseases
In line with the Global Burden of Diseases study,19 we used as health
outcome indicators prevalent cases, deaths, Years of Life Lost (YLL),
Years of Life Lost due to Disability (YLD) and Disability-Adjusted
Life Years (DALY). These indicators were extracted from the Global
Health Data Exchange (GHDx) database for the year 2015. The
GHDx database provided data for all 28 EU countries, for the work-
ing-age population (15–64 years), for men and women together and
for men and women separately and for CVD and depression.20,21

In the GHDx database, YLLs were computed using standard life
expectancy at each age, which is based on the lowest observed death
rates for each 5-year age group in populations larger than 5 mil-
lion.20,21 The same standard life expectancy was used for all EU
countries. This method avoids ethical issues related to gaps in aver-
age life expectancy between European countries, which would attri-
bute a greater burden to deaths occurring in countries where the life
expectancy is longer. YLDs were provided by the GHDx database
with the 2013 calculation of disability weights.21,22

All data were available for CVD in the GHDx database. For de-
pression, data were not available for deaths, YLLs and consequently
DALYs. As suggested in the literature, 53.7% of suicide cases were

found to be related to depression.23 Thus, we extracted data related
to suicide and multiplied these indicators by 53.7%, which provided
an estimate of mortality related to depression. This estimation
method for mortality related to depression was used previously.4

To estimate the burden of disease attributable to each exposure
and all studied exposures, the health outcome indicators were multi-
plied by the previously mentioned AFs.

In order to provide results for the working population, we multi-
plied each health outcome indicator by the employment rate in each
country in 2015 according to Eurostat (Labour Force Survey 2015).

Burden per 100 000 workers
To take into account differences in population sizes between coun-
tries, we calculated the prevalence rate RP , the mortality rate RM and
the DALY rate RD for each health outcome attributable to each ex-
posure per 100 000 workers as follows:

RP ¼
Attributable prevalent cases � 100 000
Employed population ð15� 64 yearsÞ (1)

RM ¼
Attributable death cases � 100 000

Employed population ð15� 64 yearsÞ (2)

RD ¼
Attributable DALYs � 100 000

Employed population ð15� 64 yearsÞ : (3)

Data for the employed population were extracted from the
Eurostat database (Labour Force Survey 2015). We tested the differ-
ences between countries and between genders using the Wald test.24

All results were provided for each country and the whole 28 EU,
and for men and women together and separately. Statistical analyses
were performed using SAS software and maps were designed using
Microsoft Excel.

Results

Burden in prevalent cases, deaths, YLLs, YLDs and
DALYs
The overall burden of CHD attributable to the four studied psycho-
social work exposures together was estimated at 173 629 DALYs for
men and 39 238 for women, 5092 deaths for men and 1098 for
women in EU28 in 2015. The overall burden of depression attribut-
able to the five studied exposures was estimated at 355 665 DALYs
for men and 305 347 for women, 3 931 deaths for men and 912 for
women (table 2).

When analyzing each psychosocial work factor separately, the
three highest burdens in DALYs in EU28 in 2015 were found for
depression attributable to job strain (413 938 DALYs), job insecurity
(223 200 DALYs) and workplace bullying (209 306 DALYs) (table 3).
The highest burdens for CHD were attributable to job insecurity
(129 280 DALYs) and job strain (112 995 DALYs) (table 3).
Detailed results for men, women and both genders are presented
in Supplementary file S1.

Table 1 Available and significant fractions of cardiovascular diseases and depression attributable to psychosocial work exposures for EU28 in
201512

Coronary/ischemic heart disease Peripheral artery disease Atrial fibrillation Overall stroke Depression

Job strain � � NA NS �

ERI � NA NA NA �

Job insecurity � NA NA NA �

Long working hours � NA � � �

Workplace bullying NA NA NA NA �

ERI, effort–reward imbalance; NA, RR estimates were not available in the literature; NS, RR estimates were not significant in the literature.
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Burden per 100 000 workers
Differences between men and women in DALY rates per 100 000
workers in EU 28 were significant for several exposure–outcome
pairs: CHD attributable to job strain, to ERI and to job insecurity,
peripheral artery disease attributable to job strain, and all exposure–
outcome pairs related to long working hours, with a higher burden
for men (Supplementary file S2, Table S2-1).

Differences between countries in prevalence, deaths and DALY
rates were significant for all exposure–outcome pairs, except for
the prevalence of peripheral artery disease attributable to job strain
and the prevalence of CHD attributable to ERI (Supplementary file
S2, Table S2-2).

At the country level, the three highest DALY rates were found for
depression attributable to job strain in Lithuania and Greece (re-
spectively 342 and 257 DALY rate), and depression attributable to
workplace bullying in France (233 DALY rate). The highest DALY
rates for CHD were attributable to job insecurity in Latvia (194
DALY rate), and to job strain in Romania (157 DALY rate). Our
study showed discrepancies between EU countries in the burden
borne by workers. For instance, the burden in DALY rates of de-
pression attributable to job strain was 4 times higher in Lithuania
compared to Malta. The burden in DALY rate of depression attrib-
utable to ERI was 3.5 times higher in Slovenia than in Bulgaria. The
burden of CHD attributable to job insecurity was nine times higher
in Latvia compared to Denmark. The burden of stroke attributable to

long working hours was 26 times higher in Bulgaria than in Italy
(Supplementary file S3).

Maps highlighted an East–West gradient for some exposure–out-
come pairs: the burdens of CHD attributable to job strain, ERI, job
insecurity and long working hours showed a higher burden in DALY
rates in the Eastern part of the EU than in the Western part. The
burden of stroke attributable to long working hours also showed an
East–West gradient with a higher burden in the Eastern part of the
EU (figure 1).

We stratified by country and gender the analysis of DALY rates
per 100 000 workers for the two health outcomes with the highest
prevalence in the employed population (CHD and depression), and
for the three psychosocial work exposures with the highest preva-
lence of exposure (job strain, ERI and job insecurity). At the country
level, gender differences in DALY rates were found in all countries
for three exposure–outcome pairs (CHD attributable to job strain, to
ERI and to job insecurity) with a higher burden for men. There were
only few countries with gender differences for depression attributable
to the three psychosocial work exposures. (Supplementary file S4).

Discussion

Main results
Our study showed a high burden of CHD and depression attributable
to the five studied psychosocial work exposures in EU28 in 2015,
with a higher burden for depression. Our study showed discrepancies
between EU countries in the burden borne by workers, with an East–
West gradient for some exposure–outcome pairs related to CHD and
stroke. At the country level, differences in DALY rates per 100 000
workers between men and women were observed in all countries for
CHD attributable to job strain, ERI and job insecurity, with a higher
burden for men.

Differences between countries
Given the calculation method, burden differences between countries
for a given exposure–outcome pair resulted from differences in two
parameters:

i. Differences in AF estimates between countries. Since the same RR
estimates were used for all countries, differences in AF estimates

Table 2 Overall burden of CHD and depression attributable to all
studied psychosocial work exposures in EU28 in 2015

Prevalent cases Deaths YLL YLD DALY

CHD
Men 203 745 5 092 166 331 7 298 173 629
Women 95 715 1 098 35 028 4 210 39 238
All 299 460 6 190 201 359 11 508 212 867

Depression
Men 1 107 449 3 931 172 885 182 780 355 665
Women 1 631 247 912 38 805 266 542 305 347
All 2 738 696 4 843 211 689 449 322 661 011

CHD, coronary/ischemic heart disease.
Overall fraction for CHD: 7.88%; Overall fraction for depression:
25.95%.13

Table 3 Burden in DALYs for the five psychosocial work factors in EU28 in 2015

DALYs men DALYs women DALYs totala

N 95% CI N 95% CI N 95% CI

Job strain
CHD 92 714 26 026–159 403 20 702 5 806–35 598 112 995 31 775–194 216
PAD 2 698 998–4 399 1 008 372–1 643 3 697 1 368–6 026
Depression 223 875 143 665-304 086 190 150 121 903-258 397 413 938 265 888-561 989

ERI
CHD 46 795 7 699–85 891 8 378 1 347–15 410 51 502 8 474–94 531
Depression 94 342 54 542-134 142 64 817 37 023-92 611 158 185 91 408-224 962

Job insecurity
CHD 106 036 27 076–184 996 23 710 6 045–41 375 129 280 33 121–225 438
Depression 120 734 56 741-184 728 102 603 48 165-157 042 223 200 105 125-341 275

Long working hours
CHD 15 064 1 617–28 511 1 306 121–2 491 12 800 1 384–24 215
Stroke 14 623 4 710–24 536 3 159 950–5 368 15 859 5 097–26 621
AT 1 697 401–2 993 254 54–454 1 639 384–2 894
Depression 9 425 1 746-17 104 3 103 527-5 679 12 139 2 261-22 017

Work bullying
Depression 112 620 71 824-153 415 111 590 72 232-150 948 209 306 133 487-285 126

CHD, coronary/ischemic heart disease; PAD, peripheral artery disease; ERI, effort–reward imbalance; AT, atrial fibrillation.
a: Sums of the two columns for men and women are more reliable than the column for total DALYs, the differences being explained by the

use of a mean AF for the total population and differences in the number of DALYs for men and women.
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resulted from differences in the prevalence of exposure between
countries.12

ii. Differences in the public health situation between countries i.e. in
the prevalence of CVD and depression in the employed popula-
tion. For instance, the East–West gradient observed for the DALY
rates per 100 000 workers of CHD attributable to job strain, ERI,
job insecurity and long working hours, as well as stroke attribut-
able to long working hours may be explained by the East–West
gradient for cardiovascular mortality.25,26

Consequently, these results provide relevant information on the bur-
den attributable to psychosocial work factors borne by workers in each
country, taking into account the size of the employed population. From
an intervention perspective, these results underline the discrepancies

between countries and may have a contribution to decision-making
and priorities orientation for policy makers at the European level.

Gender differences
Burden differences between genders resulted from differences in the
same two parameters:

i. Differences in AF estimates between men and women were only
observed for stroke, atrial fibrillation and depression attributable to
long working hours, with a higher burden for men. Indeed, AFs were
based on RR estimates from a literature review1 in which studies
either did not test gender differences (for most of them), or reported
no differences between men and women, although the study of

Figure 1 DALY rates per 100 000 workers in EU28 in 2015.
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subgroups may have suffered from a lack of statistical power.12

Therefore, gender differences in AFs could only derive from gender
differences in the prevalence of exposure, which were either non-
significant or small, except for long working hours.12 Gender com-
parisons should be interpreted with caution. Indeed, the studied
exposures were based on general concepts to correspond to those
used in the RR literature. However, a more refined analysis of specific
exposures might show a higher prevalence of exposure to repetitive
work27 or low job control28–30 (subdimensions of job strain), to sex-
ual harassment31 (a specific form of violence and bullying at work),
and to temporary contracts, undesired changes in working conditions
or enforced part-time work32,33 (specific exposures related to job
insecurity) among women than among men.

ii. Gender differences in the burden of disease attributable to psy-
chosocial work factors also resulted from gender differences in
disease prevalence. The number of DALYs lost related to CVD
was higher for men than women in EU28. It was also the case for
the number of DALYs lost because of depression, which included

a higher number of years of life lost because of suicide among men
than women. These gender differences in the prevalence of dis-
eases may explain gender differences in the burden of these
diseases attributable to the studied psychosocial work factors.

Comparison with the literature
Comparing our results with the literature may be difficult as studies
on this topic are lacking. A comparison can be made with our pre-
vious publication about the burden of CVD and mental disorders
attributable to job strain in France in 2003.4 In the present study, the
estimated numbers of CHD and depression cases attributable to job
strain were more conservative than those in our previous publication.
For CHD, this was explained by the use of a lower but more robust
RR estimate. For depression, this was explained by a more precise
and restrictive definition of the outcome. The study by Pega et al.34

estimated the burden of CHD and stroke attributable to long work-
ing hours in Europe. Although we used the same AF formula and

Figure 1 (Continued).
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very similar estimates for RR (1.17 compared to 1.13 in our study for
CHD and 1.35 in both studies for stroke) and for the prevalence of
exposure (3.5%), AF estimates in Pega’s study were 1.4% and 2.3%
for CHD/IHD and 2.5% and 3.8% for stroke, which appear over-
estimated. The low burden attributable to long working hours may
be explained by a low prevalence of exposure to 55 hours or more per
week in Europe (leading to low AFs12) due to the European working
time directive passed in 2003, which sets a maximum of 48 h/week.

Limitations and strengths
This study had several strengths. Results were reported for the whole
employed population, as well as for men and women separately
following the best practices regarding gender issue.35 Gender strati-
fication made our results more reliable as the results for both genders
together did not take account of the differences in the number of
cases between genders when applying the mean AF for both genders
(see footnote, table 3).

Results were based on up-to-date AF estimates comparable across
Europe. Five different psychosocial work exposures were included
and we covered a wide range of health outcomes related to CVD
and depression. We also estimated the overall burden of CHD and
depression attributable to the studied psychosocial work factors to-
gether, based on a recent and useful approximation method, as sub-
stantial dependence was found between the studied exposures. The
burden per 100 000 workers was also provided for each exposure–
outcome pair, which allowed comparisons between 28 EU countries
of the burden borne by workers, taking into account the size of the
employed population. Therefore, this study provided detailed esti-
mates on the burden due to psychosocial work factors, something
which is very rare on this topic.

This study has also several limitations.
Although we used the most recent available data (2015), we were

unable to provide information that may be relevant for the burden of
diseases during the coronavirus disease 2019 pandemic. There were
differences in the definition of the outcomes between RR estimates
used to compute AF estimates and health outcomes data from
GHDx. For instance, GHDx database provided data on the preva-
lence of atrial fibrillation and flutter, whereas RR estimates were
available for atrial fibrillation only, which may have overestimated
our results on the burden of this health outcome. In addition, the RR
estimates were from reviews/meta-analyses that were themselves
based on a number of primary studies that may have been hetero-
geneous in the measurement of the outcome. Furthermore, for a
given outcome, the definition may have been different from a
review/meta-analysis to another.1,12 The results for the five health
outcomes included in the study should not be added together since
there may be comorbidities. We used health outcome data for each
disease, multiplied by the employment rate among the population
aged 15–64 in each country to provide relevant estimates for the
working population. This method was based on the hypothesis
that cases are equally distributed in the working and non-working
population, which may not be the case. Because the healthy worker
effect leads to select healthier people at the workplace, there may be a
bias towards overestimation. On the other hand, as the healthy work-
er effect leads to remove from the workplace people, who may be sick
because of exposures, this is likely to underestimate the results. All in
all, the impact of these two biases is likely to be offset. Since we
applied AFs to the number of cases/deaths in the working population
only, our estimates did not take into account potential delayed health
effects due to psychosocial work factors that may occur after retire-
ment, which may have underestimated the results. However, studies
exploring delayed effects or effect reversibility after the end of ex-
posure are still missing. We studied health outcomes related to CVD
and depression for which a high level of evidence has been provided
by the literature. Other outcomes might be of interest, such as dia-
betes, musculoskeletal disorders or occupational injuries for example,
but the level of evidence remains lower to date.1 The definition and

calculation of the different exposures may make the strict compari-
son of the burden difficult between exposures. Indeed, job strain and
ERI were defined by arbitrary thresholds (median and ratio over 1
respectively) contrary to the other exposures, which may have an
impact on the differences in exposure prevalence between factors.
Exposure prevalence was based on estimates using the European
Working Conditions Survey data,12 but the assessment of exposure
of job strain and ERI was not based on validated questionnaires,
leading to potential imprecision and misclassification. Finally,
some psychosocial work factors including specific exposures may
be lacking, for instance, organizational injustice or violence at
work. Other occupational exposures not related to psychosocial
work factors were not studied, such as for example shift or night
work. Our results thus provide conservative estimates of the burden
of diseases attributable to psychosocial work factors, as we studied a
limited set of exposures and outcomes.

Conclusion
This study provided an unparalleled contribution to the analysis of the
loss of health related to psychosocial work exposures. Our study showed
an overall picture across EU countries. This may provide information
for decision-making and health policy action. It also underlined the
areas where epidemiological data on the etiological role of psychosocial
work factors are still missing. Indeed, information about exposure–out-
come associations are lacking for a number of psychosocial work fac-
tors, health outcomes and for men and women separately.

Supplementary data
Supplementary data are available at EURPUB online.
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Key points

• This is the first study focusing on the morbidity and mortality
burden of cardiovascular diseases (coronary/ischemic heart
disease (CHD), peripheral artery disease, atrial fibrillation and
stroke) and depression attributable to five different
psychosocial work exposures and covering 28 European Union
member states.

• Our study showed a high burden of CHD and depression
attributable to the five studied psychosocial work exposures,
with a higher burden for depression.

• There were discrepancies between EU countries in the burden
borne by workers, with an East–West gradient for some
exposure–outcome pairs related to CHD and stroke.

• From an intervention perspective, these results may have a
contribution to decision-making and priorities orientation
related to psychosocial work factors for policy makers at the
European level.
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