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Objective This study aimed to estimate the proportion and number of incident upper-extremity musculoskeletal
disorders (UEMSD) cases attributable to occupational risk factors in a working population.

Methods Between 2002-2005, occupational physicians randomly selected 3710 workers, aged 20-59, from
the Pays de la Loire (PdL) region. All participants underwent a standardized clinical examination. Between
2007-2010, 1611 workers were re-examined. This study included 1246 workers who were free of six main
clinically diagnosed UEMSD at baseline but were diagnosed with at least one of these UEMSD at follow-up
[59% of men, mean age: 38 (standard deviation 8.6) years]. Relative risks and population-attributable fractions
(PAF) were calculated using Cox multivariable models with equal follow-up time and robust variance. The total
number of incident UEMSD in the PdL region was estimated after adjustment of the sample weights using 2007
census data. The estimated number of potentially avoidable UEMSD was calculated by multiplying PAF by the
total number of incident UEMSD in PdL.

Results At follow-up, 139 new cases of UEMSD (11% of the study sample) were diagnosed. This represented an
estimated 129 320 incident cases in the PdL in 2007. Following adjustment for personal factors, 26 381 (20.4%
of all incident UEMSD) were attributable to high physical exertion, 16 682 (12.9%) to low social support, and
8535 (6.6%) to working with arms above shoulder level.

Conclusions A large number and important proportion of incident UEMSD may be preventable by reducing
work exposures to physical exertion and working with arms above shoulder level as well as improving social
support from co-workers/supervisors.
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Upper-extremity musculoskeletal disorders (UEMSD)
are among the leading causes of morbidity and work
disability in the working population of industrialized and
developing countries (1, 2). Today, these disorders are a
major concern for occupational and public health due to
the considerable human, social and occupational costs

(2—4). According to Eurostat, MSD account for almost
60% of work-related problems and are, therefore, the
main work-related disease in the European Union (5).
In France, according to 2018 social health insurance
data, UEMSD accounted for 80% (39 555 cases) of all
occupational diseases (6).
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Numerous epidemiologic studies in working
populations have identified a wide range of personal
and work-related risk factors associated with UEMSD
(7-12). While some personal attributes (eg, age) cannot
be modified by preventive or medical interventions,
exposure to work-related factors can potentially be
modified by workplace-based interventions (13-15).
In order to target and prioritize risk factors for more
effective interventions in the workplace, it would
be useful to quantify the proportion and number of
UEMSD cases that could be prevented if exposure
to these factors were reduced to levels that minimize
the risk of UEMSD. Such information may provide
an estimate of the theoretically maximum potential
impact of preventive programs in the workplace (16).
Identifying the occupational risk factors of UEMSD with
the greatest impact may help public health practitioners
and policy-makers prioritize interventions that reduce
exposure to these factors (17).

At the population level, the effect of a risk factor on
a disease can be quantified by the computation of the
population attributable fraction (PAF) by taking into
account both the strength of the association between
a risk factor and a disease and the prevalence of that
risk factor within the population (18). Thus, the PAF
provides an estimate of the proportion of cases that
would not have occurred if the exposure to a risk factor
was reduced or eliminated (19); and it is therefore
relevant to decision-making in public health.

Although there is extensive literature providing
evidence of the associations between UEMSD and
exposures in the workplace, few studies have assessed
the PAF in the general working population (20-25) and
specifically exposed populations (26—28). Moreover,
none of these studies has estimated the number of
incident UEMSD cases attributable to occupational risk
factors. Identifying potential modifiable risk factors
that preventive interventions could target to avert the
greatest number of cases would improve the prevention
of UEMSD in the working population. Consequently,
the objective of this study was to estimate, using the
multivariable model we previously obtained (29), the
proportion and number of incident UEMSD cases
attributable to occupational risk factors in the working
population of the French region of Pays de la Loire (PdL).

Methods

Study population

We used data from the COSALI cohort, a prospective
study of MSD and their risk factors in the working
population based on two successive surveys of workers
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from the PdL region (30, 31). The region accounts for
about 6% of the French working population and its
diversified socioeconomic structure is similar to that of
France as a whole (30).

Between 2002-2005, 83 occupational physicians
(OP) (18% of OP in the region) volunteered to take
part in the study. They selected 3710 workers (2161
men, 1549 women) at random (out of 184 600 under
the surveillance of the 83 OP, 2.0%). More than 90%
of the selected workers participated in this study
(<10%: no shows, refusals, duplications). Women were
slightly underrepresented in the sample (42% versus
47% in the region, P<0.001). Overall, the distribution
of occupations in the sample was close to that of the
regional workforce, except for the occupations not
surveyed by OP (eg, farmers, shopkeepers, and self-
employed workers). Data on personal characteristics
and working conditions were collected by a self-
administered questionnaire. The OP conducted a clinical
examination of the participants using a standardized
clinical protocol that strictly applied the methodology
and clinical tests of the European consensus criteria
to diagnose work-related UEMSD (WRUEMSD) (32).
Each participating OP in charge of medical surveillance
of salaried workers received guidelines describing the
clinical protocol (including diagnostic criteria charts and
photographs of clinical tests) and underwent a 3-hour
training program to standardize clinical examinations.
Between 2007-2010, the OP re-examined 1611 workers
using the same procedure as the initial assessment [see
(30, 31) for more details about the COSALI cohort].

This study received approval from France’s Advisory
Committee on the Processing of Information in Health
Research (“CCTIRS”) and the National Committee for
Data Protection (“CNIL”), initially in 2001 and again in
2006. Each worker provided written informed consent
prior to participation.

For the present study, 1228 of the workers included
at baseline did not participate in the follow-up due to
death, retirement, parental leave, long-term sick leave,
unemployment, etc. Of the remaining 2482 participants,
23 refused to participate and 848 workers did not undergo
the second clinical examination because they had no
mandatory examination scheduled during the follow-up
period. A comparison of baseline characteristics of
workers who attended a follow-up (ie, second clinical
examination) and workers who did not attend was
described previously (29) and demonstrated that workers
who did not attend a follow-up were significantly more
likely to be younger, temporary workers or individuals
with a short length of service at baseline.

Among the 1611 participants with a standardized
clinical examination at follow-up, 226 had at least
one UEMSD at baseline and were excluded from the
present study. Out of the 1385 eligible participants,
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ie, free of UEMSD at baseline, 110 workers with
missing data for exposure or UEMSD were excluded
(figure 1). In addition, 29 workers were excluded
in order to standardize the auxiliary variables data
between the sample and the external source, ie, the
2007 French population census data of the PdL region,
before applying the weighting method (the calibration
approach). After exclusions among eligible participants,
the final study sample for current analyses consisted of
1246 participants.

Outcome definition

Incident cases of UEMSD were defined as workers
free of the six main clinically diagnosed UEMSD at
baseline but who met the criteria for at least one of the
disorders at follow-up. This definition was based on the
European consensus criteria to diagnose WRUEMSD
for health surveillance or epidemiologic studies (32).
This consensus is intended to facilitate more consistent
collection, recording and reporting of information on
WRUEMSD across the European Union by providing
evidence-based or consensus-based case definitions and

Enrolled participants: N = 3710
« Personal factors
« Assessment of work-related factors
« Clinical examination

Baseline
2002-2005 - 23 deaths

- 162 retired

- 17 on parental leave or long-term sick leave

1 - 105 usually monitored/cared for by a non-participant OP

- 921 lost to follow-up by their OP due to loss of job (transfer,
dismissal, resignation, end of initial contract)

criteria for their identification and categorization. The
six main diagnosed UEMSD were: (i) rotator cuff syn-
drome, (ii) lateral epicondylar tendinopathy, (iii) carpal
tunnel syndrome (CTS), (iv) ulnar tunnel syndrome,
(v) flexor-extensor peritendinitis or tenosynovitis of the
forearm-wrist region, and (vi) De Quervain’s tenosyno-
vitis. Details regarding measurement of these disorders
have been previously described (31).

UEMSD risk factors

Only baseline factors retained as independent risk
factors of UEMSD that were previously in the same
sample (29) were assessed in this study.

Personal factors included sex, age divided into three
categories (<35, 35-44 and >45 years) and overweight/
obesity [body mass index (BMI) >25.0 kg/m? (33)].

Work-related biomechanical factors [assessed using the
European consensus criteria (32)] included: high
repetitiveness of tasks (>4 hours/day); repeated/
sustained posture with arms above shoulder level (>2

Figure 1. Participant flow diagram.
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Participants surveyed by an OP of the
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hours/day); repeated/sustained elbow movements
(flexion/extension) (>2 hours/day); and wrist twisting
movements (>2 hours/day). Concerning the exposure
“repeated/sustained shoulder abduction”, workers who
responded “rarely (<2 hours/day)”, “often (2—4 hours/
day)” or “always (>4 hours/day)” were defined as being
at risk of this posture (30). The questionnaire presented
awkward postures in picture form to facilitate workers’
understanding and thus increase the validity of posture
self-assessment (34). The perceived physical exertion
was evaluated using the Borg Rating Perceived Exertion
(RPE) scale (35), ranging from 6 (no exertion at all) to
20 (maximal exertion). RPE was dichotomized using
the threshold (Borg RPE scale >13) proposed by the
French National Research and Safety Institute for the
Prevention of Occupational Accidents and Diseases
(INRS cut-offs) (36).

Work-related psychosocial factors — high psychological
demands and low social support — were assessed using
the 26 items of the French version of the Karasek
Job Content Questionnaire (JCQ) (37). Scores were
dichotomized using the median values of the French
national SUMER study to classify exposed and
unexposed workers (38).

Statistical analysis

Analyses were conducted for the entire cohort, and a
sex-stratified analysis was also performed to account
for possible sex differences in occupational exposures
(39, 40).

Assessment of risk factors and population-attributable
fraction (PAF) estimate in the COSALI cohort

Using a Cox multivariable regression model with constant
follow-up time for each subject and robust variance (41),
relative risks (RR) and their 95% confidence intervals
(CI) were estimated for incident UEMSD occupational
risk factors after adjustment for personal risk factors
(age, sex, and BMI) in the COSALI cohort.

To quantify the proportion of UEMSD incident cases
attributable to each risk factor, PAF were estimated for
each risk factor in the multivariable model in addition to a
combined PAF of all occupational factors. Point estimates
and 95% CI of the PAF were calculated using the method
described by Spiegelman et al (42). The PAF estimate
accounted for the prevalence of the exposure and RR of
UEMSD risk associated with that exposure (42):

§=1 Z’{:l PstRR1sRRy — 2§=1 ZZ:I DstRRy¢
§=1 2?:1 PstRR1sRRy,

PAF =
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where ¢ denotes a stratum of unique combinations
of levels of all background risk factors which are not
under study, t=1,...; T, and RR,, is the relative risk in
combination ¢ relative to the lowest risk level, where
RR,,=1. s indicates an index exposure group defined
by each of the unique combinations of the levels of the
index risk factors, that is, those risk factors to which
the PAFapplies, s=1,...; S, and RR,, is the relative risk
corresponding to combinations relative to the lowest risk
combination RR, ,=I. The joint prevalence of exposure
group s and stratum ¢ is denoted by p,,, and p, = ZS Pst -

s=1

The calculation of PAF is recommended for multi-
factorial diseases when some risk factors are unmodifi-
able or not expected to change after intervention (43).
To facilitate the comprehension and interpretation of the
PAF estimate, the lower limit of its 95% CI was set to
zero when this lower limit was negative.

Estimated number of incident UEMSD attributable to oc-
cupational risk factors

To estimate the number of incident cases of UEMSD
attributable to occupational risk factors in the PdL
region, the calculation procedure was implemented in
two steps. First, the study sample was weighted to pro-
vide estimates of incident UEMSD cases which were
representative of the PdL working population, using
data from the 2007 population census of the PdL region
[conducted by the French National Institute of Statis-
tics and Economic Studies (INSEE)]. A calibration on
margins, proposed by Deville et al (44, 45), was used
to take the characteristics of the PAL working popula-
tion into account. The new weights were calculated
using the following auxiliary variables (also called
calibration variables): age, sex, occupational class and
economic sector. These auxiliary variables were mea-
sured in both the COSALI cohort and the 2007 French
population census, ie, their population distribution
was known, and were correlated with the variable of
interest, ie, incident UEMSD (according to Spearman’s
correlation test). The “linear” calibration method was
used to calculate the new weights from the “Calmar”
macro (calibration on margins) developed by Sau-
tory (46). With the calibration method, weights are
assigned to all survey respondents in order to make the
sample as representative as possible of the (inference)
population. Over-represented groups then had a small
weight and under-represented groups a large weight.
The weighted sample (ie, with the new weights) is
more representative of the working population of the
PdL region, resulting in estimates with a lower bias
than those that are unweighted. Furthermore, through
the calibration method, potential improvements in the
accuracy of the estimates can be expected (47).
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At the second step, the estimated number of incident
cases of UEMSD (and the variation range) attributable
to risk factor was obtained by multiplying the PAF
(and the 95% CI) by the projected number of incident
UEMSD in the PdL region in 2007.

All statistical analyses were performed using the
SAS software, version 9.4 (SAS Institute Inc, Cary,
NC, USA).

Results

Study sample characteristics

Of the 1385 eligible participants with a standardized
clinical examination at follow-up, a total of 1246 par-
ticipants (734 (59%) men and 512 (41%) women) with
a mean age of 38.2 (standard deviation 8.7) years at
baseline were included in current analyses (figure 1). A
comparison of characteristics and working conditions at
baseline between the eligible participants included in the
analyses and those excluded is provided in an additional
file [see supplementary material, www.sjweh.fi/show
abstract.php?abstract_id=3911]. Excluded participants
did not differ in terms of BMI, diabetes mellitus and
rheumatoid arthritis, but were significantly older than
those included in analyses (P<0.001). They were more
likely to: be women (P=0.036) and lower-grade white-
collar workers (P<0.001), work in trade and services
sectors (P<0.001), be temporarily employed (P=0.006)
or have a higher seniority level in their current job (P=
0.041). No difference was observed in working condi-
tions under study. However, borderline differences exist
for perceived physical exertion, repetitiveness of task,
and use of vibrating tools.

Incident UEMSD diagnosed at follow-up

At least one of the six UEMSD was diagnosed at follow-
up in 139 workers free from UEMSD at baseline (74
men and 65 women) corresponding to a projected num-
ber of 129 320 new UEMSD cases in the PdL region in
2007 (table 1). The incidence proportion of UEMSD
observed in the PdL region did not significantly differ
between sexes (10.3% for men versus 12.4% for women;
P=0.287). The most common diagnoses at follow-up were
rotator cuff syndrome (incidence proportion 6.5%), lateral
epicondylar tendinopathy (incidence proportion 2.2%)
and CTS (incidence proportion 2.0%). The estimate of
the projected number of workers in the PdL with two or
more UEMSD at follow-up was 19 404 (1.7%) workers.

Incident UEMSD risk factors

The RR for incident UEMSD associated with occu-
pational risk factors in the multivariable model after
adjustment for personal risk factors are shown in table
2. The following occupational exposures were posi-
tively associated with incident UEMSD: high perceived
physical exertion (RR 1.52, 95% CI 1.06—2.17), work-
ing with arms above shoulder level (RR 1.57, 95% CI
1.04-2.39) and low social support at work (RR 1.41,
95% CI 1.03-1.92).

Concerning personal factors, age was associated with
the incident UEMSD while the RR for female sex was
at the limit of statistical significance.

PAF and estimated number of incident UEMSD attributable
to risk factors

PAF associated with the incidence of UEMSD in the
multivariable model were 20.4% (95% CI -1.1-40.1)

Table 1. Distribution of the six upper-extremity musculoskeletal disorders (UEMSD) among the study population and its projection.

Study sample Projection of the study sample at the level of the PdL region
Overall Men Women P-value? Overall Men Women P-value®

(N=1246) (N=734) (N=512) (N=1141324)®  (N=582950)®  (N=558373)"

N % N % N % N % N % N %
Rotator cuff syndrome 78 6.3 4 5.6 37 7.2 0.242 73858 6.5 32827 56 41032 73 0.259
Lateral epicondylar 28 2.3 22 3.0 6 1.2 0.032 24767 22 18117 3.1 6650 1.2 0.033
tendinopathy
Carpal tunnel syndrome 24 1.9 7 1.0 17 33 0.003 22456 2.0 7228 12 15228 2.7 0.084
Ulnar tunnel syndrome 12 1.0 7 1.0 5 1.0 1.000¢ 12022 1.1 7796 1.3 4227 0.8 0.332
De Quervain tenosynovitis 10 0.8 4 0.6 6 1.2 0.334¢ 7878 0.7 2159 04 5719 1.0 0.138
Flexor-extensor peritendinitis or 9 0.7 5 0.7 4 0.8 1.000¢ 9399 0.8 3988 0.7 5410 1.0 0.625
tenosynovitis of the forearm-
wrist region
>10f 6 UEMSD 139 112 74 101 65 127 0.149 129320 11.3 60133 103 69187 124 0.287
>2 of 6 UEMSD 20 1.6 1" 1.5 9 1.8 0.720 19404 1.7 10921 19 8483 1.5 0.652
2P-value of Chi-square test;
b Weighted.

P-value of the Rao-Scott Chi-square test for weighted samples.
dFisher's exact test.
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Table 2. Multivariable models for risk factors of incident upper-extremity musculoskeletal disorders (UEMSD)

risk; 95% Cl=95% confidence interval]

Nambiema et al

in the COSALI cohort. [RR=relative

Overall study sample
(N=1246; incident UEMSD=139)

Men Women
(N=734; incident UEMSD=74) (N=512; incident UEMSD=65)

N (%) RR (95% Cl) P-value N (%) RR(95%Cl)  P-value® N (%) RR(95%Cl)  P-value?
Biomechanical factors®
High perceived physical exertion (>13)¢ 571(45.8) 1.52(1.06-2.17) 0.022 365(49.7) 2.38(1.41-4.04) 0.001 206(40.2) 0.74(0.41-1.33) 0.319
High repetitiveness of tasks (>4 hrs/day) 267(21.4) 1.15(0.81-1.64) 0.421 128(25.0) 1.33(0.86-2.08) 0.201
Repeated/sustained posture witharms 126 (10.1)  1.57(1.04-2.39) 0.033  76(10.4) 1.28(0.71-2.33) 0.412  50(9.8) 1.70(0.97-2.98) 0.066
above shoulder level (22 hrs/day)
Repeated/sustained posture with 373(29.9) 1.26(0.88-1.81) 0.201 126(24.6) 1.75(1.05-2.93) 0.032
shoulder abduction ¢
Repeated/sustained elbow movements 355(28.5) 1.00(0.69-1.46) 0.994 213(29.0) 1.26(0.79-2.00) 0.327
(flexion/extension) (2 hrs/day)
Wrist twisting movements (>2 hrs/day) 386 (31.0) 0.99(0.67-1.46) 0.970 148(28.9) 1.41(0.82-2.41) 0.214
Psychosocial factors ¢
Low social support 444(35.6) 1.41(1.03-1.92) 0.032 279(38.0) 1.42(0.92-2.17) 0.109 165(32.2) 1.36(0.85-2.17) 0.196
High psychological demands 348(47.4) 1.29(0.84-1.99) 0.244
Personal factors
Female sex 512(41.1) 1.33(0.97-1.81) 0.075
Age: 35-44 years (ref: <35 years) 451(36.2) 1.54(1.03-2.29) 0.034 268(36.5) 1.80(1.02-3.16) 0.041 183(35.7) 1.37(0.77-2.42) 0.286
Age: >45 years (ref: <35 years) 335(26.9) 2.13(1.44-3.16) <0.001 186(25.3) 2.77(1.59-4.83) <0.001 149(29.1) 1.60(0.92-2.78) 0.098
Overweight/obesity f 124(24.2) 1.70(1.07-2.72) 0.025

2P-value of Wald test.

®Binary variables assessed using exposure criteria from the European consensus criteria to diagnose work-related UEMSD (32).

cAssessed using the Borg RPE scale (35).

4Workers who responded “rarely (<2 hours/day)", “often (2-4 hours/day)" or “always (>4 hours/day)" were defined as being at risk of this posture (30).

¢Binary variables assessed using assessed using the French JCQ (38).
fBinary variable assessed using the World Health Organization criteria (33).

for high physical exertion (Borg RPE scale >13), 6.6%
(-3.5-16.4) for working with arms above shoulder
level (>2 hours/day), and 12.9% (0.3-25.1) for low
social support (table 3). Of the projected estimate of
129 320 incident UEMSD cases in PdL in 2007, an
estimated 26 381 (variation range: 0—51 857) new
UEMSD cases were attributable to high physical exer-
tion, 16 682 (388—32 459) to low social support, and
8535 (0—21 208) new cases to working with arms above
shoulder level. A high number of incident UEMSD
[10 863 cases (0—30 778)] could be attributed to work-
ing with shoulder abduction despite the associated RR
failing to reach the 5% statistical significance level.
The projected number of incident UEMSD attributable
to all occupational factors in the multivariable model
was estimated at 53 021 (0-98 671) cases, representing
41.0% of all new UEMSD in the PdL region.

Sex-stratified analyses

Results from sex-stratified analyses suggest that the
observed relationship between incident UEMSD and
high physical exertion or low social support were pri-
marily observed among men. The relationship observed
between incident UEMSD and sustained or repetitive
shoulder abduction or working with arms above shoul-
der level were primarily observed among women. Thus,
the association of high physical exertion with incident
UEMSD was only statistically significant (RR 2.38, 95%
CI 1.41-4.04)] among men, while the association with

low social support approached statistical significance
(RR 1.42, 95% CI 0.92-2.17). Occupational exposure
with shoulder abduction was only found to be positively
associated with incident UEMSD (RR 1.75, 95% CI
1.05-2.93) among women, and the RR associated with
working with arms above shoulder level approached
statistical significance (RR 1.70, 95% CI 0.97-2.98)
(table 2).

Of the projected total estimate of 60 133 UEMSD
incident cases among male workers in the PdL region
in 2007, 25 015 were attributable to high physical exer-
tion, representing 41.6% of all new cases, while 8599
(14.3%) could be attributed to low social support (table
3). Similarly, of the projected 69 187 new UEMSD cases
among women estimated in 2007, 12 315 cases (17.8%
of all new UEMSD) were attributable to working with
shoulder abduction while 5258 cases (7.6%) could be
attributed to working with arms above shoulder level. In
addition, the PAF among women for being overweight/
obese (a potentially modifiable factor) was 15.3% cor-
responding to 10 586 new UEMSD cases in the PdL
region in 2007.

The PAF attributable to all occupational factors was
estimated to be 59.7% among men and 42.5% among
women, corresponding to 35 899 and 29 411 projected
incident cases of UEMSD in the PdL region, respec-
tively.
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Table 3. Population-attributable fraction (PAF) and estimated number (EN) of incident upper-extremity musculoskeletal disorders (UEMSD)
attributable to risk factors. PAF was adjusted for all factors in the model and calculated using the lowest risk group for each factor as the reference
group, with all other factors remaining unchanged. EN was calculated by multiplying the PAF by the projected number of incident UEMSD cases in

the Pays de la Loire region in 2007.

Overall population

Men Women

PAF:  95%Cl EN EN PAF2

variation range

95% Cl EN EN PAF2  95%Cl EN EN
variation range variation range

Biomechanical factors

High perceived physical ~ 20.4 -1.1-40.1 26381 0-51857 41.6
exertion (213) 2°

High repetitiveness of tasks 3.7 -6.7-14.0 4785 0-18105

(>4 hrs/day)

Repeated/sustained posture 6.6 -3.5-16.4 8535 0-21208

with arms above shoulder

level (>2 hrs/day)

Repeated/sustained posture 8.4 -7.4-23.8 10863 0-30778

with shoulder abduction

Elbow flexion/extension 0.1 -12.6-12.7 129 0-16424

movements (>2 hrs/day)

Wrist twisting movements

(>2 hrs/day)®
Psychosocial factors

Low social support 129 0.3-25.1 16682  388-32459 14.3
High psychological 11.9
demands

Personal factors
Female sex 11.5 -1.0-23.6 14872 0-30520
Age: 35-44 years 126 2.7-22.3 16294 3492-28838 16.8
Age: 245 years 19.9 11.6-27.8 25735 15001-35951 24.2
Overweight/obesity

All occupational factors 41.0 -13.0-76.3 53021 0-98671 59.7

14.2-63.1 25015 8539-37944

89 -8.6-258 6158 0-17850
-1.2-14.8 2345 0-8900 7.6 -5.7-20.6 5258 0-14253

17.8 -7.5-41.0 12315 0-28367
-9.2-24.4 4690 0-14672

12.4 -13.0-36.4 8579 0-25184
-4.3-32.0 8599 0-19243 106 -6.7-27.2 7334 0-18819
-8.3-31.2 7156 0-18761
2.7-30.3 10102 1624-18220 9.1 -5.1-22.8 6296 0-15775
14.4-33.5 14552 8659-20145 13.8 -1.9-28.9 9548 0-19995

163 -1.7-31.4 10586 0-21725
4.4-87.0 35899 2646-52316 42.5 -20.8-80.7 29411 0-55834

aAssessed using the Borg RPE scale (35).
b Relative risk <1 and the PAF was not calculated.

Discussion

Main findings

This study has estimated the number of incident cases of
UEMSD attributable to occupational exposure factors in
the working population of the French PdL region in 2007.

Considering occupational risk factors for incident
UEMSD, our results showed that an estimated 26 381
incident cases, representing 20.4% of all new projected
UEMSD cases in the PdL region in 2007, were attrib-
utable to high physical exertion, 8535 incident cases
(6.6%) to working with arms above shoulder level,
and 16 682 incident cases (12.9%) to low social sup-
port from coworkers and supervisors. Furthermore, a
significant number of new UEMSD cases (N=10 863)
could be attributed to working with shoulder abduction
despite the associated RR did not reach the 5% statistical
significance level.

Comparison with previous literature

To our knowledge, this is the first cohort study estimat-
ing the number of potential cases of UEMSD attribut-
able to occupational risk factors in an entire working
population.

The main occupational factor likely to lead to the
highest number of incident cases of UEMSD was high
624
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physical exertion, associated with 26 381 cases (about
20.4% of incident UEMSD in the PdL working popu-
lation). Approximately one in five incident UEMSD
could theoretically be prevented by reducing exposure
to physical exertion in the workplace. Previous studies
carried out in Italy and the Netherlands (22, 23) reported
that 28% of CTS cases and 25% of lateral epicondylar
tendinopathy cases respectively, could be attributable
to high physical exertion. Moreover, a recent narrative
review showed that forceful exertion was a significant
risk factor for all UEMSD (48). Meta-analyses have
also revealed a significant relationship between shoulder
disorders and hand force exertion, but with moderate
evidence (11), and between CTS and force (10). In
addition, a summary study based on three longitudinal
MSD studies provided strong evidence for a relation-
ship between lateral epicondylalgia and occupational
exposure to high hand force (49).

Our study indicated the important contribution of
awkward shoulder postures with a projected estimate
of 8535 (6.6%) and 10 863 (8.4%) incident UEMSD
attributable to working with arms above shoulder level
and working with shoulder abduction respectively. This
result is consistent with recent PAF estimates (15% for
lateral epicondylar tendinopathy and 9% for shoulder
disorders) associated with awkward postures in the
working population (22) and a recent meta-analysis
showing moderate evidence of a positive association



between shoulder disorders and exposure to arm-hand
elevation (11).

The present study estimated the projected number of
incident UEMSD related to low social support at 16 682,
representing 12.9% of all incident cases. Our PAF esti-
mates are in line with the findings from the 2001 US
National Research Council extensive review (27), which
concluded that improving low social support of cowork-
ers and supervisors in exposed workers could potentially
reduce the risk for UEMSD by 28-52%. A multitude of
psychosocial factors in the workplace, including poor
social support, activate psychosocial stress. Stress then
appears to initiate a sequence of physiological reactions,
including biochemical reactions, which in the short term
may increase muscle tension and, in the long term, may
increase the risk of MSD (50). Therefore, an improve-
ment in social support from superiors and colleagues may
contribute to the reduction of this risk. Moreover, workers
with low social support may be exposed to higher levels
of biomechanical risk factors (51). Conversely, high
social support may facilitate the cooperation between
coworkers in performing strenuous manual tasks to mini-
mize biomechanical exposure (52). In a previous meta-
analysis, exposure to low social support in the workplace
was positively associated with the onset of UEMSD (9).
A systematic literature review showed that low social
support at work may result in an increased occurrence of
specific disorders at the elbow (12). Another systematic
review by Kraatz et al (53) showed strong evidence for
adverse effects of low social support on the onset of
shoulder disorders. A meta-analysis of Lang et al (54)
found positive associations between psychosocial work
stressors, including low social support at work, and
shoulder symptoms and upper-extremity symptoms, while
another found low-quality evidence of no association for
social support (11). However, this finding has been incon-
sistent with some previous studies. A prospective study
found no associations between social support and incident
UEMSD (lateral epicondylitis, rotator cuff tendinitis,
CTS, tendinitis of forearm—wrist extensors and flexors)
(55). Recently, a review reported limited evidence for a
positive association between psychosocial factors includ-
ing low social support and CTS in the workplace (56).

Concerning personal risk factors, sex and age are
not modifiable factors. Among the potentially personal
modifiable risk factors, the present study suggests that
(in women) an important number of projected incident
UEMSD could be attributed to high BMI (15.3% of all
projected new cases) in the PdL female working popula-
tion. This result is in line with a prospective cohort study
of Italian workers reporting that about 30% of CTS
cases may be attributable to being overweight/obese
(23). These differences may reflect the gender division
of work where men are more often exposed to jobs
requiring high physical work load and forceful exertion
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(eg, in the construction sector) and women more often
exposed to highly repetitive tasks with lower force exer-
tion (eg, in assembly line work) (39, 40). Moreover,
highly physically demanding jobs (eg, manual handling
of heavy loads) require mutual help and social support
from coworkers to collectively cope with job tasks and
minimize biomechanical exposure (52).

Strengths and limitations

The present study has some limitations. Approximately
57% of workers included at baseline did not have a
follow-up clinical examination. Within this participant
group, 58% were no longer being monitored by any OP
of the network because they had left their baseline jobs
without informing their OP. In some cases, their OP
refused to participate in the follow-up period. More-
over, the follow-up period coincided with the major
economic crisis in the PdL region in 2008-2009, dur-
ing which the regional salaried workforce declined by
3.4% (33.7% in temporary employment agencies) (57).
The lowest participation rate in this study was among
young or temporary workers or those with a short length
of service at baseline (29). According to a study on the
effects of drop out in a longitudinal study of MSD (58),
the differences between the participants and the drop
out subjects had a very modest influence on the RR for
effects of occupational exposures. We therefore believe
that there was no major selection bias associated with
the quality of the follow-up.

Another limitation is the exposure assessment, which
was based only on workers self-reporting. In spite of
that, the use of standardized and validated questions may
have ensured better quality of the self-reported exposure
measures. Non-differential misclassification of expo-
sures may have occurred due to workers’ inability to
precisely recall or describe their current work exposures
among workers without symptoms. Nevertheless, due to
the prospective design of the study, exposure informa-
tion gathered prior to UEMSD diagnosis resulted in
low risk of differential recall bias. To the extent that
the risk of UEMSD is increased by cumulative physical
exposures, our analyses may have underestimated the
true contribution of work exposures to the incidence of
UEMSD in our study population. This may be particu-
larly the case for rotator cuff syndrome, since studies of
work-related risk factors for shoulder pain have identi-
fied the length of time employed as a risk factor (59).
The single and short window of follow-up in this study
after a long follow-up period is another potential limi-
tation. Workers may have had a UEMSD in the period
between the first and second clinical examinations, but
recover and do not have the UEMSD at follow-up. This
may have resulted in an underestimation of the number
of cases diagnosed.
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The computation of the combined PAF assumes
independence and the absence of interaction between
individual risk factors. However, there may be an inter-
action between certain occupational risk factors. In such
cases, the calculation of the combined PAF may lead to
its over- or underestimation. Nevertheless, none of the
interactions between occupational exposures explored
previously was statistically significant (29). It should
also be noted that the choice of thresholds used to define
exposure levels can have an effect on PAF estimates
(60). However, to avoid bias, we chose exposure defini-
tions as close as possible to public health recommenda-
tions and those recommended in the scientific literature.
The concept of PAF supposes a causal relationship
between exposure and UEMSD (19). Moreover, a strong
association between a risk factor and UEMSD, ie, a high
RR, may correspond to a low or high PAF depending on
the prevalence of exposure. This leads to very different
public health consequences as the prevalence of expo-
sure can vary considerably within populations that are
separated in time and space (61). Thus, we assume that a
reduction in occupational exposure at the working popu-
lation level would lead to a reduction in the incidence
of WRUEMSD and PAF estimates should therefore be
interpreted with caution. Finally, it is possible that the
95% CI of the PAF includes the null value, despite the
significance of the RR due to the use of nonlinear trans-
formations to compute the 95% CI of the PAF (62). Even
so, zero should be close to the 95% CI.

The use of a prospective cohort including a repre-
sentative sample of the working population at baseline
is a major strength of the present study (31). Secondly,
outcomes were clinically assessed by trained OP using
standardized procedures (31, 32). In addition, this study
strictly applied the definitions of exposures proposed by
the European consensus criteria document (32), except
for the measure of exposure to forceful exertion which
was assessed according to the rating of perceived exer-
tion (35) and the INRS cut-offs (36).

Another strength is the formula used to estimate the
PAF from multivariable regression models, allowing a
non-biased computation of PAF estimates adjusted for
covariates (19). Lastly, sophisticated weighting adjust-
ment methods (44—46) for enhancing estimate accuracy
were used to extrapolate the number of cases observed
in the study sample to the whole working population.
Furthermore, the “linear” calibration method used to
calculate the new weights was the one that gave the low-
est variance and range of weight ratios (new weights /
initial weights). Indeed, it was chosen by considering the
following criteria: lowest dispersion, smallest extent and
general appearance of the distribution of the new weight
distribution; the other calibration methods give calibrated
estimators with the same asymptotic accuracy (44, 46).

Finally, estimating the number of incident cases of
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UEMSD in the working population of the PdL region
is useful for comparing the population-level impacts of
various risk factors on the incidence of UEMSD. Fur-
thermore, these estimates provide additional input for
the implementation of prevention programs that target
and prioritize the modifiable risk factors with the great-
est impact for more effective interventions to reduce
the medical, economic and social impact of UEMSD in
the workplace.

Concluding remarks

Following adjustment for personal factors, we have been
able to estimate the proportion and projected number of
new UEMSD cases attributable to occupational risk fac-
tors in the working population of the French PdL region.
According to our findings, an important proportion and
a large number of incident UEMSD in the workplace in
the PdL region could potentially be prevented by reduc-
ing occupational exposures such as physical exertion,
working with shoulder abduction, and improving social
support from coworkers and supervisors. These findings
highlight the magnitude of potentially modifiable and
preventable occupational exposures in the incidence of
UEMSD in the workplace.

Acknowledgments

We acknowledge the following OP who were involved
in the sentinel network: Doctors Abonnat, Adam, Addou,
Agullo, Ansaloni, Aubrun, Banon, Bardet, Barraya, Beau-
repaire, Becquemie, Berthelot, Bertin, Bertrand, Bidron,
Biton, Biziou-Fouere, Bizouarne, Boisse, Bonamy, Bon-
neau, Bouchet, Bouguer, Bourrut-Lacouture, Bourven,
Bradane, Breton, Bricaud, Caillon, Camer, Cesbron,
Chabot, Charlon, Chevalier, Chisacof, Chotard, Clem-
ent dit Pontieu, Compain, Coquin-Georgeac, Cordes,
Cormier, Couet, Coutand, Da Costa, Dachert, Dadourian,
Danielou, Darcy, Davenas, De Lansalut, De Lescure,
Diquelou, Dopsent, Dubois, Dufrenne-Benetti, Dupas,
Durand, Durand-Perdriel, Evano, Fache, Faline, Fon-
taine, Fosse, Frampas-Chotard, Frangois, Garrabe, Gas-
seau, Giffard, Girard, Girardin, Guerin, Guessard, Guil-
laumin, Guillier, Guillimin, Guinel, Harinte, Harrigan,
Hefti, Herrouet, Herson, Hervio, Hirigoyen, Houssin,
Husquin, Jahan, Jarry, Jube, Kalfon, Kergresse, Khouri,
Krai, Labraga, Laine, Laine-Colin, Lamotte, Lasnier,
Laventure, Le Clerc, Le Dizet, Le Mauff, Lechevalier,
Lecompte, Ledenvic, Leroux, Leroy-Maguer, Levrard,
Levy, Ligeard, Logeay, Louineau, Lourtis, Lucas, Macker,
Maison, Mallet, Marquiset, Martin, Martin-Laurent,
Mazoyer, Meritet, Meyer, Michel MC, Michel R, Migne-
Cousseau, Moisan, Morvan, Mouchet, Moui, Nivet, Page,



Parrot, Patillot, Perou, Pierfitte, Pinaud, Pineau, Pizzalla,
Plessis, Plouhinec, Pocreaux, Prod’homme, Puichaud,
Quince, Rabjeau, Raffray, Riberot, Riou, Robin, Robin-
Riom, Roesch, Rouault, Roussel, Roux, Russu, Sab-
oureault, Schlindwein, Soulard, Souvre-Debray, Spiesser,
Thomas, Thomasset, Thomson, Tillette, Treillard, Tripodi,
Verrier, Voisin.

We also thank Anna Lloyd (University of Angers,
Angers) for her proofreading of the English and valuable
comments on the manuscript.

Funding

This project was supported by Santé publique France,
the French national public health agency, Saint-Maurice,
France (Grant 9/25/2002-5 “réseau expérimental de sur-
veillance des troubles musculo-squelettiques™) and the
French National Research Program for Environmental
and Occupational Health of Anses (Grant EST-2016/1/42).
None of the mentioned sources of funding had any role in
the design, analysis or writing of this article.
The authors declare no conflicts of interest.

Ethics approval and consent to participate

Each worker provided informed written consent to par-
ticipate in this study, and the study received the approval
of the French Advisory Committee on the Processing
of Information in Health Research (“CCTIRS”) and the
National Committee for Data Protection (“CNIL”).

References

1. Storheim K, Zwart JA. Musculoskeletal disorders
and the Global Burden of Disease study. Ann Rheum
Dis 2014 Jun;73(6):949-50. https://doi.org/10.1136/
annrheumdis-2014-205327.

2. Summers K, Jinnett K, Bevan S. Musculoskeletal Disorders,
Workforce Health and Productivity in the United States.
Musculoskelet Disord. 2015;41.

3. Bevan S. Economic impact of musculoskeletal disorders
(MSDs) on work in Europe. Best Pract Res Clin Rheumatol
2015 Jun;29(3):356-73. https://doi.org/10.1016/j.
berh.2015.08.002.

4. Roquelaure Y. Musculoskeletal disorders: a major
challenge for occupational risk prevention in Europe. ETUI,
Brussels [Internet]. 2015; Available from: https:/www.etui.
org/Publications2/Policy-Briefs/European-Economic-
Employment-and-Social-Policy/Musculoskeletal-disorders-
a-major-challenge-for-occupational-risk-prevention-in-
Europe

5. Eurostat. Health and safety at work in Europe (1999-2007):
a statistical portrait. Luxembourg: Publications Office of the

Nambiema et al

European Union; 2010.

Cnam. Direction des Risques Professionnels : Mission
statistiques & Département tarification. Rapport annuel
2018 : L’Assurance Maladie — Risques professionnels
[Internet]. Caisse nationale de 1’Assurance Maladie, Paris
Cedex 20; 2019 Dec p. 174. Available from: http:/www.
risquesprofessionnels.ameli.fr/fileadmin/user upload/
document PDF_a_telecharger/brochures/Rapport%20
annuel%202018%20AMRP%20-%20web.pdf.

da Costa BR, Vieira ER. Risk factors for work-related
musculoskeletal disorders: A systematic review of recent
longitudinal studies. Am J Ind Med 2010 Mar;53(3):285—
323.

Descatha A, Albo F, Leclerc A, Carton M, Godeau D,
Roquelaure Y et al. Lateral Epicondylitis and Physical
Exposure at Work? A Review of Prospective Studies
and Meta-Analysis. Arthritis Care Res (Hoboken) 2016
Nov;68(11):1681-7. https://doi.org/10.1002/acr.22874.

Hauke A, Flintrop J, Brun E, Rugulies R. The impact
of work-related psychosocial stressors on the onset of
musculoskeletal disorders in specific body regions: A review
and meta-analysis of 54 longitudinal studies. Work Stress
2011;25(3):243-56. https://doi.org/10.1080/02678373.201
1.614069.

Kozak A, Schedlbauer G, Wirth T, Euler U, Westermann
C, Nienhaus A. Association between work-related
biomechanical risk factors and the occurrence of carpal
tunnel syndrome: an overview of systematic reviews
and a meta-analysis of current research [Internet]. BMC
Musculoskelet Disord 2015 Sep;16(1):231. [cited 2018
Nov 17] Available from: http://bmcmusculoskeletdisord.
biomedcentral.com/articles/10.1186/s12891-015-0685-0
https://doi.org/10.1186/s12891-015-0685-0.

. van der Molen HF, Foresti C, Daams JG, Frings-Dresen

MH, Kuijer PP. Work-related risk factors for specific
shoulder disorders: a systematic review and meta-analysis.
Occup Environ Med 2017 Oct;74(10):745-55. https://doi.
org/10.1136/0emed-2017-104339.

van Rijn RM, Huisstede BM, Koes BW, Burdorf A.
Associations between work-related factors and specific
disorders at the elbow: a systematic literature review.
Rheumatology (Oxford) 2009 May;48(5):528-36. https://
doi.org/10.1093/rheumatology/kep013.

. Feltner C, Peterson K, Palmieri Weber R, Cluff L, Coker-

Schwimmer E, Viswanathan M et al. The Effectiveness of
Total Worker Health Interventions: A Systematic Review
for a National Institutes of Health Pathways to Prevention
Workshop. Ann Intern Med 2016 Aug;165(4):262-9. https://
doi.org/10.7326/M16-0626.

Stock SR, Nicolakakis N, Vézina N, Vézina M, Gilbert L,
Turcot A et al. Are work organization interventions effective
in preventing or reducing work-related musculoskeletal
disorders? A systematic review of the literature. Scand J
Work Environ Health 2018 Mar;44(2):113-33. https://doi.
org/10.5271/sjweh.3696.

. Van Eerd D, Munhall C, Irvin E, Rempel D, Brewer S, van

der Beek AJ et al. Effectiveness of workplace interventions

627

Scand J Work Environ Health 2020, no 46, vol 6


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24790065&dopt=Abstract
https://doi.org/10.1136/annrheumdis-2014-205327
https://doi.org/10.1136/annrheumdis-2014-205327
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26612235&dopt=Abstract
https://doi.org/10.1016/j.berh.2015.08.002
https://doi.org/10.1016/j.berh.2015.08.002
https://www.etui.org/Publications2/Policy-Briefs/European-Economic-Employment-and-Social-Policy/Musculoskeletal-disorders-a-major-challenge-for-occupational-risk-prevention-in-Europe
https://www.etui.org/Publications2/Policy-Briefs/European-Economic-Employment-and-Social-Policy/Musculoskeletal-disorders-a-major-challenge-for-occupational-risk-prevention-in-Europe
https://www.etui.org/Publications2/Policy-Briefs/European-Economic-Employment-and-Social-Policy/Musculoskeletal-disorders-a-major-challenge-for-occupational-risk-prevention-in-Europe
https://www.etui.org/Publications2/Policy-Briefs/European-Economic-Employment-and-Social-Policy/Musculoskeletal-disorders-a-major-challenge-for-occupational-risk-prevention-in-Europe
https://www.etui.org/Publications2/Policy-Briefs/European-Economic-Employment-and-Social-Policy/Musculoskeletal-disorders-a-major-challenge-for-occupational-risk-prevention-in-Europe
http://www.risquesprofessionnels.ameli.fr/fileadmin/user_upload/document_PDF_a_telecharger/brochures/Rapport%20annuel%202018%20AMRP%20-%20web.pdf
http://www.risquesprofessionnels.ameli.fr/fileadmin/user_upload/document_PDF_a_telecharger/brochures/Rapport%20annuel%202018%20AMRP%20-%20web.pdf
http://www.risquesprofessionnels.ameli.fr/fileadmin/user_upload/document_PDF_a_telecharger/brochures/Rapport%20annuel%202018%20AMRP%20-%20web.pdf
http://www.risquesprofessionnels.ameli.fr/fileadmin/user_upload/document_PDF_a_telecharger/brochures/Rapport%20annuel%202018%20AMRP%20-%20web.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19753591&dopt=Abstract
https://doi.org/10.1002/acr.22874
https://doi.org/10.1080/02678373.2011.614069
https://doi.org/10.1080/02678373.2011.614069
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26323649&dopt=Abstract
https://doi.org/10.1186/s12891-015-0685-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28756414&dopt=Abstract
https://doi.org/10.1136/oemed-2017-104339
https://doi.org/10.1136/oemed-2017-104339
https://doi.org/10.1093/rheumatology/kep013
https://doi.org/10.1093/rheumatology/kep013
https://doi.org/10.7326/M16-0626
https://doi.org/10.7326/M16-0626
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29188299&dopt=Abstract
https://doi.org/10.5271/sjweh.3696.
https://doi.org/10.5271/sjweh.3696.

The prevention of upper-extremity musculoskeletal disorders

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

628

in the prevention of upper extremity musculoskeletal
disorders and symptoms: an update of the evidence. Occup
Environ Med 2016 Jan;73(1):62—70. https://doi.org/10.1136/
oemed-2015-102992.

Punnett L, Wegman DH. Work-related musculoskeletal
disorders: the epidemiologic evidence and the debate. J
Electromyogr Kinesiol 2004 Feb;14(1):13-23. https://doi.
org/10.1016/j.jelekin.2003.09.015

Roquelaure Y, Fouquet N, Chazelle E, Descatha A, Evanoff
B, Bodin J et al. Theoretical impact of simulated workplace-
based primary prevention of carpal tunnel syndrome in a
French region. BMC Public Health 2018 Apr;18(1):426.
https://doi.org/10.1186/s12889-018-5328-6.

Levin ML. The occurrence of lung cancer in man. Acta Unio
Int Contra Cancrum 1953;9(3):531-41.

Rockhill B, Newman B, Weinberg C. Use and misuse of
population attributable fractions. Am J Public Health 1998
Jan;88(1):15-9. https://doi.org/10.2105/AJPH.88.1.15.

Melchior M, Roquelaure Y, Evanoff B, Chastang JF, Ha C,
Imbernon E et al.; Pays de la Loire Study Group. Why are
manual workers at high risk of upper limb disorders? The
role of physical work factors in a random sample of workers
in France (the Pays de la Loire study). Occup Environ
Med 2006 Nov;63(11):754-61. https://doi.org/10.1136/
0em.2005.025122.

Roquelaure Y, Ha C, Fouquet N, Descatha A, Leclerc A,
Goldberg M et al. Attributable risk of carpal tunnel syndrome
in the general population: implications for intervention
programs in the workplace. Scand J Work Environ Health
2009 Oct;35(5):342-8. https://doi.org/10.5271/sjweh.1342.

van der Molen HF, Hulshof CT, Kuijer PP. How to improve
the assessment of the impact of occupational diseases at
a national level? The Netherlands as an example. Occup
Environ Med 2019 Jan;76(1):30-2. https://doi.org/10.1136/
oemed-2018-105387.

Violante FS, Farioli A, Graziosi F, Marinelli F, Curti
S, Armstrong TJ et al. Carpal tunnel syndrome and
manual work: the OCTOPUS cohort, results of a ten-year
longitudinal study. Scand J Work Environ Health 2016
Jul;42(4):280-90. https://doi.org/10.5271/sjweh.3566.

Balogh I, Arvidsson I, Bjork J, Hansson GA, Ohlsson
K, Skerfving S et al. Work-related neck and upper limb
disorders - quantitative exposure-response relationships
adjusted for personal characteristics and psychosocial
conditions. BMC Musculoskelet Disord 2019 Apr;20(1):139.
https://doi.org/10.1186/s12891-019-2491-6.

Dalbege A, Frost P, Andersen JH, Svendsen SW.
Cumulative occupational shoulder exposures and surgery for
subacromial impingement syndrome: a nationwide Danish
cohort study. Occup Environ Med 2014 Nov;71(11):750-6.
https://doi.org/10.1136/0emed-2014-102161.

Hagberg M, Morgenstern H, Kelsh M. Impact of occupations
and job tasks on the prevalence of carpal tunnel syndrome.
Scand J Work Environ Health 1992 Dec;18(6):337-45.
https://doi.org/10.5271/sjweh.1564.

Scand J Work Environ Health 2020, no 46, vol 6

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

National Research Council (U.S.), Institute of Medicine.
(U.S.), editors. Musculoskeletal disorders and the workplace:
low back and upper extremities. Washington, D.C: National
Academy Press; 2001.

Rossignol M, Stock S, Patry L, Armstrong B. Carpal tunnel
syndrome: what is attributable to work? The Montreal study.
Occup Environ Med 1997 Jul;54(7):519-23. https://doi.
org/10.1136/0em.54.7.519.

Nambiema A, Bertrais S, Bodin J, Fouquet N, Aublet-
Cuvelier A, Evanoff B et al. Proportion of upper extremity
musculoskeletal disorders attributable to personal and
occupational factors: results from the French Pays de la
Loire study. BMC Public Health 2020 Apr;20(1):456.
https://doi.org/10.1186/s12889-020-08548-1.

Bodin J, Ha C, Petit Le Manac’h A, Sérazin C, Descatha
A, Leclerc A et al. Risk factors for incidence of rotator
cuff syndrome in a large working population. Scand J
Work Environ Health 2012 Sep;38(5):436—46. https://doi.
org/10.5271/sjweh.3285.

Roquelaure Y, Ha C, Leclerc A, Touranchet A, Sauteron
M, Melchior M et al. Epidemiologic surveillance of
upper-extremity musculoskeletal disorders in the working
population. Arthritis Rheum 2006 Oct;55(5):765-78.
https://doi.org/10.1002/art.22222.

Sluiter JK, Rest KM, Frings-Dresen MH. Criteria document
for evaluating the work-relatedness of upper-extremity
musculoskeletal disorders. Scand J Work Environ Health.
2001;27 Suppl 1:1-102.

WHO. Obesity: preventing and managing the global epidemic:
report of a WHO consultation. Geneva: World Health
Organization; 2000.

Halpern M, Hiebert R, Nordin M, Goldsheyder D, Crane
M. The test-retest reliability of a new occupational risk
factor questionnaire for outcome studies of low back pain.
Appl Ergon 2001 Feb;32(1):39-46. https://doi.org/10.1016/
S0003-6870(00)00045-4.

Borg GA. Psychophysical bases of perceived exertion.
Med Sci Sports Exerc 1982;14(5):377-81. https://doi.
org/10.1249/00005768-198205000-00012.

INRS. Méthode d’analyse de la charge physique de travail -
ED 6161 2éme édition. 2019 Mar;43.

Karasek R, Brisson C, Kawakami N, Houtman I, Bongers
P, Amick B. The Job Content Questionnaire (JCQ): an
instrument for internationally comparative assessments of
psychosocial job characteristics. J Occup Health Psychol
1998 Oct;3(4):322-55. https://doi.org/10.1037/1076-
8998.3.4.322.

Niedhammer I, Chastang JF, Gendrey L, David S,
Degioanni S. Propriétés psychométriques de la version
frangaise des echelles de la demande psychologique, de la
latitude décisionnelle et du soutien social du 4 Job Content
Questionnaire [Psychometric properties of the French
version of Karasek’s “Job Content Questionnaire” and
its scales measuring psychological pressures, decisional
latitude and social support: the results of the SUMER]. Sante
Publique 2006 Sep;18(3):413-27. https://doi.org/10.3917/


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26552695&dopt=Abstract
https://doi.org/10.1136/oemed-2015-102992
https://doi.org/10.1136/oemed-2015-102992
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14759746&dopt=Abstract
https://doi.org/10.1016/j.jelekin.2003.09.015
https://doi.org/10.1016/j.jelekin.2003.09.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29606118&dopt=Abstract
https://doi.org/10.1186/s12889-018-5328-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=13124110&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9584027&dopt=Abstract
https://doi.org/10.2105/AJPH.88.1.15
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16787978&dopt=Abstract
https://doi.org/10.1136/oem.2005.025122
https://doi.org/10.1136/oem.2005.025122
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19572088&dopt=Abstract
https://doi.org/10.5271/sjweh.1342
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30297528&dopt=Abstract
https://doi.org/10.1136/oemed-2018-105387
https://doi.org/10.1136/oemed-2018-105387
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27159901&dopt=Abstract
https://doi.org/10.5271/sjweh.3566
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30935374&dopt=Abstract
https://doi.org/10.1186/s12891-019-2491-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25085767&dopt=Abstract
https://doi.org/10.1136/oemed-2014-102161
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1485158&dopt=Abstract
https://doi.org/10.5271/sjweh.1564
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9282130&dopt=Abstract
https://doi.org/10.1136/oem.54.7.519
https://doi.org/10.1136/oem.54.7.519
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32252693&dopt=Abstract
https://doi.org/10.1186/s12889-020-08548-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22367342&dopt=Abstract
https://doi.org/10.5271/sjweh.3285
https://doi.org/10.5271/sjweh.3285
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17013824&dopt=Abstract
https://doi.org/10.1002/art.22222
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11209830&dopt=Abstract
https://doi.org/10.1016/S0003-6870(00)00045-4
https://doi.org/10.1016/S0003-6870(00)00045-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7154893&dopt=Abstract
https://doi.org/10.1249/00005768-198205000-00012
https://doi.org/10.1249/00005768-198205000-00012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9805280&dopt=Abstract
https://doi.org/10.1037/1076-8998.3.4.322
https://doi.org/10.1037/1076-8998.3.4.322
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17094683&dopt=Abstract
https://doi.org/10.3917/spub.063.0413

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

SI.

spub.063.0413

Messing K, Stock SR, Tissot F. Should studies of risk factors
for musculoskeletal disorders be stratified by gender?
Lessons from the 1998 Québec Health and Social Survey.
Scand J Work Environ Health 2009 Mar;35(2):96-112.
https://doi.org/10.5271/sjweh.1310.

Silverstein B, Fan ZJ, Smith CK, Bao S, Howard N,
Spielholz P et al. Gender adjustment or stratification in
discerning upper extremity musculoskeletal disorder risk?
Scand J Work Environ Health. 2009 Mar;35(2):113-26. https://
doi.org/10.5271/sjweh.1309.

Dwivedi AK, Mallawaarachchi I, Lee S, Tarwater P.
Methods for estimating relative risk in studies of common
binary outcomes. J Appl Stat 2014 Mar;41(3):484-500.
https://doi.org/10.1080/02664763.2013.840772.

Spiegelman D, Hertzmark E, Wand HC. Point and interval
estimates of partial population attributable risks in cohort
studies: examples and software. Cancer Causes Control 2007
Jun;18(5):571-9. https://doi.org/10.1007/s10552-006-0090-y.

Wong BH, Peskoe SB, Spiegelman D. The effect of risk
factor misclassification on the partial population attributable
risk. Stat Med 2018 Apr;37(8):1259-75. https://doi.
org/10.1002/sim.7559.

Deville JC, Sarndal CE. Calibration Estimators in Survey
Sampling. J Am Stat Assoc 1992 Jun;87(418):376-82.
https://doi.org/10.1080/01621459.1992.10475217.

Deville JC, Sarndal CE, Sautory O. Generalized Raking
Procedures in Survey Sampling. J Am Stat Assoc 1993
Sep;88(423):1013-20. https://doi.org/10.1080/01621459.1
993.10476369.

Sautory O. La macro Calmar. Redressement d’un échantillon
par calage sur marges [Internet]. Paris: Insee, Unité Méthodes
Statistiques; 1993. Available from: https://www.insee.fr/fr/
information/2021908.

Szymkowiak M. Weighting and Estimation - Calibration.
Memobust Handb. Methodol. Mod Bus Stat. [Internet]. 2014.
Available from: https://ec.europa.eu/eurostat/cros/content/
calibration-method_en.

Keir PJ, Farias Zuniga A, Mulla DM, Somasundram KG.
Relationships and Mechanisms Between Occupational Risk
Factors and Distal Upper Extremity Disorders. Hum. Factors
J Hum Factors Ergon Soc. [Internet]. 2019 Jul 17 [cited
2019 Dec 2]; Available from: http://journals.sagepub.com/
doi/10.1177/0018720819860683

Descatha A, Dale AM, Silverstein BA, Roquelaure Y,
Rempel D. Lateral epicondylitis: new evidence for work
relatedness. Joint Bone Spine 2015 Jan;82(1):5-7. https://
doi.org/10.1016/j.jbspin.2014.10.013.

Roquelaure Y. Musculoskeletal Disorders and Psychosocial
Factors at Work. SSRN Electron J. [Internet]. 2018 [cited
2020 Feb 20]; Available from: https://www.ssrn.com/
abstract=3316143.

Bodin J, Garlantézec R, Costet N, Descatha A, Viel J-F,
Roquelaure Y. Risk Factors for Shoulder Pain in a Cohort
of French Workers: A Structural Equation Model. Am J
Epidemiol. Oxford Academic; 2018 Feb 1;187(2):206—13.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Nambiema et al

Roquelaure Y, Garlantézec R, Evanoff BA, Descatha
A, Fassier JB, Bodin J. Personal, biomechanical,
psychosocial, and organizational risk factors for carpal
tunnel syndrome: a structural equation modeling approach.
Pain 2020 Apr;161(4):749-57. https://doi.org/10.1097/j.
pain.0000000000001766.

Kraatz S, Lang J, Kraus T, Miinster E, Ochsmann E. The
incremental effect of psychosocial workplace factors on the
development of neck and shoulder disorders: a systematic
review of longitudinal studies. Int Arch Occup Environ
Health 2013 May;86(4):375-95. https://doi.org/10.1007/
s00420-013-0848-y.

Lang J, Ochsmann E, Kraus T, Lang JW. Psychosocial
work stressors as antecedents of musculoskeletal problems:
a systematic review and meta-analysis of stability-adjusted
longitudinal studies. Soc Sci Med 2012 Oct;75(7):1163-74.
https://doi.org/10.1016/j.socscimed.2012.04.015.

Bugajska J, Zotierczyk-Zreda D, Jedryka-Goéral A, Gasik
R, Hildt-Ciupinska K, Malinska M et al. Psychological
factors at work and musculoskeletal disorders: a one year
prospective study. Rheumatol Int 2013 Dec;33(12):2975-83.
https://doi.org/10.1007/s00296-013-2843-8.

Mansfield M, Thacker M, Sandford F. Psychosocial Risk
Factors and the Association With Carpal Tunnel Syndrome:
A Systematic Review. Hand (N Y) 2018 Sep;13(5):501-8.
https://doi.org/10.1177/1558944717736398.

Hautbois L. Crise en Pays de la Loire : industrie et intérim
dans la tourmente [Internet]. Insee Pays de la Loire; 2010
p. 4. Available from: https://www.epsilon.insee.fr/jspui/
handle/1/2836

Bildt C, Alfredsson L, Punnett L, Theobald H, Torgén M,
Wikman A. Effects of drop out in a longitudinal study
of musculoskeletal disorders. Occup Environ Med 2001
Mar;58(3):194-9. https://doi.org/10.1136/0em.58.3.194.

van der Windt DA, Thomas E, Pope DP, de Winter AF,
Macfarlane GJ, Bouter LM et al. Occupational risk factors
for shoulder pain: a systematic review. Occup Environ
Med 2000 Jul;57(7):433-42. https://doi.org/10.1136/
oem.57.7.433.

Rockhill B, Weinberg CR, Newman B. Population
attributable fraction estimation for established breast cancer
risk factors: considering the issues of high prevalence and
unmodifiability. Am J Epidemiol 1998 May;147(9):826-33.
https://doi.org/10.1093/oxfordjournals.aje.a009535.

Benichou J. Biostatistics and epidemiology: measuring the
risk attributable to an environmental or genetic factor. C
R Biol 2007 Apr;330(4):281-98. https://doi.org/10.1016/].
¢crvi.2007.02.015.

Hertzmark E, Wand H, Spiegelman D. The SAS PAR
Macro. Harv Sch Public Health Boston [Internet]. 2012 Mar
8; Available from: https://www.hsph.harvard.edu/donna-
spiegelman/software/par/.

Received for publication: 16 March 2020

629

Scand J Work Environ Health 2020, no 46, vol 6


https://doi.org/10.3917/spub.063.0413
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19305934&dopt=Abstract
https://doi.org/10.5271/sjweh.1310
https://doi.org/10.5271/sjweh.1309
https://doi.org/10.5271/sjweh.1309
https://doi.org/10.1080/02664763.2013.840772
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17387622&dopt=Abstract
https://doi.org/10.1007/s10552-006-0090-y
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29333614&dopt=Abstract
https://doi.org/10.1002/sim.7559
https://doi.org/10.1002/sim.7559
https://doi.org/10.1080/01621459.1992.10475217
https://doi.org/10.1080/01621459.1993.10476369
https://doi.org/10.1080/01621459.1993.10476369
https://www.insee.fr/fr/information/2021908
https://www.insee.fr/fr/information/2021908
https://ec.europa.eu/eurostat/cros/content/calibration-method_en
https://ec.europa.eu/eurostat/cros/content/calibration-method_en
http://journals.sagepub.com/doi/10.1177/0018720819860683
http://journals.sagepub.com/doi/10.1177/0018720819860683
https://doi.org/10.1016/j.jbspin.2014.10.013
https://doi.org/10.1016/j.jbspin.2014.10.013
https://www.ssrn.com/abstract=3316143
https://www.ssrn.com/abstract=3316143
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31815912&dopt=Abstract
https://doi.org/10.1097/j.pain.0000000000001766
https://doi.org/10.1097/j.pain.0000000000001766
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23549669&dopt=Abstract
https://doi.org/10.1007/s00420-013-0848-y
https://doi.org/10.1007/s00420-013-0848-y
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22682663&dopt=Abstract
https://doi.org/10.1016/j.socscimed.2012.04.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23934521&dopt=Abstract
https://doi.org/10.1007/s00296-013-2843-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29078710&dopt=Abstract
https://doi.org/10.1177/1558944717736398
https://www.epsilon.insee.fr/jspui/handle/1/2836
https://www.epsilon.insee.fr/jspui/handle/1/2836
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11171933&dopt=Abstract
https://doi.org/10.1136/oem.58.3.194
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10854494&dopt=Abstract
https://doi.org/10.1136/oem.57.7.433
https://doi.org/10.1136/oem.57.7.433
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9583712&dopt=Abstract
https://doi.org/10.1093/oxfordjournals.aje.a009535
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17502285&dopt=Abstract
https://doi.org/10.1016/j.crvi.2007.02.015
https://doi.org/10.1016/j.crvi.2007.02.015
https://www.hsph.harvard.edu/donna-spiegelman/software/par/
https://www.hsph.harvard.edu/donna-spiegelman/software/par/

