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Abstract

Objectives: Job-exposure matrices (JEMs) were developed to allow assessment of past work ex-
posure for large population-based studies where better exposures data are unavailable. Few studies 
have directly compared biomechanical JEMs to self-administered questionnaires. We compared as-
sessments of cumulative exposure to carrying heavy loads based on ‘JEM Constances’ to individu-
ally self-reported (SR) exposures.
Methods: In the French CONSTANCES cohort at inception, past SR exposure to carrying heavy 
loads (ever/never and durations) and a detailed job history were available for 26 929 subjects. JEM 
Constances, an existing biomechanical JEM based on SR current exposures from 26 821 asymp-
tomatic workers, was combined with job history to build a cumulative biomechanical exposure 
score. Using individual SR exposure as the reference, Area Under the Curve (AUC) of Receiver 
Operating Characteristic (ROC) curves, sensitivity, and specificity were calculated. For both methods, 
associations with low back pain and knee pain were computed using multinomial logistic models. 
Additional analyses compared older (>10 years) to more recent (≤10 years) exposures.
Results: AUCs ranged from 0.795 (0.789–0.800) when all periods were considered, to 0.826 (0.820–
0.833) for more recent biomechanical exposure (≤10 years). Associations between carrying heavy 
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loads and low back pain or knee pain were less strong using JEM assessment than individually SR 
exposure: for low back pain ORSR = 3.02 (2.79–3.26) versus ORJEM = 1.70 (1.59–1.82) and for knee pain 
ORSR = 2.27 (2.10–2.46) versus ORJEM = 1.64 (1.53–1.77).
Conclusions: JEM Constances’ assessment of cumulative exposure of carrying heavy loads seems 
to be a useful method compared to a self-administrated questionnaire for large population-based 
studies where other methods are not available.

Keywords:   biomechanical; carrying heavy loads; epidemiology; exposure assessment; job-exposure matrix; musculo-
skeletal; questionnaire; retrospective; self-report

Introduction

Work-related biomechanical exposures are a major de-
terminant of musculoskeletal disorders (MSDs), the 
most common work-related disorders in terms of fre-
quency and disability (Bevan, 2015; Roquelaure, 2016; 
Descatha et al., 2019a; Hulshof et al., 2019). However, 
assessment of biomechanical exposures remains difficult 
(Leclerc, 2005). Direct measurements or observations 
obtained prospectively are considered as the reference, 
but are unrealistic in large-scale population studies for 
cost and feasibility reasons (van der Beek and Frings-
Dresen, 1998). In such studies, self-reported (SR) assess-
ment is the most commonly used exposure assessment 
method (Leclerc, 2005). In this context, job-exposure 
matrices (JEMs) for biomechanical exposures were 
created (Solovieva et al., 2012; Descatha et al., 2018; 
Evanoff et al., 2019b) for use where job title is available 
and not individual exposure data (Jakobsen et al., 2018; 
Sirén et al., 2019).

We compared a cumulative exposure score based on 
JEM Constances, an existing biomechanical JEM, to SR ex-
posures of carrying heavy loads in a large French cohort.

Methods

Population
CONSTANCES is a population-based multicenter co-
hort which included, from 2012 to 2018, 162 115 vo-
lunteers between 18 and 69 years of age who were 
randomly selected among people covered by the French 
National Health Insurance (Goldberg et al., 2017). Data 
collection included self-administered questionnaires con-
ducted at home and in health screening centers (HSCs).

Variables
From the baseline questionnaire at the HSC, participants 
were asked to report whether they carried heavy loads 
during their working life as ‘ever/never’. If ‘ever’, up to 
three periods of exposure to heavy loads could be re-
ported with calendar years.

‘JEM Constances’ was previously developed 
among 35  526 currently employed workers in the 
CONSTANCES cohort (Evanoff et al., 2019b). SR ex-
posures from each workers’ current job were averaged 
at the level of 407 job titles (French 4-digit PCS2003 
Profession et Catégorie Sociale). To avoid reporting 
biases due to current symptoms, only data from workers 
without musculoskeletal symptoms were used. One JEM 
question addressed carrying heavy loads: ‘During a typ-
ical working day, are you required to regularly handle, 
move or carry a load, part or object weighing between 
10 and 25 kg?’ Responses were 0 = No; if yes 1 = [Never 
or nearly never], 2 = [Rarely (<2 h per day)], 3 = [Often 
(2–4 h per day)], 4 = [Always or nearly always]. There 
was some overlap between the 26 929 subjects who pro-
vided SR data on carrying heavy loads (ever/never) and 
the 26 821 asymptomatic workers whose SR exposures 
were used in the creation of the JEM; due to sampling 
procedures of these separate studies we cannot quantify 
the degree of overlap.

In a questionnaire completed at home, each 
CONSTANCES participant also completed a job history, 
listing all jobs and the dates held during their working life. 
For the current study, the JEM Constances exposure rating 
(0–4) for each job held was multiplied by the number of 
years worked in that job. The summation of these ‘lifting‐
years’ products was the cumulative JEM exposure score 
during each participants’ working life, which was sub-
sequently compared to the SR data. This JEM exposure 
score was then compared to each individuals’ SR data.

Low back pain and knee pain were the two pain 
outcomes considered for analysis. Each outcome 
was measured by three questions: ‘Pain over the last 
12 months (ever/never)’; ‘Pain duration over the last 
12 months (<24 h, 1–7 days, 8–30 days, >30 days, 
permanent)’; and ‘Intensity of pain at the time of the 
questionnaire (0 to 10 scale)’. We defined pain in 
three levels: (i) No pain over the last 12 months; (ii) 
Moderate pain (non-permanent pain, with intensity of 
pain ≤5); and (iii) ‘Important’ pain (permanent pain or 
pain intensity >5).
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Statistical analysis
We used Spearman’s rank and intraclass correlations to 
assess the relationship of exposure duration between the 
two assessment methods. Area Under the Curve (AUC) 
provided by Receiver Operating Characteristic (ROC) 
curves were calculated for JEM exposures with the SR ex-
posure (ever/never) as reference. Then the optimal score 
cut-off was identified as the point on the curve with the 
highest sensitivity and specificity, and used to dichotomize 
exposures as ‘Not exposed’ and ‘Exposed’, allowing cal-
culation of sensitivity and specificity with their 95% con-
fidence intervals (95% CI). Multinomial logistic models 
computed the odds ratios (ORs) and 95% CI for asso-
ciations between each exposure, SR, and JEM exposure 
(Exposed/Not exposed), and each of two outcomes: low 
back pain and knee pain (‘No pain’ as reference).

Additional analyses compared potential recall effects for 
SR and JEM exposures from the recent and more distant past. 
ROC statistics (AUCs, sensitivity, and specificity) and multi-
nomial logistic models were performed comparing jobs from 
≤10 and >10 years ago. All analyses were done on R3.5.1.

Results

We analyzed 26 929 subjects (53.4% women) for whom 
both SR exposure and cumulative lifting-years score 

based on the JEM were available. The mean age was 
48.6 years. Twenty-six percent of the sample reported 
exposure to carrying heavy loads in their working lives; 
three exposure periods were reported by 0.6% of the 
sample (n = 149). The computed score of cumulative ex-
posure based on the JEM lifting-years ranged from 0 to 
200, with an average of 16.71. Half of the sample suf-
fered from knee pain (37.2% moderate and 13.6% ‘im-
portant’ pain) while two-thirds complained of low back 
pain (47.8% moderate and 19.3% ‘important’ pain).

Among the exposed subjects, the mean duration 
of exposure based on the job history and JEM lifting-
years score was longer than the duration of SR lifting 
exposure (24.9 (±11.0) versus 14.6 (±11.6) years, re-
spectively). Exposure durations between the two 
methods were moderately correlated (rhoSpearman = 0.49, 
rhointraclass = 0.43).

ROC curves and AUCs (Fig.  1) showed overall 
good agreement between the SR and JEM lifting-
years score (AUC  =  0.795). A  higher AUC was 
found for more recent exposures (≤10 years) com-
pared to older exposures (>10 years) (respectively 
0.826 and 0.797). Using the optimal cut-off points 
of 8.07 (all periods), 6.32 (older exposure), and 3.53 
(more recent exposure) produced the following sen-
sitivity and specificity values: sensitivityall-periods,  

Figure 1.  ROC curves for carrying heavy loads.

Annals of Work Exposures and Health, 2020, Vol. 64, No. 4� 457

D
ow

nloaded from
 https://academ

ic.oup.com
/annw

eh/article/64/4/455/5762594 by G
overnm

ent user on 04 February 2022



sensitivityold-exposure, and sensitivityrecent-exposure were 76% 
(95% CI 75–77), 78% (95% CI 77–79), and 81% (95% CI 
80–82), respectively; specificityall-periods, specificityold-exposure,  
and specificityrecent-exposure were of 71% (95% CI 70–71), 
68% (95% CI 68–69), and 73% (95% CI 72–73), 
respectively.

The multinomial logistic regression models of low 
back pain and knee pain associated with exposures as-
sessed by SR and JEM Constances are presented in 
Table 1. For both ‘all periods’ and ‘subgroup periods’, 
SR exposure to carrying heavy loads showed statistic-
ally significant associations with low back pain and knee 
pain. Associations were stronger for ‘important’ pain 
than with moderate pain. Models using JEM-based ex-
posures to pain outcomes showed similar findings but 
smaller effect sizes.

Discussion

Exposure to heavy lifting and carrying obtained from 
JEM Constances showed general agreement and pro-
duced similar exposure–disease associations when 
compared with individually SR exposures to carrying 
heavy loads. This agreement with individual SR expos-
ures suggests that JEMs for biomechanical exposures 
are a useful tool for assigning cumulative work expos-
ures when job titles and job histories are available. Our 
statistical approach compared JEM values to SR values 
using AUC, sensitivity, and specificity in a similar 
fashion to previous studies examining the usefulness of 
general population JEMs for biomechanical exposures 
(Solovieva et al., 2012).

Our study has some limitations. JEM Constances 
was developed using pooled SR exposures within a 
different sample of the CONSTANCES cohort par-
ticipants (Evanoff et al., 2019b) than that used in this 
study, though it is likely that there is overlap between 
the two samples. The SR and JEM exposure questions 
were different, as were the methods of assessing years 
of exposure (time period based versus job based), likely 
resulting in some of the differences between the two 
methods. The moderate correlation of time of exposure 
illustrated that the methods are different, as expected 
(Barrero et al., 2009). The fact that the SR data were 
limited to three jobs periods while the JEM included all 
periods, including those with relatively low exposure 
levels, could also explain differences. While SR expos-
ures have shown low validity when compared to direct 
measurements in some studies (Hansson et al., 2001; 
Balogh et al., 2004), they may represent an alternative 
to more resource-intensive and invasive exposure bio-
mechanical assessment methods (Buchholz et al., 2008) Ta
b
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in large epidemiological studies, where average SR at 
the group level appear reasonably correct (Pulido et al., 
2017), especially for handling loads over 5 kg (Wiktorin 
et al., 1993). Moderate to high correlations were previ-
ously observed between JEM Constances and a different 
JEM based on expert opinion (Descatha et al., 2018, 
2019b; Evanoff et al., 2019a).

JEM Constances was developed from current work 
exposures reported at study inception; the cumulative 
work exposure does not account for potential tem-
poral variations in exposures since the JEM assigned 
the same value to all years (1950–2018) in the same 
job title.

These results showing associations between 
Constances JEM exposures and ‘important’ pain con-
firmed previous studies showing the usefulness of JEMs 
based partially or entirely on SR for studying MSDs 
(Dale et al., 2018; Jakobsen et al., 2018; Sirén et al., 
2019). The difference in strength of association seen in 
our study between the two exposure methods can be in-
terpreted differently. Unlike SR, JEM exposures do not 
account for individual variation of exposures within 
the same job (Bouyer and Hémon, 1993) and so may 
underestimate the true relationship between exposure 
and symptomatic disorders. Alternatively, by providing 
an estimate of past exposure unbiased by disease status, 
JEM exposures may avoid overestimation of exposure 
associated with recall bias when using individual SR ex-
posures, and thus provide a better estimate of true asso-
ciations (Viikari-Juntura et al., 1996).

In conclusion, JEM Constances’ assessment of cumu-
lative exposure of carrying heavy loads found similar 
results to those obtained using a self-administrated ques-
tionnaire in a large population-based survey. Use of JEM 
for estimating biomechanical exposures in large popu-
lation studies seems to be a useful epidemiological tool 
when other exposure data are not feasible, or when con-
trol for biased recall of exposures is desired. The utility 
and limitations of such JEMs are an active area of cur-
rent research.
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