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Work—related stress is generally con-
sidered as being detrimental to workers’
health and costly to society. Physicians
and social workers agree that work-relat-
ed stress is the source of several illnesses,
including musculoskeletal disease (MSD),
back pain, cardiovascular disease (CVD),
depression, and burnout. Apart from be-
ing the direct cause of several medical con-
ditions, stress also induces harmful behav-
ioral practices such as excessive drinking,
smoking, and drug abuse. The problem is
that work-related stress is on the increase,
partly because of the emergence of new
technologies and the spread of new ways
of organizing work [9]. The phenomenon
seems to affect all categories of workers, in-
cluding executives.

Acknowledging the occupational ori-
gin of this risk factor may have significant
institutional and financial implications. In
France work injuries and occupational ill-
nesses are covered by a specific branch of
public health insurance system which is
funded solely by employers’ contributions,
whereas insurance for nonprofessional ill-
nesses is funded jointly by employers’ and
employees contributions. The topic is thus
highly sensitive since the attribution of so-
me diseases and deaths to a cause related
to working conditions would imply trans-
ferring the financial burden from one cat-
egory to another. This would have a direct
impact on firms’ involvement in health in-
surance financing.

The purpose of this study was to car-
ry out the first available measure of the
costs of work-related stress for France
along with a pioneering analysis of differ-
ent methodological hypotheses. Three ill-
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nesses that may result from exposure to
work-related stress are included in our
survey: cardiovascular diseases, depres-
sion, MSD and back pain. To evaluate the
costs of work-related stress as a risk fac-
tor for the three illnesses we used the at-
tributable fractions method. The propor-
tions of cases attributable to the risk factor
are calculated for each disease, and the re-
sults are then imputed either to the total
cost of the illnesses or to the number of
cases recorded.

We adopt the perspective of cost of ill-
ness (COI) studies to assess the cost of oc-
cupational stress for society. Although the
interest of COI studies is sometimes ques-
tioned [1, 34], they may provide very use-
ful information [6, 11] especially in the ca-
se of diseases attributable to occupational
stress. COI studies provide (a) a standard
of measurement for the year 2000 so as
to make projections of occupational stress
prevalence and economic burden for the
future, (b) a measure of the cost of occu-
pational stress for society allowing interna-
tional comparisons, and (c) more specifi-
cally in the case of France a measure of
the costs that may be borne by the occupa-
tional illnesses and work injuries branch
of the health insurance system if the dis-
eases originating in work-related stress
were recognized as occupational illnesses.

Our study includes both direct medical
costs and indirect costs of diseases origi-
nating in occupational stress. For indirect
cost evaluation, we have used two differ-
ent methodological hypotheses: (a) Our
first hypothesis is based on the human cap-
ital theory in order to allow international
comparisons with other surveys that ha-

ve used the same method, especially that
of Levi and Lunde-Jensen [25] for Sweden
and Denmark. Here indirect costs are de-
fined as the loss of production due to sick
leaves and premature deaths attributable
to occupational stress. However, this op-
tion raises methodological [34] as well as
ethical problems, as discussed below. (b)
According to our second hypothesis, indi-
rect costs are restricted to pensions and
compensation that would be paid to pa-
tients or to their family by the occupation-
al illnesses and work injuries branch of the
public health insurance system if the occu-
pational origin of diseases were to be ac-
knowledged. This perspective raises the is-
sue of the monetary value of human life
for society.

These two hypotheses allow us to pro-
vide complementary evaluations of the so-
cial cost of occupational stress for Fran-
ce. (Note that the present study does not
allow direct assessment of the costs and
benefits associated with the prevention
of occupational stress. Therefore we do
not discuss the question of the nature of
the “future costs” that could be included
in the evaluation of the costs induced by
the increase in life expectancy [27]). The
full results are presented and discussed
in the light of a sensitivity analysis of the
evaluations that were worked out.

Methodology
Stress definition
In our model we adopt as our definition

of work-related stress the definition of job
strain elaborated by Karasek [15] and Kara-



Table1

lliness Sources

cvD
« Morbidity
« Mortality

Schnall etal. [33]

Depression
- Mortality,
morbidity

MSD, back pain
» Morbidity

Niedhammer et al. [29]

Hoogendoorn et al. [12]

Relative risk of iliness related to occupational stress (our own calculations)

Sample country Stress factors Our hypotheses Relative risk
Men Women
10 cohort studies in Job strain 1.45 1.14
Europe Low control RRidentical for men 1.60-1.83 1.60-1.83
and women
France High demand RRidentical in terms of 1.77 1.37
morbidity and mortality
11 cohorts and case- Low job RRidentical for back 1.7-3 1.7-3

controlled studies in satisfaction

Europe

pain and musculoskele-
tal disorders

sek and Theorell [16], according to which
not all stressful situations at work lead to

negative psychological strain. The type of
occupational stress having a negative im-
pact on workers’ health is defined as job

strain. This derives from situations which

combine two different variables. First, job

demands is an independent variable that
measures stress sources present in the

work environment. High job demands can

be associated with intense pressure of work
provoked by the performing tasks at high

speed and by being subjected to tight dead-
lines. Second, job control measures decision

latitude at work on the individual level. Job

control is low when workers do not have

autonomy in organizing work, in choosing

working methods, and the order in which

to carry out tasks. Job strain occurs when

job demands are high and job decision lat-
itude is low. A third moderating variable

is introduced in the model by Karasek and

Theorell [16]. Low social support at work
(technical and emotional support from col-
leagues) is considered to strengthen the re-
lationship between job strain and diseases

imputable to occupational stress.

This definition of stress is a widespread
reference in surveys on occupational stress
and working conditions (5, 25]. This defi-
nition can be used in data analysis since it
corresponds to a number of items in the
questionnaire of the Third European Sur-
vey on Working Conditions [30]. More-
over, Karasek and Theorell’s model is a
common reference used by epidemiolog-
ical surveys when measuring the impact

of occupational stress on workers’ health.
For all these reasons we adopt job strain
as our definition of occupational stress.
(Other definitions include Cooper’s [3]
model of stress that is based on a much
broader definition, including other types
of stressors (sociological, biological, me-
chanical stressors) and leads to estimates
of the cost of stress that are not compara-
ble to ours. Siegrist’s [35] effort-reward im-
balance model of stress focuses on a nega-
tive trade off between experienced “costs,”
or efforts, and “gains,” or rewards, such as
esteem, money and occupational status, at
work rather than on specific job task char-
acteristics, as in the job strain model.)

The attributable fractions method

Defining the parameters

The proportion of cases attributable to a
risk factor (PCA), or attributable fraction,
is defined as:

pep—  Pe(RR=1)
[Pe(RR—1)+1]

where Pe is prevalence of exposure to a fac-
tor of illness (here, occupational stress),
that is, the proportion of workers exposed
to the factor; and RR is relative risk which
measures the strength of the relationship
of cause and effect between the risk factor
and the frequency of an illness for an indi-
vidual. The PCA measures excess morbid-
ity, and where applicable the excess mor-
tality that can be attributed to the factor

of illness. In the absence of this factor of ill-
ness the number of persons suffering from
the illness would be reduced in this same
proportion.

Valuation of the parameters

Valuation of prevalence of exposure.
The Third Survey on Working Conditions
in Europe held in 2000 [30] provides the
data required for valuation of prevalence
of exposure in France. The survey distin-
guishes between the proportion of work-
ers subjected to job strain for more than
75% and those subjected to it for more
than 50% of their working hours. We use
only the lower evaluation of prevalence
of exposure (75% level), reserving the
higher evaluation (50% level) for a subse-
quent sensitivity analysis. The probability
of exposure to stress varies between men
and women. We assume that it applies to
the whole of France’s working population
for 2000, including the unemployed who
may have been exposed to stressful work-
ing conditions with delayed consequences.
The findings of the survey for the French
population in 2000 were: job strain more
than 75% of working hours, 20.8% of men
and 13.6% of women; job strain more than
50% of working hours, 27.3% of men and
17.0% of women [30].

Items from the Third European Survey
on Working Conditions used for the calcu-
lation of exposure to occupational stress
were the following. The survey sample in-
cluded 1,500 French workers (drawn from
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Abstract

This study evaluated the costs of work-relat-
ed stress in France. Three illnesses — cardio-
vascular diseases, depression, musculoskele-
tal diseases and back pain — that may result
from exposure to stress are identified and
the proportions of cases attributable to the
risk factor are calculated from epidemiologi-
cal studies. Two methodological hypotheses
allow us to provide complementary evalua-
tions of the social cost of occupational stress
and raise the ethical questions inherent

in the choice of methodology. For the ye-

ar 2000 our model shows that of a working
population of 23.53 million in France some
310,000-393,400 persons (1.3-1.7%) were
affected by illnesses attributable to work-re-
lated stress, and that 2,300-3,600 persons
died as a result of their illness. Work-related
stress costs society between €1,167 million
and €1,975 million in France, or 14.4-24.2%
of the total spending of social security occu-
pational illnesses and work injuries branch.
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a population of 21,703 workers from 15 Eu-
ropean countries) in different sectors [30].
We based our calculations on this popula-
tion of 1,500 French workers. High job de-
mands can be measured by question Q21b1:
“Does your job involve working at a very
high speed?” and question Q21b2: “Does
your job involve working to tight dead-
lines?” In our calculations workers subject-
ed to high job demands for more than 75%
of their working hours answered “about
three-fourths of the time” or “almost all of
the time” or “all the time” to question Q21b1
or they answered “about three-fourths of
the time” or “almost all of the time” or “all
the time” to question Q21b2. Low job con-
trol can be measured by questions dealing
with autonomy in the questionnaire. Ques-
tion Q25.1 asked workers: “Are you able,
or not, to choose or change your order of
tasks?” Question Q25.2 asked: “Are you ab-
le, or not, to choose or change your meth-
ods of work?” Question Q25.3 asked “Are
you able, or not, to choose or change your
speed or rate of work?” In our calculations
workers subjected to low job control (or
low autonomy) answered: “No” to at least
one of these three questions (Q25.1, Q25.2,
or Q25.3). As a result we considered work-
ers subjected to job strain for more than
75% of their working hours to be workers
subjected to high job demands and low job
control simultaneously, according to Ka-
rasek and Theorell’s [16] model. For calcu-
lations of job strain for more than 50% of
working hours we added workers who an-
swered “about one-half of the time” to ques-
tion Q21b1 or question Q21b2.

Valuation of relative risk. In their stu-
dy Levi and Lunde-Jensen [25] take dam-
age to the worker’s health, mostly through
CVD, as the only consequence of occupa-
tional stress. However, stress has also be-
en shown to have an effect in other illness-
es such as mental health problems, MSD,
and back pain. For this reason we added
in our model depression, MSD, and back
pain to CVD. The strength of the connec-
tion between the factor of illness and ill-
health is evaluated by RR. B Table 1 sum-
marizes sources and data used for RR.
Identification and selection of the liter-
ature for RR data were as follows. The in-
clusion criteria for all epidemiological sur-
veys were based on criteria applied in the

clinical literature. We included only histor-
ical cohort studies or case-control studies
with sufficient number of cases compared
to the number of independent variables,
published between 1990 and 1999. Analy-
sis and data presentation include multivari-
able model and adequate adjustment fac-
tors. Two systematic reviews of epidemi-
ological literature based on Karasek and
Theorell’s [16] stress definition helped us
to select high-quality epidemiological sur-
veys in line with the above inclusion crite-
ria. One of those deals with CVD [33] and
the other one with MSD and back pain [12].
For these two illnesses, we assumed that RR
data obtained in European countries could
be used for the French population. For ex-
ample, the literature review by Schnall et al.
[33] revealed strong evidence for an effect
of job strain on CVD morbidity and for
an effect of low control on CVD mortality
(B Table 1). The review by Hoogendoorn
et al. [12] found strong evidence for low so-
cial support in the workplace and job dis-
satisfaction as risk factors for back pain. In-
sufficient evidence was found for an effect
of a high work pace and low job controls
because the available information was too
limited. Since social support at work is con-
sidered by Karasek and Theorell as a mod-
erating variable only, we used RR for job
dissatisfaction as an approximation of RR
for job strain (B Table 1). We adopted a
different method to select studies concern-
ing the risk of depression because of the
difficulty in transposing results from oth-
er countries to the French population. In-
deed, a number of authors insist on the
strong link between sociocultural factors
and the pathological prevalence of depres-
sion [8]. Moreover, transpositions are not
to be encouraged because of the language
and cultural problems in measuring depres-
sion [31]. We confined our survey of this
literature to studies carried out in France.
The only French academic work that sat-
isfies the scientific criteria presented earli-
er is that of Niedhammer et al. [29]. This
survey shows that three psychosocial fac-
tors at work (high demands, low decision
latitude, and low social support) are sig-
nificant predictors of subsequent depres-
sive symptoms of men and women (B Ta-
ble 1). However, no significant interaction
was found between the three psychosocial
factors in relation to depressive symptoms.



This is also the case for any combination be-
tween two of the three factors.

Valuation of the proportion of cases at-
tributable. @ Table 2 shows the PCA calcu-
lated from the parameters for prevalence of
exposure to occupational stress and RR.

Method of evaluation
and modeling

Exposure to occupational stress has effects
that are costly for society. In their calcula-
tions for Sweden and Denmark Levi and
Lunde-Jensen [25] evaluate spending on
health care for occupational stress and lost
production as a result of stress. This ap-
proach to social costs is commonplace in
other areas of health policy such as prevent-
ing illness factors [20], public policy pric-
ing such as preventing drinking and smok-
ing, and road safety [19, 26]. However, it
calls for a more in-depth discussion of the
implied assumptions. The valuation of loss
of potential output is based on Beckers the-
ory of human capital which views health as
a capital asset from which income can be de-
rived through participation in the system of
production. Ill health makes this asset less
profitable, that is, it reduces the marginal
productivity that can be expected from it.
In theory, marginal productivity can be eval-
uated by the income of the worker by the
neoclassical hypothesis of remuneration for
the marginal productivity of factors of pro-
duction. In practice, the marginal produc-
tivity lost through time off work or prema-
ture death is evaluated by the present val-
ue of future income of the person or, whe-
re this information is unavailable, by the
mean proportion of national wealth per
person (per capita GDP). This hypothesis
is tenable in principle only in an economy
with full employment and no flexibility on
the labor market. When there is high un-
employment, some of the unemployed can
stand in for those off work for long periods.
In addition, flexibility within the firm (over-
time, distribution of tasks) or outside the
firm (temporary workers) may make up for
short absences. The conditions for applying
this method are therefore very restrictive [6,
34]. However, the human capital method is
still relevant if we consider that flexibility
within the firm or outside the firm is not
costless [11]. (Other ways of estimating pro-

duction losses have been suggested such as
the “friction approach” [18], but applying
these instruments is very tricky.)

The method also raises ethical issues be-
cause evaluating a death by aggregate dis-
counted income means putting a price on
human life by assessing the amount of pro-
duction lost because of a person’s death. The
value of human life would therefore vary ac-
cording to sex, seniority, occupation, etc.,
and such methods introduce systematic dis-
crimination against the disabled, the non-
working population, women, poorly paid
occupations, among others. It will be ob-
served that valuation of lost output in terms
of per capita GDP avoids such systematic
discriminations. However, in both cases (val-
uation by the sum of discounted income or
by per capita GDP) arises the question of us-
ing life expectancy in the calculation. The
cost of lost production as a result of early
death includes the number of years of life
lost through illness, which is greater for the
young than for the elderly. Thus the meth-
od of valuation of production losses itself in-
troduces systematic discrimination against
older persons whose lives appear to be of a
lower value. In addition, application of the
human capital theory is not consistent with
the principles of welfare economics. It offers
only a narrow view of the consequences of
illnesses for social well-being by limiting it-
self to the effects on production [7] by omit-
ting the valuation of leisure time and by ig-
noring any valuation of the lives of the re-
tired and nonworking population.

Confronted with these methodological
and ethical difficulties, we chose, in line
with the recommendations of health eco-
nomists, to present the valuation of occu-
pational stress costs in three stages. We
begin by presenting losses from the view-
point of society in physical units (number
of deaths, years of life lost, days’ work loss-
es). This intermediate information in phys-
ical units may also be used in the perspec-
tive of evaluating benefits to be expected
from a policy for preventing occupation-
al stress. Next we measure the direct costs
of medical care for the illnesses caused
by occupational stress. The purpose is
to impute the fraction of this spending at-
tributable to stress (PCA) on the basis of
the data on the cost of the three illnesses
concerned. Finally, we make a valuation of
indirect costs that can be attributed to job

Table2

The proportion of cases at-
tributable to occupational stress

in France in 2000 (percentages;
from Table 1 and our own
calculations)

Men Women
CcvD
« Morbidity 8.6 1.9
» Mortality 11.1-14.7 7.5-10.1
Depression
« Morbidity, 13.8 438
mortality
MSD, back pain
« Morbidity 12.7-29.4 8.7-21.4

strain in money terms according to two
complementary hypotheses:

Hypothesis 1 measures production loss-
es according to the human capital theo-
ry to allow international comparisons. It
is considered that premature deaths at-
tributable to occupational stress corre-
spond to loss of potential output because
of the years of activity lost before retire-
ment age (losses expressed by P(R) in the
equation below). Conversely, lack of data
means that the number of years of activi-
ty lost through early retirement cannot be
taken into account. In this view lost produc-
tion through sickness leave (A in the equa-
tion below) must also be evaluated. On top
of these costs must be added all spending
on health (S). The cost calculation is ma-
de in turn for the three illnesses (expressed
by subscript i) covered by our model, that
is, cardio-vascular diseases (CVD), depres-
sion (D), and musculoskeletal disease and
back pain (MSD). We must then measure
the proportion of these costs attributable
to stress at work by ascribing the coeffi-
cient of PCA for each illness (PCA;). This
hypothesis provides a model of the cost of
stress (CS) as:

CS) =
CVD,D.MSD
Sy [(Si+4;+P(R);) x PCA]

i

Hypothesis 2 measures human life losses
in terms of the amount of money that the
occupational illnesses and work injuries
insurance would incur if the diseases im-
putable to work stress were recognized to
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Table3

Total number of cases of CVD, depression, and MSD, and back pain in the

French population of working age in 2000 (from [2, 14, 22, 24] and our own

calculations)

Number of cases Number of deaths

Men Women Men Women
cvD 1,584,000 816,000 12,117 3,865
Depression 628,493 1,474,487 4,416 1,538
MSD, back pain 7,721 7,721 0 0
Total 2,220,214 2,298,208 16,533 5,403
Table4

Number of cases attributable to occupational stress in France in 2000

(from Table 3, Table 4, and our own calculations)

Number of cases Number of deaths

Men Women Men Women
cvD 135,573 15,246 1,344 292
Depression 86,763 70,642 610 74
MSD, back pain 981 671 0 (1]
Total 223,317 86,559 1,954 365

be occupational illnesses. In this view pre-
mature deaths may be evaluated in terms
of the total number of years of life lost,
considering that years spent in retirement
are of value to society just as are years in
work. This value, in money terms, may be
assumed to be equal to the mean wealth
created annually per person. In all, such
losses for society are equal to the value of
years of life lost relative to the mean life
expectancy of the population in question
(losses expressed by P(LE) below). On this
assumption, loss of potential output relat-
ed to sickness leave is irrelevant because
we seek only to put a valuation on losses
of human life. This second hypothesis can
be modeled by:

CVD,D.MSD

CSH=

i

[(Si+ P(LE);) x PCAj]

This second perspective raises fewer
methodological and ethical problems.
However, we regard the two perspectives
as parallel, particularly in answering the
requirement of comparability with other
international surveys. In both cases we
make a valuation of the years of life lost
by per capita GDP to avoid some of the
ethical difficulties raised above.
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Data collection

Data about the number of cases
of CVD, depression, MSD, and back
painin France in 2000

Morbidity. The data are derived from a
secondary calculation for each illness. The
official report on CVD [24] gives the prev-
alence of this pathology in the French pop-
ulation. INSERM [14] data report that per-
sons of working age make up 12% of death
from CVD. For lack of more precise infor-
mation we assumed that the distribution
of the age group of those affected is identi-
cal to that of persons who died of the same
illness, which clearly contributes to an un-
derestimation of the cost of CVD. Le Pape
and Lecomte [22] provide data on morbid-
ity from depression in 1997. We assumed
that the prevalence of depression was sta-
ble between 1997 and 2000.

Mortality. The data for the three patholo-
gies studied in our survey are provided
by INSERM [14]. To evaluate death at-
tributable to depression we consider that
60% of suicides and of deaths through
mental illness are related to depressive ill-
ness [10, 17, 36]. No death is recorded for

MSD and back pain. @ Table 3 summa-
rizes the results of this research.

Data about the medical costs of
CVD, depression, MSD, and back
painin France in 2000

A systematic review of the literature and
own calculations provide an estimate of
the costs of medical cover for 2000 and
for each illness.

Cardio-vascular diseases. According to
Letouzey et al. [24], expenses of hospital
care (medicine, surgery, rehabilitation,
emergency services) and ambulatory ca-
re (fees, pharmacy, biology, imagery, para-
medical transport) in 1993 amounted to
more than 57,550 million francs. Spending
on CVD for 2000 was simulated on the fol-
lowing assumptions: (a) the change in the
price of medical goods and services is as-
sumed equal to the change in consumer
goods prices (+11.03% between 1993 and
2000 by INSEE figures); (b) the structure
of health spending is assumed to be sta-
ble for the cover of CVD; and (c) the in-
creased prevalence of CVD affects chang-
es in spending proportionately (+13.3% be-
tween 1993 and 2000). As a result we esti-
mated that the costs of medical cover for
CVD for persons of working age came to
more than €1,324 million in 2000 in Fran-
ce.

Depression. Le Pape and Lecomte [21] eval-
uate the unit costs of cover for this mental
illness in 1991 (15,389 francs for men, 7,555
francs for women). In estimating spending
on depression in 2000 we use similar as-
sumptions to those used in evaluating CVD.
Spending on health care for depression of
persons of working age in 2000 was thus es-
timated at more than €3,658 million.

MSD and back pain. The medical cost of cov-
er for MSD and back pain is evaluated from
statistics from the branch of occupational
risk of the National Health Insurance Fund
[2]. As a consequence the cases and costs re-
ported relate exclusively to occupational ill-
nesses, which means that we know nothing
about morbidity that is not recognized as be-
ing work-related. Therefore the impact of
MSD and back pain is substantially under-
estimated in the number of cases, the cost



of medical care, and the lost production for
sickness leave. The total of medical costs for
MSD and back pain in 2000 is €14.1 million
francs for the French working population.

Data about sickness leave in Fran-
cein 2000

Sickness leave because of CVD in 1993 was
estimated by Le Pen and Lévy [23] and was
extrapolated for 2000 from the increase in
prevalence (+13.3%), which gives a total of
6.1 million days lost for persons of working
age. The number of days of work lost for de-
pression is estimated on the assumption of
an average of 4o days for 38% of cases [37],
which gives a total of 31.9 million days lost
in 2000 for the French working population.
Days lost because of back pain and MSD
are recorded in the CNAMTS/DRP [2] sta-
tistical report: 2.6 millions days of work we-
re lost in 2000 as a result of MSD and back
pain for the French working population.

Results

Morbidity and mortality
attributable to occupational stress,
in physical units

By applying the proportion of cases at-
tributable to work-related stress (B Ta-
ble 2, PCA) to our estimates (8 Table 3)
we find the number of illnesses and deaths
attributable to occupational stress (8 Ta-
ble 4). Where PCAs are given as a range
of values, we used the lower value. This
choice is generally made by studies based
on attributable fractions method [13]. Re-
sults of our model with the high range
of PCA are presented below. In all nearly
310,000 cases (or about 6.9% of total cases)
and more than 2,300 deaths (or 10.6% of
total deaths) because of CVD, depression,
MSD, and back pain may be attributed to
exposure to occupational stress.

Monetary valuation of human
losses and loss of potential output
attributable to stress at work

Hypothesis 1

The monetary valuation of the lost ye-
ars of work is made from the mean val-
ue of GDP per person (GDP, in the equa-
tion below). The classical rules about dis-
counting monetary values and potential

growth of GDP over future years are posit-
ed (with a discount rate, DR , of 5% and a
rate of growth of GDP, GR, of 2% general-
ly assumed). The data about the number
of deaths by age is only available by age
groups [14]. For each age group the num-
ber of deaths (D,) is known. In our calcu-
lation, a is the middle of each age cohort.
On these assumptions the number of ye-
ars of life lost between the age of death
and the mean retirement age (R) is R-a.
Production losses related to lost years of
work are calculated as:

P(R) =
4=20,30,40,50,60

. X (R—a)

f GDP x (1+GRY
(1+DR)

where y is the number of years of work
lost.

Lost output from the number of ye-
ars of life lost compared with the retire-
ment age is evaluated at €475 million.
The monetary valuation of days of work
lost measures costs linked to sickness lea-
ve for each illness (4;). This was done by
multiplying the number of days off work
for each illness (D;) by GDP per person
per day (GDP,,), as shown below, which
stood at €91.29 in 2000. Sickness leave lin-
ked to work-related stress can be evaluat-
ed at a total of €279 million.

A,’ = D,’ X GDde

O Table 5 summarizes direct medical
costs and loss of potential output because
of sickness leave and premature death.
The total of direct medical costs and in-
direct costs attributable to occupational
stress comes to more than €1167 million.

Hypothesis 2

Costs related to premature death are eval-
uated from monetary valuation of lost ye-
ars of life [P(LE)]. In this hypothesis the
total number of years lost is evaluated by
the difference between the age at the ti-
me of premature death [14] and the me-
an life expectancy of the population in
question (LE). In all, on the assumption
that the value of a year of life is equal to
the wealth created per person and per ye-
ar, that is, the mean GDP per person for

2000, it can be considered that premature
death costs society €954 million. These es-
timates are made with the same assump-
tions about discounting potential growth
of GDP above:

P(LE) =
4=20,30,40,50,60

Dy x (LE —a)

LEZe GDP, x (14 GR)
(1-+DR)

v=1

where y is the number of years of life lost.
O Table 6 shows the direct medical cost
for these illnesses and the cost in years
of life lost because of premature death at-
tributable to occupational stress. Stressful
working conditions cost society a total of
€1367 million.

Hypothesis 2 yields a result some €200
million higher than hypothesis 1. Given
the orders of magnitude involved, the re-
spective results from the two hypothesis
are quite comparable. The difference de-
rives principally from allowance for the
number of years of life lost in the calcula-
tions. As specified above, this corresponds
to the number of years between death
brought on by occupational stress and the
average retirement age in hypothesis 1 and
the number of years between death and av-
erage life expectancy in hypothesis 2. It ap-
pears that the cost of lost years of life (com-
pared with average life expectancy) is mo-
re than twice the cost of lost years of out-
put resulting from death before retirement
age. This difference, which increases the
cost calculated under hypothesis 2, is part-
ly offset by the inclusion of sickness leave,
which accounts for one-fourth of the costs
under hypothesis 1. The relative weight of
costs calculated under our two hypothe-
ses would probably be brought into ques-
tion if we had data about the cost of early
retirement induced by occupational stress,
which should be included in hypothesis 1.
Levi and Lunde-Jensen [25] estimate this
additional category would represent more
than one-third of the total costs of the first
hypothesis for Denmark and Sweden.

Sensitivity analysis
In all the above calculations we used the

minimum hypotheses, which should in
principle lead to underestimate the costs
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Table5
Total costs of work-related stress according to hypothesis 1 in France
in 2000 (euros) (from [2, 14, 22, 23, 24, 37] and our own calculations)
Medical cost Cost of sickness  Cost of Total for
leave premature death  hypothesis 1
(relative to
retirement age)
CcVD 83,227,464 35,098,785 269,599,927 387,926,176
Depression 328,531,763 218,416,225 205,197,580 752,145,568
MSD, back pain 1,512,936 25,638,959 0 27,151,896
Total 413,272,163 279,153,970 474,797,507 1,167,223,640
Table6

Total cost of work-related stress according to hypothesis 2 in France

in 2000 (euros) (from [2, 14, 22, 24] and our own calculations)

Medical cost Cost of years of life lost Total for
(relative to life expectancy) hypothesis 2
CcVD 83,227,464 632,203,073 715,430,537
Depression 328,531,763 321,804,280 650,336,043
MSD 1,512,936 1,512,936
Total 413,272,163 954,007,353 1,367,279,516
Table7

Sensitivity analysis

Total number of cases

Total costs (€)

Cases Deaths Hypothesis1  Hypothesis 2
PCA with low prevalence
«Low RR 309,876 2,319 1,167,223,640 1,367,279,516
«High RR 312,143 2,859 1,293,548,267 1,578,338,590
PCA with high prevalence
«LowRR 390,757 2,921 1,465,900,711 1,719,686,523
«High RR 393,383 3,574 1,616,774,563  1,974,793,027

Low prevalence exposure more than 75% of working hours, high prevalence exposure more than
50% of working hours, RR relative risk (from Tables 2, 3, 4, 5, 6, and our own calculations)

of work-related stress. A sensitivity analy-
sis should be conducted for the prevalence
of exposure to stress and for the RR of de-
veloping an illness in the event of expo-
sure to stress. First, the data used for prev-
alence provide a fairly restrictive criterion
of exposure (more than 75% of working
hours) and tend to underestimate the pop-
ulation exposed. It is therefore worth mea-
suring the effect on the results of lower ex-
posure to job strain, say for 50% of work-
ing hours. Second, we must integrate into
the reasoning a comparison between the
results obtained before from the low end
of the range of RR, and thus of PCA (see
B Table 1), and those from inclusion of
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the high end of the range values. Results
are shown in @ Table 7.

If we take a high level of prevalence
instead of a low level (as in Tables 5 and
6), this sensitivity analysis reveals a to-
tal cost of work-related stress of close to
€1,466 million for hypothesis 1 (€1,720 mil-
lion for hypothesis 2) or a 25.6% increase
(25.8%, respectively). The results obtained
are sensitive to the statistics used in the
stages preceding the calculation of PCA.
A high level of RR shows a total cost of
€1,293.5 million for hypothesis 1 (€1,578
million for hypothesis 2), or an increase
of 10.8% (15.4%, respectively) over the re-
sults calculated with low end of the range

values of RR. Sensitivity of results to this
new hypothesis is less than in the previous
analysis of prevalence of exposure. Cross-
ing the previous two sensitivity analyses
by choosing the extreme values yields the
following results: total cost of nearly €1,617
million for hypothesis 1 (€1,975 million for
hypothesis 2) or a variation of 38.5% (near-
ly 44.4% for hypothesis 2) compared with
the results for low prevalence and low RR.
(Other sensitivity analyses could have be-
en conducted from three other variables.
The mean annual rate of GDP growth, for
which we used a value of 2% for the next
60 years, could be analyzed in other ways
(by a range, say, of 1-5%) the same applies
to the discount rate (a range of 2-7%, for
example, instead of the 5% that we used).
These changes would affect the results for
the cost of lost years of life. Likewise, esti-
mates used for the change in prevalence
of CVD (13.3% from 1993 to 2000) could
be revised, which would affect the medical
cost and the number of days off work relat-
ed to this illness.)

Discussion and conclusion

In summary, our model shows that for the
year 2000, between 310,000 and nearly
400,000 persons out of a working popula-
tion of 23,530,000 (between 1.3% and 1.7%)
were affected by illnesses attributable to
work-related stress, and that 2,300-3,600
persons died as a result of these illnesses.
The cost for society of work-related stress
can be estimated at €1,167-€1,975 million
in France, which represents between 14.4%
and 24.2% of the total spending of occupa-
tional illnesses and work injuries branch
of the public health insurance system.
These results provide an underestimated
valuation of the economic burden of oc-
cupational stress as some costs, especial-
ly intangible costs, are not taken into ac-
count. (For example, Ramaciotti and Perri-
ard [32], who assess the cost of occupation-
al stress for Switzerland by taking into ac-
count those intangible costs through the
willingness to pay method, obtain results
of a completely different magnitude.)
Sensitivity analysis shows that the total
cost of work-related stress varies widely
with the hypotheses used in the calculation
of proportions of attributable cases, espe-
cially prevalence of exposure to stress and



RR parameters. This raises the question of
the relevance of the attributable fractions
method in this area, as in others such as al-
coholism and risk-seeking behavior. This
emphasizes the importance of having sev-
eral convergent epidemiological studies de-
termining as reliably as possible the value
of RR for each illness that may be caused
by stressful working conditions.

Our study includes a broader scope of
diseases related to occupational stress than
do previous studies, especially that of Le-
vi and Lunde-Jensen [25]. In fact a large
part of the total cost (between 47.5% and
64.5%) is attributable to depression. This
is due to higher PCA values for this pathol-
ogy and to the fact that depression affects
more persons of working age proportional-
ly than does CVD. The shares of back pain
and MSD are very low, certainly because of
an underrecognition by health insurance
institutions of the occupation-related caus-
es of these conditions [ 4, 28]. Better knowl-
edge of the medical cost of these illnesses
isa prior condition to obtaining a more pre-
cise estimate of occupational stress.

The present study opens up new direc-
tions to complement the first results. In
particular it would be worth investigating
the effect of occupational stress by sex and
occupation to refine the first-hand results
already obtained at an aggregate level for
France and to identify the activities most at
risk. It would also be of great importance to
assess the course of exposure to occupation-
al stress in the context of intensifying work-
ing rhythms. (The scheme would be to ad-
optan “incidence approach” which assesses
the new cases emerging during a given year
instead of the “prevalence approach,” used
here, which assesses the overall number of
cases for any given year [6].) Nonetheless,
this pioneering research in addition to pro-
viding an evaluation of the social cost of oc-
cupational stress for France offers useful
data to contribute to the debate on ways of
developing and financing the prevention of
pathological working conditions.
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