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ORIGINAL ARTICLE

CONSTANCES: a general prospective population-
based cohort for occupational and environmental
epidemiology: cohort profile

Marcel Goldberg,"? Matthieu Carton," Alexis Descatha, " Annette Leclerc,’
Yves Roquelaure,* Gaélle Santin," Marie Zins,"* the CONSTANCES team

ABSTRACT

Why the cohort was set up? CONSTANCES is a
general-purpose cohort with a focus on occupational
and environmental factors.

Cohort participants CONSTANCES was designed as
a randomly selected sample of French adults aged
18-69 years at inception; 200 000 participants will be
included.

Data collection phases At enrolment, the
participants are invited to complete questionnaires and
to attend a health screening centre (HSC) for a health
examination. A biobank will be set up. The follow-up
includes an yearly self-administered questionnaire, a
periodic visit to an HSC and linkage to social and
national health administrative databases.

Main types of data collected Data collected for
participants include social and demographic
characteristics, socioeconomic status, life events and
behaviours. Regarding occupational and environmental
factors, a wealth of data on organisational, chemical,
biological, biomechanical and psychosocial lifelong
exposure, as well as residential characteristics, are
collected at enrolment and during follow-up. The health
data cover a wide spectrum: self-reported health scales,
reported prevalent and incident diseases, long-term
chronic diseases and hospitalisations, sick-leaves,
handicaps, limitations, disabilities and injuries,
healthcare usage and services provided, and causes of
death.

Control of selection effects To take into account
non-participation and attrition, a random cohort of non-
participants was set up and will be followed through the
same national databases as participants.

Data access Inclusions begun at the end of 2012 and
more than 110 000 participants were already included
by September 2016. Several projects on occupational
and environmental risks already applied to a public call
for nested research projects.

WHY THE COHORT WAS SET UP?

There is a long record of use of cohorts for study-
ing diseases induced by occupational factors.
Starting in the 50s for investigating cancer risks
among workers of specific trades, the historical
cohort study is still the gold standard when it
comes to assessing the possible carcinogenicity to
humans of workplace exposures.' Since then, the
use of cohorts has expanded to the study of many
other occupational diseases and health conditions.

What this paper adds

» Historical cohort studies have been
instrumental in the identification of numerous
occupational hazards but have some
limitations.

» There is a need for prospective
population-based cohort for studying diseases
induced by occupational and environmental
exposures.

» The CONSTANCES population-based cohort is
composed of a randomly selected sample of
the French adult population and collects
prospectively a variety of chemical, physical
and biological agents, postural, mechanical and
organisational constraints and stress at work as
well as numerous health-related data.

» Thanks to the geocoding of residential
addresses CONSTANCES allows for the study of
environmental and contextual factors.

During the past 50 years, prospective occupa-
tional cohort studies have been the cornerstone of
investigation for outcomes such as asthma, chronic
bronchitis, carpal tunnel syndrome, myocardial
infarction or hearing loss.” Alternatively, if the
factors of exposure are frequent, a general pro-
spective population-based cohort may be drawn
from a well-defined population. Some general pro-
spective population-based cohorts were specifically
designed to study occupationally induced dis-
eases,” while others had a larger scope but also
included the collection of occupational factors.®*
CONSTANCES was also designed to cover a large
scope of topics, with a special focus on occupa-
tional and environmental factors.

CONSTANCES is a large prospective population-
based cohort designed as a research infrastructure
relying on the experience of the GAZEL cohort
conducted by our group which is currently support-
ing more than 80 different nested research projects,
including many occupational and environmental
studies.'*°

CONSTANCES should contribute to the study of
effects of occupational and environmental factors
on cancer,’” to the short-term and long-term
effects of biomechanical and psychosocial factors
on musculoskeletal disorders.'® Exposure to
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chemicals may induce chronic respiratory diseases,'” neurode-
generative diseases and impact on cognitive functioning.?’
Psychosocial factors at work may induce cardiovascular dis-
eases,”’ and mental health disorders.”” Owing to the economic
context, new employment patterns and risks in young popula-
tions as well as workability in the early old age and other deter-
minants of early exit from the labour force are an important
concern,” albeit working conditions and occupational expo-
sures are major determinants of premature ageing.”*>° While
working conditions may lead to impairments and disease, loss
of work can also be deleterious for health, and many studies
have investigated how unemployment influences mental and
physical health and health-related behaviours,”” and how health
may influence the risk of becoming unemployed.*®
CONSTANCES was designed as a large random sample of the
French adult population, it will also provide descriptive infor-
mation on the health of the French population.

WHO IS IN THE COHORT?

The general design of CONSTANCES has been detailed else-
where;?® 3% here we summarise the main characteristics of the
cohort participants.

We plan to gradually enrol 200 000 participants aged 18-69
years at inception in 22 selected health screening centres (HSCs)
located in 20 ‘départements’ in the principal regions of France.
For practical reasons, the source population of CONSTANCES
is restricted to persons living in one of the 20 CONSTANCES
‘départements’ and affiliated to the National Health Insurance
Fund, that is, salaried workers, whether they are professionally
active, unemployed or retired and their family (more than 85%
of the French population), thus excluding agricultural and self-
employed workers.

Eligible persons are selected from the national social security
database, which includes all persons living in France, according
to a random sampling scheme stratified on age, gender, socio-
economic status (SES) and region of France in order to be repre-
sentative of the source population. They receive at home an
invitation and those who volunteer receive questionnaires to
complete and attend a HSC for a health examination.

After a field pilot, the recruitment started in late 2012 and
the cohort will be completed in 2018. Currently (September
2016), more than 112 000 participants are enrolled in the
cohort, with a participation rate of 7.3%. The already available
data showed that there was quite a diverse distribution of main
socioeconomic variables, as shown in table 1.

Control of selection effects

To take into account selection effects due the voluntary partici-
pation, we draw a ‘control cohort’ from a random sample of
400 000 non-participants, that is, persons who were invited but
did not participate, for whom we prospectively collect social
and occupational, health and healthcare usage data from the
same administrative databases as for the participants. Auxiliary
data are known for the whole sample, and data from the other
sources are only known for respondents.

Statistical analysis was conducted in two steps: (1) determin-
ation of the variables to be used to model the probability of
response to the survey from the auxiliary data using logistic
regression with the respondent as the dependent variable; (2)
estimations of the prevalence of variables of interest after cor-
rection for the non-response by a reweighting technique where
the final weight is equal to the product of the inverse probability
of participation (original sampling weight) and a correction

Table 1 CONSTANCES cohort: main sociodemographic
characteristics of the sample*
Per cent N
Age
18-29 12.9 9291
30-39 16.8 12 036
40-49 22.0 15 796
50-59 23.5 16 898
60+ 24.8 17783
Gender
Men 46.0 33006
Women 54.0 38798
Diploma
No diploma or lower than high school 26.9 19322
High school 17.2 12329
College 24.0 17 245
University 28.8 20673
Other diploma 1.2 892
Missing data 1.9 1343
Marital status
Single (never married) 26.8 19230
Married, civil partnerships 57.7 41 452
Divorced, separated 11.2 8071
Widower 2.1 1542
Missing data 2.1 1509

*Data computerised and cleaned in June 2016 (n=71 804).

factor for non-participation. Details of the method are described
elsewhere.®!

We checked whether our reweighting method yields improved
prevalence estimates. As an example, figure 1 shows the esti-
mates of the prevalence of intensive work (panel A) and of car-
rying heavy loads (panel B) among men according to age.
Curves P1 correspond to the prevalence with only sampling
weights, while curves P2 show the prevalence with sampling
weights further adjusted on age, sex, socioeconomic status, geo-
graphic area and health and professional variables. Fully
adjusted prevalence estimates were markedly amplified when
health and professional variables were used, yielding more
accurate estimates of the prevalence in the general population.

HOW HAVE PEOPLE BEEN FOLLOWED?

After enrolment, participants are followed-up by an annual self-
administered questionnaire sent to their homes (paper or web-
based) and they are invited for a new health examination every
5 years. The annual participation rate to the follow-up question-
naire of participants who were included from 2012 to 2014 was
higher than 80%.

They are also followed up by annual linkage with national
social and health administrative databases that permanently
record data: the retirement pension database collects social and
occupational data from employers’ annual reports and from
social welfare organisations;>* the ‘Systéme national d’informa-
tion interrégimes de I’Assurance Maladie’ (SNIIRAM), contains
medical data about reimbursements, serious chronic diseases
and hospital discharge records;** the National Death
Registry-CepiDc records the cause of death.**

WHAT HAS BEEN MEASURED?
The main data regularly collected include social and demo-
graphic characteristics, health-related behaviour, disease history,

Goldberg M, et al. Occup Environ Med 2017;74:66-71. doi:10.1136/0emed-2016-103678 67

"ybuAdoo Aq paroalold 1sanb Ag €20z ‘8 Jaquiada uo Jwod [wg wao//:dny wol papeojumod ‘9T0Z J8qWIBAON 2 U0 8/9E0T-9T0Z-PaWa0/9ETT 0T Se paysiignd sy :pajN uodiaug dnaoo


http://oem.bmj.com/

Methodology

A
25
—P1
—P2
20
— \\
15 /]\ \\
\\
N\
I —— \
10 \_ |
N\
N
5 i[
I
0
18-29 yrs 30-39yrs 40-49 yrs 50-59 yrs >=60 yrs
B
25
—p1
— P2
20
15 \%M%
10 - ‘
}\
5
18-29yrs 30-39yrs 40-49 yrs 50-59yrs >=60 yrs
Figure 1 The estimates of the prevalence of intensive work (A) and

of carrying heavy loads (B) among men according to age. P1:
prevalence with sampling weights based only on the stratification
variables. P2: prevalence with sampling weights adjusted on age, sex,
socioeconomic status, geographic area and heath and professional
variables from SNIIRAM and CNAV.

self-reported health scales, incident and prevalent diseases, sick
leaves, impairments, limitations, disabilities, injuries and health-
care usage and cause of death. In the HSC examination weight,
height, waist-hip ratio, blood pressure, electrocardiogram,
vision, hearing, lung function and laboratory tests are measured.
For those aged 45 years and older cognitive and physical func-
tioning tests are conducted by neuropsychologists. The collec-
tion of biological samples (blood and urine) from half of the
cohort will start in 2017.

We placed particular focus on a multifaceted view on working
conditions and occupational exposure, as well as environmental
factors, using different sources. From the questionnaires we
collect at inclusion and during follow-up data on current and
lifelong occupational exposure to chemical, physical and bio-
logical agents, postural, mechanical and organisational con-
straints and stress at work (http:/www.constances.fr/
espace-scientifique/questionnaires.php).

Table 2 lists the main data on occupational exposures col-
lected at inclusion, and table 3 presents the number of partici-
pants exposed or having been exposed in their professional
career among the participants already included for which data
are currently available.

Full job histories are collected at inclusion from a specific
questionnaire: for each work episode of 6 months or more,

Table 2 Main occupational exposures collected from

questionnaires

Lifelong career

Current job

Organisational constraints

Going to bed after midnight at least 50 days/
year

Getting up before 05:00 at least 50 days/year
Not sleeping at night at least 50 days/year

Daily work time of more than 10 hours at
least 50 days/year

Working more than one in two Saturdays or
two Sundays during the year

Having <48 consecutive hours of rest per
week

Repetitive and time-constrained job
Alternating times shift-based job

Exposure to noise

Exposure to physically difficult work, carrying
heavy loads

Exposure to chemicals

Exhaust fumes (excluding during the home to
work trip)

Solvents, diluents, degreasing agents,
disinfectants

Dust

0il and grease (cutting fluids, engine oil,
hydraulic oils, etc.)

Profession
Employer

Job grading, qualification
Type of contract
Working hours

Size of the company
Travel time to work

Contact with the public
Rating of intensity of physical
effort

Standing, repeated actions

Kneeling, crouching and
leaning

Driving site machinery
Driving vehicles

Handling, moving, bearing
heavy loads difficult gestures
Using vibrating tools

Using computer monitor or
control screen keyboard

Fuel Using data entry devices
Other: pesticides fertilisers, glues or adhesives  Exposure to extreme
asbestos glass or rock wool insulating temperatures

materials paint, varnish ink, stains, radiation
artificial UV

Biological exposure

Infectious risk (microorganisms, viruses,
contact with live or dead animals)

UV, ultraviolet.

Working in the open air
Effort-reward imbalance scale®

participants are asked to detail starting and end dates, occupa-
tion, type of contract. These data are needed for the coding of
jobs according to the international ISCO 1968,%° and ISIC
rev.2,%” and the national PCS and NAF?® French nomenclatures.
More than 600 000 jobs held by the CONSTANCES partici-
pants are expected. Coded job histories allow for linkage with
available job-exposure matrices (JEMs) developed by the
Occupational Health Department of the National Institute for
Health Surveillance in the Matgene project.>” Available JEMs
concern chlorinated solvents, fuels and petroleum solvents,
asbestos, mineral wool fibres (glass, rock, slag), refractory
ceramic fibres, dust flour, leather dust, respirable dust of free
crystalline silica, respirable cement dust; other JEMs are under
development (noise, biomechanical factors) and will be used
when they become available. We also plan to use the CANJEM
JEM, in the final stages of development in Montreal, including
about 250 different occupational exposures.*® Coding of occu-
pational histories began in early 2016, and it is expected that
linkage with the Matgene JEMs will be performed by the end of
2016 and later with CANJEM.

From the retirement pension database full job histories since
the first job are also collected at enrolment and are prospectively
updated each year during the follow-up. The following data are
extracted for each job episode: employer, work periods, inter-
ruptions (for disease or accident, disability, maternity, military
service, unemployment, retirement), salary, type of contract.
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Table 3 Main lifelong occupational exposures among
CONSTANCES participants™

Men Women

n Percent n Per cent
Repetitive and time-constrained job 3170 10.0 3220 8.7
Alternating times shift-based job 6275 19.9 5556  15.0
Noisy environment 9938 315 7986 21.5
Physically difficult work 8572 271 6709 18.1
Biological exposure, infectious risk 4269 135 9770  26.3
Exhaust gasest 4378 139 901 24
Solvents, diluents, degreasing agentst 7258  23.0 3711 10.0
Fumes§ 4599 146 826 2.2
Dust{l 9562 303 4594 124
Fuel** 3109 9.8 436 1.2
Other nuisancestt 8935 283 4295 116

* Crude prevalences among participants from data available in January 2016

(n=68 679).

tDiesel engines, petrol engines.

tPetrol, trichloroethylene, white spirit, cellulose diluent, formaldehyde, other.
§Welding, brazing or oxygen cutting fumes, plastic or rubber fumes, fumes generated
by heating or burning other materials.

§|Dust from construction materials (cement dust, asbestos-cement dust, sand dust,
no-slump concrete dust), metal dust (iron, cast iron or low-carbon steel dust, stainless
steel dust, copper dust, dust from other metals), plastic or rubber dust, coal dust,
wood dust, textile dust, other.

**Diesel oil, petrol.

t1Pesticides, fertilisers, ashestos, glass wool or rock wool, other insulating materials,
paint, varnish, ink, stains, other chemicals.

Regarding environmental factors, residential addresses are col-
lected and x/y geocoded. This is carried out prospectively from
the enrolment of the participants; we are also currently collect-
ing and geocoding all the addresses of the 10 years before enrol-
ment. This allows for assessing the residential exposure of the
participants to various parameters available at an ecological
scale, such as maps of air pollution*' and climate, electromag-
netic fields from powerlines or exposure to radiofrequency
fields from mobile phone base stations and broadcast transmit-
ters, water pollution or noise. Residential histories can also be
used to study available contextual socioeconomic parameters,
such as urbanisation, population density, collective equipment,*®
deprivation,** or an index of accessibility to medical
resources, already used by several nested research projects in

CONSTANCES.

DATA ACCESS

Every group in France or in other countries is entitled to apply
to develop a nested project within CONSTANCES and to access
to its database. Projects are evaluated twice a year by the
CONSTANCES Scientific Committee on feasibility and scientific
quality criteria. A Charter describes the rules that have been
established for using the CONSTANCES infrastructure. The
material needed for applying can be downloaded from the
CONSTANCES  website: http:/www.constances.fr/index_EN.
php#propose.

A call for proposals is open since 2014. More than 60 pro-
jects covering a wide range of topics were already proposed and
approved by the Scientific Committee; the full list is available
at:  http:/www.constances.fr/espace-scientifique/projets-valides.

php.

WHAT HAS BEEN FOUND?
As the cohort is still young and not yet fully constituted, only
preliminary cross-sectional findings, most of them not yet

published, are available. A first set of studies addressed the esti-
mation of the prevalence of some conditions in the French
population aged 30-69 years, using the reweighting method
described above. The prevalence of overweight and obesity in
France in 2013 was estimated: the prevalence of overweight was
41.0% and 25.3% in men and women respectively. The preva-
lence of obesity was 15.8% for men and 15.6% for women.
The prevalence of abdominal obesity is higher with rates of
41.6% and 48.5% for men and women, respectively.

The estimation of airway obstruction (AO) prevalence showed
that the prevalence of AO defined by forced expiratory volume
in 1 s/forced vital capacity ratio <0.70 was 5.6 (men 7.7%,
women 3.8%).

We also looked at the prevalence of musculoskeletal disorders
in the working general population aged 30-69 years. The preva-
lence of persistent pain varied between 14% (elbows) and 35%
(back) in women, 9% and 24% for men, respectively, for the
same locations; prevalence of rachis pain in female workers was
35%, against 22% for executives and 35% and 25% among
male workers, respectively.

Other cross-sectional studies were conducted. A study investi-
gated the association between self-perceived diet and compli-
ance with nutritional guidelines from the French National
Nutrition and Health Program (PNNS); each additional point at
the PNNS score increases perceived dietary balance (rated from
1 to 8) by 0.23 (0.22-0.24) men and women perceiving their
diet as equally balanced. The participants who declared a
limited consumption of snacks and ready-prepared meals also
perceived their diet as more balanced.

We also looked at tobacco and electronic cigarette (EC) use in
2014 and the trajectories over 1 year follow-up showing that
the use of EC is very rare among non-smokers, slightly more
frequent among ex-smokers 1%), and mixed use is two times
more frequent (2%). Prevalence is similar among men and
women, and decreases with age among ex-smokers and mixed
users. Frequency seems lower among employees and blue collar
workers. Mixed users show the lowest prevalence of Very
good-Good self-rated health and the highest prevalence of
depression. There is a clear gradient in EC use according to the
number of pack-years of tobacco smoking. The follow-up shows
that no exclusive EC user had become a smoker 1 year later.**

Another study examined the ‘effect sizes’ of different
cognitive function determinants in 11711 participants
45-75-year-old; the Free and Cued Selective Reminding Test
(FCSRT), Verbal Fluency Tasks, Digit Symbol Substitution Test
(DSST) and Trail Making Test (TMT), parts A and B were
measured and the effect size of sociodemographic (age, sex,
education), lifestyle (alcohol, tobacco, physical activity), cardio-
vascular (diabetes, blood pressure) and psychological (depressive
symptomatology) variables were computed as semipartial
omega-squared coefficients (w”; part of variation of a neuro-
psychological score i.e, independently explained by a given vari-
able). These set of variables explained from R*=10% (semantic
fluency) to R*=26% (DSST) of the total variance. In all tests,
sociodemographic variables accounted for the greatest part of
the explained variance. Age explained from ®?=0.5% (semantic
fluency) to w*=7.5% (DSST) of the total score variance, gender
from 0*=5.2% (FCSRT) to a negligible part (semantic fluency
or TMT) and education from &>=7.2% (DSST) to w?>=1.4%
(TMT-A). Behavioural, cardiovascular and psychological
variables influenced only slightly the cognitive test results (all
©><0.8%, most ®><0.1%).%

Regarding occupational epidemiology, a preliminary study of
our group using data from the field pilot described the
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Table 4 Current research projects on occupational and environmental epidemiology within CONSTANCES

Project title

Affiliation of the PI

Arduous working conditions and ageing

Surveillance, work organisation and employment

Development of a job-exposure matrix for biomechanical factors
Surveillance of chronic respiratory diseases in relation to work

Cognitive reserve, occupation and cognitive ageing
Occupational exposures and Parkinson disease
Night work and risk of ischaemic heart disease

Disinfectants use among nurses in healthcare facilities and the association with type Il
diabetes mellitus

Health and work conditions in teaching and research
COSET—cohorts for the epidemiological surveillance of occupational health

COSMOS France—long-term health risks associated with the use of mobile phones

OCAPOL—a longitudinal observatory of the effects of chronic exposure to outdoor air
pollution on cancer risk

INSERM-UVSQ Unit 11, Villejuif, France
LEEST, Angers University, France
Division of General Medical Sciences, St. Louis, MO, USA

Occupational Health Department of the National Institute for Health Surveillance,
Saint Maurice, France

INSERM Unit 1061, Montpellier, France
INSERM Unit 1018, Villejuif, France
National Research Institute on Health and Security—INRS, Nancy, France

Cyprus International Institute for Environmental and Public Health, Limassol,
Cyprus

MGEN Foundation for Public Health, Paris, France

Occupational Health Department of the National Institute for Health Surveillance,
Saint Maurice, France

IARC, Lyon, France
INSERM-UVSQ Unit 11, Villejuif, France

prevalence of occupational biomechanical exposures and persist-
ent musculoskeletal pain according to social position and
employment status. In men and women, there was a clear gradi-
ent between social position and prevalence of occupational
exposure to physical effort, squatting position, working with
arms up or screwing hand. In men, the prevalence of persistent
back and knee pain increased with lower social position. In
women, there is a clear inverse gradient in the prevalence of
pain with the social position for all sites except the neck.*®
Some of the external applications for nested studies from the
call for proposals also addressed occupational factors. The main
topics related to musculoskeletal disorders, chronic respiratory
diseases, cognitive ageing and occupational health surveillance
or to the health of teachers and researchers in relation with
their working conditions. There were also projects on environ-
mental factors such as air pollution or mobile phone use.
Table 4 lists the project titles and the affiliation of the Principal
Investigators (PIs) who applied for access to the cohort.

WHAT ARE THE MAIN STRENGTHS AND WEAKNESSES?
Designed as a general-purpose cohort covering a broad scope of
health conditions and determinants, the CONSTANCES cohort
put a special focus on occupational and environmental factors,
in order to constitute a powerful tool for research on occupa-
tional and environmental factors. CONSTANCES will also
provide indicators describing the health of workers in France
according to occupations and economic sectors, including esti-
mates of population attributable fractions for many occupational
factors and outcomes; it also allows to study the relationships of
employment trajectories (including unemployment) and health.

CONSTANCES has several strengths. CONSTANCES is a
large-sized randomly sampled cohort, including participants
living and working in either urban or rural neighbourhoods
(84% and 16% respectively), diversified in terms of jobs and
socioeconomic status. Numerous data are prospectively and
repeatedly collected.

CONSTANCES has also some limitations. First it covers only
salaried workers excluding agricultural and self-employed
workers; however a collaboration was established with the
COSET project managed by the Occupational Health
Department of the National Institute for Health Surveillance,
which is currently setting up two complementary cohorts, one

of agricultural workers and one of self-employed persons which
were designed in a way that data sharing with CONSTANCES
will be possible (http:/www.invs.sante.fr/Dossiers-thematiques/
Travail-et-sante/Coset-Cohortes-pour-la-surveillance-epidemiolo-
gique-en-lien-avec-le-travail).

Another limitation is the voluntary participation of the cohort
members and the low participation rate (7.3%), the same order
of magnitude as other similar cohorts, like UK Biobank in
which the participation rate is 5.47% (http:/www.jpi-
dataproject.eu/Home/Database/56?topicld=1). However, the
use of reweighting techniques relying on the ‘non-participants
cohort’ allows for correcting for selection effects.
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