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Abstract: The role of working conditions on workers’ healthatus has been widely
acknowledged in the literature in general but ezeived less attention in economics, due to
the inherent statistical biases and the lack ofa datailable to determine the role of
simultaneous and chronic exposures. This study amestimating the causal impact of
detrimental working conditions on the self-declematof chronic diseases in France. Using a
rebuilt retrospective lifelong panel and definingdicators for physical and psychosocial
strains, we implement a mixed econometric stratefyyng on difference-in-differences and
matching methods taking into account for selectibiases as well as unobserved
heterogeneity. For men and women, we find delaterieffects of both types of working
conditions on the declaration of chronic diseadésr &xposure, with varying patterns of
impacts according to the strains’ nature and magait These results bring insights on the
debate linked to legal age retirement postponemedtplead for policies happening early in
individuals’ careers in order to prevent subsequeid-career health repercussions as well as
schemes more focused on psychosocial risk factors.
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INTRODUCTION

In a context of changing and increasing work pressiAskenazy and Caroli, 2010), the

guestion of working conditions has become even mactge. Notably, a law implemented in

2015 in France, fits into this logic and offers esx to training programs in order to change
job, or the opportunity to retire earlier for th@sh exposed workers.

The relationship between employment, work and hesatatus has received considerable
attention in the scientific community, especiallyfields such as epidemiology, sociology,
management, psychology or ergonomics. In econoancson a theoretical standpoint, the
differences in wages between equally productivéviddals can be explained by differences
in the difficulty of work-related tasks, meaning nkers with poorer working conditions are
paid more than others in a perfectly competitivesitemment (Rosen, 1974). In this
framework, it is possible to imagine that healtlpitad and wealth stock are substitutable,
hence workers using their health in exchange foonme (Muurinen and Le Grand, 1985).
From an empirical point of view, in a general comtef legal retirement age postponement
linked to the increase in life expectancy and teedhto maintain the financial equilibrium of
the pension system, the question of working coonitiand their potential effects on health
status becomes crucial. Prolonged exposures ddnegvhole career are indeed likely to
prevent the most vulnerable from reaching furtletirement agesa fortiori in good health
condition. However this research area benefitednftess attention because of important
endogeneity problems such as reverse causalitypgemous selection and unobserved
heterogeneity (Barnay, 2016) as well as the diffjctio fully embrace the diversity and
magnitude of exposures. Nevertheless, for a hugeritya studies agree on a deleterious
effect of detrimental working conditions on headtatus.

In this paper, we examine the role of physical payichosocial working conditions on the
declaration of chronic diseases. We extend on theementioned literature by two means.
We work on a sample of around 6,700 French malefamdle workers coming from the
Health and Professional Route French sun&@gn(é et Itinéraire Professionnel Sip) for
whom we are able to reconstruct their entire caf@en their entry on the labour market to
the date of the survey, using retrospective pamagh.dThis allows us to take care of the
inherent endogeneity in the relationship caused skjection biases and unobserved
heterogeneity using difference-in-differences mdttogy combined with matching methods.
We are also able to establish and analyze theofopgogressive and differentiated types of
exposures and account for potentially delayed effen health status. We believe such a
work does not exist in the literature, and providssful insights for policy-making about the
importance of considering potentially varying deggreof exposures and both physical and
psychosocial risk factors in a career-long perspect

The paper first presents an overview of the ecooditerature (Section 1), then the data
(Section 2) and empirical methodology (SectionFally, we present and discuss the results
(Sections 4 and 5).

1. Literature

1.1. Global effect of work strains on health status

Unlike in fields such as epidemiology, working cadimhs and their impact on health status
did not receive a lot of attention in the econoditerature (Barnay, 2016; Fletchet al,
2011). Yet, this literature agrees on a deleterimesin effect of work strains on workers’
health capital. The numerous existing indicatoesdu® assess this role usually classifies into
two main categories: strains related to physicalenvironmental burdens (expected to



influence mostly physical health status) and psgobw@l risk factors (supposed to have a
major part in the deterioration of mental health).

Having a physically demanding job is known to impaelf-rated health (Debrand and
Lengagne, 2008). Notably, Case and Deaton (20@8jrusdtiple cross-sectional data and find
that manual work significantly deteriorates sebessed health status. This result is robust to
the inclusion of classical socio-demographic charéstics such as education and varies
according to the levels of pay and skills involvéalyver-skilled and paid workers indeed
suffering greater damage on their health than migk#led, better paid ones. This has been
later confirmed by Choo and Denny (2006), also omss-sectional data, controlling for
chronic diseases and risky health behaviours. Ugangl data, Ose (2005) finds that, after
taking into account possible compensations, a heawkload causes ill health and greater
absenteeism. Also on panel data, Robenal. (2011) focus on the role of the workplace,
atypical work hours (including night work) and jdatisfaction in general and find that
working conditions influence both self-assesseditheand well-being. Job satisfaction is
confirmed having a positive effect on objective antjective health status measures on panel
data (Fischer and Sousa-Poza, 2009). Just likeigahysad, work environment is found to
have an influence on workers' health status. ltudyson U.S. workers, the impact of having
detrimental environmental working conditions (weathextreme temperatures or moisture)
specifically impacts young worker’s self-rated hleatatus (Fletcheet al, 2011). This result,
obtained on panel data using random effects ordanauits, accounts for initial health status.
Datta Gupta and Kristensen (2008) show, using tadgial data and cross-country
comparisons, that a favourable work environmentahdyh job security lead to better health
conditions, after controlling for unobserved hetgnoeity.

Psychosocial risk factors have been studied mooently in the empirical literature
(Askenazy and Caroli, 2010), even though theiiahiformulation in the psychological field
is older (Karasek, 1979; Theorell and Karasek, 199lividuals in a situation afob strain
(i.e. exposed to high job demands and low decisiondiutkt) are found to suffer from
coronary heart disease more frequently (Kuper arainit, 2003). Johnsoet al. (1989)
demonstrated that social isolation, simultaneous Jab-strain was correlated with
cardiovascular diseaseksd-strain situation). Mental health is also potentially intpd by
such exposures. Based on this psychosocial literatitaaksoneret al. (2006) show that
stress at work, job demands, weak decision latjttheelack of justice and support are related
to poorer health status. Bildt and Michélsen (208i®8)w that being exposed to various work
stressors, such as weak social support, lack dé @i work and general job demands, may be
related to a worse mental health condition wheni@whet al. (2010) stress the role of being
in contact with the public. Improving on this gralypart of the literature focuses on the role
of rewards at work and how it might help copinghwdemanding jobs (Siegrist, 1996).
Notably, de Jonget al. (2000) use the Effort-Reward Imbalance model olarge-scale
cross-sectional dataset and find effects of Jobaaelsrand control model and Effort-Reward
Imbalance model on workers’ well-being. Cottini alngcifora in 2013 use three waves of
European data (waves 1995, 2000, 2005) on 15 desntlThey take into account the
endogeneity of working conditions related to setecon the labour market based on initial
health status and find that job quality (in paracyob demands) affects mental health.

1.2. The role of simultaneous and chronic exposures

Even though the economic literature on the topicswhultaneous exposures (multiple
exposures at once) or cumulative exposures (lemjtrexposure to given strains) to
detrimental working conditions is scarce, othetdBesuch as epidemiology demonstrated
their importance in the study of the impact of wogkconditions on health status (Michie and
Williams, 2003). The literature focusing on Kardseknd Siegrist's models studies the
results of combined exposures to several work stresat once (see for instance the concepts



of Job-strainandlso-strain). de Jonget al. (2000) show independent and cumulative effects
of both types of models. On the matter of cumuétexposures, Amiclet al. (1998)
demonstrate on longitudinal data that cumulativposyres to low job control is related to
higher mortality in women. The study of Fletcletral. (2011) uses panel data and analyses
the role of physical and environmental cumulatixpasures on a time span of five years
(from 1993 to 1997), while controlling for initidlealth status and health-related selection.
This study is likely to be the closest paper in therature to the present study. They
aggregate several working conditions indicators @éedte composite scores, which they then
sum over five years. They find clear impacts ofsthéndicators, in both men and women,
with variations depending on demographic subgrotips.biggest weakness of the paper may
rely on the 5-year period of possible exposureschvis rather short. It is indeed possible to
imagine larger effects in case of longer exposu@gwing similar trends over time. They
also do not provide evidence for psychosocial fésitors.

1.3. Biases

The assessment of the health-related consequehegpasures to working conditions in the
literature is, however, more often than not plagwét several methodological biases leading
to potentially misleading results. First, the cleoaf a job is unlikely a random experience
(Cottini and Lucifora, 2013), resulting in contreiiry assumptions. In particular, healthier
individuals may tend to prefer (self-selection)torbe preferred (discrimination) for more
demanding jobs (Barnagt al, 2015). In this case, the estimations are likelybé biased
downwards because of healthier individuals expoged demanding jobs being
overrepresented in the sample (inducingealthy Worker Effect Haan and Myck, 2009).
On the other hand, the assumption according tolwlviarkers with lesser health capital may
benefit from fewer opportunities on the labour nedrind thus be restricted to the toughest
jobs is also reasonable, leading in that case topavard bias. Then, unobserved individual
and temporal heterogeneities unaccounted for ma&p aesult in biased estimations
(Lindeboom and Kerkhofs, 2009). Individual preferes, risk aversion behaviours but also
shocks, crises or other time-related events cateresioubtful the hypothesis of exogeneity of
working conditions (Bassanini and Caroli, 2015).

Because of the lack of panel data including dedaifédormation for both work and health
status on longer periods, few papers really suaskaed handling these biases. Notably,
Cottini and Lucifora (2013) implemented an instrumaé variable strategy on repeated cross-
sectional data relying on variations across coestim terms of workplace health and safety
regulation in order to identify the causal effettdetrimental working conditions on mental
health. Most of the time, because of the difficutiyfind accurate and reliable instruments for
working conditions, the question of selection ambhserved heterogeneity is either treated
differently or eluded altogether when working irogs-section. In contrast, Fletcher al.
(2011) used panel data, lagged health status itodecand random effects frameworks to
handle both endogenous sorting and unobservedlgetasity.

2. Data

We use data coming from the Health and Professi®ite French surveySanté et
Itinéraire Professionnel Sip). It has been designed jointly by the diats departments of
French ministries of Healtrand Labouf. The panel is composed of two waves: one in 2006
and one in 2010, both being conducted on rougldystime sample of individuals aged 19-74
in 2006 and with the same questibn§wo questionnaires are proposed: the first one is

! Directorate for Research, Studies, Assessmensatistics (Drees) — Ministry of Health.

2 Directorate for Research, Studies and Statistzarés) — Ministry of Labour.

3 Following recommendations coming from the Collegexpiertise on the statistical monitoring of psyduial risks at
work, the 2010 wave received an improvement abeuassessment of psychosocial risk factors.



administered directly by an interviewer and invgaties individual characteristics, health and
employment statuses. It also contains a lifegriioMahg the reconstruction of a biography of
individuals’ life: childhood, education, healthrear and working conditions as well as major
life events. The second one is self-administeratifaouses on more sensitive elements such
as health-related risky behaviours (weight, alcara tobacco consumption). Overall, more
than 13,000 individuals are interviewed in 2006 at@00 of them in 2010 as well, making
this panel survey representative of the French jatipun’.

We make specific use of the biographic dimensiorthef 2006 survey by reconstructing
workers’ career and health events yeaye are therefore able to know, for each individua
his/her employment status, working conditions ahtbgic diseases every year from their
childhood to the date of the survey (2006). Asaamwork strains are concerned, the survey
provides information about ten indicators of expgesunight work, repetitive work, physical
load and exposure to toxic materials, full skilage, work under pressure, tensions with the
public, reward, conciliation between work and famife and relationships with colleagues.
The intensity of exposure to these work strairess known. Individuals’ health statuses are
assessed by their declaration of chronic diseaseshich the onset and end dates are
available.

In this study, we are working on this reconstructedgitudinal retrospective dataset,
composed of more than 6,700 individuals with tlogireer and health-related data available
from their childhood to the year of the survey. $hthe final sample we are working on is
composed of around 3,500 men and 3,200 women, iomwve have complete information
of and who respects our inclusion criteria (see)5.4

3. Empirical analysis
3.1. Econometric strategy

3.1.1Difference-in-differences general framework

A difference-in-differences methodology handlesehegeneity coming from individual and

temporal unobserved characteristics: the choica gbb depends on a lot of unobserved
characteristics, such as individual preference aiversion behaviours, elements related to
initial health capital as well as conjuncture ef$ecThese elements, being unaccounted for,
are likely to be linked to individuals’ health statas well as exposures in terms of working
conditions (endogenous sorting on the labour marikednce representing several serious
endogeneity sources in our study. This situationtEdescribed, using the following model:

Yie =aT; +ve + 6 + Ui (1)

wherey;, is the outcome ang; . the error term both depending on individuand timet
and T; represents the treatment. The method consistsvinnhain objectives. It tackles
unobserved time-invariant group heterogenety) @s well as temporal group-invariad X
heterogeneity between treatetl) (and controls ) using panel data on two periods: one
before the treatment)(and one after the treatment 1).

(y€t+1 - y(i:,t+1) - (yiT,t - ygt) =

(2)
aT; + [(Vg,: - Vg) - (Vg - Vg)] + [(5€+1 - 5tc+1) - (5€ - 55)] + [(.UiT,Hl - #iC,t+1) - (Mz?:t - #ic,t)]

* For a technical note on attrition management aathdcalibration in the Sip survey, see De Ricca(@®12).
®Itis not possible to know what happened betweeb 26d 2010, making the latter wave unusable inghisly.



The validity of this framework is based on the Gtndal Independence Assumption (CIA),
stating that outcomes of the treated and contrpufations would have been the same if the
former would not have been treateé.(y; L T,C| T; = 0). If this (rather strong) assumption
is not verified as is (which is likely to be theseavhen the two groups do not share similar
characteristics), the estimations are at risk tbibsed, formally inducing:

(6741 —861) — BT —65 %0 3)

Even though the determination of the two groupsafd and control) can be realizstihog

it is possible (or even important, considering dissumption previously mentioned) to wisely
build them (Givord, 2008), so that the differeneassting between the two populations in
terms of observable characteristics (and therdfesdth status) are reduceg-anteas much
as possible. This can be done, notably by usingifsp@re-treatment characteristics;} and
matching methods prior to the difference-in-diffeces, so that the CIA assumption may hold
conditionally to these observables(y; L T,C| X;, T; = 0).

3.1.2Matching method

To create more homogeneity between treated andotagyroupsex-anteand to deal with
health-related selection biases on the labour manke perform a matching method prior to
the difference-in-differences setup. We implemenCa@arsened Exact Matching method
(CEM - Blackwellet al, 2010). The main objective of this methodologytasallow the
reduction of both univariate and global imbalancesveen the treated and the control groups
according to several pre-treatment covariates ¢latwal, 2008). CEM divides continuous
variables into different subgroups based on comerapirical support and can also regroup
categorical variables into fewer, empirically cadrgritems. It then creates strata based on
individuals (treated or controls) achieving the sawcopvariate values and match them
accordingly by assigning them weightsnmatched individuals are weighte} It offers two
main advantages compared to other matching methibtielps coping effectively with the
curse of dimensionalitpy preserving sample sizes: coarsening variabletheir areas of
common empirical support ensures a decent numbgros$ible counterfactuals for each
treated observation in a given stratum, and theszeftecreases the number of discarded
observations due to the lack of matches. In additiGEM reduces the model choice
dependence of the results (laaisal, 2008). Yet, this matching method is still demagdin
terms of sample size, and only pre-treatment veesape. variables determined before the
exposure to detrimental working conditions) mustbesen.

3.1.3Estimation in our study

Practically, we perform the matched differenceiffiedences by simple weighted linear
regressions using the Ordinary Least Squares dstirobthe following model, explaining the
mean number of chronic diseasgg:(

v; = Bo + B Period; + B,T; + BsPeriod; X T; + ¢; 4)

wherePeriod; is the indicator of the time periof for baseline] for follow-up), T; is a
dummy variable for the treatmertt for the control groupl for the treated)Period; X T;
(variable of interest) is the cross variable inahgdperiods and treatment afig §, andf;

T C

® The weight value for matched individuals equ:%I% %, with n; representing the sample size fespectively the
S

treated ) and control ¢) groups in stratuns andN the total sample sizes for both groups.



are their respective coefficients. The error tesrdanoted;. The estimation of this model is
weighted, according to the results of the prioraheitg method.

3.2. Variables of interest

3.2.1Working conditions: definition of a treatment

We use ten individual annual indicators to asdes®kposure to detrimental work strains and
regroup them into two relevant categories. The bre represents the physical load of work
and includes night work, repetitive work, physit@d and exposure to toxic materials. The
second one forms the psychosocial risk factord) Wil skill usage, working under pressure,
tensions with the public, reward, conciliation beém work and family life and relationships
with colleagues. For each indicator, individualssindeclare if they “Always”, “Often”,
“Sometimes” or “Never” faced it during this perioge consider one individual to be exposed
if he/she “Always” or “Often” declared facing saiebrk strain. In order to take into account
for the cumulative effects between strains, we idmmstwo types of exposure: single
exposure (when the individual faced only one stedia time each year) and poly exposure (if
the individual faced two or more strains simultamsyp each year). Then, the duration of
exposure is accounted for by introducing varyingnimum durations of exposure
(thresholds).

To allow for more homogeneity in terms of exposanel treatment dates and to ensure that
exposure years cannot be too spread up, we obseevexposure to working conditions
within a dedicated period (starting frdabour market entry year). In order to be a treated
one must reach the treatment threshold within tiservation period (the other ones are
considered controls). Finally, minimum durationsvwedrk are introduced: individuals not
participating to the labour market are likely totbe specific in terms of labour market and
health characteristics, hence not really comparablether workers (Llena-Nozadt al,
2004).

3.2.2Chronic diseases

The indicator of health status is the annual nunabehronic diseasésa chronic disease is
intended, in the Sip survey, as an iliness thdslas will last for a long time, or an illness
returning regularly. Allergies such as hay fevetha flu are not considered chronic diseases.
This definition is broader than the administrat@efinition, and is self-declarative. This
indicator is available from childhood to the datetlve survey (2006). Available chronic
diseases include cardiovascular diseases, canpehsionary problems, ENT disorders,
digestive, mouth and teeth, bones and joints, emt@nd metabolic and ocular problems,
nervous and mental illnesses, neurological probjeskis diseases and addictions. Figure 1
explains the general framework used in this study.

! Only accidents, handicaps and chronic diseaseseareconstructed year by year in the Sip surveg,ta avoid mixing-
up too different types of indicators we chose t@lady the latter.



Figure 1: Working conditions and chronic diseases periods setup
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Four chronic diseases periods are defined. Thdibageeriod consists in the two years before
labour market entry and represents an indicatorirfitial, exogenous health capital. After
labour market entry, employment and working coodsi are observed and the treatment may
happen (this period also includes minimum requir@siein terms of labour force
participation). Following this observation periode athree subsequent, two-year chronic
diseases follow-up periods’( to P;), indicating short to mid-term post-treatment kreal
status.

3.2.3Matching variables and controls

Matching pre-treatment variables are chosen sathiegtare relevant in terms of health status
and determination in the labour market, as welhalping to cope with the (self-)selection
biases. Individuals are matched according to theiiry year on the labour market (in order to
get rid of temporal heterogeneity related to geim@méconjuncture effects); their gender (as
described by Devaugt al. in 2008 and Shmueli in 2003, men and women dohage the
same declarative patterns when it comes to heaith labour market outcomes); their
education level (four levels: no education, primany secondary, equivalent to bachelor
degree and superior); their health status befdyeulamarket entry (heavy health problems
and handicaps) to have a better assessment ofitliteat health status and to cope with
endogenous sorting on the labour market; and irapbevents happening during childhood,
aggregated into two dummy variables (on the onalhheavy health problems of relatives,
death of a relative, separation from one or moremaand on the other hand violence
suffered from relatives and violence at schoolrothe neighbourhood) as it is pretty clear
that such childhood events may impact early outcomeaerms of health status (Casteal,
2005; Lindeboonet al, 2002).

After reaching the treatment, workers can still égosed to varying levels of working
conditions. This possibility of post-treatment egpies is accounted for by a control variable
in the difference-in-differences models (takingued at baseline and respectively 2 or 3
depending if the individual has hardly been exppsedittle or a lot to detrimental work
strains during this period).



3.3. Thresholds determination process

In order to assess the role of varying degreexpbsure on health status, nine progressive
exposure levels (iterations) are designed, in otlerssess potentially varying effects on the
declaration of chronic diseases. However, chandhmg treatment thresholds will, as a
consequence, lead to other necessary changes pathmeters, notably the duration of the
working conditions observation period and the mummduration at work within it. The
exposure thresholds range from 4 years of sing@®xe or 2 years of poly exposuig) to
respectively 20 and 10 yearns)(of exposure, with a step of 2 yearsgp.1 year) from an
iteration to another for singlegsp.poly) exposures (see Appendix 1).

4. Results
4.1. Naive analysis

4.1.1 Sample description

Table 1 below gives a description of the samplelusehe 7' iteration described above (the
working conditions exposure threshold is definedhaging been exposed to at least 16 years
of single strains or 8 years to multiple, simultaue strains). We choose this specific iteration
as it should give an adequate representation ohvkeage of the studied population (as it is
the middle point between presented iterationso i,® and because it should not differ on
other characteristics for the most part, as theptesnused for all iterations are the same).
First five columns give the general sample meaasdard errors, minimums, maximums and
size for each considered variables. The six folhgveolumns, separated in two categories
according to the treatment type, give the mean®onsubsamples (treated or control groups
for each category).

The main conclusions of these descriptive stasisdie first that the future physically treated
population seem to be in better initial health abad than the control group. Such a
difference cannot be found in the psychosocial s$ampPn the other hand, no significant
effect of the physical treatment is observed orsegbent numbers of chronic diseases. This
is once again the contrary for the psychosocialsaniple which displays growingly
significant and negative differences in the numbiechronic diseases between treated and
controls, revealing a potentially detrimental effetpsychosocial exposures on health status.
However, the structure of the treated and contraligs being very heterogeneous in terms of
observed characteristics, the chronic diseasesrdiftes for each period between the two are
likely to be unreliable. Yet, there seem to bdeast for physically demanding jobs, signs of a
sizeable selection effect pointing out that healtimdividuals prefer or are preferred for this
type of occupations.

8 Only iterationsis to ig are presented for space saving because previeteiins reveal no significant effect of the
exposure to detrimental working conditions on cheatiseases.



Table 1: Base sample descriptiag) (

) Std. ] Physical sample Psychosocial sample
Variable M ean Min Max
error Treated Control  Diff.  Treated Control Diff.

Treatment

Physical treatment 47 .50 0 1 1667 - - - - - -

Psychosocial treatment .44 50 0 1 1538 - - - - - -
Health status

Initial chronic diseases 12 .36 0 4.67 3527 .10 A3 .Q4xxx 12 A1 -.01

Follow-up chronic diseaseB, | .63 .93 0 9.50 3527 .65 .62 -.03 .70 .58 -1 2%

Follow-up chronic diseaseB, 72 .99 0 9.00 3527 73 .70 -.03 .80 .65 - 15%*

Follow-up chronic diseaseBs .82 1.07 0 9.00 3527 .83 .82 -.02 .91 .76 - 15***
Demography

Entry year on the labour market 19638.65 1941 1977 3527 1962 1965  2.65*** 1963 1963 0.37

Men .51 .50 0 1 1811 .63 41 -2 %k .54 .49 -.05%**

Women .49 .50 0 1 1716 37 .59 21 .46 .51 .05%**

Age 59.67 7.67 42 74 3527 60.20 59.20  -.99%** 59.94 59.47 -AT*

No diploma A3 .33 0 1 445 .18 .08 -.09*** 14 A1 -.03**

Inf. education .62 .48 0 1 2200 .69 .57 - 1 2%k .61 .64 .03*

Diploma equivalent to bachelor 12 .32 0 1 410 .07 .16 .QQ#r* A1 12 .01

Sup. education 12 .32 0 1 411 .05 .18 .13 A2 12 .00
Childhood

Problems with relatives 44 50 0 1 1538 A7 40 Q7> 48 41 -.Q7x*

Violence .09 .29 0 1 316 .10 .08 -.02%* 12 .07 -.05%**

Severe health problems .13 .33 0 1 450 13 12 -.01 .14 12 -.02*
Physical post-exposure

None .57 .49 0 1 2021 .26 .85 59*** .48 .65 L7

Low .20 .40 0 1 699 .30 A1 -.20%** .22 .18 -.04%*x

High .23 42 0 1 807 44 .04 - 39%*x .30 17 - 13%**
Psycho. post-exposure

None .57 .49 0 1 2024 48 .66 .18*** 27 .81 B53*x*

Low 21 43 0 1 739 .25 .18 - Q7% 31 .14 - 18%**

High .22 41 0 1 764 27 17 o il A1 .06 -.35%**

Interpretation: ***: difference significant at the 1% level, **:ifference significant at the 5% level, *: differensignificant

at the 10% level. Standard errors in italics. Theemge number of chronic diseases in the whole saimgfore labour
market entry i9.12. In the future physically treated population, thismber i90.10 (which is significantly lower than in the
future control group, i.e0.13 at the 1% level). Such a difference at Baselinbaalth statuses between future treated and
control groups does not exist in the psychosociaie.

Field: Population aged 42-74 in 2006 and present figrto iy. 7" iteration. Initial, unmatched sample.

Source: Health and Professional Route survey (Sip), waw$20

4.1.2 Unmatched difference-in-differences results

The results for unmatched difference-in-differencasre models for the five iterations; to

ig) are presented in rows in Table 6 and 7 (Appe@jiband can be interpreted as differences
between groups and periods in the mean numbersrohic diseases. Despite not taking into
account for the possibility of endogenous selediotihe sample nor differences in observable
characteristics between the two groups’ structutesse models do take care of unobserved,
group-fixed heterogeneity. As expected after caréigy the sample description given in
Table 1, unmatched baseline differendes (lifferences in chronic diseases between treated
and control populations before labour market entligplay statistically significant negative
differences between future physically treated amtrols in men (Table 6). These differences
cannot be witnessed in women or for the psychokteiatment (Table 7). The possibility of
endogenous sorting hence cannot be excluded. Thkéiveo follow-up differences i.e.
differences in the numbers of chronic conditionsMeen treated and control populations after
the treatment period and not accounting for inihaklth status) indicate that the treated
population reported higher numbers of chronic dissathan the control group in average.
Logically, these differences are growing in magiétas the exposure degree itself becomes
higher.

Difference-in-differences resultgd. the gap between treated and control populati@hksng
into account for differences in initial health sig)t suggest a consistent effect of detrimental



work strains on the declaration of chronic condisio which increases progressively as
exposures intensify. While physical strains appgealay a role on the declaration of chronic
diseases straight froiig in both men and women, effects after psychosatrains seem to
require higher levels of exposure to become sizdibt significant: in men, first significant
differences appear fromg (i; in women). These effects do not turn out to betsieom only,

as the differences tend to grow bigger when conisigéater periods of time.

4.2. Main results

4.2.1 Matching

These naive results tend to confirm the possibiitya (self-)selection bias in the sample,
inducing that people are likely to choose their gamsidering their own initial health status,
and in any case justify an approach that takes a&uwount this possibility. In order to
minimize this selection process, a matching metiwdised prior to the difference-in-
differences models.

Table 2 gives a description of the same sample usédpresented earlier (for comparison
purposes), after matching using CEM. The matchingthod succeeds in reducing the
structural observed heterogeneity between theeteatd control groups for every single pre-
treatment covariate. Heterogeneity still existsnaly for the entry year on the labour market
and age, but is shown as minor and in any casesigoificant (difference of less than a
month in terms of labour market entry year andpgraximately a quarter for age). It is also
interesting to note that initial health statuseliinces are also greatly reduced, and that bigger
negative Follow-up differences between treated @trols can now be observed, making
the hypothesis of a detrimental impact of workiogditions on health status more credible.

Table 2: Matched sample descriptiog) (

Physical sample Psychosocial sample
Variable
Treated Control Diff. Treated Control Diff.

Health status

Initial chronic diseases .08 .10 .02 .10 .10 -.00

Follow-up chronic diseaseB, | .63 .55 -.07* .68 .54 - 13+

Follow-up chronic diseaseB, .72 .63 -.09*** .78 .62 -.16%*

Follow-up chronic diseaseB; .82 72 -.10*** .89 72 - 17
Demography

Entry year on the labour market 1962 1962 .08 3196 1963 -.01

Men .63 .63 0 .54 .54 0

Women .37 37 0 .46 46 0

Age 60.02 60.31 .28 59.82 59.61 -21

No diploma 15 .15 0 .13 .13 0

Inf. education 72 72 0 .65 .65 0

Diploma equivalent to bachelor .06 .06 0 .10 .10 0

Sup. education .05 .05 0 A1 11 0
Childhood

Problems with relatives .45 .45 0 46 .46 0

Violence .07 .07 0 .07 .07 0

Severe health problems .10 .10 0 .10 .10 0

Interpretation: ***: difference significant at the 1% level, **.ifference significant at the 5% level, *: differensignificant
at the 10% level. After matching, there is no digant difference between the future treated androbigroups in terms of
initial mean number of chronic diseases, for bdtlggical and psychosocial samples.

Field: Population aged 42-74 in 2006 and present figro iy. 7" iteration. Matched (weighted) sample.

Source: Health and Professional Route survey (Sip), waw$20
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4.2.2 Matched difference-in-differences

The results for matched difference-in-differencesdais for the five iterations are available

in Table 3 and Table 4 below. These results, rglyn matched samples, take care of the
selection biases generated by endogenous sortinghenlabour market and observed

heterogeneity, as well as unobserved group-fixettmme-varying heterogeneities as a result
of the use of difference-in-differences frameworks.

Table 3: Matched difference-in-differences res(i{go iy), physical treatment

Treatment Baseline Follow-up Diff.-in-Diff. N % matched
Gender Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error  (treat./tot.) (treat./contr.)

Men (is)

P, .047 .066 .071 .069

P, -.024 .020 .048 .069 .072 .072 1928/3242

Py ' .059 .050 .083 .054 90% / 88%
Women (is)

P, .090 .058 .104* .061

P, -.014 .019 .091* .051 .105* .055 1228/3048

Py .102* .056 .116* .059
Men (i)

P, .036 .072 .058 .074

P, -.022 .019 .040 .076 .062 .078 1908/3226

P, . .044 .074 .066 .076 90% / 88%
Women (ig)

P, 1471+ .060 .155* .063

P, -.014 .020 .149%* .055 .163*** .059 1164/3040

Py .162** .067 177 .070
Men (i7)

P, .041 .075 .064 .077

P, -.023 .017 .053 .076 .077 .078 1908/3258

Py . .086 .078 110 .080 91% / 88%
Women (i)

P, .190*** .068 197 .071

P, -.007 .018 204 % .073 212 .076 1130/3046

P, .208** .081 215 .083
Men (ig)

P, .095 .069 107 .071

P, -.013 .017 .118* .070 .131* .072 1838/3256

P; ' 121 .076 .134* .078 920 / 87%
Women (ig)

Py 211+ .083 211 .085

P, -.000 .019 229%** .078 229+ .080 1066/3026

P, 242+ .072 243%** .075
Men (io)

Py 116* .064 .123* .066

P, -.007 .016 149% .066 .156** .068 1712/3264

P; ' .152** .070 .159** .072 929 / 86%
Women (iq)

Py 249%x .081 .252%** .083

P, -.003 .019 241 % .086 2447 .089 972/2980

Py .267%** .075 270 .077

Interpretation: ***: significant at the 1% level, **: significantat the 5% level, *: significant at the 10% leveta&lard
errors in italics. The Baseline and Follow-up colsnshow the results for the first differences betwibentreated and
control groups respectively before and after theatment. The Diff.-in-diff. column shows the restitis the second
differences (i.e. the difference between Follow-og Baseline differences). The last column dendtegercentage of the
initial sample that found a match, respectivelytfee treated and control groups.

Field: Population aged 42-74 in 2006 and present figro iy. Matched (weighted) sample.

Source: Health and Professional Route survey (Sip), waw$20
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Table 4: Matched difference-in-differences res(ifgo iy), psychosocial treatment

Treatment Baseline Follow-up Diff.-in-Diff. N % matched
Gender Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error  (treat./tot.) (treat./contr.)

Men (is)

Py .029 .039 .015 .042

P, .014 .016 .042 .041 .028 .044 1578/3350

Py ' .041 .045 .027 .048 89% / 93%
Women (is)

Py .042 .056 .044 .061

P, -.003 .024 .058 .054 .061 .059 1358/3072

Py .069 .053 .072 .058
Men (i)

P, .082* .043 .073 .046

P, .009 .016 .084* .046 .074 .048 1552/3320

P, . .138*** .047 .128%** .049 90% / 91%
Women (ig)

P, .051 .058 .063 .063

P, -.012 .024 .070 .053 .082 .059 1414/3076

P, .071 .062 .083 .066
Men (i7)

P, 122+ .049 117 .051

P, .005 .016 132+ .056 127 .059 1496/3320

P, . 151+ .066 .145* .068 90% / 93%
Women (i)

P, .165** .059 170> .063

P, -.005 .023 71 .072 .175%* .076 1276/3146

P, .181%* .065 .186*** .068
Men (ig)

P, .136** .067 .123* .069

P, .012 .017 .140%** .050 .128** .053 1426/3322

P; ' A73% .069 .160** .071 91% / 92%
Women (ig)

Py 197+ .081 .199** .084

P, -.002 .023 222 .072 224%x* .076 1196/3110

P; .235%* .065 237 .069
Men (i)

Py .142** .073 .131* .075

P, .011 .017 .145%** .053 .134%* .055 1290/3304

P; ' .169** .074 .158** .076 91% / 91%
Women (iq)

Py .220%* .081 223+ .084

P, -.003 .023 .238%** .072 2417 .075 1114/3102

P, .245%** .066 .248%** .070

Interpretation: ***: significant at the 1% level, **: significantat the 5% level, *: significant at the 10% leveta&lard
errors in italics. The Baseline and Follow-up colsnshow the results for the first differences betwibentreated and
control groups respectively before and after theatment. The Diff.-in-diff. column shows the restiis the second
differences (i.e. the difference between Follow-og Baseline differences). The last column dendtegercentage of the
initial sample that found a match, respectivelytfee treated and control groups.

Field: Population aged 42-74 in 2006 and present figro iy. Matched (weighted) sample.

Source: Health and Professional Route survey (Sip), wa@$20

Even though these matched results do not hold@exhct same samples as the naive models
presented in Tables 6 and 7 and therefore do lwt &r direct comparisons, it is to be noted
that around 90% of the initial sample is preseraéidr matching. The intuitions given in
Table 2 seem to be confirmed by the Baseline (fiwst columns) and Follow-up (next two
columns) differences presented in Table 3 and Tépladicating that matching the samples
on our pre-treatment variables systematically setean reducing initial health status gaps
between treated and control groups, to a point &vimene of them are still present in the
matched results.

First, it appears clearly that men are much moposad to detrimental working conditions
than women, especially for physically demandingsj@vith an average of 20 percentage
points (pp) more in men than in women), but alsattesser extent for psychosocial risk
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factors (+3pp in men). Before giving an analysistleé results, it is to be noted that the
exposures characterized here are exposures hagpeitivin the first part of the professional
career: as explained in Table 5, depending onténation considered, the working conditions
observation periods go from the first 18 yedt$ (0 the first 30 yearsd) after labour market
entry. This basically means that these workers wgpmosed at the beginning of their career,
when they were relatively young (and quite possitye resilient to work strains). As is, the
results presented below essentially depict the oblearly-career exposures on subsequent
numbers of chronic diseases.

Taking into account for differences in health stahefore labour market entry, observed
characteristics, selection biases as well as umedde group or time-dependant
heterogeneities, a clear impact of the exposureaik strains on the declaration of chronic
diseases can be observed in the difference-inrdiffies (columns 5 and 6). Treated workers
indeed seem to suffer from a much quicker degradatend in their health status than their
respective control groups. This trend exists betweeels of exposure (iterations) but is also
suggested by the evolution of the number of chrahseases by period( to P;), even
though these gaps are unlikely to be significartis Tnain result holds for both treatment
types and for both genders and tend to demongisible long term effects of exposures
rather than short term-only consequences.

In the physical sample, the first significant cansences in terms of health status degradation
can be seen in women, starting fréyr(i.e. after respectively 12 years of single exposure or 6
years of simultaneous exposures), while this iscs® much later in men, igt(resp.after at
least 18 or 9 years of exposure). Betwéerand iy, the differences between treated and
controls in the mean number of chronic diseasegimen is multiplied by a factor of around
2.7 (from.104 to.270) while in men, the growth factor is less thh@1 betweenig andi,
(from . 131 to .159). Psychosocial strains have a more homogenousngtampact on the
declaration of chronic diseases, with sizeable thestlatus consequences happening,at
(resp.16 or 8 years of exposure) for both men and worhka.difference in means in women
(resp.in men) is1.46 (1.35) times bigger ai, compared ta,, going from.170 to .248
(resp.from.117 to.158 in men). Thus, even though women are less expthsgdmen to
work strains, it seems that their health statusase impacted by them.

5. Discussion and conclusion

In this study, we are able to highlight links be#wephysical or psychosocial working
conditions and chronic diseases in exposed malefeandle, on French retrospective panel
data. Workers facing gradually increasing stramgearms of duration or simultaneity of
exposure are more frequently coping with raisingnbars of chronic diseases. Using
combined difference-in-differences and matchinghods, our empirical strategy helps to
handle both (self-)selection on the labour marlkeseld on health status and other observable
characteristics as well as unobserved group angdeahheterogeneity. Based on a career-
long temporal horizon both for exposures and hestitus observation periods, we find major
differences in terms of health condition betweesatied and control groups that are very
likely the result of past exposures to work straifis our knowledge, this is the first paper to
work on both simultaneous and cumulative effectsaaf distinct types of work strains with
such a large horizon, while acknowledging the iehebiases related to working conditions.

However, the paper suffers from three main limitasi. Working on retrospective panel data
and on long periods of time, our estimations anesétto suffer from declaration biases. Our
individuals are rather old at the date of the synand their own declarations in terms of
working and health conditions are therefore likiedybe less precise (recall biases) or even
biased & posteriorijustification or different conceptions accordirgdifferent generations).

Even if it is impossible to deal completely withchua bias, matching on entry year on the
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labour marketi(e. their generation) and on education (one of thedieg factors when it
comes to memory biases) should help in reducingllrdeeterogeneity. Also, simple
occupational information, notably, tends to be Hedarather accurately, even on longer
periods (Berney and Blane, 1997). Regarding owtrirent variable, there is no interaction
allowed between the two types of work strains (ptatsand psychosocial). The empirical
framework we rely on does not allow for multiplensiltaneous treatments, so the only
possibility would be the design of a third type toéatment, combining all ten strains
indicators. Yet this third, overall treatment wouldt be comparable to the other two. Also
because of the method we use and the sample sezasewvorking with, it is not possible to
analyze clearly the potential heterogeneity indffect of working conditions on health status
across demographic and socio-economic categorien, though this mean effect is shown to
vary (Fletcheret al, 2011; Muurinen and Le Grand, 1985). Finally, vee & wide definition
of chronic conditions as our indicator for healthtss. This indicator does not allow for direct
comparisons with the literature (commonly useddathirs such as self-assessed health status
or activity limitations are not available on a ygdrasis) and the retained definition in the Sip
survey differs from the French administrative oNet we believe that, because it is less
specific than the official definition of chronic mditions, it may represent a good proxy of
general health status while at the same time blgisg subject to volatility in declarations
compared to self-assessed hedlth fnore consistent).

These results plead for more preventive measunmgselneng early in individuals’ careers. As
it appears, major health degradations (represédntdtie onset of chronic conditions) tend to
follow exposures happening as soon as the fir$tdidhe career. These preventive measures
may first focus workers on physically demandingsjabhile also targeting workers facing
psychosocial risk factors, the latter still beingryy uncommon in public policies notably in
France. These targeted schemes may benefit bditle spciety in general (by higher levels of
general well-being at work and reduced healthcaperditures later in life) and firms (more
productive workers and less sick leaves). It ngtalplpears that postponing the legal age of
retirement must be backed-up by such preventivesurea in order to avoid detrimental
adverse health effects linked to workers being sgddonger, taking into account for both
types of working conditions (which is not the casehe 2015 French pension law). Today,
the human and financial costs of exposures to rdetrial working conditions seem
undervalued in comparison to the expected impleatiemt cost of these preventive measures.
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APPENDIX1: ITERATION DETERMINATION PROCESS

Table 5: Iterations description

Iteration . . . . . . . . .
Parameter 51 L2 i3 Uy s le l7 lg lg
Treatment thresholds
Single exposure threshold 4 6 8 10 12 14 16 18 20
Poly exposure threshold 2 3 4 5 6 7 8 9 10
Periods definition
Working conditions observ_atlon 9 12 15 18 21 24 27 30
period
Minimum duration at work 2 3 4 5 6 7 8 9 10

Indications:. in years.

Reading: for the seventh iteration{), an individual must reach 16 years of single expe or 8 years of poly exposure
within the 24 years following labour market entrybi® considered a treated. Also, he/she must havkedat least 8 years
within this period to be retained in our sample. H& health status will be assessed by the mean ewailyearly chronic
diseases at Baseline (the 2 years before labouketantry), and three more times (Follow-up perjcafter the end of the
working conditions observation period.

Source: Author.

The nine iterations are designed according to asng levels of exposures to detrimental
working conditions: a 2-year step for single expesufrom an iteration to another. Poly
exposure durations are half the single ones. Thetidns of the working conditions
observation periods is set arbitrary so that ibvei some time to reach the treatment
thresholds: it represents three-half the maximunatthn of exposure needed to be a treated,
i.e. three half of the single exposure threshold). Wieimum duration at work during the
observation period is set as the minimum expodwueshold to be a treateick. it equals the
poly exposure threshold. The length of chronic akss observation periods is set to two
years, in order to avoid choosing too specific lEtans while preserving sample sizes.

We perform our estimations on these nine iterationsthe same sample of individuals: we
only keep individuals existing in all nine of théar comparison purposes. The sample is thus
based on the most demanding iteratign,This means that, in our setup, individuals must b
observed for a minimal duration of 38 years (2 gdzefore labour market entry for baseline
health status, plus 30 years of observation anda#syof follow-up health status periods as
well as a minimum of 10 years on the labour markseée Figure 1). In other words, the date
of the survey being 2006, this means the retaindviduals are the ones entering the labour
market before 1970 (and existing in the datasebrbefl968), inducing heavily reduced
sample sizes in comparison to the 13,000 stamidiyiduals.
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APPENDIX2: NAIVE UNMATCHED DIFFERENCEIN-DIFFERENCES MODELS

Table 6: Unmatched difference-in-differences res(tto iy), physical treatment

Treatment Baseline Follow-up Diff.-in-Diff. N (treat./tot.)
Gender Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error T
Men (is)
P, .056 .047 .087* .050
P, -.032* .016 .057 .041 .089** .044 2148/3622
Py .059 .044 .091* .047
Women (ig)
P, .073 .047 .096* .051
P, -.023 .019 .078 .052 .102* .055 1358/3432
P, .080 .049 .103* .053
Men (i)
P, .053 .046 .093* .049
P, -.040** .016 .068 .051 .107** .053 2130/3622
P, .069 .048 .108** .051
Women (ig)
P; .094* .054 .116** .057
P, -.021 .019 .102** .050 .124** .054 1290/3432
P, 114* .059 .135** .062
Men (i7)
P; .065 .054 .110** .056
P, -.045%+* .016 .068 .052 113** .054 2086/3622
P; .088 .057 .133** .059
Women (i)
P; .118 .073 .135* .076
P, -.016 .019 .136** .060 .152%* .063 1248/3432
P, 144* .066 .160** .068
Men (ig)
P; .105* .055 142%* 0.057
P, -.036** .015 .116%* .057 .153%x* 0.059 1996/3622
P; .119* .062 .155%* 0.064
Women (ig)
Py 122 .076 .133* 0.079
P, -.011 .020 .168** .071 179%* 0.073 1170/3432
Py .184%* .065 194 xx* 0.068
Men (i)
Py .097* .056 .128** 0.058
P, -.031* .015 1147 .058 .145%* 0.060 1852/3622
Py .115* .061 .146** 0.063
Women (iq)
Py .134* .079 .154* 0.081
P, -.019 .020 77 .073 197 0.076 1060/2372
Py 194 .067 213 0.070

Interpretation: ***: significant at the 1% level, **: significantat the 5% level, *: significant at the 10% leveta&lard
errors in italics. The Baseline and Follow-up colsnshow the results for the first differences betwibentreated and
control groups respectively before and after theatment. The Diff.-in-diff. column shows the restitis the second
differences (i.e. the difference between Follow-og Baseline differences).

Field: Population aged 42-74 in 2006 and present figro iy. Unmatched sample.

Source: Health and Professional Route survey (Sip), wa@$20
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Table 7: Unmatched difference-in-differences res(itto iy), psychosocial treatment

Treatment Baseline Follow-up Diff.-in-Diff. N (treat Jtot.)
Gender Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error T
Men (is)
P; .014 .035 .000 .038
P, .014 .015 .027 .037 .013 .040 1734/3622
Py .028 .040 .014 .042
Women (ig)
P; .092* .052 .060 .056
P, .032 .020 .099** .049 .067 .053 1558/3432
P, .103** .048 .071 .051
Men (i)
P, .074* .039 .068 .042
P, .006 .015 .082** .041 .077* .044 1708/3622
P, 134 .045 L1297 .048
Women (ig)
P; .096* .053 .071 .057
P, .025 .020 .107* .050 .083 .054 1484/3432
P, .109* .057 .085 .060
Men (i7)
P; .105** .045 .101** .048
P, .004 .015 142%*x .047 .138%x* .050 1662/3622
P; .163*** .050 L1597+ .052
Women (i)
P; .148** .069 121* .072
P, .027 .020 .160** .057 133 .061 1414/3432
P, 173% .063 147 .066
Men (ig)
P; 132 .049 123** .051
P, .010 .016 161+ .050 151+ .052 1574/3622
Py .193%** .054 .183*** .056
Women (ig)
Py .180** .071 .160** .074
P, .020 .020 .209** .065 .189*** .068 1322/3432
Py .222%* .060 202+ .063
Men (i)
Py 1314 .050 119%* 0.053
P, .011 .016 .164** .052 .153%* 0.054 1428/3622
Py .190*** .056 179%k* 0.058
Women (iq)
Py .208*** .073 .194** 0.076
P, .014 .020 .232%*x .066 .218%x* 0.069 1212/3432
P, . 234%** .062 219 0.065

Interpretation: ***: significant at the 1% level, **: significantat the 5% level, *: significant at the 10% leveta&lard
errors in italics. The Baseline and Follow-up colsnshow the results for the first differences betwibentreated and
control groups respectively before and after theatment. The Diff.-in-diff. column shows the restiis the second
differences (i.e. the difference between Follow-og Baseline differences).

Field: Population aged 42-74 in 2006 and present figro iy. Unmatched sample.

Source: Health and Professional Route survey (Sip), waw$20
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