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Abstract

Background: Night work has been increasing in the last decades due to new working arrangements for good and
services production. Numerous studies have shown that night shift work causes disruptions in circadian rhythms that
may affect health. In 2019, night shift work was classified as probably carcinogenic to humans by the International
Agency for Research on Cancer, and may contribute to other health disorders. In this context, we assessed the num-
ber and proportion of workers exposed to night work today and investigated time trends by occupation and industry
in France since 1982 in terms of prevention.

Methods: Using the data on work time schedules collected in the French Labour Force Surveys, sex- and period-specific
job-exposure matrices (JEMs) to night work (working between midnight and 5 AM) were developed. After linkage of the
JEMs with data of the national censuses of 1982, 1990, 1999, 2007 and 2015, the numbers and proportions of workers
usually or occasionally exposed to night work were estimated.

Results: The number of night workers (usual and occasional) increased from 3.67 million in 1982 to 4.37 million in
2015 (15.8% vs 16.4%). Night work was more common in men than in women (e.g. 22.4% vs 10.0% in 2015), and usual
night work largely increased after 2000 (4.4% in 1999, 7.2% in 2007). In 2015, 1.29 million men worked usually at night,
including 882,000 workers in the service sector (63%) and 360,000 in the manufacturing and extracting industries
(28%). For the same period, 581,000 women were usual night workers, most of them being employed in the service
sector (90%). Among women, a 97% increase of usual night work was observed between 1982 and 2015.

Conclusions: This study shows that night work involves a growing number of workers in France, particularly in
women in the service sector. These results raise concern about the public health impact of night work and particularly
about the numbers of outcomes attributable to this exposure such as breast or prostate cancers.

Keywords: Night shift work, Job-exposure matrix (JEM), Exposure prevalence, Occupational exposure, Trend,
Exposure proportion

Introduction

Several occupations have traditionally been carried out
both day and night, such as those that require 24hours
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the last decades. Shift work typically involves working out-
side the standard daytime hours — such as at night, dur-
ing evenings, or starting on early morning — and shifts can
be permanent, switching from day to night, or without any
particular pattern. Night shift work is a common occupa-
tional exposure, with approximately 19 to 25% of all work-
ers in Europe and the United States working a variety of
night shift schedules [1, 2].

Numerous studies have shown that shift work, in par-
ticular night shift, causes disruptions in circadian rhythms
that may affect well-being and health [3]. Exposure to light
at night (LAN) can lead to misalignement of the central
biological clock with the day-night cycle, that contributes
to sleep changes and circadian disruption [4]. Moreover,
shift work affects multiple daily activities such as eating,
sleeping, physical activity, tobacco smoking and alcohol
consumption. These exposures can vary depending on the
studied health outcome (sleeping disorders may be more
important for fatal driving accident and co-exposures for
cancer outcomes) [3]. Based on a literature review in 2019,
the IARC monograph concluded that night shift work was
probably carcinogenic to Humans (group 2A) [3].

In France, up to 2001, due to its legislation, women were
not allowed to work at night except for some very specific
activities such as industries processing perishable goods
and in hygiene or well-being activities. Since then and to be
in compliance with the European law based on the princi-
ple of gender equality in the workplace, the French labour
code has been modified to allow night work to women and
pointed out the derogatory nature of night work implying
an enhanced medical surveillance of night workers [5, 6].

Exposure assessment in epidemiological studies may
require the use of job-exposure matrices (JEMs) when
studies involve large populations [7, 8]. For night shift work,
the assessment is often derived from national labour sur-
veys which provide sociodemographic data for the working
population or from studies by interviews on a random of
population [9-12], and similarly for existing JEMs [13, 14].

In order to provide information on exposure to night
work useful for occupational exposure surveillance, our
objective in this paper was to present estimates of the num-
ber and proportion of workers exposed to night work in
France, overall and by occupation and industry, and study
their evolution over 34 years using census data and sex-spe-
cific job-exposure matrices.

Methods

The numbers and proportion of workers exposed to night
work were estimated between 1982 and 2015 by sex and
period by linking job-exposure matrices (JEMs) with
occupational census data for the French population.
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Development of the JEMs

A series of JEMs, tables reporting proportion of exposed
workers for each job (occupation in an industry), were
elaborated from the data on work time schedules col-
lected in the French national Labour Force Surveys
(“Enquéte Emplois”). These surveys have been conducted
annually since 1993 and quarterly continuously over the
year since 2003 by the National Institute of Statistics
and Economic Studies (INSEE) to provide information
on employment status in France [15-18]. The surveys
conducted among individuals over 15years of age living
in randomly selected households, included 110,000 to
150,000 individuals per year.

For each subject, the Labour Force surveys provide
information on age, sex and current occupation and
industry coded according to the Professions and socio-
professional classification (“Profession et Catégorie
Socio-professionnelle’, PCS) and French industries clas-
sification codes (“Nomenclature des activités frangaise’,
NAF), respectively [19-23]. Each subject was classified
as a usual night worker, an occasional night worker or a
non-night worker, based on the answer to the question:
“Do you work at night, i.e. between midnight and 5:00
AM?: (1) yes usually, (2) yes only some nights, (3) never”
in a specific block on the main job in the surveys from
1993 to 2002, or “In your main job, how often do you work
at night, i.e. between midnight and 5:00 AM?: (1) usually;
(2) occasionally; (3) never” in the surveys from 2003 to
2012 (Additional file 1). Because of significant changes
in the wording of the questions on work time schedules
after 2012, the categorization into usual or occasional
night workers could not be applied using the subsequent
surveys which were not used in the present analysis (see
Additional file 1).

We developed a series of JEMs for men and women
separately combining the survey data by 5-year periods
(1993-1997, 1998-2002, 2003-2007, 2008—2012). This
chronological breakdown coincides with the different
versions of the national PCS and NAF classification sys-
tem, and takes into account changes in the wording of
the questions on night work (Additional file 1). The JEMs
(PCS x NAF JEMs) were elaborated in a flexible way by
combining the PCS codes at a 4-digit level (PCS-4) and
the NAF codes at a 2- or 3-digit level (NAF-2, NAF-
3). The probabilities of being a usual or an occasional
night worker in the PCS x NAF JEMs were calculated
as the proportion of usual and occasional night work-
ers in each job defined by the combination of PCS-4 and
NAF-3 codes under the following two conditions: (i)
the job included at least 30 individuals, and (ii) the pre-
cision of the proportion of usual night workers did not
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Data census for employed men
(N=12,701,719)

M1: Data with job assessed

Linkage with PCSXNAF
(N=9,462,735)

JEM for men

Data with job not assessed
(N=3,238,984)

M2: Data with job assessed
(N=3,238,914)

Linkage with PCS JEM
- formen

M3: Data with job not assessed >
assessment to 0
(N=70)

Occupational data Census for all men and women at work
(N=23,050,566)

Occupational data census of all employed workers with night work exposure assessment
M1+ M2+ M3 + W1 + W2+ W3
(N=23,050,566)

Fig. 1 Example of linkage between the 1999 Census and the night work JEMs for 1998-2002 period

Data census for employed women
(N=10,348,847)

Linkage with PCSXNAF

JEM for women W1: Data with job assessed

(N=8,884,848)
v
Data with job not assessed
(N=1,463,999)

Linkage with PCS JEM
for women

W2: Data with job assessed
(N=1,463,053)

W3: Data with job not assessed >
assessment to 0
(N=946)

exceed 10%. If these conditions were not met, jobs were
aggregated by combining PCS-4 with NAF-2 instead of
NAF-3 codes. For the occupations poorly represented in
the Labour Force Surveys that could not meet the con-
ditions above, the probabilities of exposure to usual or
occasional night work were calculated by PCS codes only
regardless of the NAF codes using a “PCS-only” JEM. A
complete description of the JEMs development is pro-
vided in Additional file 1.

Statistical analysis

The sex- and period-specific JEMs were linked with
the Census occupational data for metropolitan France
(defined as European territory of France) using the sex,
PCS and NAF codes as the matching variables. The cen-
sus data from 1982, 1990, 1999, 2007 and 2015 were used
[24, 25]. The 1982 and 1990 censuses were merged with
the 1993-1997 JEM, the 1999 census with the 1998—-2002
JEM, and the 2007 and 2015 censuses with the 2008—
2012 JEM.

For each of these censuses, as presented in Fig. 1, the
exposure assessment to night work was undertaken in
two consecutive steps. First, the assessment was based
on the detailed JEMs (PCSxNAF JEM), and taking into

account the exposure period and sex. Secondly, for the
job that would not have been assessed by the PCSxXNAF
JEM (certain jobs are not assessed due to lack of power),
the exposure probability was assigned using the sex-
specific PCS JEM assessing night work based only on the
PCS. As the JEMs were sex-specific, the different expo-
sure probabilities for men and women were considered at
the time of the linkage (Fig. 1).

The numbers of usual and occasional night workers in
France were obtained by multiplying the exposure prob-
ability provided by the JEMs by the number of workers in
the job in the census data. The proportions of usual and
occasional night workers were obtained by dividing the
total number of usual and occasional night workers by
the total number of workers in the population. A sensi-
tivity interval (SI) for the proportion of exposed workers
was calculated using the lower and upper bound of the
confidence interval of the exposure probabilities provided
by the matrix. The number and proportion of night work-
ers were estimated for 1982, 1990, 1999, 2007 and 2015
according to sex in all employed workers aged 15years
and over in metropolitan France. These exposure indica-
tors for occupation or industry groups were also given
by sex, usual or occasional night work. The occupation
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or industry choices were based according to whether the
groups of industry or occupation were comparable over
time because of the different classification versions used
in the censuses (Additional file 2).

Results

The number of night workers (usual and occasional)
increased from 3.67 million in 1982 to 4.37 million in
2015 (15.8% vs 16.4%). During this same period, the
French total workforce has increased by 15% from 23
million workers to nearly 27 million (Table 1).

Men

The total number of workers in France remained rela-
tively stable between 1982 and 2015 with a workforce
estimated at 13.0 to 14.0 million men per year (Table 1).
During this period, the number of usual night workers
increased by 80% from 712,000 to 1.29 million, while the
estimated number of occasional night workers decreased
by 20% from 2.23 to 1.80 million. In 2015, the propor-
tions of usual and occasional night workers among men
represented 9.3% 95%SI1[6.4—12.5] and 13.0% [8.3—18.0]
of the workforce, respectively.

In 1982, the 712,000 usual night workers were primar-
ily employed in the service sector (337,000, 47%) and in
the manufacturing and extracting industries (303,000,
43%). In 2015, among the 1.29 million usual night work-
ers the most part (882,000, 63%) was employed in the
service sector and 0.36 million in the manufacturing and
extracting industries (28%). During the study period,
the number of occasional night workers also increased
slightly in the service sector (1.14 to 1.27 million), while
it decreased sharply in the manufacturing and extracting
industries (5.55 to 2.58 million). Nevertheless, the lat-
ter was the industry where the proportion of usual night
workers was the highest in 2015 with 15.1% (Table 1).

Women

The contribution of women to the workforce in France
increased sharply from 9.38 to 12.88 million women
between 1982 and 2015 (+37%). In the same time, the
number of usual night workers among women increased
from 173,000 to 581,000 (+236%) and the number
of occasional night workers from 554,000 to 701,000
women (+25%) (Table 1). In 2015, the proportions of
usual and occasional night workers among women rep-
resented 4.5% [2.9-6.3] and 5.4% [2.9-8.3] of the work-
force, respectively (Table 1).

The vast majority of the usual night workers among
women was employed in the service sector (83% in 1982
vs 90% in 2015). This was also true for occasional night
workers in 2015. The highest proportions of usual night
workers in 2015 were observed in the manufacturing
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and extracting industries (5.3%) and in the service sector
(4.6%) (Table 1).

Occupation and industry

In the service sector, the number of workers has largely
increased between 1982 and 2015 (13 million vs 21 mil-
lion, +44% in men and+85% in women). The propor-
tion of night workers among men was quite stable over
the period (23% that represents 2 million night workers
in 2015) but increased by 25% in women (1.14 million
in 2015) (Table 1). However, usual night work increased
from 5 to 9% in men and doubled in women over the
same period. In 2015, 1.4 million workers were usually
working at night and 1.9 million occasionally and 35%
were women.

In the transport sector, which is a male dominated
sector (78% men in 1982 and 62% in 2015), night work
increased by 25% in men (32% in 1982 to 41% in 2015,
around 25,000 night workers), and doubled in women (16
to 32%, 12,000 night workers) (Fig. 2). The proportion of
usual night workers has tripled in men and almost quad-
rupled in women over the same period. The number of
male road transport night workers stayed stable during
all the studied period, but the proportion of usual night
workers increased by 75% (29% in 2015) while occasional
night workers decreased by 25% (Table 2). Female road
transport workers are scarce compared to men (7000
women vs 300,000 men) but among them 39% worked
usually at night and 9% occasionally in 2015.

Conversely, the health sector, which is a female domi-
nated sector (79% women in 2015), has largely increased
between 1982 and 2015 from 1.6 million workers to 3.9
million (4143%). On the contrary, the proportion of
night workers in this sector decreased for both men
and women over the same period (—22%). However,
after 1999, we observed a great increase in usual night
work (4+81% in men and +31% in women) (Fig. 2). Self-
employed nurses are mostly working occasionally at
night, although we observe a decrease by 50% in men and
by 45% in women over the period (Table 2). On the other
hand, general care nurses (salaried nurses) are more
working usually at night particularly since 2007 (32% in
men, 26% in women, 103,000 workers) than by occasional
night work (18% in men, 15% in women, 63,000 workers).
The number of midwife night workers largely increased
between 1982 and 2015 (+ 146%) even if the proportion
stayed stable in women (around 75% night workers) with
a high increase for usual night work after 2000 (4 143%).

In 2015, more than 90% of male army police offic-
ers and firefighters worked at night, representing 52,000
officers and 40,000 firefighters. The proportion of these
night workers stayed quite stable during the studied
period. In 2015, 60% of women army police officers
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(11,000 working nights) and 36% of women firefighters
(1000) were usually working at night.

Discussion

This study describes the prevalence and proportion of night
work among workers in France over more than 30years,
regardless of their status (salaried or self-employed), based
on job-exposure matrices and census data.

Our study clearly shows an increase of usual night work
in France from the 2000s (4.5% in 1999 to 7.0% in 2015).
Conversely occasional night work has been less frequent
(12.1% in 1999 to 9.4% in 2015) with overall night work
being relatively stable over this period. The most impor-
tant change concerns night work among women, who
are increasingly working at night (7.7% in 1982 to 9.9%
in 2015). This is explained by the French legislation
concerning night work, which was until 2001 different
according to sex. Before 2001, women were not allowed
to work at night excepted in specific activities. According
to Eurostat, nearly 2% of working French women were
usual night workers in 1992 compared to nearly 5% in
2012 with an increase from 2.4 to 3.8% when considering
the years framing the changes in the legislation [26].

The very large increase in the number of women work-
ing at night can also be explained by the growth in work-
ing women over this period (+37%) and particularly in job
where women work usually at night (+150%). In compari-
son, the number of workers among men is relatively sta-
ble over the period (+0.2%) and usual night work increase
moderately than among women (479% in men). In 2015,

the usual night workers are mainly in the service sector
(1.4 million men and women) and in manufacturing and
extracting industries (410,000 workers), the same observa-
tion applies to occasional night workers (1.9 million and
300,000 workers respectively). Night work was particu-
larly frequent in public health activities, e.g. nurses, public
administration, e.g. army officers, road transport activi-
ties, e.g. drivers, or among blue collar workers in the food-
processing industries. It should be noted that the decrease
in the number of night workers in the manufacturing
and extracting industries could be explained by the sharp
reduction of the workforce in this sector.

The Sumer surveys document the exposure of sala-
ried workers in France to a wide range of occupational
hazards. These national cross-sectional surveys were
conducted in 1994, 2003, 2010 and 2017 by the French
Directorate for Research, Studies and Statistics (DARES)
and the French Ministry of Labour to assess occupational
hazards among 25,000 to 50,000 French salaried workers
based on questionnaire completed during the occupa-
tional health visits. The 2010 and 2017 surveys show that
14% of employees used to work at night between mid-
night and 5AM even occasionally (20% among men and
8% among women, 3,521,100 employees working at night
in 2017) [27-29]. Our own estimates for close years (2007
and 2015) were similar with 16% 95%SI [11-20] of night
workers (22% [17-28] in men and 9% [6—13] in women,
3,307,100 employees working at night in 2015), despite
the different exposure assessment method between the
two studies. The occupations and industries with the
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highest number of night workers were also similar in the
two studies.

At the European level, Eurostat compiles data on the
active population of the Member States [26]. France
is comparable in terms of percentage of night workers
(usual and occasional) to the Netherlands, Finland and
Greece (14.9%, 15.0 and 15.6% respectively vs 16% in
France), but different from Portugal which has the low-
est proportion (10%) or from Slovakia with the high-
est (23%). Our results are also similar to those in the
United States with 9.1% [8.3—10.0] of men, and 5.6%
[5.0-6.2] of women usually working at night compared
to 9.3 and 4.5% respectively in our study [30]. The pro-
portion of night work in sectors such as Healthcare and
Manufacture are also comparable with 11.8%[9.6—14.6]
and 10.8%[8.9-13.1] (10.3 and 12.2% respectively in our
study). In 2011, in Canada, the proportion of usual night
workers is higher than in France (12% vs 7% in 2015) but
it includes rotating shifts [12]. However, comparisons of
data at the international level must be made with caution
due to variations in data collection methodology and def-
inition of night work.

The PCS and NAF classifications used in both the
Labour Force Surveys and in the Population Censuses
have changed over time. The linkage between JEMs and
population data could therefore be carried out based on
the versions of classifications defined by period. Thus, we
chose to develop several JEMs corresponding to periods
with same versions of classifications, rather than devel-
oping only one JEM integrating a single version of clas-
sifications and several exposure periods. Only jobs from
the 1982 and 1990 censuses coded in earlier versions
of job classifications had to be cross-walked in order to
be linked with the JEMs, using tables provided by the
National Institute of Statistics (INSEE). This methodol-
ogy reduced errors in matching the JEMs with the census
data, but presents limitations for the study of temporal
trends. Due to the modifications of the coding rules for
certain jobs, we were unable to study the trends in night
work exposure prevalence over the 30-year period in for
example “Manufacture of leather and related products”
(Additional file 2).

The French Labour Force survey concerns a very large
sample of the population at work; however, some jobs
(PCSxNAF defined at the finest level) present in the gen-
eral census may not be represented in the survey and
therefore not evaluated in the PCSxNAF JEMs. To limit
this problem, a matrix developed on the PCS regardless
of NAF (PCS JEM) was used for the jobs not assessed
rather than consider them not exposed to night work
(20% of the overall population was assessed by the PCS
JEM in 1999). Eventually, few jobs were not evaluated
(1016 individuals for the 1999 census out of more than
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23 million individuals) but they are little concerned by
night work (in 2007 and 2015 the unassessed PCS con-
cern only women for field jobs in the construction sec-
tor). The changes in the frequency modality of night
work rise a question about the increase observed in
our results after 2000. For the entire population, we do
indeed observe an increase in the percentage of usual
night workers after 2000 (4.5% in 1999 vs 7% in 2015)
and conversely a decrease in the percentage of occasional
night workers (12.1% vs 9.4%), but this trend is also vis-
ible between 1990 and 1999. Moreover, the analysis car-
ried out by occupational groups usually working at night
before the 2003 legislation (nurses, army police offic-
ers) shows rather the opposite trend, with an increase in
usual night work over time. The change in the definition
of this frequency modality therefore does not seem to
have had an impact on the results after 2003. The surveys
after 2012 were not used in this analysis because of a new
change in the question where the exposure to night work
was assessed only in the last four weeks of work prior
the interview and with important changes in the fre-
quency modalities based on the percentage of work time
(Additional file 1).

The JEMs for night work presented in this paper
were developed using data collected in France from
large samples of workers during cross-sectional sur-
veys repeated over several decades. These data provided
a solid basis for developing our job-exposure matrices
using an a posteriori method [31, 32]. The large amount
of data retrieved in census with detailed occupation
data permits to analyse exposure to night work at a
detailed level. The JEMs are easy tool that help assess
exposure especially when information is not available
such as night work. JEMs present some limitations such
as the use of occupation and industry classifications
that may group jobs with different exposures. Therefore,
the JEMs exposure indices are averaged by job code and
take into account the variation of exposure between dif-
ferent jobs or different seasons or different activities
characteristics. When exposure to night work is studied
as a risk factor for an outcome, it should be considered
as a proxy as it does not take into account all the com-
plex combination leading to circadian disruption [33].
Although this night work JEM is specific to the French
working organization, our method is reproducible to
obtain JEM specific to every working organization as
similar data (census and labour force surveys) are avail-
able in many countries. This study is also easily repro-
ducible on future data census and assess exposure to all
workers in France regardless of sex and worker status
(salaried and self-employed).

Although only results on night work are presented in
this article, “evening” and “shiftwork” matrices has been
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developed using the same methodology and are available.
It is also planned to develop a matrix combining night and
shiftwork in order to take into account every type of shift
rotation. This JEM could be used to estimate health impact
in epidemiological studies (e.g. estimation of population-
attributable fractions to night shift work for several cancers
such as breast and prostate cancer), if additional data are
available on exposures to other factors involving circadian
disruptions, such as light at night, sleep disturbances, poor
diet, lack of physical activity, lack of vitamin D [33-35].

Conclusion

This study presents the trends in workers working at
night usually and occasionally according to industries
and occupations over 34years in order to monitor the
trend of this exposure on the entire population at work
and help target the occupational groups with the highest
proportion of night workers. The development of matri-
ces has also been extended beyond 2013 and makes it
possible to construct new JEMs from the future French
Labour Force surveys data.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-022-13830-5.

Additional file 1. Detailed JEM development methodology.

Additional file 2. Groups of occupation and industries comparable over
time throughout the different job classifications used in the Censuses.
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