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Respective Mediating Effects of Social 
Position and Work Environment on the 
Incidence of Common Cardiovascular Risk 
Factors
Nicolas Hoertel, MD, MPH, PhD; Marina Sanchez Rico, MPH; Frédéric Limosin , MD, PhD; Joël Ménard, MD, PhD; 
Céline Ribet, PhD; Sébastien Bonenfant, MSc; Marcel Goldberg , MD, PhD; Marie Zins, MD, PhD;  
Pierre Meneton , PhD

BACKGROUND: Social position and work environment are highly interrelated and their respective contribution to cardiovascular 
risk is still debated.

METHODS AND RESULTS: In a cohort of 20 625 French workers followed for 25 years, discrete-time survival analysis with re-
ciprocal mediating effects, adjusted for sex, age, and parental history of early coronary heart disease, was performed using 
Bayesian structural equation modeling to simultaneously investigate the extent to which social position mediates the effect of 
work environment and, inversely, the extent to which work environment mediates the effect of social position on the incidence 
of common cardiovascular risk factors. Depending on the factor, social position mediates 2% to 53% of the effect of work 
environment and work environment mediates 9% to 87% of the effect of social position. The mediation by work environment 
is larger than that by social position for the incidence of obesity, hypertension, dyslipidemia, diabetes, sleep complaints, and 
depression (mediation ratios 1.32–41.5, 6.67 when modeling the 6 factors together). In contrast, the mediation by social posi-
tion is larger than that by work environment for the incidence of nonmoderate alcohol consumption, smoking, and leisure-time 
physical inactivity (mediation ratios 0.16–0.69, 0.26 when modeling the 3 factors together).

CONCLUSIONS: The incidence of behavioral risk factors seems strongly dependent on social position whereas that of clinical 
risk factors seems closely related to work environment, suggesting that preventive strategies should be based on education 
and general practice for the former and on work organization and occupational medicine for the latter.

Key Words: Bayesian structural equation modeling ■ cardiovascular risk factors ■ French cohort ■ social position ■ survival analysis 
with reciprocal mediating effects ■ work environment

The social conditions in which people live determine 
for a large part how healthy they are.1 In particu-
lar, individuals of low social status, as measured 

by educational level, occupational class, or income, 
are more exposed to common cardiovascular risk fac-
tors2 and have a higher risk of coronary heart disease.3 
Thus, smoking and heavy alcohol consumption as well 
as leisure-time physical inactivity and obesity are more 

prevalent in individuals of low social status,4–8 thereby 
increasing their risk of diabetes, hypertension, and dys-
lipidemia.6,8 Socially disadvantaged individuals are also 
more exposed to depression9 and sleep disorders,10 
which are significant risk factors for cardiovascular dis-
eases.11,12 The reasons individuals of low social status 
are more exposed to cardiovascular risk factors are 
multiple, including educational and cultural attainment 
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that can influence risk-prevention behaviors, the ability 
to cope with illness, and the importance given to the 
care of one’s own health, as well as material depriva-
tions that can determine how well individuals adopt 
healthy lifestyles and access health care.13

The conditions in which people work for several 
hours every day during several decades also have a 
major effect on their health.14 Like individuals of low so-
cial status, those with bad working conditions, mostly 
evaluated by high work stress, are more exposed to 
common cardiovascular risk factors and have an in-
creased risk of coronary heart disease.15 Thus, the 
prevalence of nonmoderate alcohol consumption,16 
smoking,17 and leisure-time physical inactivity18 as well 
as that of obesity,19 hypertension,20 and diabetes21 is 
higher in individuals with bad working conditions. An 
adverse work environment also frequently induces 
chronic psychological stress that can increase the risk 
of sleep disorders22 and depression.23

Disentangling the respective contributions of so-
cial position and work environment to cardiovascular 
risk is difficult because they are highly interrelated; the 
better one’s social position, the better one’s work en-
vironment tends to be.24 However, working conditions 
are not completely determined by social position, in-
cluding occupational grade, as these conditions can 
vary substantially for the same job.25 This complexity 
is illustrated by the literature that reports reciprocal 
mediations and/or moderations between social po-
sition and work environment in the determination of 
cardiovascular risk. Thus, several studies suggest that 

working conditions mediate to some extent the associ-
ation between social status and cardiovascular risk.26 
For example, skill discretion (ie, the opportunity to de-
velop new skills at work independently of previous ed-
ucation) partially mediates the effect of occupation on 
the incidence of myocardial infarction in 3 prospective 
population studies conducted in Copenhagen27 and 
job control contributes significantly to the association 
between occupational grade and the incidence of cor-
onary heart disease in the Whitehall II study.28 We re-
cently reported that work environment may mediate a 
large part of social inequalities in the incidence of com-
mon cardiovascular risk factors in a cohort of French 
workers.29 This mediating effect varies substantially 
from one risk factor to another, explaining 30% to 40% 
of social gradients in the risk of leisure-time physical 
inactivity, obesity, diabetes, and dyslipidemia and 60% 
to 90% of gradients in the risk of hypertension, sleep 
complaints, and depression.

Inversely, some studies suggest that the association 
between working conditions and cardiovascular risk is 
influenced by social status. For example, the increased 
risk of myocardial infarction associated with low job 
control and adverse physical working conditions in 
the Netherlands longitudinal GLOBE (Gezondheid 
en Levens Omstandigheden Bevolking Eindhoven) 
study30 is substantially attenuated after adjusting for 
education and occupation. The increase in cardiovas-
cular mortality associated with long working hours in 
the Northern Ireland mortality study31 as well as the 
association between job strain and the risk of coronary 
heart disease in North Italian employed men32 are also 
strongly dependent on occupational class. Likewise, 
the increased cardiovascular mortality associated with 
job strain and effort-reward imbalance at work in the 
Valmet study is significantly smaller after controlling 
for education or occupation.33 Although work environ-
ment cannot be seen as determining social position, 
both simultaneously influence at any moment the inci-
dence of cardiovascular risk factors and the associa-
tion of this incidence with work environment may also 
be partly explained by social position. This hypothesis 
was tested by performing discrete-time survival anal-
yses with reciprocal mediating effects between work 
environment and social position using Bayesian struc-
tural equation modeling in the same cohort of French 
workers previously used.29

METHODS
The data underlying the findings of this study are not 
publicly available for legal reasons related to data pri-
vacy protection. The GAZEL (Gaz and Electricité) cohort 
has a data sharing policy but a legal authorization must 
first be obtained from the French National Committee 

CLINICAL PERSPECTIVE

What Is New?
•	 The study uses Bayesian structural equation 

modeling to simultaneously investigate the re-
spective contribution of social position and 
work environment to the incidence of common 
cardiovascular risk factors.

•	 The association of work environment with the 
incidence of behavioral risk factors (nonmoder-
ate alcohol consumption, smoking, leisure-time 
physical inactivity) is largely mediated by social 
position; inversely, the association of social po-
sition with the incidence of clinical risk factors 
(obesity, hypertension, dyslipidemia, diabetes, 
sleep complaints, depression) is largely medi-
ated by work environment.

What Are the Clinical Implications?
•	 Preventive strategies should focus on educa-

tion and general practice for behavioral risk fac-
tors and on work organization and occupational 
medicine for clinical risk factors.
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for the Protection of Privacy and Civil Liberties. Email 
address to contact the staff is gazel@inserm.fr.

Study Population
The analyses were performed in a cohort of 20  625 
middle-aged individuals working at the French National 
Gas and Electricity Company and followed since 1989 
(GAZEL cohort).34 These workers, aged 35 to 50 at in-
ception, lived throughout French metropolitan territory in 
various settings from rural areas to urban centers and 
were very diverse in terms of socioeconomic status, 
health, and health-related behaviors.35 They were very 
motivated to participate in the cohort as indicated by the 
high acceptance rate at the time of recruitment (45%) 
and the very low attrition rate during follow-up (<1%). The 
response rate to annual self-administered questionnaires 
also remained high throughout follow-up (average of 
75%) with only <5% of the individuals included in the co-
hort who never sent back any questionnaire. All workers 
sent written informed consent to participate in the study, 
which received approval from both the Ethics Evaluation 
Committee of the French National Institute of Health and 
Medical Research and the National Committee for the 
Protection of Privacy and Civil Liberties.

Compared with individuals in the same age range 
randomly selected from the French population,36 cohort 
participants were less exposed to cardiovascular risk 
factors such as smoking, physical inactivity, and obe-
sity (Table  S1). Because of the industrial nature of the 
company, the sex ratio was unbalanced in favor of men 
and the social gradient was reduced with an overrep-
resentation of secondary educational level, intermediate 
occupational grade, middle income class, and an under-
representation of primary educational level, blue collar/
clerk occupational grade, low income class (Table S1).

Assessment of Social Position
Four self-reported socioeconomic indicators whose 
distribution is shown in Table S2 were considered at 
baseline. Educational attainment was classified into 3 
levels: university, secondary school, or primary school. 
Wealth included financial and housing assets minus li-
abilities of all household members and was divided into 
3 classes: the rich, the middle class, or the poor who 
respectively declared over i304 898, between i76 225 
and i304 898, or <i76 225. Income comprised monthly 
earnings of all household members and was ranked as 
high (above i3811), middle (between i2592 and i3811) 
or low (below i2592). These thresholds for wealth and 
income were dictated by the inquiry that originally in-
cluded 10 categories for each indicator and the need 
to balance the number of workers between the groups. 
Occupation was reduced from a 10-level classification 
in the original inquiry to 3 grades: management, inter-
mediate, or blue collar/clerk.

Given that these indicators represent interdependent 
and complementary aspects of social position and that 
their effects accumulate to some extent, a global mea-
sure was calculated by giving for each indicator a score 
of 1 to the less favored group, 3 to the most favored 
group, and 2 to the intermediary group, by summing 
the scores and by dividing the sum by the number 
of available indicators for each worker. For the analy-
ses, this global measure, whose distribution is shown 
in Figure S1, was divided into 3 groups (high, middle, 
low) reproducing as much as possible the average dis-
tribution of socioeconomic indicators. As described in 
Figure S2, it is highly correlated to these indicators.

Assessment of Work Environment
A total of 25 self-reported occupational exposures 
were used to characterize working conditions at 
baseline (Table S3), as previously described.37 These 
include a series of physical, biomechanical, and organ-
izational factors such as commuting time, working with 
the public, outdoor work, night shift work, regular work 
hours, on-call work, standing work posture, hard work 
posture, handling heavy loads, exposure to vibrations, 
working with a screen, working in the cold, working 
in the heat, exposure to noise, work involving specific 
risks (electrocution, gas intoxication, falls, machine 
injuries, burns, or road traffic accidents), and work 
administratively classified as unhealthy. Subjective fac-
tors as the extent to which work was considered to be 
physically demanding, nerve racking, or satisfactory 
were also retained, as well as psychosocial factors (de-
cision latitude, psychological demand, social support 
at work, extrinsic effort, reward, overcommitment) that 
were assessed using the job content questionnaire38 
and the effort-reward imbalance score.39

These occupational exposures were not considered 
separately but combined into a global measure of work 
environment that was calculated by giving for each 
exposure a score of 1 to the nonexposed group, 2 to 
the exposed group, and 1.5 to the intermediary group 
whenever the exposure encompasses 3 levels, by sum-
ming the scores and by dividing the sum by the num-
ber of available exposures for each worker. This global 
measure, whose distribution is shown in Figure S3, was 
divided into tertiles (good, average, bad) for the analy-
ses. As shown by Table S4, it is highly correlated to the 
global measure of social position (P<0.0001): the worse 
the work environment, the lower the social position.

Determination of Cardiovascular Risk 
Factors
Twelve self-reported risk factors that have previously 
been shown to be independent predictors of cardio-
vascular events in the cohort40 were retained for the 
analyses. Three nonmodifiable risk factors were used 
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as model covariates for adjustment purpose at base-
line: sex, age divided into tertiles, and parental history 
of early coronary heart disease coded as a binary vari-
able that referred to the occurrence of the disease be-
fore the age of 60 on father’s or mother’s side. Nine 
modifiable risk factors were used as binary outcome 
variables in mediation models: smoking, nonmoderate 
alcohol consumption (<14 or >27 drinks/week in men, 
<7 or >20 drinks/week in women), leisure-time physical 
inactivity, obesity (body mass index ≥30 kg/m2), hyper-
tension, dyslipidemia, diabetes, sleep complaints, and 
depression. The inquiry into the occurrence of hyper-
tension, dyslipidemia, diabetes, and sleep complaints 
asked to report the condition if it appeared during the 
past year. Body mass index was calculated from re-
ported weight and height values. Depression was 
assessed with the Centre of Epidemiologic Studies 
Depression scale and defined as a score ≥17 in men and 
≥23 in women.41 The inquiry into alcohol consumption 
and smoking referred to habits during the week before 
filling in the questionnaires. Leisure-time physical inac-
tivity was defined by the lack of sport practice whatever 
its frequency (occasionally, regularly, or competition).

Statistical Analysis
Bayesian structural equation modeling was used to 
perform discrete-time survival analyses with reciprocal 
mediating effects42–44 in order to simultaneously esti-
mate the extent to which the association between work 
environment and the incidence of modifiable cardiovas-
cular risk factors may be explained by social position 
and vice versa, assuming that the effect of social posi-
tion is the same across work environments and that the 
effect of work environment is the same across social 
positions. These analyses combine prior distributions 
for parameters with the data likelihood to form poste-
rior distributions for the parameter estimates. In these 
analyses, in the absence of precise data about the re-
lationships examined, diffuse (ie, noninformative) priors 
were used as the default.45 The choice to use Bayesian 
statistics was driven by several reasons: (1) more can be 
learned about parameter estimates that do not have a 
normal distribution, (2) complex types of models com-
prising a substantial number of parameters or disparate 
types of data like those presented in this report can be 
analyzed, and (3) analyses can be made less computa-
tionally demanding despite the fact that models include 
numerous categorical outcomes and latent variables 
resulting in many dimensions of numerical integration 
that are computationally cumbersome or sometimes 
impossible using maximum likelihood estimation.45

The occurrence of each risk factor was self-
reported every year from 1990 to the year of the 
first detection of the factor or to the year of the last 
completed questionnaire, whichever occurred first in 

workers who were not exposed to the factor at base-
line, up to 2014 (25 years of follow-up at most with an 
average duration of 20.5±7.8 [SD] years). Workers lost 
(n=619) or who died (n=707) during follow-up were 
not excluded, nor were those who have had nonfatal 
cardiovascular events (n=1694) because the number 
of events occurring before the first detection of risk 
factors, that is, the situation in which these events 
can have potential confounding effects, was negligi-
ble compared with the number of incident risk factors. 
We chose to extend the follow-up after retirement 
given that social position can exert its effect before 
and after retirement and that risk factors whose inci-
dence is influenced by work environment early during 
the working period can affect the incidence of other 
risk factors later after retirement. All models used high 
social position and good work environment as refer-
ence groups and were adjusted for nonmodifiable risk 
factors (sex, age, parental history of early coronary 
heart disease) but not for modifiable risk factors in 
order to avoid adjustment for potential descendants, 
that is, consequences rather than causal antecedents 
of measured outcomes.

Latent variables in the models represent the pro-
pensity to have each risk factor during follow-up and 
were measured by 25 discrete-time survival indicators, 
that is, by the occurrence of each risk factor at each 
year of the 25-year follow-up. These latent variables (la-
beled with the name of each risk factor) merely simplify 
the presentation as the direct effect of each explana-
tory variable (social position, work environment and for 
adjustment purpose, sex, age, parental history of early 
coronary heart disease) on survival indicators can be 
identified with a single path. This specification is equiv-
alent to one in which each explanatory variable has an 
effect on each of the 25 discrete-time survival indicators 
with these 25 effects being constrained to be equal. 
As the entire model is linear (because the discrete-time 
survival part of the model may be interpreted in terms of 
a linear regression using a latent response formulation), 
indirect effects can be estimated using the product-of-
coefficients approach and represent “natural indirect 
effects.”43,46 Direct effects in the models are equivalent 
to “natural direct effects” whereas the total effect is 
given by the sum of direct and indirect effects.47 More 
specifically, because our models simultaneously esti-
mate the bidirectional association between social po-
sition and work environment, in the models testing risk 
factors separately, indirect effects represent both the 
mediating effect of work environment in the association 
between social position and the incidence of each risk 
factor and the mediating effect of social position in the 
association between work environment and the inci-
dence of each risk factor; direct effects represent the 
effect of social position on the incidence of each risk 
factor that is not mediated by work environment as well 
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as the effect of work environment on the incidence of 
each risk factor that is not mediated by the social po-
sition. In the models testing simultaneously behavioral, 
clinical, or all risk factors, the indirect effects represent 
respectively the total mediating effects of work environ-
ment in the associations between social position and 
the incidence of risk factors (ie, the total indirect effect 
obtained by summing indirect effects for each risk fac-
tor) as well as the total mediating effects of social po-
sition in the associations between work environment 
and the incidence of risk factors; the direct effects rep-
resent the sum of the effects of work environment on 
the incidence of risk factors that are not mediated by 
social position and of the effects of social position on 
the incidence of risk factors that are not mediated by 
work environment.

Note that the associations were assessed using a 
probit link. The probit regression coefficients give the 
change in the Z score or probit index for 1 unit in the 
predictor and cannot be interpreted as conventional ef-
fect sizes.48 Significance of estimates were evaluated 
using Bayesian 95% credibility interval of the posterior 
parameter distributions, which allows for a strongly 
nonnormal distribution.49 The size of the mediating ef-
fects was calculated both in absolute terms and as me-
diation proportion 95% credibility intervals. The latent 
variables underlying survival indicators have a mean of 
0 and an SD of 1 and thus the raw coefficients may 
be interpreted as capturing the effect, measured inSDs, 
of a unit change in explanatory variables.50 The medi-
ation models allow for the possibility of compensatory 
effects, that is, that some indirect effects are positive 
and others are negative.51 For example, they would ex-
plain the association between work environment and 
the incidence of each risk factor if the total indirect ef-
fect (ie, the effect of work environment that is mediated 
by social position) would be positive with no additional 
(ie, direct) effect of work environment on the incidence 
of each risk factor. Because all path coefficients were 
simultaneously examined, no paths in any of the mod-
els were set to 0. Therefore, goodness-of-fit measures 
are not relevant in evaluating these models because 
they do not inform on the “correctness” of the mod-
els but rather only provide a summary of how well the 
observed correlations match the models when several 
paths are set to 0.46 It is important to carefully consider 
convergence in Bayesian analyses. The convergence 
criterion used is that a proportional scale reduction fac-
tor is close enough to 1 for each parameter. Bayesian 
analyses use Markov chain Monte Carlo algorithms 
to iteratively obtain an approximation to the posterior 
distributions of the parameters. The proportional scale 
reduction approach to determining convergence com-
pares the parameter variation within each chain to that 
across chains to make sure that the different chains 
do not converge to different values. The proportional 

scale reduction criterion essentially requires the 
between-chain variation to be small relative to the total 
of between- and within-chain variation.52 To gain further 
evidence of convergence, each model was run with 
longer chains (using Mplus option FBITERATIONS in 
the ANALYSIS command to request a fixed number of 
Bayes iterations up to 10 000) while checking that the 
parameter values did not significantly change and that 
the proportional scale reduction remained close to 1. In 
addition, the results of each model were tested for their 
sensitivity to prior distributions, hypothesized normal, 
by specifying different combinations of estimates and 
variances. All structural equation models were imple-
mented by using the software Mplus 7.1.45

RESULTS
Prevalence of Cardiovascular Risk Factors 
at Baseline and Their Incidence During 
Follow-Up According to Social Position 
and Work Environment
The prevalence of most risk factors at baseline is in-
versely associated with social position and work en-
vironment as reported in Table 1. The exceptions are 
the prevalence of sex, age, nonmoderate alcohol con-
sumption, and dyslipidemia that are directly associated 
with social position, the prevalence of age being also 
directly associated with work environment. Likewise, 
the incidence of modifiable risk factors during follow-
up is inversely associated with social position and work 
environment except for the incidence of nonmoderate 
alcohol consumption, which is directly associated with 
social position (Table 2).

Reciprocal Mediating Effects of Work 
Environment and Social Position on the 
Incidence of Each Cardiovascular Risk 
Factor
Low social position and bad work environment at 
baseline are associated with an increased incidence 
of each cardiovascular risk factor during follow-up 
as shown by estimates of total effects (all P<0.001) 
(Figure 1 and Table 3). Work environment has a sig-
nificant mediating effect on the association between 
social position and the incidence of each risk fac-
tor with a mediation proportion ranging from 9% to 
87% depending on the factor (all P<0.001) (Table 3). 
Social position also has a significant mediating ef-
fect on the association between work environment 
and the incidence of each risk factor with a media-
tion proportion ranging from 2% to 53% (all P<0.001 
except for depression [P<0.01] and diabetes [P<0.05]) 
(Table 3). It is noteworthy that the mediating effect of 
work environment is larger than that of social position 
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on the incidence of obesity, hypertension, dyslipi-
demia, diabetes, sleep complaints, and depression 
(the mediation ratio, estimating the ratio of the mediat-
ing effect by work environment to the one by social 
position, ranges from 1.32 to 41.5) whereas the op-
posite is true on the incidence of nonmoderate alco-
hol consumption, smoking, and leisure-time physical 
inactivity (mediation ratio ranging from 0.16 to 0.69) 
(Table 3). Note that concerning the incidence of de-
pression, using different cutoff values on the Centre 
of Epidemiologic Studies Depression scale (ie, 17 in 
men and 23 in women or 19 in both sexes) does not 

change the observation that the mediating effect of 
work environment is much larger than that of social 
position (mediation ratio 22.4, Table S5).

Reciprocal Mediating Effects of Work 
Environment and Social Position on the 
Incidence of Behavioral, Clinical, or All 
Cardiovascular Risk Factors
When modeling simultaneously the incidence of non-
moderate alcohol consumption, smoking, and leisure-
time physical inactivity, the mediating effects of work 

Table 1.  Prevalence of Cardiovascular Risk Factors at Baseline According to Social Position and Work Environment

Social position Work environment

High (n=4666)
Middle 
(n=11 217) Low (n=4740) Good (n=6677)

Average 
(n=6994) Bad (n=6947)

Sex

Men 82.7 72.2 64.4 62.5 71.8 83.6

Women 17.3 27.8 35.6 37.5 28.2 16.4

Age, y

35–41 29.5 32.8 36.8 33.5 33.8 31.8

42–45 33.9 33.8 30.4 29.4 32.6 36.9

46–50 36.6 33.4 32.8 37.1 33.6 31.3

Parental history of early coronary heart disease

No 88.8 87.8 86.3 88.6 88.2 86.5

Yes 11.2 12.2 13.7 11.4 11.8 13.5

Nonmoderate alcohol consumption

No 36.0 36.8 41.9 39.0 36.9 37.5

Yes 64.0 63.2 58.1 61.0 63.1 62.5

Smoking

No 72.6 71.8 69.6 73.6 72.2 68.8

Yes 27.4 28.2 30.4 26.4 27.8 31.2

Leisure-time physical inactivity

No 75.2 66.4 57.7 67.1 66.7 66.2

Yes 24.8 33.6 42.3 32.9 33.3 33.8

Obesity

No 96.5 95.1 93.2 96.1 95.6 93.5

Yes 3.5 4.9 6.8 3.9 4.4 6.5

Hypertension

No 92.6 91.4 90.8 92.3 92.1 90.2

Yes 7.4 8.6 9.2 7.7 7.9 9.8

Dyslipidemia

No 87.0 88.0 88.3 89.8 88.2 85.7

Yes 13.0 12.0 11.7 10.2 11.8 14.3

Diabetes

No 98.8 98.6 97.9 98.9 98.7 98.0

Yes 1.2 1.4 2.1 1.1 1.3 2.0

Sleep complaints

No 83.5 81.2 77.3 84.5 81.0 77.0

Yes 16.5 18.8 22.7 15.5 19.0 23.0

Depression

No 81.2 76.2 67.4 83.0 76.0 68.8

Yes 18.8 23.8 32.6 17.0 24.0 31.2

The percentages refer to the number of workers in each social position or work environment.
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environment and social position represent respectively 
12% and 46% of the global effects of social position 
and work environment on the incidence of these risk 
factors (all P<0.001) with a mediation ratio of 0.26 
(Figure 2 and Table 4). The mediating effects of work 
environment and social position are respectively 58% 
and 9% (all P<0.001, mediation ratio 6.67) when mod-
eling simultaneously the incidence of obesity, hyper-
tension, dyslipidemia, diabetes, sleep complaints, and 
depression, and 41% and 14% (all P<0.001, mediation 

ratio 3.03) when modeling the incidence of all risk fac-
tors together (Figure 2 and Table 4).

Reciprocal Mediating Effects of Work 
Environment and Social Position on the 
Incidence of Behavioral and Clinical 
Cardiovascular Risk Factors by Sex
To explore potential sex differences that could be 
masked in aggregate analyses, we assessed the 

Table 2.  Incidence of Modifiable Cardiovascular Risk Factors During the 25-Year Follow-Up According to Social Position 
and Work Environment

Social position Work environment

High (n=4666)
Middle 
(n=11 217) Low (n=4740) Good (n=6677)

Average 
(n=6994) Bad (n=6947)

Nonmoderate alcohol consumption 28.6 27.5 22.7 25.0 27.2 27.6

Smoking 4.7 4.7 5.6 4.5 5.0 5.1

Leisure-time physical inactivity 15.1 15.9 16.9 14.5 15.8 17.3

Obesity 5.4 6.7 7.6 5.3 6.3 8.1

Hypertension 13.8 14.2 15.2 12.2 14.1 15.4

Dyslipidemia 16.2 16.9 17.5 15.2 16.4 18.1

Diabetes 3.7 4.1 4.6 3.0 4.0 5.1

Sleep complaints 20.2 21.7 22.4 18.6 22.0 23.9

Depression 9.7 10.2 10.1 7.1 10.2 12.9

The incidence is expressed as the number of cases/1000 person-years in each social position or work environment.

Figure 1.  Discrete-time survival analysis with reciprocal mediating effects by social position and work environment on the 
incidence of each cardiovascular risk factor using Bayesian structural equation modeling.
Explanatory variables are represented by rectangles, latent variables by ellipses, and direct effects by straight arrows pointing from 
cause to effect with estimates and SDs in parenthesis. Note that explanatory variables used for adjustment purposes (sex, age, 
parental history of early coronary heart disease) are included in each model but not represented in the figure.
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reciprocal mediating effects of work environment and 
social position on the incidence of behavioral or clini-
cal risk factors, separately in men and women. In both 
sexes, the mediation ratios are well below 1 when mod-
eling simultaneously the incidence of nonmoderate 

alcohol consumption, smoking, and leisure-time physi-
cal inactivity (0.15 in men and 0.07 in women) whereas 
they are well above 1 when modeling simultaneously 
the incidence of obesity, hypertension, dyslipidemia, 
diabetes, sleep complaints, and depression (6.56 in 

Table 3.  Discrete-Time Survival Analysis With Reciprocal Mediating Effects by Social Position and Work Environment on 
the Incidence of Each Cardiovascular Risk Factor Using Bayesian Structural Equation Modeling

Assuming that work environment 
mediates the effect of social position on 
the incidence

Assuming that social position mediates the 
effect of work environment on the incidence

Mediation ratio (mediation 
by work environment/
mediation by social 
position)Estimate SD 95% CI Estimate SD 95% CI

Nonmoderate alcohol consumption

Total effect 0.281* 0.005 0.272–0.290 0.142* 0.009 0.127–0.159

Indirect effect 0.024* 0.003 0.018–0.030 0.077* 0.005 0.066–0.086

Mediation, % 0.085* 0.011 0.064–0.106 0.533* 0.038 0.470–0.620 0.16

Smoking

Total effect 0.132* 0.009 0.114–0.149 0.085* 0.009 0.066–0.100

Indirect effect 0.018* 0.003 0.013–0.023 0.034* 0.003 0.029–0.039

Mediation, % 0.137* 0.015 0.107–0.165 0.405* 0.031 0.356–0.473 0.34

Leisure-time physical inactivity

Total effect 0.089* 0.007 0.077–0.102 0.072* 0.007 0.058–0.086

Indirect effect 0.020* 0.002 0.015–0.024 0.023* 0.002 0.019–0.027

Mediation, % 0.219* 0.017 0.184–0.249 0.316* 0.023 0.278–0.366 0.69

Obesity

Total effect 0.042* 0.013 0.019–0.062 0.042* 0.009 0.028–0.060

Indirect effect 0.012* 0.002 0.009–0.017 0.009* 0.003 0.003–0.014

Mediation, % 0.290* 0.075 0.237–0.512 0.220* 0.046 0.097–0.268 1.32

Hypertension

Total effect 0.066* 0.007 0.053–0.079 0.100* 0.007 0.086–0.112

Indirect effect 0.034* 0.003 0.029–0.039 0.010* 0.002 0.007–0.014

Mediation, % 0.510* 0.034 0.456–0.583 0.103* 0.012 0.080–0.127 4.92

Dyslipidemia

Total effect 0.066* 0.009 0.050–0.085 0.067* 0.008 0.052–0.083

Indirect effect 0.020* 0.002 0.015–0.024 0.014* 0.002 0.010–0.019

Mediation, % 0.293* 0.025 0.253–0.353 0.216* 0.020 0.174–0.255 1.36

Diabetes

Total effect 0.066* 0.029 0.010–0.107 0.071* 0.025 0.026–0.109

Indirect effect 0.021* 0.007 0.009–0.033 0.014† 0.007 0.001–0.023

Mediation, % 0.330* 0.186 0.286–0.948 0.187† 0.054 0.005–0.220 1.72

Sleep complaints

Total effect 0.202* 0.012 0.180–0.221 0.303* 0.010 0.285–0.322

Indirect effect 0.106* 0.005 0.096–0.114 0.030* 0.004 0.025–0.038

Mediation, % 0.529* 0.022 0.482–0.562 0.099* 0.009 0.087–0.119 5.32

Depression

Total effect 0.145* 0.011 0.125–0.167 0.316* 0.009 0.298–0.333

Indirect effect 0.126* 0.006 0.114–0.139 0.007‡ 0.002 0.002–0.012

Mediation, % 0.866* 0.040 0.791–0.951 0.021‡ 0.007 0.007–0.035 41.5

Each model included sex, age, and parental history of early coronary heart disease for adjustment purposes. Estimates are reported with SDs and 95% 
credibility intervals (95% CI).

*P<0.001.
†P<0.05.
‡P<0.01.
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Figure 2.  Discrete-time survival analysis with reciprocal mediating effects by social 
position and work environment on the incidence of behavioral, clinical, or all cardiovascular 
risk factors using Bayesian structural equation modeling.
Explanatory variables are represented by rectangles, latent variables by ellipses, and direct effects 
by straight arrows pointing from cause to effect with estimates and SDs in parenthesis. Note that 
explanatory variables used for adjustment purpose (sex, age, parental history of early coronary 
heart disease) are included in the models but not represented in the figure.
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men and 7.21 in women) (Table S6). These results sug-
gest that the very different mediating effects of social 
position and work environment on the incidence of 
behavioral and clinical risk factors are present in both 
sexes.

Reciprocal Mediating Effects of Work 
Environment and Social Position on the 
Incidence of Behavioral and Clinical 
Cardiovascular Risk Factors When 
Social Position Is Assessed by Specific 
Socioeconomic Indicators
As the global measure of social position combin-
ing the 4 socioeconomic indicators may weaken the 
observed associations if some indicators are more 
weakly linked to the incidence of risk factors than 
others, we assessed the reciprocal mediating ef-
fects of work environment and each socioeconomic 
indicator on the incidence of behavioral or clinical 
risk factors. For each indicator, the mediation ratios 
(mediation by work environment/mediation by socio-
economic indicator) are well below 1 when modeling 
simultaneously the incidence of no-moderate alco-
hol consumption, smoking, and leisure-time physi-
cal inactivity whereas they are well above 1 when 
modeling simultaneously the incidence of obesity, 
hypertension, dyslipidemia, diabetes, sleep com-
plaints, and depression (Table  S7). The figures are 
respectively 0.43 and 8.94 for education, 0.22 and 
5.53 for wealth, 0.09 and 13.3 for income, and 0.38 

and 8.14 for occupational grade. These results sug-
gest that education, wealth, income, and occupation 
are similarly involved in the determination of behavio-
ral and clinical risk factors.

Reciprocal Mediating Effects of Work 
Environment and Social Position on the 
Incidence of Behavioral and Clinical 
Cardiovascular Risk Factors According to 
Follow-Up Duration
Given that social position and work environment 
were assessed only at baseline, we cannot exclude 
that the 2 variables improved over time at different 
rates as workers moved up the job ladder, thus po-
tentially modifying the magnitude of their associa-
tion. To test this possibility, we have assessed the 
reciprocal mediating effects of work environment 
and social position on the incidence of behavioral 
and clinical risk factors after 12 years of follow-up. 
The mediation ratio is well below 1 (0.25) when mod-
eling simultaneously the incidence of nonmoderate 
alcohol consumption, smoking, and leisure-time 
physical inactivity whereas it is well above 1 (5.03) 
when modeling simultaneously the incidence of 
obesity, hypertension, dyslipidemia, diabetes, sleep 
complaints, and depression (Table  S8). These re-
sults, which are very similar to those observed after 
25  years of follow-up, suggest that the magnitude 
of the association between social position and work 
environment remains relatively constant over time.

Table 4.  Discrete-Time Survival Analysis With Reciprocal Mediating Effects by Social Position and Work Environment on 
the Incidence of Behavioral, Clinical, or All Cardiovascular Risk Factors Using Bayesian Structural Equation Modeling

Assuming that work environment 
mediates the effect of social position 
on the incidence

Assuming that social position 
mediates the effect of work 
environment on the incidence Mediation ratio (mediation by work 

environment/mediation by social 
position)Estimate SD 95% CI Estimate SD 95% CI

Behavioral risk factors

Total effect 0.564* 0.026 0.516–0.618 0.335* 0.029 0.281–0.393

Indirect effect 0.067* 0.011 0.049–0.091 0.154* 0.016 0.123–0.188

Mediation, % 0.119* 0.015 0.092–0.152 0.461* 0.035 0.392–0.530 0.26

Clinical risk factors

Total effect 0.491* 0.031 0.435–0.551 0.789* 0.025 0.745–0.837

Indirect effect 0.285* 0.016 0.255–0.317 0.069* 0.008 0.053–0.084

Mediation, % 0.580* 0.024 0.537–0.634 0.087* 0.008 0.070–0.102 6.67

All risk factors

Total effect 0.594* 0.072 0.462–0.747 0.781* 0.069 0.648–0.919

Indirect effect 0.243* 0.038 0.173–0.322 0.105* 0.021 0.069–0.153

Mediation, % 0.409* 0.046 0.323–0.503 0.135* 0.022 0.095–0.180 3.03

The models included sex, age, and parental history of early coronary heart disease for adjustment purpose and tested either nonmoderate alcohol 
consumption, smoking and leisure-time physical inactivity together (behavioral risk factors), obesity, hypertension, dyslipidemia, diabetes, sleep complaints 
and depression together (clinical risk factors), or all risk factors together. Estimates are reported with SDs and 95% credibility intervals (95% CI).

*P<0.001.
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Sensitivity to Prior Distributions and 
Convergence of Proportional Scale 
Reduction in the Model Evaluating 
Reciprocal Mediating Effects by Social 
Position and Work Environment on the 
Incidence of Depression
The sensitivity of mediation ratios (mediation by work 
environment/mediation by social position) to prior dis-
tributions was very small in all models that adequately 
converged with proportional scale reduction values 
close to 1 after 1000 iterations. As an example, the 
sensitivity and convergence are reported in Tables S9 
and S10 for the model evaluating reciprocal mediating 
effects by social position and work environment on the 
incidence of depression.

DISCUSSION
In the present study, we found that low social posi-
tion is associated with a higher incidence of cardiovas-
cular risk factors as expected from the literature that 
reports inverse associations between several indica-
tors of socioeconomic status and the prevalence and/
or incidence of sleep disorders,10 depression,9 diabe-
tes,6 obesity,7 smoking,6,8 leisure-time physical inac-
tivity,4 heavy alcohol consumption,5 dyslipidemia,6,8 
and hypertension6,8 in populations from high-income 
countries. We also find that bad work environment is 
associated with an increased incidence of cardiovas-
cular risk factors in agreement with studies reporting 
such inverse associations with specific occupational 
exposures. For example, job strain has been associ-
ated with increased risk of nonmoderate alcohol con-
sumption,16 smoking,17 leisure-time physical inactivity,18 
obesity,19 hypertension,20 diabetes,21 sleep disorders,22 
and depression23 in several populations.

Our analyses indicate that work environment has a 
mediating effect on the associations between social po-
sition and the incidence of risk factors in line with studies 
reporting that psychosocial exposures at work contrib-
ute to the link between socioeconomic status and the 
incidence of coronary heart disease.26–28 The mediating 
effect of work environment varies largely from one risk 
factor to another, explaining 9% to 87% of the associa-
tions between social position and the incidence of these 
factors. Inversely, we observe that social position has a 
mediating effect on the associations between work en-
vironment and the incidence of risk factors, which also 
varies largely depending on the factor, explaining 2% to 
53% of the associations. This observation is in agree-
ment with data suggesting that the association between 
working conditions and cardiovascular risk is influenced 
by socioeconomic status, although mediation was not 
assessed per se in these studies.30–33

The important finding is that the relative mediating 
effects of work environment and social position on the 
incidence of risk factors are very different depending 
on the nature of these factors. Indeed, both in men 
and women, the mediating effect of social position is 
4-fold higher than that of work environment on the inci-
dence of nonmoderate alcohol consumption, smoking, 
and leisure-time physical inactivity whereas it is more 
than 6-fold smaller than that of work environment on 
the incidence of obesity, hypertension, dyslipidemia, 
diabetes, sleep complaints, and depression. In other 
words, although social position and work environment 
are highly interrelated,24 a pattern emerges suggest-
ing that incentives for behavioral risk factors mainly 
depend on social position and only distantly on work-
place. Conversely, work environment appears to be a 
closer determinant of the incidence of clinical risk fac-
tors than social position that would have a more distant 
role. To interpret the respective roles of social position 
and work environment in determining the incidence of 
behavioral and clinical risk factors, it is necessary to re-
call that these factors form an extensive network of re-
ciprocal relationships where each factor predicts, and/
or is predicted by, several other factors.40 Four cate-
gories of factors can be distinguished: nonmodifiable 
factors (gender, age, parental history of early coronary 
heart disease) that only predict and are not predicted 
by other factors; behavioral factors (nonmoderate alco-
hol consumption, smoking, leisure-time physical inac-
tivity) that form very few associations with each other, 
predict several clinical factors, and are predicted by a 
small number of nonmodifiable or clinical factors; up-
stream clinical factors (obesity, sleep complaints, de-
pression) that form a few associations with each other, 
predict many downstream clinical factors, and are pre-
dicted by many nonmodifiable or behavioral factors; 
and downstream clinical factors (hypertension, dys-
lipidemia, diabetes) that form many associations with 
each other, predict very few factors but are predicted 
by a large number of nonmodifiable behavioral factors 
or upstream clinical factors.40 The present results sug-
gest that the influence of work environment on the in-
cidence of clinical factors, especially upstream clinical 
factors as previously reported,37 largely exceeds the 
influence that social position exerts on the incidence 
of these factors through its effect on the incidence of 
behavioral factors. In other words, the influence of so-
cial position on the incidence of upstream clinical fac-
tors would be mainly mediated by work environment 
and not by behavioral factors.29 The same interpreta-
tion can be applied to the incidence of downstream 
clinical factors that would be more influenced by work 
environment, directly and through its effect on the in-
cidence of upstream clinical factors, than by social 
position and its effect on the incidence of behavioral 
factors. Inversely, work environment is expected to 
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have a weak influence on the incidence of behavioral 
factors as it does not determine per se social position 
and because upstream and downstream clinical fac-
tors have a limited influence on the incidence of behav-
ioral factors.

This study has some strengths and several limita-
tions. One strength is the use of global measures of 
work environment and social position whose rationale 
has been discussed elsewhere.29,37 The main reason is 
that specific socioeconomic indicator or occupational 
exposure captures only partial aspects of social posi-
tion or work environment whereas their combinations 
allow the assessment of this position or environment as 
a whole, the reality that people face. A second strength 
is the use of Bayesian structural equation modeling to 
perform discrete-time survival analysis with reciprocal 
mediating effects,42–44 which is an appropriate method 
among a few others.53 It nevertheless requires import-
ant assumptions in order to make causal claims, for 
example, the absence of confounding for each asso-
ciation that forms part of the mediation structure.43 
Among the other limitations of the study, one is the 
external validity of the findings that were obtained in 
a cohort of workers who were not representative of 
the French working population as discussed in the 
Methods. A second is that socioeconomic indicators, 
occupational exposures, and cardiovascular risk fac-
tors were self-reported and may therefore be relatively 
imprecise. A third is the lack of information concern-
ing the potential evolution of social position and work 
environment during follow-up; this likely weakens the 
associations with the incidence of cardiovascular risk 
factors given that both social position and work envi-
ronment probably improve with time as workers move 
up the job ladder, thus reducing the probability of oc-
currence of risk factors.

CONCLUSIONS
In conclusion, our results show a reciprocal mediation 
between social position and work environment on the 
incidence of common cardiovascular risk factors. The 
proportions of the mediating effects, which are very 
variable depending on the factor, suggest that the inci-
dence of behavioral risk factors is strongly dependent 
on social position whereas that of clinical risk factors 
is closely related to work environment both in men and 
women. In addition to providing insights into the mech-
anisms that underlie the associations of social position 
and work environment with the incidence of cardiovas-
cular risk factors, these findings suggest different ways 
of improving preventive strategies, based on education 
and general practice for behavioral factors and involv-
ing work organization and occupational medicine for 
clinical factors.
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Table S1: Behavioral and socioeconomic characteristics of cohort participants at baseline compared to 
randomly selected individuals from the French population in the same age range. 

 
Men Women 

GAZEL 
cohort 

Randomly 
selected 

p 
GAZEL 
cohort 

Randomly  
selected 

p 

N 15011 2683 - 5614 4333 - 
Age, y (mean ± SD) 44.5 ± 2.9 44.9 ± 3.1 - 41.7 ± 4.2 42.4 ± 4.6 - 

Smoking, n (%) 4632 (31.0) 848 (35.7) <0.0001 1200 (21.7) 1218 (31.4) <0.0001 
Physical inactivity, n (%) 3895 (30.8) 1432 (53.4) <0.0001 1811 (40.5) 2582 (59.6) <0.0001

Obesity, n (%) 707 (5.5) 306 (11.4) <0.0001 162 (3.5) 426 (9.8) <0.0001
Education, n (%)       

Primary school 967 (6.6) 548 (20.4)  409 (7.5) 913 (21.1)  
Secondary school 10644 (72.4) 1509 (56.3) <0.0001 4343 (79.6) 2267 (52.3) <0.0001

University 3094 (21.0) 626 (23.3)  702 (12.9) 1153 (26.6)  
Occupation, n (%)       

Blue collar/clerk 2151 (14.3) 1243 (52.2)  1529 (27.3) 2502 (62.7)  
Intermediate 8384 (55.9) 656 (27.5) <0.0001 3635 (64.8) 1019 (25.5) <0.0001 
Management 4459 (29.8) 484 (20.3)  442 (7.9) 472 (11.8)  

Income, n (%)       
Low 4234 (41.1) 1370 (51.0) 1155 (34.5) 2420 (55.9) 

Middle 3777 (36.7) 678 (25.3) <0.0001 1404 (41.9) 1007 (23.2) <0.0001 
High 2288 (22.2) 635 (23.7)  788 (23.6) 906 (20.9)  

The percentages in parenthesis refer to the number of men or women participating in the cohort or randomly 
selected from the French population. Univariate comparisons were performed with chi-square test or 
Fisher’s exact test when necessary. 
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Table S2: Distribution of socioeconomic indicators at 
baseline. 

 N % 

Education 
University 3,796 18.8 

Secondary school 14,987 74.4 
Primary school 1,376 6.8 

Wealth 
Rich 2,669 21.0 

Middle class 7,924 62.4 
Poor 2,110 16.6 

Income 
High 3,076 22.5 

Middle 5,181 38.0 
Low 5,389 39.5 

Occupational grade 
Management 4,901 23.8 
Intermediate 12,019 58.3 

Blue collar/clerk 3,680 17.9 
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 3
Table S3: Occupational exposures characterizing work 
environment at baseline. 

 N % 

Commuting time 
Short 5,930 29.1 

Average 7,559 37.2
Long 6,858 33.7

Working with the public 
No 10,960 60.3 
Yes 7,216 39.7 

Outdoor work 
No 9,520 49.6
Yes 9,675 50.4 

Night shift work 
No 13,022 68.5 
Yes 5,995 31.5

Regular work hours 
No 3,649 20.1 
Yes 14,478 79.9 

On-call work  
No 14,968 75.5
Yes 4,869 24.5

Standing work posture 
No 5,088 45.1 
Yes 6,184 54.9 

Hard work posture 
No 5,385 57.4
Yes 3,999 42.6 

Handling heavy loads 
No 5,580 65.4 
Yes 2,957 34.6

Exposure to vibrations 
No 5,635 72.1
Yes 2,184 27.9 

Working with a screen 
No 2,527 14.0 
Yes 15,505 86.0

Working in the cold 
No 5,594 73.3 
Yes 2,036 26.7 

Working in the heat 
No 5,609 75.1
Yes 1,856 24.9

Exposure to noise 
No 5,498 68.8 
Yes 2,492 31.2

Work involving specific risks 
No 6,607 35.8
Yes 11,833 64.2 

Unhealthy work 
No 18,932 95.2 
Yes 950 4.8

Physically demanding work 
No 7,336 36.7 

Average 7,423 37.2 
Yes 5,204 26.1

Nerve-racking work 
No 7,053 34.7

Average 8,442 41.5 
Yes 4,832 23.8 

Satisfactory work 
No 3,469 20.7

Average 7,127 42.5 
Yes 6,185 36.8 

Decision latitude 
Low 4,006 28.6

Average 5,240 37.5
High 4,743 33.9 

Psychological demand 
Low 4,192 29.9 

Average 5,266 37.6
High 4,542 32.5 

Social support at work 
Low 4,266 30.7 

Average 5,347 38.5
Strong 4,291 30.8 

Extrinsic effort 
Low 2,633 24.7 

Average 4,473 41.9
High 3,567 33.4

Reward 
Low 3,329 31.2 

Average 3,738 35.0 
High 3,606 33.8

Over-commitment 
No 7,003 65.6 
Yes 3,670 34.4 

Some exposures were binary while others were graded on 
a 3-level scale or divided into tertiles. 
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Table S4: Interdependence of social position and work 
environment at baseline. 

 
Work environment 

p 
Good Average Bad 

Social  
position 

High 
2,127 1,530 1,009 

<0.0001 

31.9 21.9 14.5 

Middle 
3,393 3,902 3,919 
50.8 55.8 56.4 

Low 
1,157 1,562 2,018 
17.3 22.3 29.1 

The association between work environment and social 
position was assessed by Chi-square test. The percentages 
given with counts refer to the number of workers in each 
type of work environment. 
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Table S5: Discrete-time survival analysis with reciprocal mediating effects by social position and work environment on the 
incidence of depression using Bayesian structural equation modeling and different cut-off values on the CES-D scale. 

 

Assuming that work  
environment mediates  

the effect of social  
position on the incidence 

Assuming that social  
position mediates the effect 

 of work environment  
on the incidence 

Mediation ratio  
(mediation by work  

environment/mediation 
by social position) 

Estimate SD 95% CI Estimate SD 95% CI  
Depression 
(cut-offs 17  

and 23) 

Total effect 0.145*** 0.011 0.125-0.167 0.316*** 0.009 0.298-0.333  
Indirect effect 0.126*** 0.006 0.114-0.139 0.007** 0.002 0.002-0.012  
Mediation (%) 0.866*** 0.040 0.791-0.951 0.021** 0.007 0.007-0.035 41.5 

Depression 
(cut-off 19) 

Total effect 0.148*** 0.014 0.112-0.170 0.299*** 0.011 0.273-0.313  
Indirect effect 0.116*** 0.007 0.101-0.130 0.010** 0.003 0.002-0.016  
Mediation (%) 0.782*** 0.059 0.708-0.948 0.035** 0.011 0.007-0.051 22.4 

Depression was defined by using either different cut-offs in men and women (respectively 17 and 23 on the CES-D scale) or 
the same cut-off in both sexes (19 on the CES-D scale). Each model included sex, age and parental history of early coronary 
heart disease for adjustment purpose. Estimates are reported with standard deviations (SD) and 95% credibility intervals (95% 
CI). *** <0.001, ** <0.01. 
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Table S6: Discrete-time survival analysis with reciprocal mediating effects by social position and work environment on the incidence 
of behavioral or clinical cardiovascular risk factors using Bayesian structural equation modeling stratified by sex. 

 

Assuming that work 
environment mediates 

the effect of social 
position on the incidence 

Assuming that social 
position mediates the effect 

of work environment 
on the incidence 

Mediation ratio 
(mediation by work 

environment/mediation 
by social position) 

Estimate SD 95% CI Estimate SD 95% CI  

Men 

Behavioral 
risk factors 

Total effect 0.392*** 0.019 0.358-0.431 0.214*** 0.020 0.174-0.253  
Indirect effect 0.036*** 0.007 0.022-0.052 0.133*** 0.014 0.107-0.162  
Mediation (%) 0.093*** 0.018 0.057-0.132 0.625*** 0.053 0.522-0.740 0.15 

Clinical 
risk factors 

Total effect 0.501*** 0.019 0.464-0.541 0.740*** 0.011 0.714-0.760  
Indirect effect 0.318*** 0.016 0.288-0.351 0.072*** 0.006 0.060-0.084  
Mediation (%) 0.636*** 0.022 0.593-0.677 0.097*** 0.008 0.082-0.113 6.56 

Women 

Behavioral 
risk factors 

Total effect 0.477*** 0.031 0.433-0.549 0.138*** 0.038 0.061-0.211  
Indirect effect 0.010* 0.008 0.004-0.028 0.043* 0.031 0.017-0.104  
Mediation (%) 0.021* 0.017 0.008-0.058 0.312* 0.030 0.204-0.623 0.07 

Clinical 
risk factors 

Total effect 0.430*** 0.038 0.360-0.509 0.896*** 0.023 0.852-0.940  
Indirect effect 0.136*** 0.034 0.073-0.205 0.040*** 0.010 0.021-0.060  
Mediation (%) 0.317*** 0.058 0.195-0.422 0.044*** 0.011 0.023-0.066 7.21 

The models included age and parental history of early coronary heart disease for adjustment purpose and tested either non-moderate 
alcohol consumption, smoking and leisure-time physical inactivity together (behavioral risk factors), or obesity, hypertension, 
dyslipidemia, diabetes, sleep complaints and depression together (clinical risk factors). Estimates are reported with standard deviations 
(SD) and 95% credibility intervals (95% CI). *** <0.001, * <0.05. 
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Table S7: Discrete-time survival analysis with reciprocal mediating effects by socioeconomic indicator and work environment on the incidence of 
behavioral or clinical cardiovascular risk factors using Bayesian structural equation modeling. 

 

Assuming that work 
environment mediates the  

effect of socioeconomic  
indicator on the incidence 

Assuming that  
socioeconomic indicator  

mediates the effect of work  
environment on the incidence 

Mediation ratio 
(mediation by work 

environment/mediation by  
socioeconomic indicator) 

Estimate SD 95% CI Estimate SD 95% CI  

Education 

Behavioral 
risk factors 

Total effect 0.347*** 0.038 0.270-0.417 0.213*** 0.032 0.150-0.273  
Indirect effect 0.056*** 0.013 0.032-0.081 0.079*** 0.013 0.056-0.107  
Mediation (%) 0.160*** 0.028 0.104-0.214 0.376*** 0.050 0.287-0.483 0.43 

Clinical 
risk factors 

Total effect 0.429*** 0.031 0.369-0.492 0.704*** 0.025 0.656-0.750  
Indirect effect 0.250*** 0.019 0.213-0.288 0.046*** 0.006 0.034-0.059  
Mediation (%) 0.581*** 0.031 0.525-0.644 0.065*** 0.007 0.051-0.080 8.94 

Wealth 

Behavioral 
risk factors 

Total effect 0.284*** 0.032 0.224-0.344 0.134*** 0.028 0.084-0.194  
Indirect effect 0.018*** 0.006 0.007-0.032 0.038*** 0.010 0.020-0.060  
Mediation (%) 0.063*** 0.020 0.028-0.104 0.285*** 0.072 0.159-0.448 0.22 

Clinical 
risk factors 

Total effect 0.536*** 0.032 0.471-0.598 0.915*** 0.022 0.871-0.957  
Indirect effect 0.201*** 0.021 0.161-0.243 0.062*** 0.007 0.048-0.077  
Mediation (%) 0.376*** 0.027 0.321-0.427 0.068*** 0.007 0.054-0.082 5.53 

Income 

Behavioral 
risk factors 

Total effect 0.231*** 0.028 0.192-0.304 0.108*** 0.032 0.058-0.184  
Indirect effect 0.013* 0.009 0.002-0.033 0.070*** 0.010 0.052-0.093  
Mediation (%) 0.056* 0.033 0.009-0.121 0.638*** 0.166 0.425-1.091 0.09 

Clinical 
risk factors 

Total effect 0.339*** 0.025 0.287-0.387 0.768*** 0.021 0.720-0.803  
Indirect effect 0.212*** 0.014 0.185-0.240 0.036*** 0.005 0.025-0.047  
Mediation (%) 0.623*** 0.033 0.565-0.696 0.047*** 0.006 0.033-0.059 13.3 

Occupational grade 

Behavioral 
risk factors 

Total effect 0.505*** 0.025 0.454-0.550 0.334*** 0.028 0.278-0.385  
Indirect effect 0.083*** 0.012 0.059-0.107 0.143*** 0.015 0.115-0.171  
Mediation (%) 0.164*** 0.019 0.127-0.202 0.428*** 0.035 0.364-0.502 0.38 

Clinical 
risk factors 

Total effect 0.614*** 0.031 0.547-0.670 0.925*** 0.023 0.874-0.960  
Indirect effect 0.414*** 0.020 0.375-0.456 0.077*** 0.008 0.060-0.093  
Mediation (%) 0.676*** 0.022 0.638-0.721 0.083*** 0.008 0.068-0.098 8.14 

The models included sex, age and parental history of early coronary heart disease for adjustment purpose and tested either non-moderate alcohol 
consumption, smoking and leisure-time physical inactivity together (behavioral risk factors), or obesity, hypertension, dyslipidemia, diabetes, sleep 
complaints and depression together (clinical risk factors). Estimates are reported with standard deviations (SD) and 95% credibility intervals (95% CI). 
*** <0.001, * <0.05. 
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Table S8: Discrete-time survival analysis with reciprocal mediating effects by social position and work environment on the incidence of 
behavioral or clinical cardiovascular risk factors using Bayesian structural equation modeling and different follow-up durations. 

 

Assuming that work 
environment mediates  

the effect of social  
position on the incidence 

Assuming that social 
position mediates the effect  

of work environment  
on the incidence 

Mediation ratio
(mediation by work  

environment/mediation 
 by social position) 

Estimate SD 95% CI Estimate SD 95% CI  

25-year 
 follow-up 

Behavioral  
risk factors 

Total effect 0.564*** 0.026 0.516-0.618 0.335*** 0.029 0.281-0.393  
Indirect effect 0.067*** 0.011 0.049-0.091 0.154*** 0.016 0.123-0.188  
Mediation (%) 0.119*** 0.015 0.092-0.152 0.461*** 0.035 0.392-0.530 0.26 

Clinical  
risk factors 

Total effect 0.491*** 0.031 0.435-0.551 0.789*** 0.025 0.745-0.837  
Indirect effect 0.285*** 0.016 0.255-0.317 0.069*** 0.008 0.053-0.084  
Mediation (%) 0.580*** 0.024 0.537-0.634 0.087*** 0.008 0.070-0.102 6.67 

12-year  
follow-up 

Behavioral  
risk factors 

Total effect 0.568*** 0.051 0.479-0.671 0.335*** 0.048 0.246-0.432  
Indirect effect 0.067*** 0.015 0.039-0.097 0.156*** 0.020 0.120-0.198  
Mediation (%) 0.118*** 0.019 0.078-0.153 0.465*** 0.049 0.384-0.575 0.25 

Clinical  
risk factors 

Total effect 0.570*** 0.036 0.493-0.633 0.846*** 0.030 0.784-0.903  
Indirect effect 0.300*** 0.018 0.267-0.336 0.089*** 0.010 0.067-0.108  
Mediation (%) 0.528*** 0.027 0.479-0.589 0.105*** 0.010 0.084-0.125 5.03 

Follow-up duration was 25 or 12 years. The models included sex, age and parental history of early coronary heart disease for adjustment 
purpose and tested either non-moderate alcohol consumption, smoking and leisure-time physical inactivity together (behavioral risk factors) 
or obesity, hypertension, dyslipidemia, diabetes, sleep complaints and depression together (clinical risk factors). Estimates are reported 
with standard deviations (SD) and 95% credibility intervals (95% CI). *** <0.001. 
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Table S9: Sensitivity to prior distributions in the model evaluating reciprocal mediating effects by social position 
and work environment on the incidence of depression using Bayesian structural equation modeling. 

Prior distributions of the  
association between social position  

and the incidence of depression  
(estimate, variance) 

Prior distributions of the 
association between work environment 

and the incidence of depression 
(estimate, variance) 

Mediation ratio  
(mediation by work  

environment/mediation  
by social position) 

Ratio SD 95% CI 
Unfixed Unfixed 41.542 17.527 28.533-93.201 

(0, 1) (0, 1) 42.987 17.256 30.474-93.348 
(0, 3) (0, 3) 42.990 17.262 30.475-93.368 
(0, 5) (0, 5) 42.990 17.263 30.475-93.372 
(0, 10) (0, 10) 42.990 17.263 30.475-93.375 
(3, 10) (3, 10) 43.010 17.301 30.483-93.510 
(1, 1) (1, 1) 43.053 17.383 30.498-93.799 
(1, 10) (1, 10) 42.997 17.276 30.478-93.420 
(3, 3) (3, 3) 43.056 17.388 30.499-93.819 

The model included sex, age and parental history of early coronary heart disease for adjustment purpose and ran after 
having standardized the covariates in the analysis such that any abnormal covariate scale was eliminated. Unfixed 
and fixed prior distributions were considered normal. Mediation ratios are reported with standard deviations (SD) 
and 95% credibility intervals (95% CI).  
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Table S10: Proportional scale reduction 
convergence in the model evaluating reciprocal 
mediating effects by social position and work 
environment on the incidence of depression using 
Bayesian structural equation modeling. 
Bayes iterations Proportional scale reduction 

100 2.863 
200 1.665
300 1.469 
400 1.230 
500 1.122
600 1.190 
700 1.218 
800 1.274 
900 1.127 

1000 1.102 
1100 1.051 

Proportional scale reduction values lower than 1.10 
indicate adequate convergence. 
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Figure S1: Distribution and summary statistics of the global measure of social position. It is calculated by giving for each socioeconomic indicator a score 
of 1 to the less favored group, 3 to the most favored group and 2 to the intermediary group, by summing the scores and by dividing the sum by the number 
of available indicators for each worker. 
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Figure S2: Multiple correspondence analysis showing the association between the different socioeconomic indicators and 
the global measure of social position at baseline. The plot uses the two first dimensions which explain respectively 25.0 
and 16.4% of the total inertia (57.4 and 13.2% with Greenacre adjustment). 
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Figure S3: Distribution and summary statistics of the global measure of work environment. It is calculated by giving for each occupational exposure a score 
of 1 to the non-exposed group, 2 to the exposed group and 1.5 to the intermediary group whenever the exposure encompasses three levels, by summing the 
scores and by dividing the sum by the number of available exposures for each worker. 
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