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The paper gives an overview of the problems to be tackled nowadays by occupational health with regards to shift work as well as
the main guidelines at organizational and medical levels on how to protect workers' health and well-being. Working time orga-
nization is becoming a key factor on account of new technologies, market globalization, economic competition, and extension of
social services to general populations, all of which involve more and more people in continuous assistance and control of work
processes over the 24 hours in a day. The large increase of epidemiological and clinical studies on this issue document the sever-
ity of this risk factor on human health and well being, at both social and psychophysical levels, starting from a disruption of bio-
logical circadian rhythms and sleep/wake cycle and ending in several psychosomatic troubles and disorders, likely also including
cancer, and extending to impairment of performance efficiency as well as family and social life. Appropriate interventions on the
organization of shift schedules according to ergonomic criteria and careful health surveillance and social support for shift workers

are important preventive and corrective measures that allow people to keep working without significant health impairment.
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Introduction

The working time arrangement is a key issue in work organiza-
tion as it is the basic condition linking human capacities with
production means.

This issue has acquired a growing importance in recent
decades in relation to the development of new technologies and
the extension of basic services to general populations, requiring
continuous human assistance and control over the work pro-
cesses during the 24 hour day. This issue is also associated with
the increasing economic competition among companies and
countries, due to the progressive globalization of the labour
market and productive strategies, which entail an increasingly
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intensive and extensive exploitation of productive systems.

The modern “24-hour Society” is the expression of this
condition, where we are both consumers and producers at the
same time, requiring, on the one hand, the availability of goods
and services and, on the other hand, making consumption and
production possible at any time of the day and the night [1].

The most recent statistics indicate that the majority of the
working population is engaged in irregular or ‘“non-standard”
working hours, including shift and night work, week-end work,
split shifts, on-call work, compressed weeks, telework, part-
time work, variable/flexible working time, and prolonged duty
periods (i.e. 12-h shifts); thus, the classical working day, 7-8 a.m.
to 5-6 p.m., Monday to Friday, is nowadays a condition affect-
ing a minority of workers, that is 27% of employed and 8% of
self employed people according to the 3" European survey on
working conditions [2].

Such diversification of working time should contribute to
the improvement of human life (more goods, services, employ-
ment, and higher salaries) provided that there are no negative
interferences with workers’ health and well-being.
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This is not the case in many work situations, and the aim
of this paper is to give an overview of the problems to be tack-
led nowadays by occupational health and some guidelines on
how to protect workers’ health and well-being.

Circadian Rhythms and Sleep Problems

Shift work, particularly work including night shifts, is the most
widely studied condition, as it may interfere at several levels
with human homeostasis and well-being.

At the biological level, the perturbation and, sometimes,
the inversion of the sleep/wake cycle, connected with the
modified activity/rest pattern, is a significant stress for the
endogenous regulation of the “circadian” (of about 24 hours)
rhythms of biological functions, which are driven by the body
clock located in the suprachiasmatic nuclei of the encephalon
and synchronised by environmental cues (the light/dark cycle
in particular) through non-vision-related photic stimuli from
retinal ganglion cells with high sensitivity to light [3-5].

Staying awake at night and trying to sleep during the day
is not a physiological condition for diurnal creatures such as
humans, who are hence forced to adjust their psycho-physio-
logical state by a phase shift of the daily fluctuation of biologi-
cal functions, which are normally activated during the day and
depressed during the night. This phase shift occurs at a speed
of about one hour per day and can widely vary according to the
duration and extension of night duties along the shift schedule.

Workers involved in rotating shift work (the large major-
ity) are subjected to a continuous stress to adjust as quickly as
possible to the variable duty periods, which is partially and in-
variably frustrated by the continuous changeovers, whereas per-
manent night workers may adjust almost completely provided
that they continue to maintain their inverted sleep/wake cycle
also on their days-off [6].

The misalignment of circadian rhythms of body functions
is responsible of the so-called “jet lag” (or “shift-lag” in this
case) syndrome, characterized by feelings of fatigue, sleepiness,
insomnia, digestive troubles, irritability, poorer mental agility,
and reduced performance efficiency; a person recovers in a few
days depending on the length and duration of the phase shift
imposed, personal characteristics (e.g. age), and coping strate-
gies.

It is quite obvious that the perturbation of the sleep/wake
cycle has its main effect on sleep, that suffers both in quantity
and quality according to the timing of shifts and rest periods,
the environmental conditions, and the worker’s characteristics
and behaviours.

After a night shift, workers usually go to bed as soon as
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they get home, that is one or two hours after the end of the
shift, depending on the commuting time and family commit-
ments (see later for women). This means that they have to sleep
during the normal rising phase of biological rhythms, which
sustains wakefulness; this makes it difficult to fall asleep and
sleep longer. Also, because the environmental conditions are
not the most appropriate, such as disturbing noises and lighting,
sleep can be further disturbed and wakefulness further extend-
ed. Consequently, sleep is reduced by 2-4 h, more frequently
or prematurely it is interrupted, and poorer stage 2 and REM
(Rapid Eye Movement) sleep is more commonly achieved. The
workers perceive this as a less restorative sleep. About one third
of shift workers compensate for that by taking a nap in the af-
ternoon, and they also may need to compensate because many
workers voluntarily interrupt their sleep around noon to have
lunch with other family members. This sleep deficit induces an
increased sleepiness during the following night work period,
particularly in the second part of it, which is in the early morn-
ing, resulting in a higher risk of errors and accidents at work
and incidents while traveling home (for example, dozing off at
the wheel) [7,8].

Also, in the morning shift, sleep can be notably reduced
and disturbed (always with regard to stages 2 and REM affect-
ed) due to early awakening, which is not usually compensated
by a corresponding advancing of bedtime the night before due
to social habits and activities. This early rising time (at 4-5 a.m.,
when the shift starts at 6 a.m.) induces an increased sleepiness
and fatigue during the duty period and for the rest of the day (12)
that many shift workers try to compensate for with a nap after
returning home. [9,10]. On the other hand, sleep length in the
early morning shift increases by about half an hour per each
1-hour delay of the shift start time [11].

On the contrary, the afternoon shift disturbs sleep the
least, unless it ends too late (11 or 12 p.m.) or there is a long
commuting time that is long enough to significantly delay the
retiring time.

However, it has to be taken into account that the type of
shift rotation can significantly affect resting and rising times as
well as sleep duration. For example, in the case of the classi-
cal semicontinuous shift system with a forward, weekly “5/2”
rotation (5 Morning shifts, 2 Rest-days, 5 Afternoon shifts, 2
Rest-days, 5 Night shifts, 2 Rest-days), the interval between two
night shifts is always 16 hours, and there are 48 or 56 hours
between the last night shift and the following morning or af-
ternoon shift period. On the other hand, in the case of a fast,
backward-rotating shift system (1 A, 1 M, 1 N, 2 R), with the
morning shift directly after the afternoon shift and the night
shift in the same day (“quick return”), the rest intervals between
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the shifts last only 8 hours, and the night shift starts in the same
day as the morning shift, thus combining the truncation of the
sleep preceding the morning shift with its curtailment before
the night shift.

On the other hand, in the case of continuous shift sched-
ules, it was found that sleepiness decreases passing from a back-
ward- to a forward-rotating shift system, as there are longer rest
intervals between shifts [12].

Therefore, the combination of circadian disruption and
sleep deficit can be responsible for high levels of sleepiness and
fatigue during work periods, with consequently higher prone-
ness to performance impairment, thus inducing or favoring er-
rors and accidents.

During a normal day, alertness is high in the morning and
early afternoon, being sustained by the circadian activation of
biological rhythms and by the restoration given by a normal
nocturnal sleep. It progressively decreases during the late after-
noon and night hours, and, conversely, sleepiness increases due
to the circadian drop of most psychophysical functions and to
the prolonging of the time awake. Obviously, it further increas-
es in conditions of repeated and cumulative sleep deprivation,
like for several consecutive night shifts [13].

It is not yet clear whether persistent sleep disorders may
establish/arise after many years of shift work. This is probably
due to the difficulty of following up large groups of shift work-
ers for several years and to the process of self-selection that
occurs in the meantime; some retrospective studies (38) seem
to suggest a cumulative effect, probably in more vulnerable and
older workers.

In recent years, the International Classification of Sleep
Disorders has officially defined the Shift Work Sleep Disorder
(307.45-1) as one that “consists of symptoms of insomnia or
excessive sleepiness that occur as transient phenomena in rela-
tion to work schedules” [14]. The disorder may be diagnosed
by history and better qualified by polysomnography and by the
Multiple Sleep Latency Test, which can also help in the dif-
ferential diagnosis of other medical or mental sleep disorders,
in particular, narcolepsy, sleep apnea syndrome, primitive cir-
cadian rhythm (delayed or advanced) sleep disorder, and drug-
and alcohol-dependency sleep disorders. It may be defined as
“acute” (lasting 7 days or less), “subacute” (more than 7 days
but less than 3 months), or “chronic” (3 months or longer) [15].

About 10% of night and rotating shift workers, aged be-
tween 18 and 65, have been estimated to have a diagnosable
“shift-work sleep disorder” [16].

The key point of the clinical evaluation is the ability to
differentiate “tolerable” troubles (compatible with transitory
perturbation of the sleep/wake cycle) from more severe or

pathological disorders that require asking for prompt interven-
tions at work (transfer to day work) and personal levels (therapy,
rehabilitation). For the latter, the occupational health physician
needs the constant help and support from sleep experts for a
careful diagnostic process, considering all possible intervening
and confounding factors, the most appropriate therapy, and the
forensic implications connected with the diagnosis of SWSD
as a work-related disease.

Performance Efficiency, Errors,
and Accidents

Both homeostatic (time elapsed since prior sleep termination)
and circadian (sleep/wake cycle) components interact in de-
termining the extent of the reduction in alertness and psycho-
physical performance over the waking day, and even more so at
night.

Sleepiness, sleep disturbances, chronic fatigue, and oscil-
latory fluctuations of alertness and vigilance are key factors
in causing human errors, and consequent work accidents and
injuries, by interacting with organisational factors, such as en-
vironmental conditions, job content, workload, and time pres-
sure.

Although it is worth noting that working conditions and
risks may change between day and night in relation to fluctua-
tion of work pacing, number of workers on duty, type of tasks
(e.g. maintenance works) and supervision, irregular and/or
prolonged duty hours are well documented risk factors in many
epidemiological studies, even after controlling for other poten-
tial confounders.

Some studies that estimated the relative risk of incidents
in the morning, afternoon, and night shifts of 8-hour shift sys-
tems, in comparable working conditions, showed an increased
risk of 18% in the afternoon shift, and of 30% in the night shift,
as compared to morning shift. Moreover, other studies reported
that the risk increases over successive shifts by about 6% in the
second night, 17% in the third night, and 36% in the fourth
night [17].

Also the length of hours on duty is a key factor for fatigue-
related accidents, as reported by three studies which examined
trends in national accident statistics. An aggregated analysis of
several studies carried out in English industries [18] showed an
almost exponential increase of accidents after the eighth hour
of work; this has also been evidenced in Sweden [19], based
on examination of the national database of work accidents,
and in Germany through the insurance registries on industrial
accidents [20]. According to these studies, it is possible to esti-
mate double the risk of accident when working in al2-h shift
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as compared with an 8-h shift. Also, a recent survey of more
than 75,000 US workers over a 4-year period [21] confirmed a
higher risk of injury strictly related to a progressive increase of
working hours and reduction of sleep duration.

However, it is clear that these factors need to be con-
sidered in combination with other organizational factors, in
particular work load and rest pauses. For example, a 12-h shift,
that includes frequent rest pauses and a well balanced work
load, can be safer than an 8-hour shift with only one mid-shift
break and a high physical and mental load.

Besides industry, the transport sector is particularly sen-
sitive to such problems. Many studies carried out in the last
decades have evidenced how drowsiness and fatigue are key
risk factors in road and railway accidents of professional drivers
[22,23].

Accidents caused by driver fatigue or lapses of attention
due to sleep deprivation are often quite severe as the drowsy
and/or fatigued driver may not take the appropriate actions to
avoid an accident. It was also reported that sleepy drivers often
do not perceive their risky condition and frequently drive with
closed eyes for 5 to 50 second periods (microsleep) [24-26].

It was found that being sleepy while driving increases
the risk of a serious injury crash by eight-fold [27]. Moreover,
several studies showed that “single vehicle” accidents on roads
have the greatest probability of occurring at night or in the early
morning, even when traffic density has been controlled for [28-
31]. Similar findings also come from studies on train drivers
[32-34].

Harma et al. [33] recorded severe sleepiness in 50% of
the night shifts and in 15-20% of the morning shifts of Finnish
train drivers and railway traffic controllers. The risk of severe
sleepiness was 6-14 times higher in the night shift and about
twice as high in the morning shift as compared with the day
shift.

Health Disorders

An increasing amount of epidemiological studies carried out in
the last decades show that shift and night work may cause se-
vere long-term effects with regards to health, with a consequent
high economic and social cost for both the individual and soci-

ety.

Shift workers often complain about irritability, nervousness,
and anxiety in relation to more stressful working conditions
and higher difficulties in family and social life. Persistent dis-
ruption of circadian rhythms and sleep deficits may lead to
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chronic fatigue, mood disorders, neuroticism, as well as to
chronic anxiety and/or depression, creating a situation where
workers have higher absenteeism and often require the adminis-
tration of psychotropic drugs (sedatives and hypnotics) [35-37].

Meal times are important synchronizers of the human life, hav-
ing both physiological and social aspects. Although shift work-
ers do not significantly modify their total energy intake, they
change the timing and frequency (i.e. nibbling) of eating and,
sometimes, the content of meals (more fats and carbohydrates
in many cases), often being taken cold and during short breaks
(snacking).

After sleeping, digestive troubles are most frequently
complained about by shift workers (20-75% vs. 10-25% of day
workers), due to the troubles being connected with phase dis-
placements between mealtimes and normal circadian phases of
gastrointestinal functions (e.g. gastric, bile and pancreatic secre-
tions, enzyme activity, intestinal motility, rate of absorption of
nutrients, and hunger and satiety hormones) and to changes in
food quality and composition (i.e. more pre-packed food and
‘pep’ and soft drinks) [38].

Many surveys document that gastrointestinal troubles and
diseases are more common in shift workers than in day work-
ers. They can vary from alterations in bowel habits (mainly
constipation), difficulties in digestion, flatulence, and pyrosis,
to more severe disorders such as gastroduodenitits, peptic ulcer,
and irritable bowel syndrome. These disorders were mostly
reported in the past by several epidemiological studies, most of
which were cross-sectional, and not homogeneous with regards
to the diagnostic methods used (i.e. questionnaires, clinical re-
ports, insurance databases, x-ray examination, endoscopy) and
controlling for confounders (i.e. smoking, age, socio-economic
status) [36,39].

A recent Japanese study on peptic ulcers [40], covering
about 12000 workers from several sectors, that combined X-ray
and endoscopy showed a double in the relative risk of peptic
ulcers in shift workers than in day workers (2.38% vs. 1.03% for
gastric ulcer and 1.37% vs. 0.69% for duodenal ulcer).

Moreover, some studies found that the infection by Heli-
cobacter Pylori is more prevalent in shift workers than in day
workers, which probably is a sign that shift work hampers the
natural gastric defence [41,42].

A very recent systematic review of twenty peer reviewed
epidemiological studies, reporting an association between shift
work and gastrointestinal diseases [43], pointed out that four
out of six studies showed a statistically significant association
with digestive symptoms, five out of six with peptic ulcers, and
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two out of three with functional GI disorders.

Metabolic syndromes (that is abdominal obesity, increased
triglycerides, reduced HDL-cholesterol, high blood pressure, in-
creased fasting glucose) are presently one of the most relevant
public health risk factors, mainly for their association with type
2 diabetes and cardiovascular diseases [44].

Many studies have recently reported a higher prevalence
of nutritional and metabolic disturbances in shift workers,
such as overweight and obesity (both general and abdominal),
as well as increased tryglycerides and total cholesterol (with
decreased HDL-cholesterol) blood levels in shift workers en-
gaged in night work, emphasizing its role in the pathogenesis
of coronary heart disease [45-51]. This could be due to several
factors, in particular the mismatch of circadian rhythms, sleep,
and digestive disturbances, changes in daily lifestyle (i.e. quality
and timing of meals, nibbling, unbalanced diet), and disturbed
socio-temporal patterns, such as work and non-work conflict
and related higher stress levels. Also the direction of shift rota-
tion may be relevant: the counter-clockwise shift rotation seems
affect, to a greater extent, some metabolic parameters (triglycer-
ides, glucose, and uric acid) than the clockwise rotation.

With regards to the risk of diabetes, some studies reported
an impairment of glucose tolerance in shift workers, with in-
creased insulin resistance at night [52,53] and a higher (almost
double) prevalence of type 2 diabetes in relation to rotating
shift work [54], which appears to increase with years spent do-
ing shift work [55].

The circadian fluctuation of metabolic processes may also
influence the efficiency of the detoxification mechanisms (i.e.
in the liver) and elimination (i.e. kidney) of chemical substanc-
es to which shift workers may be exposed at different times of
the day and night. So the risk of intoxication, or excessive re-
tention of harmful substances, may significantly vary according
to the different phases of metabolic processes at night, as has
been evidenced by the Bhopal disaster (1984), where, surpris-
ingly, thousands of nearby inhabitants died in their sleep, while
phase adjusted night workers (and nocturnally active rats) were
only marginally affected [56]. This makes clear the need to take
into account such aspects also in terms of environmental and
biological exposure limits (i.e. TLVs and BEISs) [57].

In 1999, Knutsson and Boggild [58] reviewed seventeen stud-
ies and concluded that there is evidence in favour of a strong
association between shift work and CVD, with shift workers
having on average 40% excess risk for ischemic heart disease

as compared to day workers. It has been suggested that the re-
lationship between shift work and CVD is partially due to the
combination of the stress connected with an inverted sleep/
wake cycle and related circadian disruption with disturbed
cardiac autonomic control, sleep deprivation, work/family
conflicts, and life style changes [59]. As reported in the previ-
ous chapter, several major cardiovascular risk factors, such as
smoking, obesity, and dyslipidemia are, in many cases, more
prevalent among shift workers than among day workers [60].

It has been seen that, among smokers, the number of ciga-
rettes smoked per day increases more in shift workers than in
day workers, or that it is much easier for a shift worker to start
smoking. Thus smoking may become a mediating, not only a
confounding, factor between shift work and CVD [61].

More recently, some studies have also pointed out the
importance of elevated indices of inflammation (in the athero-
sclerotic process) or other independent risk factors (i.e. omo-
cysteine, fibrinogen) in shift workers as well as changes in au-
tonomic cardiac control, with higher heart rate variability and
increased frequency of ventricular extrasystoles systoles [62,63].

However it is not always easy to establish a causal relation
between shift work and CVD due to many selection biases,
besides the well known confounders [64,65]. This is the case
of ageing, for example, which is itself a risk factor for CVD
but, when combined with shift work, can be underestimated
in elderly shift workers due to the “sick shift worker effect”,
that is workers no longer working on shifts due to intervening
health disorders that are more likely to occur with ageing. This
was evidenced in a 13-year follow up study on Finnish work-
ers, where the relative risk of ischemic heart disease was higher
after 5 years than after 13 years (1.59 vs. 1.34) of shift work [66].
Also, the periodical health surveillance, to which shift work-
ers may be subjected more frequently than day workers, could
weaken such associations, as shown by Frost et al. [67] in their
review of 16 studies concerning CHD and shift work.

With regards to hypertension, some studies addressed this
issue in the last years with mixed and inconclusive results.

In 2007, the International Agency on Research on Cancer
(IARC) classified “shift work that involves circadian disrup-
tion” as “probably carcinogenic to humans” (Group 2A) on the
basis of “limited evidence in humans for the carcinogenicity of
shift-work that involves night work”, and “sufficient evidence
in experimental animals for the carcinogenicity of light during
the daily dark period (biological night)”. This was referring
breast cancer in women in particular, on which 9 studies have
been published so far, 6 of which were positive, but there are
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some other sporadic indications for cancer of the endometrium
(1 positive study), prostate (3 studies, 2 positive), colon-rectal
(3 studies, 1 positive), and non-Hodgkin lymphoma (1 positive
study) [68,69].

The mechanisms by which circadian disruption may fa-
vor the induction and/or promotion of malignant tumors are
complex and multi-factorial. The multi-level endocrine changes
caused by circadian disruption with melatonin suppression
via light at night lead to the oncogenic targeting of endocrine
responsive breasts in women and possibly the prostate in men.
Repeated phase shifting with internal desynchronization may
lead to defects in circadian cell cycle regulation, thus favoring
uncontrolled growth. Sleep deprivation leads to the suppression
of immune surveillance which may permit the establishment
and/or growth of malignant clones.

However, the epidemiological studies published so far,
although dealing with large cohorts and controlling for several
personal confounders, have a rather rough definition of the
exposure to shift/night work, which does not allow to prop-
erly assess the risk connected with circadian disruption. The
information concerning exposure to shift and night work was
mainly based either on sporadic self-reported assessment on
working shifts, including night (mainly rotating), or on affilia-
tion to a work sector in which shift work involved a somewhat
high percentage of workers, according to nationwide databases
and registries. Other quantitative and qualitative information
on shift schedules (i.e. no. of night shifts per month or year,
no. of consecutive night shifts, direction and speed of rotation,
length of duty periods) and on possible confounding or mediat-
ing factors (concomitant work and personal risk factors) were
lacking or quite dis-homogeneous [70].

However, despite these methodological weaknesses, we
have to very carefully consider these outcomes as most studies
deal with very large cohorts and controlled for several con-
founders. Taking into account the plausibility of physiopatho-
logical mechanisms and the interaction with many other con-
current non occupational risk factors, it is necessary to more
precisely analyze the weight of the exposure to irregular work-
ing times [71], also with consideration of its social relevance for
work and life organization.

The menstrual cycle is the most known monthly (“circatrigin-
tan”) hormonal rhythm in humans and it may be disrupted, in
association with the circadian rhythms, in rotating shift work-
ers.

A higher incidence of altered menstrual cycle, pre-
mentrual syndrome, and menstrual pains has been reported in
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many groups of women shift workers, such as nurses, air crews,
and blue collar workers in industry. Some studies also reported
a higher incidence of miscarriage and impaired fetal develop-
ment, including pre-term birth and low birth weight [72].

A large, recent Danish study based on national Registers
has found a higher risk of post-term birth in those working on
fixed night work as compared with day work (OR = 1.35), a
higher risk of full-term low birth weight (OR = 1.80) for fixed
evening work, and a slight excess of small babies for their gesta-
tional age (OR = 1.09) associated with shift work [73].

A meta-analysis based on 160,988 women in 29 studies
designed to evaluate the association of physically demanding
work, prolonged standing, long working hours, shift work, and
cumulative work fatigue score with preterm birth, showed that,
besides the physically demanding work, shift and night work
(OR 1.24) were significantly associated with preterm birth [74].

According to some studies, rotating shift work, including
night work, has a higher risk of miscarriage than other tradi-
tional physical factors (i.e. noise, hot/cold, vibrations, standing
work), being second only to lifting heavy loads [75].

Some studies also pointed out that women shift work-
ers have lower fertility and higher abortion rates than their
day worker colleagues not only because of the interference on
their hormonal rhythms, but also due to a personal choice of
avoiding/limiting pregnancies or new babies due to the more
complex and difficult organization of their life caused by the
conflicts between irregular work schedules and home commit-
ments.

For these reasons, it is worth avoiding night work for
pregnant women,; in addition, some national legislation states
that women are exempt from night work from the beginning
of pregnancy as well as the possibility for women to stay in day
shifts during the first 2-3 years of age of their children.

Moreover, it may be advisable to transfer those young
women who find it difficult to be pregnant to day work in order
to give them the possibility to regulate their hormonal cycles.

Social Problems

Shift work also has a relevant interference on family and social
life, which may result in psychological stress and psychosomat-
ic disorders [76].

In fact, shift workers can face greater difficulties in com-
bining working and social times as most family and social ac-
tivities are arranged according to the day-oriented rhythms of
the general population. Co-ordination with family timetables
may become difficult in relation to the complexity of family
(i.e. number and age of children, cohabiting persons), personal

www. e-shaw.org



Costa G
Safety Health Work 2010;1:112-123

duties (i.e. school, housework), and availability of community
services (i.e. shop hours and transports).

Time pressure and work/family conflicts are common
problems, particularly for those who have high family burdens
or complementary duties (i.e. women with small children),
and this may also have a negative influence on marital relation-
ships, parental roles and children's education in addition to the
increasing sleep problems, chronic fatigue, and psychosomatic
complaints [77-79].

Inter-individual Differences in Tolerance

There is a high inter-individual variability in tolerance to shift
work, which can be due to the interaction among individual
characteristics, social conditions, and working conditions [80].

Despite several epidemiological studies concerning health
troubles and disorders associated with shift and night work, it
is not possible to identify some individual characteristics that
can be profitably used as predictors of good or scarce toler-
ance to shift work. Among these characteristics, some authors
suggested looking at morningness/eveningness, neuroticism,
rigidity/flexibility of sleeping habits, hardiness, and stability of
circadian rhythms [81-83].

For example, it is quite well known that “evening” types
tolerate better night work than “morning” types; this is con-
nected with the delayed phase position of their circadian
rhythms towards evening hours, which partially compensates
the fall of biological functions at night. On the other hand,
“morning” types cope quite well with early morning shifts
(hated by the evening types), thanks to the earlier activation of
their biological rhythms. Thus, this characteristic could usefully
be taken into consideration to preferably allocate morning and
evening types to morning and evening/night shifts, respectively,
in the cases of fixed or slowly rotating shift systems, but in the
cases of fast rotating shift schedules, which are now the most
widely used, both types of workers have problems for opposite
reasons.

Moreover, we have to consider that the distribution of
these characteristics in the general population is not balanced;
the morning type is far more frequent than the evening type,
but most are “intermediate” types and thus have problems in
any shift.

On the other hand, the characteristics of flexibility of
sleeping habits and the ability to overcome drowsiness may
help the worker’s adaptation to shift work; however, the scar-
city of follow-up studies does not allow one, at the moment, to
consider it as a predictor of better health conditions in the long-
term.

Also, high levels of neuroticisms may be considered as an
unfavourable factor for tolerance, but it is not yet clear whether
neuroticism is a predictor or an effect of shift work intolerance,
due to most of the studies on this topic being cross-sectional.

Besides, good physical fitness increases tolerance by less-
ening fatigue and improving recovery mechanisms [84].

Certainly ageing may be a key factor of tolerance to shift
and night work in relation to the associated physiological and
physio-pathological changes occurring during the working life,
particularly with regards to sleep length and quality, earlier
phasing of circadian rhythms, and higher proneness to circa-
dian desynchronization of biological rhythms [84-86].

With regards to gender, besides the above mentioned
negative effects on fertility and pregnancy, a reduced tolerance
has been observed in women facing higher work/family con-
flicts in relation to higher family burden and commitments (i.e.
those with small children and/or larger families), which make
it more difficult to recover from sleep deprivation and fatigue.

Moreover, less favourable living and social conditions,
often reported by surveys in developing countries, and usually
associated with poor working conditions and long working
hours, may aggravate the impact of shift work on health [87-89].

All these factors may also influence the self-selection pro-
cess (“healthy worker’s effect”) that often occurs among shift
workers and may make it difficult to compare different groups,
both among shift workers and between shift and day workers.

Health Surveillance and
Assessment of Fitness to Work

There are many pathological conditions, either directly associ-
ated with shift/night work, as seen above, or independent from
it that may be a potential contraindication for shift and/or
night work.

They must be carefully evaluated both in terms of severity
and possibility of appropriate therapy in the process of assess-
ment of fitness to work, with or without limitations and/or
prescriptions, on a temporary or permanent basis [90,91].

This is the case, in particular, for persistent sleep disor-
ders (i.e. chronic insomnia, obstructive sleep apnea syndrome,
parasomnias), severe gastrointestinal disorders (i.e. peptic ulcer,
chronic hepatitis or pancreatitis, Crohn’s disease), cardiovascu-
lar diseases (i.e. IHD and severe hypertension), neuro-psychic
syndromes (i.e. chronic anxiety and/or depression, seasonal
affective disorders, epilepsy), metabolic (i.e. insulin dependent
diabetes) and hormonal disorders (i.e. thyroid and suprarenal
pathologies), chronic renal impairment, and cancer.

Assessment of fitness to shift work also has to take into
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account that: a) shift schedules may be quite different and their
effects on health may considerably differ (i.e. continuous or
dis-continuous shift systems, slow or fast rotation, clockwise
or counter-clockwise rotation, rest days between shifts); b) the
consequent effects on health and well-being may be strongly
influenced by the coexistence of other occupational risk fac-
tors (i.e. work load, environmental conditions, type of task); c)
many health disorders may develop in a light form, not able to
significantly affect the worker’s psycho-physical work ability; d)
recent advances in pharmacology and rehabilitation allow one
to recover or, at least, to significantly limit the severity and con-
sequences of many health disorders (i.e. in the case of peptic
ulcers, hypertension, or IHD); e) several psychosomatic trou-
bles and diseases, ascribable or aggravated by shift work, have a
multifactorial etiology, a chronic trend, and are very common
in the general population.

Several etiological and/or concausal risk factors may
include genetic inheritance, psychological characteristics, life-
styles, socio-economic conditions, and other concurrent or pre-
existing health disorders. Consequently, intolerance to shift and
night work is the result of the interaction among several risk
factors dealing with different domains, which can have different
weights and relevance among shift workers, both in terms of
severity and timing of manifestation during the working life.

Hence, we believe that the above mentioned diseases may
be considered from time to time as relative or absolute contrain-
dications to shift and/or night work depending on the specific
situation, the type and severity of the disorder, possible interac-
tions with other pathologies and/or to other occupational and
non-occupational risk factors, and, above all, with work organi-
zation (shift work in particular).

Obviously such disorders are more critical in the case of
night work, whereas they may be more compatible with day
shifts, except for interferences with sleep (such as in the case of
early morning shifts), diet (in the case of metabolic and diges-
tive disorders), and physical work load (in the case of CVD).

For assessment of fitness to work, the OHP has to also
carefully consider other conditions able to negatively affect
tolerance and health, such as ages over 50, chronic respiratory
diseases (i.e. asthma), type 2 diabetes, female hormonal dys-
functions, and current pharmacological therapy (in terms of
timing and therapeutic effectiveness, as well as interference of
vigilance and sleep).

Medical health checks aimed at assessing the compat-
ibility between health conditions and shift work should be set
before starting shift work and at regular intervals afterwards (i.e.
every 2-3 years) according to working conditions (type of shift
schedules, environmental conditions, work loads) and worker’s
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characteristics (i.e. age, gender, health, social), with the aim of
detecting early signs of mal-adjustment or intolerance.

Health surveillance has to carefully address basic psycho-
physiological status (sleep, digestion, women hormonal pat-
tern, body mass index), life styles (i.e. diet, smoking, alcohol
and coffee intake, physical activity), previous and current health
troubles and disorders (with particular reference to gastrointes-
tinal, cardiovascular, endocrine, metabolic and neuro-psychic),
current therapy, and absenteeism due to health impairment.

Clinical checks may be usefully complemented with labo-
ratory and instrumental tests and specialized medical visits
aimed at better defining the type and severity of the worker’s
health conditions, in particular: - polysonnography and/or
other sleep and neuro-physiogical tests in the case of primary
or secondary sleep disorders; - ECG (standard or Holter) and a
visit by a cardiologist in the case of ITHD or hypertension, and
re-admission to work after myocardial infarction; - blood glu-
cose level and glycated hemoglobin to assess the adequate con-
trol of diabetes, also performed over a long temporal period; -
blood lipids content to assess the proper balance between diet,
mealtimes, and metabolic assets; - hormonal levels (i.e. cortisol,
melatonin, tiroids), taking into account their circadian rhythms
connected with the rest/activity periods because it is important
to distinguish between a transitory “masking” effect due to the
altered sleep/wake cycle from a more persistent effect due to
pathological dysfunction.

Moreover, to better assess the circadian adjustment (or
mal-adjustment) of workers complaining of significant health
troubles, it may be useful to train them to record their daily
sleep and meal times, work and leisure activities, as well as
some simple physiological parameters, such as body tempera-
ture, heart rate, blood pressure, sleepiness, vigilance, and fa-
tigue, along one or more shift cycles.

Education and Counseling

Both managers and persons in charge with the working time
organization, as well as involved workers, must be adequately
informed on the possible negative effects of shift work.

The former have to understand which may be the nega-
tive consequences of shift work on worker’s health and perfor-
mance, and hence also on productivity, absenteeism, and com-
pany costs, in order to plan the best possible countermeasures
in terms of work organization and workers management.

The latter have to understand which troubles and disor-
ders are more related to shift and night work and what are the
best coping strategies to prevent or limit them, in particular
with reference to sleep habits, diet, physical fitness, and leisure
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times.

It has been evidenced that good social support from co-
workers and supervisors at work, as well as from family mem-
bers, is able to significantly improve adaptation and tolerance
[36,92-94].

Organization of Shift Schedules

It is quite obvious that careful health surveillance has to pro-
ceed in parallel with corrective and preventive actions on work-
ing time organization, and in particular shift scheduling.

There are thousands of different shift schedules which
may have a quite different impact on worker’s health and safety,
in particular with reference to the amount of night work, tim-
ing and duration of shifts, length of shift cycle, speed and rota-
tion of shifts, and position and length of rest days.

Therefore, shift schedules should be designed according
to some ergonomic criteria, recognized to be suitable to lessen
stress and limit adverse effects on health and well-being by
avoiding or minimizing circadian disruption and accumula-
tion of sleep deficits and fatigue, such as: a) limit night work as
much as possible; b) avoid a large number of consecutive night
shifts; c) prefer quickly rotating (every 1-3 days) shift systems
to slowly rotating (i.e. weekly or longer) ones and to perma-
nent night work (also for social reasons); d) prefer clockwise
rotation (morning/afternoon/night) to the counterclockwise
(afternoon/morning/night) rotation; e) set the length of shifts
according to psycho-physical demands; f) avoid morning shifts
that start too early; g) set an adequate number of rest days
between shifts, particularly after night shifts; h) keep the shift
system as regular as possible; 1) allow flexible working time ar-
rangements according to worker’s needs and preferences [95-
98].

However, it should also be taken into account that no one
has a priori the best solution, as the arrangement of the shift
schedules should be tailored to the specific job demands, per-
sonal characteristics, socio-economic conditions, and cultural
background of the involved workers. This also requires the
workers’ participation in the whole process of designing and
implementing the shift schedules, not only because of their di-
rect experience of the problems, but also to promote good mo-
tivation for adopting the most convenient coping strategies that
are able to limit, as much as possible, significant perturbations
of their health and social life.

Moreover, further useful countermeasures can be ad-
opted concerning additional rest breaks for meals and naps,
supplementary rest-days or holidays to improve recovery, better
canteen facilities and social services (i.e. transport, school, and

shop hours), training and rehabilitation courses for shift work-
ers, periodical transfer to day work, and progressive decrease of
night work with increasing age [99,100].

Conclusions

Shift and night work interferences on health and well being are
complex and multifaceted in their origins and time manifesta-
tions, dealing with several aspects of personal characteristics,
and working and living conditions.

Referring to the WHO's definition of “health”, shift work
is a risky condition at all the three reference levels, as it is not
only a risk factor for many health disorders (e.g. gastrointes-
tinal, psychoneurotic, cardiovascular, reproductive functions,
and probably cancer), but it also perturbs psycho-physical ho-
meostasis (e.g sleep/wake cycle and circadian rhythms) and
hampers family and social life.

Therefore, given that our goal is the preservation of shift
workers’ health as a whole, it is necessary to go beyond health
protection to the view of health promotion. In the former case,
our strategies must be oriented to defining the best diagnostic
tools for health surveillance and assessing the “risk/benefit”
ratio for the worker, and if it is acceptable or not. For the lat-
ter, we have to adopt an epidemiological approach, aimed at
assessing extension and severity of such a risk factor, and ad-
dressing the most appropriate preventive measures at the best
“cost/ effectiveness” ratio for the workers’ groups and the com-
munities in general.

Consequently, it is necessary to apply a systemic ap-
proach, dealing with the different domains which in turn can
affect the outcomes and address the interventions at their best,
involving physio-pathology, psychology, sociology, ergonomics,
economics, politics, and ethics.

This implies the concurrent action of several actors beside
the occupational health physicians, such as ergonomists, psy-
chologists, sociologists, educators, legislators, as well as manag-
ers and workers.

This is the only way to avoid an acritical assessment of
mal-adaptation and/or in-tolerance to shift and night work
based on sectorial aspects (i.e. some individual characteristics
or behaviours) not sufficiently supported by scientific data and
longitudinal studies. This can also drive to a risky and even
dangerous (i.e. for employment) attitude for selection of shift
workers, without taking into consideration the whole context in
terms of (shift) work organisation and social conditions, which
in many cases are the major intervening factors and are more
profitable interventions for subjects, companies, and the whole
society.
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