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ABSTRACT

Introduction: Decline in physical performance with age varies among workers. We studied
the association between lifetime exposure to carrying heavy loads and limitations in climb-
ing stairs.

Methods: We used data from the French CONSTANCES study. A biomechanical Job-
Exposure Matrix (JEM) was combined with lifetime job histories to build a cumulative expos-
ure score, and compared with reported limitations in climbing stairs using robust Poisson
models, stratified by sex and educational level.

Results: Of the 26,255 subjects, 618 men and 1,080 women reported difficulties in climbing
stairs; this outcome was associated with cumulative exposure to carrying heavy loads:
adjusted PR= 2.17 (1.75-2.73) for men, 1.50 (1.30-1.74) for women. The association was pri-
marily seen among less educated subjects.

Conclusion: Cumulative work exposure to carrying heavy loads across the working life
was associated with physical limitations in climbing stairs among the less educated in
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both genders.

Introduction

Decline of physical performance at early old age is a
major issue, as workers begin to delay retirement age.
A literature search of the predictors of functional phys-
ical performance decline found socio-economic differ-
ences." In an Italian cohort study, having a work
history of only manual work was associated with low
physical function among workers aged 80 or more,
after adjustment for sociodemographic, personal,
behavioral, and health factors, which suggests that
working conditions might help explaining this social
inequity.* In another study among electrical and gas
workers, there were differences in self-reported physical
limitations between men and women associated with
perceived physical strain at work.’

Retrospective assessment of biomechanical exposure
remains problematic,6 and recall-based measures often
lead to misclassification of the exposure. Exposure

assessment may be especially problematic in studies of
older individuals (>65years) or workers who already suf-
fer from chronic comorbidities that decrease their physical
function. The purpose of this study was to investigate the
relationship between workers’ lifetime occupational expos-
ure to heavy physical loads and their current physical lim-
itations represented by difficulty in climbing stairs. The
study was conducted in a large, nationally representative
population sample; cumulative physical exposures were
assessed using a Job-Exposure Matrix (JEM).

Methods

CONSTANCES
cohort which includes more than 200,000 participants

is a population-based prospective

between 18 to 69years of age who were randomly
recruited from 2012 to 2019 among people covered by

the French National Health Insurance.® Data of

CONTACT Laure Ngabirano @ laure.ngabirano@inserm.fr @ Inserm U1018, Equipe d'Epidémiologie Respiratoire Intégrative, CESP, 16 Avenue Paul
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Table 1. Association between lifetime exposure to carrying heavy loads and limitation in climbing stairs for men and women.

No limitation, Limitation, PR (CI 95%)-Exposure
Total n (%) n (%) PR (Cl 95%)-Crude adjusted on age and BMI
Men 12,419 11,801 (95.0) 618 (5.0)
Carrying heavy loads
Not exposed 3950 3848 (97.4) 102 (2.6) - -
Moderately exposed 3499 3336 (95.3) 163 (4.7) 1.80 (1.41-2.32) 1.99 (1.56-2.57)
Strongly exposed 4970 4617 (92.9) 353 (7.1) 2.75 (2.22-3.44) 2.17 (1.75-2.73)
Age (years): mean (sd) 49 (12.9) 49 (13.0) 55 (10.8) 1.04 (1.03-1.05) 1.03 (1.02-1.04)
BMI (kg/m?)
Normal weight [18,5-25[ 5681 5511 (97.0) 170 (3.0) - -
Overweight [25-30[ 5127 4866 (94.9) 261 (5.1) 1.70 (1.40-2.07) 1.35 (1.11-1.65)
Obese (>30) 1611 1424 (88.4) 187 (11.6) 3.88 (3.15-4.78) 2.83 (2.29-3.50)
Women 13,836 12,756 (92.2) 1080 (7.8)
Carrying heavy loads
Not exposed 6182 5814 (94.0) 368 (6.0) - -
Moderately exposed 4531 4184 (92.3) 347 (7.7) 1.29 (1.11-1.49) 1.44 (1.24-1.68)
Strongly exposed 3123 2758 (88.3) 365 (11.7) 1.96 (1.70-2.27) 1.50 (1.30-1.74)
Age (years): mean (sd) 48 (13.0) 48 (13.0) 54 (11.5) 1.04 (1.03-1.05) 1.03 (1.03-1.04)
BMI (kg/m?)
Normal weight [18,5-25 8653 8281 (95.7) 372 (4.3) - -
Overweight [25-30[ 3453 3124 (90.5) 329 (9.5) 2.22 (1.91-2.57) 1.90 (1.64-2.21)
Obese (>30) 1730 1351 (78.1) 379 (21.9) 5.10 (4.42-5.88) 4.24 (3.66-4.90)

n: number, %: percent, PR: prevalence ratio, Cl: confidence intervals, BMI: Body

interest were collected from the baseline self-adminis-
tered questionnaires and health examinations con-
ducted in 21 regional Health Screening Centers.
Questionnaires included a variety of health outcomes
and a history of all past jobs held.

At the time of analysis, lifetime job histories had
been coded for 28,195 participants. We excluded 5%
of the subjects due to missing data on parameters of
interest and 2% of participants who were underweight
(BMI < 18.5kg/m?) because low BMI may be associ-
ated with severe chronic disease and death.” The final
subsample included 26,255 participants.

Job exposure estimates were obtained from a job-
exposure matrix. “JEM CONSTANCES” was devel-
oped from a different subsample of 35,526 currently
employed participants from the CONSTANCES
cohort.” The tool was created by pooling individual
reports of 27 self-reported current workplace physical
exposures at the level of 407 different job titles using
the French 4-digit PCS2003 (Profession et Catégorie
Sociale) codes. The bias-corrected mean metric gave a
better within-job and between-job variances, and was
used to estimate exposure for other workers. Carrying
heavy loads (from 10 to 25kg) was one of these expo-
sures. It was based on answers to the questions:
“During a typical working day, are you required to
regularly handle, move or bear a load, part, or object
weighing more than 1kg?” and if yes, “how much
time do you spend carrying weight between 10 and
25kg?”. Answers included: 1=[Never or nearly
never]; 2 = [Rarely (< 2hours per day)]; 3 =[Often (2
to 4hours per day)]; 4=[Always or nearly always],
and 0 was coded if the first question was not men-
tioned “yes”. Then, using each participant’s lifetime

mass index, sd: Standard error.

job history (1950-2019) and the JEM, we assigned an
exposure rating to each job held and calculated a cumu-
lative exposure score during their full working life. The
score was computed by the sum of the exposure rating
(0-4) times the number of years worked for each job
title. The cumulative exposure score was categorized
into 3 groups: “unexposed” (score = 0), “moderately
exposed” (exposure below the median score among all
those exposed, ie. all scores > 0), and “strongly
exposed” (score above the median score among the
exposed). Categorizing into 3 groups is consistent with
methods suggested in other studies,' and a threshold
at the median allowed us to maximize statistical power.

The outcome was a reported limitation in climbing
stairs, measured on a 4-point scale as follows: “Are
you able to walk up or down a flight of stairs alone?”
Responses were a) Yes, without difficulty; b) Yes, but
with some difficulty; c) Yes, but with significant diffi-
culty; d) No. In this study, no limitation for climbing
stairs (“Yes, without difficulty”) was compared to any
reported limitation (all other responses grouped due
to small numbers in categories ¢ and d).

We included sociodemographic and clinical factors
in the analysis (sex, age, body mass index (BMI) in
kg/m? and educational level). We assessed age as a
continuous value. BMI was defined in 3 categories:
normal weight [18.5-25kg/m?], overweight [25-30kg/
m?], and obese (> 30 kg/mz). Educational level was
defined in three levels: <bachelor’s degree, bachelor’s
degree, and master’s degree or higher.

We used robust Poisson regression models in order
to estimate prevalence ratios'' to assess associations
between lifetime physical work exposures and limitation
in stair climbing. Crude and adjusted models were



Table 2. Association between lifetime exposure to carrying heavy loads and limitation in climbing stairs for men and women, for different educational levels.

‘s degree

> Master

‘s degree

> Bachelor

< Bachelor's degree

R (Cl 95%)—
Exposure adjusted

PR
(C1 95%)

No
limitation,

R (Cl 95%)—
Exposure adjusted
on age and BMI

PR
(CI 95%)

No
limitation,

R (Cl 95%)—

Exposure adjusted
on age and BMI

PR
(CI 95%)

No
limitation,

Limitation,

Limitation,

Limitation,

on age and BMI

n (%) Crude

n (%)
n=3696

n (%) Crude

n (%)

n (%) Crude

n (%)
n=4085

4638

n

Men, Carrying

heavy loads
Not exposed

60 (2.3)
28 (3.1)

2501 (97.7)

35 (3.1)

1102 (96.9)
1756 (97.1)
1614 (95.4)
n=6537

7 (2.8)
82 (10.6)
267 (8.7)

245 (97.2)
692 (89.4)

2792 (91.3)

1.40 (0.88-2.18)
1.17 (0.51-2.31)

1.30 (0.82-2.02)
1.56 (0.69-3.07)

888 (96.9)

1.23 (0.80-1.93)
1.41 (0.95-2.13)

0.95 (0.62-1.47)
1.50 (1.01-2.26)

53 (2.9)
78 (4.6)

4.55 (2.25-10.87)
3.27 (1.67-7.67)

3.81 (1.90-9.09)
3.14 (1.61-7.37)

Moderately exposed
Strongly exposed

8 (3.7)

211 (96.3)
n=3696

n=3603

Women, Carrying

heavy loads
Not exposed

96 (3.8)
37 3.9)

2464 (96.2)

177 (6.4)
143 (5.8)
101 (7.7)

2570 (93.6)
2328 (94.2)
1218 (92.3)

95 (10.9)
167 (15.1)

780 (89.1)
936 (84.9)

1365 (84.0)
n: number, %: percent, PR: prevalence ratio, Cl: confidence intervals, BMI: Body mass index.

1.16 (0.78-1.69)
0.42 (0.13-1.01)

1.03 (0.70-1.49)
0.60 (0.18-1.42)

920 (96.1)

1.21 (0.96-1.53)
1.11 (0.87-1.42)

0.90 (0.72-1.12)

1.46 (1.13-1.89)
1.45 (1.15-1.85)

1.39 (1.09-1.80)
147 (1.17-1.87)

Moderately exposed
Strongly exposed

4(2.2)

175 (97.8)

1.19 (0.93-1.51)

260 (16.0)
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carried out separately for men and women. Additional
models by sex were stratified by educational level, a
determinant of social position related to occupa-
tional exposure.'?

All analyses were performed using R version 4.0.1
software (stats package).

Results

Of the 26,255 participants (12,419 men, 13,836
women), 5.0% of men (n=618) and 7.8% of women
(n=1,080) reported difficulties in climbing stairs.
Men and women with limitations in climbing stairs
were more likely to have a lower education level
(57.6% vs 48.3% respectively).

The cumulative exposure score was from 0 to 200.
38.6% of participants had a score equal to 0 and the
median score among exposed subjects (score >0) was
18.5. This median score was used to separate
“moderately” and “strongly” exposed.

Among men moderately exposed and men strongly
exposed, 4.7% and 7.1% reported limitations in climb-
ing stairs, respectively. Likewise, among women mod-
erately exposed and strongly exposed, 7.7% and 11.7%
reported limitations (Table 1). In all models, cumula-
tive exposure to carrying heavy loads at work was
associated with a limitation in climbing stairs.

When stratifying by educational level (Table 2),
these associations were only found among less edu-
cated subjects.

Discussion

Overall, this study showed a positive association
between cumulative occupational exposure to carrying
heavy loads and limitations in climbing stairs mainly
among less educated subjects. The modifying effect of
education suggests that workplace contextual factors,
such as higher job control or greater number of
pauses, may moderate the effect of carrying heavy
loads among workers with higher education.

The study had several strengths. The large sample
from the CONSTANCES cohort is representative of
all workers in France. The assessment of cumulative
workplace physical exposures using a JEM avoids
potential bias from recall of past jobs, and bias from
only assessing current physical exposures, which may
be markedly different from exposures in past jobs.
There are several limitations. The outcome is self-
reported and not an objective measure of limitations
in climbing stairs. However, a previous study in the
CONSTANCES cohort of persons over 45years
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showed good agreement between self-reported limita-
tions, such as climbing stairs and physical capacity,
with objectively measured gait speed and hand grip."
We only used one occupational exposure to represent
heavy physical work, and results might be different
for other exposures. Our analyses controlled for some
personal factors but did not account for alcohol and
tobacco consumption, cardiovascular risk factors, and
other disorders that have been associated with phys-
ical limitations in other studies. Given that we
assessed the health outcome at only one time point,
we cannot assess the potential impacts of a healthy
survivor effect or reverse causality in our results. As
prospective follow-up data from the CONSTANCES
cohort become available, additional analyses examin-
ing these effects, additional potential confounders,
additional data points, and assessing the potential
pathways through which cumulative physical expo-
sures may influence reduced physical ability should
be pursued.

Though this study is the first to examine cumula-
tive exposure to heavy work across the entire work
life, some previous studies have shown association
between biomechanical exposures at work and phys-
ical limitations. Among 364 subjects enrolled in a pro-
spective cohort study performed in Italy, manual
workers had significantly worse physical function after
adjustment for potential confounders.* In France,
9,326 participants without physical limitations in 1989
were followed until 2012, and limitations in daily
activities after retirement were associated with physic-
ally arduous working conditions preretirement.’
Similarly to what we found, two nationally representa-
tive samples of subjects born in 1948 and 1953 in
Sweden (22,889 participants in total) were linked to
information from social insurance records on cause
and date of disability pension. The authors found that
high physical strain at work contributed to associa-
tions between low educational levels and disability
pensions in multivariable models."*

A unique aspect of this study was the use of a JEM
to provide an unbiased consistent assessment of bio-
mechanical exposures across lifetime working histor-
ies; this approach has the potential for many
interesting future applications to assess cumulative
exposures based on job titles."> One limitation is that
JEM exposures do not account for individual variation
of exposures within the same job and so may under-
estimate the true relationship between exposure and
symptomatic disorders.'® However, by providing an
estimate of past exposure unbiased by disease status,
JEM exposures may avoid overestimation of exposure

associated with recall bias when considering individual
self-reported exposures, and thus provide a better esti-
mate of true associations.'”

In summary, this study found that cumulative
occupational exposure to carrying heavy loads across
the working life was associated with physical limita-
tions in climbing stairs for less educated men and
women. Future studies examining the long-term rela-
tionships, potential mechanisms of heavy physical
work, premature disability, or other potential con-
founders like non-occupational physical activities, are
important given the aging workforce and delayed
retirement of workers in industrialized countries, and
may help guide targeted health programs.
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