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OPINION
of the French Agency for Food, Environmental
and Occupational Health & Safety

on the "Assessment of the health risks associated with night work"

ANSES undertakes independent and pluralistic scientific expert assessments.

ANSES's public health mission involves ensuring environmental, occupational and food safety as well as assessing the
potential health risks they may entail.

It also contributes to the protection of the health and welfare of animals, the protection of plant health and the evaluation
of the nutritional characteristics of food.

It provides the competent authorities with the necessary information concerning these risks as well as the requisite
expertise and technical support for drafting legislative and statutory provisions and implementing risk management
strategies (Article L.1313-1 of the French Public Health Code).

Its opinions are made public.
This opinion is a translation of the original French version. In the event of any discrepancy or ambiguity the French
language text dated..... shall prevail.

On 22 March 2011, ANSES received a formal request from the French Confederation of Christian
Workers (CFTC) to undertake the following expert appraisal: "Assessment of the health risks for
professionals exposed to atypical working hours, especially at night".

1. BACKGROUND AND PURPOSE OF THE REQUEST

The request for an assessment of the risks for professionals exposed to atypical working hours
comes within a specific socio-economic and scientific context: the way in which work is organised
is changing, leading today to an enormous number of workers being concerned by so-called
"atypical” working hours and rhythms.

The expression "atypical hours" applies to all working time arrangements situated outside the
framework of the "standard" week'. The best known forms of atypical hours are shift work?, night
work and weekend work. Atypical hours also include non-contiguous working hours, compressed
work schedules and working hours that can change from day to day.

The adoption of the proposed law on professional equality of men and women in 2001 removed the
legal ban on women working at night, mainly to bring French law into compliance with European
law and transpose European Directive 93/104/EC concerning certain aspects of the organisation of
working time.

! Working hours between 5am and 11pm, 5 days a week, at a rate of 8 hours daily.

2 shift work (i.e. work in successive teams) concerns employees forming different teams that take over from each other on a given
workstation without ever overlapping. This way of organising working time is intended to ensure continuity on a given workstation.
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The number of night workers has almost doubled in twenty years, as can be seen in the latest
study by the Directorate for Research, Studies and Statistics (DARES) of the French Ministry of
Labour, published in August 2014.

Night work is accompanied by a desynchronisation of biological, social and family rhythms, which
can then have an impact on the state of health.

The International Agency for Research on Cancer (IARC) studied the impact of this organisation of
work on the risk of cancer, leading it to add shift work that disrupts circadian rhythms to the list of
agents that are "probably carcinogenic" (Group 2A) in 2007.

In France in 2012, the French National Authority for Health (HAS) published recommendations on
good practices for monitoring shift and/or night workers.

The health effects associated with atypical working hours constitute a complex field of study that
requires the application of a wide variety of scientific disciplines. Many effects are mentioned in the
literature and mainly concern:

e sleep disorders and reduced alertness;

e gastro-intestinal diseases;

e the occurrence of accidents;

o fertility, reproduction and pregnancy;

e cancer (especially breast cancer in women);

e metabolic disorders and cardiovascular diseases.

In this context, on 22 March 2011, ANSES received a formal request from the French
Confederation of Christian Workers (CFTC) to conduct an assessment of the health risks for
professionals exposed to atypical working hours, especially those subject to night work, whether or
not this is regular. In its request, the CFTC asked whether the conclusions issued by the IARC in
2007 could be broadened to all workers subjected to atypical hours.
Taking into account, on the one hand, the magnitude and complexity of the issue, but also, on the
other hand, the existence of new scientific data published since the IARC monograph was issued
in 2010, in particular concerning the effects of light on circadian rhythms, ANSES then proposed
answering the question in two steps:
e initially, by carrying out an update of the expert appraisal relative to the health risks to which
professionals are exposed when working night hours®;
e subsequently, by studying specifically, according to the data available, the health effects
potentially associated with other forms of atypical working hours.

2. ORGANISATION OF THE EXPERT APPRAISAL

ANSES entrusted the expert appraisal to the working group on "Assessment of the health risks for
professionals exposed to atypical working hours, especially night work", under the auspices of the
Expert Committee (CES) on "Physical agents, new technologies and development areas".

The working group was set up on 8 August 2012. It met 27 times in plenary sessions between 14
November 2012 and 26 January 2016.

The collective expert appraisal was mainly based on a critical analysis and summary of the data
published in the literature (scientific articles, reports, etc.). The working group studied the health
effects, as well as the socio-economic aspects associated with night work. The risk assessment
method applied by the Working Group was based on the following main steps:

e a literature search;

3 Night work is defined by Article L.3122-29 of the French Labour Code as "any work performed between 9pm and 6am".
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e prioritisation of health effects;
e analysis of the publications identified;
e assessment of the evidence for each effect studied.

The Working Group also interviewed external experts (a total of nine hearings including three with
stakeholders) likely to provide useful information and additional data for the expert appraisal.

An international consultation was organised with national agencies and authorities in the areas of
health and/or occupational safety, in Europe and in North America, in order to identify studies
conducted abroad on the theme of night work and find out which particular health effects were
studied.

Lastly, a Research and Development Agreement (CRD) was established between ANSES and the
French National Institute for Health and Medical Research (INSERM), with the aim of exploiting
field data from the national survey on "Medical surveillance of exposure to occupational hazards"
(Sumer, 2010).

The methodological and scientific aspects of this group’s work were regularly submitted to the
CES. The report produced by the working group takes account of the observations and additional
information provided by the CES members. This expert appraisal was therefore conducted by a
group of experts with complementary skills. It was carried out in accordance with the French
Standard NF X 50-110 “Quality in Expertise Activities”.

ANSES analyses the links of interest declared by the experts prior to their appointment and
throughout the work, in order to avoid potential conflicts of interest with regard to the matters dealt
with as part of the expert appraisal.

The experts’ declarations of interests are made public via the ANSES website (www.anses.fr).

The Expert Committee on "Physical agents, new technologies and development areas" adopted
the collective expert appraisal work along with its conclusions and recommendations as described
in this collective expert appraisal summary, at its meeting of 15 March 2016. One of its members
abstained from the vote on the validation of the collective expert appraisal summary, referring,
apart from their substantive agreement, to reservations on the editorial form.

3. ANALYSIS AND CONCLUSIONS OF THE CES

The reality of night and/or shift work in France

An analysis conducted by the DARES* based on data from the "Working conditions" survey of
2012 revealed that 15.4% of employees (21.5% of men and 9.3% of women), or 3.5 million people,
worked at night, regularly or occasionally. These figures are on an upward trend, with the increase
being particularly sharp for women. Night work is most widespread in the tertiary sector, and
concerns 30% of public-sector employees and 42% in private services companies. Drivers of
vehicles, police and military personnel, nurses, care assistants and skilled workers in processing
and/or assembly industries are the professional categories most concerned by night work.
Temporary workers, men in their thirties and women under 30 years of age are the groups most
frequently working at night.

Again according to the "Working conditions" survey of 2012, employees who work at night have
higher remuneration but markedly more difficult working conditions than other employees: they are
subjected to more numerous physical hardship factors, greater time pressure (hours, rhythm
constraints, deadlines, etc.), and more frequent tensions with their colleagues or the public.

A clear regulatory framework for night work

* Source DARES, Analyses, Le travail de nuit en 2012 [Analyses, Night Work in 2012] No. 062, August 2014
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French legislation (Article L. 3122-29 of the Labour Code) defines night work as "any work
performed between 9pm and 6am". It also defines a night worker as any worker who performs a
fraction of their working time between 9pm and 6am: at least 3 hours twice a week, or at least 270
hours over twelve consecutive months®. These definitions may be modified within certain limits by
collective agreement or extended agreement. This strict regulatory framework is modulated by
numerous waivers, depending on the sectors and professions concerned.

According to Article L. 3122-32 of the French Labour Code, the use of night work must remain
exceptional and take into account the requirements to protect the health and safety of workers. It
must also be justified by the need to ensure the continuity of economic activity or services of social
value.

The status of night worker includes compensatory measures (for example in terms of rest and
salary), as well as provisions designed to protect employee health, mainly by limiting the maximum
duration of the work, although these provisions are modulated by numerous waivers. In addition, a
series of specific measures have been adopted, aimed at preventing health risks for pregnant
women when they perform night work.

Shift work is not defined in the French Labour Code; it is therefore far less regulated. The
provisions specific to shift work are, for the most part, laid down in collective professional
agreements and collective branch agreements.

Socio-economic aspects of night work

Night work may be introduced to ensure the continuity of services of social value, such as health
services and on-call police officers or other surveillance services, or it may be a work organisation
method, for example for a company that wishes to maximise the profitability of its equipment by
getting machines and people to work around the clock.

The social cost of night and/or shift work is not limited to the health care provided to employees but
should also take into account the cost of the impact on family life, costs induced by transport, and
absenteeism. This social cost of night and/or shift work is however very difficult to assess, because
there are very few statistics associating the medical and social consequences with the working
hours.

While the health effects of atypical hours, and in particular night work and shift work, have been
documented in the scientific literature, the same is not true for the record of the employees' life
outside work. Indeed, although since the 1980s some researchers have been warning of the need
to begin examining this field of research, few scientific studies have focused on the impact of these
hours on family and social life. Life outside work is undeniably linked to health as defined by the
WHO, i.e. physical, mental, psychological and social®.

5 Art. R. 3122-8 of the French Labour Code

6 According to the World Health Organisation (WHO), "Health is a state of complete physical, mental and social well-
being and not merely the absence of disease or infirmity".
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Concerning the effect of night and shift work on social life

Shift or night work creates a limitation on social life because of the time mismatch between the shift
worker's rhythm of life and that of society as a whole. It is therefore not so much a lack of free time
that causes difficulty but its position on the nychthemeron’. This is manifested by: difficulties in
organising social encounters resulting in a tendency to spend more time with colleagues with a
similar rhythm of life, difficulty accessing social activities in a structured framework (cultural, sports,
associations) due to their strong rooting in a rigid and socially predetermined time period, and a
tendency to opt for more individual and flexible leisure activities requiring no synchronisation with
others. The diversity of shift work situations, organisational specifics, the variety of social contexts,
the weight of individual characteristics, all constitute key factors that determine how people go
about their lives outside the workplace.

Concerning the effect of night and shift work on family life

Depending on how it is organised, shift work may, for couples, result in limited time for meeting and
sharing, changes to marital relations and sex life, and the emergence of imbalances in the
functioning of the family that are felt more acutely by their spouses than by the employees
themselves. In the long term, these difficulties can also be manifested by psychological disorders
associated with guilt and frustration, the recurrence of inter-marital tensions and changes in the
state of health. Some research relating to the impact of shift work on relations between shift
workers and their children shows a decrease in the frequency and duration of family interactions
and in the perceived quality of parenthood, as well as a deterioration in the nature and quality of
parental functions. However, the effects of night work on the socio-familial environment are not
universal and their assessment therefore requires the employment conditions of the households
and the economic and cultural context of the country to be taken into consideration.

Health effects of night work

1. Effect on the quantity and guality of sleep

The difficulties experienced by night workers in falling asleep after a period of work at irregular
hours are easily understandable and often recognised by all the parties in the world of work. Night
work is accompanied by a need for the reorganisation of biological rhythms, of which sleep is the
most sensitive to these environmental conditions of irregular hours.

On the physiological level, during night work, a desynchronisation occurs between the circadian
rhythms that are aligned with daytime hours, and the new activity-rest/awake-asleep cycle imposed
by the night work. This desynchronisation is also promoted by environmental conditions that are
not conducive to sleep: daylight during rest, temperature usually higher than at night, higher noise
levels during the day, social and family obligations. All these physical and sociological
environmental factors contribute to disrupting the biological rhythms and sleep. The sleep
difficulties reported by night workers concern both the quality and quantity of sleep.

Experimental studies in humans using actigraphy® and polysomnography® show a reduction in
sleep time among night workers.

The evidence from epidemiological studies is sufficient to conclude that there is an effect on the
health of workers.

Accordingly, the effect of night work on sleep quality and the reduction of sleep time is proven.

! Physiological unit of time lasting 24 hours, comprising one night and one day, a period of sleep and a period of
wakefulness.

8 This test involves measurement and recording using an actigraph attached to the wrist. It is used to determine the
patient's activity/rest rhythm over several weeks (evaluation of their phase shifts, or the quantity and especially quality of
sleep).

° Polysomnography is the complete recording of sleep. This examination involves capturing the electric rhythms coming
from a patient's body in order to deduce the stages of sleep.

Page 5/15



ANSES Opinion
Request No 2011-SA-0088

2. Sleepiness and cognitive disorders

The studies carried out in the laboratory have shown that circadian desynchronisation is
accompanied by cognitive impairment. The sleepiness associated with these symptoms is
explained by both the desynchronisation of the working day compared to the circadian clock, and
the "sleep debt" developed by shift and night workers.

e Sleepiness
The evidence provided by epidemiological studies is sufficient to conclude that there is an effect.
In addition, many fundamental studies in humans (mechanistic studies in the laboratory) have also
observed this proven sleepiness whose intensity depends on the rhythm of shift work (including at
night) but also chronobiological and homeostatic factors related to sleep debt, depending on the

reduction in sleep time and the time interval between the last sleep episode and the beginning of
the work period.

Accordingly, the effect of night work on sleepiness is proven.

e Coqgnitive performance

While most studies use the objective measurement known as the PVT (Psychomotor Vigilance
Test), which measures reaction time, a few offer other interesting assessment methods. Of the
eleven studies analysed, six show that shift work, including night work, may be associated with a
decline in cognitive performance. However, some studies show that the decrease in psychomotor
performance in the PVT may be more affected by sleep deprivation prior to starting the shift than
by the actual time of the shift. There is limited evidence from epidemiological studies to conclude
as to whether or not there is an effect.

The fundamental studies conducted in humans with shift work simulated in the laboratory confirm
the effects of these irregular hours on cognitive performance, in particular, but not exclusively,
assessed by the PVT.

Accordingly, the effect of night work on cognitive performance is probable.

3. Effect on psychological health

Night workers collectively report problems with their psychological health. mood disorders,
depression, irritability, anxiety and personality disorders. Long regarded as a consequence of
mental disorders, changes to the circadian system could actually be involved in causing these
disorders. Indeed, the direct involvement of changes to the circadian system — and therefore
potentially night work — in the development of mental illnesses is currently being proposed in some
studies.

Night work may influence psychosocial risk factors and sleep disorders, which in turn could
increase the risk of mental disorders. The consequence of this result is that controlling for
confounding factors is essential to determine the nature of the effect of the night work itself. As
there are so many of these confounding factors, they are never all controlled in any one study.

The data show an association in the majority of studies, with the exception of the only longitudinal
study available, for which it is not possible to exclude all the biases and confounding factors. Thus,
the evidence supporting the existence of an effect of night work on mental health is limited.

A recent experimental study (Boudreau et al., 2013) conducted with shift workers in the laboratory
reported better mood quality when there was an increase in circadian synchronisation (between
the internal biological clock and the wakefulness-sleep schedule imposed by night work). This
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laboratory study also provides limited evidence supporting the existence of an effect of night work
on mental health.

Accordingly, the effect of night work on psychological health is probable.

4. Metabolic disorders and cardiovascular diseases

Many studies have been conducted to assess the association between shift work and the risk of
metabolic disorders: obesity or overweight, diabetes, high blood pressure, dyslipidaemias or
metabolic syndrome.

e Obesity and overweight

Several of the studies analysed, in particular the case-control studies, showed a significant
association between shift work, including night work, and weight gain. There is limited evidence
provided by the epidemiological studies to conclude as to whether or not there is an effect.

Studies suggest that the increase in food intake (generally sweet) may be a compensatory
homeostatic response to sleep deprivation, which is observed in shift work with night hours.

Taking into account the evidence provided by the epidemiological studies and the plausible
mechanisms from experimental studies, the effect of night work on obesity and overweight is
probable.

e Type 2 diabetes

A significant dose-response relationship between the duration of shift work, including night work,
and the risk of type 2 diabetes was shown in two cohort studies analysed. In the different studies
selected, it was shown that shift work is associated with a significantly increased risk of type 2
diabetes, particularly among shift workers on rotating hours. The evidence in the epidemiological
studies is limited.

On the mechanistic level, the effects of circadian disruption and/or sleep restriction on insulin-
resistance are plausible. In the majority of studies testing the effect of circadian disruption in
humans or animals, impaired glucose metabolism, as well as sensitivity to insulin, were observed.

Thus, taking into account the evidence provided by the epidemiological studies and the plausible
mechanisms from experimental studies, the effect of night work on diabetes is probable.

e Dyslipidaemias

Epidemiological studies on this subject mainly focused on minimum and mean values in years of
rotating shift work, resulting in an increase in cholesterol. However, most of these studies do not
take into account the sub-fractions of cholesterol (HDL-C, LDL-C), or triglycerides. Given the
methodological limitations and the few available studies taking these parameters into account, the
evidence provided by the epidemiological studies cannot be used to draw any conclusions about
the existence or not of any effect.

Taking into account the evidence provided by the epidemiological studies and the plausible
mechanisms studied in experimental studies, the effect of night work on dyslipidaemia is possible.

e Metabolic syndrome

There are several definitions of metabolic syndrome. One of the most recent (2005) defines this
syndrome as the simultaneous presence of at least three out of five criteria on biological and
clinical parameters related to waist size, blood pressure, blood triglyceride, blood cholesterol and
blood sugar levels.
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While most of the studies are cross-sectional, several cohort studies are available, including one
proposing a higher rate of incidence of metabolic syndrome for shift workers, including night
workers, compared to day workers.

Concerning the epidemiological studies, there is sufficient evidence to conclude that there is an
effect. On the mechanistic level, the effects of circadian disruption and/or sleep restriction on the
components of metabolic syndrome are plausible.

The presence of a dose-effect relationship with the duration of the shift work, including night work,
has been highlighted in several studies.

Accordingly, the effect of night work on the occurrence of metabolic syndrome is proven.

It should be noted that metabolic syndrome is defined as a combination of several biological or
clinical parameters that are not necessarily all disrupted. This explains why the effect on this
syndrome is regarded as proven whereas the effects for the diseases taken individually are
probable.

e Cardiovascular diseases

The association between night/shift work and cardiovascular disorders is plausible on the basis of
the risk factors examined. Nevertheless, it should be noted that most of the studies are affected by
selection and information bias. These are related to the imprecise definition and quantification of
exposure, the incorrect classification of cases and controls, the type of study (cross-sectional,
longitudinal), the groups/sectors examined, the diagnostic criteria, the reporting methods, the
confounding and risk factors considered, and the "healthy worker effect" (ageing, recruitment,
periodic medical surveillance).

Taking into account the evidence provided by the epidemiological studies and experimental studies
in humans examined:

e the effect of night work on coronary heart diseases (coronary ischaemia and myocardial

infarction) is probable;

¢ the effect of night work on high blood pressure and its relationship with ischaemic stroke are
possible.

5. Cancer

The assessment by the IARC of the carcinogenicity of night work causing disruptions to circadian
rhythm concluded in 2010 that there was a limited level of evidence in humans, on the basis of
eight epidemiological studies on breast cancer in women and a small number of studies on
cancers of the prostate, colon and endometrium. Since this assessment, new epidemiological
studies have been published.

The evidence provided by the epidemiological studies to assess the cancer risk associated with
shift work, including night work, are presented below by cancer site.

This is followed by a global presentation of the assessment of the level of evidence of the risk of
cancer associated with shift work, including night work.

e Breast cancer in women

The assessment of the evidence provided by the epidemiological studies focused on 24 studies on
breast cancer conducted in North America, Europe and Asia, including the eight studies evaluated
in the IARC monograph. Eight cohort studies and seven case-control studies nested in the cohorts
focused on nurses (six studies), radio operators, military personnel, textile workers and groups of
employees identified in population or employer registers. Nine case-control studies carried out in
the general population were also taken into account, covering a wide range of occupations and
sectors of activity.
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Of all the studies analysed, some had major methodological limitations and did not play a
predominant role in the final assessment, due to the inadequate measurement of exposure, the
possibility of selection bias of subjects, the small sample size, or the fact that confounding factors
were not taken into account. Conversely, some case-control studies in the population or nested in
cohorts were given precedence due to their higher methodological quality. These studies generally
provided new elements compared to the assessment by the IARC, because they focused on
diversified professional groups, the night and/or shift hours were defined more precisely than in the
earlier studies, the exposure to night work was measured over the entire professional career, and
the main risk factors for breast cancer likely to play a confounding role were taken into account.
Lastly, some studies also collected information on the duration of sleep and on the chronotype of
individuals as intermediary factors or modifiers of the relationship between night work and risk of
breast cancer.

The main studies showed that there were statistical associations, generally low, between breast
cancer and night or shift work. However, the definitions used to characterise the exposure to night
work vary widely from one study to another and make it difficult, if not impossible, to compare
results. Depending on the different studies, the observed associations concerned the duration in
years of night work, its intensity (number of nights per week or per month), the number of
consecutive nights worked, the total number of nights worked throughout the whole career, fixed or
rotating night work, or night work measured on a scale enabling the degree of circadian disruption
to be assessed, with long durations of exposure of more than 20 years being associated with
breast cancer in some studies, but not in all.

In conclusion, the expert group recognises that the recent epidemiological studies provide new
evidence on the possible links between night work and breast cancer. However it underlines the
lack of standardisation in the characterisation of exposure. Unless the results can be replicated
reliably from one study to another, it is not possible at this stage to draw a coherent picture of the
increase in the risk of breast cancer among women working at night or working shifts according to
the duration, frequency or intensity of exposure. It also considers that it is not possible to rule out,
with certainty, the existence of residual confounding factors, in relation with, for example,
concomitant occupational exposure, which could explain some of the observed associations.

The epidemiological studies supporting an effect of shift work, including night work, provide more
evidence on the increase in the risk of breast cancer than was available in 2010. This evidence is,
however, limited.

e Prostate cancer

The literature review focused on eight epidemiological studies with an individual assessment of
exposure to night work or shift work (five cohort studies and three case-control studies), two of
which had been taken into account in the IARC monograph. The cohort studies do not report any
increase in the risk of prostate cancer associated with night work or shift work, with the exception
of the first publication relating to a small Japanese cohort. In these studies, the measurement of
exposure to night work is generally not very precise, is based on a short period in the career of the
subjects, or is evaluated from a jobs-exposure matrix responsible for ranking errors. Among the
three case-control studies, the results show associations with the durations of exposure or indices
of cumulative exposure to night work. The most recent study reporting links between night work
and the advanced stages of prostate cancer, and studying the modifier effect of the chronotype,
provides more convincing evidence, but these elements must be underpinned by new studies.

On the basis of the available epidemiological studies, the results suggest the possibility of an
increased risk, but the evidence is insufficient, and must be confirmed by further studies.

e Other cancers

A small number of epidemiological studies have analysed the links between night work and
cancers of the ovary, lung and pancreas, and colorectal cancers, as well as several other cancer
sites, in particular in the cohort studies. In these studies, the exposure to night/shift work is usually
assessed in an imprecise way, and the covariables that can play a confounding role are not
systematically taken into account. The results of studies on the same cancer sites reporting
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associations with night work are contradictory for a given cancer site.
On the basis of the available epidemiological studies, it is not possible to conclude as to the effects
of night work on the other cancer sites.

e Overall conclusion on the risk of cancer

The expert group conducted a critical analysis of the epidemiological studies on the risk of cancer
related to shift work, including night work. On this basis, it considers that there are elements
supporting an excess risk of breast cancer associated with night work, with limited evidence. It is
not possible to conclude as to an effect for the other cancer sites on the basis of the available
studies.

The expert group also considered the results of experimental studies in animals examining the
links between disruptions caused to the circadian rhythm and the onset of cancer. In addition, it
stresses the existence of physiopathological mechanisms that may explain the carcinogenic effects
of disruptions to the circadian rhythm.

Based on the results of the epidemiological studies analysed and the results of experimental and
biological studies, the CES finds a probable effect of night work on the risk of cancer.

Accidentology and traumatic pathology

The studies examined show that the frequency and severity of accidents occurring during shift
work, including night work, are generally higher. This situation is explained both by the
physiological mechanisms involved (sleepiness, sleep debt, chronobiology), and by organisational,
environmental (working conditions) and managerial factors.

Modulators

The effects of night and shift work on the health of employees subjected to it are not unambiguous
and systematic. They depend on a combination of factors based on the employees' individual,
social and family characteristics and the characteristics of the work and work situation. These
multiple factors will modulate, i.e. reduce or amplify, the effects of night work and shift work on the
health of the employees. National surveys also show that night workers accumulate time
constraints (work at the weekend, reduced freedom in the organisation of working time, etc.) and
hardship factors (alertness constraints, physical hardship). Adaptation strategies put in place by
the workers on rotating and night hours in work and "outside work" contribute to the control of risks
in terms of work, personal life and health. But they are not always sufficient. The readjustments
observed in actual work to anticipate variations in sleepiness, transfers of tasks, mutual assistance
and rest are only possible when there is room for manoeuvre in the work situation.
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Table 1: Classification of the health effects studied

Effect studied

Is there evidence of the existence of
the effect in experimental studies in
humans or animals?

Evidence of the existence of the studied effect in
clinical and epidemiological studies

Classification of the level of
evidence in humans

Sleep quality yes Sufficient
Sleep Proven effect
Sleep time yes Sufficient
Sleepiness and alertness yes Sufficient Proven effect
Cognitive performance L
Cognitive performance yes . . Limited - Probable effect
Six studies out of 11 show an association.
Limited
Eighteen studies out of 20 show an association between
night work (fixed or rotating) and diminished mental
Psychological health yes health. Probable effect
A more indirect link in the other eight studies is mediated
by psychosocial risk factors associated with the content
and organisation of night work.
Limited
Breast cancer yes There is more evidence supporting an effect of work,
including night work, than in 2010; however, it is limited.
Cancer Probable effect
Prostate cancer yes No conclusion can be drawn
Other cancers (ovary, pancreas, yes No conclusion can be drawn
colorectal)
Card|ovascu_lar c_hseases Metabolic syndrome yes Sufficient Proven effect
and metabolic disorders
— ]
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Obesity or overweight yes

Limited
Several case-control studies show a significant
association with night-shift work
One cohort study, despite its methodological limitations,
suggests deleterious effects.

Probable effect

Type 2 diabetes yes

Limited
A significant dose-response relationship between the
duration of shift work with night hours and the risk of type
2 diabetes was shown in two cohorts.

Probable effect

Dyslipidaemias yes

No conclusion can be drawn

Possible effect

Coronary heart diseases yes

Limited
Selection and information bias affect most of the studies.

Probable effect

High blood pressure yes

No conclusion can be drawn

Possible effect

Ischaemic stroke yes

No conclusion can be drawn

Possible effect
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4. AGENCY CONCLUSIONS AND RECOMMENDATIONS

The population concerned by night work, whether regular or occasional, has almost doubled in 20
years. In 2012, it represented 15.4% of employees, or 3.5 million people, and continues to
increase. According to Article L. 3122-32 of the French Labour Code, the use of night work must
remain exceptional.

The working conditions of employees working at night are more difficult than for others: they are for
example subjected to more numerous physical hardship factors, greater time pressure and more
frequent tensions with their colleagues or the public.

The Agency emphasises the important work carried out by the expert groups entrusted with the
expert appraisal, covering aspects relating to definitions and regulations, and a description of the
situation in France. Using a specific method, the assessment of the health risks associated with
night work led to the level of evidence for the studied effects being ranked. In a ground-breaking
context, this work focused on an expanded description of the health effects associated with this
type of activity. The description of the societal and economic contexts of night work supplements
this complex expert appraisal and thus shows the importance of taking the social and family
aspects into account to understand the issue of the health effects of night work in its entirety. This
first part of the Agency's study is devoted to the issue of night work. This study will continue, in
accordance with the original formal request, on the more general issue of the other forms of
atypical working hours.

ANSES endorses all the conclusions, reiterated in Section 3 of this opinion, and the
recommendations of its Expert Committee on "Physical agents, new technologies and
development areas".

The results of the expert appraisal highlight the health effects of shift work including night work:

e proven effects on sleepiness, sleep quality and the reduction of total sleep time, and
metabolic syndrome;

e probable effects on cancer, psychological health, cognitive performance, obesity and weight
gain, type 2 diabetes and coronary heart diseases (coronary ischaemia and myocardial
infarction);

e and possible effects on dyslipidaemias, high blood pressure and ischemic stroke.

The Agency reiterates the first principle of removing the hazards to which workers are exposed, in
the framework of the general principles of risk prevention laid down by the French Labour Code.

Accordingly, the Agency recommends limiting the use of night work solely to situations where there
is a need to ensure the provision of services of social value or the continuity of economic activity.
In this context, the Agency notes that that there is currently no regulatory definition covering the
“continuity of economic activity”, used in some cases to justify the use of night work.

Furthermore, the Agency recommends assessing the adaptation of the regulatory framework in
force to protect the health of night workers, and modifying it, if appropriate, while taking the
European dimension into account.

In addition to ensuring correct application of the regulatory provisions relating to night work, the
Agency recommends conducting a review of practices in the field designed to protect the health of
night workers (maximum duration of daily work, break times, minimum daily rest, compensatory
rest, medical supervision, etc.). This could be achieved, for example, by means of a survey of the
main sectors concerned.

In addition, the Agency advocates:
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¢ initially, assessing the health impact of the effects of night work (number of cases for each
potential disease in the worker population);

e subsequently, assessing the social costs associated with the use of night work (work
stoppages, occupational disease, absenteeism, etc.) that could be set against the potential
benefits.

In the meantime, it appears necessary to immediately:
e adjust the medical surveillance of night workers, especially after the cessation of their night
work;
e present the conclusions of this expert appraisal to the bodies in charge of assessing the
relevance of listing certain pathologies in the occupational diseases table.

The Agency advocates optimising the ways in which night work is organised, in order to minimise
the impact on workers' personal and professional lives. The organisational recommendations
identified by the Agency's expert groups must therefore be emphasised. In particular, anything that
reduces desynchronisation and sleep debt is favourable in principle, but specific organisational
recommendations, on which there is currently no scientific consensus, should be examined
collectively in the appropriate social dialogue bodies.

Lastly, concerning research on the health effects of night work, the Agency recommends:

e continuing the studies, especially on effects for which the evidence is limited;

e continuing the implementation of epidemiological studies, ensuring that exposure is better
characterised (with standardised questionnaires, for example), and better taking into
account possible confounding factors;

e conducting experimental studies in humans in the laboratory and in actual conditions,
including subjective and quantitative assessments of the impact of night work on the
amplitude and phase of the circadian system, sleep, sleepiness, cognition, metabolism,
cardiovascular diseases, the immune system, etc.;

e acquiring data on companies (internal reports/grey literature) in order to increase
knowledge on the effects of this type of time organisation in an actual work context.

The Deputy Director General

Caroline GARDETTE
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Collective expert appraisal: summary of justification and conclusions

COLLECTIVE EXPERT APPRAISAL:
SUMMARY AND CONCLUSIONS

on the "Assessment of the health risks associated with night work"

This document summarises the work of the Expert Committee on "Physical agents, new
technologies and development areas" and the Working Group on "Atypical working
hours".

Presentation of the issue

In March 2011, ANSES received a formal request from the French Confederation of Christian
Workers (CFTC) to conduct an assessment of the health risks to which professionals working
atypical hours are exposed, especially with regard to night work, whether or not this is regular.

Following the classification, in 2007, by the International Agency for Research on Cancer (IARC),
of shift work involving night work in Group 2Al as "probably carcinogenic", mainly on the basis of
epidemiological studies conducted on nurses and flight attendants, the CFTC asked in its request
about the possibility of extending this assessment to all workers subjected to atypical working
hours.

Faced with the magnitude and complexity of the issue, and also taking into account the availability
of new scientific data since the IARC's monograph was published, ANSES then proposed to begin
by updating the expert appraisal of the health risks to which professionals working at night are
exposed. The health effects potentially associated with other forms of atypical working hours could
be assessed as part of a second phase of the expert appraisal.

Scientific, social and regulatory context

The request for an assessment of the risks for professionals exposed to atypical working hours, in
particular those working at night, comes within a specific socio-economic and scientific context: the
way in which work is organised is changing, leading today to an enormous number of workers
being concerned by working hours and rhythms deemed "atypical”.

The expression "atypical hours" applies to all working time arrangements situated outside the
framework of the "standard" week2. The best known forms of atypical hours are shift work3, night

1 The IARC classified shift work that disrupts circadian rhythms as probably carcinogenic (2A).
2 Working hours between 5am and 11pm, 5 days a week, at a rate of 8 hours daily.

3 shift work (i.e. work in successive teams) concerns employees forming different teams that take over from
each other on a given workstation without ever overlapping. This way of organising working time is intended
to ensure continuity on a given workstation.
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work and weekend work. Atypical hours also include non-contiguous working hours, compressed
work schedules and working hours that can change from day to day.

The adoption of the proposed law on professional equality of men and women in 2001 removed the
legal ban on women working at night, mainly to bring French law into compliance with European
law and transpose European Directive 93/104/EC. The number of night workers has almost
doubled in twenty years, as can be seen in the latest study by the Directorate for Research,
Studies and Statistics (DARES) of the French Ministry of Labour, published in August 2014
(DARES, 2014).

The International Agency for Research on Cancer added shift work that disrupts circadian rhythms
to the list of agents that are "probably carcinogenic” (Group 2A) in 2007. In France in 2012, the
French National Authority for Health (HAS) published recommendations on good practices for
monitoring shift and/or night workers.

Since the IARC publication, new scientific data have become available, in particular concerning the
effects of light on circadian rhythms.

The health effects associated with atypical working hours constitute a complex field of study that
requires the application of a wide variety of scientific disciplines. The effects mentioned in the
literature mainly concern:

e sleep disorders and reduced vigilance;

e gastro-intestinal diseases;

e the occurrence of accidents;

o fertility, reproduction and pregnancy;

e cancer (especially breast cancer in women);

¢ metabolic disorders and cardiovascular diseases.

Organisation of the expert appraisal

ANSES entrusted the expert appraisal to the Working Group on "Assessment of the health risks for
professionals exposed to atypical working hours, especially night work", under the auspices of the
Expert Committee (CES) on "Physical agents, new technologies and development areas".

The Working Group was set up on 8 August 2012. It met 27 times in plenary sessions between 14
November 2012 and 26 January 2016. The collective expert appraisal was mainly based on a
critical analysis and summary of the data published in the literature (scientific articles, reports,
etc.).

The Working Group also interviewed external experts (a total of nine hearings including three with
stakeholders) likely to provide useful information and additional data for the expert appraisal.

An international consultation was organised with national agencies and authorities in the areas of
health and/or occupational safety (Europe and North America), in order to identify studies
conducted abroad and find out which particular health effects were studied.

Lastly, a Research and Development Agreement (RDA) was drawn up between ANSES and the
French National Institute for Health and Medical Research (INSERM), with the aim of exploiting
field data from the national survey on "Medical surveillance of exposure to occupational hazards"
(Sumer, 2010).

The methodological and scientific aspects of this group’s work were regularly submitted to the
CES. The report produced by the Working Group takes account of the observations and additional
information provided by the CES members. This expert appraisal was therefore conducted by a
group of experts with complementary skills. It was carried out in accordance with the French
Standard NF X 50-110 "Quality in Expertise Activities".
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Description of the expert appraisal method

The concept of atypical working hours, which is very broad, was defined precisely in the framework
of the Agency's work. The effects studied by the Working Group in this first phase of the expert
appraisal relate to shift work including night work.

For the study of the socio-economic aspects, the Working Group adopted an expert appraisal
method adapted to publications in the human and social sciences, while drawing on the knowledge
and skills of the expert members of the group. Among the many publications identified, the experts
gave priority to those of key importance, of good quality, or those that posed interesting and new
questions. In particular, these studies were able to provide background information to the
epidemiological results and factual data that better reflected the reality of the work.

For the part on the health effects of shift work including night work, the Working Group adopted the
expert appraisal method described below.

Literature search

A literature search was conducted, as exhaustively as possible, from January 2010 to December
2014, considering all the health effects reported in the literature and related to shift work including
night work.

The scientific publications (original articles written in English or French) were identified using a set
of key words from a list drawn up by the Working Group.

Once identified, the documents were classified on the basis of the described health effects. Within
each group of articles corresponding to a given health effect, the studies were also classified by

type:
e epidemiological studies (cross-sectional, case-control, cohort) on humans;
e experimental studies on humans or in vitro on cellular models of human origin.

The Group also considered experimental studies in animals (in vivo or in vitro), when they were
available, in order to provide information on the biological mechanisms, physiological functions or
alterations to living systems.

Some key studies, published from January to June 2015, were also included in the expert
appraisal when they were deemed especially relevant and of satisfactory quality. Furthermore, a
review of studies published before 2010 was conducted for each health effect studied.

Certain expert appraisal reports were also analysed in detail, such as the report by the French
National Authority for Health (HAS), published in 2012.

Prioritisation of health effects

Given the large number of publications identified by the literature search, the diversity of health
effects identified and the time constraints associated with conducting the scientific expert appraisal,
the Working Group decided to prioritise the work to be carried out.

The following health effects were selected and underwent detailed analysis:
e sleep disturbance;
e cognitive and psychomotor effects, and effects on vigilance;
e effects on mental and physical health, addiction;
e metabolic disorders and cardiovascular diseases;
e cancer.

Other health effects not selected for the detailed analysis are, however, described in the expert
appraisal report in a dedicated chapter, based on recent summaries and reports.

Reproduction and pregnancy, as well as the link between gastrointestinal diseases and night work,
have been widely studied, including by the French National Authority for Health (see HAS, 2012). A
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considerable number of articles are indeed available on this subject, but few publications have
appeared since 2010.

Lastly, few data are available on the effects associated with the immune system or the effects
relating to the interaction between pharmacology and night work.

Analysis of publications

In practice, each article was selected on the basis of its title and abstract in order to determine its
relevance with regard to the issue being addressed. The articles selected were then analysed in
detail by two experts, this analysis being recorded in a matrix. These analyses were discussed in
sub-group meetings, in order to collectively define the publication's quality level.

The main quality criteria for the studies were based on a sound definition of the study population, a
clear characterisation of exposure, the taking into account of potential confounding factors, and
satisfactory statistical methods.

Assessment of the evidence for each effect studied

In this expert appraisal, the method for assessing the level of evidence for each health effect
studied was mainly based on the available data in humans, in particular from human experimental
and epidemiological studies.

Indeed, because animal studies are generally conducted in nocturnal rodents that are sensitive to
light, it is very difficult, if not impossible, to reproduce the equivalent of night or shift work in
animals, even if in vivo studies on animal models are available for health effects such as cancer,
metabolic system disorders and/or cardiovascular diseases. For the health effects associated with
mental or psychological health, there is no validated animal model currently available.

Thus, the procedure for assessing the evidence gives priority to human epidemiological and
experimental studies. The comparison of these two types of evidence enabled the group to classify
the studied effects according to five levels of evidence: proven effect, probable effect, possible
effect, it is not possible to draw any conclusions from the available data, and probably no effect
(see table below).
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Classification table of health effects according to the level of evidence

Evidence of the existence of the effect in
experimental studies in humans or
animals

Evidence
supporting the
existence of an

No evidence
supporting the
existence of an

effect

to whether or not
the studied effect
exists

effect effect
Sufficient evidence
to conclude as to p
the existence of an roven effect
effect
Limited evidence
su.pportlng the Probable effect Possible effect
existence of an
i effect
Evidence of the
existence of the p ;
studied effect in Itis not possible to Itis r;otdp;sstbli;o
conclude from the
epidemiological conclude from the available data as
studies evidence as to
whether or not Possible effect to wheth.er or not
there is an effect the studt-ed effect
exists
Lack of quality data
It is not possible to
The available data ?:ﬂ;i?;’;}?ﬂt::
do not show any Probably no effect

In addition, the Group considered experimental studies in animals (in vivo or in vitro), when they
were available, in order to provide information on the biological mechanisms, physiological
functions or alterations to living systems.

The information was examined as a whole in order to make an overall assessment for humans of
the impact of shift work including night work (fixed or rotating shifts) for each effect studied.

Results and conclusions of the expert appraisal

The Expert Committee on "Physical agents, new technologies and development areas" adopted
the collective expert appraisal work along with its conclusions and recommendations as described
in this collective expert appraisal summary, at its meeting on 14 March 2016.
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The reality of night and/or shift work in France

An analysis conducted by DARES* based on data from the "Working conditions" survey of 2012
revealed that 15.4% of employees (21.5% of men and 9.3% of women), or 3.5 million people,
worked at night, regularly or occasionally. These figures are on an upward trend, with the increase
being particularly sharp for women. Night work is most widespread in the tertiary sector: it
concerns 30% of public-sector employees and 42% of those in private service companies. Drivers,
police and military personnel, nurses, caregivers and skilled workers in processing and/or
assembly industries are the professional categories most concerned by night work. Temporary
workers, men in their thirties and women under 30 years of age are the groups most frequently
working at night.

Again according to the "Working conditions" survey of 2012, employees who work at night have
higher remuneration but markedly more difficult working conditions than other employees: they are
subjected to more numerous physical hardship factors, greater time pressure (hours, rhythm
constraints, deadlines, etc.), and more frequent tensions with their colleagues or the public.

A clear regulatory framework for night work

French legislation (Article L. 3122-29 of the Labour Code) defines night work as "any work
performed between 9pm and 6am”. It also defines a night worker as any worker who performs a
fraction of their working time between 9pm and 6am: at least 3 hours twice a week, or at least 270
hours over twelve consecutive months®. These definitions may be modified within certain limits by
collective agreement or extended agreement. This strict regulatory framework is modulated by
numerous waivers, depending on the sectors and professions concerned.

The status of night worker includes compensatory measures, mainly a limit on the maximum
duration of the work, salary and rest, but these are also modulated by numerous waivers. In
addition, a series of specific measures have been adopted, aimed at preventing health risks for
pregnant women when they perform night work.

According to Article L. 3122-32 of the French Labour Code, the use of night work must remain
exceptional and take into account the requirements to protect the health and safety of workers. It
must also be justified by the need to ensure the continuity of economic activity or services of social
value.

Shift work is not defined in the French Labour Code; it is therefore far less regulated. The
provisions specific to shift work are, for the most part, laid down in collective professional
agreements and collective branch agreements.

Socio-economic aspects of night work

Night work may be introduced to ensure the continuity of services of social value, such as health
services and on-call police officers or other surveillance services, or it may be a work organisation
method, for example for a company that wishes to maximise the profitability of its equipment by
getting machines and people to work around the clock.

The social cost of night and/or shift work is not limited to the health care provided to employees but
should also take into account the cost of its impact on family life, costs induced by transport, and
absenteeism. This social cost of night and/or shift work is however very difficult to assess, given
that the statistics linking the medical and social consequences with the work schedule are scarce.

4 Source DARES, Analyses, Le travail de nuit en 2012 [Analyses, Night Work in 2012] No. 062, August 2014
5 Article R. 3122-8 of the French Labour Code
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While the health effects of atypical hours, particularly night work and shift work, have been
documented in the scientific literature, the same is not true for the record of the employees' life
outside work. Indeed, although some researchers have been warning of the need to begin
researching this field since the 1980s, few scientific studies have focused on the impact of these
hours on family and social life. Life outside work is undeniably linked to physical, mental,
psychological and social® health, as defined by the WHO.

Concerning the effect of night and shift work on social life

Shift or night work creates a limitation on social life because of the temporal mismatch between the
shift worker's rhythm of life and that of society as a whole. It is therefore not so much a lack of free
time that causes difficulty but its position on the nychthemeron?’. This is manifested by: difficulties
in organising social encounters resulting in a tendency to spend more time with colleagues with a
similar rhythm of life, difficulty accessing social activities in a structured framework (cultural, sports,
associations) due to their strong rooting in a rigid and socially predetermined time period, and a
tendency to opt for more individual and flexible leisure activities requiring no synchronisation with
others. The diversity of shift work situations and organisational specificities, the variety of social
contexts, and the weight of individual characteristics all constitute key factors that determine how
people go about their lives outside the workplace.

Concerning the effect of night and shift work on family life

Depending on how it is organised, shift work may, for couples, result in limited time for meeting and
sharing, changes to marital relations and sex life, and the emergence of imbalances in the
functioning of the family that are felt more acutely by spouses than by the employees themselves.
In the long term, these difficulties can also be manifested by psychological disorders associated
with guilt and frustration, the recurrence of inter-marital tensions and changes in health. Some
research on the impact of shift work on relations between shift workers and their children shows a
decrease in the frequency and duration of family interactions and in the perceived quality of
parenthood, as well as a deterioration in the nature and quality of parental functions. However, the
effects of night work on the socio-familial environment are not universal and their assessment
therefore requires the employment conditions of the households and the economic and cultural
context of the country to be taken into consideration.

Health effects of night work

1. Effect on the quantity and quality of sleep

The difficulties experienced by night workers in falling asleep after a period of work at irregular
hours are easily understandable and often recognised by all the parties in the professional world.
Night work is accompanied by a need for the reorganisation of biological rhythms, of which sleep is
the most sensitive to the environmental conditions imposed by irregular hours.

On the physiological level, during night work, a desynchronisation occurs between the circadian
rhythms that are aligned with daytime hours, and the new rest-activity/sleep-wake cycle imposed
by the night work. This desynchronisation is also promoted by environmental conditions that are
not conducive to sleep: daylight during rest, temperature usually higher than at night, higher noise
levels during the day, social rhythm and family obligations. All these factors of the physical and
sociological environment contribute to disrupting biological rhythms and sleep. The sleep
difficulties reported by night workers concern both the quality and quantity of sleep.

6 According to the World Health Organisation (WHO), "Health is a state of complete physical, mental and social well-
being and not merely the absence of disease or infirmity".

7 Physiological unit of time lasting 24 hours, comprising one night and one day, a period of sleep and a period of
wakefulness.
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Experimental studies in humans using actigraphy® and polysomnography® show a reduction in
sleep time among night workers.

The evidence from epidemiological studies is sufficient to conclude that there is an effect on the
health of workers.

Accordingly, the effect of night work on sleep quality and the reduction of sleep time is proven.

2. Sleepiness and coqnitive disorders

Laboratory studies have shown that circadian desynchronisation is accompanied by cognitive
impairment. The sleepiness associated with these symptoms is explained by both the
desynchronisation of the working day in relation to the circadian clock, and the "sleep debt"
developed by shift and night workers.

e Sleepiness
The evidence provided by epidemiological studies is sufficient to conclude that there is an effect.
In addition, many fundamental studies in humans (mechanistic laboratory studies) have also
confirmed that sleepiness is present, and that its intensity depends on the rhythm of shift work
(including night work) and also on chronobiological and homeostatic factors related to sleep debt,

depending on the reduction in sleep time and the time interval between the last sleep episode and
the beginning of the work period.

Accordingly, the effect of night work on sleepiness is proven.

e Cognitive performance

While most studies use the objective measurement known as the PVT (Psychomotor Vigilance
Test), which measures reaction time, a few offer other interesting assessment methods. Of the
eleven studies analysed, six show that shift work, including night work, may be associated with a
decline in cognitive performance. However, some studies show that the decrease in psychomotor
performance in the PVT may be more affected by sleep deprivation prior to starting the shift than
by the actual timing of the shift. There is limited evidence from epidemiological studies to conclude
as to whether or not there is an effect.

The fundamental studies conducted in humans with simulated shift work in the laboratory confirm
the effects of these irregular hours on cognitive performance, assessed primarily by the PVT, but
not exclusively,.

Accordingly, the effect of night work on cognitive performance is probable.

3. Effect on psychological health

Night workers collectively report problems with their psychological health: mood disorders,
depression, irritability, anxiety and personality disorders. Long regarded as a consequence of
mental disorders, changes to the circadian system could actually be involved in causing these
disorders. Indeed, the direct involvement of changes to the circadian system — and therefore

8 This test involves measurement and recording using an actigraph attached to the wrist. It is used to determine the
patient's activity/rest rhythm over several weeks (evaluation of their phase shifts, or the quantity and especially quality of
sleep).

9 Polysomnography is the complete recording of sleep. This examination involves capturing the electric rhythms coming
from a subject's body in order to deduce the stages of sleep.

Page 19/ 390 March 2016



ANSES e collective expert appraisal report Request No. 2011-SA-0088 "Atypical working hours"

potentially of night work — in the development of mental illnesses is currently being proposed in
some studies.

Night work may influence psychosocial risk factors and sleep disorders, which in turn could
increase the risk of mental disorders. Consequently, controlling for confounding factors is essential
to determine the nature of the effect of the night work itself. Given the multitude of confounding
factors, they are never all controlled in a single study.

The data show an association in the majority of studies, with the exception of the only longitudinal
study available, for which it is not possible to exclude all biases and confounding factors. Thus, the
evidence supporting the existence of an effect of night work on mental health is limited.

A recent experimental study (Boudreau et al., 2013) conducted with shift workers in the laboratory
reported better mood quality when there was an increase in circadian synchronisation (between
the internal biological clock and the sleep-wake schedule imposed by night work). This laboratory
study also provides limited evidence supporting the existence of an effect of night work on mental
health.

Accordingly, the effect of night work on psychological health is probable.

4. Metabolic disorders and cardiovascular diseases

Many studies have been conducted to assess the association between shift work and the risk of
metabolic disorders: obesity or excess weight, diabetes, high blood pressure, dyslipidaemias or
metabolic syndrome.

e Obesity and excess weight

Several of the studies analysed, especially case-control studies, showed a significant association
between shift work, including night work, and weight gain. There is limited evidence provided by
epidemiological studies to conclude as to whether or not there is an effect.

Results show that the forced desynchrony protocol (associated with desynchronisation of the
circadian clock and sleep restriction) leads to hyperglycaemia consecutive to inadequate
pancreatic compensation, in men and women regardless of age.

Taking into account the evidence provided by the epidemiological studies and the plausible
mechanisms examined in experimental studies, the effect of night work on obesity and excess
weight is probable.

e Type 2 diabetes

A significant dose-response relationship between the duration of shift work, including night work,
and the risk of type 2 diabetes was shown in two cohort studies analysed. In the different studies
selected, it was shown that shift work is associated with a significantly increased risk of type 2
diabetes, particularly among shift workers on rotating shifts. The evidence in the epidemiological
studies is limited.

On the mechanistic level, the effects of circadian disruption and/or sleep restriction on insulin-
resistance are plausible. In the majority of studies testing the effect of circadian disruption in
humans or animals, impaired glucose metabolism, as well as sensitivity to insulin, were observed.

Thus, taking into account the evidence provided by the epidemiological studies and the plausible
mechanisms from experimental studies, the effect of night work on diabetes is probable.

E— ]
Page 20/ 390 March 2016



ANSES e collective expert appraisal report Request No. 2011-SA-0088 "Atypical working hours"

e Dyslipidaemias

Epidemiological studies on this subject mainly focused on minimum and mean values in years of
rotating shift work, resulting in an increase in cholesterol. However, most of these studies do not
take into account the sub-fractions of cholesterol (HDL-C, LDL-C), or triglycerides. Given the
methodological limitations and the few available studies taking these parameters into account, the
evidence provided by the epidemiological studies cannot be used to draw any conclusions about
the existence of an effect.

Taking into account the evidence provided by the epidemiological studies and the plausible
mechanisms from experimental studies, the effect of night work on dyslipidaemia is possible.

e Cardiovascular diseases

The association between night/shift work and cardiovascular disorders is plausible on the basis of
the risk factors examined. Nevertheless, it should be noted that most of the studies suffer from
selection and information bias. These are related to the imprecise definition and quantification of
exposure, the incorrect classification of cases and controls, the type of study (cross-sectional,
longitudinal), the groups/sectors examined, the diagnostic criteria, the reporting methods, the
confounding and risk factors considered, and the "healthy worker effect" (ageing, recruitment,
periodic medical surveillance).

Taking into account the evidence provided by the epidemiological studies and the human
experimental studies examined:

e the effect of night work on coronary heart diseases (coronary ischaemia and myocardial
infarction) is probable;

e the effect of night work on high blood pressure and its relationship with ischaemic stroke are
possible.

e Metabolic syndrome

There are several definitions of metabolic syndrome. One of the most recent (2005) defines this
syndrome as the simultaneous presence of at least three out of five criteria on biological and
clinical parameters related to waist size, blood pressure, blood triglyceride, blood cholesterol and
blood sugar levels.

While most of the studies are cross-sectional, several cohort studies are available, including one
proposing a higher rate of incidence of metabolic syndrome for shift workers, including night
workers, compared to day workers.

Concerning the epidemiological studies, there is sufficient evidence to conclude that there is an
effect. On the mechanistic level, the effects of circadian disruption and/or sleep restriction on the
components of metabolic syndrome are plausible.

The presence of a dose-effect relationship with the duration of the shift work, including night work,
has been highlighted in several studies.

Accordingly, the effect of night work on the occurrence of metabolic syndrome is proven.

It should be noted that metabolic syndrome is defined as a combination of several biological or
clinical parameters that are not necessarily all disrupted. This explains why the effect on this
syndrome is regarded as proven whereas the effects for the diseases taken individually are
probable.

5. Cancer

The assessment by the IARC of the carcinogenicity of night work causing disruptions to circadian
rhythm concluded in 2010 that there was limited evidence in humans, on the basis of eight
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epidemiological studies on breast cancer in women and a small number of studies on cancers of
the prostate, colon and endometrium. Since this assessment, new epidemiological studies have
been published.

The evidence provided by the epidemiological studies to assess the cancer risk associated with
shift work, including night work, is presented below by cancer site.

This is followed by a global presentation of the assessment of the level of evidence of the risk of
cancer associated with night work.

e Breast cancer in women

The assessment of the evidence provided by epidemiological studies focused on 24 studies on
breast cancer conducted in North America, Europe, and Asia, including the eight studies evaluated
in the IARC monograph. Eight cohort studies and seven case-control studies nested in the cohorts
focused on nurses (six studies), radio operators, military personnel, textile workers and groups of
employees identified in population or employer registers. Nine case-control studies carried out in
the general population were also taken into account, covering a wide range of occupations and
sectors of activity.

Of all the studies analysed, some had major methodological limitations and did not play a
predominant role in the final assessment, due to the inadequate measurement of exposure, the
possibility of subject selection bias, the small sample size, or the fact that confounding factors were
not taken into account. Conversely, some case-control studies in the population or nested in
cohorts were given precedence due to their higher methodological quality. These studies generally
provided new elements compared to the assessment by the IARC, because they focused on
diversified professional groups, the night and/or shift hours were defined more precisely than in the
earlier studies, the exposure to night work was measured over the entire professional career, and
the main risk factors for breast cancer likely to play a confounding role were taken into account.
Lastly, some studies also collected information on the duration of sleep and on the chronotype of
individuals as intermediary factors or modifiers of the relationship between night work and risk of
breast cancer.

The main studies showed that there were statistical associations, generally low, between breast
cancer and night or shift work. However, the definitions used to characterise the exposure to night
work vary widely from one study to another and make it difficult, if not impossible, to compare
results. Depending on the different studies, the observed associations concerned the duration in
years of night work, its intensity (number of nights per week or per month), the number of
consecutive nights worked, the total number of nights worked throughout the whole career, fixed or
rotating night work, or night work measured on a scale enabling the degree of circadian disruption
to be assessed, with long durations of exposure of more than 20 years being associated with
breast cancer in some studies, but not in all.

In conclusion, the expert group recognises that the recent epidemiological studies provide new
evidence on the possible links between night work and breast cancer. However it underlines the
lack of standardisation in the characterisation of exposure. Unless the results can be replicated
reliably from one study to another, it is not possible at this stage to draw a coherent picture of the
increase in the risk of breast cancer among women working at night or working shifts according to
the duration, frequency or intensity of exposure. It also considers that it is not possible to rule out,
with certainty, the existence of residual confounding factors, in relation with, for example,
concomitant occupational exposure, which could explain some of the observed associations.

The epidemiological studies supporting an effect of night work provide more evidence on the
increase in the risk of breast cancer than was available in 2010. This evidence is, however, limited.

e Prostate cancer

The literature review focused on eight epidemiological studies with an individual assessment of
exposure to night work or shift work (five cohort studies and three case-control studies), two of
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which had been taken into account in the IARC monograph. The cohort studies do not report any
increase in the risk of prostate cancer associated with night work or shift work, with the exception
of the first publication relating to a small Japanese cohort. In these studies, the measurement of
exposure to night work is generally not very precise, is based on a short period in the career of the
subjects, or is evaluated from a jobs-exposure matrix leading to classification errors. Among the
three case-control studies, results show associations with the durations of exposure or indices of
cumulative exposure to night work. The most recent study reporting links between night work and
the advanced stages of prostate cancer, and studying the modifying effect of chronotype, provides
more convincing evidence, but these elements should be underpinned by new studies.

On the basis of the available epidemiological studies, the results suggest the possibility of an
increased risk, but the evidence is insufficient, and must be confirmed by further studies.

« Other cancers

A small number of epidemiological studies have analysed the links between night work and
ovarian, lung, pancreatic, and colorectal cancers, as well as several other cancer sites, particularly
in the cohort studies. In these studies, the exposure to night/shift work is usually assessed in an
imprecise way, and the covariables that can play a confounding role are not systematically taken
into account. The results of studies on the same cancer sites reporting associations with night work
are contradictory for a given cancer site.

On the basis of the available epidemiological studies, it is not possible to conclude as to the effects
of night work on the other cancer sites.

e Overall conclusion on the risk of cancer

The expert group conducted a critical analysis of epidemiological studies on the risk of cancer
related to shift work, including night work. On this basis, it considers that there are elements
supporting an excess risk of breast cancer associated with night work, with limited evidence. It is
not possible to conclude as to an effect for the other cancer sites on the basis of the available
studies.

The expert group also considered the results of experimental studies in animals examining the
links between disruptions caused to circadian rhythm and the onset of cancer. In addition, it
stresses the existence of physiopathological mechanisms that may explain the carcinogenic effects
of disruptions to circadian rhythm.

Based on the results of the epidemiological studies analysed and the results of experimental and
biological studies, the CES finds a probable effect of night work on the risk of cancer.

Accidentology and traumatic pathology

The examined studies show that the frequency and severity of accidents occurring during shift
work, including night work, are generally higher. This situation is explained both by the
physiological mechanisms involved (sleepiness, sleep debt, chronobiology), and by organisational,
environmental (working conditions), and managerial factors.

Modulators

The effects of night and shift work on the health of employees subjected to it are not unambiguous
or systematic. They depend on a combination of factors based on the employees' individual, social
and family characteristics, and the characteristics of the work and work situation. These multiple
factors will modulate, i.e. reduce or amplify, the effects of night work and shift work on the health of
the employees. National surveys also show that night workers accumulate time constraints (work
during the weekend, reduced freedom in the organisation of working time, etc.) and hardship
factors (vigilance constraints, physical hardship). Adaptation strategies adopted by workers on
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rotating and night shifts, both in the workplace and outside of work, help control the risks in terms
of work, personal life and health. However, they are not always sufficient. The readjustments
observed in actual work to anticipate variations in sleepiness, transfer of tasks, peer support and
rest are only possible when there is room for manoeuvre in the work situation.

Page 24 / 390 March 2016



anses .2

Summary table of the classification of the health effects studied

Studied effect

Is there evidence of the existence of
the effect in experimental studies in
humans or animals?

Evidence of the existence of the studied effect in
clinical and epidemiological studies

Classification of the level of
evidence in humans

Sleep

Sleep quality

yes

Sufficient

Sleep time

yes

Sufficient

Proven effect

Cognitive performance

Sleepiness and vigilance

yes

Sufficient

Proven effect

Cognitive performance

yes

Limited
Six studies out of 11 show an association.

Probable effect

Psychological health

yes

Limited
Eighteen studies out of 20 show an association between
night work (fixed or rotating) and diminished mental
health.

A more indirect link in the other eight studies is mediated
by psychosocial risk factors associated with the content
and organisation of night work.

It is not possible to exclude all bias and confounding
factors.

Probable effect

Cancer

Breast cancer

yes

Limited
There is more evidence supporting an effect of work,
including night work, than in 2010; however, it is limited,

because it is not possible to rule out the existence of bias
with a sufficient degree of certainty.

Prostate cancer

yes

No conclusion can be drawn

Other cancers (ovarian, pancreatic,
colorectal)

yes

No conclusion can be drawn

Probable effect

Cardiovascular diseases

Metabolic syndrome

yes

Sufficient

Proven effect
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and metabolic disorders Limited

Several case-control studies show a significant
Obesity or excess weight yes association with night shift work. Probable effect

One cohort study, despite its methodological limitations,
suggests deleterious effects

Limited
A significant dose-response relationship between the
duration of shift work with night hours and the risk of type
2 diabetes was shown in two cohorts.

Type 2 diabetes yes Probable effect

Dyslipidaemias yes No conclusion can be drawn Possible effect

Limited
Coronary heart diseases yes . . . . . Probable effect
Selection and information bias affect most of the studies.

High blood pressure yes No conclusion can be drawn Possible effect

Ischaemic stroke yes No conclusion can be drawn Possible effect
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Recommendations of the collective expert appraisal

According to Article L. 3122-32 of the French Labour Code, the use of night work must
remain exceptional and take into account the requirements to protect the health and safety of
workers. It must also be justified by the need to ensure the continuity of economic activity or
services of social value. It cannot be implemented without collective bargaining.

Night work concerns a considerably large population. In 2012, 15.4% of employees, or 3.5
million people, worked at night, regularly or occasionally. This corresponds to a million
employees more than in 1991, and this increase concerns women in particular. The working
conditions of these employees are more difficult than for others: they are subjected to more
numerous physical hardship factors, greater time pressure, and more frequent tensions with
their colleagues or the public.

Recommendations for preventing the risks associated with exposure to night work

The health risk assessment conducted by the Working Group on "Atypical working hours"
concluded as to the existence of a number of possible, probable and proven human health
effects of shift work including night work.

The CES therefore recommends, by application of the principles of primary prevention used
in the occupational health field, eliminating night work if possible or, failing this, reducing the
number of people working these types of hours.

In the event that it is impossible to eliminate this way of organising working time, the CES
recommends that various means of prevention be implemented to reduce the impact of night
work on the health of the employees concerned.

In terms of recommendations at work:

e adjust the length of the night shift according to the arduous nature of the tasks
(physical or mental load, etc.) and their conditions of execution (physical or
environmental atmosphere of the work);

e adjust the nature of the night worker's tasks in particular by taking care to reduce
constraints relating to rate, physical effort, attention, memory, etc.;

e shorten rather than lengthen the duration of night shifts, in order to avoid combining
the negative effects of circadian desynchronisation with those of sleep pressure and
sleep debt;

o favour a maximum number of weekends of rest;
increase the number of days of rest and preferably arrange them after the night shift,
to enable a faster recovery from fatigue and lack of sleep;

e insert appropriate rest breaks during the shift, leaving sufficient time to encourage
short naps, and improve rest conditions;

e organise sufficient overlap time between the shifts, and therefore between teams, to
enable the transmission of oral information that enhances the quality of the work,
safety, and reliability;

e promote the collective aspect of the work to limit worker isolation, enable quality
social support, increase the reliability of the system, and enable error recovery;

e when designing shift and night work schedules, take into account the balance
between the different spheres of life (life at work and life outside work) on which the
employees' state of health also depends;

e get personnel involved in drawing up shift work systems;

e give employees the option of organising their tasks and leave them room to
manoeuvre when deciding on their chronological order, according to the fluctuation of
their cognitive and physical capabilities;
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e encourage suitable lighting that helps maintain vigilance during the shift and improve
the quality of sleep at home (increase light during the night shift, and then sleep in the
dark).

In terms of the recommendations for prevention stakeholders (occupational physicians,
committees on health, safety and working conditions, general practitioners, safety engineers,
staff representatives, etc.):

¢ insist on the importance of fostering quality sleep at home.

Moreover, information campaigns on the risks associated with night work should be
conducted among physicians.

Lastly, the CES reiterates the conclusions of the Working Group, which stated that anything
that reduces desynchronisation and sleep debt is favourable in principle, but that care should
be exercised in the general recommendations, firstly due to inter-individual variability (in
chronotype, sex, age, etc.), and secondly because of work organisation elements that may
be favourable for one shift but may prove unfavourable for a team on another shift. Some
other means of prevention, listed in the report, currently suffer from a lack of consensus in
the scientific community, either because of a lack of studies or contradictory results. These
are listed below:

e limiting the number of consecutive night shifts: there is no consensus on an
acceptable number of nights;

e adopting rapid rotation regimes in order to limit the number of consecutive night shifts
could be favourable to sleep, but unfavourable to circadian rhythmicity: there is no
consensus on the best frequency to adopt;

e generally preferring to rotate shifts in a clockwise direction (morning/afternoon/night),
because it follows the natural periodicity of most individuals' biological circadian
rhythms (except for morning chronotypes for which an anticlockwise rotation may be
less detrimental), and in order to benefit from longer rest periods between shifts;

e not starting the morning shift too early, in order to limit sleep debt and avoid
excessive daytime sleepiness;

e not finishing too late in the evening, in order to limit family desynchronisation.

Recommendations concerning possible directions for scientific research

For experimental studies

The CES reiterates:

o that there are too few experimental studies in humans;

¢ that the nocturnal models (in particular rats and mice) are unsuitable for assessing
the health effects of night shift work: animal studies are usually conducted in
nocturnal rodents that are sensitive to light, very different from diurnal animals and
human beings. It is not possible to reproduce the equivalent of night or shift work in
nocturnal animals;

e that the majority of animal studies are carried out on males (to avoid interference from
hormonal cycles);

¢ the failure to systematically take modulators (such as age, sex and chronotype) and
environmental influences into account.
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The CES therefore recommends:

prioritising experimental studies in diurnal animal models and humans;

promoting experimental studies on animal models, in males and females in equal
measure;

studying the effects of co-exposures and environmental influences in the
experimental studies;

for the experimental studies in humans, clearly defining the model of shift/night work
and the types of tasks performed,;

assessing the effect of key modulators such as age, sex and chronotype.

For epidemiological studies

The CES reiterates:

the many methodological limitations identified during the analysis of the
epidemiological studies, in particular with regard to characterisation and duration of
exposure, or accounting for confounding factors and the "healthy worker" effect;

the fact that modulating effects and differences in work content and organisation
between day and night shifts are not adequately taken into account;

the uncertainties that persist concerning the effects of shift/night work on some
cancers and other poorly documented diseases.

Accordingly, the CES recommends:

implementing studies to gain a better understanding of the effect of co-exposures and
interactions between night shift work and other risk factors;

ensuring a better characterisation of exposure in epidemiological studies, using
standardised questionnaires (IARC workshop 2009; Stevens, 2011), incorporating the
following parameters when possible:

o the type of shift work (continuous or semi-continuous);
the time at which the shift begins and ends;

the duration of the shifts considered;

the type of system (rotating or fixed);

the speed and direction of rotation;

the regularity or irregularity of the rotation cycle;

the cumulative duration of the shift work;

o0 the number and position of rest periods between shifts.

O O0OO0OO0O0O0

implementing studies to assess prevention policies

It is also important, in these studies, to assess the personal and behavioural aspects of the
workers, such as sleep quantity and quality, diet, commute duration between home and the
workplace, exposure to light during the night, chronotype, and the duration of exposure to
these working hours. The CES recommends:

better characterising the study populations: age at the time of the study, age when
starting shift work including partial nights or number of years of exposure, sex, family
situation (number and age of children), chronotype, sleep duration during and outside
the work period, light exposure profiles, etc.;

ensuring that confounding factors and factors specific to the considered effect are
better taken into account. This entails more effectively assessing certain personal and
behavioural aspects of the workers, such as sleep quantity and quality, diet, light
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exposure during the night, chronotype, alcohol and tobacco consumption, type of
housing, etc.;

favouring longitudinal (cohort or case-control) studies in order to better appraise the
causal relationship, the healthy worker effect and the dose/response relationship
(thresholds);

in the large general cohort studies under way, integrating information on the
characterisation of exposure and of populations, and taking confounding factors into
account.

It also recommends, with regard to the studies on cancer:

that the associations between night work and breast cancer should, when possible,
be studied separately in women working in varied industry sectors, in order to assess
the possible effects of different systems of working hours;

precisely characterising the sub-groups of individuals (menopausal status, breast
cancer tumour receptors) that could be differently associated to night work. In the
immediate future, the Expert Committee recommends that initiatives be taken to
analyse existing studies in groups, by characterising exposure uniformly from
available data. Such an analysis would enable the stratification of individuals by sub-
group (menopausal status, main sectors of activity, hormonal receptors) while
maintaining a satisfactory statistical power.

For studies on the secondary means of prevention19

Considering the lack of consensus on:

the preferable direction of rotation (clockwise/anticlockwise);

the acceptable number of consecutive night shifts;

the frequency of rotations (fast/slow) that is least detrimental to the physiology;

the best chronobiological approaches for fostering circadian synchronisation and the
quality of wakefulness and sleep;

the use of melatonin supplements;

the effectiveness of pharmacological approaches;

the CES recommends conducting experimental studies in the laboratory and in real
conditions, in which subjective and quantitative assessments of the impact of night work are
carried out (on the amplitude and phase of the circadian system, sleep, sleepiness,
cognition, metabolism, cardiovascular diseases, immunity, light exposure), making it possible

to;

assess the effect of the direction of rotation (clockwise/anticlockwise), and the
association between the effect and the chronotype of individuals;
seek the existence of a threshold for the number of consecutive night shifts without
an effect;
determine the frequency of rotations (fast/slow) that is least detrimental to the body
and to the well-being of individuals;
assess the chronobiological approaches confirmed as effective in the laboratory for
fostering circadian synchronisation and improving the quality of vigilance and sleep:

0 napping before and during the night shift;

10 |n secondary prevention, the measures involve identifying the health problem at its earliest stage
and applying a fast and efficient treatment to limit the adverse consequences.
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0 increasing light intensity during the shift;

0 reducing exposure to light in the morning and during the day;

o0 determining the optimal hours for phototherapy.
determine rapidly (the same day) and precisely the phase of the circadian system
(internal clock), in order to be able to optimise the effectiveness of the
abovementioned chronobiological approaches (and determine the ideal time to
increase and decrease exposure to light in order to favour synchronisation of the
circadian system);
determine optimal times for administering melatonin for its sleep-inducing effect and
its synchronising effect on the circadian clock. As these times are dependent on the
internal clock of individuals, it will be necessary to precisely determine the phase of
their circadian system (see above point);
assess the relevance and effectiveness of pharmacological approaches to promote
synchronisation of the circadian system (melatonin supplements) and increase
vigilance during the shift (caffeine, etc.).

In addition, considering:

the difficulty of quantifying the change in sleep time;

the lack of consensus on the definition of fatigue;

the difficulties encountered by the Working Group in accessing data, in particular on
occupational accidents and commuting accidents;

the CES recommends:

guantifying the change in the time and number of sleep episodes using actigraphy;
developing studies on fatigue, in order to obtain a better metrological assessment, as
well as scales suited to the different types of fatigue: physical, cognitive,
psychological;

conducting studies on accidentology at work, with a methodology that would make it
possible to jointly analyse the content of the work and the "time" aspects of accidents:
time of occurrence, shift concerned, its place in the rotation, etc.;

proposing a reflection process on the under-reporting of accidents during or after
night/rotating shifts;

conducting studies to understand the determinants of the under-reporting of
occupational accidents at night or following the night shift, from the perspective of
both employers and employees;

examining in greater detail the link between night work and the severity of
occupational accidents;

promoting the availability of data from studies conducted in companies (internal
reports/grey literature) to researchers, in order to enhance knowledge on the effects
of this type of time organisation in an actual work context — consider a process for
anonymising companies if there are concerns about the organisation's structure being
revealed. The data collection methods should be available to judge their quality and
limitations.

For studies on the socio-economic impact of night shift work

Considering:

the absence of data on the social and economic cost of night work and shift work;
the results of studies on family and social life;
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the CES recommends:

e implementing sociological and economics studies on the social and economic cost of
night shift work, in order to put into perspective the economic benefits gained and the
social costs incurred (occupational accidents, occupational diseases, absenteeism,
staff turnover, etc.) both on a company and society level (indirect negative
consequences of shift and/or night work);

e expanding the framework of analysis to the entire family unit and not being limited to
exclusively studying the effects on the workers themselves: accentuating research on
the impact of shift work including night work on family life (relationships with partners
and children, schooling of children, etc.);

e developing studies on women working shifts including at night, as well as single-
parent families;

e continuing scientific work on the social life of night shift workers in order to shed light
on the social impact created by these hours.

For ergonomic and gualitative studies

Considering:

e the need to distinguish the effects of the work schedule from that of the specific
requirements of the profession itself, in order to understand their respective impacts
on health and personal life;

e the need to take into account the reality of turnover and the reality of the actual work
performed, rather than focusing solely on what is planned and authorised,;

e the need to understand the adjustments made by employees in order to manage the
impacts of shift work, including at night, on their health and personal life;

e the lack of studies in ergonomics, sociology and, more generally, the human and
social sciences on the subject;

the CES recommends:

e continuing work to precisely characterise the work situations, working conditions, the
content and requirements of the shift and night workers’ tasks;

e carrying out qualitative studies in work situations based on real work, with various
shift systems (2x12h, etc.);

e conducting studies or research-actions to assess the organisational means of
prevention for shift and night work (collective work, naps, tools promoting work/family
reconciliation, etc.).

The Expert Committee on "Physical agents, new technologies and development areas"
adopted the collective expert appraisal work along with its conclusions and recommendations
as described in this collective expert appraisal summary, at its meeting of 15 March 2016.
One of its members, Pierre Ducimetiére, abstained from the vote on the validation of the
collective expert appraisal summary, invoking a disagreement on the editorial form, but not
on the substance.

Date of validation of the report by the Expert Committee: 15 March 2016
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Glossary

Incidence: the incidence is the number of new cases of disease, in relation to the size of the
population, occurring during a given time period, usually a year.

Confidence Interval (CI): the rough estimate of the statistical analysis aims to quantify the
studied effect and the degree of certainty of this estimate through a confidence interval (CI),
which generally identifies a range of values on both sides of the estimate. A 95% CI
represents the range within which there is 95% certainty of finding the actual value.

If the confidence interval includes 1, it is considered that there is no significant difference
between the two groups studied.

Prevalence: the prevalence is the ratio between the number of people affected by a disease
at a given time and the size of the population.

Relative risk (RR): the relative risk corresponds to the proportion of sick individuals among
those exposed to the studied risk factor in relation to the proportion of sick individuals among
those not exposed.

The relative risk is used to express the association between an exposure (to a treatment or a
risk factor) and a disease: it is the factor by which the risk of disease is multiplied in the
presence of the exposure.

Odds ratio (OR): The odds ratio (abbreviated to "OR") is one of the ways of quantifying the
association between a property A (for example: existence or not of a disease) and a property
B (for example: existence or not of an exposure), determined for all individuals in a
population. The odds ratio corresponds to the ratio between the odds "presence of
Alabsence of A" among the individuals exposed to B, and the odds "presence of A/absence
of A" among individuals not exposed to B. In some circumstances, it is interpreted in the
same way as a relative risk.

Main types of epidemiological studies:

. ecological studies examine the association between exposure and disease on data
aggregated by geographical or time-related unit;

. cross-sectional studies examine, for each individual in the study, their exposure and
the presence of disease at a given time point;

. case-control studies are used to compare the frequency of past exposure of a sample
of cases (sick individuals) to that of a control sample of individuals not suffering from this
disease, which must be representative of the population from which the cases are drawn;

. cohort studies are used to compare the occurrence of diseases between non-exposed
individuals and individuals subjected to the exposure of interest, monitoring the incidence of
diseases over time.
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1 Background, purpose and procedure for
handling the request

1.1 Background

The request for a risk assessment for professionals exposed to atypical working hours, in
particular those working at night, comes within a specific socio-economic and scientific
context: the way in which work is organised is changing, with an enormous number of
workers today being concerned by atypical work rhythms.

The "standard" work week is defined by four criteria: hours worked between 7 am and 9 pm,
five days of full-time work (at least 5 hours of work per day), weekly duration between 35 and
44 hours, and two consecutive rest days. The expression "atypical hours" applies to all
working time arrangements situated outside the framework of the "standard" week. The best-
known forms of atypical hours are shift work, night or evening work, and weekend work.
Atypical hours also include disjointed working hours, compressed work schedules and work
hours that can change from day to day. The concept of atypical work hours is very broad,
and was therefore defined precisely for the purpose of the Agency's work.

The adoption of the proposed law on professional equality of men and women in 2001
removed the legal ban on women working at night, mainly to bring French law into
compliance with European law. The number of night workers has almost doubled in twenty
years, as can be seen in the latest study by the Directorate for Research, Studies and
Statistics (DARES), published in August 2014 (DARES, 2014).

The health effects on workers of atypical hours constitute a complex field of study that
requires the application of a wide variety of scientific disciplines. The most frequently cited
effects are: sleep and disorders of vigilance, an increase in the risk of accidents, an increase
in the risk of certain cancers (especially breast cancer in women), and endocrine disruption
(in particular increasing the risk of obesity). New scientific studies in the past few years have
supplemented the available data, which led the International Agency for Research on Cancer
(IARC) in 2007 to add night shift work to the list of agents that are "probably carcinogenic to
humans" (Group 2A). In turn, the French National Authority for Health (HAS) published a
report in 2012 issuing recommendations for medical-professional monitoring of shift and/or
night workers.

1.2 Purpose of the request

In this context, in March 2011, ANSES received a formal request from the French
Confederation of Christian Workers (CFTC) to conduct an assessment of the health risks for
professionals exposed to atypical working hours, especially those subject to night work,
whether or not this is regular (see Annex 1).

Following the IARC's evaluation work in 2007 and the classification of night work in Group 2A
as "probably carcinogenic”, on the basis of epidemiological studies mainly conducted on
nurses and flight attendants, the CFTC asked about extending this finding to all workers
subjected to atypical working hours.

In response to this request, ANSES proposed initially carrying out an expert appraisal of the
health risks to which professionals are exposed when working night hours and, more
specifically, those exposed to night work and shift work including night hours. The health
effects potentially associated with other forms of atypical working hours could be assessed
as part of a second phase of the expert appraisal.
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The different elements examined in the context of this request are as follows:
e areminder of the regulatory definitions of shift work and night work;
e a current overview of night work and shift work in France;

e areview of knowledge on biological rhythms, their regulation by a system of biological
circadian clocks, and a presentation of the impacts of the disruption of this circadian
system induced mainly by atypical working hours;

e an international review of expert appraisals on shift work;
e areview of the socio-economic aspects surrounding shift work including night work;

e an assessment of the health effects associated with night work and shift work
including night work;

e areview of the qualitative studies on the realities of situations involving shift work with
night hours;

e areview of the means of prevention reported by the literature.

1.2.1 Types of atypical working hours studied

Mainly following exchanges between ANSES and representatives of the CFTC, and with
MEDEF and the CGPME (hearings of 15 February 2013), and considering the diversity of
situations of exposure to atypical working hours, the Agency decided to conduct the expert
appraisal in two phases:

e an initial phase addressing the question of shift work and night work, for which data
on the health risks are already available;

e asecond phase, which will consist in assessing the health risks associated with other
forms of atypical working hours, and will require an adapted expert appraisal
approach.

1.2.2 The health effects studied

Given the large number of health effects identified, the effects to be studied were ranked in
order of priority (see Section 6).

1.3 Procedure: means implemented and organisation

ANSES entrusted the Working Group (WG) on "Assessment of the health risks for
professionals exposed to atypical working hours, especially night work™ with responding to
this formal request, reporting to the Expert Committee (CES) on "Physical agents, new
technologies and development areas”. The first meeting of the WG was held in November
2012.

The work was mainly based on a summary and critical analysis of data published in the
literature (scientific articles, reports, etc.).

The Working Group also interviewed external experts likely to contribute useful information
and additional data for the expert appraisal (context, health effects, etc.).

An international consultation was held with national agencies and authorities in the areas of
health and/or occupational safety (Europe and North America), in order to find out about
studies conducted abroad and the particular health effects studied.

Lastly, a Research and Development Agreement (RDA) was drawn up between ANSES and
the French National Institute for Health and Medical Research (INSERM), with the aim of
exploiting field data from the national survey on "Medical surveillance of exposure to
occupational hazards" (Sumer) conducted by DARES and the Directorate General for Labour
(DGT) - Occupational Health Inspectorate.
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The methodological and scientific aspects of the WG's expert appraisal work were regularly
submitted to the CES. The report issued by the WG takes into account the comments and
additional information provided by the members of the CES. This work was therefore
conducted by a group of experts with complementary skills.

The Group's work was adopted by the CES at its meeting on 9 February 2016.

The expert appraisal was carried out in compliance with French standard NF X 50-110
"Quality in Expert Appraisal Activities — General Requirements of Competence for Expert
Appraisals” (May 2003) with the aim of respecting the following points: competence,
independence and transparency.

1.4 Prevention of risks of conflicts of interest

ANSES analyses the relationships of interest declared by the experts prior to their
appointment and throughout the work, in order to avoid potential conflicts of interest with
regard to the matters dealt with as part of the expert appraisal.

The experts’ declarations of interests are made public via the ANSES website
(www.anses.fr).
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2 Regulations, definitions and reality of atypical
working hours in France

2.1 Definitions and regulations

Warning: A legal review was carried out in April 2015. All the information contained below
was applicable on the date this review took place. This section is not indicative of any
possible changes to the regulations between April 2015 and the date of publication of this
collective expert appraisal report.

2.1.1 Regulations applicable to night work

2.1.1.1 The history of night work requlations in France

Until 2001, French domestic law contained very few provisions relating to night work
(examples: the ban since 1892 on night work for women in industry and Article 24 of Act No.
91-1 of 3 January 1991).

It was in fact Act No. 2001-397 of 9 May 2001 on professional equality between men and
women that provided a precise legal framework for night work. This Act was also an
opportunity, for French legislators, to bring national law into line with European Union law.
This text, removing the ban on night work for women, in fact arose in response to rulings
made by the Court of Justice of the European Communities (CJEC), which later became the
Court of Justice of the European Union (CJEU).

French law applicable to night work is therefore the result of Act No. 2001-397 of 9 May
2001, Decree No. 2002-792 of 3 May 2002 and DRT Circular No. 2002-09 on night work,
which comments on the entire system. Act No. 2001-397 of 9 May 2001 therefore
transposed, with some delay, Council Directive 93/104/EC of 23 November 1993 into French
law.

Directive 93/104/EC concerning certain aspects of the organisation of working time was then
amended for the first time by Directive 2000/34/EC of 22 June 2000 (OJEU L. 195 of 1
August 2000, p. 41). This Directive was once again amended and consolidated by Directive
2003/88/EC of 4 November 2003 (OJEU L. 299 of 18 November 2003, p. 9). In its Article 27,
this new Directive provides for the repeal of Directive 93/104/EC, as amended by Directive
2000/34/EC. Only Directive 2003/88/EC therefore remains applicable. As such, it should be
clarified that even though Directive 93/104/EC was substantially amended, only marginal
changes have been made to the provisions specific to night work and shift work (Articles 8 to
13), mainly concerning cases of derogation from the maximum daily duration of 8 hours for
night workers (Article 17).

Changes to European Union regulations on night work are soon likely to emerge, insofar as
the European Commission has begun a complete review of Directive 2003/88/EC on working
time in order to take into account the "fundamental changes that have occurred in the world
of work and the economy". A public consultation on this review was organised, which ended
on 18 March 2015 (http://ec.europa.eu/). This review is therefore ongoing.

2.1.1.2 Definitions of night work and the night worker

2.1.1.2.1 Definitions in European Union law
Article 2 of Directive 2003/88/EC defines "night time" as:
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"any period of at least seven hours, as defined by national law, and which must include, in
any case, the period between midnight and 5:00."

The same provision defines "night worker" as:

"a) on the one hand, any worker who, during night time, works at least three hours of his
habitual daily working time; and
b) on the other hand, any worker who is likely to, during night time, work a certain proportion
of his annual working time, defined according to the choice of the Member State concerned:
i) by national legislation, following consultation with the two sides of industry; or
ii) by collective agreements or agreements concluded between the
two sides of industry at national or regional level; [...]."

Concerning the definition of "night worker", differences emerge between Member States. In
Ireland, for example, a night worker is one who normally works three hours of his daily
working time between midnight and 7am and who works at night for at least half of his
working time over the course of a year (Organisation of Working Time Act, 1997 and
http://www.citizensinformation.ie). In the United Kingdom, a night worker is, in principle,
defined as one who typically works three hours of his daily working time at night, which, by
default, is set between 11pm and 6am. Different definitions can, however, be laid down by
collective agreement or workforce agreement (The Working Time Regulations, 1998 and
https://www.gov.uk/night-working-hours/).

2.1.1.2.2 Definitions used in French domestic law

Definitions of night work
There is not one but several definitions of night work in French law.

2.1.1.2.2.1 The legal definition

In compliance with the minimum requirements laid down by European Union law, French
legislators defined night work in Article L. 3122-29 of the French Labour Code as "any work
[performed] between 9pm and 6am" (Article L. 3122-29, Subparagraph 1, of the Labour
Code), subject to specific provisions laid down for young workers.

This legal definition is the result of choices made by French legislators on the basis of the
options offered to them by European Union law. Other Member States have thus been able
to retain a different legal definition of night time. This is particularly the case in Germany,
where "night work" is defined as any work of a duration greater than two hours during the
period of time between 11pm and 6amll; in Italy, where night time includes at least seven
consecutive hours including the interval between midnight and 5am22; or in Belgium, where
night work is understood to mean work carried out between 8pm and 6am13,

2.1.1.2.2.2 The convention-based definition

Besides this legal definition, the French Labour Code allows for the possibility of establishing
by extended collective labour convention or agreement, or company or establishment
agreement, another period of nine consecutive hours, between 9pm and 7am. The period
thus defined must then include the interval between midnight and 5am (Article L. 3122-29,
Subparagraph 2 of the Labour Code). This is a requirement laid down by European Union
law (Article 2 of Directive 2003/88/EC).

2.1.1.2.2.3 The definition after authorisation by the labour inspector

11 Article 2 of the Act on working time, Arbeitszeitgesetz; ArbZG.

12 Article 1 d) of Legislative Decree No. 66 of 8 April 2003 transposing Directives 93/104/EC and
2000/34/EC and relating to certain aspects of the organisation of working time.

13 Article 35 of the Act of 16 March 1971 on work.
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In the absence of an agreement and when warranted by the specific characteristics of the
company's activity, the change to the adopted period may also be authorised by the labour
inspector, following consultation of the trade union delegates and an opinion by the works
council or employee delegates where they exist (Article L. 3122-29, Subparagraph 3 of the
Labour Code).

2.1.1.2.2.4 The case of specific activities

Besides these principles, French legislators have provided for derogations for activities
relating to editorial and industrial production of press, radio and television, cinema production
and exhibition, live performances and discotheques. For these activities, night time is fixed
between midnight and 7am. Here too, it is possible to establish another period by extended
collective branch convention or agreement, or collective company or establishment
agreement. In accordance with Directive 2003/88/EC, this period of substitution must include
the interval between midnight and 5am (Article L. 3122-30 of the Labour Code).

The night worker

It is not enough to work occasionally at night to be considered a "night worker" and to benefit
from the guarantees inherent to this status. Indeed, in application of the provisions of Article
L. 3122-31 of the Labour Code, a night worker is a worker:

» whose usual working hours lead them, at least twice a week, to perform at least three
hours of their daily working time in the period considered as night work in their
company, or;

» who, during a reference period, performs a minimum number of hours of night work in
the period defined as such in the company. The minimum number of hours of night
work and the reference period are, in principle, determined by an extended collective
labour convention or agreement. In the absence of such convention provisions, a
night worker is considered to be an employee who performs, over a period of 12
consecutive months, 270 hours of night work (Article R. 3122-8 of the Labour Code).

2.1.1.3 The scope of night work

2.1.1.3.1 The companies and employees concerned by night work

The companies concerned

All industry sectors are concerned by the regulations on night work (Article L. 3111-1 of the
Labour Code), it being understood that specific provisions are laid down for the travelling and
flying personnel of transport companies mentioned in Article L. 1321-1 of the French
Transport Code (Articles L. 1321-6 to L. 1321-8 of the Transport Code). In particular, Articles
L. 3122-34 and L. 3122-35 of the Labour Code relating to the maximum daily and weekly
working times for night workers are not applicable to them (Article L. 1321-6 of the Labour
Code). A specific definition of night work is also laid down for the travelling and flying
employees of transport companies (Article L. 1321-7 of the Labour Code).

The employees concerned

Directive 2003/88/EC expressly stipulates in its Recital 12 that its provisions are not
applicable to seafarers due to the fact that "a European Agreement in respect of the working
time of seafarers has been put into effect by means of Council Directive 1999/63/EC of 21
June 1999 concerning the Agreement on the organisation of working time of seafarers,
concluded by the European Community Shipowners' Association (ECSA) and the Federation
of Transport Workers' Unions in the European Union (FST), based on Article 139(2) of the
Treaty".
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In France, the regulations relating to night work apply to all employees, men and women,
over the age of 18, including company trainees (Article L. 124-14 of the Education Code).

In principle, night work is prohibited for young employees under the age of 18 (Articles L.
3163-2 and L. 6222-26 of the French Labour Code, Article 10 of Directive 2003/88/EC,
Article 9 of Council Directive 94/33/EC of 22 June 1994 on the protection of young people at
work and Article 7.8 of the European Social Charter).

As such, Article L. 3163-1 of the Labour Code provides different definitions of night work for
employed minors. In application of this text, night work is considered to be:

» for young people over 16 and under 18 years of age, any work between 10pm and
6am.
> for young people under 16 years of age, any work between 8pm and 6am?4.

Derogations may, however, be granted by the labour inspector, in particular for a few sectors
(hotels, catering, bakery, horse shows and racing), listed exhaustively by the Labour Code
and under certain conditions (Article L. 3163-2 and R. 3163-1 to R. 3163-5 of the Labour
Code). In any case, no derogation is possible between midnight and 4am, except in cases of
extreme urgency (Articles L. 3163-2, Subparagraph 4, and L. 3163-3 of the Labour Code).

2.1.1.3.2 The exceptional nature of the use of night work

The conditions for the use of night work are strictly regulated. According to Article L. 3122-32
of the French Labour Code, the use of night work must remain exceptional and take into
account the requirements to protect the health and safety of workers. It must also be justified
by the need to ensure the continuity of economic activity or services of social value. This last
condition is not fulfilled, for example, in the food trade (Court of Cassation, Criminal Division,
2 September 2014, No. 13-83.304) or the perfumery trade (Court of Cassation, Social
Division, 24 September 2014, No. 13-24.851).

Article L. 3122-32 of the French Labour Code thus confirms the general principle according
to which the use of night work must remain exceptional. The provisions of this text have been
declared in keeping with the Constitution (Constitutional Council, 4 April 2014, QPC No.
2014-373).

In "reaction” to the Sephora ruling, the Macron Billl> endeavoured to find a balance between
firstly, the necessarily exceptional nature of night work due to its proven harmfulness to
employee health, and secondly, the need to take into account criteria of the commercial
attractiveness of tourist areas as well as the particular profitability of opening shops at night.
In substance, the Bill intends to authorise mainly retail outlets located in international tourist
zones (ZTI) to employ staff until midnight. However, this possibility would be subject to the
following terms and conditions:

» a collective agreement should stipulate this option as well as a number of measures
in favour of the employees, including a means of transport provided and paid for by
the employer to allow them to return home;

» each of the hours of work performed during the period established between 9pm and
the beginning of the period of night work (which may be deferred until midnight) must

14 Note that Article 9 of Directive 94/33/EC retains the age of 15 years as a criterion for applying one
or other of the night time periods.

15 Article 81 of the Bill for growth, activity and equality of economic opportunities, Adopted Text No.
473, "Minor Bill", 19 February 2015. On 19 February 2015, following the rejection of the motion of no
confidence tabled by the opposition following the Prime Minister's decision to hold the government
responsible for this text under Article 49.3 of the Constitution, the Bill was in fact adopted at its first
reading in the National Assembly and sent to the Senate. It was to be discussed by the Senate in a
public meeting on 7 April 2015.

Page 43 /390 March 2016



ANSES e collective expert appraisal report Request No. 2011-SA-0088 "Atypical working hours"

be paid at a rate at least double that normally due and give rise to compensatory rest
of equivalent duration.

Only volunteering employees who have given their agreement in writing to their employer will
be able to work between 9pm and midnight.

2.1.1.4 Implementation of night work

2.1.1.4.1 The prior formalities

Under French domestic law, employers wishing to establish or expand night work within their
company must first submit their plan to a number of bodies. First of all, they must consult the
works council, or in its absence, the employee delegates. Indeed, in the framework of its
economic powers, the works council must be informed and consulted on general issues
relating to working conditions resulting from the organisation of work (Article L. 2323-27 of
the Labour Code).

The employer must then consult the CHSCT (Committee on health, safety and working
conditions). While the provisions relating to night work contained in the Labour Code do not
require the intervention of the CHSCT, this committee does however seem legitimate in that
(i) the CHSCT must be consulted prior to any major organisation decision amending the
health and safety conditions or working conditions (Article L. 4612-8 of the Labour Code) and
(i) the works council can call on it for an opinion or commission it to conduct a study on any
matter within its competence (Articles L. 2323-27, Subparagraph 2 and L. 2323-28 of the
Labour Code).

2.1.1.4.2 The principle: mandatory use of collective bargaining

The implementation of night work, as well as its extension to new categories of employees, is
subject to the prior conclusion of an extended collective branch convention or agreement, or
company or establishment agreement (Article L. 3122-33, Subparagraph 1 of the Labour
Code). The collective convention or agreement must include the justifications for the use of
night work (Article L. 3122-33, Subparagraph 2 of the Labour Code).

The agreement must, in addition, stipulate16:

¢ the types of jobs potentially concerned by night work;

e compensatory measures in the form of rest and, where appropriate, salary;

e measures to improve the employees' working conditions (example: designated break
or dining rooms);

e measures to facilitate coordination of the employees' night work activity with their
family and social responsibilities, in particular concerning means of transport
(example: provision of a vehicle and a secure car park, employee buses, etc.);

e measures to ensure professional equality between men and women, in particular
through access to training;

e organisation of break times.

Lastly, where convenient, measures to ensure employee safety could be stipulated in the

agreement (example: emergency telephones, provision of alarm devices, security guards,
ban on working alone, etc.).

16 DRT Circular No. 2002-09 of 5 May 2002 on night work, NOR: MEST0210106C.
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2.1.1.4.3 The exception: assignment to night work after authorisation by
the labour inspector

In the absence of any collective labour convention or agreement, the employer can assign
employees to night shifts when authorised by the labour inspector (Article L. 3122-36 of the
Labour Code). To be authorised by the labour inspector to resort to night work, employers
must be able to justify having entered into fair and serious negotiations, in the 12 months
preceding the application, in view of implementing night work in the company. This implies
that they have (i) convened the representative trade union organisations in the company, (ii)
established the venue and schedule for meetings, (ii) communicated to the parties all
information necessary for the negotiation and (iv) responded to any proposals from the trade
union organisations.

Employers must also (Article R. 3122-16 of the French Labour Code):

e justify the constraints specific to the nature of the activity or the company’s operation
that make the night work necessary, in view of the requirements relating to continuity
of economic activity or services of social value;

e ensure a number of points, mainly the existence of compensatory measures and
break times;

e demonstrate that they have taken into account the employees' health and safety
imperatives;

e attach to their application the opinion issued by the works council, or in its absence,
the employee delegates. In the absence of any staff representative body, employers
should send the labour inspector any document certifying that employees have been
given prior notification.

2.1.1.5 The protective status of the night worker

2.1.1.5.1 Duration of the night work

Maximum daily working time

Under French domestic law, the daily period of work performed by a night worker may not
exceed eight hours (Article L. 3122-34, Subparagraph 1, of the Labour Code). The distinction
made in the European Directive was not therefore adopted by French legislators.

DRT Circular No. 2002-09 specifies that the maximum daily working time "is defined as eight
consecutive hours over the period worked by the night worker, which can include all or part
of the night work reference period." It therefore matters little that not all the working hours are
actually at night.

2.1.1.5.1.1 Derogations

French legislators have only partly adopted the derogations to the maximum daily duration of
eight hours provided for by Directive 2003/88/EC and specify, for each of the derogations
adopted, the procedures that employers must follow to be authorised to use them. As such,
Article L. 3122-34 of the Labour Code accepts a derogation from the maximum daily eight
hours by collective agreement or when authorised by the labour inspector. Article R. 3122-14
of the same Code also accepts that employers may derogate from it, under their own
responsibility, in certain circumstances.

Article 3.2 of DRT Circular No. 2002-09 of 5 May 2002 considers that the derogation from the
maximum daily duration of eight hours, laid down by collective agreement or when
authorised by the labour inspector, can increase this to 12 hours.

Maximum weekly working time of night workers

Page 45/ 390 March 2016



ANSES e collective expert appraisal report Request No. 2011-SA-0088 "Atypical working hours"

Article L. 3121-35, Subparagraph 1 of the Labour Code also sets the maximum weekly
working time in principle for all employees at 48 hours. Derogations are however provided
for.

Thus, for night workers, under French domestic law, the maximum weekly working time is
lowered to 40 hours over 12 consecutive weeks (Article L. 3122-35 of the Labour Code).
There are, however, two types of derogation to this maximum duration:

» convention-based derogations: when warranted by the characteristics specific to the
activity of a sector, the maximum weekly working time may be extended to 44 hours
over 12 consecutive weeks, by extended branch convention or agreement, or
company or establishment convention or agreement. According to DRT Circular No.
2002-09, "A parallel can be drawn with the sectors that structurally fall within the
scope of the derogations to the maximum daily working time".

» regulatory derogations: Article L. 3122-35, Subparagraph 3 of the Labour Code has
also laid down the possibility of establishing by decree the list of sectors for which the
weekly working time is set between 40 and 44 hours over 12 consecutive weeks.

Break times

The collective agreement establishing the night work must stipulate break times, which may
include the minimum break of 20 minutes that must be granted to employees as soon as the
daily working time reaches 6 hours (Article 6 of Directive 2003/88/EC, Article L. 3121-33 of
the Labour Code and DRT Circular No. 2002-09 of 5 May 2002 on night work).

The employer has the same obligation when the night work has been implemented after
authorisation by the labour inspector.

Minimum daily rest

Night workers must be allowed a daily rest period of at least 11 consecutive hours, which
must be taken immediately at the end of the work period (Article 3 of Directive 2003/88/EC,
Article L. 3131-1 of the Labour Code and Court of Cassation, Social Division, 27 June 2012,
No. 10-21.306). Thus, an employee working from 6pm to 2 in the morning may not resume
their shift before 1pm (Article 2.2 of DRT Circular No. 2002-09).

2.1.1.5.2 Compensatory measures for night work

Alongside the compensatory measures laid down in the event of derogation from the
maximum daily working time of 8 hours, night workers must be allowed compensatory rest.
This mandatory rest period may, if appropriate, be supplemented by salary compensation.

Implementation of compensatory measures

The compensatory measures for night work are stipulated by the collective agreement that
implemented it. When the night work is implemented after authorisation by the labour
inspector, employers must include, with their application, evidence of the existence of
compensatory measures.

Mandatory compensatory rest

Night workers must be allowed a period of compensatory rest under Article L. 3122-39 of the
Labour Code. This compensatory rest must exist in every case and may not be substituted
by a salary increase. In addition it must be specific to night workers and paid in full (DRT
Circular No. 2002-09 of 5 May 2002). In the absence of a collective agreement, the
compensatory rest is the only mandatory compensatory measure for night work.

Optional salary compensation

The collective agreement implementing the night work may stipulate salary compensation for
the hours of work carried out at night (Article L. 3122-39 of the Labour Code). This salary
compensation may be added to the compensatory rest, but in no case may it be a substitute
for it.
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The derogation provided for the benefit of the activities mentioned in Article L. 3122-30 of the
Labour Code (media and entertainment)

Some activities benefit from a specific regime. This concerns activities relating to editorial
and industrial production of press, radio and television, cinema production and exhibition, live
performances and discotheques (Article L. 3122-30 of the Labour Code). For these activities,
when the effective duration of night work is less than the legal duration, the compensatory
measures granted to night workers are not necessarily given in the form of compensatory
rest (Article L. 3122-41 of the Labour Code).

2.1.1.6 The guarantees and rights granted to night workers

2.1.1.6.1 Increased medical surveillance

Taking European Union requirements into account, French legislators have implemented a
system designed to ensure increased medical surveillance for employees assigned to a night
shift. The aim of this surveillance is to enable the occupational physician to assess the
potential consequences of night work on the health and safety of night workers, especially
due to changes in chronobiological rhythms, and to determine the potential impact on their
social life (Article R. 3122-18 of the Labour Code).

"Technical Instruction (IT) RT No. 2 of 8 August 1977 on the medical surveillance of shift
workers" by the Ministry of Labour - Labour Relations Directorate, Sub-Directorate against
Occupational Risks (not published in the Official Journal) makes reference to the Official
Journal of 24 July 1977, which states that "work in rotating teams including a night shift has
been included in the list of work giving rise to special medical surveillance”. This IT No. 2
contains a brief summary of the health problems associated with shift work and presents four
short sections:

e Examination prior to assignment;

o Maedical surveillance of shift workers;
e Surveillance of transferred workers;
¢ General considerations.

Under Article L. 3122-42 of the Labour Code, all night workers benefit from special medical
surveillance before their assignment to a night shift as well as, subsequently, at regular
intervals that may not exceed 6 months. Workers can therefore only be assigned to a night
shift if they have previously been examined by the occupational physician and if the fithess
report certifies that their state of health is compatible with such a posting (Article R. 3122-19
of the Labour Code).

The increased medical surveillance provided for the night worker also includes other
provisions (Article R. 3122-19 of the Labour Code):
¢ the occupational physician must be informed by the employer of any absence of night
workers due to illness;
e any night worker can request a medical examination, besides the periodic visits;
e occupational physicians may, if deemed useful, prescribe additional specialised
examinations at the employer’'s expense.

The Labour Code also stipulates that occupational physicians should inform night workers,
and more particularly pregnant women and ageing workers, of the potential health
consequences of night work. This information takes into account the specificity of the hours
(fixed or rotating shifts). The occupational physician advises them on any precautions to be
taken (Article R. 3122-21 of the Labour Code).

In addition, Article R. 3122-20 of the Labour Code stipulates that the occupational physician
should analyse the possible impact of the night working conditions on the health of workers.
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They must, more specifically, examine the consequences of shift rotation and its frequency in
the case of work in rotating teams including a night shift. For this purpose, it is stipulated that
the occupational physician should, "during the time periods during which night workers are
employed", study the working conditions and the work station. They should then analyse the
content of the job and its constraints for each employee. On the basis of the evidence thus
collected, the occupational physician advises the employer on the method of organising the
night work that is best suited to the workers according to the type of activity (Article R. 3122-
20 of the Labour Code). Indeed, one of the tasks of the occupational physician is to advise
the employer (Article R. 4623-1 of the Labour Code).

Lastly, the Labour Code stipulates that the issue of night work should be addressed in the
framework of the occupational physician's annual activity report (Articles L. 4612-6 and R.
3122-22 of the Labour Code).

2.1.1.6.2 Taking the night worker's family obligations into account

Taking the night worker's vital family obligations into account

The legislators have adopted protective provisions in favour of night workers to enable them
to reconcile their professional lives with their family obligations.

Thus, it is stipulated that, when the night work is incompatible with vital family obligations,
including the care of a child or the support of a dependent person, the employee may refuse
to accept this change of hours without this refusal constituting misconduct or a reason for
dismissal (Article L. 3122-37 of the Labour Code).

Furthermore, Article L. 3122-44 of the Labour Code stipulates that, when the night work is
incompatible with vital family obligations, including the care of a child or the support of a
dependent person, the employee may request assignment to a day shift.

The specific provisions applicable to pregnant women

A series of specific measures have been adopted to prevent the health risks to female
employees medically certified as pregnant or who have recently given birth, when they
perform night work.

Under French labour law, female employees thus benefit from the right to be assigned to a
day shift for the duration of their pregnancy and their statutory postnatal leave, on condition
that they submit a request. A similar right is available, but only for the duration of the
pregnancy, if the occupational physician states in writing that the night shift is incompatible
with their status. The occupational physician may also, for the postnatal leave and after the
employee's return from this leave for a period not exceeding one month, authorise the
extension of this employee's assignment to a day shift if they state in writing that the night
shift remains incompatible with the employee's state of health (Article L. 1225-9 of the Labour
Code).

The change of assignment must not lead to any reduction in remuneration, and any
assignment to another establishment shall be subject to the employee's agreement (Article L.
1225-9 of the Labour Code).

If the employer is unable to propose another job to the female night worker, the reasons
making this assignment impossible must be explained to her and to the occupational
physician, in writing. The employee's employment contract is then suspended until the start
date of the statutory maternity leave and possibly during the additional period that follows the
end of this leave. In this case, the employee benefits from a guarantee of remuneration
during the suspension of the employment contract (Article L. 1225-10 of the Labour Code).

2.1.1.6.3 Priority access to day work

Under Article L. 3122-43 of the Labour Code, night workers wishing to occupy or resume a
day shift, or day workers wishing to occupy or resume a night shift, are given priority for the
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assignment of a job within their occupational category. The employer must inform them of the
list of corresponding available jobs.

2.1.2 Regulations applicable to shift work

2.1.2.1 Definitions of shift work and the shift worker

2.1.2.1.1 Definitions in European Union law

Directive 2003/88/EC of 4 November 2003 concerning certain aspects of the organisation of
working time has given a definition of "shift work". According to this text, "shift work" means:
"Any method of organising work in shifts, whereby workers succeed each other at the same
work stations according to a certain pattern, including a rotating pattern, and which may be
continuous or discontinuous, entailing the need for workers to work at different times over a
given period of days or weeks; [...]".

Within the meaning of this Directive, a "shift worker" means: "any worker whose work
schedule is part of shift work; [...]".

2.1.2.1.2 Shift work considered in France

There is no definition of shift work in the French Labour Code.

According to legal theory, supported by certain collective agreements (see in particular:
Framework Agreement of 17 March 1975 on the improvement of working conditions), shift
work (i.e. work in successive teams) refers to where employees, forming different teams,
take over from each other on a given work station without ever overlapping. This way of
organising working time is intended to ensure continuity on a given workstation.

In practice, three ways of organising shift work can be distinguished:
e Discontinuous shift work

According to this system, the work is organised into two teams that follow one another on the
same work stations: a "morning"” team and an "evening" team. The work is interrupted at the
end of the day and at the end of the week, at least on Sundays.

e Semi-continuous shift work

According to this system, the work is organised into three teams that follow one another on
the same work stations: a "morning" team, an "evening" team and a "night" team. The work is
interrupted at the end of the week, at least on Sundays.

e Continuous shift work

According to this system, the work is organised into four or five teams working
uninterruptedly around the clock, including during the period of paid leave. The shift work
then makes it possible to operate the company continuously, seven days a week, day and
night, around the clock.

In the context of shift work, regardless of the type, the teams can be fixed, i.e. the same
employees always work in the "morning" team, or the "evening" team, or the "night" team.
They are most often rotating or alternating: employees switch from the morning shift to the
evening shift and then to the night shift, during clockwise rotations.

2.1.2.2 Implementation of shift work

Due to the adverse impact that shift work can have on employee health, the use of such work
organisation is regulated.
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2.1.2.2.1 Common rules

The type of shift work

Regardless of which system is being considered for organising shift work, the employer must
first consult the staff representatives, the works council or, in its absence, the employee
delegates (Articles L. 2323-27 et seq. of the Labour Code), and the CHSCT (Articles L. 4612-
8 et seq. of the Labour Code). It must then inform these bodies of the decisions taken (Article
12 of the National Interprofessional Agreement of 17 March 1975). In addition, since the
implementation of shift work is likely to result in a significant change to the working
conditions, the Court of Cassation considered that the CHSCT should be able to call on
external experts.

The different options for resorting to shift work

It is possible to resort to shift work on the basis of a number of regulatory texts, concerning
certain industrial branches. This is the case, for example, with the Decree of 17 November
1936 for the construction and public works and construction material manufacturing
industries, and the Decree of 27 October 1936 for the metallurgy and metalwork industries.

Shift work may also be established by extended collective labour convention or agreement,
or company or establishment convention or agreement pursuant to Article L. 3122-47 of the
Labour Code.

2.1.2.2.2 The implementation of semi-continuous and continuous shift
work for technical reasons

Continuous shift work can be implemented in companies permitted to derogate from the
Sunday rest period. Accordingly, the Labour Code authorises some companies to legally
derogate from the rule regarding the Sunday rest period for technical reasons, i.e. when the
facilities cannot be shut down due to the nature of the work carried out.

However, even assuming that the company is allowed to legally derogate from the rule
regarding the Sunday rest period for technical reasons, the implementation of continuous
shift work implies the concluding of an extended collective branch agreement, or collective
company or establishment agreement due to the regulation of night work. This is also the
case with semi-continuous shift work.

Because these two systems for organising shift work (semi-continuous and continuous)
assume the existence of a night team and the employees who are assigned to it are qualified
as "night workers", their assignment or extension to new activities is subject, in principle, to
the existence of an extended collective branch convention or agreement, or collective
company or establishment agreement (Articles L. 3122-33 et seq. of the Labour Code).

2.1.2.2.3 The implementation of continuous shift work for economic
reasons

Continuous shift work may also be used in sectors or industrial companies for economic
reasons.

In this case, regardless of the activity, it can only be implemented or extended in application
of an extended collective branch, company or establishment agreement (Article L. 3132-14 of
the Labour Code).

In the absence of such an agreement, continuous shift work for economic reasons may be
authorised by the labour inspector, after consulting the trade union delegates and obtaining
an opinion from the works council or employee delegates, if they exist, under the conditions
laid down in Articles R. 3132-9, R. 3132-13 and R. 3132-14 of the Labour Code, i.e. if it aims
to make better use of the production equipment and maintains or increases the number of
existing jobs.
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2.1.2.3 The protective status of the shift worker

2.1.2.3.1 Regulations based on law but more particularly on conventions

Shift work is not covered by a specific section of the Labour Code. Because of its
implications, shift work is subject to disparate provisions of the Labour Code.

It is however addressed specifically in a few regulatory texts with a very precise scope or
purposel’.

Given the constraints generated by this form of work organisation, especially when it includes
night work, work on a Sunday or a rotation of working hours, specific regulations based on
conventions, whose purpose is to regulate the shift work and grant special benefits to the
workers concerned, have been introduced.

The provisions specific to shift work are therefore, for the most part, laid down in collective
professional agreements and collective branch agreements.

2.1.2.3.2 Duration, break times and compensatory measures

Maximum average working time of shift workers
Under Article L. 3132-15 of the French Labour Code:

"The working time of employees working permanently in successive teams according to a
continuous cycle must not be greater on average, over one year, than thirty-five hours per
week worked."

This text applies to the form of shift work deemed the most constraining, namely the
organisation in successive teams according to a continuous cycle. It therefore concerns
employees working in establishments operating continuously, i.e. which meet the three
conditions mentioned by DRT Circular No. 94/4 of 21 April 1994 on the organisation of work.

DRT Circular No. 94/4 of 21 April 1994 defines the "cycle" as "a brief period, a multiple of the
week in which the period of work is distributed in a fixed and repetitive way".

It is sufficient for the company to operate permanently and continuously with successive
teams for this text to apply to employees assigned to one of these teams, including if these
employees are intermittently subject to normal working hours.

The maximum daily and weekly working times

The maximum duration of the working day may not exceed 10 hours, unless a derogation is
granted, as with other employees (Article L. 3121-34 of the Labour Code). However, the
working time of shift employees, qualified as night workers, may not in principle exceed 8
hours (Article L. 3122-34 of the Labour Code and Article 8 of Directive 2003/88/EC).

For shift workers, as with other employees, the maximum duration of the working week is
fixed at 48 hours, unless a derogation is granted (Article L. 3121-35 of the Labour Code and
Article 6 of Directive 2003/88/EC). The maximum duration over a period of 12 consecutive
weeks is 44 hours, unless a derogation is granted (Article L. 3121-36 of the Labour Code).

In addition, for shift workers, qualified as night workers, the maximum weekly working time,
calculated over any period of 12 consecutive weeks, is reduced to 40 hours, unless a
derogation is granted (Article L. 3122-35 of the Labour Code).

17 Examples: the Ministerial Order of 10 June 2009 defining the information contained by the company record provided
for in Article R. 717-31 of the Rural Code and repealing the Ministerial Order of 12 July 1994, Article 8 of Decree No.
2004-1290 of 26 November 2004 laying down the allowance scheme applicable to staff recruited by certain public
establishments involved in the field of public health or health and safety, Articles 18 and 21 of Decree No. 2003-849 of 4
September 2003 on the procedures for implementing the Labour Code concerning the working time of staff of companies
providing catering services or operating sleeping compartments in trains, or Article 4 of the Ministerial Order of 16 April 2002
on implementation by the Ministry of Culture and Communication of Decree No. 2000-815 of 25 August 2000 on the
organisation and reduction of working time in public service for the State.
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Break times

Shift workers must, like other employees, be allowed a break period, equal to at least 20
minutes, during any shift equal to or longer than 6 hours (Article L. 3121-33 of the Labour
Code and Article 4 of Directive 2003/88/EC).

If during this time employees are required to remain at the employer's disposal and cannot
therefore attend to their personal affairs, this time is then regarded as actual working time
(Court of Cassation, Social Division, 10 March 1998, No. 95-43.003) but is qualified as break
time once work has actually stopped.

Daily rest period

Shift workers must, like other employees, be allowed a daily rest period of 11 consecutive
hours between two shifts (Article L. 3131-1 of the Labour Code and Article 3 of Directive
2003/88/EC).

However, an extended collective branch agreement, or collective company or establishment
agreement may reduce this minimum duration of daily rest to 9 hours in certain cases
(Articles D. 3131-1 and D. 3131-2 of the Labour Code).

In addition, Article D. 3132-2 of the Labour Code stipulates that in the event of increased
activity, an extended collective labour convention or agreement, or company or
establishment agreement may provide for a reduction in the duration of the daily rest period.

Furthermore, Articles D. 3131-4 and D. 3131-5 of the Labour Code stipulate, in the absence
of a collective labour agreement, other possibilities for derogation from the daily rest period,
either after authorisation by the labour inspector in the case of increased activity, or at the
employer's initiative acting "under its sole responsibility" in the event of "urgent work". In this
latter case, the employer shall inform the labour inspector.

Weekly rest period

Shift workers must, like other employees, be allowed a weekly rest period of 35 consecutive
hours (Article L. 3132-2 of the Labour Code and Article 5 of Directive 2003/88/EC).

In addition, the same shift worker may not work more than 6 days per calendar week (Article
L. 3132-1 of the Labour Code). However, when the shift work is organised on a continuous
cycle, this weekly rest period does not necessarily have to be on Sunday, given that in the
framework of this work organisation, under certain conditions, a derogation from the rule
regarding the Sunday rest period may be provided for.

The establishment of "substitute" teams, whose purpose is to replace the teams of
employees working in the week during their weekly rest day(s) (Article L. 3132-16 of the
Labour Code), offers employers the opportunity to limit some of the adverse consequences
of classic shift work by authorising regular weekly rest for shift workers. The employees
making up the substitute teams then often work the weekend or the last three days of the
week while not being regarded as shift workers themselves. The Labour Code sets out the
conditions authorising the establishment of this substitute team authorised to work on
Sundays (Articles L. 3132-16 et seq. and R. 3132-10 of the Labour Code).

The ban on assigning an employee to two successive teams

Article R. 3122-1 of the Labour Code prohibits the same employee from being assigned to
two successive teams, except in exceptional circumstances and for vital operational reasons.
When such an assignment has extended the employee's working time by more than two
hours, the employer shall communicate the reasons to the labour inspector within 48 hours.
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Organisation of working hours in the framework of a period longer than one week

The working hours of shift workers are most often organised in the framework of a
distribution of the working time over a period longer than one week, in order to allow weekly
rest periods to be taken by rotation (Sunday rest in particular).

The distribution of the working time over a period longer than one week can be established,
by a collective company, establishment or, failing this, branch agreement (Article L. 3122-2 of
the Labour Code). This collective agreement must then stipulate a number of points (in
particular, the conditions and prior notice of changes to the duration or hours of work). By
way of derogation, it is accepted that in companies that operate continuously, the
organisation of working time can be arranged over several weeks by a unilateral decision of
the employer (Article L. 3122-3 of the Labour Code).

Compensatory measures for shift work

Article 12 of the National Interprofessional Agreement of 17 March 1975 on the improvement
of working conditions stipulates that collective agreements must contain financial benefits
and compensation for employees working continuously. These benefits or compensation
may in particular consist of breaks, priority assignment to non-continuous jobs or
compensatory rest.

2.1.2.4 The guarantees and rights granted to shift workers

2.1.2.4.1 The duty to display and communicate the hours of shift workers

Shift workers are, by definition, most often subject to a collective schedule insofar as they
work in teams. This collective schedule must be submitted to the staff representatives (works
council or, in its absence, employee delegates)?18.

In addition, the names of each team member, including employees provided by a temporary
employment agency, must be displayed at the entrance of the work place or recorded in a
register kept constantly up to date and made available to the labour inspector, as well as to
employee delegates (Article D. 3171-7 of the Labour Code).

Furthermore, the collective schedule must be displayed at the entrance of the work place.
This notice must state the number of weeks in the period over which the working hours are
distributed, and the distribution of the working time over each of the weeks in this period if
the hours of the employee teams are organised according to a period longer than one week
(Articles D. 3171-1 and D. 3171-5 of the Labour Code).

Lastly, when employees working as a team have individual working hours, an individual
document showing the daily and weekly hours worked by each employee must be kept by
the employer (Article D. 3171-8 of the Labour Code).

2.1.2.4.2 Preferential hiring for another vacant position in the company

In application of Article 12 of the National Interprofessional Agreement of 17 March 1975 on
the improvement of working conditions, employees working a continuous shift for 5 years and
having, during their professional life, worked continually for 20 years, whether or not
consecutive, benefit from priority assignment to another vacant non-continuous position in
the company.

A number of agreements have been signed in this respect and provide more protective
schemes (example: in the chemical industry).

18 Article L. 2323-29 of the French Labour Code.
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2.1.2.4.3 Medical surveillance of shift workers

We are unaware of any text introducing increased medical surveillance for shift workers
comparable to what exists for night workers (Article L. 3122-42 of the Labour Code).

However, the occupational physician is responsible for the procedures for implementing
increased medical surveillance for certain employees for whom this surveillance may not be
imposed by the Labour Code (Article R. 4624-19 of the Labour Code).

2.1.2.4.4 Early cessation of work by shift workers

Several collective agreements enable employees who have completed a number of years of
work in successive teams to benefit from early retirement schemes, under certain conditions.
These convention-based schemes now join the measures put in place by French legislators
in support of employees who, in the framework of their jobs, are faced with factors of physical
hardship and occupational risks.

2.1.3 Night work and shift work: factors of physical hardship and occupational
risks

2.1.3.1 The specific risks to night workers and shift workers

Various reports have led to a number of risks being identified™®. This is why night work and
shift work are taken into account in the framework of occupational risk assessment and
prevention, and were recently considered in the framework of laws on arduous working
conditions through various devices.

2.1.3.2 Taking night work and shift work into account in the framework of
arduous working conditions and the prevention of occupational risks
Arduous working conditions and occupational risks faced by night workers and shift workers

are mainly taken into account in the framework of the "single document" and the "exposure
prevention record".

The single document on risk assessment (DUER)

A single document on assessment of the health and safety risks of workers has been created
under French law.

Employers have a general duty to ensure the safety and health of workers (Article 5.1 of
Directive 89/391/EEC) and must conduct an assessment of the risks, including those
generated by night work and shift work. The results of this assessment are recorded in the
single document (Articles L. 4121-1 et seq. and R. 4121-1 to R. 4121-4 of the Labour Code).

The single document must be updated at least once a year (Article R. 4121-2 of the Labour
Code). It takes shift work and/or night work into account in a much broader way, and not just
the arduous nature of this exposure as defined for the exposure prevention record, which
takes account of thresholds.

19 For example: Report of the French Economic, Social and Environmental Council, "Le travail de
nuit : impact sur les conditions de travail et de vie des salariés" ['Night work: impact on working
conditions and the life of employees"], report written by Francois Edouard, August 2010 and DARES,
Analysis No. 062, August 2014.
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The exposure prevention record

Alongside the single document and in keeping with the assessment of risks for which the
employer is responsible (Articles L. 4161-1 and L. 4121-3 of the Labour Code), an individual
exposure record should be completed by the employer for each employee exposed, above
certain thresholds and after the application of collective (sound insulation, air suction system,
lifting gear, etc.) and personal (hard hats, breathing apparatus, etc.) protective measures, to
one or more occupational risk factors related to specific constraints, in particular certain
working rhythms liable to have lasting identifiable and irreversible consequences on health
(Articles L. 4161-1, D. 4161-1 and D. 4161-4 of the Labour Code).

The employer must therefore note in this record the physical hardship conditions to which the
worker is exposed, the period during which this exposure takes place and the preventive
measures applied to eliminate or reduce the exposure to such factors during this period
(Article D. 4121-6 of the Labour Code). The ten risk factors set out exhaustively by Article D.
4161-2 of the Labour Code include "under certain working rhythms" night work under the
conditions laid down in Articles L. 3122-29 to L. 3122-31, working in successive rotating
teams (or shift work), as well as repetitive work.

Of the ten physical hardship factors, four have been in force since 1 January 2015 (activities
carried out in a hyperbaric environment, night work, work in successive rotating teams, and
repetitive work). The date of application for the other six (manual handling of loads, painful
physical positions, mechanical vibrations, hazardous chemical agents, extreme
temperatures, and noise) was deferred to 1 January 2016 (Decree No. 2014-1159 of 9
October 2014).

This exposure record must be communicated to the occupational health department, which
sends it to the occupational physician. It is added to each worker's occupational health
medical record.

2.1.3.2.1 Compensation for arduous working conditions

Lowering of the retirement age

Act No. 2010-1330 of 9 November 2010 on pension reform offers employees suffering from
significant sequelae of occupational origin the possibility of early retirement, under certain
conditions. Since night workers and shift workers are exposed to occupational risks and
physical hardship factors, they may be subject to this Act if they fulfil its conditions.

Creation by Act No. 2014-40 of 20 January 2014 of the personal account for prevention of
physical hardship

The factors of physical hardship and occupational risks laid down in Articles L. 4161-1 and D.
4161-2 of the Labour Code, which include night work and work in successive rotating teams
(or shift work), are taken into account not only for the exposure prevention record but also in
the framework of the personal account for prevention of physical hardship (CPPP).

The CPPP was created by Act No. 2014-40 of 20 January 2014. The provisions of this Act
relating to the personal account for prevention of physical hardship came into force on 1
January 2015 (Articles L. 4162-1 et seq. of the Labour Code). Six decrees published on 9
October 201420 provided clarification regarding the CPPP. In addition, an interministerial
instruction of 13 March 2015 details the operation of the CPPP for the year 201521, This
instruction contains nine technical data sheets explaining the mode of operation of the
physical hardship account.

20 Decrees No. 2014-1155 to 2014-1160, 9 October 2014, OJ 10 October 2014, p. 16468 to 16479.
21 DGT-DSS Instruction No. 1, 13 March 2015, NOR: ETST1504534J.
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The CPPP entitles the holder to points, in particular, for covering the cost of hours of
continuing vocational training with a view to gaining access to employment with no exposure
or lower exposure, funding an allowance in the event of a transition to part-time work, or
funding an increase in the duration of pension provision and retirement before the legal age
(Article L. 4162-4 of the Labour Code).

2.1.3.2.2 The requirement for certain employers to negotiate agreements or
action plans supporting prevention of physical hardship

The factors of physical hardship and occupational risks laid down in Articles L. 4161-1 and D.
4161-2 of the Labour Code, which include night work and work in successive rotating teams
(or shift work), can also be used to determine the cases in which agreements or action plans
supporting prevention of physical hardship should be negotiated or reached.

2.2 Comparison of regulations and types of working hours in
Europe
Given the considerable work involved in analysing and comparing regulations on night work

in French domestic law and European Union law, it is difficult to comprehensively discuss
internal legislation, which differs from one country to the next.

However, the research conducted revealed a number of points on the regulations concerning
night work in the European states. These are as follows:

Definition of night worker

Regarding the definitions of night work and night worker, differences exist between the
various EU Member States (see Table 1, the comparison for all the countries of Europe is
given in Annex 2).
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Table 1: Time period regarded as night time, by country

18 19 20 21 22 23 24 1 2 3 4 5 6 7 8

Belgium
Bulgaria
Cyprus
Croatia
Czech Rep
Denmark
Estomia
Finland

France

Greece
Hungary
Ireland
Italy

Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Romama
Slovakia
Slovema
Spain
Sweden
United Kmgdom

Maximum working time of night workers

To ensure compliance with the maximum daily and weekly working times, English law
requires employers to keep a register on the working time of their night workers so that they
can justify compliance with these maximum durations. These records must be kept by
employers for two years (The Working Time Regulations, 1998 and https://www.gov.uk/night-
working-hours/).

Compensation provided for night workers

In comparison, in Germany, in the absence of a collective agreement, the employer has the
choice between firstly, the granting of compensatory rest and secondly, salary increases
(Article 6(5) of the Act on working time, Arbeitszeitgesetz; ArbZG).

Medical surveillance of night workers

In Germany, night workers benefit from a medical examination before their assignment to a
night shift. Medical examinations of night workers must then take place at least every three
years. For employees over the age of 50, the medical visits are held every year.
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Irish law stipulates that the employer must ensure the health and safety of night workers. As
such, before hiring a candidate for night work and at regular intervals thereafter, the
employer must ensure that the employee is examined to assess the possible effects of the
job on their health.

English law also stipulates that, before their assignment to a night shift and then at regular
intervals, night workers should benefit from a free medical assessment, which may take the
form of a simple questionnaire developed with the assistance of a health professional.

The specific provisions applicable to pregnant women working at night

With regard to the specific provisions for pregnant women, regulations offering more
protection than in France can be found in some European countries. Thus, German law has
enacted a ban in principle on night work between 8pm and 6am for pregnant or
breastfeeding women. Some exceptions to this ban have however been provided for in the
hotel, cafe, restaurant, agriculture and entertainment sectors.

In Italy, it is also prohibited to require women to work between midnight and 6am from the
time their pregnancy is "recognised” until the child reaches one year of age (Article 11 of
Legislative Decree No. 66 of 8 April 2003 transposing Directives 93/104/EC and 2000/34/EC
and relating to certain aspects of the organisation of working time).

In Ireland, if an employee is pregnant and usually performs at least a quarter of her working
time at night, she may be exempted from night work if a doctor certifies that she could
jeopardise her health or safety or that of her baby. In the event that no alternative day job is
available, the employee may be granted "health and safety leave". This system applies until
the 14™ week following the birth of the child.

2.3 The characteristics of shift systems including night work

Shift work and night work cover a multitude of realities: various shift systems, known as 2x9,
3x8, 4x8, 5x8, 2x12 hours, fixed nights, etc., and great variability for the "same shift system"
(3x8 for example). This is because a shift system is defined from a combination of multiple
characteristics, resulting from choices made at a given time in the company or establishment.
As a reminder, working hours are the result of collective bargaining (see preceding sections).
These characteristics are the criteria, forming the basis for the "benchmarks" listed and
analysed by Quéinnec, Teiger and de Terssac (2008) in their book "Repéres pour négocier le
travail posté" ["Benchmarks for negotiating shift work"]. These characteristics relate to the
shift system and to the individuals, i.e. the teams, that work these shifts.

The work shifts

e Number: this is the number of work periods, corresponding to the breakdown of the
work process: 2 shifts (2x9h, 2x12h), 3 shifts (3x8h), 4 shifts (4x6h), 5 shifts, etc. The
shifts can follow each other and/or overlap. There may, in addition, be day shifts.

e Duration: the duration of the shifts is generally related to the number of shifts needed
to cover 24h. For example, if two shifts cover 24h, in general they each last 12h. This
being said, the shifts may be of variable duration: 6h, 8h, 10h, or 7%h, 9h10m, they
may also be of unequal duration: for example, a night shift may be longer than a
morning shift.

e Structure of shifts: the shift is continuous (e.g. 8 consecutive hours) or
disconnected/fragmented (with a break of more than 2 hours) such as in large retail
outlets or in certain social work professions.

e Shift start and end time: the time at which shifts begin varies depending on the
number of workers, the duration of the shift and the structure. They can therefore be
early in the morning (4am or 6.30am), or late (8pm or 11pm), or flexible, as is the
case with flexitime.
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e Overlap time between shifts (handover): where this handover time exists, it
corresponds to the duration of the overlap between two shifts for transferring
instructions between the two teams. Otherwise, information is transmitted between
the shifts via oral reports, a transmission notebook, etc.

The teams

e Number of teams: number of groups of people who follow one another to staff the
different work stations. There may be three shifts (3x8h) with 4, 5 or 6 different
teams rotating on these three shifts. The fewer the teams, the more the rotation is
constrained.

e Size of the teams: number of people in each team. The size of the teams may
vary from one shift to another; in some work situations, staff is reduced during the
night shifts.

e Fixed or rotating nature of the teams

0 Fixed teams: The teams are assigned, more or less permanently, to the same
time period (e.g. fixed night teams).

0 Rotating teams: different teams alternately work the different shifts (morning,
afternoon, night, for example).

Cycle of rotation

0 Regular or irregular rotation: regular rotation (e.g. 1 week mornings / 1 week
afternoons / 1 week nights) or irregular rotation (e.g. 1 week mornings / 2
weeks afternoons / 2 weeks mornings / 3 weeks afternoons / 2 weeks rest / 3
weeks mornings / 1 week rest / 2 weeks afternoons, etc.)

0 Speed of rotation: quick rotations (1-3 days on the same shift) and slow
rotations (5 days or more on the same shift).

o Direction of rotation: forward (clockwise) day-evening-night or backward (anti-
clockwise) night-evening-day.

0 Predictability or unpredictability of the cycle: the schedule is not always known
in advance. If it is, the number of days prior to its implementation may vary.

0 Rotation cycle - arrangement of work/rest: number of successive shifts and
number of successive rest days.

Understanding this arrangement helps, for example, to determine the effective
duration of the working week, and the position of the rest days over the
weekend or during the week, in order to identify any "lengthy rest periods",
etc.

The combination of these characteristics defines the shift system in place at the local level.
All of these characteristics, and not merely the fact of being a shift or night worker, can
influence the degree of physiological disruption (including circadian desynchronisation) and
destabilisation of social and family life rhythms experienced by the worker.

2.4 The reality of shift work and night work in France: exposure
according to the professional sectors

2.4.1 Introduction

2.4.1.1 Background

Following an initial analysis of studies published on the health effects of atypical working
hours on professionals, the Working Group concluded that it was necessary to update
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knowledge on the exposure of professionals to shift work including night work, in particular
from existing surveys.

With this aim, an epidemiology research laboratory was commissioned to conduct a study
considering two of the most recent surveys describing exposure to occupational risks and
constraints: the "Medical surveillance of exposure to occupational risks (Sumer)" survey
published in 2010 and the "Working conditions" survey published in 2013, both carried out by
the Directorate for Research, Studies and Statistics (DARES) of the Ministry of Labour.

e the "Sumer" survey provides a better definition of exposure, as well as a decision
issued by the occupational physician, but there are no data on "non-work" aspects or
on compensation;

e the "Working conditions" survey presents a better definition of the work constraints,
and gives access to personal information on the employees (remuneration,
composition of the household, reconciliation of private-professional life); the
"employer" guestionnaire provides links between night work, the company's situation
and the ways in which work is organised.

Due to the time constraints associated with conducting this study, priority was given to
exploiting the data from the Sumer survey, which has a sound definition of occupational
exposure to night work.

The analysis was entrusted to the "Cancer-Environment" team at INSERM's Centre for
Research in Epidemiology and Population Health (CESP, U1018), in the framework of a
research and development agreement drawn up with ANSES. The detailed objectives of the
analysis, described in a specification, were proposed by the Monitoring Group for this
agreement.

2.4.1.2 General study objectives

The main objective of this study was to produce a typology of employees working shifts
including at night, according to their working conditions (exposure to physical constraints,
different working rhythms, psychosocial constraints). More specifically, the requested
analysis aimed to examine the links between shift work including night work and different
variables of interest available in the Sumer survey concerning:

1. the population: distribution by age, sex, employment status of the population
concerned;

2. the job: trades concerned (industry sectors, occupations);

3. the work: working constraints (time-related, organisational, relational, etc.);

4. short-term health: observation of the physical and mental health of workers.

The information obtained was to be used to supplement that from DARES publications based
on the exploitation of data from job surveys22.

2.4.1.3 The main steps of the work

Defining atypical working hours is complex because it depends on various parameters that
are often closely interlinked (night work, evening work, shift work, number of nights per year,
predictability of hours, etc.). It seemed appropriate to begin by identifying the specific profiles
of organisation of working hours in such a way as to define the main categories of workers
subject to atypical hours. Subsequently, the distribution of the variables of interest was
compared between these groups of workers.

22 http://travail-emploi.gouv.fr/IMG/pdf/2014-062.pdf; http://travail-emploi.gouv.fr/IMG/pdf/2011-
009v2.pdf.
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2.4.2 Method

2.4.2.1 Presentation of the source survey: Sumer

The Sumer 2010 survey is a joint investigation by DARES and the General Directorate for
Labour (DGT). It aimed to determine the hazards to which employees are exposed, and
followed on from the Sumer 1994 and Sumer 2003 surveys. The 2010 survey focused on all
employees followed by occupational physicians under the general scheme and the
Agricultural Mutual Insurance Scheme (MSA), as well as employees of public hospitals, EDF,
SNCF, the French postal service (La Poste) and Air France. A total of 45,725 employees
were involved in the survey, 43% of whom were women. The survey is representative of 22
million employees in France (or 92% of the employed population).

A questionnaire was completed by the occupational physician during the periodic visit and
was accompanied by a self-administered questionnaire (completed by the employee) on
psychosocial risks.

2.4.2.2 Characterisation of types of workers subject to atypical working
hours

The first step was to establish a typology of employees according to their responses to the
questions below (“"characteristics of the working time" from the survey questionnaire):

- Q103: Do you work in a shift? If so, 2x8; 3x8; 4x8; 2x12; others?
- Q106: Do you work at night (between midnight and 5am)? If so, how many times a year?

- Q107: Do you work in the evening (between 8pm and midnight)? If so, how many times a
year?

- Q110: Do you know the hours you will have to work:
a- tomorrow?

b- next week?

2.4.2.3 Method of classification

The method used to define homogeneous groups of subjects was codified23, and contained
several steps: a multiple correspondence analysis (MCA), the definition of cluster and the
consolidation of clusters by the CART (Classification and Regression Tree) method. The
latter was used to obtain a precise description of the groups of workers subject to atypical
hours defined according to a decision tree.

2.4.2.4 Analysis of the relationships between night work/shift work and the
variables of interest

The variables describing the job, the work constraints, occupational exposure and perceived
health were compared between groups of workers defined according to this typology.

The sets of variables studied corresponded to the major sections of the survey questionnaire:

e characteristics of the employer establishment;

e characteristics of the employee;

e categories of professions (PSC: occupations and socio-professional categories);
e characteristics of the working time;

e time pressure;

e varieties of tasks and room for manoeuvre;

23 "Approche pragmatique de la classification" [Pragmatic classification approach] - JP. Nakache, J.
Confais, Editions Technip, Paris, 2005.
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e work errors;

e mutual assistance and support;

e abuse;

e physical constraints;

e exposure to carcinogens during the last week worked;
e physical hardship and exposure to risks;

e perceived health;

e absences;

e right to withdraw.

The odds ratios (OR) for exposure and their 95% confidence intervals were calculated using
unconditional logistic models in order to measure the association between a modality of the
variable studied and the group of workers subject to atypical hours considered, using the
group of workers subject to standard hours as a reference. The variables for the 14 sets
defined above were introduced into the model, either alone (raw OR), or simultaneously with
other variables (adjusted OR). A systematic adjustment for age (in groups), occupation and
socio-professional category (PCS) (level 1: 4 groups) was performed. These analyses were
conducted separately for women and men.

2.4.3 Results

An analysis conducted in 2014 by DARES?24 on the basis of data from the 2012 job survey
revealed that 30% of night workers are public-sector employees and 42% work in service
companies. The five occupational categories most concerned are: drivers, police and military
personnel, nurses, care assistants, and skilled workers in processing industries (paper,
chemical, agro-food, pharmaceuticals, etc.). Certain age groups were also highlighted: men
in their thirties and women under 30 years of age. This study also highlighted markedly more
difficult working conditions than those encountered by other employees (working standard
hours), with more numerous physical hardship factors, greater time pressure, and more
frequent tensions with colleagues and the public.

The results of the present analysis, carried out on the basis of data from the Sumer 2010
survey?5, lead to the same conclusion. The analysis that distinguished between men and
women did not reveal any major difference in terms of working conditions. While the number
of subjects and their distribution in the different groups were not the same, there were
differences in the age group and socio-professional category, which enabled the categories
of occupation concerned to be identified. Some differences to the detriment of women were,
however, identified (consequences of errors, on exposure to carcinogens, number of
accidents, etc.).

The service sector is also more strongly represented in the fixed night work group among
men, and accounts for a large majority of women in each of the groups. Public companies
are more strongly represented in the atypical working hours groups than in the reference
groups.

Employees working shifts including night work are generally more frequently faced with work
on Saturdays and Sundays than employees working standard hours. With regard to working
conditions, there is a more frequent association with physical hardship factors, certain work
constraints and psychosocial risk factors with night and shift workers than with employees
working standard hours, irrespective of sex. As was found by DARES, this is mainly reflected
by greater time pressure, increased versatility, risks and consequences of errors regarded as

24 hitp://travail-emploi.gouv.fr/IMG/pdf/2014-062.pdf

25 http://travail-emploi.gouv.fr/etudes-recherches-statistiques-de, 76/statistiques, 78/conditions-de-
travail-et-sante,80/les-enquetes-surveillance-medicale,1999/l-enquete-Sumer-2010,15981.html
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more serious for safety, and more frequent physical or sexual abuse than for employees
working standard hours.

2.4.3.1 Typology of workers subject to atypical working hours

2.4.3.1.1 Definition of groups of workers according to the working hours

The classification method was used to characterise nine types of working hours for men (see
Table 2) and women (see Table 3). The group of employees working standard hours were
used as a reference group in the analyses.

In men:
Group 1: "standard" working hours
15,162 men.

Group 2: "fixed night work"

1,115 men: people working more than 90 nights a year, most (75%) of whom also work more
than 90 evenings a year, and only a small minority work 3x8 or "other" shift types.

Group 3: "frequent night shift work - Type A"

1,267 men: people working between 50 and 89 nights a year, most (80%) of whom also work
between 50 and 89 evenings a year, 60% work 3x8, and 20% work "other" shift types.

Group 4: "occasional night shift work - Type B"

1,434 men: 50% work between 1 and 49 nights a year, 40% work 3x8 and 60% work "other"
shift types, 45% work between 1 and 49 evenings a year.

The distinction between the "Type A shift work" (G3) and "Type B shift work" (G4) groups lies
in a greater number of nights/evenings per year in G3 compared to G4, and in the greater
frequency of the 3x8 shift in G3 and "other" shift types in G4. The Sumer questionnaire
offered the answer "other" to the question about the shift work, but no additional details were
provided.

Group 5: "evening work"

1,597 men: no/few people work nights; 70% work more than 90 evenings a year, 30% work
between 50 and 89 evenings a year, the people subject to this type of shift work do 2x8 shifts
only.

Group 6: "hours the following day unknown"

1,438 men: little/no night work, little/no evening work, nearly 100% do not work shifts, 100%
do not know their hours the following day.

Group 7: "hours for the week unknown"

1,067 men: group identical to G6 but the hours the following day are known, 100% of people
do not know their hours a week in advance.

Group 8: "occasional night work"

2,076 men. 100% work between 1 and 49 nights a year, almost 90% work between 1 and 49
evenings a year, no one works shifts (or they work a 2x8 shift).

Group 9: "2x8 shift work"
927 men. 100% do not work nights, no/few people work evenings, 100% work a 2x8 shift.
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Table 2: Number of workers reporting that they work nights or evenings according to the
working hours groups in men

All Night work Nights/year Evening work | Evenings/year

N N % mean sd N % mean sd
G1 standard 15,162 0 0% 0.0 - 2,124  14% 1.6 5.7
G2 fixed night 1,115 1,115 100% 1440 18.3| 897 80% 108.0 61.9
G3  type A shift 1,267 1,267 100% 64.0 10.6( 1,229 97% 74.0 34.6
G4  type B shift 1,434 752 52% 22.4 141 977 68% 34.0 44.8
G5 evening 1,597 352 22% 15.7 129 1,597 100% 119.0 40.7
G6 hours tomorrow unknown 1,438 331 23% 11.2 10.3| 660 46% 6.4 10.5
G7 Bﬁﬁfownfor the week) 1 067 253 24% 115  11.1| 456  43% 63 106
G8  occasional night 2,076 2,076  100% 9.6 10.3] 1,804 87% 105 111
G9  shift 2x8 927 0 0% 0.0 - 227 24% 4.6 9.6
All 26,083 6,146  24% 47.3 9,971 38% 443

In women:

Group 1: "standard” working hours
13,520 women.
Group 2: "fixed night work"

379 women: people working more than 90 nights a year, most (85%) of whom work more
than 90 evenings a year, only a small minority work 3x8 or "other" shift types.

Group 3: "frequent night shift work - Type A"

183 women: people working between 50 and 89 nights per year, most (80%) of whom work
between 50 and 89 evenings a year, 50% work 3x8, and 20% work "other" shift types.

Group 4: "occasional night shift work - Type B"

340 women: 100% work 3x8 shift types, half (50%) work between 1 and 49 nights a year,
35% work between 1 and 49 evenings a year.

The main distinction between the type A shift work (G3) and type B shift work (G4) groups
lies in a greater number of nights/evenings a year in G3 than in G4.

Group 5: "evening work"

1,043 women: little or no night work, most (70%) work more than 90 evenings a year, 30%
work between 50 and 89 evenings a year, 2x8 shifts only.

Group 6: "hours the following day unknown"

570 women: little/no night work, little evening work, nearly 100% do not work shifts, 100% do
not know their hours the following day.

Group 7: "hours for the week unknown"

771 women: similar to G6 but the hours the following day are known, 100% do not know their
hours a week in advance.

Group 8: "occasional evening work"
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2,131 women: no/little night work, 100% work between 1 and 49 evenings a year, no-one
works shifts (or they work a 2x8 shift).

Group 9: "other shift work"
705 women: little/no night work, little/no evening work, 100% work "other" shift types.

Table 3: Number of workers reporting that they work nights or evenings according to the
working hours groups in women

All Night work Nights/year Evening work Eveningsl/year

N N % mean sd N % mean sd
Gl standard 13,520 60 0% 9.4 11.1 0 0% - -
G2 fixed night 379 379 100% 144 17.3 335 88% 141 27.2
G3 type A shift 183 183 100% 63 10.4 178 97% e 33.3
G4  type B shift 340 169 50% 25 14 213 63% 63 48.4
G5 evening 1,043 160 15% 13.2 119 | 1,043 100% 115 40
G6 hours tomorrow unknown 570 91 16% 12.3 11.5 251 44% 37 45.8
G7 E‘;Errf(‘) \f,(v)r: the week 771 80 10% 141 131 337 44% 47 51.8
G8 occasional evening 2,131 405 19% 10.8 116 | 2,131 100% 13.6 13
G9 other shift 705 133 19% 17 12.9 305 43% 59 49.6
All 19,642 1,660 8% 49.4 55.6 | 4,793 24% 56 56.4

2.4.3.1.2 Sector, age and socio-professional category

Compared to the groups working standard hours, the service sector is more strongly
represented in the fixed night work group among men, and accounts for a large majority of
women in each of the groups (>70%). Public companies are more strongly represented in the
fixed night work, shift work including night work, and shift work groups than in the groups
working standard hours.

While the proportion of men over the age of 50 in the atypical hours groups is lower than in
the other groups, there is no clear trend among women. It can be seen that after the age of
40, they are found in greater proportion in the fixed night work group but also in the group
working standard hours. It seems that a greater proportion of women under the age of 30
years than men are faced with working atypical hours.

The occupational categories concerned by the fixed night work and shift work differ in men
and women (see Table 4). For men, these are skilled and unskilled workers from the
industrial sector, police and military personnel, as well as drivers in the fixed night work
group. Skilled and unskilled workers from the industrial sector and materials-handling
workers predominate in the shift work groups. For women, civilian employees and civil
servants, intermediate health and social work professions, and personal services employees
predominate in the fixed night work and shift work groups.
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Table 4: Table of the most represented occupations and socio-professional categories by group

Types of hours Standard hours Fixed Night Shift type A Shift type B Evening work
Occupations Men Women Men Women Men Women Men Women Men Women

Intermediary administrative and commercial
professions 15%

Civilian employees and civil servants 13% 37% 14% 30%

Intermediary health and social work
professions 16% 27% 28% 15%

Direct personal services employees 12%
Skilled industrial workers 13% 34% 8% 15% 16%
Unskilled industrial workers 10% 9% 16% 10%

Commercial employees 10%

Company administrative employees 22%
Company engineers and technical managers 12%
Skilled artisanal workers 11%
Police and military personnel 14%
Drivers 14%
Foremen and inspecting officers 11%

Skilled handling, warehouse and transport
workers 12%

Administrative and commercial managers 10%
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2.4.3.2 Working conditions and constraints of exposure

Warning: It is important to emphasise here that the following points of analysis concern a
relationship of association, rather than causality. Indeed, the link with the variable of interest
may depend on the content of the work and not just the fact of working atypical hours.

2.4.3.2.1 Characteristics of the working time

The observed trend is the same for men and women: work on Saturdays and Sundays is
strongly associated with night work and/or shift work.

2.4.3.2.2 Pressure, variety of tasks, room for manoeuvre

Overall, the time constraints are more frequent and more numerous in the atypical hours
groups than in the groups working standard hours. Thus, the "time pressure" appears greater
in the groups of workers subject to fixed night work or shifts with or without night work.

The men in the fixed night work groups more often report being obliged to rush their work
than those in the group working standard hours. This is not the case for the shift work
groups. For women, the opposite applies.

The questionnaire proposed selecting from among the following nine constraints as
potentially enforcing the pace of work:

automatic movement of a product or part;

automatic rate of a machine;

other technical constraints;

immediate dependence with regard to one or more colleagues;
production standards or deadlines to be met in one hour or more;
production standards or deadlines to be met in one day or more;
an external request requiring an immediate response;
permanent controls or monitoring exercised by line management;
computerised control or tracking.

In the groups working standard hours, it was observed that around 80% of people reported
having at least one of the nine proposed constraints and almost 20% reported having four or
more constraints.

In the atypical hours groups (fixed night, shift, evening), these figures were even higher with
85 to 92% of men and 84% to 91% of women reporting that they had at least one of the nine
proposed constraints.

Versatility (ability to carry out several types of tasks) is a concept that is often reported in
studies on atypical working hours. The analysis of the data shows that the most versatile
groups are the shift work groups. Abnormal situations tend to be managed individually in
specific cases for the fixed night work groups as well as in the shift work groups.

The scope of work in the fixed night work or shift groups is often rigid, with identical, strict
procedures. These workers appear to have less freedom and less varied tasks than the
group working standard hours.

2.4.3.2.3 Tension and aggression

Experiencing situations of tension with the public is also clearly apparent, with more frequent
situations of regular or permanent tension in all the atypical hours groups.

Regarding verbal abuse from the public in the past 12 months, this was more frequent in the
atypical hours groups than in the group working standard hours. This trend was also
observed for physical or sexual abuse from the public in the past 12 months and verbal
abuse from colleagues or superiors.
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2.4.3.2.4 Consequences on health, risk of errors and accidents

In all groups working atypical hours, between 53 and 83% of men considered that an error at
work could have dangerous consequences for health, compared with only 43% in the group
working standard hours (significant association).

This trend was also observed in women, with between 30 and 70% of women in the atypical
hours groups considering that an error at work could have dangerous consequences for
health, compared with 22% in the group working standard hours.

While an increased number of occupational accidents in the past 12 months was not
identified in men working atypical hours, in women, the atypical hours groups were
associated, to various degrees, with an increased number of occupational accidents in the
past 12 months.

2.4.3.2.5 Decision of the occupational physician

The verdict of the occupational physician on the quality of the work shift according to the
working hours was as follows:

e on the organisation of work: for women, it is more often seen as bad or very bad in
the groups working atypical hours compared to standard hours; for men, it is
considered worse for the fixed night work and evening work groups;

e on the prevention of exposure to physical constraints: no significant difference from
the group working standard hours;

e on the prevention of exposure to chemical agents: it is seen as good, or better for the
fixed night work and shift work groups than for the groups working standard hours.

2.4.3.2.6 Physical constraints and exposure to carcinogens

Among men, there is no association between physical constraints and the atypical working
hours groups. Among women, physical constraints are more frequent in the groups of
women working atypical hours compared to the reference group.

Despite the low numbers exposed to each of the carcinogens in the atypical hours groups,
some associations are especially evident.

When the groups are compared to one another, the shift work groups are associated with a
greater number of exposures to carcinogens (29) than the occasional evening work group (8
exposures), the group exposed to "other" shift types (5 exposures), the evening work group
(3 exposures) and the fixed night work group (2 exposures). When looking at multiple
exposures (the same individual being subject to several types of exposure), exposure to
three or more carcinogens is more frequent in "occasional shift work" men, while exposure to
two or more carcinogens is more frequent in "frequent shift work" men and "occasional
evening work" men.

2.4.3.2.7 Perceived health, absences and right to withdraw

The questions on perceived health come from a self-administered questionnaire.

It should be noted that in all the groups working atypical hours, a higher percentage of
workers think that their work is fairly bad for their health compared with the group working
standard hours.

Lastly, the employees in the atypical hours groups report having interrupted a task more
often than the employees in the group working standard hours, in order to safeguard their
health or safety during the past 12 months.
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3 The circadian system and the impact of
circadian disruption

3.1 The circadian system

3.1.1 Mechanisms of circadian rhythmicity

3.1.1.1 The circadian biological clock

The body has to fulfil many biological functions during a 24-hour day: regulation of
wakefulness and sleep, hormone secretion, control of body temperature, cell division, DNA
repair, behaviour adjustment, etc. For these functions to take place smoothly and effectively,
it is essential that they occur at the right time of day or night. This temporal organisation is so
important that all living things, from bacteria to humans, have a complex time measurement
system whose role is to coordinate these functions and enable their activation at the
appropriate time. This system relies on a network of circadian (circa: around - dies: day)
biological clocks, comprising a main (or central) clock located in the suprachiasmatic nuclei
of the hypothalamus (Moore and Eichler, 1972), and a multitude of secondary (or peripheral)
clocks located in almost every tissue of the body, such as the retina, liver, heart, lung, skin,
etc. (Mohawk et al.,, 2012). This entire network of circadian clocks harmonises the
physiological, psychological and behavioural functioning of the body according to a rhythm of
approximately 24 hours, called the circadian rhythm.

The first fundamental characteristic of this circadian system is that its rhythmic activity is
endogenous, i.e. specific to it and not imposed. Circadian rhythms therefore continue being
expressed with a cycle of approximately 24 hours, even when the body is placed in a
constant environment where nothing distinguishes day from night. This phenomenon was
observed in humans at the beginning of the 1960s (see Figure 1) with the "time-isolation"
experiments of Michel Siffre (1962) and Nathaniel Kleitman (1959). These circadian rhythms
result from the activity of endogenous clocks whose circadian operation depends on
approximately ten "clock" genes. The clock genes/proteins control the rhythms of cell
electrical and biochemical activity with a period close to 24 hours (Reppert and Weaver,
2002).

The second fundamental characteristic of the circadian biological system is that its activity
has to be synchronised with the astronomical cycle of the Earth, i.e. that of the Earth's
rotation around its axis, which has a period of 24 hours. Thus, since the endogenous rhythm
of the biological clock is slightly different from 24 hours (an average of 24.2 hours in humans
(Czeisler et al., 1999; Duffy et al., 2011)), the clock must be reset on a daily basis so that its
activity remains in phase with the day/night cycle (i.e. so that the internal circadian time is
synchronised with the external daily time). In mammals, the light perceived by the retina is
the most powerful synchroniser of the main circadian clock, so the 24-hour period of light-
dark alternation ensures the main clock's daily synchronisation.
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Figure 1: Synchronised and free-running circadian rhythms of a human subject

Circadian rhythms of wakefulness (black bars), sleep (white bars), and maximum rectal temperature
(triangles) in a human subject who was synchronised over 24 hours during the first and last 7 days,
and otherwise free-running (not synchronised) between days 8 and 24 (study by Jurgen Aschoff, in
Georges Copinschi, Fred W. Turek and Eve Van Cauter, Endocrine Rhythms, the Sleep-Wake Cycle,
and Biological Clocks, in Jameson LJ, DeGroot LJ (Eds), Endocrinology, 6th Edition, Philadelphia:
Elsevier-Saunders, 2010).

Figure 1 shows the sleep-wake cycle (sleep is represented by white bars, while wakefulness
is represented by black bars), and maximum rectal temperature (triangles) in a human
subject who was synchronised over 24 hours during the first and last 7 days, and otherwise
given free-running (not synchronised) between days 8 and 24. In "natural conditions”, the
sleep-wake cycle is stable and sleep is nocturnal (the system is said to be synchronised over
24 hours). On the other hand, temporal isolation enables a free-running sleep-wake cycle to
develop, with the hours of sleep being later each day than the previous day (the sleep-wake
cycle is said to be endogenous or not synchronised). This rhythm represents the expression
of the circadian clock’s endogenous rhythm because it occurs in conditions where the light
conditions prevent synchronisation of the circadian clock (as was tested by Michel Siffre in
his "beyond time" experiment, as has been seen in the laboratory [Gronfier et al 2007], or as
is observed in many blind people).

3.1.1.2 Functions controlled by the circadian clock
Many different biological functions are controlled by the main circadian clock. Their
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synchronisation with the 24-hour rhythm and with each other enables them to optimise their
physiological roles with respect to time so that each function is expressed at the right time,
and allows, for instance, consolidated (stable) sleep at night and quality wakefulness during
the day. Figure 2 illustrates some of the human functions that have a daily rhythmicity with
maximums/minimums that take place at different times over the day/night cycle. Thus, in
humans, vigilance, performance, memory and physiological activation are at their highest
during the day, and associated with a higher core body temperature. In contrast, secretion of
the hormone melatonin, relaxation of the muscles and sleep propensity are highest during
the night, associated to a lower core body temperature. Consequently, the main biological
clock can be regarded as an orchestra conductor, harmonising the internal physiology, and
synchronising it optimally with external time. In addition, in each organ and each cell of our
body, some functions present a circadian rhythmicity. Depending on the organs, between 8
and 20% of the genome is expressed rhythmically. This rhythmicity depends on the central
clock and also on the peripheral clocks found in all the body's cells and organs. These
peripheral clocks generate a local endogenous circadian rhythm but also receive the signal
from the central clock to remain synchronised with one another and with the 24-hour cycle.
These peripheral circadian clocks are particularly involved in cellular metabolism, control of
cell division, apoptosis, proliferation of cancer cells (Granda et al., 2005), and DNA repair
(Collis and Boulton, 2007).

The integrity of the circadian clocks and their proper synchronisation with the day/night cycle
are crucial for human health. All these regulations give an indication of how disruption of the
circadian system could be responsible for certain pathologies and the increased risk of
cancer.
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Figure 2: Temporal distribution of several biological functions in humans

Temporal distribution of several biological functions in humans over a 24 h day, where external night
starts at 6pm and ends at 6am. It is a schematic representation, where the times are only indicated as
an example (they vary from one individual to another, particularly according to chronotype).

The times given, which may vary slightly according to individual differences, indicate the
peak of a biological function. For example, the time when blood pressure is highest is around
6.30pm.

3.1.1.3 Synchronisation of the circadian clock by light

Because its endogenous rhythm is close to but not exactly 24 hours, the central circadian
clock must constantly be synchronised with the day/night cycle of the environment. In
mammals, light, or more specifically exposure to the light-dark cycle, is the most powerful
synchroniser of the internal clock.
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The effects of light depend on five main parameters:
¢ time of light exposure (Khalsa et al., 2003);
e lightintensity (Zeitzer et al., 2000);
e duration of light exposure (Chang et al., 2012);
e the light spectrum (Brainard et al., 2001, Thapan et al., 2001, Najjar et al., 2014);
e prior photic history (Smith et al., 2004, Mure et al., 2009).

The moment when the circadian clock is stimulated by light exposure determines whether the
clock will be advanced or delayed. This time-dependent effect of light is represented by what
is known as the phase response curve (see Figure 3; Khalsa et al., 2003). Exposure to light
at the end of the day and beginning of the night has the effect of delaying the clock, so that
the different biological functions controlled by the circadian clock will occur later. In contrast,
exposure to light at the end of the night and beginning of the day has the effect of advancing
the clock. For individuals whose clock has a period of more than 24 hours (around 75% of
the population according to Duffy et al., 2011), morning exposure to light is very important for
the synchronisation of their clock. In contrast, for people with an internal cycle of less than 24
hours, light received in the evening will delay the time of their internal clock and tend to
synchronise it.

Fhase Shift (h)

6 9 12 15 18 21 0 2 & 9 12 15 18

Circadian Phase
(Melatonin midpoint = 22 h)

Figure 3: Phase response curve (in diurnal individuals) to a light stimulus applied at different
times in the circadian cycle to individuals placed in constant darkness, who are therefore free-
running
The circadian phase 0 corresponds to the minimum point of the temperature rhythm, at around 5 in the
morning on average. By convention, negative phase shifts correspond to phase delays and the
positive ones correspond to phase advances.

On average in humans, a light stimulus applied between 5pm and 5am induces a phase
delay with a maximum effect (a 3-hour delay for a 10,000 lux white fluorescent light stimulus
for 6.7 hours) at around the normal bedtime. On the contrary, when the light stimulus is
applied between 5am and 5pm, it leads to a phase advance with a maximum effect (2-hour
advance for this stimulus) observed around the usual waking up time (Khalsa et al., 2003).

Thus, synchronisation of the circadian clock takes place through exposure to the light
perceived over the 24 hours. Under normal conditions, light during the day and darkness at
night enable the clock to be appropriately synchronised to ensure quality sleep at night and
optimal vigilance during the day. A lack of exposure to light (in the blind or in people not
working in daylight) may be responsible for a desynchronisation of circadian rhythms. In
addition, night-time or irregular exposure to light will disrupt the activity of the circadian clock,
which will affect how biological functions are synchronised with the environment.
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The ability of light to synchronise the clock facilitates adaptation to the time change following
a move to a different time zone, for example, ensuring that physiological activation continues
to occur during the day, and sleep at night. Unfortunately, this same characteristic hampers
the adjustment of the worker who wishes to be active at night (for their job) and sleep during
the day (when returning from their shift). Indeed, the worker's biological clock persists in
adjusting to the light-dark cycle of the environment and not the sleep-wake cycle they are
trying to adopt; the clock therefore continues to promote sleep at night (when the worker is at
work) and wakefulness during the day (when they are trying to sleep).

To influence the circadian biological clock, light must be perceived by the retina. However,
sensitivity to light for circadian adjustment is different from that of vision. Indeed, in addition
to the cones and rods involved in image formation, the circadian system preferentially uses a
second system of photosensitive cells: melanopsin-containing retinal ganglion cells (Berson
et al., 2002). Their sensitivity to light depends on different wavelengths than those of the
cones and rods of the visual system. Vision is particularly sensitive in the yellow/green region
of the light spectrum (~550 nm), whereas melanopsin shows maximum sensitivity in the
region corresponding to blue (~480 nm) and is relatively insensitive to red (Brainard et al.,
2001; Thapan et al., 2001, Najjar et al., 2014). Apart from their role in synchronising the
biological clock, melanopsin cells are involved in other non-visual effects of light, in particular
concerning mood, vigilance, memory and cognition (Najjar et al., 2014). Consequently, light
is now regarded as an essential regulator of physiology, and many on-going studies are
aiming to develop light-based therapy methods specific to circadian disorders, including
those observed in night and shift workers.

In addition to light, it has been proposed that the central circadian clock may be sensitive to
other "non-photic" factors, such as the sleep schedule, regular social activities, physical
activity, psychophysiological activation, and meal times (hour and composition of meals)
(Mistlberger and Skene, 2005; Barger et al., 2004; Danilenko et al., 2003). However, the vast
majority of these potential synchronisers have a very minor effect in humans compared to
that of light. Melatonin is the only powerful non-photic synchroniser currently used to treat
certain disorders of the circadian system (Lewy et al., 2006).

3.1.2 The hormone melatonin

3.1.2.1 The rhythm of melatonin secretion

Melatonin is a hormone secreted by the pineal gland, which is located roughly in the middle
of the brain. The moment of melatonin secretion is determined by the biological clock, and
secretion follows a very pronounced circadian rhythm. In a person who is active during the
day and whose clock is synchronised normally, secretion begins in the evening, around two
hours before bedtime, then reaches a peak towards the middle of the night (between 2 and 5
in the morning) before returning to very low, sometimes undetectable levels in the morning
and for the rest of the day. The interval between the beginning and end of the melatonin
secretion episode represents the biological night. In diurnal species such as humans, it
corresponds to the rest phase, conducive to sleep and recovery.

The melatonin secretion profile can be established by measuring the concentration of
melatonin either in plasma, which implies blood samples at regular intervals that can be
taken while the subject is asleep, or in saliva, a less invasive method that nevertheless
requires that the person remains awake at night in order to obtain a 24-hour profile. An
alternative technique is to measure a metabolite of melatonin, 6-sulphatoxymelatonin
(aMT6s), in urine samples. With a sufficient number of samples over the 24 hours and in
suitable measurement conditions, these approaches make it possible to establish an
individual melatonin secretion profile and estimate the time of each subject's biological night.

Melatonin secretion is only possible in the dark or in very subdued light, because its
synthesis is sensitive to light. The light signal perceived by the melanopsin-containing retinal
ganglion cells is transmitted to the clock, which immediately inhibits the secretion of
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melatonin by the pineal gland (Najjar et al., 2014; Rahman et al., 2015). Depending on the
light spectrum (with blue being the most active colour), and the intensity and duration of
exposure to light, melatonin secretion will be inhibited or may even completely cease during
the entire period of exposure. Light sensitivity varies according to individuals, sex and age,
and the same light intensity may completely block secretion in one person and produce a
small decrease in another.

In any one person, the characteristics of the rhythm of melatonin secretion are generally very
stable (the amplitude of the rhythm and its position in the 24 hours, its phase, are highly
reproducible from one day to the next). In contrast, the amount of melatonin secreted and the
shape and amplitude of the secretion profile vary greatly from one person to another.
Because highly variable amounts of melatonin are found in individuals in excellent health, it
is currently impossible to establish the extent to which the quantity of secreted melatonin
contributes to an individual's health, or to establish thresholds of normality. In addition, as it is
measured indirectly, it is difficult to determine whether the individual variations reflect
differences of secretion by the pineal gland or differences in the metabolism of melatonin.

3.1.2.2 The effects of melatonin

Melatonin influences the functioning of the main circadian clock through MT1 and MT2
melatonin receptors located in the suprachiasmatic nuclei. Melatonin, in endogenous form or
ingested in the form of a supplement (tablets, capsule, etc.), has a different effect on these
two types of receptors (Dubocovitch et al., 2007). Activation of the MT1 receptors inhibits the
neuronal activity of the suprachiasmatic nuclei. Among diurnal species such as humans, this
inhibition reduces the biological clock's activating effects on vigilance, which increases
drowsiness and the sleep propensity. Activation of the MT1 receptors is therefore
responsible for the "hypnotic" effects of melatonin and explains its use to facilitate sleep.
Activation of the MT2 receptors produces a different effect, since it modifies the circadian
moment of neuronal activity of the suprachiasmatic nuclei and can therefore change the
internal time of the biological clock. Thus, not only does the biological clock control the
secretion of melatonin by the pineal gland, but its own functioning is also modulated by the
retroactive effect of melatonin. This hormone is therefore said to play a "chronobiotic" role as
a non-photic synchroniser of the clock, a property that is used in sleep medicine or to help
synchronisation following jet lag (Arendt et al., 2008).

The effect of melatonin administration is the opposite of that caused by exposure to light: the
clock is advanced following administration in early evening and can be delayed slightly
following administration in the morning (with this effect not always being observed in
scientific studies). Nowadays, several melatonin formulations are available to treat different
sleep rhythm disorders (see Table 5).

Table 5: Formulations of the melatonin agonists currently available

Agomelatine is a melatonin agonist (MT1/MT2) and weak 5-HT2C antagonist approved in Europe for
the treatment of depression. It also has sleep-inducing effects.

Ramelteon is a melatonin agonist (MT1/MT2 and low affinity for MT3) approved in the United States
and Japan for the treatment of insomnia. Its effects on sleep are modest.

Tasimelteon is a selective MT1/MT2 receptor agonist recently approved in the United States for the
treatment of free-running disorder in the blind.

Circadin is a sustained-release melatonin formulation, approved in Europe, with an agonist effect like
melatonin on the MT1/MT2 and MT3 receptors.

Melatonin, in a magistral (compounded) formulation (in pharmacies) may be prescribed for primary
insomnia in the elderly.
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As well as its effects on the circadian biological clock, melatonin has other physiological
properties that can potentially have health repercussions (see Table 6). These effects are
based firstly on a broad distribution of MT1 and MT2 receptors, in addition to the
suprachiasmatic nuclei, and secondly on the pharmacological effects of melatonin, in
particular antioxidant effects, independent from the MT1 and MT2 receptors and involving
another binding site called MT3.

Table 6: Reported effects of melatonin in humans and animals

(Simonneaux and Ribelayga, 2003; Pandi-Perumal et al., 2005; Pandi-Perumal et al., 2006; Ritzenthaler et al.,
2009)

Effects of melatonin

Humans

Animals (in vivo or in vitro)

Chronobiotic (synchroniser) effect with a phase
advance of the clock if melatonin is administered
in the evening, or at the beginning of the night;
generally no effect if administered in the morning

Chronobiotic effect with a different phase
response depending on whether the species is
nocturnal or diurnal.

Sedative/hypnotic effect on sleep (latency) if
melatonin is administered during the day (if
administered at night, there is no systematic
effect on sleep).

Synchronising effect on certain
functions (reproduction, metabolism,
seasonal species.

biological
coat) in

Positive effect in chronic treatment (6 months) of
primary insomnia in elderly subjects: decrease in
sleep onset latency, increase in slow-wave sleep,
and reduction in sleep fragmentation.

Local role in retinal physiology.

Hypothermic effect (temperature decrease) on
core temperature and hyperthermic effect on
peripheral temperature, via a peripheral
vasodilator effect linked to the presence of
melatonin receptors in the vasculature.

Regulation of blood pressure (anti-hypertensive
effect).

Positive effects in some cases on the treatment
of sleep disorders in Alzheimer’s patients, with a
possible effect on the cognitive sphere in these
patients.

Inhibition of the progressive increase in beta-
amyloid protein in the brain on the rodent model
of Alzheimer's disease.

No indisputable anti-cancer effect of melatonin in

Anti-oxidising effect at a high dose.

humans.

Oncostatic effect.

Regulation of the immune system.

Regulation of neurotransmission.

3.1.3 Circadian regulation of biological and psychological functions

3.1.3.1 Circadian requlation of sleep and wakefulness

Sleep is regulated by two processes: the circadian process, which represents the influence of
the biological clock, and the homeostatic process, which represents the increase in sleep
need the longer a person has been awake (Dijk and Czeisler 1994, Wyatt et al., 1999 — see
Figure 4 below). The circadian clock has a particularly marked influence on the stimulation of
wakefulness. In a person who is active during the day and whose clock is synchronised with
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the environmental day-night cycle, the circadian propensity for wakefulness gradually
increases throughout the day to reach a peak around two hours before normal bedtime. It is
so difficult to fall asleep at the circadian signal’s peak of wakefulness that this circadian time-
point has been named the "forbidden zone for sleep” (Lavie et al., 1986). After this moment
of strong stimulation of wakefulness, the electrical activity of the suprachiasmatic nuclei
decreases, melatonin secretion begins and body temperature falls. These physiological
events, which are all under the control of the circadian clock, contribute to reducing the
propensity for wakefulness and prepare the body for sleep. The circadian propensity for
wakefulness continues to decrease during the night to reach a minimum around two hours
before the normal waking time, before starting its gradual increase again.

The influence of the circadian clock is not independent, but operates in interaction with the
influence of the homeostatic process. The homeostatic process works in such a way that the
longer a person is awake, the more they feel the need for sleep. Conversely, the longer an
episode of sleep, the more sleep need decreases and the greater the likelihood of waking up.
Thus, sleep need is normally very low after a good night's sleep. The homeostatic sleep
process should therefore be seen as a mechanism involved in increasing sleep pressure
during daytime wakefulness, and dissipating it during night-time sleep.

Thus, the homeostatic need for sleep increases progressively throughout the day, but is
offset by the increase in the circadian stimulation of wakefulness. It is therefore the combined
action of the circadian and homeostatic processes that makes it possible to maintain a
relatively constant level of vigilance and performance during the day. Similarly, the decrease
in sleep need during night-time sleep is offset by the decrease in the circadian signal of
wakefulness, which enables consolidated sleep (not fragmented by wakefulness) throughout
the night.

The combined action of the circadian and homeostatic processes is remarkably effective in
people who adopt a regular sleep schedule that respects the internal time of their biological
clock. In contrast, this same mechanism is a major source of insomnia and sleepiness when
the hours of sleep and wakefulness are no longer in phase with the signals of the circadian
clock, as is the case for jet-lagged travellers or night workers. Indeed, in a night worker, the
daytime increase in the circadian signal of wakefulness can result in short, fragmented sleep
during the day, while the absence of a signal of wakefulness at night will make it more
difficult to stay awake and alert at work, especially after several hours of wakefulness.
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Figure 4: Circadian and homeostatic regulation of sleep

Sleep latency, sleep efficiency and REM sleep are mainly controlled by the circadian system (they
have a circadian rhythm — left-hand column), and their intensity will mainly depend on the time at
which sleep takes place. Slow-wave sleep (SWS) will mainly be controlled by sleep pressure, being
greater at the beginning of the sleep period and decreasing in intensity during the night (figure from
Wyatt et al., 1999).
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3.1.3.2 Circadian requlation of other biological functions

The biological clock regulates not only the sleep-wake rhythm, but also a large number of
other biological functions such as metabolism, the cardiovascular system, hormonal
secretion, internal temperature, the cell cycle, and even vigilance and mood (see Figure 2).
For this reason, the disruption of an individual's daily organisation (during night work or jet
lag) can, in addition to sleep disorders, disrupt these biological functions.

3.1.3.2.1 Cell functions

Each neuron of the suprachiasmatic nuclei has a circadian oscillator, and the robust coupling
of all of these neurons forms the main circadian clock. However, it has now been established
that many other cells of the human body (skin, liver, lungs, digestive tract, etc.) also have a
"cellular" circadian clock. For example, in fibroblasts isolated in culture, the clock genes
oscillate independently for several consecutive days with a period of around 24 hours (see
Figure 5) (Nagoshi et al., 2004).

phatansimin

Figure 5: Recording of circadian oscillations of the bioluminescence of 25 fibroblasts in
primary culture for 11 days

Even though each of these cells has a sustained circadian oscillation, there is little coupling
between these cellular oscillators within a tissue or organ, and frequent resynchronisation is
necessary for them to work together as a secondary clock. The cellular clocks control the
circadian rhythm of many other genes of cellular metabolism and are also closely involved in
gene expression during the cell cycle. There is therefore a robust coupling between the
circadian clock and the cell cycle (Feillet et al., 2015). The cellular circadian clock controls
the duration of cell cycles and may thus be involved in the renewal of certain cells such as
those of the skin (one sixth of the epidermal cells are renewed each day in humans), and the
immune and haematopoietic systems. It has been suggested that disruption of the skin's
cellular clocks leads to premature ageing of the epidermis (Janich et al., 2011). Experiments
in mice have also shown that, after partial hepatectomy, liver regeneration (which depends
on liver cell-division cycles) is slower in individuals lacking a clock gene (Matsuo et al.,
2003). Several studies have shown that a malfunction between the circadian clock and the
cell cycle can lead to cancer. Moreover, cancer cells have an impaired circadian clock, which
can cause abnormal cell proliferation.

3.1.3.2.2 Metabolic functions

The circadian clocks rhythmically regulate numerous metabolic processes in response to the
fluctuating needs regarding energy intake and expenditure throughout the day. Indeed,
energy intake and consumption vary according to the sleep-wake and feeding-fasting cycles,
with the times of these different periods depending on the species' diurnal or nocturnal
nature. In each case, the period of wakefulness and feeding coincides with a high level of
metabolism, anabolism and thermogenesis, while sleep and fasting correspond to a state of
low metabolism and catabolism (Jha et al., 2015). Food intake during the active period
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ensures the absorption and storage of energy substrates such as carbohydrates, fats and
amino acids, which are needed to maintain a high metabolic rate. During the rest period,
stored substrates such as glycogen and fats are metabolised to sustain basic energy
expenditure. The circadian system plays a key role in the orchestration of these metabolic
functions (Kumar Jha et al., 2015).

The central clock of the suprachiasmatic nuclei orchestrates circadian rhythmicity in other
brain areas and in the peripheral tissues by sending neurological and hormonal signals. The
peripheral "metabolic" clocks located in the liver, adipose tissue, muscle, pancreas, adrenal
glands, stomach and intestine are involved in the circadian rhythmicity of plasma glucose,
free fatty acids, and the different hormones regulating appetite and metabolism (cortisol,
adiponectin, leptin, ghrelin, etc.). In return, hormonal signals from the periphery exert their
effects on energy balance by transmitting circadian messages to the brain, particularly to the
hypothalamus, on peripheral energy reserves or requirements.

Cortisol secretion, which follows a daily rhythm with a peak at the end of the rest
period/beginning of the active period, enables the induction of gluconeogenesis (manufacture
of glucose from non-carbohydrate precursors such as amino acids) to supply the brain with
glucose at the beginning of the period of activity, even in the event of insufficient food intake.
In turn, high blood sugar levels inhibit production of this hormone, whose rates are reduced
during and after the three main meals.

Leptin, an adipokine mainly secreted by the white adipose tissue and transported to the
arcuate nucleus, whose action leads to a reduction in food intake (Kalra et al., 2003; Sobrino
Crespo et al., 2014), also follows a daily rhythm. In humans, peak leptin secretion occurs at
night (during the fasting period) in order to decrease appetite. Its concentration is also high
after meals, which is a signal to the hypothalamus that peripheral energy demand has been
or will be met. The rhythm of leptin is important for achieving a weight balance: its presence
in large amounts increases energy expenditure by boosting thermogenesis, induces lipolysis,
inhibits lipogenesis and increases insulin sensitivity; a reduction in leptin leads to an increase
in the storage of body fat and in appetite for food.

Ghrelin, unlike leptin, is an orexigenic hormone that is mainly secreted by the parietal cells of
the stomach. Its rate increases before meals and decreases afterwards; it increases food
intake and body fat. It also provides feedback regulation of the central clock.

Plasma glucose concentration results from the coordinated regulation of glucose intake
(dietary intake, glucose production) and use (uptake by skeletal and cardiac muscles, and
adipose tissue). The central clock rhythmically regulates the production and use of glucose,
most likely through efferent signals from the autonomous nervous system towards the
peripheral organs (liver, muscle, pancreas). In humans, blood glucose levels exhibit a daily
rhythm, with a peak before the period of wakefulness (Arslanian et al., 1990; Bolli et al.,
1984). Glucose tolerance and insulin sensitivity also vary during the course of the day with
greater efficiency in the morning.

While the central clock plays a fundamental role as synchroniser and integrator, enabling
metabolic functions to be coordinated with the diet and rest-activity cycles, the peripheral
clocks also play a specific role in glucose and lipid homeostasis and the circadian variation of
the different substrates. The liver plays a pivotal role in metabolic regulation, particularly by
maintaining an optimum level of circulating glucose through the balance between hepatic
glucose production and output. Even though the influence of the autonomous nervous
system and circulating hormones such as glucocorticoids is essential, disruption of the
molecular mechanisms of the hepatic clock may alter glucose tolerance (Kalsbeek et al.,
2014).

In the pancreas, secretions of insulin and glucagon by the islets of Langerhans cells
constitute vital signals for glucose homeostasis. Autonomous circadian rhythms have been
observed in human pancreatic islets (Allaman-Pillet et al., 2004).
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Circadian rhythms have also been demonstrated in striated skeletal muscle, with more than
200 genes expressing rhythmicity (McCarthy et al., 2007). Nevertheless, the effects of
muscle clock disruption on the circadian desynchronisation of carbohydrate metabolism have
not yet been clearly defined (Kalsbeek et al., 2014).

Lastly, adipose tissue, now recognised as an essential endocrine organ in the control of
energy, glucose and lipid metabolism, also has a functional clock that exerts circadian control
over many genes. At cell level, the genes involved in lipid synthesis and fatty acid oxidation
are rhythmically activated and suppressed by basic clock proteins (Shostak et al., 2013;
Otway et al., 2011; Gomez-Santos et al., 2009).

Thus, the central biological clock influences many aspects of the metabolic process by
playing an integrative role in coordinating metabolic functions with the feeding and rest-
activity cycles. In addition, peripheral clocks are also involved in the regulation of specific
carbohydrate and lipid metabolic pathways.

3.1.3.2.3 Cardiovascular functions

The functional organisation of the cardiovascular system has a circadian rhythmicity that is
clearly orchestrated by the central biological clock: arterial blood pressure, heart rate,
peripheral resistance and the activity of the vasodilator and vasoconstrictor hormones show
pronounced circadian variations. In humans, blood pressure is lower during the night (10 to
20% lower compared to the day), reaching a minimum around 3am, and then peaking after
waking up (9am); a second peak is often seen in the early evening (7pm). In healthy young
adults, the morning increase in systolic blood pressure is 20-25 mm Hg, but in the elderly,
who have less compliant and elastic arteries, it can be as high as 40-60 mm Hg. The fall in
pressure during sleep is more marked in women than in men. The circadian rhythm of heart
rate closely matches that of blood pressure in normal conditions and shows a strong genetic
dependence regarding daily average, amplitude of variations, and peak time during the 24
hours. Although blood pressure and heart rate are normally in parallel, several studies
suggest that the circadian rhythms of these two cardiovascular parameters may be
differentially regulated. Cardiac rhythms seem to be more intrinsic, driven largely by the daily
variations in the activity of the autonomous, sympathetic and parasympathetic nervous
systems. Studies have shown that the central clock may modulate cardiac function by direct
nerve stimulation. There is a strong correlation between the daily variations in cardiovascular
parameters and plasma levels of noradrenaline and adrenaline (Young et al., 2006).

Although the circadian rhythms of heart rate, blood pressure and cardiac output are
classically attributed to the rhythms of the neuroendocrine constituents, rhythms at the
cellular level also play an important role. There are cellular clocks in at least two main types
of cells of the cardiovascular system: cardiomyocytes and vascular smooth muscles cells.
Genetic manipulation of the components of the circadian clock, such as CLOCK and BMAL1,
variations in the human clock gene PER3, and genetic ablation of the circadian clock in
endothelial or vascular smooth muscle cells, significantly alter or eliminate the circadian
rhythms of heart rate and blood pressure (Portaluppi et al., 2012). The clocks of the
cardiovascular system potentially influence cardiovascular function by enabling anticipation
of the action of neuro-hormonal factors, thereby ensuring a rapid, appropriate response.

A complex interaction between environmental factors and the endogenous circadian system
(central and peripheral clocks) therefore contributes to changes in cardiovascular function
throughout the day. In addition to heart rate and blood pressure, other cardiovascular system
parameters also present circadian variations, for example systolic volume, cardiac output,
blood flow, peripheral resistance, electrocardiographic parameters, plasma concentrations of
hormones (noradrenaline, renin, angiotensin, aldosterone, atrial natriuretic hormone), blood
viscosity and fibrinolytic activity (Lemmer et al., 2006). It should be noted that myocardial
infarction is two to three times more common in the morning, between 6am and noon, than at
night and that circadian variations have also been established in the presentation of both
supraventricular and ventricular arrhythmias. Lastly, circadian rhythms also affect the
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pharmacokinetics and pharmacodynamics of cardiovascular drugs. The daily rhythms of the
risks of heart rhythm disorders, morbidity and mortality from cardiovascular diseases, as well
as the underlying pathophysiological mechanisms, are therefore different. This suggests that
preventive and therapeutic interventions should be adapted accordingly to improve health
and working conditions.

3.1.3.2.4 Cognition

It has been clearly demonstrated that cognitive abilities vary over 24 hours depending on the
state of wakefulness and sleep (see Figure 8 below). Cognitive performance is regulated
both by the circadian system (higher level during the biological day and lower during the
biological night), and by sleep pressure (reduced levels of performance the longer a person
is awake), independently or otherwise. Depending on the moment of the day-night cycle at
which a cognitive performance is required, reaction time and sustained attention capacity will
differ. This contributes to a daily rhythm of the relevance of the motor or cognitive response.
Reaction time and the possibility of inappropriate responses (lapses), which are often
assessed by the psychomotor performance test, evolve in the same way as perceived
sleepiness throughout the day-night cycle (which can be assessed by scales such as the
Karolinska Sleepiness Scale (KSS)).

This circadian regulation of cognition helps maintain a stable level of performance over the
course of the day, in conditions where the biological clock is synchronised and sleep is
nocturnal. However, in conditions where the clock is desynchronised, as occurs during night
work for example, the combination of an inappropriate biological time and long-duration
wakefulness (the duration of wakefulness is greater before beginning a night shift than a day
shift) drastically lowers cognitive performance and the level of vigilance.

page 81 /390 March 2016



ANSES o collective expert appraisal report

Request No. 2011-SA-0088 — "Atypical working hours"

ADD
(# correct)

DSST

(# correct)

PRM
(# correct)

PVT lapses PVT median RT

KSS
(units)

(msec)

(# lapses)

CBTmin

3.

-f
) i/f// \\H/

W ] w

A

30

3
3.
/ — —3
01 {\{/I//\I E\{//i 1\1\{ i I\i—i : N+
e
oo i\ e g N N
Ea Y

A
A

: 5/{ f !
: f \f N[
LN
A e —
! 0 120240 0 120240 0 33 133 33 133

CIRCADIAN

PHASE AT

START OF EACH TEST

HOURS SINCE START
OF WAKE EPISODE

Figure 6: Circadian and homeostatic regulation of cognitive, memory and psychomotor

performance

Performance in the addition/calculation test (ADD), digital symbol substitution test (DSST), probed
recall memory test (PRM), and the test to measure reaction time (PVT) are controlled by the circadian
system (left-hand column, their level depends on the time at which the task is performed) and by the
homeostatic process (performance decreases during the day in parallel with the increase in sleep

pressure). Figure from Wyatt et al.,

3.1.3.2.5 Mood

Laboratory studies in humans show that mood is influenced by a complex, non-additive
interaction between the internal biological time (the circadian phase) and the duration of prior
wakefulness (see Figure 7).

The nature of this interaction is such that modest changes in the synchronisation of the
sleep-wake cycle (the position of sleep in the 24 hours) can have major effects on

subsequent mood (Boivin et al.,

1999.

1997). In other words, mood is regulated by the circadian

system in such a way as to be more positive during the day than at night. In addition, mood
deteriorates progressively with the sleep pressure that accumulates during wakefulness.
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Figure 7: Circadian regulation of mood

The figure on the left shows the circadian regulation of mood, which is highest during the day and
lowest at night. On the right, at the top, mood can be seen as gradually deteriorating during
wakefulness; from Boivin et al. (1997).

As with cognitive performance, in conditions where the biological clock is synchronised and
sleep is nocturnal, this dual regulation of mood helps maintain a stable level of mood over
the course of the day. In conditions where the clock is desynchronised, in particular during
night work, mood is lowest during night-time wakefulness. This phenomenon could contribute
to the anxious and depressive mood observed in some shift workers.

3.1.4 Individual differences

3.1.4.1 Chronotypes

The moments of high or low vigilance do not occur at the same time of day in all individuals,
meaning that the daily sleep episode can be shifted to varying degrees in relation to the day-
night cycle. This individual characteristic defines the chronotype. Thus, some people will tend
to wake up later and go to bed later when they have no obligation: these are the "night owls"
who are defined by an evening chronotype. Conversely, people who naturally tend to go to
bed and wake up early have a morning chronotype: these are the "early birds". The morning
and evening chronotypes each form around 20% of the population; most people are of the
intermediate chronotype.

An individual's chronobiological phenotype is multifactorial in origin (genetic, environmental,
behavioural). In most cases, it reflects the internal time of the biological clock: earlier in
morning chronotypes and later in evening chronotypes. These differences are partly based
on the existence of a faster endogenous circadian rhythm (with a period of less than 24
hours) in morning chronotypes and a slower one (with a period greater than 24 hours) in
evening chronotypes (Duffy et al., 2001). The earlier or later time of the circadian clock can
also result from the action of synchronisers, in particular light, which can produce a phase
advance or delay. In both cases, when the internal time of the circadian clock is advanced or
delayed, not only the sleep episode but also all other circadian rhythms occur earlier or later,
including melatonin secretion.

H .. E— s
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Individuals with an evening chronotype are more alert and efficient in the evening, whereas
those with a morning chronotype are more vigilant and efficient in the morning. The latter are
generally less flexible in their sleep schedules: they have trouble staying awake in the
evening and at night, they find it difficult to sleep during the day and, in general, cannot
tolerate sleep deprivation (Review: Adan et al., 2012; Selvi et al., 2007).

3.1.4.2 Age

Adjustment of the internal clock changes with age. There is usually a gradual delay in the
clock during adolescence, which reaches a peak at the age of around 20. Adolescents and
young adults therefore more often tend to have an evening chronotype. The biological clock
then gradually becomes progressively earlier with age, which leads to an increasingly
pronounced tendency to go to bed and wake up early. This trend is clearly manifested as
early as middle age and is even more evident after the age of 60. The characteristics of the
biological clock also show other changes with advancing age. It adjusts far more slowly
following a time change, which is particularly evident in situations of jet lag. It generates a
less robust circadian rhythm, yielding rhythms of lower amplitude, which are therefore more
subject to desynchronisation. Lastly, the quality and duration of sleep also diminish with age,
which makes recovery more difficult after sleep deprivation.

3.1.4.3 Sex

On average, women are more likely than men to have a morning chronotype. This may be
linked to the fact that women have a significantly faster clock than that of men (Duffy et al.,
2011). The difference between the sexes is probably also related to sex hormones, because
it becomes apparent at puberty and disappears after menopause. In addition, studies on
female rodents have clearly shown that the endogenous circadian period varies depending
on the reproductive cycle (Labyak and Lee, 1995).

3.1.4.4 Genetic differences

The quality and structure of sleep, as well as the quality of wakefulness, may also depend on
genetically-determined factors.

Studies show that several genetic polymorphisms or mutations may be involved in sleep
disorders (Tafti et al., 2007). The mutation of the Per2 clock gene has been observed in
advanced sleep phase syndrome (a circadian rhythm disorder of the sleep-wake cycle in
which the phase is advanced) (Toh et al., 2001; Xu et al., 2005). The mutation of the Perl
gene has been described in extreme morning chronotypes (Carpen et al., 2006). In contrast,
delayed sleep phase syndrome (a circadian rhythm disorder of the sleep-wake cycle in which
the phase is delayed) and individuals of an extremely late chronotype have been associated
with a polymorphism of the Per3 gene (Robillard et al., 2002; Archer et al., 2002). In animals,
a mutation of the NPAS2 gene, a paralogue of the CLOCK gene, results in impaired sleep.
Lastly, deletion of the BMALL clock gene and the melanopsin gene (the retinal photopigment
responsible for transmission of light information from the retina to the internal clock) disrupts
the structure of sleep, as well as the response to sleep deprivation (Laposky et al., 2005). In
healthy subjects, it has been observed that the polymorphism of the Per3 gene was involved
in the internal structure of sleep (Per3 5/5 individuals had a particularly dense deep slow-
wave sleep (Viola et al., 2007)).

There is also great interindividual variability in the ability to resist sleep debt. The negative
effects of sleep debt (Viola et al., 2007) and sleep pressure (Maire et al., 2014) on vigilance
and psychomotor performance are in fact particularly pronounced in individuals with the type
5/5 Per3 clock gene polymorphism. Thus, these individuals will have difficulty maintaining
long-duration wakefulness, whereas this will be easier or more bearable for others.

The effects of caffeine consumption on wakefulness vary depending on the individuals and
are also based on genetic factors. Studies have shown that the disruption of sleep by
caffeine was linked to the blocking of the adenosine type 2A receptors, and that a common
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variation of this receptor in humans (ADORA2A) was involved in individual responses to
caffeine (Retey et al., 2007).

In conclusion, wakefulness, sleep, sleep pressure and the effects of caffeine on sleep are not
the same in all individuals, partly because of genetic factors.

3.2 Impact of circadian disruption

3.2.1 Impacts of circadian disruption on physiology: animal models

The specific effects of circadian disruption on physiology are difficult to assess from
epidemiological studies in humans, because of the lack of objective measurement tools, the
great variability of exposure, the types of rhythms and hours practised and the potential
contribution of other factors (diet, social stress, sleep disruption, use of psychostimulants).
Moreover, even if laboratory studies in humans can help assess the impact of circadian
disruption by controlling for confounding factors, they cannot be used to analyse the cellular
and molecular mechanistic aspects. For this reason, it is necessary to model circadian
disruption using animal models, under well-controlled experimental conditions, and while
measuring the impacts up to gene level.

While animal studies are essential for understanding the cellular and molecular mechanisms
underlying circadian disruption, it is important to mention some major limitations of animal
models in chronobiology when extrapolating results directly to humans. Most studies have
been, and still are, carried out with nocturnal animals (rats, mice, hamsters), whereas
humans are diurnal. Indeed, with the notable exception of melatonin, which is always
produced at night regardless of the species, production of many hormones
(cortisol/corticosterone, glucose, leptin, testosterone) and a large number of biological
functions (food intake, activity, sleep, cardiac function, vigilance) have their rhythms reversed
between diurnal and nocturnal species. In addition, the two categories do not live in the same
light environment and are not equally sensitive to the synchronising effects of light. Nocturnal
animals limit their exposure to light during the day because they are for the most part
photophobic, while humans are exposed to an average of 16 hours of light, whether solar or
artificial. Rats, or any other nocturnal species, only need a few minutes of light per day to
synchronise their biological clocks to 24 hours, while humans, under the same light
conditions, would be completely desynchronised. The circadian system in rodents is virtually
insensitive to light during the day, while that of humans is sensitive throughout the entire 24
hours (see Figure 3). Lastly, diurnal and nocturnal animals do not react in the same way to
light and melatonin. While light has an awakening and pro-cognitive effect in humans, it has
a hypnotic effect in nocturnal animals; a few minutes of moderate intensity light are enough
to plunge a mouse into the deepest sleep (LeGates et al.,, 2012 and Tsai et al., 2012),
whereas humans would be rendered temporarily insomniac by the same stimulus in the
middle of the night (Cajochen et al., 2005). Conversely, melatonin produces a hypnotic effect
in humans, but not in nocturnal species.

From an experimental point of view, the models of shift work applied to animals are phase-
shift models, which consist in forcing an advance or a delay in the time of the internal clock,
with different amplitudes and speeds of rotation, in such a way as to reproduce the
conditions of shift work in humans. Generally the times at which lights are switched on and
off are shifted, but the times for feeding or locomotor activity can also be modified. This helps
get as close as possible to the conditions experienced in humans in whom the light shift is
usually associated with a shift in physical activity and mealtimes. However, the protocol
cannot fully reproduce the workload of night shift work, because there is nothing to prevent
the rodent from sleeping during the new period of darkness following the time shift (its new
"period of night work"), nor anything obliging it to be active.

One last point to note is also that the majority of animal studies use male rodents, to avoid
the interaction of circadian disruption with the typical reproductive cycles of females.
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However, many women are also subject to irregular working hours, which could potentially
alter their rhythm of reproduction.

Taking into account all of the physiological and experimental aspects described above, there
is not at the present time any appropriate animal protocol or model for night work. Animal
models are essential for investigating biological mechanisms, but care must be taken not to
directly extrapolate the results to humans. As a result, the Working Group considered that
the results obtained from studies carried out in animals could not be used as evidence of a
health effect of night work. Nevertheless, the high degree of convergence between the
observations in humans and the results in animals have contributed to the understanding of
the mechanisms involved in the physiological consequences of circadian disturbances, such
as those that can be caused by night work.

Studies in animals show that the central circadian clock in the suprachiasmatic nuclei
resynchronises more quickly with new schedules than the peripheral clocks (located in the
liver, heart, etc.). This is because the central circadian clock receives the light signals directly
from the environment and can therefore rapidly resynchronise following a change in the light-
dark cycle. In contrast, the peripheral clocks resynchronise more slowly, because they
depend on signals from the central clock and are also sensitive to other synchronisers, such
as hormonal (e.g. cortisol) and dietary factors. This difference in synchronisation speed leads
to an internal desynchronisation between the different organs of the same body for several
days, which disrupts their optimal functioning and the coordination of their functions.

The main consequences observed during circadian disruption imposed on laboratory rodents
are:

1) a decrease in longevity, for example in mice subjected to weekly inversions of the light-
dark cycle;

2) an acceleration of tumour growth, for example with lung tumours in rats subjected to
chronic time shifts;

3) the onset of metabolic syndrome and a reduction in glucose tolerance, probably related to
food consumption at inappropriate times;

4) considerable disruption of blood pressure and heart rate rhythms; in hypertensive and
obese rodent models, the chronic shift in the light-dark cycle increases blood pressure and
cardiovascular risk factors, ultimately leading to a decrease in survival time;

5) disruption of the occurrence of the peak of preovulatory LH26 and oestrous cycles in
female rats, and compromised gestation in mice subjected to 6-hour phase advances every 5
days;

6) the onset of depressive type symptoms with nevertheless great variability depending on
the species and the type of circadian disruption practised but, as a general rule, light applied
at night to nocturnal mice leads to anxious behaviour;

7) a decrease in cognitive performance and a reduction in hippocampal neurogenesis in rats
subjected to simulated jet lag;

8) a deterioration in the immune system, or an increased inflammatory response, for example
in rats or mice subjected to chronic inversions of the light-dark cycle, phenomena which tend
to aggravate cardiovascular and metabolic disorders as well as the occurrence of cancer.

Although it is likely that some of the mechanisms involved are shared in mammals, caution
should still be exercised when extrapolating animal data to humans.

26 |_uteinising hormone.
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3.2.2 Impacts of circadian disruption on physiology: experimental studies in
humans

3.2.2.1 Impacts of circadian disruption on sleep and wakefulness

The first manifestation of circadian disruption is a sleep or wakefulness disorder. As the
propensity for sleep and wakefulness is largely under the control of the circadian clock (see
Section 3), a misalignment between the sleep schedule and the internal cycle of the
circadian clock is manifested by sleepiness (during wakefulness) or sleep disorders that can
go as far as insomnia. The role of environmental factors (such as noise, high temperatures or
light) has often been blamed in the disruption of daytime sleep. These factors certainly play
an important role in causing sleep disorders in night workers, but laboratory studies
demonstrate that they are not solely responsible. Indeed, the systematic displacement of the
sleep schedule under controlled laboratory conditions has shown that the later the episode of
sleep is shifted in the night, the shorter its duration (Akerstedt and Gillberg, 1981 and 1982).
The circadian influence, which increases the propensity for wakefulness during the day,
proves to be strong enough to wake the sleeper prematurely, which could explain why the
later the night worker goes to bed, the shorter the duration of their sleep (Foret and Benoit,
1974). In addition, the inversion of the sleep-wake cycle in the laboratory reveals that the
quality of sleep is also diminished and that this disruption may persist more than three weeks
after the inversion (Weitzman and Kripke, 1981). An increase is observed in the stages of
light sleep and the number of awakenings, as well as frequent changes in the stages of
sleep. These changes to the internal structure of sleep are indicators of sleep that is unstable
and of poorer quality. The decrease in sleep quality following an inversion in the daily cycle
can occur at any age, but it is even more pronounced in people over the age of 40
(Gaudreau et al., 2001).

Sleep that is too short and of poorer quality is accompanied by a decrease in vigilance levels
during the period of wakefulness, which is also observed in night workers (Akerstedt and
Wright, 2009). This decrease in vigilance is felt subjectively but can also be measured
objectively by recording an electroencephalogram (EEG) during wakefulness. A greater
proportion of slower EEG waves is associated with greater sleepiness, which has been
measured both in the laboratory and in the field among night workers (Akerstedt and
Gillberg, 1982).

3.2.2.2 Impacts of circadian disruption on other biological functions

As explained in the previous section, the main circadian clock helps synchronise a great
many biological functions with the day-night cycles of the environment (see Figure 2). A
modified daily cycle or exposure to light during the night will therefore modify the functioning
of the circadian clock, the nocturnal production of melatonin and all the biological functions
synchronised by this clock. Even when the main clock is resynchronised, following a trip to
another time zone, for example, there is a lag between the resynchronisation speed of the
main clock and that of the peripheral clocks, leading to a temporary state of internal
desynchronisation of the body's clocks (in animals: Yamazaki et al. in 2000, in humans:
James et al. in 2007). While working irregular hours or at night, the main clock is generally
unable to resynchronise completely because of conflicting signals from the light-dark and
sleep-wake cycles. In addition, sleep impairment caused by sleep that is too short and of
poor quality also has an indirect impact on many physiological functions.

3.2.2.2.1 Impact on cell functions

To date, very few studies have been performed in humans to analyse the effect of phase
shift or working irregular hours on cell functions and the peripheral clocks. A recent study
showed that in humans subject to a 10-hour phase delay in their sleep-wake activity, the
central clock resynchronised to the new schedule more quickly than that of the peripheral
blood mononuclear cells (PBMCs) (James et al.,, 2007). Interestingly, the ingestion of
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glucocorticoids in the late afternoon can specifically resynchronise the circadian rhythm of
the PBMCs, independently from that of the main clock (Cuesta et al., 2015). In humans, the
production of cortisol, which has a circadian rhythm with a peak that takes place upon
waking, could thus help resynchronise the peripheral clocks. In workers subject to irregular
hours, the combined action of light acting on the main clock and glucocorticoids acting on the
peripheral cellular clocks could serve as a basis for the development of a treatment to
promote the resynchronisation of all the clocks of the human body.

3.2.2.2.2 Impact on metabolic functions

The circadian system is closely involved in the regulation of a series of processes related to
metabolism: food intake, liver and intestinal activities, synthesis of neuropeptides
(neuropeptide Y, orexins) and secretion of hormones (leptin, glucose, ghrelin, insulin,
glucagon) involved in metabolism. In recent years, many epidemiological studies have
suggested that work at irregular hours, including night work, has a negative impact on the
metabolic parameters, in particular on body weight. It has been proposed that the time lag
between the moment of food intake and the circadian rhythms of metabolism (intestinal and
liver activity, etc.) may be responsible for metabolic disorders such as diabetes and excess
weight or obesity. In addition, other epidemiological studies have shown an association
between reduced sleep duration and metabolic disorders. Indeed, laboratory studies suggest
that sleep deprivation impairs the metabolism of glucose, and could induce diabetes and
obesity. Restriction of sleep decreases the secretion of leptin, a hormone signalling the state
of satiety to the brain, and increases orexin, a hormone involved in appetite. The result is an
increase in appetite and the consumption of high-calorie foods (sweet or fatty foods) (Balbo
et al., 2010; Meerlo et al., 2008; Spiegel et al., 2009). Given that the circadian clocks are
involved in metabolic rhythms and sleep regulation, disruption of the circadian system could
lead directly and indirectly to metabolic disorders as a result of impaired sleep.

3.2.2.2.3 Impact on cardiovascular functions

The daily rhythm of cardiovascular functions depends on endogenous circadian rhythmicity,
the sleep-wake cycle, environmental factors such as posture, and physical and mental
activities.

There is a circadian rhythm in the function of the autonomous nervous system, with
sympathetic tone dominating during the day and vagal tone dominating for much of night-
time sleep (van der Pin et al., 1994). In people who are active during the day, plasma levels
of noradrenaline and adrenaline are higher in the morning and in the first few hours of
activity, and are lower during night-time sleep. The nocturnal decrease in noradrenaline was
observed even in healthy volunteers who were prevented from sleeping for 24 hours by
forced activity and hourly food consumption, confirming its circadian control (Candito et al.,
1992).

Circadian desynchronisation disrupts the rhythms of the cardiovascular system. For example,
the cells of the heart use fatty acids inefficiently, which leads to an accumulation of
intracellular long-chain acids. This causes a malfunction of the heart's contractile properties
via effects on the ionic channels, protein kinase C activity, the production of reactive oxygen
species, and apoptosis regulation. The accumulation of harmful derivatives is associated with
insulin resistance, glucose intolerance, dyslipidaemia, insulin deficiency, and an increase in
vascular resistance. It is therefore easy to imagine how disruption of the central and
peripheral circadian clocks may contribute to various alterations of the cardiovascular system
(Young and Bray, 2007).

3.2.2.2.4 Impact on cognitive functions

The impact of circadian disruption on cognition is very clear. It can be explained by the
significant control exercised by the circadian system on the brain structures involved in
vigilance, attention and cognition. Laboratory studies, especially those making use of forced
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desynchrony, show a very clear decrease in cognitive and memory performance during the
biological night, and a fall in psychomotor reaction time (Wyatt et al., 1999). The studies also
show that memory and cognitive functions are impaired not only in individuals not
synchronised with the light-dark cycle (for instance free-running individuals, such as the
blind), but also in those synchronised inappropriately (Wright et al., 2006).

Since sleep and sleep pressure also play a role in cognitive performance, the impact of
circadian desynchronisation also depends on the extent of sleep debt. Typically, the greater
the sleep debt, the greater the sleepiness, the more the capacity for sustained attention is
diminished and the greater the likelihood of making mistakes.

The varying influence of sleep-wake rhythms on a cognitive task depends on the nature of
the task and its duration, complexity, interest or monotony. While taking this possibility of
independent modulation into account, it is however accepted that circadian disruption may be
accompanied by cognitive disorders. It is first worth mentioning the recent International
Classification of Sleep Disorders, ICSD-3, which addresses in a specific section all the
circadian rhythm disorders of sleep, including disorders related to working irregular hours
and at night. It expressly mentions impaired mental abilities as one of the consequences of
shift or night work, because of a decrease in vigilance, reduced performance with
consequences on safety, and a greater risk of errors and accidents, especially in the early
hours of the morning. Similarly, the ICSD-3 insists on the fact that "the level of vigilance
demanded by the type of work, in addition to the intensity of the symptoms, must be taken
into account during the medical assessment".

Aside from these disturbances related to wakefulness, there are others related to poor sleep.
The role of sleep, especially slow-wave sleep and REM sleep, in learning, attention,
encoding and memory consolidation has been demonstrated by many studies in both
humans and animals (Walker and Robertson, 2016; Lavilléon et al., 2015; Dudai et al.,
2015). Disruption or reduction of sleep time, independently of their consequences on
vigilance, play a part in cognitive impairment via their impact on the circadian clock.

The cognitive process involved in a work task is difficult to analyse in real conditions.
However, studies carried out in shift and night workers have focused on assessing cognition
with batteries of standard tests falling more within the scope of fundamental research (see
the recommendations of the French National Authority for Health). The first night resuming
shift or night work has a particularly deleterious impact on cognitive performance. Other
studies have reported that the decrease in performance over the night shifts could be
explained by the anti-clockwise direction of the rotations, by accumulated sleep debt (loss of
one hour of sleep every 24 hours) and also by the duration of the cycle or the working time
(very long cycles or work for 10 and 12 hours). These attention disorders can cause
accidents. In the summary produced for the recommendations of the French National
Authority for Health (HAS) on occupational health monitoring of shift and/or night workers, it
was reported that:

e night work, shift work and the duration of the shift are associated with an increased
risk of road traffic accidents and near-accidents (occupational event during which
personal injury or damage to health could have occurred) according to an OR ranging
from 1.14 to 5.9 depending on the studies;

¢ the risks of road traffic accidents and near-accidents are greater during the commute
home after a night shift;

o the risk of accident is significantly associated with sleepiness, as has been shown for
example in studies of healthcare personnel

e night work, shift work and the duration of the shift appear to be associated with a
higher risk of errors at work.
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3.2.2.2.5 Impact on mood

The relationship between the biological clock and mood seems to be bidirectional. Circadian
rhythm anomalies and daily variations in mood are often some of the symptoms of major
depression. Indeed, although daily mood variations are observed in both healthy people and
those suffering from depression, they are much more pronounced during episodes of
depression (Morris et al., 2007). In addition, other circadian rhythms are often disrupted in
depressed subjects, in particular those of cortisol secretion and body temperature, which
suggests disruption of the biological clock. Conversely, a disruption of circadian rhythms is
frequently accompanied by depressive symptoms. As with vigilance, the combination of the
circadian effect and the effect of the duration of wakefulness helps maintain a relatively
stable mood during the period of wakefulness. Therefore, a time misalignment between the
endogenous circadian rhythm and the sleep-wake cycle can cause mood to deteriorate
during the period of wakefulness. Even though it is difficult to separate the effects of lack of
sleep caused by circadian disruption from the direct circadian effect on mood, it is important
to stress the frequent presence of depressive disorders in people suffering from a shift in
their sleep-wake cycle (Lee et al., 2011; Abe et al., 2011).

3.2.3 Impacts on family and social life and links with health

Atypical working hours, whether at night or in the form of shifts, have effects on health that
have been described and analysed in the literature. The related studies are of direct interest
to companies that wish to preserve the health of their employees and are concerned about
the associated costs (work or commuting accidents, occupational diseases, absenteeism,
staff turnover rates). Studies examining the area of private life are less well known and
attract only minimal interest from companies. However, what happens in the area of personal
life will also have an impact on employee health: this is where many trade-offs occur and
controls are established regarding the effects of shift work.

Working shifts and at night, and therefore against the predominant social rhythm, does
indeed have consequences on personal life. Being occupied by a work activity at the times
when most family and social activities are socially planned condemns the employee to
exclusion. It thus becomes difficult to participate in meetings of associations, sporting events
and social get-togethers, and the time devoted to children, to their care and following their
progress in school, can be affected. There are few studies on the subject but they all show
that the family environment can be adversely affected by the practice of atypical working
hours, parental relationships can be impacted, and the understanding between couples can
deteriorate. There are, however, major differences according to the characteristics of the
employee's shift system, the number and age of the children, and whether or not the spouse
also has a job (Prunier-Poulmaire and Gadbois, 2004).

But besides the intrinsic value of understanding these major disruptions to personal life
related to difficulties reconciling time, it is important to examine the extent to which they may
have an effect on the health of employees. While it is easy to conceive how the deterioration
of social life and destabilisation of family life are accompanied by effects on the psychological
and mental health of individuals, it is less obvious to imagine the extent to which this affects
their physical health. However, doing without a short nap before a night shift — while the
physiological need is actually felt — in order to share a family dinner constitutes a trade-off in
favour of family life to the detriment of sleep, and therefore health. Similarly, not going to bed
immediately after a night shift in order to care for one's children and take them to school is a
trade-off that places the requirements of family life before those of a biological nature.

Thus, employees do not passively submit to the destructuring effects of their atypical working
hours, they actively seek to reconcile and harmonise the time requirements of their
professional activity with those of the other areas of their lives. But in this framework, finding
a balance requires endless compromises and the establishment of control strategies
designed to minimise health effects. Measuring the health effects of working hours therefore
requires the consideration of the employees' extra-professional situation, where control
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strategies are adopted that may strengthen or reduce the adverse effects of the hours
practised.

It is therefore to this effect and in this systemic conception of the effects of atypical working
hours that it seems essential to consider the controls at play in life inside and outside of work
(see Figure 8). This approach then requires a systemic and multifactorial approach to be
developed in order to understand and act on the effects of shift work, whether or not it
includes night work.

Development
of control
strategies to
limit the
effects on
personal life

Destabilisation
of family and
social life

Impact on
employee
health

Night or shift
work hours

Impact on the
work itself:
quality/safety/
reliability

Figure 8: Multifactorial approach to the impacts of night or shift work hours on employee
health and work quality

3.2.4 Impacts of the disruption of circadian rhythms induced by atypical
working hours: systemic and multifactorial approach

Shift work including night work upsets the mechanisms of circadian rhythmicity both at the
biological level (rhythms regarding sleep and wake, meals, hormonal secretions, vigilance
and mood) and in the time organisation of social and family life.

In view of these multiple deregulations and because employees actively seek to manage
them, the links between rotating hours including night work and the health effects are not
direct or unequivocal. To understand them, it is necessary to account for the complexity of
the situation in which night and shift workers are placed.

For example, a salary increase linked to shift work could enable an employee to take a loan
to purchase a private home, which would then oblige them, even if their health were to
deteriorate, to continue working these hours for the entire duration of the loan. In the same
way, nurses for example, who work at night and whose shift ends at 6am, will not all go to
bed immediately after their shift; some will choose (for family or financial reasons) to take
care of their children during the day, to the detriment of the recovery of their sleep debt and
their health. Another example: when prison guards on 2 x 12 hour shift systems work
successive day and night shifts in order to accumulate days off and go home to their families
living hundreds of kilometres away, it is to the detriment of their sleep and sometimes the
quality and reliability of their work.
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Thus, the dimensions that are affected by the issue of shift and night work and that will
collectively affect employee health relate to characteristics of both the individual and the work
(see Figure 9).
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Figure 9: Multifactorial and systemic approach to the effects of working hours (adapted from
Quéinnec, Teiger and Terssac, 2008)

The employees' individual characteristics, such as age, sex and gender-related social roles,
resistance to sleep deprivation, and chronotype (morning, evening), will determine a higher
or lower tolerance to the circadian desynchronisation imposed by shift work including night
hours.

The individuals' family and social characteristics will also play a part in this tolerance to the
desynchronisation induced by irregular hours. Indeed, the family situation, whether or not the
worker has children (especially young ones), whether or not they have a spouse in their
family, their degree of participation in domestic life and parenthood, the spouse's working
hours, as well as the distance from home to work, the quality of the housing (for example in
terms of noise, lighting, comfortable temperature), level of income, etc., are just some of the
sociological elements that will make it easier or more difficult for individuals to reconcile their
working lives with their lives outside work, and to recover their sleep debt.

Lastly, these individual characteristics, whether physiological or sociological, evolve during
the working life and as the person ages. Thus, the duration of exposure to shift and night
work will have an impact on health, and changes to the worker's personal life (marital life,
arrival of a child, growing-up of children, but also separation, shared custody, departure of
children from the home, etc.) will affect the reconciliation strategies adopted at a given time
in the working life.

Other dimensions relating to work and the work situation should be taken into consideration.
The specificity of the shift system in place, i.e. the time at which the shift begins (4am or 7am
for example for the morning shift), the shift duration (8 or 12 hours), the direction of rotation
(clockwise or anti-clockwise), the number of consecutive nights, the predictability of the
schedule, etc. have differentiated effects on mood, fatigue, vigilance and health. But the time
envelope of the shift or night work is not the only factor responsible. The amount of the salary
and associated bonuses affect the standard of living, and therefore the quality of the housing,
the childcare options and the possibility of recovering sleep debt. The content of the work
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itself and any combination with other hardship factors (exposure to noise, toxins, high work
rates, etc.) will impact health. The specific context of night work (little or no line management,
closure of other departments, etc.) can enable the employee to work in quieter conditions, to
learn, to take on responsibilities, but conversely, can be a source of stress. These points
should be taken into account in addition to the shift system itself.

Lastly, individuals do not passively submit to the effects of the hours, they actively seek to
harmonise their working hours with the constraints and resources of the other dimensions.
To manage this balance between these identified dimensions, when there is room for
manoeuvre, employees actively adopt control strategies designed to minimise the health
effects, at work and outside work. This adds complexity to any analysis of the impacts of
disrupted physiological and sociological rhythms induced by shift and night work.

The impacts of the physiological and sociological destabilisation due to working hours can
only be measured through the prism of the interactions between the different dimensions with
which the working hours either align or clash.
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4 International review of expert appraisal work

4.1 Objective of the review

ANSES launched a consultation among several foreign occupational health organisations,
through its European and International Affairs Department (DAEI), with the aim of gathering
information on studies under way concerning shift work including night work, to support the
health risk assessment conducted by the Working Group.

4.2 Method used and results obtained

A literature review was conducted to identify studies on shift work including night work
already carried out or currently in progress in Europe and elsewhere in the world. This
helped target more effectively the main actors involved in this topic (a summary table of the
studies identified is provided in Annex 3.).

Once these actors had been targeted, along with other ANSES partners, these organisations
were emailed directly with a questionnaire. This questionnaire, drawn up by ANSES and
validated by the Working Group, was based on three major themes:

e health impact and assessment of health risks;
e existing available data;
e public policy, importance placed on the topic and regulatory context.

This questionnaire can be seen in Annex 4.

This consultation was launched on 15 February 2015 and was aimed at twelve organisations
located in nine countries.

After approximately two months, seven organisations had replied with a detailed response to
ANSES (see Table 7 below).

Table 7: List of organisations responding to the Agency's consultation

Organisation Country
Federal Institute for Occupational Safety and Health (BAuA) Germany
Occupational Cancer Research Centre (OCRC) Canada
The National Institute for Occupational Safety and Health

(NIOSH) United States
Health and Safety Authority Ireland

National Institute for Public Health and the Environment The Netherlands

(RIVM)
Health and Safety Executive (HSE) United Kingdom
Finnish Institute for Occupational Health (FIOH) Finland
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The main elements that emerged from this consultation are as follows (the full overview is
available in Annex 5.):

e Health effects

The Working Group noted the main effects examined by the studies and was thus able to
assess the relevance of the choices made in the framework of this expert appraisal.

The health effects reported most frequently in the studies were cancer, metabolic disorders
and cardiovascular diseases, in particular because of their high incidence and growing health
impact. In addition, this consultation highlighted the fact that some organisations are also
working on other less documented aspects, such as immune functions, infections, and
effects on the reproductive system (menstrual cycles, pregnancy complications, miscarriage,
premature births, etc.).

e Other studies in progress

Work is being carried out in the Netherlands in the laboratories of the RIVM (National
Institute for Public Health and the Environment) to characterise the physiological effects of
human night-time exposure to light. In particular, some of the work is aiming to determine the
biomarkers involved in circadian disruption.

e Longer-term research needs

As regards research needs in the longer term, this consultation revealed the following points:

0 the need to better define shift and night work, in order to better quantify exposure;

o the need to determine whether there are causal links between shift and night
work, and the health effects;

o the identification of occupational groups who are more at risk, and the
development of preventive measures to mitigate the risk;

o0 the establishment of new cohort studies to assess the link between breast cancer
and shift work.

This international consultation led to a closer working relationship being initiated with the
RIVM. Discussions took place and provided the opportunity to communicate more specifically
on the work in progress on this topic. In more practical terms, the literature references
identified by the Working Group for all the studied health effects were made available to the
RIVM.

Moreover, the reporting of other health effects being examined in studies by different
organisations reinforced the need, in the framework of this expert appraisal report, to
supplement the documentation on the other identified effects that were not selected for in-
depth analysis.
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5 Assessment of the non-health risks
associated with shift work including night
work

5.1 Expert appraisal method

5.1.1 A specific working method for aspects concerning the human and social
sciences

As with the study of the health effects, keyword searches were initially performed on the
Scopus search engine (www.scopus.com) for the period from 2010 to 2014, leading to a
large number of publications being identified (more than 1000 articles).

Because of the numerous publications identified and the inadequacy of some of these in
relation to the subject in question, as became clear following a brief review of the abstracts,
the Working Group decided to adopt a specific, more suitable method. In order to support
their findings, the experts used all the publications they deemed useful, "giving priority to
those of key importance, of good quality, or those that posed interesting and new questions".
The criteria for the inclusion of articles were therefore mainly based on the experts' specific
knowledge and skills.

5.1.1.1 The effects of atypical working hours: a complex subject of study

The subject of this expert appraisal report relates to "the health effects of atypical working
hours, especially night work". However, the effects of atypical working hours are only
meaningful because individuals are subject to these particular hours and because these
individuals work during these hours.

These individuals can be women or men, young or old, needing a lot of sleep or only a little,
from couples without children or with one or more children, or the heads of single-parent
families, living in a noisy urban dwelling or a quiet countryside setting, etc.; the tasks that
these atypical individuals have to accomplish during these particular hours may be mediocre
and repetitive, enriching and varied, cognitive or physical, at high or low work rates, carried
out alone or as part of a team, with limited or very broad autonomy, etc. (see Section 2.4 on
the reality of shift work and night work in France). It is therefore necessary to include in this
subject of study the diversity of the individuals and working situations, and the multiplicity of
health, psychological and social repercussions likely to result. This systemic and holistic
approach to the health effects of atypical working hours is discussed and developed in this
section.

Accordingly, some of the studies consulted in the analysis for the sections on the socio-
economic consequences and the modulators of the effects of shift work including night work
relate to actual situations of atypical working hours, in all their variability and complexity.
These studies mainly focus on issues of ergonomics. Taking the specific characteristics of
the situations into account is of major importance for the prevention of these effects and for
the action to be taken. It is not the effect that is measured directly in these studies but the
relationships between the different components of the studied system that can modulate the
effect. This essential analysis cannot be done using epidemiological or experimental studies.
It involves a supplementary analysis to which the same methodological rules do not apply.

5.1.1.2 Validity of the studies on this subject of study

A valid study is one that provides an answer to the research question asked. With a research
subject such as the one we have just defined, it is therefore an interdisciplinary study that
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takes into account all (or as many as possible) of the factors and sources of variability that
could provide insight into the link between atypical working hours and health, also
incorporating the physiological, cognitive and social dimensions of the individuals and an
analysis of the work performed during these hours. It is a study that is part of a
transformation process, and therefore, a study that enables action.

Thus, concerning the method used, the clinical method is most often preferred, being the
most appropriate, and the case study. In the words of Falzon (Falzon, 1998): "The case
study is one way of addressing the complexity of natural situations”.

5.1.1.3 Level of evidence of the studies on this subject

These studies provide insights into individual and collective work situations, and sometimes
levers of action that better take into account the reality of the work. They can also help with
the analysis and discussion of the results of epidemiological studies, which are unable to
address this complexity of work situations quite so comprehensively.

Many of the studies exploited are qualitative, seeking to illustrate the complexity and
multiplicity of work situations as well as the diversity of the populations working atypical
hours, rather than aiming for statistical representativeness. As the resulting observations and
analyses cannot necessarily be generalised, there can be no question here of level of
evidence.

According to Falzon, it may be possible to generalise, and therefore increase the level of
evidence for the investigated links, using case studies. This generalisation is subject to
different conditions: prospective reuse, retrospective reuse, and the repetition of cases
(Falzon, 1998).

5.2 Socio-economic aspects of night work and shift work

According to the World Health Organisation (WHO), "Health is a state of complete physical,
mental and social well-being and not merely the absence of disease or infirmity". It is
therefore important to consider the workers in their entirety, in order to identify the indirect
effects of night work and shift work on their well-being, social life and family life. It was for
this reason that the Working Group decided to address the socio-economic aspects of night
work and shift work in this section. The aim of this approach is to gain a systemic and holistic
view of the issue addressed.

5.2.1 Justification of atypical working hours (night and shift work)

According to Article L. 3122-32 of the French Labour Code, the use of night work [must be]
exceptional. It must take into account the requirements to protect the health and safety of
workers and be justified by the need to ensure the continuity of economic activity or services
of social value". Employers must therefore justify in what way resorting to night work is
necessary to ensure the continuity of their economic activity or is "socially" useful.

In this framework, and as an example, some sectors have put forward the following
arguments to justify shift and night work:
e maintaining security, health issues: hospitals, police, armed forces;
e consumption and service activities: hotel and catering sector, breakdown services,
transport, radio station personnel and, nowadays, museums, shops, etc.;
e economic arguments: amortising investments by extending the use of assets, energy
cheaper at night, etc.;
e work abroad (different time zone): transport, corporate lawyers, etc.;
e use or manufacture of rapidly perishable materials (industry);
¢ climatic variations and production imperatives in agriculture.

Besides the most recent developments in the legislative context (presented in Section 2), it
should be mentioned here that many negotiations on working time now take place at
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professional branch level, in particular for small and very small companies. Collective
bargaining is used to define ways of organising working time that best suit the situation of the
companies; this is reflected in the emergence and spread of increasingly atypical working
hours.

5.2.2 Economic dimension

5.2.2.1 Continuous, round-the-clock work: different rationales according to
the sectors

Night work may be unavoidable by nature, imposed by public service constraints, such as
with health services, on-call police officers or other surveillance services, or it may simply be
a work organisation method, for example with a company that wishes to maximise the
profitability of its equipment by getting machines and people to work around the clock.

In the first case, for example in hospitals, the obligation to provide the service partly does
away with the need for any profitability calculation, even though with "activity-based pricing"
in hospitals, the situation has changed considerably. The different work organisation
methods?’ invite comparison: the 2x12h shift system is popular among managers, because
this type of rotation can reduce the number of employees needed over the 24h by reducing
shift handovers (2 instead of 3 over the 24h). However, this type of public interest service is
still primarily underpinned by a need for continuity of the public service, even if this has to be
at the expense of a purely managerial optimisation of the financial and human resources.

In the case of industry or service sectors, the logic is different: here the cost-benefit ratio is
the result of a financial optimisation calculation by management??, which takes amortisation
of production equipment into account and relates it to the additional costs incurred by the
night and/or shift work: heating and lighting of the premises, higher salary costs, etc.
Therefore, the more an industry is "capital-intensive" (i.e. a sector that mobilises a large
volume of tangible assets per employee), the more night work will potentially be profitable in
accounting terms.

This is illustrated by the example of a tyre production plant operating a 3x8h system (3
rotating shifts over 24h) which, to avoid closure, has suggested to employees the
establishment of a 4x8 system, i.e. still organised as 3x8h, but with four teams rotating on
these shifts instead of the five teams in place previously. This decrease in the number of
teams imposes a more rapid pace of work, with more weekends in the rotation and less rest
between the shifts.

5.2.2.2 The concept of negative externalities and compensatory
mechanisms

An analysis of the economic impact of night and/or shift work cannot be limited solely to the
scope of the company or institution. The consequences on employee health largely extend
beyond this framework, as has been seen with other occupational risks, such as those
related to psychosocial factors at work. The socio-economic consequences primarily concern
the social welfare system, which is required to bear the costs associated with this
deterioration of employee health, mainly because night and/or shift work have not been
included in the occupational diseases table.

To better understand this mechanism, it is necessary to refer to the concept of "negative
externalities” developed by economists. They define "externality” or "external effect" as the

27 See the report by Boulin and Taddei on the organisation of working time, still relevant (Journal
"Travail et Emploi" No. 40 - 02/1989).

28 Aykin, T. (1996) Optimal Shift Scheduling with Multiple Break Windows, Management Science, 42,
591-602.

page 98/ 390 March 2016



ANSES o collective expert appraisal report Request No. 2011-SA-0088 — "Atypical working hours"

fact that "the production or consumption activity of an agent affects the well-being of another
without either party receiving or paying compensation for this effect. An externality thus has
two characteristic features. On the one hand, it concerns a secondary effect, an external
impact of a main production or consumption activity. On the other hand, the interaction
between the issuer and the receiver of this effect does not give rise to any market
compensation?®". Thus, all forms of pollution are a typical example of a negative externality:
when a factory discharges waste into the environment, it can cause a nuisance to the
inhabitants of the region, without paying any compensation.

If one of the characteristics of night work is that it can contribute to a deterioration in the
health of the employees concerned, it should be considered that the monetary compensation
offered to the employees does not cover the full cost to society, even if from the employee's
point of view, the recovery time or the bonus paid directly can "compensate" for the
constraints and hardship induced by the atypical working hours®. In addition, this cost is
borne by the social security healthcare scheme and not the work accidents and occupational
diseases scheme. There is therefore clearly a case of "negative externalities" here, which
deserves to be quantified. However, quantification can still be difficult because of the "time
lag" between exposure and any associated disorders. Any assessment of a willingness to
pay to avoid the risk of a possible long-term health problem occurring (resulting from the
night/shift work) compared with an immediate "profit" (from the job) would most likely favour
the short term: the employee working atypical hours therefore minimises the risk and the
monetarisation of any health consequences.

The only example of compensation obtained by employees for the deterioration — related to
night work — of their state of health comes from Denmark, which in 2008 awarded
indemnities to 37 women with breast cancer that was linked to night work. The indemnities
were paid by the employers' insurance companies. This Scandinavian country was even
considering adding the effects of night work to the list of occupational diseases — provided
that it took place at least once a week over 20 to 30 years of employment.

Since then, Denmark's Occupational Diseases Committee3! has examined the link between
night work and breast cancer. Based on the scientific studies analysed, it considered that
there was insufficient medical knowledge to confirm the existence of a link between night
work and the risk of developing breast cancer, for women exposed to night work once a
week over 25 years. On the other hand, in cases of several nights worked per week, over a
period of less than 25 years, the dossiers are examined by the Committee on a case-by-case

. . . . 32
basis, and can give rise to compensation™.

In France, it is possible to declare and have recognised as an occupational disease a
condition causing a level of permanent partial disability = 25% (which is usually the case with
cancer), by the regional committees for the recognition of occupational diseases (CRRMP).
Theoretically, it is now possible to get a disease related to night/shift work recognised in this
framework (it nevertheless requires the victim to prove a direct and essential link between
the work and the disease in question, which in practice is very difficult).

29 Dominique HENRIET, "EXTERNALITE, économie" [Externality, economics], Encyclopaedia
Universalis - http://www.universalis.fr/encyclopedie/externalite-economie/, Guerrien B., (2005).
Dictionnaire d'analyse économique; Repéres-La découverte 568p.

30 Michel Gollac, Christian Baudelot, "Economie et statistique" [Economics and Statistics] 1993 Issue
265, pp. 65-84.

31 penmark: Revision of the criteria for recognition of breast cancer related to night work
www.eurogip.fr/en/eurogip-infos-news?id=3733.

32 Wise J. Danish night shift workers with breast cancer awarded compensation. BMJ 2009; 338.
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5.2.2.3 The social cost of night and/or shift work extends beyond the purely
health-related costs

The social cost to the community of shift work including night work is not limited to the
healthcare provided to employees: it should also include the cost of social consequences
such as the impact on family life (cost of child care, divorces, etc.) and the costs induced by
transport (setting up public transport night services, commuting accidents, etc.).

The generalisation of shift work including night work over the last few years has led to a
transfer of value from civil society towards companies using atypical working hours, a
transfer that obviously does not give rise to any compensation (with the exception of the
salary supplement, which can be estimated at 8.1%33).

This social cost of shift work including night work is very difficult to assess, because there are
almost no statistics associating the medical and social consequences with the working hours.
For example, it seems as though work accident reports in France generally do not mention
the type of working hours practised. This means that a work accident occurring at noon to an
employee working normal hours, who therefore started the day at 8 or 9am, is viewed in the
same way as a work accident occurring at the same time, but to an employee who started
their working day at 4 in the morning.

Quantifying such externalities is very complex, given the multidimensional nature of the
consequences of shift work including night work. It is obviously possible, but requires specific
studies®*, needing significant resources, which no doubt explains why such studies are
currently unavailable in France.

As an illustration, Philippe Askenazy3°, an economics researcher interviewed by the Working
Group, informed us of a few studies [(Kostiuk, 1990), (Lanfranchi et al., 2002), (Schumacher
and Hirsch, 1997), (DeBeaumonte and Nsiah, 2010)], but these most often address very
specific points, such as the most cost-effective way for the company to organise shift work,
the impacts of atypical working hours on staff turnover and absenteeism, or the role of the
salary bonus in the decision to work at night. This is a long way from estimating the costs of
the deterioration in employee health following night and/or shift work.

5.2.3 Repercussions of night and shift work on social and family life

While the effects of night and shift work on health have been relatively well documented in
the scientific literature, the same is not true for their effects on the employees' life outside
work.

Indeed, few scientific studies have focused on the impact of these hours on family and social
life, although there has been renewed interest in recent years. This lack of studies can
certainly be explained by the difficulties faced by researchers when embarking on this
specific field of study, but also by the minimal interest it attracts from companies, which are

33 According to DARES (DARES Analyses, No. 062), in 2012, the salary supplement associated with
regular night work was estimated at 8.1% and that associated with occasional night work was 3.6%,
compared to employees who never work at night. This salary supplement is established from the net
hourly rate: it is calculated by dividing the net monthly salary (including monthly bonuses) by the
number of hours worked on a monthly basis, both of which were reported to the 2012 job survey (after
adjustment for non-responses). Apprentices and trainees are excluded from the count.

34 A Swiss study examined the effects of unfavourable working conditions on the health of workers,
and their economic consequences [Elisabeth Conne-Perréard, Marie-José Glardon, Jean Parrat,
Massimo Usel: Effets des conditions de travail défavorables sur la santé des travailleurs et leurs
conséquences économiques. Swiss Romande & Ticino Conference of the Offices for Worker
Protection, December 2001].

35 Philippe Askenazy, Research Director at CNRS, Researcher at the Paris School of Economics, and
Doctor at the School for Advanced Studies in Social Sciences (EHESS).
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more interested in assessing the health effects of working hours in order to counter and
combat their potential economic consequences: absenteeism, accidents at work, commuting
accidents, etc.

What happens in the area of a worker's personal life because of the working hours they
perform may also give rise to health effects. Social and family disruptions can, in and by
themselves, be a cause of health problems. And yet knowledge in this area remains partial
and highly inadequate, even though since the 1980s certain researchers have been warning
about the need to explore this field of research (Rutenfranz et al. 1981; Loudoun and Bohle,
1997; Prunier-Poulmaire, 1997; Gadbois, 2004; Camerino et al., 2010).

In addition, it is in the area of a worker's private life that methods to control the effects of shift
work are established, and where many trade-offs occur, most often favouring family life over
health. In this respect, life outside work is then undeniably linked to health, as defined by the
WHO, i.e. physical, mental, psychological and social.

The effects observed on employee health are not exclusively the result of biological
desynchronisation, but are a combination of the biological consequences of performing these
types of hours and the consequences resulting from the complex trade-offs and costly
attempts at reconciliation between the private and professional spheres (Ramaciotti et al.,
1990; Prunier-Poulmaire, 1997, Wight, Raley and Bianchi, 2008, Handy, 2010). Ramaciotti et
al. thus argue that the shift workers with the most health disorders are those who assess
their work as arduous and feel that it adversely affects their lives outside work (Ramaciotti et
al., 1990; Ramaciotti et al., 2005). This was also reported by the authors of the BEST Bulletin
(Eurofound, 2000) when they stressed that social and family requirements can pressurise
workers to stay awake in the evening, or interrupt their sleep to eat a meal with their family or
take care of domestic tasks; which leads the shift workers to shorten their sleep time.

We should stress, before developing our point, the difficulty summarising the results from the
literature on this specific topic. Finding an agreement at the international level on the specific
effects of working hours on family and social life is complex because of social rhythms and
lifestyles that are unigue to each country (differences in daily and weekly school rhythms,
varying degree of community involvement according to cultural tradition, opening and closing
times of shops and public services, mealtimes, etc.). Accordingly, ending a shift at 7pm may
seem inconvenient for employees in a northern European country where dinner is generally
eaten early, but has no particular effect on those in southern Europe, where cultural habits
are very different in this regard. However, the studies tend to show that the more atypical the
hours, the more employees feel it is difficult to reconcile family and professional life and
organise themselves (Fagnani and Letablier, 2003; Campéon, Martin et al., 2005; Le Bihan
and Martin, 2007; Meurs and Charpentier, 1987).

5.2.3.1 Impact on family life

Among the research carried out on the consequences of night and shift work, some scientific
studies have focused on effects due to the fact that the shift work is out of phase with the
employees' family lives. The periods of availability provided by these hours do not coincide
with the most widely accepted social calendar, and this mismatch disrupts the shift workers'
lives outside work (Quéinnec, Maury and Miquel, 1992). A deterioration in exchanges within
the family unit and disruptions to everyday life also constitute the theme of the complaints
most frequently reported by shift workers (Bunnage, 1984; Smith and Folkard, 1993; Pierce
et al., 1989; Meurs and Charpentier, 1987). Gadbois drew on the results of several American
and European surveys to describe the consequences of these working hours on the lives of
shift workers and their families: "...they are often only available at times of the day (or week)
when many activities cannot be performed or can only be performed in unsuitable
conditions... the shift workers often attach more importance to these family and social
disruptions than to the physiological consequences: fatigue, sleep and health disorders."
(Gadbois, 2004). The first studies on this theme date back to the mid-1960s and they have
continued, on a fairly regular basis, up to the present. In the remainder of this document,
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reference will sometimes be made to earlier studies that are still widely cited today in the
literature because of the advances they represent and the methods used.

5.2.3.1.1 Constraints of shift work faced by couples

o Limited time for meeting and sharing

Studies (Gadbois, 2004; Prunier-Poulmaire and Gadbois, 2004) relating to family life report a
change in the relationship between shift workers and their spouses. The hours result in the
workers in question being less available at times that are extremely important for family life
(meals, evenings, etc.): either they are at work, or they are at home but have a physiological
need to rest and overcome the fatigue generated by their work rhythm. It may therefore be
necessary to consider the physical and psychological status of shift workers during their free
time: in addition to the "effective mobilisation" experienced at their place of work, there is a
"consecutive mobilisation” during their non-work time while they recover from the completed
shift, and also an "anticipatory mobilisation" in which they prepare themselves for the shift to
come (nap, daytime sleep before a night shift) (Prunier-Poulmaire, 1997). A survey of nurses
working fixed night shifts supports this hypothesis: a large proportion of them admitted
seeing as a constraint the fact that they had to deal with their children's school work on their
return home (Zerr-Perardel, 1988). Yet, as shown by the study of Lowson et al. (2014), which
included interviews and questionnaires with English nurses and midwives, these employees
tried to minimise the effects on their families of the nights worked by resuming household
chores and the family rhythm as soon as possible after the night shift: by cutting short their
sleep to pick up their children from school and prepare meals. But this has physical and
psychological consequences.

The time available for their families also decreases in quantity and quality. Shift workers say
they feel unable to devote enough time to their families and keep their commitments in the
marital and domestic sphere (Nachreiner and Rutenfranz, 1975). Changes in conjugal
relations may be partly related to this lack of time for sharing with each other (Meurs and
Charpentier, 1987). Thus, a survey by Wedderburn (1981) revealed that 39% of steel
industry workers performing shift work were unhappy about the scarcity of shared time with
their spouses. The same year, a study by Gadbois (1981) on 800 nurses provided similar
results: 85% of nurses on rotating shifts felt that the time spent with their spouse was
insufficient, compared with 60% of those on fixed day and fixed night shifts. This feeling was
shared by the spouses of the nurses on rotating shifts: only 13% reported that they were
satisfied with their spouses' hours compared with 29% of those whose wives worked fixed
night shifts and 54% of those whose spouses were on fixed day shifts.

o A change in conjugal relations and sex life, the emergence of role conflicts

The change in couples' relationships has not only been addressed from the perspective of
how much time is spent together, but also with regard to the quality of inter-conjugal relations
(Maume and Sebastian, 2012). The reduction in shared time can lead to a feeling of
frustration, which alters the very nature of the relationship between a couple gradually
deprived of common references. The earlier work by Mott et al. conducted in 1965 remains a
reference in this area. This study of around a thousand shift workers in five American
factories sought to compare three types of shifts (3x8 continuous, fixed afternoon shifts,
permanent night shifts) as to their effects on couples' relationships. Regardless of which
aspect of conjugal relations was considered, it was the workers on rotating shifts that faced
the greatest difficulties in their marital lives. They primarily regretted being unable to ensure
the protection of their spouses, being unable to spend time with them to carry out activities
together, having unsatisfactory sexual relations, and being unable to demonstrate better
mutual understanding or decide the major family priorities together. Although carried out a
long time ago and in a North American context, the particular importance of this research is
that it identifies the actual nature of the difficulties encountered by shift workers with their
spouses, depending on the shift systems practised: with regard to ensuring the protection of
their spouses and having unsatisfactory sexual relations, permanent night workers faced the
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same difficulties as those on rotating shifts. This same study revealed that workers on a 3x8
system, or working fixed nights or afternoons, felt less fulfilled in their marital lives than their
colleagues working regular daytime hours. It is also interesting from a methodological point
of view: assessing the constraints imposed by shift work on family life requires a thorough
analysis of partner relations in all its constituent dimensions, differing according to the
specificities of the shift being practised. The work of Koller et al. (1990) led to similar results:
shift workers at an oil refinery questioned about the quality of their marital relations five years
apart reported experiencing a deterioration in the quality of these relationships. It should
further be noted that a deterioration in marital understanding and difficulties in couples'
relationships may also, in the longer term, be manifested as psychological disorders related
to guilt, frustration, the recurrence of inter-marital tensions, and disruptions to the state of
health (Mott et al., 1965).

Only a few rare studies of the impacts of shift work have been conducted by questioning the
partners of those who perform it. However, they show that the social life of families is
diminished (especially the opportunity to participate in recreational activities at the weekend),
the hours disrupt the lives of the shift workers' partners, and the work leads to dissatisfaction
among a majority of partners, who are therefore not in favour of it (Smith and Folkard, 1993).
This study by Smith and Folkard showed that 75% of the partners of nuclear power plant
workers complained of strong disagreements with their spouses, 55% felt that their sex lives
were affected, 58% reported that their personal social lives were hampered, while 60%
considered that their shared social lives were reduced due to their spouses' working hours.

With a methodology that was also based on collecting spouses' opinions, Lee et al. (1982)
showed that the inconveniences of shift work performed by Korean workers (rubber and steel
industries) were considered greater by their partners than by the shift workers themselves:
48% compared with 24% complained of the restricted time spent with their children, 51%
compared with 27% complained of a limit to the amount of family leisure time, 33%
compared with 25% complained about intimacy as a couple. This same survey revealed that
57% of the partners of shift workers said they argued with their partner on topics related to
the shift work.

The hypothesis that performing shift work may increase the frequency of divorce has been
put forward. This is suggested by a longitudinal survey (over 5 years) performed on a
national sample of American families, which revealed that among men with children, the
probability of a divorce or separation was six times higher for those working fixed night hours
than for those working regular daytime hours; among women with children, the probability of
a break-up associated with performing fixed night work was tripled (Presser, 2000). The work
of Kalil et al. (2010) used data from the National Longitudinal Survey of Youth on a sample of
2893 young married Americans. This study confirmed Presser's results: the practice of night
work among women increases the risk of separation and divorce. However, the scarcity of
studies and data available means that caution should be exercised on this specific point.
Nevertheless, it should be stressed that the constraints associated with shift or night work
are such that the partners of the employees concerned would prefer that they worked
different hours: this was the case for more than half of the partners of the operators at a
Canadian refinery, who would prefer that their spouses had a regular day job (Bourdhouxe et
al., 1997), and one third of the partners of the operators at an English nuclear power station,
who tried to convince their spouses to give up the shift work (Smith and Folkard, 1993).

5.2.3.1.2 Children affected by the time constraints of their parents

o Parental relationships under pressure from atypical rhythms

The few studies conducted to date that have sought to analyse the impact of shift work on
the relationships between employees and their children have shown a decrease in family
interactions due to the constraints inherent to these types of hours. They show that two
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factors modulate these effects: the age of the children and the specific characteristics of the
shift system.

A study by Nachreiner et al. (1984) sought to perform a comparison of shift workers'
involvement in their children's lives for three different types of hours and for children of three
distinct ages. The father's degree of involvement varied according to the shift system, and
the same shift system had contrasting effects depending on the age of the children. Lenzing
and Nachreiner (2000) compared two groups of children whose fathers worked in the
German police force, either on shift work or daytime hours. They showed that the children's
social lives were not identical: those whose fathers' jobs required shift work had a more
limited social life before the age of 12. They had fewer friends, engaged in more solitary
activities and rarely participated in programmed activities. They spent more time and shared
more activities with their fathers, with the exception of those activities that had to be carried
out at fixed and specific times. For children over 12 years of age, the time shared with the
shift-worker fathers was restricted and essentially took place in the evenings. But besides the
time spent together, the quality of the relationships seemed to be different: before the age of
12, the children of police officers on shifts confided in their fathers more often than their
mothers, while after this age it was to their mothers that they turned.

Gordon et al., (1981) also showed a decrease in socially-planned activities among shift
workers from different professional sectors and their children, compared to those working
regular hours: 11% of workers doing fixed night work and 28% of those on rotating shifts
participated in "meetings, scouting activities, ball games and following their children's
progress in school" compared with 64% of workers doing regular daytime hours. However,
engaging in activities that do not require prior planning (such as simply spending time and
relaxing with children, watching television or making plans for the future) was equally
common in both groups.

The study by Sizane et al. (2011) also showed that performing night work affects the
parent/child links: the relationships between mothers and their adolescent children were
analysed according to whether the mothers worked during the day or at night. Two groups of
35 mothers and their adolescents completed a questionnaire. The results showed that the
adolescents of mothers who worked during the day saw communication and problem
resolution as being more effective than the adolescents of those who worked at night. The
authors believe that night work diminishes the perceived quality of parenthood.

o Long-term effects

A decrease in the frequency and duration of interactions between shift workers and their
children could ultimately damage the nature and quality of parental functions (Meurs and
Charpentier, 1987; Hervet and Vallery, 2005). This was suggested in any case in a study
(Koller et al., 1990) on oil refinery workers in Austria, which revealed a deterioration, over a
period of five years, in the sense of authority of the shift workers over their children, while this
phenomenon was not manifested in the control group of daytime workers. Also, in shift
workers at two Dutch plants, almost 70% believed that their wife took on a greater share of
their children's education (Thierry and Jansen, 1982). But the real impact of these
repercussions remains particularly difficult to grasp, which may also explain the limited
number of studies devoted to substantiating knowledge of the long-term effects of shift work
on the parent-child relationship. One study (Han et al., 2010) examined the effects of the
parents’ working hours on the risk behaviour of adolescents aged 13 or 14 years. It was
based on exploitation of the National Longitudinal Survey of Youth: Child Supplement. It
showed that mothers who often worked at night spent far less time with their children and
experienced less favourable domestic environments, with these two factors being
significantly linked to risk behaviours in adolescents.

Some studies have attempted to measure these impacts from the perspective of school
performance, psychological well-being, emotional balance and personality development.
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o School performance

Diekmann et al. (1981) found, in the children of German public service shift workers, a lower
chance of academic success and continuation of long-term studies, regardless of the level of
qualifications of the father and mother. This was also suggested by another German study
(Jugel et al., 1978), which showed lower school performance in the children of shift workers
compared to those whose fathers only worked regular daytime hours. This study also
showed that parents doing shift work were less present at parent-teacher meetings and
school council meetings because of their schedules. Similar results were obtained by
Maasen (1979) in Belgium: children of shift workers were less likely to continue their studies
beyond the mandatory age, leading to them entering employment earlier and with fewer
gualifications. However, these last two studies, unlike the one by Diekmann (1981), did not
control for an important factor likely to impact the results: the level of the parents' education
in the two groups of workers (shift and non-shift). These last two studies should therefore be
considered with caution, because the possibility cannot be excluded that the school results of
these children are related more to their parents' level of education than to their night or shift
work.

A more recent study from the data provided by the National Longitudinal Survey of Youth on
the basis of interviews with women, examined the relationship between the parents' atypical
working hours and the cognitive trajectories of children aged 5 to 14 years. Scores in
mathematics tests were lower when the father or mother worked evenings or nights. Reading
scores were poor when the mother worked at night (Han and Fox, 2011).

Unlike the previous studies, a British longitudinal survey conducted in 1976 on 16,000
children found no effects on children's school performance, or on emotional balance
(Lambert and Hart, 1976).

o A new baby... an obstacle to practising shift work?

The arrival of children within a family creates an upheaval that requires a rethink of how daily
life is organised. This seems to be even more of an issue when one of the two parents works
shifts. Organisation of daily life is confronted with the time constraints imposed by the job: the
resulting complexity can then be a reason for giving up shift work.

A study conducted in 2005 found that working hours and rhythms were a decisive factor in
the perception of the difficulties of reconciling life at work/life outside work, and showed that
night work was often identified as the most problematic issue with respect to organising life:
62% of employees (72% of women with children and 68% of men with children) working
nights at least once a week said that they found the reconciliation of professional
life/personal life very difficult or a little difficult, compared with 56% of those working nights
less than once a week (Garner et al., 2005). Even in the absence of young children, these
time constraints were perceived, for more than half of the men and women, as incompatible
with their family lives. However, the presence of young children (under 11 years of age) in
the home makes it more difficult to reconcile family life and work.

Seibt et al. (1990) thus found that out of 4000 textile workers in the former GDR, only 7.5% of
those working 3x8 shifts had children under 11 years of age, and that problems related to the
children's education were among the main reasons reported for giving up shift work.
Similarly, a survey conducted on 10 hospitals revealed that in women working rotating shifts
with more than four nights a month, only 20% had children and for 11% of them, these
children were under three years of age (Logeay, 1986).

Such results, although they cannot be generalised to all shift work situations, help identify the
possibility of serious long-term repercussions, concerning not only the employees
themselves but also the members of their families.

The arrival of children within a family and their growing up, which comes with new time
constraints (school rhythms, issue of child care, etc.), can cause the employees to give up
rotating shifts.
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These findings call for the repercussions to be examined in studies over the long term,
because they are neither immediate nor easily detectable. Moreover, these studies should
not be limited to exclusively examining the effects on the workers themselves, but should
expand the framework of analysis to the entire family unit.

5.2.3.1.3 Different effects depending on the characteristics of the hours
worked

The available shared time between a shift worker and their child can be assessed by
superimposing the work schedule on the school timetable. The results of this analysis reveal
that the volume of shared free time differs greatly according to the shift system and the
school timetable, and therefore the age of the child (Nachreiner et al., 1984; Hook and Wolfe,
2013). Thus, on a twenty-four week cycle, for workers on both slow rotation and rapid
rotation shifts, the shared free time with a child aged eleven in primary education is 22%
lower than their colleagues working regular daytime hours.

o Effects of the fixed or rotating nature of shift work

The question of parental relationships arises differently according to the specificities of the
hours worked: a non-rotating shift system means predictability in the timetable, which
enables a stable organisation of family life to be established. This stability is seen as
precious, particularly with regard to child care (Robson and Wedderburn, 1990). In this
sense, employees working rotating shifts including at night are faced with a more complex
and disadvantageous situation. This was shown by the study of Vallery and Hervet (2005),
which measured the effect of three different time arrangements (fixed night shift, 3x8, and
3x8 with a 10-hour night shift) on the family and social lives of 30 nurses. All the employees
working rotating shifts considered that the evening shift restricted their family role, including
that relating to their children's education. Indeed, the night shift implies sleep during the day,
and often restorative naps. Employees working rotating shifts believe that they benefit from
less time than their permanent night work colleagues (Mott et al., 1965). The study by Vallery
and Hervet (2005) confirmed that fixed night work was far more beneficial than the rotating
mode with regard to relationships with children: all the employees working fixed night shifts
were satisfied (n = 8/8) compared with only 2 out of 6 nurses working 3x8 (with an 8-hour
night) and 2 out of 4 working 3x8 (with a 10-hour night). The work by Simunic and Gregoc
(2012) supports this finding: 129 nurses at three Croatian hospitals were divided into four
groups according to their working hours (study by questionnaire). Those working a fixed
morning shift were less aware of the difficulty of reconciling professional life/family life than
the nurses that rotated morning, afternoon, and night.

Hewitt et al. (2012) showed, from a telephone survey of 300 fathers practising different
working hours, that night workers spent significantly more time doing household chores and
caring for their children. In the case of a fixed shift, the afternoon shifts seemed to be the
most restrictive from the point of view of the relations between parents and children. Workers
doing fixed afternoon shifts felt that they were able to spend less time with their children than
workers on rotating shifts, who regularly had afternoons free (Mott et al., 1965). However, the
work by Hook and Wolfe (2013) calls for caution in generalising the results: using "timetable”
surveys conducted in the United States (2003), Germany (2001), Norway (2000), and the
United Kingdom (2000) (n=6835), they examined, in two-parent families, the opportunities to
spend time with children according to the working hours performed. Thus, the American
fathers working in the evenings spent more time alone with their children, regardless of the
professional situation of the mothers, whereas this was not true for Norwegian fathers. Here,
like Mills and Taht (2010), these authors confirm an essential idea: the effects of night work
on the socio-familial environment are not universal and the employment conditions of the
households and the economic and cultural context of the country therefore need to be taken
into consideration.
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o The effects of the time at which the shift begins and ends, and of weekend work

The time at which the shift begins and ends also has an impact on the duration, quality and
nature of the contact between shift workers and their children: the encroachment of the
afternoon shift on the evening (a time that is conducive to family relationships) has a different
effect according to whether it ends at 6pm or 9pm. The same is true for the end of the night
shift, which determines the presence, or absence, of the employee when children are getting
up and leaving for school. The degree of concordance between the shift hours and the
children's daily or weekly rhythm plays a decisive role. From this perspective, it is easy to
imagine the difference induced by a semi-continuous or continuous shift system: the latter
imposes an absence from the home at the weekend during periods that are most favourable
to the development of family relationships (Garhammer, 1994; Meurs and Charpentier,
1987). The study by Meurs and Charpentier, performed on 300 employees, showed that
almost half of the employees working at the weekend reported having less contact with
members of their family (in the broad sense of the term), and focusing where possible on
their spouse and children.

5.2.3.1.4 Mitigation strategies

As in the area of health, employees do not remain passive when faced with the direct and
immediate effects of shift work on their family lives; they develop control strategies to cope
with the difficulties encountered. These aim to align the rhythms of family life with the shift
worker's hours as closely as possible. They are particularly important here, because they
often involve the family unit in its entirety. Postponing an activity from the preferred time,
reducing the time allocated to one activity for the benefit of another that is more urgent,
delegating the activity to someone else (Curie, Hajjar, 1981; Gadbois, 1984) are common
strategies implemented by night and shift workers. They can also in turn have "knock-on"
effects on family life (Prunier-Poulmaire, 1997) and health.

o Families living at the rhythm of shift work

These strategies can particularly be observed with the hours at which the spouse gets up
and goes to bed, as they are trying to synchronise with their partner's time constraints.
Similarly, mealtimes are also often conditioned by the hours at which the shift worker returns
home (Van Uchelien et al., 1991). The same observation was made in a study by
Rutenfranz, Knaut and Angersbach (1981) regarding the partners of service sector
employees working very irregular hours, who interrupted their sleep at night to share
breakfast with their spouses, whose shifts started at four in the morning. Many studies on
male shift worker populations emphasise the vital back-up role fulfilled by the partner, who
strives to maintain the quality of family life. They try and compensate for the constraints of
shift work by limiting their effects. A study by Handy (2010) underlined the active and
essential role of the partner in reducing constraints. Conducted in a petrochemical plant in
New Zealand by interview with 74 shift workers and their partners, it showed that while the
shift workers were concerned about the difficulties encountered when dealing with family life
at the end of a night shift, their spouses were primarily concerned with how they could best
harmonise and coordinate the family rhythm with that of the shift worker (adapting mealtimes,
keeping children away/occupied outdoors during naps, etc.).

The studies on this subject show that this "back-up" role is more effective if the spouses do
not themselves have a job: the partner's professional activity may considerably modulate the
influence of shift work on family life. This was confirmed by the study of Grzech-Sukalo and
Nachreiner (1997) on German police officers with different types of shift work: those whose
partners worked full-time encountered more difficulties than those whose partners worked
only part-time or not at all.

It should also be noted that women exercising a professional activity have more difficulty
coping with the constraints of their spouses' shift work (Bourdhouxe et al., 1997). The
professional activity of the shift workers' partners may also be subject to the weight of the
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constraints of the shift system practised. Léonard and Claisse (1991) thus showed that the
rate of women in employment decreased according to the constraints of their spouses' shift
systems: 58% of the partners of workers on 2x8 shifts, 40% of those on fixed night shifts,
36% for semi-continuous 3x8 and 21% for continuous 3x8 shifts.

Due to the fact that they are relatively old, most of the studies were conducted in a context of
low female participation in the labour market. A study by Presser (1986) showed that at the
beginning of the 1980s, 51% of American shift workers had a partner who was not working
and for those who were in employment, 57% worked full-time, 20% part-time and 20% did
shift work. However, the continually increasing rate of female participation in the labour
market in the world has been accompanied by profound changes, since the function of
compensation or substitution regarding the negative effects of shift work can no longer be
fulfilled. The family lives of workers practising these types of hours are therefore complicated,
and the presence of children in the couple increases this difficulty (Garner et al., 2005).
Presser (1986) and Oginska et al. (1990) provide a few illustrations of this phenomenon.
When women are mobilised by a professional activity, they then have to resort to new control
strategies to mitigate the complex effects of shift work on the family sphere (paying for
external child care, créche etc.). Men have more difficulties when their spouses work full-time
rather than part-time, or when they work on fixed-term or temporary contracts (Garner et al.,
2005).

The considerable growth in the rate of female employment is, from this perspective, an
element that fundamentally alters the effects of shift work on marital and family life. The
professional activity of shift workers' wives is an important factor that affects the shared free
time of both the couple and the entire family. These same studies also show that these
strategies are difficult to develop, relatively short term, and often only partially effective. Their
choice and implementation appear to be dependent on the household's financial resources.
They can also generate frustration: finding a method of child care for the evenings and at
night is very complex and cannot in any case replace the time spent in the company of one's
children.

While there is agreement about the vital role played by the spouse in the regulation,
minimisation and compensation of the effects of shift or night work on children, it is important
to underline the difficulties that can be experienced by single parents working night or shift
hours. Moreover, according to the National Institute for Statistics and Economic Studies
(INSEE, 2015) single-parent families are on the increase. Whereas fifteen years ago they
accounted for only 17% of households with children, this rate had risen to 22% in 2014. It
should also be noted that 85% of parents in single-parent families are women. Again
according to INSEE, in 2011, 1.5 million people were living without a spouse and with at least
one minor child.

5.2.3.2 Impact on social life: social desynchronisation

All human activities are subject to social rhythms whose organisation is essentially
determined with reference to regular daytime working hours. Most everyday activities are
thus socially programmed to the point where they can only be carried out at particular times
that are specific and limited in time. Accordingly, certain activities cannot easily be practised
by employees whose jobs involve shift or night work, who are regularly mobilised by work in
the evening or at night, and thus obliged to sleep during the day. This creates an out-of-
phase situation that is detrimental to the expansion of the individual's social life. A few rare
scientific studies have aimed to shed light on the incidence of the effects of this out-of-phase
nature of shift and night work in light of the predominant social rhythms. Some studies
suggest that many shift workers attribute more importance to the effects of their working
hours on their social life than to the sleep problems they experience, the physical hardship
generated by the night work or even the deleterious effects of dietary dysrhythmia
(Rutenfranz et al., 1981; Wedderburn, 1981).
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5.2.3.2.1 A constraint on social life

The fact remains that shift workers agree primarily on the idea of a constraint on social life.
Shift or night workers may be free at times when certain social activities cannot take place or
only under unsatisfactory conditions (Bunnage, 1979; Thierry & Jansen, 1982). In a context
of such strongly determined social rhythms, shift workers constantly find themselves out of
phase. It is therefore not so much a lack of free time that causes difficulty but its position on
the nychthemeron.

Although it is accepted that shift hours play a restrictive and penalising role from the point of
view of social life, the scientific studies do not always agree on the magnitude or nature of
these restrictions. Apart from the difficulty of making international comparisons, which has
already been mentioned, this is due to the fact that the strength of the impact on social life
varies according to the specific characteristics of the working hours (start and end time,
frequency of rotations, etc.) (Bunnage, 1979; Costa, 1996), the employees' individual
characteristics (age, gender, family situation, etc.) (Gadbois, 1990), and also the nature of
the tasks entrusted to them (Guérin and Durrmeyer, 1974; Prunier-Poulmaire, 1997,
Pavageau, 2006).

Researchers interested in measuring the impact of atypical working hours on the personal
lives of employees often start from the assumption that each hour of the day and night has a
certain social utility value (Knauth, 1978). This value is conferred by the dominant social
rhythms and corresponds to the opportunity to perform different social and family activities,
without any constraints. In this model, the hours at the end of the day or at the weekend are
especially valued. From this point of view, this can put shift workers at a disadvantage, as
they do not necessarily have access to these hours, which are the most favourable for
performing certain socio-family activities regarded as essential. Obviously, in this system, not
all shift hours offer the same advantages or the same constraints, depending on how they
are organised and in particular how the free time they provide is distributed across the
different hours of the day and week. It is therefore possible to compare the limitations
suffered by shift workers in their lives outside work according to the organisational conditions
of a shift (start and end times, rate of rotation, etc.) (Prunier-Poulmaire, 1997; Pavageau,
2006) and according to the distribution in hours of the free time that it provides over the day
and week (Knauth, 1978).

The impact of the effects depends on the characteristics and specificities of the working
hours practised. Thus, Tasto and Colligan (1978) showed that the satisfaction of shift
workers with regard to social activities was closely linked to the fixed or rotating nature of the
work shifts and their position on the nychthemeron: in this study, employees working fixed
night shifts reported a greater level of satisfaction than those working fixed afternoon shifts or
rotating shifts.

The social utility value of an hour in the day or week is also specific to a given population,
which itself is part of a living environment with social rhythms having their own local
particularity (opening hours of shops, administrations and services, cultural offers, etc.).
Regarding the individual characteristics, the employees' family situation determines this
social utility value: whether or not they are part of a couple, with or without children, the age
of any dependent children, whether or not the spouse has a job, whether this job is full-time
or involves atypical working hours, all these issues will alter the value attributed by each
individual to a specific time of the day.

For example, Homberger and Knauth (1993) showed, among workers in a chemical factory,
that morning hours were rated more highly by older workers and those with dependent
children, while younger workers and those without children attributed more value to the hours
of the evening and the weekend.

The fundamental role of the employees' socio-demographic characteristics in the valuation of
free time was also illustrated by a study by Gadbois (1981) on nurses and care assistants.
The complementary nature of everyone's tasks led hospital management to establish one
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single shift system. While the nurses embraced this new rotating day/night system, the care
assistants strongly rejected it, by far preferring the stability of a fixed night shift. An analysis
of the population's characteristics then provided valuable insight: while the nurses were
mainly young and single, the care assistants were older and had children. The stability of the
fixed night shift was essential to enable them to cope as well as possible with the constraints
of their situation as mothers with families.

It is also important to stress that the socio-geographical context has an effect: the results on
social and family life can vary according to whether the studied populations live in rural or
urban areas. This parameter determines the type and commute duration, which will in turn
influence the free time available for sharing (Costa et al., 1986; Prunier-Poulmaire and
Gadbois, 2000).

The earlier scientific studies that focused on the social dynamism of shift workers concluded
that working these types of hours made the organisation of social encounters particularly
difficult (Mauritius and Monteuil, 1965) and significantly impeded the extension of the
workers' network of contacts (Mott et al., 1965). In the first place, rotating shift work
introduces uncertainty when carrying out extra-professional activities, for the employees
themselves but also for their circle of friends. This may gradually lead to a change in the
relationships they have, or hope to have, with their circle. This complexity of coordinating
social encounters may then lead to a tendency to spend more time with colleagues with a
similar rhythm of life to their own, who understand the constraints that weigh on them (Meurs,
Charpentier, 1987).

5.2.3.2.2 The difficulty of accessing social activities in a formalised
framework

The studies that sought to reveal the harmful effects of night or shift work on social life
essentially demonstrated the difficulty of taking part in formal social activities such as
cultural, sporting, or community events, mainly due to their strong rooting in a rigid and
socially predetermined time period (Blakelock, 1960; Maurice, 1971; Prunier-Poulmaire,
1997).

This same work then revealed that the employees turned towards more informal activities
that can be performed on an individual basis regardless of the time of day (Meurs and
Charpentier, 1987).

The temporal mismatch between the pace of life of the whole of society and that of shift
workers could gradually and insidiously lead to them being marginalised. The change to the
terms of their lives outside work, as a result of the working hours, could constitute one of the
steps in the operation of this "social breakdown" process. Some particularly strong terms
have been found over time in the scientific literature: as early as 1965, Mauritius and
Monteuil spoke of "social isolation”, in the same year Andlauer and Fourré choose the term
"social segregation”, in 1979 Bunnage stressed the "social marginalisation," while Quéinnec
et al. (2008) spoke of "social death".

5.2.3.2.3 Recreation

Shift work may therefore rule out the regular practice of socially shared activities at fixed and
previously programmed times. This may concern the shift workers themselves but also
possibly the other members of their families. Difficulties reconciling their timetables with
those of their friends may lead shift workers to adopt individual pastimes instead (DIY,
gardening, reading, walking, etc.), which by nature require no synchronisation and do not
impose any time constraints apart from the workers' own. In addition, they may favour flexible
activities that can be carried out at any time of the day or night, rejecting rigid activities that
have to be performed at a specific time of the day (Vroom, 1964; Bunnage, 1979).

A study carried out among customs officers (Prunier-Poulmaire, 1997) showed that working
4x6 and 3x8 shift systems had an extremely limiting effect on leisure activities. Individual
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activities were preferred for the reasons mentioned above. Thus, the officers working 4x6
and 3x8 shifts practised a solitary sport activity: 60% compared with 40% for those working
during the day. As for the customs officers working 2x12 shifts, they were able to engage in
collective activities more often. This study concluded that the 4x6 shift severely limited the
opening of the social domain, the 3x8 shift offered more favourable social openness, and the
2x12 shift fostered an increase in the relational field. In general, this type of organisation
based on 12h is preferred by employees because of the possibility of concentrating their free
time, and the scientific studies show that these hours are more conducive to the expansion of
social and family life (Pavageau, 2006). Conversely, some shift systems, such as 4x6, break
the free time up over the day, fragment it over the week and are seen as particularly
detrimental to life outside work (Prunier-Poulmaire, 1997; Pavageau, 2006).

5.2.3.2.4 Community activities

Participation in community activities figured prominently among the indicators most
frequently studied by the authors to confirm the effects of shift work on life outside work.
Indeed, it provides information on the shift workers' social integration and degree of social
investment, and can account for the actual interaction between shift workers and society. It
also shows the opportunities to take part in collective, social and formal activities imposing
meetings at times when most members are available, namely the end of the day or the
weekend. Community activities are thus often considered as the archetype of very inflexible
activities. While the results of scientific studies are not unanimous on this point, they do,
nonetheless, reveal a trend of lower community participation among shift workers and a
limitation of the time devoted to it (Vallery and Hervet, 2005). For example, Wedderburn
(1981) reported that one of the negative effects most often cited by the English steelworkers
that were the subject of his study, was the adverse impact of their working hours on their
social lives (61%) and, in this specific area, the difficulty they encountered when wishing to
participate in community activities (61%).

Jamal and Jamal (1982) also found, in two distinct shift populations — nurses and agri-food
industry employees — a limitation of community life that was manifested as a reduction in the
monthly participation in meetings and fewer hours devoted to these activities. While they also
observed a reduction in the number of monthly hours devoted to community life, Frost and
Jamal (1979) found no statistically significant difference between shift and non-shift work
regarding the taking on of specific responsibilities or total number of memberships. These
results contradict those of Mott et al. (1965), whose work revealed an effect of shift work on
the number of memberships (1.7 for day workers, 1.27 for fixed-afternoon shift workers and
1.37 for permanent night and rotating shift workers) and the taking on of responsibility (37%
of day workers compared with between 20% to 24% of shift workers took on an official role in
their associations), but not on the hours actually devoted to community life. It can be seen
here that the magnitude of the effect depends on the types of hours practised, fixed or
rotating, and the type of shift. In a study on French customs brigades, Prunier-Poulmaire
(1997) reported similar results. Regardless of the type of shift system (2x12, 3x8, 4x6), a
reduction in community life and participation was noted: one third of shift workers said they
were members of an association compared with half working regular daytime hours; 30% of
customs officers working office hours said they attended meetings of associations at least
once or twice a month compared with 20% of those working 4x6 and 3x8 shifts.

Night work can be also very penalising when it comes to involvement in trade union or
professional associations. A Danish survey (Bunnage, 1979) thus revealed a difference
between 2x8 and 3x8 shift workers regarding membership of a professional association,
trade union or political party. Participation in professional associations, for example, for
employees working 2x8, was half the rate of those working 3x8 shifts. Nachreiner (1975)
obtained similar results, since 28% of employees working 2x8 shifts considered that they did
not have enough time to devote to community activities compared with 64% of those on 3x8
shifts.
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It is not possible to determine unambiguously and definitively from a comparison of these
different studies whether or not the opportunities to participate in community activities are
reduced when practising shift or night work. However, it does suggest an exclusion from
community life, which seems to be a problem for the employees.

5.2.3.2.5 Different effects depending on the types of hours

It can thus be seen that the type of shift work is an essential parameter and is accompanied
by widely varying effects on social life. The same is true for the rate of rotation (slow or fast)
of the shifts.

Wedderburn (1967) was one of the first to question the specific role of the shift rotation rate
on life outside work. He carried out a study on steel industry workers who were trade union
members and who worked a rapid-rotation shift system. A third of them believed that their
hours had a negative effect on their participation in union activities (on this point, the results
agreed with those of Thierry et al., 1983). However, 90% had a favourable opinion of their
working hours due to the rapid nature of the sequencing of the shifts, which offered the
possibility of access, over a week, to periods of free time situated at different times of the
day. Therefore, according to these two studies, it seems more unfavourable to have identical
long fixed periods of time over one week in the framework of a slow rotation than over two or
three days in the framework of a rapid rotation (Gadbois and Prunier-Poulmaire, 1996).

5.2.4 Conclusion

This literature review showed how few studies have been devoted to the effects of shift work
and night work on life outside work, and the heterogeneity of the results obtained. This is
probably due to the multiplicity of factors that determine the adoption of a leisure behaviour
or lifestyle. The diversity of shift work situations, the organisational specifics, the variety of
social contexts and the weight of individual characteristics, all constitute key factors that
determine how people go about their lives outside the workplace. It should also be
remembered that the content of the tasks performed can influence the social acceptability:
repetitive and monotonous work may, for example, be accompanied by a kind of social
inertia. Thus, the structuring of the shift workers' social lives reflects the degree of the
constraints related to the atypical structuring of the working hours, which can "keep them at a
distance" from a social life. Moreover, the problem is not exclusively quantitative: the state of
health (physical and psychological) and the fatigue experienced by shift workers in their free
time will also determine their possibilities for action and social interaction.

This means that besides the "effective mobilisation" of the employees by their working hours,
it is also necessary to consider what happens to them before and afterwards, namely the
need for an "anticipatory mobilisation”, which involves preparing themselves for the shift to
come with a nap or rest, and a "consecutive mobilisation”, which involves resting and trying
to recover from the shift they have just completed (Prunier-Poulmaire, 1997). These
mobilisations "through work", which continue "outside work" in terms of recovery from or
preparation for it, therefore also keep the shift worker apart from the social and family
sphere. It is also conceivable that the reduction in leisure activities and deterioration of social
life can, besides the effect of the shift itself, lead to fatigue or to a deterioration in the state of
health associated with the practice of shift work (Ramaciotti et al., 1990). Having time
available means being able to take ownership of it and use it as one wishes. The study by
Kundi et al. (1995) with nurses working 3x8h and 2x12h shifts showed that these shift
systems made the reconciliation of life at work and outside work more complicated, and also
that the need for recovery from the 12-hour shifts reduced the time that could be devoted to
their personal lives, to the same level as that of nurses working 3x8h shifts. The fact remains
that these elements could combine and potentiate over time.

Overall, the small number of studies investigating the effects of night or shift work on social
life and the gradual desertion of this research theme may seem surprising. It is all the more

page 112/ 390 March 2016



ANSES o collective expert appraisal report Request No. 2011-SA-0088 — "Atypical working hours"

astonishing since these time arrangements are proliferating and questions about work-life
balance are among the most central and in-demand topics. The change in the general
rhythms of society can no doubt partly explain this phenomenon: the increase in the extent of
the opening of shops and services, sports halls open late in the evenings, banks open on
Saturdays and sometimes even on Sunday mornings, shops open on the weekend, créches
opening early in the morning until very late in the evening, the possibility of watching
numerous TV programmes or films on demand, etc. This easy access to services, regardless
of the time of day, seems to be a consequence of the increase in the number of employees
working atypical hours but also, necessarily, contributes to this increase. It is therefore
possible to imagine that these conditions gradually reduce the inequalities between shift
workers and day workers regarding their social lives, and lessen the impact of the difficulties
associated with this type of organisation.

However, the question remains of the balance of family life. At a time when the forms of
atypical working hours are proliferating and the number of single parent families is
simultaneously increasing, and when French employees say that they attach the utmost and
ever greater importance to the balance of their lives and the boundaries marking the spheres
of their personal and professional lives, research to further investigate this scientific field can
only be encouraged.

Many recent studies attest to the health effects of the imbalance of life in and outside work.
Geurts et al. (1999) showed that a conflict between the personal and professional spheres
was a predictor of psychosomatic disorders and sleep disorders, as well as two of the three
dimensions of burn-out: emotional exhaustion and depersonalisation. They showed that the
perception of the interface between work and home life acted as a mediating variable in the
relationship between work load and perceived health. The meta-analysis by Allen et al.
(2000) confirmed that conflicts between personal life and work life greatly affect the
individual, causing anxiety, depression, perceived stress, and psychosomatic disorders.
Quick et al. (1997), like Lourel and Guéguen (2007), found that "private life/work life" conflict
increased the stress level perceived by employees. The emergence of an awareness of
psychosocial risks in companies in recent years led us to broaden our approach by
considering people through their different spheres of life and action.

By doing so, the prospects for action are expanded: this state of well-being and quality of life
at work, the stated objective of the third occupational health plan, has its source inside the
office or factory, but not exclusively. It can be seen to what extent the professional rhythm
affects the worker's entire life down to its most intimate components. It is therefore urgent to
do away with the boundaries between scientific disciplines (this report is an illustration) as
well as those that compartmentalise life at work and life outside work. This is the most likely
route to long-term solutions to the issues relating to work, including night and/or shift work.
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6 Assessment of the health risks associated
with shift-work, including night work

6.1 Expert appraisal method: from monitoring the literature to
assessing levels of evidence

6.1.1 Identification of articles studying the health effects of night work (fixed
or rotating shifts)

The coordinating team for the Working Group on "Assessment of the health risks for
professionals exposed to atypical working hours, especially night work", ANSES's monitoring
unit, and the Working Group's experts conducted a search, as exhaustive as possible, of the
international scientific literature on the potential human health effects of night work (fixed or
rotating shifts) through, in particular, the identification of primarily in vivo effects and clinical
and epidemiological data.

6.1.1.1 Reference period

The expert appraisal was undertaken for the period from January 2010 to December 2014.
Some key studies, published from January to June 2015, were also included when they were
deemed relevant and of satisfactory quality. In addition, the experts included studies
published before 2010 when this seemed necessary, in particular to present state-of-the-art
reviews in the introductions to the sections on health effects.

6.1.1.2 Search engines

The search engine used for this expert appraisal was the Scopus search engine
(http://www.scopus.com/home.url) which is a multidisciplinary database of scientific literature
particularly indexing biological and medical publications as well as publications in the areas
of human and social sciences.

6.1.1.3 Types of analysed documents
Various types of documents were taken into account in the expert appraisal:

e scientific articles published in peer-reviewed journals, without prejudice to their impact
factor;

e expert appraisal reports of national and international organisations (IARC36, HAS37
etc.);

Only original articles written in English or French were systematically analysed by the
Working Group.

Descriptive and narrative reviews, which consist in summarising all published studies on a
given topic, were not analysed. Meta-analyses, which are systematic reviews combining the
results of several independent studies to produce risk assessments, were included.

36 International Agency for Research on Cancer,
http://monographs.iarc.fr/ENG/Monographs/vol98/mono98-8.pdf

37 French National Authority for Health, http://www.chu-
rouen.fr/sfmt/autres/Reco_HAS_ Travai_%20poste-Argumentaire_30-05-2012.pdf.
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6.1.1.4 Keywords used

6.1.1.4.1 Forms of work taken into account

This report is a first stage in the investigation of the health effects of atypical working hours in
the broad sense. It is limited to health effects related to shift work, including night work (fixed
or rotating shifts, see Table 8).

Table 8: forms of night work taken into account

English term

Equivalent French term

Night work, Night-work, Nightwork

Travail de nuit

Shift work, Shiftwork, Shift-work

Travail posté

Rotating work

Travail rotatif

12-hour shift Poste de 12 heures
Evening shift Poste en soirée
Night shift Poste de nuit
Morning shift Poste du matin

6.1.1.4.2 Health effects studied

The Working Group first sought to identify, as exhaustively as possible, publications dealing
with all of the health effects related to shift work, including night work, reported in the
literature.

6.1.1.5 Classification of articles

6.1.1.5.1 Sorting by type of effect

Once identified, the documents were sorted on the basis of the health effects studied. This
classification was established by collecting publications from the search equation cross-
referencing keywords by health effect with keywords associated with night work and shift
work.

6.1.1.5.2 Sorting by type of study
Within each of the examined health effects, studies were also classified by type:
e epidemiological studies (cross-sectional, case-control, cohort) on humans;
e invivo or in vitro (cellular models) experimental studies on humans.

Studies with animal models were not systematically identified, due to limitations in
transposing the results of these studies to human health effects.

6.1.1.6 Prioritisation of the health effects studied

Given the very large number of health effects identified and publications targeted by the
literature search, as well as time constraints associated with conducting the scientific expert
appraisal, the Working Group, in agreement with the Agency's Scientific Affairs Department,
decided to prioritise the work to be carried out in the framework of this expert appraisal. For
example, after drawing up an exhaustive list of all of the health effects explored by the
scientific literature, the Working Group prioritised some of them.

This prioritisation in no way calls into question the scientific relevance or the significance of
the health effects previously listed that were not studied in detail. The aim of this prioritisation
exercise, organised by the Working Group, was to allow for further investigation of the few
effects chosen by the group instead of briefly reviewing a larger quantity.
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A total of 12 main classes of health effects were identified in the scientific literature:

CoNogarWNE

sleep disturbance;

disruption of circadian rhythms;

cognitive effects, psychomotor effects, and effects on vigilance;
traumatic injuries, accidentology;

effects on psychological and mental health, addiction;

obesity and metabolic disorders;

cardiovascular diseases;

gastro-intestinal diseases;

cancers;

10. effects on fertility, reproduction and pregnancy;
11. effects on the immune system;
12. interaction between pharmacology, toxicology and shift and/or night work.

The six selected health effects, which underwent a detailed analysis, were as follows:

sleep disturbance;

cognitive and psychomotor effects, and effects on vigilance;
effects on psychological and mental health, addiction;
metabolic disorders;

cardiovascular diseases;

cancers.

The connection between night work and traumatic injuries and accidentology was studied in
detail using a dual approach, firstly by studying the publications from the literature search in
Scopus, and secondly by adding references selected by the experts, taken in particular from
the French scientific literature.

Other health effects not selected for the detailed analysis have, however, been described in

the expert appraisal report. The main results observed for these topics are reviewed in a

separate section.

The connection between night work and the disruption of circadian rhythms was not
analysed in detail. Circadian rhythms have been assessed in many experimental
studies but in very few epidemiological studies;

The connection between gastro-intestinal diseases and night work has not been
addressed in detail. A considerable number of articles are indeed available on this
subject, but few publications have appeared since 2010;

Reproduction and pregnancy have been widely studied, including by the French
National Authority for Health (see HAS, 2012);

Lastly, not enough data are available on the effects associated with fertility or the
immune system or the effects relating to the interaction between pharmacology and
night work.

6.1.2 Analysis of publications

The Working Group systematically read all of the original articles identified using the search

criteria defined above, according to the procedure set out below.
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6.1.2.1 A collective analysis

The Working Group's experts pooled their complementary skills to collectively analyse
studies on the health effects of shift work including night work (fixed or rotating shifts).

Five sub-groups were formed within the Working Group, in order to analyse articles studying
the following health effects:

sleep disturbance;

cognitive effects, psychomotor effects, and effects on vigilance;
effects on psychological and mental health, addiction;

obesity, metabolic disorders and cardiovascular diseases;
cancers.

Each article was selected based on its title and abstract to determine its relevance to the
topic at hand. The articles selected were then analysed in detail by two experts, with this
critical assessment being recorded in an analysis matrix. These analyses were then
discussed in sub-group meetings, in order to collectively define the methodological quality of
the publication and add justifications and comments.

6.1.2.2 Quality criteria used to analyse the studies

During the first work sessions, the Working Group established a list of objective criteria for
assessing the quality of the analysed studies irrespective of the results stated in the
publication. Each expert reviewer thus completed an analysis grid with the support of the
ANSES scientific coordinators.

6.1.2.2.1 Quality criteria in epidemiological studies

Epidemiology is the study of relationships between diseases and various personal (family
history, lifestyle, etc.), social (way of life, living space, etc.) and environmental (type of work,
pollution, etc.) factors likely to influence their frequency, distribution and progression.
Aetiological epidemiology compares populations with or without an attribute of interest
("exposure") to determine the causes of diseases. This search for factors likely to cause
health effects involves highlighting statistical associations between the factor in question and
the risk of a health effect.

Various types of epidemiological studies can be undertaken to assess the risks associated
with the exposure of interest.

Main types of epidemiological studies

. Ecological studies examine the association between exposure and disease from data
aggregated by geographical or time-related unit (descriptive epidemiological study);

. Cross-sectional studies examine, for each individual in the study, their exposure and the
presence of disease at a given point in time;

. Case-control studies are used to compare the frequency of past exposure of a sample of cases
(sick people) to that of a control sample of people not suffering from this disease, which must be
representative of the population from which the cases are drawn;

. Cohort studies are used to compare the occurrence of diseases between non-exposed
individuals and individuals exposed to the exposure of interest, monitoring the incidence of diseases
over time.

Cross-sectional studies generate many biases. The most vulnerable subjects, or those who
have developed the disease, may have been exempt from the exposure of interest (night
work) at the time of the study, as they may have been reassigned to other unexposed shifts
or left the workplace; in this case, they are not included in the studied population of workers.
This phenomenon can give rise to a bias called the healthy worker effect, causing the
association between exposure and disease to be underestimated. Another limitation of cross-
sectional studies is that they deal with prevalent cases of the disease (i.e. cases occurring at
the time of the study, not taking into account the incidence date), which does not provide
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assurance that the studied exposure preceded the development of the disease (criterion of
temporality). For these reasons, cross-sectional studies do not enable causal relationships to
be established.

Case-control studies and cohort studies are aetiological studies whose objective is to study
the association between exposure and the occurrence of disease. No aetiological studies are
in themselves sufficient to infer a causal relationship. Depending on their methodological
quality, not all studies have been given the same weight in the expert appraisal. To conclude
as to the level of evidence intended to assess the existence of a causal relationship, the
expert group relied on the quality criteria defined below.

6.1.2.2.1.1 Have the subjects in the studied sample been properly
selected?

In cohort studies, the participants must be free of the disease upon inclusion. Health events
occurring during the follow-up period (i.e. incident cases of the disease) must be recorded in
the same way for exposed and unexposed individuals. If some participants are lost-to-follow-
up, this must not depend on the presence or absence of exposure.

In case-control studies, the recruitment of cases and controls must satisfy certain rules:

For cases, the absence of selection biases can be ensured through the exhaustive
recruitment of new disease cases (incident cases) occurring in the source population during
the study period;

Ideally, controls should be randomly selected from exhaustive lists of the population from
which cases are drawn (telephone lists, lists of residents, etc.);

Lastly, the recruitment of cases and controls must be independent of the studied exposure. If
eligible subjects refuse to participate in a study, this must not depend on the exposure of
interest.

When these conditions are not met, the study is subject to selection biases that may increase
or lower the measured association between exposure and disease.

6.1.2.2.1.2 Have exposure and the health effect been properly
characterised?

The data sources on exposure to night work or shift work (questionnaire, employer files, job-
exposure matrices, etc.) must be clearly presented by the authors, and exposure must be
measured in the same way for people with and without the studied disease. Factual data
used to assess exposure (administrative documents indicating the job title (nurse for
example), from which exposure can be evaluated) are generally reliable and do not cause
memory biases, which can affect data collected using questionnaires (e.g. questions on jobs
held with working hours). However, administrative data are less precise than data collected
by questionnaire.

The same characteristics apply to the collection of information about the studied health
effect: the identification of the disease must be the same for exposed and unexposed
individuals; information about the disease is more reliable when collected from medical
records than by questionnaire.

6.1.2.2.1.3 Have confounding factors been taken into account?

There is a confounding effect when a statistical association between exposure and disease is
related to another factor (typically age, gender, tobacco use, etc.) associated with both the
studied exposure and the disease. For example, in the framework of studies on night work
and breast cancer, excess weight could have a confounding effect, since it is a recognised
risk factor in breast cancer after menopause and is often associated with night work due to
bad eating habits.

Confounding factors can be taken into account during analysis by statistical adjustment,
provided of course that the required information was collected in the study.
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6.1.2.2.1.4 Is there sufficient statistical power?

The number of subjects included in epidemiological studies must be sufficient to achieve the
statistical power required to demonstrate a statistically significant association between
exposure and disease. Statistical power also depends on the proportion of subjects exposed
to the risk factor of interest in the study population.

While calculations of statistical power are seldom presented in publications, it is clear that, all
other things being equal and in the absence of biases, the results of a study including several
hundred cases of a disease carry more weight than those of a study with only a few dozen
cases.

6.1.2.2.1.5 Are the statistical methods used relevant?

The statistical methods used to produce risk assessments, absolute rates of cancer or other
diseases, confidence intervals, and significance tests, and to take into account potential
confounders, must have been clearly stated by the authors and be suited to the nature of the
analysed data.

6.1.2.3 Definition of three quality levels for studies

According to the quality criteria defined above, the Working Group classified studies into
three quality levels:

¢ Good-quality study: the quality criteria described above are met;

e Study with minor methodological limitations: the above criteria are largely met or
the identified limitations do not call into question the results;

¢ Study with major methodological limitations: the above criteria are not adequately
met and the limitations call the results into question.

6.1.3 Presentation of the results from the literature review

The results of the studies considered by the Working Group's experts as useful for assessing
the health effects of shift work including night work in humans are briefly presented for each
studied effect. These are studies fulfilling the minimum quality criteria defined above, i.e.
having no major methodological limitations or problems. The sections on health effects for
which there were numerous studies do not describe all these studies in detail.

The aim of this report is not to summarise all of the published studies that were analysed.
Those that were considered as having major methodological limitations (exposure not
characterised, no comparison group, calculation errors, not undertaken with enough animals,
etc.) according to the quality criteria set out above are listed in tables in the Annexes.

6.1.4 Assessment of the evidence for each effect studied

In order to include all of the available data in the assessment process, summaries were
prepared for each studied effect, taking into account publications considered of good quality
or with minor methodological limitations, published since January 2010. These summaries
were written, reviewed and shared by the members of the sub-groups and then by the entire
Working Group. They were then used to establish levels of evidence related to the potential
effects of shift work including night work.

The quality of a study was the criterion for its inclusion in the assessment of the studied
effect, not its results. Thus, if the Working Group identified major methodological limitations
in an article, it was not taken into account to assess the level of evidence for the studied
effect.

6.1.4.1 Role of animal studies in the assessment of an effect

The issue of taking animal studies into account for risk assessment is delicate when dealing
with the health effects of night work and shift work. The limitations of animal models to study
the effects of night work on humans have been described above; animal studies are
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generally undertaken with rodents, which are photophobic nocturnal animals, very different
from human beings (see Section 3). It is also impossible to model, in animals, all of the
constraints, in addition to the simple time difference, associated with shift work including
night work. It is therefore very difficult to reproduce the equivalent of night or shift work in
animals, even though there are in vivo studies using animal models for health effects such as
cancer, or metabolic and cardiovascular risks. In addition, for other health effects, for
example those associated with mental or psychological health, there is no suitable animal
model.

The Working Group reiterates that the results obtained in studies undertaken in animals
cannot be used as evidence of a health effect of night work in humans. Nonetheless, the high
degree of convergence between observations in humans and certain results in animals helps
to clarify the physiological mechanisms involved in the consequences of night work and the
resulting circadian disruptions.

The expert appraisal methodology thus relied primarily on data obtained for humans,
especially in epidemiological and experimental studies, for all of the studied health effects.
Considering that there are many such studies, the Working Group decided to undertake its
analysis based on their results. In vivo and in vitro studies modelling time differences in
animals to clarify the biological mechanisms potentially involved in the disruption of
physiological functions were considered by the experts and used to support the results
already available for humans. Thus, for these studies, the systematic analysis of the
publications, as described in Section 6.1.2, was not applied. However, recent good-quality
literature reviews were taken into account.

In short, given the absence of suitable/validated animal models for night work, the approach
adopted by the Working Group to establish the level of evidence was to use:
e epidemiological studies in humans;
e mechanistic (laboratory) studies in humans when available;
e mechanistic data on animals, taken into account particularly thanks to recent reviews
(with no systematic analysis of the original articles), in order to support the existence
of plausible physiological mechanisms in humans.

Note: Different methodological approaches were chosen by two sub-groups:

For the sub-group studying cancer:

Several major epidemiological studies providing relevant information relating to cancer have
been published since the IARC's monograph in 2007. The sub-group of experts focused
mainly on the analysis of all of the epidemiological data. To assess the level of evidence, it
also relied on the results of experimental studies in animals and on assumptions regarding
possible carcinogenesis mechanisms based on literature reviews, without examining each
publication in detail.

For the sub-group studying metabolic disorders and cardiovascular diseases:

Similarly, the sub-group firstly considered the available epidemiological studies for the
examination of this health effect. Mechanistic studies with animal models were documented
using literature reviews in order to report on the state of knowledge. Here they also support
the available epidemiological data.
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6.1.4.2 Study of the effects of night work (fixed or rotating shifts) on
humans
Evidence relating to the studied effect has been classified, based on the available

information from epidemiological studies in humans, according to the following flow chart
(Figure 10):

I Studies with major methodological limitations are not used to assess the level of evidence

Is there at least

1 study of sufficient quality or No >
with reservations regarding the
studied effect?
Yes The available data (no. of
Yes ( 2| studies) do not show any
v Is the quality, concordance or effect
. statistical power of the available
Do the available data No P I

L studies sufficient to conclude as to
show an association? ——> 0 No_ It is not possible to

whether or not there is a causal
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whether or not there is an
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No
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and confounding factors could be ruled out with existence of an effect

sufficient certainty?

Figure 10: flow chart for the assessment of evidence relating to a given effect in human studies

Sufficient evidence to conclude as to the existence of an effect: there is a likely causal
relationship between exposure to night work (fixed or rotating shifts) and the studied effect in
humans. In other words, a positive relationship has been established between exposure and
the occurrence of the effect, in the framework of studies where biases and confounding
factors could be ruled out with sufficient certainty.

Limited evidence supporting the existence of an effect: an association has been
established between exposure to night work (fixed or rotating shifts) and the occurrence of
the studied effect. The experts consider that a causal interpretation of this association is
plausible but that the existence of biases or confounding factors in the analysed studies
cannot be completely ruled out.

It is not possible to conclude from the available evidence as to whether or not there is
an effect: the quality, concordance or statistical power of the available studies is not
sufficient to conclude as to whether or not there is a relationship between exposure to night
work (fixed or rotating shifts) and the studied effect.

The available data do not show any effect: several adequate studies, covering all of the
exposure levels known to be encountered in humans, with converging results, show no
positive association between exposure to night work (fixed or rotating shifts) and the studied
effect, regardless of the examined exposure level. The results of these studies, whether
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alone or combined, should have narrow confidence intervals, whose upper limit should be
close to the null value (e.g. a relative risk of 1.0). Biases and confounding factors must be
ruled out with reasonable certainty, and the studies should have a long enough follow-up
period. When the available information suggests "no effect", this conclusion can apply only to
the studied effect, to night work (fixed or rotating shifts), to the conditions and levels of
exposure, and to the observation period taken into consideration in the available studies.
Even so, the potential existence of a very low risk at the exposure levels studied can never
be completely ruled out.

6.1.4.3 Overall assessment

In the end, all the information was examined as a whole in order to make an overall
assessment for humans of the impact of night work (fixed or rotating shifts) for each effect
studied (see Figure 11).

Each effect studied was classified in one of the following categories (inspired by those used
by ANSES to study the health effects of radiofrequencies for example, or the carcinogenicity
of an agent in the IARC monographs). The classification of an effect was a matter of
scientific judgement and relied on the more or less conclusive nature of the information taken
from studies in humans as well as other relevant information such as studies on biological
mechanisms, physiological functions, or alterations to living systems. The overall
assessment was discussed by the Working Group, which issued a collective opinion.

Evidence of the existence of the effect in
experimental studies in humans or
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No evidence

supporting the supporting the

existence of an existence of an
effect effect

Evidence
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to whether or not
the studied effect
exists

Figure 11: diagram for the classification of health effects
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The studied effect is proven for humans

This category is used only when there is sufficient evidence of the existence of the studied
effect for humans.

The studied effect is probable or possible for humans

If the studied effect is not proven for humans, experimental studies in humans or animals (in
vivo or in vitro) are taken into account, together with epidemiological studies, to make an
overall assessment for humans of the impact of night work (fixed or rotating shifts).

This category includes effects for which, at the most, there is limited evidence supporting the
existence of the studied effect in epidemiological studies and, at the least, there are no
epidemiological studies but there is sufficient evidence supporting the existence of the
studied effect in in vitro or in vivo studies. The said effects are classified either in the
probable effect for humans category or in the possible effect for humans category, based on
evidence from epidemiological and experimental studies, mechanistic data, and other
relevant information.

Probable effect indicates a higher level of evidence than possible effect.

a- Probable effect for humans

This category is used when there is limited evidence supporting the existence of the studied
effect in epidemiological studies, and evidence supporting the existence of an effect in in
vitro or in vivo studies.

b- Possible effect for humans

This category includes effects for which there is limited evidence supporting the existence of
the studied effect in epidemiological studies, and for which there is no evidence in in vivo and
in vitro studies. It can also be used when there is inconclusive evidence in epidemiological
studies but there is evidence supporting the effect in in vivo and in vitro studies, corroborated
by mechanistic and other relevant data.

It is not possible to conclude from the available data as to whether or not the effect
exists

This category includes effects for which the evidence supporting the existence of the studied
effect is inconclusive or non-existent in epidemiological studies and non-existent in in vivo
and in vitro studies.

Effects that do not correspond to any other category are also classified in this category.

Classification in this category does not indicate overall safety or the absence of an effect. It
often means that further research is required, especially when data on the studied effect can
be interpreted differently.

Probably no effect for humans

This category includes studied effects for which there is evidence suggesting there is no
effect in clinical and epidemiological studies and in in vivo and in vitro studies for a large
number of exposure conditions or scenarios. It is very difficult to demonstrate the absence of
an effect.

6.2 Considerations relating to the analysed studies

This section aims to address all of the weaknesses identified in the studies taken into
account by the Working Group in the framework of this expert appraisal. There are two major
aspects that limit the validity of several of these studies: a very rough estimation of exposure
to shift work and night work, and a partial and heterogeneous assessment of other
confounding factors that can act as "competitors" or "mediators" or "confounders" of the
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effect. These problems are described in each of the sections on the analysed health effects.
These common considerations have therefore been highlighted in this section.

6.2.1 Problems related to the characterisation of exposure to shift work and
night work

6.2.1.1 ldentification of workers as night workers

This information is extremely limited and sometimes relies on only one question whose
expected answer is yes or no:

¢ "Have you been involved in shift work including night work?"

¢ "In total, how many years have you worked in rotating shifts with at least three night
shifts per month, in addition to day and evening shift work?" (Schernhammer et al.,
2001 and 2006; Viswanathan et al., 2007; Poole et al., 2011).

In some studies, exposure to night work is sometimes based on work in sectors in which
there are varying proportions of shift workers, with or without night work. For example, the
study by Hansen et al. (2001) considered "exposed" workers to be those who had worked for
at least six months in the five years preceding the diagnosis in one or more job sectors in
which at least 60% of employees work night shifts; "unexposed" workers were those who had
worked in sectors with less than 40% of people involved in night shifts.

In short, there is often a considerable lack of precision in the identification and classification
of exposure.

6.2.1.2 Duration of exposure to shift work including night work

The decisive criterion for minimum exposure to night work also differs considerably between
studies, ranging from a simple job title ("employed as a hospital nurse") (Lie et al., 2006) to a
precise definition of the number of years and the number of nights per week or per month
(Davis et al., 2001; Schernhammer et al., 2001 and 2006; O'Leary et al., 2006), or a
minimum number of months in a job considered as having a high proportion of night workers
(Hansen et al., 2001; Schwartzbaum et al., 2007).

Several studies use arbitrarily defined categories, with narrow (five-year thresholds) or very
broad (> 15 years) groupings, or based on the distribution of the collected data (medians,
quartiles, etc.): all this makes it difficult to compare the results of different studies.

6.2.1.3 Taking into account the current schedule but not past exposure

When past exposure is taken into account, it is generally estimated from a questionnaire and
based on an a posteriori reconstruction. It does not always take into consideration possible
exposure in a previous job.

For example, in the case-control study by Davis et al. (2001), involving various employment
sectors, exposure was estimated through an interview dealing with average weekly hours
worked in night shifts during the ten years preceding the diagnosis. In the retrospective study
by O'Leary et al. (2006), exposure was estimated based on an a posteriori reconstruction of
the time worked in night teams in the previous 15 years.

6.2.1.4 Healthy worker effect

In some studies, there is a possible selection and observation bias due to the "healthy worker
effect”. This bias occurs because workers who develop the most health problems tend to
leave their jobs. Only the most resistant ("healthy workers") keep the same job for a long
time, i.e. shift and night work in this case. This bias causes the health problems associated
with night work to be underestimated. It can occur when there is no background information
about the schedules of workers participating in a study. This bias is also observed when the
health status of workers is compared to that of the entire general population, which is made
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up of workers as well as disabled people and people whose health status is less optimal than
that usually found in active workers.

6.2.1.5 Arbitrary and heterogeneous determination of the time period
defining night work

The definition of night working hours (and therefore the identification of night workers) is
slightly different for each study. The time period considered can run from 5pm to 9am
depending on the study. These heterogeneous definitions generate confusion between night
work, evening work and early-morning work, whereas these different types of schedules
have different health and psychosocial consequences.

6.2.2 Taking into account confounding factors

A confounding factor is a variable (typically age, gender, tobacco use, occupational co-
exposure, etc.) associated both with the studied exposure and the disease. This factor, when
not taken into account, can bias the statistical association between exposure and disease;
this association is then influenced by the presence of the confounding factor and not only the
exposure of interest. It is important to emphasise the high level of variability between studies
for the numbers and types of confounding factors considered and the way in which they are
taken into account in the analyses. Confounding factors change depending on the health
effect in question and should be adjusted accordingly.

6.2.3 Consideration regarding the studies examined for the risk assessment

In light of the above, the Working Group gave more consideration to studies showing
superior quality, in terms of the definition of night work (more details when characterising the
type of shift work including night work), control for confounding factors, the characterisation
of exposure, and the study design (in particular the number of workers taken into
consideration and the length of the risk exposure period).

6.3 Results of the assessment of health effects

6.3.1 Effects on sleep

6.3.1.1 Introduction

The difficulties experienced by shift workers including night workers in falling asleep after a
period of work at irregular hours are easily understandable and often recognised by all the
parties in the workplace. Shift work including night work is accompanied by a need for the
reorganisation of personal physiological rhythms at home, of which sleep is the most
sensitive to these environmental conditions at irregular hours.

On the physiological level, as was described in Section 3, during night work,
desynchronisation occurs between the circadian rhythms that are aligned with daytime hours,
and the new rest-activity/sleep-wake cycle imposed by the night work. The result is the
disruption and desynchronisation of the physiological and biological rhythms described
above, including: the sleep-wake rhythm, eating habits, internal body temperature, cardiac
and respiratory function, hormones (cortisol, melatonin), etc.

This desynchronisation is also promoted by environmental conditions that are not conducive
to sleep during the rest period: daylight, temperature usually higher than at night, higher
noise levels during the day, social life and family obligations. All these physical and
sociological environmental factors contribute to disrupting physiological rhythms and the
quality and quantity of sleep.

The sleep difficulties reported by shift workers including night workers concern both the
quality and quantity of sleep:
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- sleep quality: difficulty falling asleep, nocturnal awakenings with problems falling back
asleep, waking up earlier than planned, feeling of non-restorative sleep. When one or more
of these symptoms have been present at least three times a week for at least one month, it is
considered as ‘"insomnia" (as defined in the following classifications: International
Classification of Sleep Disorders, 3™ edition, ICSD-3, and Diagnostic and Statistical Manual
of Mental Disorders, 5" edition, DSM-V). When the complaint of insomnia is combined with a
complaint of sleepiness in workers with atypical hours, it is described as "shift work sleep
disorder" (SWSD), according to the International Classification of Sleep Disorders (ICSD-
3, ref. 2014).

- sleep quantity: a reduction in sleep time per 24 hours is also typically reported by these
workers, due to difficulty prolonging their main sleep episode in unfavourable environmental
conditions. This is combined with difficulty supplementing the main episode with a brief or
longer nap to keep from being sleep deprived. Some atypical work rhythms give operators
the opportunity to sleep more on rest days and thus offset, in the short term, the sleep debt
generated by previous rhythms. It has been shown that other rhythms do not enable short-
term recovery from this debt. Furthermore, the physical and socio-family environment
sometimes makes recovery difficult, whether voluntarily or involuntarily. For example,
reconciling a career involving night shift work with life as a parent with small children at
home, whose hours are not easily adaptable, contributes to this chronic sleep deprivation.

In recent years, several studies have demonstrated an association between too little sleep
per 24 hours (less than six hours) and metabolic (obesity, type-2 diabetes) (Singh et al.,
2005; Gangwisch et al., 2007; Cappuccio et al., 2010) and cardiovascular (Altman et al.,
2012; Faraut et al., 2012) comorbidities, as well as an increased risk of accidents. This
association is found in conditions of chronic sleep restriction, irrespective of atypical hours.

The purpose of this Working Group was not to re-analyse the health effects of too little sleep.
However, the risks related to lack of sleep are continuously reaffirmed in the literature and
should be considered as possible explanations for the link between shift work including night
work and the metabolic and cardiovascular comorbidity observed.

6.3.1.2 Review of the conclusions of the pre-existing literature (original
publications dating before 2010 and literature reviews)
The recommendations of the French National Authority for Health (HAS) on the monitoring of

shift and/or night workers concluded that the analysis and summary of the literature
demonstrate that shift work and night work:

e are associated with a significant decrease in total sleep time per 24 hours (of around
one to two hours per 24 hours, ultimately leading to chronic sleep deprivation) (level
of evidence NP238 according to the HAS);

e are associated with a significant increase in the prevalence of insomnia (level of
evidence NP3 according to the HAS).

In this section, the link between shift work including night work (fixed or rotating shifts) and
sleep disorders is explored through a detailed analysis of 115 publications selected after
preliminary sorting, based on their titles and abstracts.

After an in-depth reading of the 115 publications, ten were excluded for the assessment of
the level of evidence:

o five studies were not deemed relevant to the assessed topic or were literature
reviews;

38 The HAS has defined four levels of evidence (NP1: established scientific evidence, NP2: scientific
presumption, NP3: low level of evidence, NP4: low level of evidence, based on studies with major
biases).
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o five other studies were excluded due to major methodological limitations.

In the end, the effect explored in this section was based on an analysis of 105 relevant
publications of sufficient methodological quality, published between 2010 and 2014.

Of these 105 publications:
e 43 publications were considered of good quality;
e 62 publications were considered as having minor methodological limitations.

6.3.1.3 Impaired sleep quality

Several recent studies confirmed the effects of shift work including night work on sleep
quality in the working population or in targeted groups of workers.

6.3.1.3.1 In the working population

In the working population, Wilsmore et al. (2013) compared the prevalence of insomnia in
shift and/or night workers to that of day workers, within a cohort of 22,389 Australian blood
donors. They found that fixed-shift night workers had a higher proportion of primary insomnia
(26%) than day workers (19%).

Similarly, in a group of 18,794 subjects representative of the Taiwanese population, Chiu et
al. (2010) found a higher prevalence of insomnia in evening and night shift workers than in
day workers.

6.3.1.3.2 In professional groups

Exposure - non-exposure

Akerstedt et al. (2010), in a five-year prospective study of 3077 exposed employees, showed
that difficulties in falling asleep increased when entering shift work and decreased when
leaving it. Working at night made it more difficult to wake up, and this problem did not
disappear with the cessation of exposure.

The effects of exposure and cessation of exposure to shift work including night work on sleep
quality were also studied by Bjorvatn et al., 2012. Seventy percent of the nurses (136 women
and 14 men) in an intensive care unit in Norway had poor-quality sleep according to the
Pittsburgh Sleep Quality Index (PSQI) with shift work including night work. But these sleep
problems tended to decrease with lack of exposure and recur with re-exposure. Moreover,
68.3% of the 60 Brazilian nurses interviewed by Mendes and De Martino (2012) had a PSQI
score suggesting poor sleep and a significantly altered sleep quality score (VAS) for sleep
around night shifts.
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Influence of personal rhythm of life

Interestingly, De Almondes et al. (2011) studied subjective sleep problems in 141 Brazilian
day (42) and shift (99) workers, taking into account lifestyle irregularity. They showed that in
the entire group of workers, lifestyle was irregular and sleep quality was poor (average PSQI
of 6.22 +/- 3.3), regardless of their working hours. However, the sleep quality on the PSQI
scale3? of day workers was significantly better than that of shift workers, whereas there was
no difference between the two groups in terms of lifestyle regularity. This study concluded
that lifestyle regularity is not decisive for the sleep quality of shift workers. Similarly, Courtney
et al. (2013) showed, in a group of 150 Australian paramedic shift and night workers
compared to a control group, that the increase in complaints of poor sleep in the shift and
night worker group was independent of gender and age, and therefore of these paramedics'
personal characteristics.

Morning shift - evening shift - night shift

According to Korompeli et al. (2013), interviewing 311 male and female Greek nurses
working night shifts about their sleep (questionnaire not listed), "morning shift” work has a
negative influence on sleep quality (shift workers had more sleep difficulties when they
worked rotating morning shifts than when they worked fixed morning shifts). The influence of
family structure on sleep is also explored in this study. For example, sleep disturbances are
more severe in females, where they are more frequently associated with chronic fatigue.
Sleep problems also increase with the number of people in the family (there are more sleep
problems when there are more than three people in the family). Work experience is also
significantly associated with sleep disturbances (more sleep problems with more than 18
years of work experience).

According to Flo et al. (2013), insomnia evaluated with a specific questionnaire among 1586
Norwegian nurses working 2x8 and 3x8 rotation schedules is significantly more frequent for
the evening shift in 2x8 workers than in 3x8 workers (29.8% vs 19.8%). It is more frequent
with the night shift in 3x8 workers than in permanent night workers (67.7% vs 41.7%). Rest-
day insomnia is more frequent for permanent night workers than for 2x8 and 3x8 rotation
workers (11.4% vs 4.2% and 3.6%). Surani et al. (2014) showed, in varied groups of nurses,
that intensive care unit (ICU) nurses have the most reports of abnormal sleep quality (PSQI).
All problems, i.e. sleep disturbance, sleepiness and fatigue, are more pronounced in night
shift nurses.

Sleep disorders and professional consequences

Rajaratnam et al. (2011) report sleep disorders for 4957 North American police officers, most
of whom have atypical shift and/or night hours, but whose rhythms are not precisely known.
Of the 4957 participants, 40.4% screened positive for at least one sleep disorder; most of
them had not been diagnosed previously. 1666 (33.6%) participants had obstructive sleep
apnoea; 281 (6.5%) had moderate or severe insomnia; and 269 (5.4%) had SWSD (14.5% of
those working the night shift).

The analysis (monthly follow-up for a two-year period) showed that the participants with a
sleep disorder reported a higher rate of serious administrative error (17.9% vs 12.7%;
adjusted odds ratio (OR) = 1.43 [95% CI, 1.23-1.67]), falling asleep while driving (14.4% vs
9.2%; OR = 1.51 [95% ClI, 1.20-1.90]), making an error or safety violation attributed to fatigue
(23.7% vs 15.5%; OR = 1.63 [95% ClI, 1.43-1.85]), and exhibiting other adverse work-related
outcomes: uncontrolled anger toward suspects (34.1% vs 28.5%; OR = 1.25 [95% CI, 1.09-
1.43]), absenteeism (26.0% vs 20.9%; OR = 1.23 [95% CI, 1.08-1.40]), and falling asleep
during meetings (14.1% vs 7.0%; OR = 1.95 [95% CI, 1.52-2.52]). There may be a possible

39 Pittsburgh Sleep Quality Index, a questionnaire used to better understand the origin and extent of sleep
disorders.
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recruiting bias in this study, illustrated by the high prevalence (33.6%) of sleep apnoea
syndrome reported during screening. This possible bias does not call into question the
results but may have increased the apparent impact of night work.

Sleep disorders following retirement

Guo et al. (2013) focused on the effects on sleep of past night and shift work in 26,463
retired Chinese industrial employees (average age 63.6 years) by investigating, using
questionnaires, sleep quality by PSQI and other comorbidities including type-2 diabetes and
arterial hypertension. They found that shift work had a significant effect on sleep quality [OR
=1.18, 95% CI (1.09-1.27)], fairly similar to that found for diabetes [OR = 1.10, 95% CI (1.03-
1.17)] and hypertension [OR = 1.05, 95% CI (1.01-1.09)]. They showed a gradual decrease
in the harmful effects of night work on sleep quality as time elapsed from the last shift-work
period, from [OR =1.34, 95% CI (1.08-1.60)] one to four years after leaving shift work to
[OR = 1.05, 95% CI (1.01-1.09)] at least 20 years after leaving shift work.

Monk et al. (2012) also investigated the sleep quality of 1133 retired American shift and/or
night workers, with an average age of 74.7 +/- 6.3 years, and found that night shift work was
associated with a worse (higher by one unit) PSQI score; this score was 0.6 units higher after
15 years of exposure.

In the shorter term, a study of 62 Taiwanese nurses (Cheng et al., 2014) sought to determine
how many days of rest it would take for nurses working atypical shift and night hours to
regain sleep quality comparable to that of day nurses. Their sleep time and quality declined
throughout the five successive nights of their work shift. The authors concluded they needed
four days to recover nights of good-quality rest after this shift.

Effects of shift length (12 hours of work)

Hansen and Holmen, in 2011, submitted a questionnaire (not validated) to 496 male and 18
female night workers in a Norwegian shipping company working either 2x12 shifts or 4x6
shifts. They concluded that six-hour shift work was significantly associated with more sleep
disorders than 12-hour shift work (p < 0.01). They did not find any differences in terms of
work capacities or safety between the two schedules. Six-hour workers were more affected
by noise than 12-hour workers (p < 0.01). No difference was found between the two groups
regarding sleep disturbances at home. [Note: not all the questionnaires used in this study
were validated].

This type of study is undertaken with highly specific professional groups who have come to
work on offshore sites or construction sites. Employees come to work on the site for several
weeks and then go home. In this context, it is understandable that 12-hour rhythms are
considered less cumbersome than six-hour rhythms. But the conclusions of this type of study
cannot be applied to all activities with atypical night and/or shift rhythms.

Shift work including night work in sleep clinics

A completely different objective was pursued by Walia et al. (2012), whose study involved a
group of 1275 workers with atypical shift and night hours, out of 2298 people consulting in a
North American clinic for a sleep disorder. This study found that patients with shift and night
hours had more severe insomnia than those working day shifts and those not working, since
after adjustment for confounding factors, shift and/or night workers reported more symptoms
of insomnia (difficulties falling asleep, night waking, non-restorative sleep), with a relative risk
of 4.8 for sleep onset difficulties. [Note: This study did not deal with the general population of
night workers but with a sample of night workers consulting in a sleep clinic, which may have
overestimated the relative risk of insomnia].

page 129/ 390 March 2016



ANSES o collective expert appraisal report Request No. 2011-SA-0088 — "Atypical working hours"

6.3.1.3.3 Assessment of the level of evidence

The epidemiological studies analysed enabled the Working Group to conclude that there was
sufficient evidence showing that night work is responsible for impaired sleep quality (Figure

12).

| Studies with major methodological limitations are not used to assess the level of evidence

Is there at least
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Figure 12: diagram for assessing the level of evidence for sleep disorders

In addition, most experimental studies in humans showed that shift or night work had
negative effects on sleep quality and symptoms of insomnia (Rajaratham et al., 2001;
Akerstedt, 2003; Czeisler et al., 2007; Kantermann et al., 2010; Vetter et al., 2015).

This led the group to classify the effect of night work on sleep disorders as a proven effect
(Figure 13).
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Figure 13: classification of the effect of night work on sleep quality

6.3.1.4 Reduction of total sleep time (TST)

Several studies confirm the effects of shift work including night work on the reduction of total
sleep time, evaluated subjectively or objectively.

6.3.1.4.1 Subjective assessment

Ohayon et al. (2010) studied the effects of work schedule on sleep duration in 3345
participants (out of 4113 contacted, 81% response rate) in the state of New York in the
United States, representing the general population. Sixty-five percent of the people surveyed
were employed at the time of the interview: day workers represented 38%, rotating day-
evening workers 14%, rotating day-evening-night workers 8%, fixed night workers 2%, and
fixed evening workers 3%. Workers slept 6.7 + 1.5 hours on average, but 40% slept less than
6.5 hours per sleep episode. Short sleep duration (< 6 hours) was strongly associated with
night work (OR = 1.7) and rotating day-evening-night work (OR = 1.3). This author concluded
that, compared to the other types of schedules, night work and rotating day-evening-night
work were associated with short sleep duration, a risk of sleepiness and sleep attacks (falling
asleep), and increased driving accident risk.

The same type of study undertaken in the general population (Ryu et al., 2011), not focusing
on atypical shift and night hours, examined 4411 Korean subjects, of whom 15% had atypical
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shift or night hours. The authors also found a significant association between a usual total
sleep time (TST) of < 6 hours and atypical shift and night hours.

In a cross-sectional study of 264,422 American employees, undertaken using an online
survey, Bushnell et al. (2010) observed that sleep time was shorter for 8-hour night shifts
(relative risk (RR) = 1.22 [95% CI 1.05-1.43]) but not for 10-hour or 12-hour night shifts, for
all rotating shifts (8 hours: RR = 1.15 [95% CI 1.02-1.30], 10 hours: RR = 1.60 [95% CI 1.29-
1.99], 12 hours: RR = 1.29 [95% CI 1.12-1.49]), and for 10-hour (RR = 1.12, [95% CI 1.00-
1.26] and 12-hour (RR = 1.31, [95% CI 1.09-1.58] day shifts compared to 8-hour day shifts.
This study showed that, compared to the other types of schedules, night work and rotating
day-evening-night work were associated with short sleep duration and a risk of sleepiness or
sleep attacks.

Di Milia et al. (2013) also specified sleep time reported in the previous 24 and 48 hours by
1006 professional drivers (including 609 working at night) stopped for a control by the
Australian police force. Of them, 20.9% of night workers vs 5.8% of non-night workers
reported getting less than five hours of sleep in the previous 24 hours and 17.6% vs 4.2%
getting less than 10 hours of sleep in the previous 48 hours.

Reduction of sleep time and cortisol levels

Cortisol levels are important for understanding the effects of atypical shift and night hours on
sleep quality:

o firstly, because cortisol secretion by the adrenals is closely related to sleep. Its
acrophase generally occurs at the end of the sleep period;

e secondly, because a high level of cortisol (stress hormone) can negatively impact
sleep quality and has been associated with insomnia. As affirmed by Niu et al. (2011)
in a summary of 28 studies including 27 non-randomised trials (review): the
acrophase of cortisol is observed after six hours for day workers, seven hours for
evening workers and 11 hours for night workers. Daytime cortisol concentrations
remain high for night workers, lowering sleep quality during these periods. Niu et al.
also specify, based on the same studies and trials, that night workers sleep one to
four hours less than day workers on average (with a median of two hours).

Bostock and Steptoe (2013) also showed that for airline pilots working atypical shift and night
hours, the morning shift (starting before 6am) was associated with a significant decrease in
sleep time and a significant increase in cortisol levels.

Morning shift-Evening shift-Night shift

Tucker et al. (2010) focused on the effects of atypical shift and night hours on the total sleep
time (TST) of 336 junior doctors in the UK with an average age of 28.7 +/- 4.8 years. TST
was significantly reduced for cycles of several nights (up to seven consecutive nights)
compared to day cycles, especially on the seventh night of a long cycle (F = 43.39, P <
0.001). Related to this reduction in sleep, fatigue significantly increased with:

e the cycle's duration;
e one day or less of rest between two cycles;
e weekly working time > 48 hours.

[Note: not all the questionnaires used in this study were validated]

It was in a group of 85 North American police officers that Ramey et al. (2012) studied the
association between atypical shift and night hours and TST. According to their conclusions,
night and evening workers slept significantly less than day workers (TST < 6 hours per night
= 37% vs 3%, OR = 14.3 [95% CI 2-103]). Reduction in sleep time (TST < 6 hours per night)
was significantly associated with more frequent reports of poor sleep quality (OR = 2.4 [95%
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Cl 1.1-5.2]). In other words, PSQI scores were significantly higher for short sleepers < 6
hours (total PSQI score = 7.6 +/- 3.0 vs 5.4 +/- 2.7). Taking into account other parameters
such as stress and fatigue, the authors concluded that TST was a predictive variable for
health in their group of police officers working at night or in shifts and recommended
promoting sleep times of seven to eight hours per 24 hours for night and/or shift workers.

In a study undertaken among 289 nurses working a three-shift schedule (day, evening, night
shifts), Flo et al. (2012) tested the validity of an assessment scale (the Bergen Shift Work
Sleep Questionnaire, BSWSQ) compared to standard scales for the assessment of sleep,
sleepiness and fatigue. The results suggest that this scale is valid for evaluating sleep
disorders with shift work; they show that all the scales used have higher scores for night shift
work and that symptoms of insomnia are also more common for night shifts than for other
shifts. [Note: the main objective of this study was not to assess the health consequences of
night work, but the results are relevant].

Changes over a lifetime

Tucker et al. (2010) examined the effects of atypical shift and night hours on the lifelong
sleep of 3237 current or retired employees monitored by the VISAT study in France. Sleep
problems related to shift and/or night work appeared significantly more severe in the fourth
decade of life. There was a significant decrease in sleep problems associated with atypical
shift and/or night work after the age of 50. This decrease was above all related to a decrease
in the proportion of workers still working atypical shift or night hours. But people with atypical
shift or night hours throughout their career still had significantly impaired sleep compared to
others after the age of 50. Between the ages of 32 and 42 however, sleep problems were
already significantly more severe for those who were or had been shift and/or night workers,
revealing the triggering and initiating effects of sleep problems on the work experience of
these subjects. [Note: good-quality study but scales not validated].

Of particular note, considering the other possible consequences mentioned in this review, is
that TST was found to be significantly reduced in pregnant women in New Zealand working
at night compared to those working during the day, in a study of 358 Maori and 717 non-
Maori women (Signal et al., 2014).

6.3.1.4.2 Objective assessment by actigraphy

Actigraphy is a test that involves measurement and recording using an actigraph
attached to the wrist. It is used to determine the patient's rest-activity rhythm over several
weeks (evaluation of their phase shifts, or the quantity and especially quality of sleep).

Usefulness of actigraphy in assessing TST

Dorrian et al. (2011) showed the usefulness of actigraphy for measuring sleep time in
workers with atypical shift and night hours by studying 90 employees in an Australian rail
company. Results were reported for 723 analysed shifts and showed that on average,
operators slept for 7.2 hours, with 12 hours of wakefulness prior to work and eight hours of
work. But for the studied shifts, 13% of the subjects slept less than five hours, 16% were
awake for more than 16 hours before working, and 7% worked for more than 10 hours.
Based on this study, it is not possible to conclude as to the effect of this type of work shift on
sleep time, due to the small and heterogeneous sample. However, it had the advantage of
comparing sleep duration to wakefulness duration prior to work, as well as theoretical and
practical working time. It showed the usefulness of actigraphy for objectively measuring the
TST of workers with atypical hours and for measuring duration of wakefulness prior to sleep.
The study showed that night work and the total number of working hours per week were
major predictors of sleep time.

The usefulness of actigraphy for assessing sleep time was also confirmed by Ertel et al.
(2011) in a group of 271 women and 61 men working in a long-term care facility in the United
States.
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Morning shift-Evening shift-Night shift

Ferguson et al. (2012) also used actigraphy to compare 29 Australian miners to themselves
for two types of schedules: at night from 5:30pm to 6am and during the day from 5:45am to
6pm. The latter schedule with early rising was accompanied by a significantly reduced TST
(6.1 hours +/- 1.2) compared to sleep time on rest days (7.3 hours +/- 1.2). Night hours were
also associated with a significantly reduced TST (5.7 hours +/- 1.5).

Actigraphy was also used by Paech et al. (2010) to observe the total sleep time of Australian
miners working 12-hour shifts, either during the day from 6am to 6pm or at night from 6pm to
6am. TST was significantly reduced during working periods (day TST = 6.0 hours +/- 1.0;
night TST = 6.2 hours +/- 1.6) compared to TST during rest periods (7.0 hours +/- 1.9). TST
did not significantly vary during day cycles. However, regardless of the type of rotation, sleep
time varied significantly during a night cycle. In a 4 x 4 rotation: TST N1 (first night shift) was
significantly longer compared to N2 (second night shift) (p < 0.05); for the 7 x 4 rotation: N1
was significantly longer compared to N3 (third night shift), N5, N6 and N7 (p<0.05). For the
10 x 5 and 7 x 14 rotations: TST N1 was significantly longer compared to the following nights
and to sleep during the day cycle (p<0.001). Therefore, regardless of the type of rotation,
there was cumulative sleep debt, indicating insufficient recovery that should be improved by
increasing the rest periods between two cycles.

Haire et al. (2012) also used actigraphy to measure the sleep time of 11 administrative
employees in an Australian emergency department during 120 day (8am to 5:30pm) or night
(10:30pm to 8am) shifts, with 7.1 years of average exposure (5-13). This study, limited to a
small group, did not show a significant difference in cumulative sleep time between day
periods and night periods, following adaptation. Time spent awake before sleeping with the
night shift was significantly longer than before a day shift. [Note: this study had moderate
statistical power since it was undertaken with a limited number of participants].

Polysomnography (PSG)

Polysomnography (PSG) is a technique for the complete recording of sleep using
electroencephalogram, electromyogram and electrooculogram to precisely define stages of
sleep. It is considered the gold standard for assessing sleep quality. However, PSG is
technically difficult, even though its outpatient use is possible, requiring multiple electrodes to
be attached to the subject's scalp and skin. PSG is therefore difficult to perform under normal
working conditions. Chung et al. (2012) used PSG to confirm the reduction in sleep time in
regular morning-shift nurses, matched with nurses working "during the day". Sleep time after
the morning shift was significantly shorter than for all other shifts.

6.3.1.4.3 Assessment of the level of evidence

Considering all of the analysed epidemiological studies, there is sufficient evidence showing
a reduction in sleep time related to night work (see Figure 14).
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Figure 14: assessment of the level of evidence for the effect of night work on the reduction in
total sleep time

From an experimental standpoint, the cited studies, especially those using actigraphy,
confirm this reduction in sleep time.

Therefore, and given the large number of experimental studies in humans supporting this
finding, the Working Group concludes that the effect of night work on the reduction in sleep
time is proven (see Figure 15).
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Figure 15: assessment of the effect of night work on the reduction in total sleep time

6.3.1.5 Shift work sleep disorder

As described above, when a complaint of insomnia is combined with a complaint of
sleepiness in workers with atypical hours, this is referred to as "shift work sleep disorder"
(SWSD), according to the International Classification of Sleep Disorders (ICSD-3, ref. 2014):
"the most common symptoms are difficulty initiating or maintaining sleep, as well as
excessive daytime sleepiness .../... and adverse effects on cognitive performance...".

In a questionnaire-based study undertaken among 1156 female and 42 male nurses, Asaoka
et al. (2013) showed that shift work disorder (SWD) affected 24.4% of these professionals. A
logistic regression analysis showed that time spent working at night (compared to other
shifts), missing opportunities to nap, having an evening chronotype, and rapid-rotation
schedules were associated with a high prevalence of SWD.

Flo et al. (2012) found an even higher prevalence of SWD (37.6%) in 1968 male and female
Norwegian nurses working three eight-hour night shifts (majority) or with other schedules.
After logistic regression, the prevalence of SWD increased with the number of nights per
year (dose-effect relationship).

Gumenyuk et al. (2010) used polysomnography (PSG) to better specify the severity of the
sleep disorders of workers with SWD (compared to night workers without sleep disorders and
day workers). This study involved 26 North American subjects including nine night workers
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without sleep disorders, eight night workers with SWD, and nine day workers. The night
workers and those with SWD slept significantly less than the day workers. Sleep efficiency
(ratio of TST/time spent in bed) was significantly reduced only for subjects with SWD (85%
sleep efficiency, vs 95% for night workers and 96% for day workers). There was no
significant difference between the groups for sleep onset latency or for the distribution of
sleep stages.

Di Milia et al. (2013), in a questionnaire-based study undertaken among 1194 Australian
workers, found that SWD was present in 32% of night workers (vs 10.1% of day workers, p <
0.001). Severe SWD was also found in 1.3% of day workers vs 9.1% of night workers. The
logistic regression analysis found a significant association between SWD and short sleep of
less than six hours (OR = 2.93 [95% CI 1.94-4.41]). People complaining of severe SWD slept
an average of 0.8 hours less per 24 hours than the others (p < 0.001).

There are research opportunities to attempt to better characterise the phenotypes of subjects
with SWD, depending in particular on whether their problems are mainly due to circadian
misalignment with predominant sleepiness (showing, according to Gumenyuk et al. (2015), a
long tandem repeat on the Per3 gene) or without circadian misalignment, marked with "alert
insomnia", with a long allele of the Per3 gene.

A prospective study (Waage et al., 2014) undertaken with 1533 nurses included in a national
cohort of night and shift workers (SUrvey of Shift Work, Sleep and Health, SUSSH), initiated
in 2008, concluded five years post-follow-up that the risk of triggering SWD was statistically
significantly related to:

o the number of nights worked per year;
e having already worked night shifts in the year prior to follow-up;
e and having at least one symptom of SWD when hired.

6.3.1.6 Light therapy and sleep disorders of night shift workers

The effect of exposing shift workers with insomnia to bright light (1000 lux) at the start of the
work shift was investigated by Huang et al. (2013) in 92 Chinese nurses with insomnia
(randomised exposed versus unexposed trial). Exposure to high-intensity light in the first
weeks of a night or evening shift led to a decrease in the severity of insomnia (according to
the Insomnia Severity Index (I1SI)), and in depression and anxiety.

Boivin et al. (2012) also showed the effectiveness of exposure to bright light in the first six
hours of night work combined with dark goggles worn after work in nine night nurses
compared to six without light therapy. TST after the night shift was 30 minutes longer per
night in the "light" group than in the no-light group (TST = 706 +/- 0:08 vs 6:36 +/- 0:11,
p = 0.04). The authors did not find a significant difference with light exposure in terms of
sleep efficiency or sleep onset latency.

Thorne et al. (2010) also showed the benefits of using light therapy combining exposure to
light and darkness during the first five 24 hours of returning to a day schedule after a
prolonged period of night work in 10 men working on an oil platform in the North Sea, the
criterion being TST measured by actigraphy over 15-day periods. There was a significant
improvement in sleep efficiency in treatment phases combining darkness and light therapy
for the first five days of treatment (86.7% +/- 5.8% (with treatment) versus 79.4% +/- 10.3%
(without treatment)). For the next nine days (days 6 to 14), TST was significantly increased
by light therapy in the light treatment leg (6.75 +/- 0.50 hours versus 5.76 +/- 0.73 hours).

These aspects are addressed in the section on countermeasures aiming to limit the effects of
night work.

page 137 / 390 March 2016



ANSES o collective expert appraisal report Request No. 2011-SA-0088 — "Atypical working hours"

6.3.2 Sleepiness, cognitive effects and vigilance

6.3.2.1 Introduction

The desynchronisation between circadian rhythms and the rest-activity/sleep-wake cycle that
results from night work leads to the disruption and desynchronisation of the physiological and
biological rhythms described above, including: sleep rhythm, internal temperature, cardiac
and respiratory function, hormonal secretions (cortisol, melatonin), etc. Laboratory studies
have additionally shown that circadian desynchronisation is also accompanied by cognitive
impairment. Memory, attentional processes, response time and executive functions are
related to the state of vigilance, as well as the state of fatigue, anxiety or depression, and are
therefore also sensitive to the restriction of sleep time. Since night work is accompanied by
circadian desynchronisation and restriction of sleep time, vigilance and cognitive
performance can be negatively affected in shift workers including night workers.

On a mechanistic level (see Section 3), it is the attentional phase, in which memory and
cognitive quality are set, that is altered by sleepiness and poor sleep. But poor sleep quality
can also negatively affect the cognitive processes of perception and memory consolidation
that occur during sleep, especially during slow-wave sleep and paradoxical sleep (REM
sleep).

Sleepiness is characteristically associated with shift and night work. This sleepiness is
explained by both the desynchronisation of the working day compared to the circadian clock,
and the "sleep debt" developed by shift and night workers.

6.3.2.2 Review of the conclusions of the pre-existing literature (original
publications dating to before 2010 and literature reviews)

The recommendations of the HAS on the monitoring of shift and/or night workers concluded
in particular that "the analysis and summary of the literature demonstrate that shift and night
work are associated with a significant increase in the risk of sleepiness during the waking
period (NP3), itself associated with a decline in cognitive performance in relation to day work
(NP3)" (HAS, 2012).

Regarding the risk of errors at work, the HAS recommendations specified that "the data in
the literature were limited”. Since most of the analysed studies deal with specific populations
(interns and nurses), it is not possible to extrapolate their results to other populations or give
general conclusions. However, no analyses of other cognitive impairments such as attention
problems, memory impairment or decreased performance were mentioned in the HAS's
recommendations.

A recent study (Marquié et al., 2015), comparing employed and retired shift workers to non-
shift workers, suggested there were increased cognitive and memory impairments in the
employed and retired shift workers (1484 subjects in a cohort compared to 1635 controls).
The study reported that these impairments were also associated with the length of exposure,
since those who had worked for more than 10 years had significantly impaired cognition
compared to those who had worked for less than 10 years. Interestingly, the study also
reported that these impairments were related to shift work and were in part reversible, since
those who had left shift work more than five years earlier were less impaired than those who
had left it within the last five years.

6.3.2.3 Analysis of the literature for the various effects

In this section, publications have been classified according to the main effects described by
each article:

e sleepiness and vigilance in general;
e sleepiness outside of work;
e performance and cognition;
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e fatigue.

In this section, the link between night work (fixed or rotating shifts) and sleepiness and
cognitive parameters is explored through a detailed analysis of 75 publications selected after
preliminary sorting based on their tittles and abstracts (out of a total of 393 identified
publications).

After an in-depth reading of the 75 publications, 40 studies were not taken into account in the
group's deliberations and the classification of effects:

e twenty-eight studies were not deemed relevant to the assessed topic or were
literature reviews and were thus excluded from the analysis;

¢ ten other studies were excluded due to major methodological limitations;

e two publications could not be obtained and therefore analysed. These were the
studies by Hemamalini (2014) and Mawdsley (Mawdsley et al., 2014).

In the end, the effect explored in this section is based on an analysis of 35 relevant
publications of sufficient methodological quality published between 2010 and 2014. Of these
35 publications:

e eleven were considered of good quality;
o twenty-four had minor methodological limitations.

6.3.2.3.1 Effects of atypical shift and night hours on sleepiness and
vigilance

Sleepiness is characterised by the occurrence of unintended sleep episodes during
wakefulness. This sleepiness can be assessed using subjective scales (Epworth Sleepiness
Scale (ESS), Karolinska Sleepiness Scale (KSS) or Stanford Sleepiness Scale (SSS)) and
objectively using a Multiple Sleep Latency Test (MSLT) or a Maintenance of Wakefulness
Test (MWT). This sleepiness varies depending on the time of day (circadian rhythm) and also
depending on the duration of the previous sleep and prior waking period, and therefore the
potential accumulated sleep debt (homeostatic factor).

A score above 10 on the Epworth Sleepiness Scale indicates abnormal sleepiness. A score
above seven on the Karolinska Sleepiness Scale indicates severe sleepiness.

Ten epidemiological studies of adequate methodological quality dealing with the issue of
sleepiness were subject to a detailed analysis, presented below. They include cohort studies
and cross-sectional studies involving populations of shift workers.

e Seven epidemiological studies (one prospective cohort study: Akerstedt et al., 2010,
and six cross-sectional studies: Chang et al., 2013; Geiger - Brown et al., 2012;
Geiger - Brown et al., 2014; Ohayon et al., 2010; Di Milia et al., 2013; Surani et al.,
2014) confirmed an association between night/shift work and sleepiness:

Akerstedt et al. (2010) conducted a longitudinal study of 3077 shift and/or night workers with
two waves for the assessment of sleep and sleepiness separated by five years (77%
response rate for the second assessment). During the second assessment, the authors
found an increase in sleepiness and the risk of falling asleep at work for shift workers (OR =
1.63; [95% CI 1.30-2.05]) and night workers (OR = 1.56; [95% CI 1.01-2.41]). This risk was
also very high for workers entering shift and/or night work (OR = 2.91; [95% CI 1.26-6.72]).
The risk did not significantly decrease for those leaving shift and/or night work for retirement
or day work (OR = 1.85 [95% CI 0.99-3.44])).

Chang et al. (2013) objectively (MWT and MSLT) and subjectively (SSS) assessed vigilance
and sleepiness during the day in 20 nurses who had worked two consecutive nights
compared to 23 nurses who had been off-duty for at least three days. The off-duty nurses
were more able to maintain wakefulness (MWT) but were not significantly different from the
nurses leaving the night shift for MSLT sleep latency or for subjective sleepiness. The
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authors concluded that nurses can underestimate their ability to maintain wakefulness after
two consecutive night shifts. [Note: This study had some minor methodological limitations].

Geiger Brown et al. (2012) also compared, in a cross-sectional study, the sleepiness of 80
nurses working 12-hour shifts when they worked at night versus during the day, using the
KSS scale. Sleepiness was high (KSS > 7) for 45% of the nurses. The study showed that
sleepiness significantly increased with the number of successive 12-hour shifts, both for day
shifts and for night shifts, that it was higher at the end of the shift than at the start of the shift,
and that it increased significantly faster during the night shift than in the morning. The
authors reported that increased sleepiness was associated with high caffeine consumption.
The assumption was that the increase in sleepiness during shifts was related to cumulative
sleep debt with successive shifts and that the night shift amplified this effect.

In another study, with a sample of 40 nurses working 12-hour shifts (night shifts, day shifts or
rotating shifts), Geiger Brown et al. (2014) reported that severe sleepiness (KSS > 7) was
higher for night shifts (OR = 3.5 [95% CI 1.9-6.5]) than for day shifts, that it was higher in the
third consecutive shift than in the first (OR = 5.4 [95% CI 1.3-22.5]), and that the existence of
a sleep disorder increased the risk of high sleepiness (OR = 2.8 [95% CI 1.0-7.4]). In this
study, sleepiness was reduced for nurses with a morning chronotype. [Note: This study had
some minor methodological limitations].

Ohayon (2010) reported a cross-sectional epidemiological study including 3345 participants
(out of 4113 contacted, 81% response rate). Sixty-five percent of the people surveyed were
employed at the time of the interview: day workers represented 38%, rotating day-evening
workers 14%, rotating day-evening-night workers 8%, fixed night workers 2% and fixed
evening workers 3%. Twenty percent of the workers showed excessive sleepiness in
situations requiring high attention. This sleepiness was associated with night work (OR = 3.3)
and rotating day-evening-night work (OR = 1.5). Five percent of the workers reported sleep
attacks, but these were three times more frequent for night work (OR = 3.2). Driving
accidents, reported by 3.6% of the workers, were associated with night work (OR = 3.3) and
rotating day-evening-night work (OR = 2.1).

Di Milia et al. (2013) presented a cross-sectional questionnaire-based study on the chronic
sleepiness of 649 night drivers compared to day drivers; 18% of the surveyed drivers
reported chronic sleepiness. Night workers showed higher average sleepiness (% of subjects
with KSS > 7), which may have been related to shorter sleep for these workers (three times
more individuals receiving less than five hours of sleep per 24 hours [20.9% versus 5.8%],
and four times more receiving less than 10 hours of sleep per 48 hours [17.6% versus 4.2%)])
and longer working hours (78% vs 39.2%).

Surani et al. (2014) studied 70 nurses working 12-hour shifts and compared the night shift to
the day shift, and work in the intensive care unit to work on the general floor. The average
ESS score was not significantly higher for the night shift, but there were significantly more
night nurses with an abnormal ESS score (42%) than day nurses (12%). However, this study
had minor methodological limitations, especially low statistical power.

e Two cross-sectional studies showed no association between night work and
sleepiness. However, these studies focused on very specific populations:

Forberg et al. (2010a) studied the sleepiness of tunnel workers subject to 21 consecutive
days of night work followed by 21 days of rest. Sleepiness was assessed at the end of the
shift using a non-validated scale for cumulative sleepiness and was not different at the end of
the night shift (6pm to 4am) than at the end of the day shift (6am to 4pm). [Note: This study
had some minor methodological limitations, due especially to the selection of subjects
representing a very particular population (in an extreme environment) and the absence of a
validated scale for assessing sleepiness].

Walia et al. (2012) studied complaints of sleepiness by ESS and the consumption of more
than six cups of coffee per day in 1275 workers consulting in a sleep clinic between 2007
and 2009: 23% worked rotating shifts and 8% worked fixed evening or night shifts. They
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were compared to day workers. Night and evening workers had higher odds (RR = 3.3) of
having higher coffee consumption than day workers, but it was not significantly different from
that of rotating-shift workers. Reports of sleepiness were not significantly different between
the three groups. [Note: This study had a minor methodological limitation since it dealt with a
group of patients in a sleep clinic, not representative of the population of shift workers].

e Lastly, one study focused on the factors that influence sleepiness:

Waage et al. (2012) examined a group of oil rig workers. The aim was to assess the effects
of three different work schedules (two weeks of day work, two weeks of night work and two
weeks of swing shift work [one week of night work and one week of day work]) on sleepiness
(KSS) and reaction time. Sleepiness appeared higher on the first few days after night work
and in the middle of the two-week work period, but it gradually decreased with the number of
nights worked. Sleepiness at home was higher after night work. [Note: given the highly
selected population, studied in a very particular environment, with a very unusual schedule,
this study's results cannot be generalised. The WG also notes that this study had a low
number of subjects and a large volume of missing data].

6.3.2.3.2 Effects of atypical shift and night hours on cognition and
psychomotor performance

The effects of shift and night work on cognition and performance are often studied using a
tool called the psychomotor vigilance task (PVT). This psychomotor performance test, which
has been validated in numerous experimental conditions, measures the speed at which a
subject responds to a visual or auditory stimulus during a test that usually takes 10 minutes,
but can last anywhere from three to 20 minutes.

The results of this test reflect the cognitive and attention processes associated with vigilance
and are highly sensitive to sleep deprivation. Since it is so simple, this test cannot be used to
predict an individual's ability to perform complex tasks found in the workplace. However, the
PVT is a point of reference for sleep research and medicine and most studies show a slower
response time in shift and night workers, as in the five following studies (one experimental
study by Boudreau et al.,, 2013, three cross-sectional studies, by Ferguson et al., 2012,
Surani et al., 2014 and Vetter et al., 2012, and one repeated-measures study by Wagonner
et al., 2012).

Boudreau et al. (2013), in an experimental study, compared the performance of two groups
of police officers (seven men and eight women on patrol): a group with circadian adaptation
to night work (thanks to light, tinted goggles, etc.) versus a non-adapted group. They found
that after seven nights of work, the daytime sleep of the police officers adapted to night work
was of the same quality as their nighttime sleep before the change of shifts. This was not the
case for the police officers not adapted to night work: there was a decrease in total sleep
time and proportions of non-REM and REM sleep and an increase in wake after sleep onset.
PVT reaction speeds were faster at the end of the waking period for the police officers
adapted to night work than for the non-adapted officers, indicating better performance in this
test and thus a higher level of attention and vigilance.

Ferguson et al. (2011) undertook a cross-sectional study with portable PVTs in 35 miners
working three types of rotating shifts over a 12-hour period, during the day or at night. The
workers were compared to themselves (repeated measurements) at the beginning and end
of each day and night shift for a full rotation sequence (16 to 22 days depending on the type
of rotation). Performance was significantly (p < 0.001) more impaired at the end of the night
shift than at the end of the day shift. It was not different at the start of the day, end of the day
and start of the night. There was also a positive relationship between the quantity of
accumulated sleep in the 24 hours before the start of the shift (p < 0.05) and performance. In
this study, getting less than six hours of sleep was associated with lower performance than
getting more than seven hours of sleep. The decline in performance at the end of the night
shift confirmed several prior studies, but this study highlighted the significance of sleep as a
mediator of field performance.
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Surani et al. (2014) conducted a cross-sectional study of 67 nurses working permanent 12-
hour day (n=43) or night (n=24) shifts, in intensive care or on the general floor. The average
PVT response time was significantly slower before the night shift than the day shift (reflecting
the impact of time spent awake before work, which was longer for night workers), whereas
there was no difference between the end of the night shift and the end of the day shift. No
difference was found for omissions (errors) between the two shifts. This study had minor
methodological limitations due to the small number of night workers (low statistical power)
and a probable selection bias since the participants were recruited on a voluntary basis
through signs and word of mouth.

Vetter et al. (2012) analysed the influence of chronotype and time awake on PVT response
time and error risk in a repeated-measures study, where the same workers were evaluated
during a day, morning and night shift. The lowest performance was measured during the
morning shift (average rising time of 4:30am) and the highest during the evening shift. Here
again, the decline in performance during the night and morning shifts was related to the time
spent awake before the shift for the night shift (longer than for the day shift) and the prior
duration of sleep for the morning shift (shorter than for the day shift). In this population of
young workers (20-36 years of age) with a late chronotype, chronotype had an impact on
performance, especially via its effect on sleep duration and time. The results of this study
thus also underline the major role played by sleep duration before the start of the shift, in
terms of vigilance at work, whether at night or early in the morning.

Waggoner et al. (2012) undertook a methodological study that proposed and tested the
validity of a combined method for assessing the consequences of shift work for police
officers: this method combined the measurement of performance with the PVT, the
assessment of sleepiness with the KSS scale, and simulated driving with the measurement
of deviations from the centre line. Repeated measurements were taken in the morning after
five consecutive nights of work and in the morning after three consecutive days off duty. The
authors observed a decline in performance, attention and subjective vigilance in the morning
after five nights of work compared to in the morning after three days off duty, indicating a
negative effect of night work. [Note: this study had some minor methodological limitations
since it was unable to isolate the effect of night work, as the control condition was the
morning after a night of sleep. However, its results are consistent with those of other studies
showing the significance of sleep before the start of the shift for the subsequent vigilance
level].

A sixth cross-sectional study also used the PVT to assess vigilance but did not find any
significant effect of night work:

Geiger-Brown et al. (2012) reported PVT results for 80 nurses working 12-hour shifts. PVT
scores were not significantly different, whether for the response time or the number of errors
(slow response time), between day and night shifts, between successive shifts, or between
the start and end of the shift. However, error frequency was associated with the severe
reduction in sleep time observed over successive shifts. This study also suggested that the
individuals did not have the same vulnerability to sleepiness. KSS sleepiness increased
faster during the night shift.

Other cognitive assessment methods, which are not standardised like the PVT, were also
used in five studies (four cross-sectional studies by Cheeseman et al., 2011; Hoelzle et al.,
2014; Johnson et al., 2010; Shwetha and Sudhakar, 2012; and one repeated-measures
study by MacHi, 2012). The five studies concluded there was an association between
cognitive performance and night/shift work.

In the study by Cheeseman et al. (2011), the authors investigated the computer recognition
of drug labels by anaesthesia trainees. Mean confirmation reaction times were slower during
night shifts than during day shifts (mean difference 60 msec [95% CI 1-120], p = 0.048).
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There was no difference in error rates. [Note: the small sample and absence of test times
were (minor) methodological limitations of this study].

Holzle et al. (2014) studied the effects of shift work on the handwriting of 34 employees (32
men and two women) of an electrical equipment factory. The subjects were compared to
themselves (repeated measurements) and the criteria were writing speed, vertical script size,
and the frequency of high and low modifications per second, measured by micro-computers.
The authors showed that writing speed and size were affected by shift work. Contrary to
expectations, it was not during the night shift that performance was the lowest, but during the
morning shift, especially at the start of the shift. Since the shift in this study started very early
(6am), the results suggest a decisive influence of short sleep duration before the start of the
shift.

Johnson et al. (2010) observed, in a correlational cross-sectional study, the effects of sleep
deprivation on the psychomotor performance of 289 night-shift nurses. The authors used the
"d2" Test of Attention, which is a validated paper and pencil test of approximately eight
minute that asks participants to identify targets surrounded by distractors. The total number
of errors (by omission and commission) provides the test result. The authors found a
significant association between the number of hours of sleep and test performance (p =
0.018). There was no group of day workers, but the participants' results showed performance
below the normative values. [Note: this study had some minor methodological limitations
since a single test was used just once during the night, and not at the same time for all the
subjects. In addition, sleep duration was very approximate since it was obtained by
retrospective estimation].

MacHi et al. (2012) studied the effects of night work on the short-term memory of 13
emergency physicians with a decline during the day shift and night shift but with significantly
more cognitive parameters affected (Stroop test, cognitive processing) during the night shift.
These results show that the night shift had more of an impact than the day shift on memory
and certain cognitive and learning processes, which may have consequences for decision-
making at the end of the night shift. [Note: the small sample and failure to take into account
circadian factors and sleep latency were minor methodological limitations].

Shwetha et al. (Shwetha and Sudhakar, 2012) conducted a cross-sectional study in which
they used standard neuropsychological tests to assess a set of cognitive parameters (mental
speed, sustained attention-vigilance, verbal learning and memory, executive functions
(inhibition and working memory)) in 50 workers on rotating night shifts compared to 50
workers on permanent day shifts. The tests were administered at the end of the work period.
The authors concluded that rotating night shifts affect certain cognitive functions (mental
speed, learning and memory, response inhibition) but not others (attention-vigilance, working
memory). [Note: the study had some minor methodological limitations: there were several
possible confounders, which were not controlled or described, such as the times and
duration of the shifts, the type of rotation, schedule regularity, and differences in the nature of
the tasks performed by shift workers and day workers].

6.3.2.3.3 Effects of atypical shift and night hours on fatigue

Fatigue and sleepiness are often confused with one another other. They are two phenomena
that are sometimes mixed up but are actually very different:

Sleepiness is defined as "an intermediate state between wakefulness and sleep
characterised by an irresistible tendency to nod off if the person is not stimulated"49. In
practice, it occurs when there is a strong need to sleep. It then becomes increasingly difficult
to stay awake and only sleep can effectively respond to this sensation by durably restoring
vigilance (which is thus the exact opposite of sleepiness).

40 Louise BERUBE, Terminologie de neuropsychologie et de neurologie du comportement, Montréal,
Les Editions de la Cheneliére Inc., 1991, 176 p., p. 87.
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Fatigue is a sensation of physical or mental exhaustion occurring after sustained effort. Only
rest can effectively meet this need by restoring a good level of energy and performance
(which is thus the opposite of fatigue). Fatigue can be associated in particular with reduced
attention and concentration. Psychological fatigue or psychasthenia is a component of
depression. Fatigue is often described as a consequence of atypical shift and night hours,
without being objectively assessed.

We selected three cross-sectional studies for this analysis (Dorrian et al., 2011; Ferguson et
al., 2010; Geiger-Brown et al., 2012).

Dorrian et al. (2011) studied 90 employees with a variety of jobs (drivers, maintenance, etc.)
in a large railway company; observations were made for a total of 713 shifts. Fatigue was
estimated using the validated Samn-Perelli Fatigue Scale with seven levels, where levels 6
and 7 indicate extreme fatigue. The authors reported that night workers were twice as likely
to experience fatigue than morning workers and noted that sleep duration, shift duration and
workload were all predictive factors for extreme fatigue. They specified that every hour of
sleep reduced the risk of fatigue by 12% and that every hour of work increased it by 19%.
[Note: the generalisation of this study's results is nonetheless limited by the heterogeneity of
the study population and the rather unusual shift start and end times: 3 to 11am for "morning"
work and 7pm to 3am for night work].

Ferguson et al. (2010) studied 29 miners working 12-hour shifts, with seven night shifts
(5:15pm to 5:45am) and seven day shifts (5:15am to 5:45pm) followed by 14 days of rest.
They showed that fatigue (estimated using the Samn-Perelli scale) was greater during day
shifts than during night shifts and on days off. Note that the workers, housed in camps near
the mine, had to get up at 3:45am to be at work at 5:15am and that sleep duration
(approximately six hours) was similar for the day and night shifts. Fatigue was significantly
associated with a sensation of non-restorative sleep. This study showed that even in the
absence of family constraints, short sleep and high fatigue were associated with 12-hour
shifts. [Note: this study had a minor methodological limitation given the particular study
population, limiting the generalisation of the results].

Geiger-Brown et al. (2012) explored fatigue as well as sleepiness in a cross-sectional study
of nurses working 12-hour shifts. Severe fatigue affected one-third of the nurses, where not
recovering from the previous shift at the start of the next shift was the selection criterion.
However, there was no specific information enabling the effects of 12-hour night work to be
clearly distinguished.

6.3.2.3.4 Effects of atypical shift and night hours on shift work sleep
disorder (SWSD)

Two articles by the same team attempted to objectively describe cognitive and vigilance
impairments related to shift work sleep disorder (SWSD). It should be noted that excessive
sleepiness at work is one of the main diagnostic criteria for this disorder and therefore the
studied patients were not representative of all shift and night workers.

Gumenyuk et al. (2010) studied neurophysiological changes in the attention and memory
functions of 26 night workers with SWSD, using event-related brain potentials. They
compared eight night workers with SWSD to nine healthy night workers and nine healthy day
workers. They identified a decline in memory and excessive reaction to novelty in the night
workers with SWSD, similar to that of insomniacs. The results also showed that sleep
duration and quality were reduced in night workers, with and without SWSD, in relation to
day workers. These results were compatible with the polysomnographic measurements
taken in a laboratory that showed that the patients with SWSD had lower sleep efficiency
than the healthy night workers and day workers, with the latter two groups having similar
sleep. The study indicated sensory memory reduction and attentional hyper-reaction
(quantified by the study of event-related potentials) in the night workers with SWSD, but it is
not possible to conclude with certainty that this was a functional neurobiological impact of
night work, given the small humber of subjects and the experimental conditions of this study.
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Moreover, the study provided no information regarding the characteristics of the night work
(tasks, schedule, duration of the experiment, etc.) or the circadian influence which may have
affected these parameters.

Gumenyuk et al. (2012), in another study by the same team, focused on the dim light
melatonin onset (DLMO) profile of two groups of five night workers, with or without a
diagnosis of SWSD. The results showed that the DLMO of asymptomatic night workers
occurred much later (4:42) than that of night workers with SWSD (20:42), which indicated
circadian adjustment for the healthy night workers and circadian misalignment for the
workers with SWSD. Compared to the healthy workers, the patients showed greater
physiological sleepiness during the night (measured by MSLT) but no significant difference
for sleep parameters. However, a significant correlation was found between DLMO and the
severity of insomnia. Workers with SWSD received more light in the morning, which may
have contributed to their lack of circadian adjustment. The higher propensity for sleep at
night combined with the lack of sleep differences for workers with SWSD suggest that the
decline in vigilance at night was mainly related to the lack of circadian adjustment. [Note: the
very small number of participants and the non-characterisation of night work were
methodological limitations of this study].

6.3.2.4 Assessment of the level of evidence

6.3.2.4.1 Sleepiness

6.3.2.4.1.1 Epidemiological studies

Of the 10 studies dealing with sleepiness, seven showed a positive association between
sleepiness and night/shift work. In particular, two independent studies of very good quality
(one longitudinal (Akerstedt et al., 2010) and one cross-sectional (Ohayon et al., 2010))
undertaken among a large number of night workers showed an increase in sleepiness for
night workers; in addition, sleepiness increased with the duration of exposure (dose-
response effect). Two studies showed no association, but in both cases, the results were
obtained with very specific populations: respectively highly selected workers working 21 days
in a row in an extreme environment (Forberg et al., 2010), and patients (shift and day
workers) in a sleep clinic (Walia et al., 2012). It is therefore difficult to generalise the results
of these two studies to all shift and night workers. A last study (Waage et al., 2012) made no
direct comparison between day work and night work, but showed that sleepiness was higher
during the first few days of night work and then gradually decreased, and that sleepiness was
also very high the first few days of returning home after two weeks of night work. This study
thus indirectly supported the occurrence of an effect of night work on sleepiness, which
decreases depending on the workers' degree of circadian adaptation to their schedule.

The experts therefore considered that the evidence from the epidemiological studies is
sufficient to conclude there is an effect on sleepiness (see Figure 16).
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Figure 16: Assessment of epidemiological studies dealing with sleepiness

6.3.2.4.1.2 Experimental studies

The results of these epidemiological studies are completely in line with the observations that
have been made for over 30 years among night workers (Akerstedt and Gillberg, 1982) and
in experimental studies (Akerstedt and Gillberg, 1982). The most recent experimental studies
have also shown that sleepiness increases at night, in relation to the lack of circadian
adjustment and due to the long waking period preceding the start of the shift (Santhi et al.,
2005), (Smith et al., 2004), (Chapdelaine et al., 2012). The experimental studies undertaken
in humans with laboratory-simulated shift work confirm the proven effects of these atypical
hours on sleepiness, which is always present but varies depending on the imposed shift work
schedule, age, and related chronobiological and homeostatic factors.

6.3.2.4.1.3 Conclusion

In accordance with the method adopted by the Working Group and considering the evidence
provided by the epidemiological studies and experimental studies, the experts conclude that
night work has a proven effect on sleepiness in humans (see Figure 17).
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Figure 17: classification of the effect of night work on sleepiness

6.3.2.4.1 Cognitive performance

6.3.2.4.1.1 Epidemiological studies

Of the 11 studies analysing the impact of night/shift work on cognitive performance, six
showed a positive association, two did not compare night work and day work (Boudreau et
al., 2013; Johnson et al., 2010), two reported lower performance during the morning shift
than during the night shift (Vetter et al.,, 2012; Holzle et al., 2014), and one showed no
association (Geiger-Brown, 2012). While most studies use the objective measurement known
as the PVT, a few offer other interesting assessment methods. Several conflicting results
show that the decline in psychomotor performance in the PVT may be more affected by
sleep deprivation prior to starting the shift than by the actual time of the shift, whether it is a
night or day shift. An experimental study (Boudreau et al., 2013) showed that circadian
adjustment to night work simultaneously improved daytime sleep quality and psychomotor
performance. Two studies that used standard neurophysiological tests to assess cognitive
functions (MacHi et al., 2012; Shwetha and Sudhakar, 2012) suggested that certain cognitive
functions are more affected by night work than others, but these results need to be
corroborated with a larger number of workers.
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It is important to note that many studies have investigated sustained attention and reaction
time; studies on long-term cognitive disorders have not been analysed in detail in this report.

The experts therefore considered that the evidence from the epidemiological studies is
limited to conclude there is an effect on cognitive performance (see Figure 18).
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Figure 18: assessment of epidemiological studies dealing with cognitive performance

6.3.2.4.1.1 Experimental studies

The studies conducted in humans with laboratory-simulated shift work confirm the effects of
these irregular hours on cognitive performance, in particular, but not exclusively, assessed
by the PVT.

The experimental studies in humans show that cognitive performance is reduced at night
(Akerstedt et al., 2007; Wyatt et al., 1999); (Dijk and Czeisler, 1994); (Schmidt et al., 2007).
However, as with the epidemiological studies described above, very few studies have used
cognitive performance tests that can reflect the actual tasks performed by night workers on
the job. Most studies have used the PVT response time test, a short and monotonous task
that is particularly sensitive to sleep deprivation. However, all these studies show that sleep
deprivation has a major effect on psychomotor performance. The studies also show a decline
in performance when tests are taken at circadian times of low propensity to wakefulness.
This circadian effect is also demonstrated by studies showing the recovery of normal
response time following circadian realignment in conditions of actual or simulated night work
(Czeisler et al., 1990), (Boudreau et al., 2013). Other aspects limit the ability to generalise
laboratory data to field workers. On the one hand, laboratory studies cannot be used to
assess the long-term effects of night work on performance or determine whether
performance improves or continues to decline with the duration of the experiment. On the
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other hand, it is difficult for laboratory studies to take into account motivational effects
occurring in the field. For example, there is reason to believe that the motivation to perform a
medical procedure on a patient differs from the motivation to take a response time test in a
laboratory, and some studies suggest that tasks that require the greatest cognitive load (such
as logical reasoning) are less affected by sleep deprivation (Akerstedt et al., 2007). However,
there are physiological mechanisms suggesting that the repeated circadian disruption
experienced by night and shift workers may cause cognitive damage. Indeed, it has been
shown in animals that experimental jet lag reduces hippocampal neurogenesis and produces
pronounced deficits in learning and memory, and that these deficits persist even after a
return to a regular cycle (Gibson et al., 2010). There is therefore experimental evidence
showing that sleep deprivation and circadian disruption can produce cognitive deficits, but
the degree to which these observations can be transposed to night workers over the long
term is still uncertain and remains to be demonstrated. However, there was one study that,
while it needs to be reproduced, showed cognitive deficits and reduced temporal lobe volume
in flight attendants subject to chronic jet lag (Cho et al., 2001). The effects of sleep
deprivation and circadian disruption on the impairment of short-term cognitive function have
already been proven.

6.3.2.4.1.2 Conclusion

In accordance with the method adopted by the Working Group and considering the evidence
provided by the epidemiological studies and the data suggesting the existence of an effect in
experimental studies, the experts conclude that night work has a probable effect on cognitive
performance in humans (see Figure 19).
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Figure 19: classification of the effect of night work on cognitive performance

6.3.2.4.2 Fatigue

As specified at the beginning of this section, there are currently multiple definitions of fatigue,
but there is no consensus on any one. Even though night workers often complain of fatigue,
it remains extremely difficult to systematically assess and there are no objective
measurements of fatigue.

Two of the studies analysed here used the Samn-Perelli scale, which is a validated seven-
point scale for estimating fatigue, but the results were inconclusive. The first (Dorrian et al.,
2011) showed that sleep duration, shift duration and workload were just as significant as
night work in predicting subjective fatigue. The second (Ferguson et al., 2011) found more
fatigue in day workers than in night workers, but since the day workers had to get up at
3:45am, it was likely that the results here demonstrated the effects of sleep deprivation,
irrespective of the shift.

As fatigue is the effect of some wear, it cannot be experimentally assessed since night-work
simulations are necessarily short-lived. In addition to the lack of a clear definition of fatigue
and a valid objective measurement, there are also no studies supporting a mechanistic basis
for the effects of night work on fatigue.
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The experts conclude that it makes more sense to underline the proven risk of sleepiness
than to vaguely describe, in unscientific terms, the effects on fatigue. Thus, considering the
state of the available definitions and knowledge, this effect has not been classified.

6.3.3 Effects on psychological health

6.3.3.1 Introduction

The link between shift work including night work (fixed or rotating shifts) and mental health
and addiction is explored in this section through a detailed analysis of 21 relevant
publications of sufficient methodological quality (published between 2010 and 2014). All of
the analysed studies except two — i.e. 19 studies — showed a positive association. In five of
the 18 epidemiological studies, this association was directly related to schedule
characteristics (shift duration, number of nights and night work experience); in eight others, it
was related to sleep impairment further to night work, although the link seemed more indirect
since it may have been mediated by factors related to work content. The only available
experimental study showed an improvement in mood when there was better circadian
synchronisation in shift workers studied in a laboratory.

6.3.3.2 Review of the conclusions of the pre-existing literature (original
publications dating to before 2010 and literature reviews)

Shift workers including night workers collectively report problems with their psychological
health: mood disorders, depression, irritability, anxiety and personality disorders (Rohr et al.,
2003; Ruggiero, 2003; Bara and Arber, 2009; Vogel et al., 2012). Changes to the circadian
system, long regarded as a consequence of mental disorders, could actually be involved in
causing these disorders. Indeed, the direct involvement of changes to the circadian system —
and therefore potentially night work — in the development of mental ilinesses is currently
suspected. Night work, whether fixed or rotating, is thought to affect mental health via
disruptions to temporal organisation: impairment of sleep quantity and quality,
desynchronisation of biological, social and family rhythms, changes in the perception of
photic synchronisers, among other things (Wirz-Justice, 2007; Wirz-Justice, 2012). Sleep
disorders are suspected of being involved in causing depressive disorders in shift workers
(Scott et al.,, 1997) and in the decision to leave shift work (Lai et al., 2008). Recent data
derived from advances in molecular biology even suggest that the circadian system is more
directly involved in the aetiology of mental illnesses via "clock gene" alterations in cerebral
regions involved in neuropsychiatric disorders (Menet and Rosbash, 2011). The emerging
notion that well-synchronised internal biological rhythms reduce the incidence and severity of
the symptoms associated with mental illnesses also supports this assumption (Menet and
Rosbash, 2011). However, since the majority of studies have been cross-sectional,
precautions are required when drawing conclusions: this notion is also discussed for mental
health in a recent review (Vogel et al., 2012).

In a now-dated study relying on telephone interviews, depression score was positively
associated with shift-work experience (Scott et al., 1997). On this same topic, a "dose-
response” effect was recently established by Bara and Arber (2009), showing an increased
effect on depression and anxiety according to night-work experience, which varied according
to gender. However, no association between the shift-work system and depressive disorders
or anxiety symptoms was found in the study by Geiger-Brown et al. (2004) or in the older
study by Skipper et al. (1990) in nurses.

Regarding the schedule arrangements of shifts and the organisation of rotations, some
studies have explored the link with mental health, especially through the recovery time
available between two shifts. These studies show that very short rest times between two
shifts (less than 11 hours of rest between the end of a shift and the resumption of work, very
common for transitions between the afternoon shift and morning shift) affect the well-being of
night workers (Hakola et al., 2010; Barton and Folkard, 1993), whereas no effects have been
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found on anxiety or depression (Eldevik et al., 2013). The results remain fairly inconsistent,
leaving this aspect of the issue of the effects on mental health open for now.

Other studies suggest that night work has an indirect effect on mental health, mediated by
work content. Work (its content, conditions and organisation) is a potential source of mental
health impairment (Chouaniére et al., 2011) via commonly recognised psychosocial risk
factors (Gollac and Bodier, 2011). These factors can be divided into six categories: they can
be related to the intensity of work and working time, emotional requirements, insufficient
autonomy, the poor quality of social relations at work, value conflicts or job insecurity.

The link between psychosocial risks at work and mental health problems has now been
established (Bonde, 2008; Chouaniére et al., 2011; Cohidon et al., 2012).

Working the night shift (fixed or rotating shifts) is identified in the report by Gollac and by the
French National Research and Safety Institute (INRS) as a psychosocial risk factor (Gollac
and Bodier, 2011; INRS — Horaires atypiques de travail, 2013). Workers subject to night
hours are doubly exposed to psychosocial risks: firstly, night work itself is a stress factor and
secondly, working the night shift more significantly exposes them, by the work itself being
different, to other psychosocial risk factors. This notion of dual constraint has been clearly
illustrated in major national surveys undertaken by the French Ministry of Labour ("Working
conditions" survey of 2013; "Sumer" survey of 2010). The "Working conditions" survey of
2013 (DARES, 2014, no. 49) (34,000 workers) showed that on average, employees working
at night described markedly more difficult working conditions than other employees. With
other similar characteristics, night workers are subject to more physical hardship factors,
greater time pressure, and more frequent tensions with their colleagues or the public (contact
with people in distress and verbal abuse, especially). These differences are partly due to the
types of jobs held (police officers, caregivers, etc.), although they persist with "equivalent
jobs" (DARES, 2014, no. 62). Similarly, the Sumer 2010 survey of a large population
(DARES, 2014, no. 44) demonstrated that hostile behaviour is more common when the
organisation of work is marked by atypical hours (2x8 and 3x8 work).

This notion of more difficult working conditions is clearly illustrated in a recent literature
review on police officers (Chae et al., 2013). This summary highlights the importance of the
interactions between several factors for the mental health of police officers, including shift
work, combined with others such as work-related stress, overtime during night shifts,
dissatisfaction at work, and the risk of suicidal thoughts, which are correlated with the
regularity of night shifts. This accumulation of work-related stress factors is also pointed out
in the study by Nabe-Nielsen et al. (2009), one of the few dealing with permanent night
and/or evening work in the sector of elderly care. This study showed an accumulation of
psychosocial risk factors in the fixed evening and night teams (lack of decision-making
latitude, low level of social support from managers, more exposure to physical and
psychological violence, and a greater physical load) compared to the fixed day teams.
However, the evening and night teams were less exposed to high quantitative and emotional
demands. This study showed that exposure to psychosocial risk factors varied depending on
the type of schedule and implied that work was not the same in a night/evening shift and in a
day shift.

In any event, all of these studies and surveys, which support an effect of night work mediated
by work content, underline certain recommendations for future research, in particular the
need, in order to understand a health effect — per se — of shift/night work, for studies to
adequately adjust work-related factors.

Night work also interacts with another component of mental health, which is addictive
behaviour. A literature review (Puttonen et al., 2010) suggests that shift work increases
tobacco consumption via stress related to the lack of control over work hours. Bushnell et al.
(2010) cited a review by Boggild and Knutsson (1999) that examined 13 cross-sectional
studies on the association between shift work and tobacco use: six found a positive
association, one showed a negative association and six found no association. A more recent
review by Zhao and Turner (2008) including five studies showed that four of them found a
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positive association between night work and tobacco use. A link between shift/night work and
drug abuse — alcohol and medications in particular — has also been suggested by now-dated
studies (Niedhammer et al., 1995; Trinkoff et al., 1998). It is clear that for addictions as well,
although a majority of older studies show an association between night work and addictive
behaviour, the results are not consensual.

The latest HAS report on the "Medico-professional monitoring of shift and/or night workers" in
2012 identified four studies, published between 2004 and 2011, investigating the relationship
between shift and/or night work and mental health; it concluded that the analysis of the data
in the literature suggested that shift and/or night workers are more likely to experience
depression and/or anxiety, but with a low level of evidence. In this same report, four studies
on addictions published between 2006 and 2010 were analysed. Two supported an
association between tobacco use and shift work while the other two showed no association,
leading the report's authors to conclude that based on the analysis of the literature, it was not
possible to draw a conclusion as to an association between shift work and increased tobacco
use (HAS, 2012).

6.3.3.3 Analysis of publications since 2010 (2010-2014)

6.3.3.3.1 Analytical methodology

This section presents studies that have assessed the effects of shift and/or night work on
various parameters associated with mental health, including mood disorders (depression and
anxiety), burn-out, and addiction (alcohol, tobacco, caffeine). One study explored emotional
eating disorders in male and female nurses. Two publications indirectly analysed
psychosocial risk factors such as internal violence.

Following the preliminary sorting undertaken when reviewing the study abstracts (165
abstracts in total), 46 publications were selected for analysis. These publications consist of
research articles published between 2010 and 2014.

After an in-depth reading by two experts, 15 studies were excluded, as they were not
considered relevant to the assessed topic. Ten other studies were excluded from the
assessment of effects due to major methodological limitations.

In the end, 21 studies were thus identified by the experts as relevant and of sufficient
methodological quality to contribute to the assessment of the effects of shift work including
night work on psychological health. They were all cross-sectional epidemiological studies
except for two: the recent longitudinal epidemiological study by Thun et al. (2014) and the
laboratory experimental study carried out by Boudreau et al. (2013).

Nine of these studies were considered as being of good quality and 12 as having minor
methodological limitations. These 21 studies, which are broken down and discussed below,
were taken into account to establish the level of evidence.

A summary of the selected studies, and the reasons for excluding the non-selected studies,
are given in the tables found in Annex 8 and Annex 9.

6.3.3.3.2 Analysis of the effects of night work (fixed or rotating shifts) on
mental health

Two studies — the cross-sectional study by Oyane et al. (2013) and the longitudinal study by
Thun et al. (2014) — showed no association between shift work including night work and
deteriorated mental health, but they could not rule out an effect, due to a possible response
bias.

The objective of the study by Oyane et al. (2013) was to assess the relationship between
night work and anxiety, depression, insomnia, sleepiness and fatigue in Norwegian nurses
between the ages of 21 and 63. The data from this cross-sectional study were obtained
through questionnaires mailed by post. Although the number of participants (90% women)
was high (2059), the response rate was fairly low (38%). The respondents were divided into
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three categories: those who had never worked at night (n=229), those who worked at night at
the time of the study (nh=1315), and those who had worked at night in the past (n=491). One
of this study's strengths was that it considered the number of nights worked in the past year.
No differences were observed between the groups for symptoms of depression or anxiety
and no significant association was found between these symptoms and the number of nights
worked in the past year. These results were consistent with those of some prior studies
(Skipper et al., 1991; Parkes, 1999) but not others (Bara and Arber, 2009; Scott et al., 1997).
[Note: it is difficult to conclude as to the absence of a relationship between night work and
depression and anxiety with this study's results due to the strong possibility of a response
bias (recognised by the authors themselves), since more depressed or anxious people were
less likely to complete this type of questionnaire, and the effect of this bias was probably
amplified by the low response rate. Another limitation of the study stemmed from the fact that
most of the nurses not working at night still worked rotating shifts, and shift start and end
times were not taken into account, which may have diluted the results].

The study by Thun et al. (2014) was the only longitudinal study published on the topic
between 2010 and 2014. It investigated the relationship between the type of shift work
(permanent night shift or 3x8 work) and levels of anxiety and depression in 633 nurses. With
two years of follow-up and three data collection times, this study wanted to determine
whether the type of shift work predicted levels of anxiety and depression at To. However, the
population sample analysed was relatively small in certain sub-groups: day or 2x8 work =
188; night or 3x8 work = 325; day or 2x8 work at T1 and permanent night or 3x8 work at Tz =
33; permanent night or 3x8 work at T1 and day or 2x8 work at T; = 87. The study was original
in that it took into account, in addition to the standard age factor, certain personality traits and
the circadian type. “Languidity” (feeling of sleepiness, lethargy) was related to higher anxiety
and depression; the opposite was noted for “hardiness” (resilience, resistance to difficulties).
It is interesting to note that the change in depression and anxiety scores over time was
significantly associated with non-standard personality factors. It would be useful to verify the
independence of the variables in relation to one another; this statistical aspect is not
mentioned in the publication. The study did not show effects of night work per se on anxiety
and depression: the type of shift work did not explain the initial level of depression or anxiety
or the change in these conditions - except in the group that switched from "night work" to
"day work™: depression scores improved for state-certified nurses leaving night work
(selection process? healthy worker effect?). The results showed that the mental health of
employees leaving night work was not as good as that of those remaining and thus
suggested the possibility of a healthy worker effect (see definition, p. 124-125). [Note: it
would have been interesting to know the reasons for the shift change requests, but these are
not provided in the article. In any event, the study's results should be put into perspective,
since a healthy worker effect could not be ruled out and may have caused the effects of night
work on the health effect in question to be underestimated].

The 18 studies analysed in the rest of this section showed a more or less direct association
between night work and impaired mental health.

o Five cross-sectional studies directly linked schedule characteristics (12-hour shift
duration) and/or the organisation of the shift-work system (number of nights, shift
work experience) to the mediation of the effects of shift work on mental health.

The study by Kaneita et al. (2010) examined the addictive behaviour (tobacco and alcohol) of
Japanese physicians. The researchers had monitored a cohort since 2000 and reported the
follow-up results from 2008 for 3486 participants. This was a cross-sectional study in which
the researchers assessed factors that could distinguish current smokers from former
smokers and people who had never smoked. Shift work was one of the assessed factors,
defined by the number of days per month on call or working the night shift. All the information
was obtained through self-administered questionnaires. The results showed that smoking
was significantly associated with working eight days or more per month on call or at night
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and was much more common in men than in women. The researchers also reported a strong
association between smoking and daily alcohol consumption, suggesting a connection
between these two forms of addiction. [Note: in addition to a high response rate, one of this
study's strengths was that it assessed the frequency of days on call or working the night shift,
which led to the conclusion that it was not night work or on-call work itself but rather their
high frequency that was associated with smoking. Note however that the use of self-
administered questionnaires and the failure to distinguish between on-call work and actual
night work may have caused the effects of night work on addiction problems to be under-
estimated].

Bushnell et al. (2010) focused on behaviours that have an impact on the health of workers,
including smoking, lack of exercise, alcohol use, body mass index and short sleep duration.
They assessed the prevalence of these risk factors by work schedule type (day, night or
rotating) and shift duration (8, 10 or 12 hours), controlling for age, gender, marital status and
type of work shift. It was a very broad study, including 26,442 participants working for a
multinational company primarily in the United States, in a variety of positions including
production, maintenance, administration and sales. Data were collected using an anonymous
online survey on a voluntary basis. Risks were assessed in comparison to the group of eight-
hour day shift workers. All the work shifts except the 10-hour day shift showed a higher rate
of smoking than the eight-hour day shift. The highest rates were found with the 12-hour day
and rotating shifts. Only the 12-hour rotating shift workers showed heavy alcohol
consumption. This study therefore showed an increase in smoking with night and shift work,
but long shift duration (12 hours) seemed to be the determining variable. No relationship was
found between night work and moderate or heavy alcohol consumption. [Note: despite the
large number of participants, it is difficult to assess the representativeness of respondents for
a voluntary online survey. The number of participants in the various sub-groups also varied
considerably (it was much lower for the sub-groups of 10-hour and 12-hour night shift
workers) and the number of hours worked per week was not taken into account. In spite of its
limitations, this study demonstrated the importance of considering work shift duration when
assessing the health effects of night and shift work].

It nonetheless seems essential to determine whether or not there is a link between smoking
and night work, since several studies dealing with cardiovascular disorders in shift workers
consider smoking as a confounder in their analyses. The results of adjusted analyses are
necessarily skewed if shift work itself leads to an increase in tobacco use. However, it is very
difficult to determine whether there is a causal relationship between shift work and smoking.
For example, another study (Nabe-Nielsen et al.,, 2008) showed that a larger number of
evening and night workers had already been smokers before they started working, raising
the possibility that these work shifts attract more evening chronotypes, known to be heavier
smokers than other chronotypes (Wittmann et al., 2010).

Wong et al., 2010 investigated the relationship between shift work and eating behaviour in
nurses in three hospitals in Hong Kong. The study, undertaken with 378 mainly female
(91.5% women) individuals, found that the number of nights worked per month was positively
associated with abnormal eating behaviour among nurses. The results showed that nurses
working more than four nights per month were 2.91 times more likely to have an emotional
eating disorder and 3.35 times more likely to have restrained eating (a desire to limit dietary
intake to lose weight) than those not working at night. [Note: even though the study had a
modest response rate (57.1%) and mainly involved female nurses, its results suggested a
connection between night work and eating behaviour. Given the link between eating
behaviour and metabolism, it seems appropriate to inform night workers of food hygiene
principles].

Khajehnasiri et al., 2013 studied antioxidant capacity and levels of malondialdehyde (a
biomarker of oxidative stress) in 139 shift workers showing depressive symptoms (the
inclusion criterion was a depression score on the Beck scale = 10). [Note: this study was not
designed to assess the relationship between night work and psychiatric symptoms. Even so,
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the results indicate a significant correlation between the depression score (quantified by
guestionnaires) and shift work experience].

In a study in the same population, but with broader inclusion criteria — 189 shift workers with
depression scores ranging from zero (not depressed = score from 0 to 9: 53 employees) to
29 — the same authors, Khajehnasiri et al.,, 2014, determined levels of depression. They
found a linear relationship between the depression score and shift work experience. A
significant difference was found for depression based on the level of education (higher
depression score for the highest educational level), but this result disappeared when
adjusted for shift work experience.

e Five studies explored the impact on mental health of sleep disturbance (changes in
sleep quantity and quality) further to night work.

Lin et al., 2012 focused on the effects of shift work on the sleep and mental health of
registered nurses. In their study, the authors attempted to compare various types of shift
work (with varying numbers of days off and cumulative nights) in terms of effects on sleep
and mental health. The aim was to determine the amount of rest needed after a night of work
and find the adequate number of nights to limit the harmful effects of shift work. The results
showed that sleep quality and mental health were not as good for registered nurses working
the rotating shift (3x8 schedule) as for those working the day shift. But nurses with two or
more days off after the last night of work had improved sleep quality and mental health
compared to those with only one day off. Furthermore, the higher the frequency of night
shifts in the past two months, the poorer the sleep quality. The link between shift work and
mental health may have been mediated by poor sleep quality. [Note: changing the number of
days off following night shifts and limiting the frequency of nights worked thus appear to be
relevant organisational measures for preventionists].

The contribution of the study by Flo et al., 2012 to the assessment of the effects of night and
shift work on psychological health was indirect. The objective of the study was to assess the
prevalence of shift work disorder (SWD) symptoms and their link to various individual, health
and work variables in Norwegian nurses. SWD was defined in the study as a sleep or
sleepiness problem associated with the work schedule occurring for at least one month. Data
were obtained through a questionnaire administered by mail to 1968 nurses (90% women,
38% response rate) of whom 37.6% had SWD. Note that of these, 146 did not work at night
and so their sleep or sleepiness problem was caused by another unspecified factor. For
those involved in night work, the occurrence of SWD was significantly associated with night
work, the number of nights worked over the last 12 months, and the number of shifts
separated by less than 11 hours. Symptoms of anxiety and depression were assessed solely
in relation to SWD. The authors reported an association between anxiety and SWD that
disappeared when other sleep disorders were included in the analysis, and an association
between depression and SWD that was significant only when insomnia severity criteria were
included in the analysis. No link was found between SWD and alcohol or caffeine
consumption. [Note: based on this article, it is not possible to conclude that night work is
associated with psychological health impairment; nor can this possibility be ruled out, since
there was no comparison between day work and night work in the study. However, the
results suggest that depression and anxiety symptoms may be mediated by sleep and
sleepiness problems associated with difficulties adapting to shift work].

The study by Walia et al., 2012 investigated the relationship between shift work experience
and the severity of a set of symptoms in 1275 patients monitored in a sleep clinic. The results
showed more insomnia and sleepiness symptoms in patients working in the evening or at
night. After adjusting for confounding factors, patients working a fixed evening or night shift
were 4.8 times more likely to report difficulty falling asleep, 3.3 times more likely to report
excessive caffeine consumption, and 1.8 times more likely to report driving while sleepy than
permanent day workers. [Note: even though this study did not deal with the general
population but with a population of patients in a sleep clinic, the increase in caffeine
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consumption for these evening and night workers should be taken into account. Indeed,
while caffeine consumption is not recommended for night work due to its effects on
subsequent sleep (SFMT-HAS 2012 report), it is commonly used to combat loss of vigilance
by night workers. It may therefore be an aggravating factor for patients with sleep disorders].

Morikawa et al., 2013 studied the relationship between sleep problems related to shift work
and alcohol consumption. The authors investigated sleep quality and alcohol consumption by
administering subjective questionnaires to 530 day workers, 72 shift workers who did not
work at night, and 290 shift workers involved in night work. The results showed no difference
in alcohol consumption (volume and frequency of drinking) between night workers and day
workers. However, night workers complaining of poor-quality sleep were twice as likely to
consume large quantities of alcohol (60 g/day) than workers not working at night. Day
workers with poor-quality sleep had no increased odds of heavy alcohol consumption. The
results suggested that night workers, saying they had a sleep problem, consumed
significantly more alcohol than the others, and raised the possibility that alcohol was used by
night workers to cope with their sleep problem, which was not the case for day workers. The
study also reported that smoking was significantly correlated with heavy alcohol consumption
(current and former smokers).

Vallieres et al. (2014) studied the negative impact of insomnia on the perceived (physical and
mental) health of night shift workers compared to day workers. A second objective of the
study was to investigate the impact of insomnia on the quality of life, work, and behaviour of
night shift workers. Night workers and shift workers had poorer sleep quality than day
workers (irrespective of insomnia). Night work contributed to substance use for sleeping.
Insomnia was associated with an increase in sleepiness for shift workers only. This study
showed an interaction between work schedule and sleep status: shift workers with insomnia
had lower quality of life (social dimension and "pain" dimension). Regarding addictive
behaviours, it appeared that day workers consumed more alcohol, while among night
workers there were more regular smokers, a behaviour that was exacerbated in the event of
insomnia. However, the study showed no differences for levels of anxiety and depression.

o Lastly, eight cross-sectional studies explored the link between shift work and several
indicators of mental health (depressed mood, psychological distress, burn-out, etc.)
and highlighted some indirect work-related factors that may modulate these effects.

The content of night work is not the same as the content of the same work during the day
and this bias is seldom controlled (or controllable) in studies. The role of psychosocial risk
factors at work in this mediation of effects cannot be ruled out in light of the analysed studies.
Moreover, the role of stress factors in non-work life, which are greater with shift work, is also
suspected.

Driesen et al. (2010), in a cross-sectional study exploring the relationship between
depressed mood and shift work in 8000 employees with all types of jobs, showed some
associations between shift work and an increased prevalence of depressed mood. However,
this link did not seem to be direct. The study specified the type of shift work (3x8, 5x8 or
irregular work) as well as the number of weekly hours worked and also explored the gender
effect. It is interesting to note that this study did not explore depression but depressed mood
(earlier detection), which seems relevant since people with depression seldom go to work.
The prevalence of depressed mood seemed higher in 3x8 workers, especially men, but this
difference was not significant after controlling for certain factors related to work content. Due
to the possibility that the content of 3x8 work was different from that of 5x8 work, no
conclusions could be drawn as to the direct effects of shift work. For women only, those
working a 5x8 schedule had a higher prevalence of depressed mood, even after controlling
for work content (very strong association). In conclusion, there was a link between 5x8 work
(therefore including weekends and in connection with non-work life) and depressed mood in
women. [Note: the results for the female population in this study cannot be generalised to the
entire employed population (males and females). Moreover, these results underline the
presence of confounders, related in particular to the very content of the work to be performed
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and the psychosocial environment, and tend to suggest that shift work has an indirect effect
on mood, mediated by certain intermediate factors related to the type of work].

Ljosa et al. (2011), in a cross-sectional study undertaken among shift workers in the
petroleum industry (specific population and work in extreme conditions), explored the
association between individual factors and risk factors at work and psychological distress.
The study showed that psychosocial risk factors at work (high quantitative demand, low level
of social support, and high level of interference between work and private life related to shift
work) were independently associated with distress at work. Shift work was only univariately
associated with psychological distress. These results support the idea that shift work has no
direct effects on mental health but rather indirect effects via its other effects on non-work life
(work-family interference) and via exposure during shifts to increased psychosocial risk
factors. [Note: the study population was atypical since it lived on the platform (and therefore
far from families) for two consecutive weeks, which may have had an effect itself, and makes
it difficult to generalise these results to all shift workers].

Another study conducted by Srivastava in 2010 explored the relationship between stress
factors, atypical working hours and mental health.

Shift workers had significantly higher scores than day workers for all variables related to
stress and mental health. There was a correlation between stress and mental health for all
employees (shift and day workers): the higher the stress level, the lower the level of mental
health. Stress variables were almost all significantly correlated with negative effects on
mental health. As for responsible factors for shift workers, the quantity of "stressors" in daily
life and role conflicts at work were the main predictors of all mental health dimensions. Work-
related stress factors (work overload and role conflicts and ambiguity in particular) played a
major role in predicting effects on mental health for day workers. This study showed that shift
work was a source of stress (at work and outside of work) and thereby had an effect on
mental health.

The study by Wittmer and Martin (2010) focused on emotional exhaustion, the central
component of burn-out, in mail-sorting employees of the postal service. It was original in that
it dealt with workers having no contact with the public. Since interactions with the public can
vary depending on the work shift in the service sector and have a direct effect on the
emotional adjustment of employees, this study was able to control for the effect of this
variable to more specifically assess the effects of work schedule. The study was undertaken
in three different states in the United States. Data were collected through confidential
questionnaires administered at the workplace, with a 90% response rate (total of 353
employees). All the employees had a fixed day, evening or night schedule, with a duration of
around eight hours, often including Saturday or Sunday. The results showed that emotional
exhaustion was greater for night workers than for day and evening workers. The analyses
showed that night work acted as a modulator and amplified the negative effects of
unfavourable working conditions (job demands) and work-family conflict on emotional
adjustment but did not affect the effects of supervision quality (job resources). The results as
a whole suggested that the factors that could lead to emotional exhaustion were exacerbated
when workers had a night shift. The authors underlined that future studies should take into
account the work schedule preferences of workers. In fact, in this study, the authors noted
that 48% of night workers had filed a request to change schedules, despite a 10% salary
bonus for night work. It is therefore possible that the imposed night schedule had a major
impact on emotional exhaustion.

The study by Belkic et al. (2012) involved physicians. Shift/night work was considered in this
study as a stress factor negatively influencing lifestyle, which could have repercussions
especially for cardiovascular health and for certain cancers. The possibility of a gender
effect, with women being more vulnerable (stronger association between stress factors and
lifestyle), was also explored in this study, but no conclusions could be drawn due to the small
sample size. Anaesthesiologists and surgeons had more risk factors (number of nights and
number of hours worked) than other physicians. The greater the number of nights, the higher
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the "poor lifestyle" score. A prevention message was suggested by the authors: the
organisation of night work (number of nights, free time between shifts, well organised relays
with proper management by colleagues on days off) has an impact on at-risk behaviours.
[Note: even though this study investigated a very specific target (physicians) and a small
sample (191 participants), the organisational avenues for prevention are valuable and should
be explored in future applied research].

The study by Morikawa et al. (2014) investigated the effects of age in the relationship
between work-related factors and alcoholism. The authors defined work-related factors as
shift work and stress factors (Karasek's model). Two thousand seven hundred and eighty-
eight employees in a Japanese factory were interviewed twice, at one-year intervals, about
their alcohol consumption and potential depressive symptoms. This study's results showed
that the frequency of heavy drinking increased with age. Regarding the type of work
associated with the schedules, the study showed that blue-collar workers (who are shift
workers) had a higher OR for heavy drinking than white-collar workers (who are day workers)
for all age groups, especially among 20-29 year olds. In the other age groups, there were
significant differences in ORs between blue-collar and white-collar workers but these were
not related to shift work. The relationship between psychosocial risk factors and heavy
drinking was different in the four age groups. This study underlined that the effects of shift
work on addictive behaviour may be related to age. [Note: minor methodological limitations
should be highlighted: there may have been a bias related to the one-year period between
the measurements for depression and exposure to stress factors and the questionnaires
investigating addictive behaviours. Another possible bias was related to the different socio-
economic statuses of the white-collar and blue-collar workers. In addition, the particular study
population, with all the employees working for the same Japanese company (same context,
same environment), makes it difficult to generalise the results].

The study by Pai and Lee (2011) conducted in Taiwan indirectly explored the relationship
between night work and psychological health by assessing the prevalence of physical and
psychological violence (verbal abuse, sexual harassment) and post-traumatic stress in
nurses. Data were obtained by post using carefully validated questionnaires completed by
521 nurses (78% response rate). The results showed that night work was associated with a
higher risk of sexual harassment and that this type of psychological violence was associated
with a high prevalence of severe post-traumatic stress symptoms. There was no significant
association between night work and other forms of workplace violence. The authors
considered that the increased risk of sexual harassment, mainly by patients, was caused by
the low staff/patient ratio and the high percentage of time spent working alone during night
shifts. [Note: the study did not specifically focus on night work, which was assessed using a
single question, and it is not certain that there was sufficient statistical power to determine
the link between night work and sexual harassment at work (n = 67)].

The study by Picakciefe et al. (2012) focused on violence against nurses and its link to
working conditions. The analysis relied on questionnaires on the type of work (shift or
regular, night or day) and workplace violence, administered to 268 nurses in a Turkish
hospital. The authors stated that 86% of the study's nurses had been exposed to violence
and that the nurses involved in night work or shift work in the past year had been significantly
more exposed to violence during their work shift than other nurses. According to the authors,
certain individual characteristics (being a young woman for example) as well as certain work-
related characteristics (being a beginner, having zero to 10 years of work experience, doing
overtime work) increased the frequency of sexual violence. The logistic regression analysis
showed that night work, having more than 21 years' experience as a nurse, and perceiving a
sense of insecurity at the workplace were significant risk factors in exposure to workplace
violence. Thus, certain work-related characteristics (especially lack of experience, isolation
and overtime work) and certain individual characteristics (being a young woman) may
modulate these violent behaviours. [Note: the study population, of a modest size, and the
non-validated questionnaires used were two methodological limitations of this study].
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6.3.3.4 Assessment of the level of evidence

The review of the literature preceding 2010 and the national report published on the topic in
2012 (SFMT-HAS report, 2012) reported inconsistent results. Therefore, no conclusion can
be drawn as to the effect of night work on mental health.

To summarise, 18 epidemiological studies out of the 20 analysed (published between 2010
and 2014) showed an association between night work (fixed or rotating shifts) and
diminished mental health. This relationship involved the organisational characteristics of shift
work (shift duration, number of nights, night work experience) in five studies, was linked to
sleep impairment further to night work in another five studies, and seemed more indirect in
the eight other studies and mediated by psychosocial risk factors related to the content and
organisation of night work.

6.3.3.4.1 Epidemiological studies

The data show an association in the majority of studies, but not in all of them, especially not
in the only longitudinal study, and it does not appear possible to exclude all the biases and
confounding factors. Thus, after an analysis of the epidemiological studies, the experts
conclude that the evidence supporting the existence of an effect of night work on mental
health is limited (see Figure 20).

| Studies with major methodological limitations are not used to assess the level of evidence
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Figure 20: assessment of epidemiological studies dealing with psychological health

6.3.3.4.2 Experimental studies

A recent experimental study (Boudreau et al., 2013) conducted with shift workers in the
laboratory reported better mood quality when there was an increase in circadian
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synchronisation (between the internal biological clock and the sleep-wake schedule imposed
by night work).

In healthy subjects, the experimental studies show that mood is influenced by complex
interactions between the internal biological time (circadian phase) and the previous waking
period. The studies also show that the nature of these interactions is such that modest
changes in the synchronisation of the sleep-wake cycle can have major effects on
subsequent mood (Boivin et al., 1997). The link between disruption of the circadian system
and psychiatric diseases has been confirmed by recent clinical studies, which show that in
addition to cognitive and mood impairments (Gotlib and Joormann, 2010), depressed and
bipolar patients have disrupted circadian rhythms, especially the wake-sleep cycle (McClung
et al., 2013) and the expression of clock genes in the brain (Li et al., 2013).

Furthermore, irrespective of its effect on the circadian system, exposure to irregular non-24-
hour light-dark cycles may also be responsible for mood disorders. Experimental studies in
humans show that light regulates mood and cognition, directly via the ganglion cells that
express melanopsin or indirectly through the circadian system (Chellappa et al., 2014). From
a clinical standpoint, continuous light exposure induces an antidepressant effect, both in
animals and in humans (lyilikci et al., 2009; Wirz-Justice et al., 2013). In rodents, studies
show that exposure to an abnormal day/night cycle (less than 24 hours) induces pseudo-
depressive behaviour and impaired cognitive function (LeGates et al., 2012; LeGates et al.,
2014).

Thus, the experimental studies in night workers, healthy subjects and animals suggest
mutual interactions between circadian system disruption, an irregular light-dark cycle, and
the psychiatric domain. These results provide evidence supporting the existence of an effect
of night work on mental health.

6.3.3.4.3 Conclusion
Considering the evidence provided by the 20 epidemiological studies and by the

experimental studies, the following diagram led the experts to conclude that night work has a
"probable effect" on mental health in humans (see Figure 21).
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Figure 21: classification of the effect of night work on psychological health

6.3.3.5 Discussion and research outlook

Night work seems to increase psychosocial risk factors and/or sleep disorders, which in turn
may increase the risk of mental disorders. The consequence of this result is that controlling
for confounding factors is essential to determine the nature of the effect of night work itself.
As there are so many of these confounding factors, they are never all controlled in any one
study. Future research should carefully control for the content and organisation of night work
in order to neutralise biases related to psychosocial risk factors.

Another bias, which is particularly difficult to control, stems from the fact that clinically
depressed people are probably not at work or have been transferred to day work (healthy
worker effect). Moreover, it is likely that individuals who have symptoms of depression are
less inclined to complete questionnaires. The effects of night work on mental health may
therefore be underestimated. In fact, that was one of the conclusions of the only longitudinal
study published between 2010 and 2014 (Thun et al., 2014). The need for longitudinal
studies with the measurement of mental health from when a night shift is accepted and with
background career information seems essential to decide on an effect of night work per se
on mental health.
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6.3.4 Metabolic disorders and cardiovascular diseases

In this section, metabolic disorders and cardiovascular diseases are presented together,
since their aspects are inter-dependent.

The following effects related to metabolic disorders are addressed: body mass index (BMI41,
an index enabling excess weight and obesity to be characterised), type-2 diabetes,
dyslipidaemia and metabolic syndrome, which is a complex disease involving various
metabolic disruptions. As for cardiovascular diseases, the issues of high blood pressure,
stroke and coronary diseases are discussed.

6.3.4.1 Epidemiological studies on the effects of shift work including
night work on metabolic disorders and cardiovascular diseases

Over the past few years, many epidemiological studies and some meta-analyses have been
undertaken to assess the association between shift work including night work and the risk of
metabolic disorders: obesity or excess weight, diabetes, hypertension, dyslipidaemia and
metabolic syndrome. The majority of cross-sectional, case-control and cohort studies have
investigated shift work including night work or involving the disruption of circadian rhythms.
The main issues raised have concerned the role of shift work itself or of related factors in the
existence or non-existence of risk, and the possibility of determining potential risk exposure
thresholds.

The recommendations of the HAS on the monitoring of shift and/or night workers concluded
that the analysis and summary of the literature demonstrate that shift and night work:

e are associated with an increase in the risk of lipid profile disruptions (NP3);
e are associated with an increase in body mass index (NP2);
e are associated with an increase in the risk of metabolic syndrome; this relative risk

ranges from 1.46 to 5.10 depending on the study (NP2);

e are associated with an increase in the risk of cardiovascular disease; this relative risk
ranges from 1.1 to 1.4 depending on the study (NP2);

e are associated with an increase in the risk of high blood pressure (relative risk
ranging from 1.1 to 2) (NP3);

e are associated with an increase in tobacco use (NP3).

Still in the framework of the work undertaken by the HAS, and according to the experts, shift
and/or night work can be considered a significant cardiovascular risk factor since it is
associated with an increase in the prevalence of most known cardiovascular risk factors
(lipids, weight, high blood pressure, smoking).

In most of the studies reviewed in this report, the assessment of exposure (the exact
characteristics of shift or night work) remains highly imprecise, potential confounding factors
related to metabolic disorders (eating habits and nutritional factors, smoking, socio-economic
factors, etc.) are often imprecisely or not at all analysed, and the healthy worker effect, which
needs to be considered for night work, is not taken into account. However, certain cross-
sectional studies, retrospectively assessing exposure, enable more substantiated
conclusions to be made as to the possible links between shift work and metabolic risks.

A few cohort studies and a few case-control studies nested within cohort studies, considered
of good quality or with minor methodological limitations, were selected. Furthermore, two
recent meta-analyses assessed the association between shift work including night work and

41 Body Mass Index (BMI) is calculated by dividing body weight in kilograms by the square of the
height in metres
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the occurrence of metabolic syndrome or any of its components. The experts have presented
the corresponding results below.

In total, 142 articles were selected based on their titles and abstracts (from over 260
publications).

In the end, more than 60 articles were identified by the experts as having sufficient relevance
and methodological quality to contribute to the assessment of the effects of shift work
including night work.

6.3.4.1.1 Metabolic effects

6.3.4.1.1.1 Weight gain and body mass index (BMI)

Roos et al. (2013) assessed, in a case-control study, the links between various working
conditions (schedule, chemical and physical exposure, psychosocial conditions) and weight
gain over a follow-up period of five to seven years in middle-aged municipal employees of
the City of Helsinki (5786 women and 1313 men). Data were taken from the Helsinki Health
Study (HHS) questionnaire survey. A questionnaire was sent by post to city employees
between the ages of 40 and 60 from 2000 to 2002 and a follow-up survey was conducted in
2007. During the follow-up period, 26% of the women and 24% of the men reported weight
gain of at least 5 kg. Night shift work, exposure to physical violence or threats, and
hazardous exposure were moderately associated with a high risk of weight gain. After
adjusting for age, night shift work was significantly associated with weight gain of 5 kg of
more for women (OR = 1.43; [95% CI = 1.13-1.82]) and not significantly associated for men
(OR = 1.29; [95% CI = 0.90-1.86]). Adjustments for other covariables did not significantly
alter the results. [Note: despite this study's strengths (large number of study subjects and
very high response rate), there were limitations related especially to the self-reported data (in
particular weight, schedule type, covariables, etc.) and the fact that eating habits were not
taken into account].

The team of Suwazono published two articles (Suwazono et al., 2010a; Suwazono et al.,
2010b) dealing with a cohort of workers in a Japanese steel company. One article focused
on the estimation of a benchmark dose (BMD) for the number of years of rotating shift work
associated with an increase in BMI and its 95% lower limit (Tanaka et al., 2010). The study
investigated 7254 workers (4238 regular day workers and 2926 shift workers) receiving
annual check-ups between 1991 and 2005. For workers in the 40-49-year age group, the
minimum and mean values for years of rotating shift work inducing an increase in BMI of
7.5% or more were 18.6 and 23.0 years. For a BMI increase of 10% or more, these values
were 16.9 and 19.4 years. For workers aged 50 or over, the corresponding values were
respectively 22.9 and 28.2 years, and 20.6 and 23.6 years. Logistic regression showed a
statistically significant increase in the risk of a 7.5% BMI increase (compared to the BMI
when entering the cohort) after only four years of shift work including night work (OR = 1.49;
[95% CI = 1.33-1.68]). The authors concluded that special attention should be paid to middle-
aged workers having worked above the threshold number of years of shift work including
night work.

Zhao et al. (2012) studied the effects of maintaining or changing work status between shift
work and day work on BMI changes in a cohort of nurses and midwives (Nurses and
Midwives e-cohort Study — NMeS). The general objective of this e-cohort study was to study
health problems in nurses and midwives in Australia, New Zealand and the United Kingdom.
Recruiting for the cohort started in April 2006 (study time S1) and lasted until April 2008
(study time S2). The authors compared workers keeping the same schedule (day or shift
work) and workers changing schedules (day to shift work and vice versa) between times S1
and S2. Shift work could be ongoing or rotating, only at night, only in the evening, in the
morning and evening, or in the evening and at night. Of the 2078 participants included
between the ages of 21 and 70 years (mean age 43.95 years; standard deviation 9.48
years), 183 maintained day work during the follow-up period, 1194 maintained shift work, 270
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switched from day work to shift work, and 431 switched from shift work to day work. Potential
confounding factors (quality of diet, alcohol, smoking, physical activity, menopausal status,
etc.) were specified at the start of the study. Over the follow-up period, the switch from shift
work to day work was associated with a significant decrease in BMI; the maintenance of shift
work and the switch from day work to shift work were associated with a significant increase in
BMI. [Note: in spite of its methodological limitations (potential selection biases related to
electronic recruiting, health data reported instead of measured, high cohort attrition in relation
to the over 10,000 workers recruited for the overall NMeS cohort, etc.), this study suggested
that shift work has negative effects on BMI].

In a secondary analysis conducted among 107,663 participants in the Nurses' Health Study
(NHS) 1I, Pan et al. (2011) showed that rotating shift work including night work was
associated with an increased risk of obesity and excessive weight gain (> 5% of the starting
weight) during the follow-up period. In a multivariate analysis, each five-year increase was
associated with an increase of 0.17 BMI units (95% CI = 0.14-0.19) and an increase of
0.45 kg in weight (95% CI = 0.38-0.53). The results therefore suggested an effect of rotating
night shift work on the risk of type-2 diabetes in women, which appeared partly mediated by
weight gain (see Figure 22).

# Odds ratio of being obese in 2007
1.5 m Odds ratio of excessive weight gain

ﬁ 1l

Odds ratio

Never 1-2years 3-9years 10-19 years =20 years
Duration of rotating shift work till 2007

Figure 22: rotating night shift work and risk of obesity and weight gain in the Nurses' Health
Study Il

6.3.4.1.1.2 Type-2 diabetes

The prospective cohort study of Suwazono et al. (2010a) focused on the relationship
between impaired glucose metabolism, assessed by measuring glycated haemoglobin
(HbAZX1c), and shift work in 7104 Japanese workers in the same steel company monitored for
14 years with annual check-ups between 1991 and 2005. The aim was to calculate a BMD
for the number of years of rotating shift work associated with relative increases in HbAlc
during the observation period compared to the HbAlc level at study inclusion. For a
population of workers aged 50 years or over (mean age 53 years), the minimum and mean
values for the number of years of shift work were respectively 17.8 and 23.9 years for an
increase of 15% or more in HbAlc, and 25.2 and 31.7 years for a more than 30% increase in
HbAlc. Logistic regression showed a statistically significant increase in the risk of an HbAlc
increase compared to the value when entering the cohort. The reported risks (ORs) ranged
from 1.03 (95% CI = 1.02-1.04) per additional year of shift work including night work for an
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increase of more than 15% to an OR of 1.06 (95% CI = 1.04-1.08) for an increase of more
30%. The results indicated that special attention should be paid to workers of around 40 to
50 years of age, for whom cumulative shift work duration exceeds the benchmark doses
corresponding to the various increases in HbAlc.

Oyama et al. (2012) undertook a retrospective cohort study among male employees of a
Japanese company manufacturing innovative products based on chemistry and material
sciences in four sectors: chemical products and fibres, houses and building materials,
electronics, and medical/pharmaceutical sectors. The aim was to investigate the risk of
impaired glucose tolerance related to shift work. Glucose intolerance was defined by an
HbA1c level of above 5.9%. The study monitored 6413 employees under the age of 30 with
no glucose intolerance during the first health exam for the company, over a period running
from 1981 to 2009. The risk of developing impaired glucose tolerance was significantly
higher for three-shift workers (hazard ratio (HR) = 1.78; [95% CI = 1.49-2.14]) and two-shift
workers (HR = 2.62 [95% CI = 2.17-3.17]) (see Figure 23).
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Figure 23: Kaplan-Meier survival curves for impaired glucose tolerance among shift workers
according to type of work schedule (Oyama et al., 2012)

The risk was even higher for workers with a normal and stable BMI during the follow-up
period. Some potential confounding factors (alcohol, smoking, physical activity) were roughly
taken into account in the study, but others were not considered (dietary intakes, family
history of diabetes, educational level, socio-economic criteria, working conditions, etc.).
However, two major points of this study should be underlined: the long cohort follow-up
period, i.e. 9.9 years on average and up to 23 years, and the observation of an effect for
workers with a normal BMI. The authors suggested that sleep disturbances may be
responsible for impaired glucose metabolism.

Pan et al. (2011) conducted a cohort study on shift work and type-2 diabetes within two
cohorts of American nurses from the Nurses' Health Study. They included 69,269 women
from NHS | and 107,915 women from NHS I, and monitored them for around 20 years. All of
the subjects were without diabetes, cardiovascular disease and cancer at inclusion. The
authors compared nurses working night shifts, defined as at least three nights of work per
month, and nurses who had never worked night shifts. The diagnosis of diabetes was self-
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reported by the participants and validated with an additional questionnaire. During the 18 to
20 years of follow-up, 6165 (NHS I) and 3961 (NHS II) incident cases of type-2 diabetes
were recorded. The statistical analysis using the Cox proportional model, adjusted for
diabetes risk factors, found a significant dose-response relationship between the duration of
shift work including night work and the risk of type-2 diabetes in both cohorts. Two analytical
models were used: the first adjusted for age and potential confounding factors (alcohoal,
smoking, physical activity, dietary intake, medications and hormonal treatments, and family
history of diabetes) and the second included the same variables but also adjusted for BMI. In
the first model, every five-year increase in the duration of rotating shift work with nights was
associated with a 13% increase in the risk of diabetes (95% Cl = 11%-14%) in the two
cohorts combined. After adjusting for BMI, these increases were more than halved, but
remained statistically significant. No significant interaction was found between rotating shift
work including night work and baseline BMI.

Gan et al. (2015) conducted a meta-analysis of observational studies assessing the
relationship between shift work and the risk of type-2 diabetes. The criteria set for including
studies were as follows: shift work was the exposure variable considered and the outcome
was type-2 diabetes, and the studies had to provide risk estimates with a 95% CI for the
association between shift work and type-2 diabetes or provide sufficient information to enable
their calculation. Two independent authors extracted data and assessed the quality of the
studies, with resolution of disagreements by a third reader. If there were several publications
on the same study, only that with the longest follow-up period was selected. Twelve studies
(28 publications) were selected, including seven prospective cohort studies, one
retrospective cohort study and four cross-sectional studies, including 226,652 participants of
whom 14,595 had type-2 diabetes. Shift work schedules were classified as described in the
original studies: rotating, irregular and unspecified, night, mixed and evening shift work. In
some studies, the working hours were very long (12 hours): 6pm to 6am or 7pm to 7am (see
Table 9).

Table 9: results of a recent meta-analysis of epidemiological studies on the risk of developing
type-2 diabetes associated with shift/night work

Author
(year) Study types and NUTiZEr of Definition of Pooled RR 2 heterogeneit
Number population : . exposure (95% CI) 9 y
of estimates
studies
Gan et al. | All studies 28 Shift work including | 1.09 (1.05-1.12) | 40.9%, p=0.014
(2015) night work (yes vs no)

11 studies | conort studies 16 ) 1.12 (1.06-1.19) | 52.9%, p=0.007
Cross-sectional 12 1.06 (1.03-1.09) | 10.9%, p=0.339
studies

Men 15 Shift work including | 1 37 (1.20-1.56) | 0%, p=0.547
night work (yes vs no)
Women 9 Rotating schedle 1.09 (1.04-1.14) | 54.3%, p=0.025
Different schedules 4 9 | 1.42(1.19-1.69) | 13.4%, p=0.325
Irregular or unspecified o
6 schedule 1.06 (1.04-1.08) | 0%, p=0.601
15 Fixed night schedule 1.09 (1.04-1.14) | 37.6%, p=0.07
2 Mixed schedule 1.40 (0.84-2.33) | 0%, p=0.715
1 Evening schedule 1.73(0.85-3.52) | -
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* The number of articles or studies was not indicated for the detailed analyses in the article by Gan et
al. (2015); the 11 studies reported 28 risk estimates.

In seven of 12 studies, diabetes was confirmed by the medical record or by a physician. In
the other studies, diabetes was self-reported, supplemented by a response to an additional
questionnaire from a diabetes association. The confounding factors and variables controlled
in the analysis changed depending on the study. The authors obtained an adjusted pooled
risk for the association between shift work and type-2 diabetes of 1.09 (95% CI = 1.05-1.12;
p = 0.014; 1?7 = 40.9%); the pooled risk remained significant after the exclusion of a study with
no adjustment for confounding factors.

The sub-group analyses showed a stronger association for men than for women. All of the
shift work schedules, except for the mixed and evening shifts, were associated with a
statistically higher risk of type-2 diabetes, compared to the fixed day schedules, with a
significant difference between these shift work schedules (Pinteraction = 0.04). The risk for
rotating shift work was clearly higher than for other shift work groups (pooled risk = 1.42).
Among the limitations of the meta-analysis, the authors mention varying definitions of shift
work and diabetes in the original studies analysed, as well as limited information not enabling
a dose-effect relationship to be analysed. In the end, this meta-analysis suggested that shift
work is associated with a significantly increased risk of type-2 diabetes, particularly among
rotating shift workers.

6.3.4.1.1.3 Dyslipidaemia

Suwazono et al. (2010b) undertook a case-control analysis nested within a prospective
cohort of 6886 male employees (4079 permanent day workers and 2807 shift workers) of a
Japanese steel company, who received annual check-ups between 1991 and 2005. The
main objective of the study was to estimate a benchmark dose for the number of years of
rotating shift work associated with a relative increase in serum total cholesterol (T-Cho;
indicator of lipid metabolism). The authors described the minimum number of years of work
associated with a 25%, 30%, 35% and 40% increase in T-Cho compared to initial T-Cho,
with no statistically significant dose-response relationship. For a 5% probability, in middle-
aged workers (40-49 years), the minimum and mean numbers of years of rotating shift work
inducing a 20% increase in T-Cho were respectively 21.0 and 28.0 years. The benchmark
doses gradually increased as a function of the percentage increase in T-Cho and reached,
for a 45% increase in T-Cho, minimum and mean numbers of years of rotating shift work of
27.7 and 32.1. The results suggested that special attention should be paid to middle-aged
workers having worked above the threshold number of years of shift work including night
work. [Note: the limitations of this study primarily involved some potential non-assessed
confounding factors (diet, work experience before starting the study, etc.) and the lack of
data on other lipid parameters (triglycerides, high- and low-density lipoproteins (HDL and
LDL))].

6.3.4.1.1.4 Metabolic syndrome

Metabolic syndrome is a collection of symptoms related to abdominal obesity for which there
is a proven link to insulin resistance and increased cardiovascular risk. The association
between abdominal obesity and type-2 diabetes was first described by Jean Vague42 and the
notion has since been confirmed by epidemiological studies. In the 1980s, several authors
showed that insulin resistance was associated with various metabolic abnormalities (glucose
intolerance, type-2 diabetes, dyslipidaemia) and high blood pressure. This led to the concept
of syndrome X, proposed in 1988 by Reaven43, characterised mainly by hyperinsulinaemia

42 \Jague J. La différentiation sexuelle, facteur déterminant des formes de I'obésité. Presse Méd 1947;
30:339-340.

43 Reaven GM. Role of insulin resistance in human disease. Diabetes, 1988, 37, 1595—160.
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and insulin resistance#4. However, abdominal obesity was not a defining criterion for
syndrome X. Several years later, metabolic (or dysmetabolic) syndrome was proposed as a
single entity encompassing glucose-lipid abnormalities, high blood pressure and abdominal
obesity. The notion that abdominal obesity and metabolic syndrome are associated with a
higher risk of type-2 diabetes and the development of cardiovascular diseases gradually
emerged based on the results of several epidemiological studies.

The International Diabetes Federation (IDF) considers that this syndrome is the driving force
for the twin global epidemics of type-2 diabetes and cardiovascular diseases.

Since metabolic syndrome was first officially defined by a working group of the World Health
Organization (WHO, definition revised in 1999), a number of other definitions have been
proposed. The most broadly accepted definitions were formulated by the WHO, the
European Group for the Study of Insulin Resistance, and the US National Cholesterol
Education Program Adult Treatment Panel IIl (NCEP ATP I1lI).

A new IDF consensus definition of metabolic syndrome was developed in 2005, identifying
abdominal obesity as a central component; the 21 participants in the consensus included
experts in the fields of diabetes, cardiology, metabolism, epidemiology and health policy from
five continents. Its objective was to propose easy-to-use criteria taking ethnicity into account.

Waist circumference is a predominant and essential criterion. But the thresholds have been
revised downwards: 94 cm for men and 80 cm for women in Europe versus 102 cm for men
and 88 cm for women in the North American definition (ATP III). In addition, for the first time,
these thresholds vary with ethnic origin and are even lower for Asians (see Table 10, Table
11 and Table 12).

Table 10: waist circumference, an ethnic-specific criterion4®

Waist circumference (cm)

Country or Ethnicity Threshold value (positive diaghosis

if =)
Men Women

European * 94 80
South Asian (figures based on Chinese, Malaysian and

. : : 90 80
Indian-Asian populations)
Chinese 90 80
Japanese 85 90

Use South Asian values pending more

Ethnic South and Central American specific data

Use European values pending more

Sub-Saharan African o
specific data

Use European values pending more

Middle East and Eastern Mediterranean o
specific data

44 Ferrannini E, Haffner SM, Mitchell BD, Stern MP. Hyperinsulinaemia: the key feature of a
cardiovascular and metabolic syndrome. Diabetologia, 1991, 34, 416-422.

45 Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, Fruchart JC, James WP,
Loria CM, Smith SC Jr; International Diabetes Federation Task Force on Epidemiology and
Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart
Federation; International Atherosclerosis Society; International Association for the Study of Obesity.

Harmonizing the metabolic syndrome: a joint interim statement of the International Diabetes
Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute;
American Heart Association; World Heart Federation; International Atherosclerosis Society; and
International Association for the Study of Obesity. Circulation. 2009 ; 120(16): 1640-5.
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Table 11: definition of metabolic syndrome by NCEOP/ATP lll, IDF 2005 and IDF 2009

NCEP ATP Il (2001)

IDF (2005)

IDF/AHA/NHLBI (2009)

Elevated
waist
circumference

3 of the 5 following
criteria:

> 102 cm/men
> 88 cm/women

waist circumference + 2 of

the 4 other criteria

essential, with ethnic-
specific thresholds;

European origin
> 94 cm: men
> 80 cm: women

3 of the 5 following criteria

ethnic-specific thresholds,
using the IDF 2005 thresholds
for non-Europeans and
allowing a choice between the
IDF and NCEP/ATP Il
thresholds for those of
European origin

Elevated > 1.5 g/L or treatment > 1.5 g/L or treatment > 1.5 g/L or treatment
TG46
Low HDLc47 |<0.40 g/L: men < 0.40 g/L: men < 0.40 g/L: men

Elevated BP48

< 0.50 g/L: women

Systolic > 130 mm Hg
and/or diastolic > 85
mm Hg or treatment

< 0.50 g/L: women

Systolic > 130 mm Hg

and/or diastolic > 90 mm

Hg or treatment

< 0.50 g/L: women

Systolic > 130 mm Hg and/or
diastolic > 85 mm Hg or
treatment

Elevated > 1.1 g/L or treatment > 1.0 g/L or treatment > 1.0 g/L or treatment
fasting
glucose
Table 12: WHO definition of metabolic syndrome
WHO (1998) Diabetes, impaired fasting glucose, impaired glucose tolerance or insulin

resistance (HOMA) + 2 of the other criteria

Waist-to-hip ratio

> 0.90: men; > 0.85: women

H'ghggl_? low | 16 > 1.5 g/L or HDL < 0.35 g/L: men: < 0.39 g/L: women
Urinary aI.bumm > 20 pg/min
excretion
BP > 140 /90 mm Hg or treatment

46 |_evel of triglycerides

47 High-Density Lipoprotein Cholesterol
48 Blood pressure
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Guo et al. (2013) undertook a cross-sectional study on shift work including night work and
metabolic syndrome, with a retrospective assessment of exposure to shift work in a cohort of
26,382 retired workers in China (11,783 men and 14,599 women). They compared workers
who had been engaged in shift/night work (rotating 2x12, 3x8 or 4x6 work, with all these
shifts including night work) for at least one year to day workers (8am to 5pm). They found a
significant relationship between the number of years of shift/night work and the risk of
metabolic syndrome. In the multivariate analysis, the ORs for metabolic syndrome
associated with 11-20 years and more than 20 years of shift/night work were respectively
1.14 (95% CIl = 1.03-1.26) and 1.16 (95% CI = 1.01-1.31). A dose-response relationship was
noted in the female population: a 10-year increase in the duration of shift/night work was
significantly associated with a 10% increase in the OR for metabolic syndrome (95% CI =
1%-20%). In the entire cohort, shift work was significantly associated with an increased risk
of hypertension (OR = 1.07; [95% CI =1.01-1.13]), elevated waist circumference (OR =
1.10; [95% CI = 1.01-1.20]), and hyperglycaemia (OR = 1.09; [95% CI = 1.04-1.15).

Pietroiusti et al. (2010) studied the association between night shift work and the risk of
metabolic syndrome in male and female nurses included in an annual health surveillance
programme by occupational physicians in three large hospitals in Italy. The cohort study ran
from the beginning of 2003 to the end of 2007. The subjects included were night shift
workers, compared to day workers, with none of the components of metabolic syndrome at
inclusion. Night shift work was defined as at least four days per month of fixed or rotating
night shifts during the year on average. Day work was defined as regular work between 7am
and 9pm for a least one year. The cumulative incidence of metabolic syndrome was 9% in
night shift workers versus 1.8% in day workers (relative risk 5.0; 95% CI = 2.1-14.6) (see
Figure 24: cumulative incidence of metabolic syndrome in night shift and day workers
(according to Pietroiusti et al., 2010).

The annual incidence rate was 2.9% for night shift workers versus 0.5% for day workers
(significant difference, log-rank test p = 0.001, Kaplan—Meier survival curves in both groups).

10 -
9 4 9.0% (36/402)
—a— Night shifts

8 1 = =+ - Daytine

7 - RR 5.0 (95% Cl 2 2.1 to 14.6)

6 .

5 -

4 -

A

1.8% (6/336)

29 L»

11 R el .

0 gaszc” - 1

0 1 2 3 4

N. atrisk
Night shift 402 387 365 332 298
Deyp-time 336 322 308 298 284

Figure 24: cumulative incidence of metabolic syndrome in night shift and day workers
(according to Pietroiusti et al., 2010)
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A multiple Cox regression analysis showed that, of the selected variables (age, gender,
smoking, alcohol, family history, physical activity and work schedule), the only predictors of
the occurrence of metabolic syndrome were sedentariness and night shift work.

The meta-analysis by Wang (Wang et al., 2014) included studies that were not of sufficient
quality according to the method adopted by the Working Group. However, the quality of this
analysis was deemed sufficient for its inclusion in the discussions on the assessment of the
effect. This meta-analysis studied the risk of metabolic syndrome in relation to shift work
including night work (night shift or rotating schedule covering the 12am to 5am period).
According to the criteria set (sufficient data to calculate risk estimates with a 95% confidence
interval and assessment of study quality by two independent readers), the authors included
13 eligible studies published between 2002 and 2011, including three cohort studies, one
case-control study nested within a cohort, and nine cross-sectional studies, for a total of
2286 cases of metabolic syndrome, including 953 cases in Asians. Metabolic syndrome was
defined in eight studies according to the NCEP ATP Il criteria, in three according to the IDF
criteria, and in one study according to the criteria of the Japan Society for the Study of
Obesity (see Table 13).
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Table 13: Results of a recent meta-analysis of epidemiological studies on the risk of developing metabolic syndrome associated with shift/night

work
Author
No. of
(year) Study types and population 0 (-case) Definition of exposure Pooled RR (95% ClI) P heterogeneity
Number of studies
studies
Wang et al. | All studies 13 Shift work including night work (yes vs no) 1.57 (1.24-1.98) 0.001
(2014) Cohort and nested case- 4 " 2.03 (1.31-3.15) 0.071
13 studies control
Cross-sectional 9 " 1.39 (1.08-1.80) 0.015
Cross-sectional studies 2 Duration of shift work including night work 1.16 (0.62-2.15) 0.651
<10 years 1.77 (1.32-2.36) 0.936
=10 years
NCEP ATP Il criteria 8 Shift work including night work (yes vs no) 1.84 (1.45-2.34) 0.371
IDF criteria 3 Shift work including night work (yes vs no) 1.57 (1.29-1.92) 0.823
Asian countries 5 Shift work including night work (yes vs no) 1.35(0.92-1.99) 0.020
Other countries (non-Asian) 8 Shift work including night work (yes vs no) 1.65 (1.39-1.95) 0.282
Men 6 Shift work including night work (yes vs no) 1.36 (1.03-1.81) 0.005
Women 3 Shift work including night work (yes vs no) 1.61 (1.10-2.34) 0.801
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The adjusted pooled relative risk for metabolic syndrome related to night shift work was 1.57
(95% CI = 1.24-1.98), with significant heterogeneity between the studies (Pheterogeneiy = 0.001).
When considering only case-control and cohort studies, the adjusted pooled relative risk was
higher, calculated at 2.03 (95% CI = 1.31-3.15; (Pheterogeneity = 0.07), than the pooled relative
risk calculated from cross-sectional studies (pooled RR = 1.39; [95% CI = 1.08-1.80],
Pheterogeneity = 0015)

Based on the available data from two studies (De Bacquer et al., 2009; Tucker et al., 2012),
the authors obtained a dose-response relationship with a relative risk of metabolic syndrome
of 1.77 (95% CI = 1.32-2.36) for 10 years or more of night shift work versus a non-significant
relative risk of 1.16 (95% CI = 0.62-2.15) for less than 10 years (non-significant
heterogeneity). Given the heterogeneity between the studies in the meta-analysis, analyses
were undertaken by sub-group. They showed still-significant pooled relative risks that were
higher with the NCEP ATP Il criteria than with the IDF criteria, for women than for men, and
for non-Asian countries than for Asian countries. The additional analyses excluding the
Japanese study (Kawada et al., 2014) with specific Japanese criteria for metabolic syndrome
showed results that remained significant. [Note: generally speaking, the various criteria used
to define metabolic syndrome are a potential source of study heterogeneity and can explain
differences in risk depending on the criteria used].

Specific effects on separate components of metabolic syndrome were reported in only six of
the eligible studies. The calculated pooled risks were significant for obesity (1.66; [95%
Cl =1.02-2.71]), hyperglycaemia (1.30; [95% CI = 1.16-1.46]), and high blood pressure
(2.30; [95% CI =1.17-1.44]), and non-significant for hypertriglyceridaemia and lowering of
HDL cholesterol. Nonetheless, only studies considering metabolic syndrome as a whole were
selected; studies exploring only one or more of its components, including lipids, were
excluded from the meta-analysis. This may explain why no association was found here for
triglycerides or HDL cholesterol. The limitations of this meta-analysis were especially related
to varying definitions of night shift work depending on the study (at least one night shift per
week for some, two or three rotating shifts per week for others, etc.). The lack of a consistent
definition of night work in relation to shift intensity can lead to exposure classification biases
and the dilution of effects in analyses aggregating studies. In addition, a majority of cross-
sectional studies were considered here, having the healthy worker effect as a potential bias,
leading to the potential under-estimation of the relationship between night shift work and
metabolic syndrome. In this meta-analysis, the pooled relative risk appeared higher when
only analytical case-control and cohort studies were taken into account. The level of
adjustment for potential confounding factors for metabolic syndrome varied between studies
and was also a potential source of heterogeneity. In the end, this was the first meta-analysis
guantitatively showing a relationship between night shift work covering the 12am to 6am
period and the