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Abstract

Shift work has been associated with a number of health problems including cardiovascular disease, impaired glucose and lipid
metabolism, gastrointestinal discomfort, reproductive difficulties, and breast cancer. The specific contributions of disturbed physio-
logical rhythms, circadian misalignment, and sleep debt to the various medical problems encountered by shift workers remain to be
clarified. Fatigue can be caused by extended on-duty and/or waking periods, inadequate sleep quantity, sleep disturbances, disrup-
tion of circadian rhythms, and difficult work and familial conditions. Fatigue-related accidents raise a safety concern for shift work-
ers, especially at the end of the night when the circadian nadir of alertness interacts with increased time awake. Individuals vary
greatly in their capacity to adjust to atypical work schedules and their tolerance to circadian misalignment. Predisposing individual
and domestic factors have been identified, such as increasing age, being a single woman in charge of children, and split sleep pat-
terns, all of which can affect the ability to adjust to atypical schedules. However, prior studies indicate that predisposing individual
and social determinants are generally poor predictors of shift work tolerance in a given individual. In this manuscript, we review

several countermeasures to improve adaptation to shift work.
© 2007 Elsevier B.V. All rights reserved.
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1. The problem of shift work in modern society

In industrialized countries, it is estimated that
between 15 and 30% of the workforce operates outside
standard daytime hours [1-4]. Workers in developing
countries may be more likely to be offered precarious
work conditions characterized by irregular hours and
nighttime work [5]. Shift work, early work start, com-
pressed schedules with 12-h shifts, and counterclockwise
rotations have been on the rise in all sectors, including
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the service industry [3,6]. Working on atypical shifts
has important socioeconomic effects as it leads to an
increased risk of accidents, worker impairment and dan-
ger to public safety, especially at night [7-10]. This is of
particular concern in the transportation industry where
irregular schedules and curtailed sleep are highly preva-
lent [9,11].

In addition to these safety concerns, shift work has
been associated with a number of health problems
including peptic ulcer disease, coronary heart disease,
metabolic syndrome, certain cancers, undesirable preg-
nancy outcomes as well as increasing the likelihood of
aggravating an existing medical condition [12-14].
Survey studies have shown that shift work and high
variability of working hours negatively affect health,
well-being, life satisfaction, and happiness [15,16]. Night
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shift work is also associated with an increased percep-
tion of mental and physical fatigue [17].

The International Classification of Sleep Disorders
describes a shift work sleep disorder that is associ-
ated with work on atypical schedules and is charac-
terized by excessive sleepiness and/or  sleep
disruption [1]. Although the degree of tolerance to
shift work varies greatly in the shift worker popula-
tion, only a minority show an appropriate adaptation
of physiological rhythms to atypical work schedules.
Intolerance to shift work remains a complex problem
that requires a comprehensive, multilevel approach,
as it is simultaneously affected by several factors such
as sleep—wake cycle disturbances, circadian misalign-
ment, and predisposing individual and domestic fac-
tors [1,4,18].

2. Sleep-wake cycle disturbances

In a recent study, 32% of night shift workers reported
symptoms of insomnia or excessive sleepiness, whereas
these symptoms were reported in only 18% of day work-
ers from the same sample population [19]. This is impor-
tant since night shift workers who have a mean reported
daytime sleep duration of 5.5 h or less are approximately
three times more likely to report suffering from stomach
ulcers than night shift workers who report sleeping at
least 6.4h during the day [19]. A meta-analysis of
reported sleep times across different shift systems reveals
that working at night, whether on a fixed or rotating
schedule, is associated with shorter sleep duration than
working during the day [20]. Analysis of continuous
actigraphy data in night shift workers revealed daytime
total sleep times between 4 and 6 h with sleep efficiencies
below 80% [21-23]. These values are considerably less
than nighttime sleep episodes of workers on day or even-
ing shifts, which are easily 20% longer. Daytime sleep
length may be particularly short if consecutive night
shifts are planned [24].

In individuals living on a day-oriented schedule, it is
hypothesized that a harmonious relationship between
homeostatic and circadian processes serves to promote
uninterrupted bouts of 8 h of sleep and 16 h of wakeful-
ness per day [25]. When the sleep schedule is displaced,
as is the case for shift workers, the normal temporal
relationship between the sleep-wake cycle and the
endogenous circadian pacemaker is perturbed, which
can lead to reduced sleep duration [26].

Longer sleep episodes are observed in shift workers
with a proper alignment between the endogenous circa-
dian pacemaker and the shifted sleep schedule [27-31].
Interestingly, a study comparing two groups of 15
nurses with mild and severe daytime sleep complaints
revealed that having a greater proportion of 6-sulfat-
oxy-melatonin excreted during daytime sleep was associ-
ated with better daytime sleep [32].

Acute and chronic sleep deprivation is likely to occur
over a series of shifts between which daytime sleep is not
restful [33]. The resultant decreases in vigilance and per-
formance, together with the misalignment of the endog-
enous circadian pacemaker places the night shift worker
at particular risk for sharp drops in performance and
vigilance levels during the shift [34,35]. Indeed, signifi-
cant vigilance impairments are associated with working
on shifts where factors such as extended duration of the
work period, night shifts, early morning shifts, and
reduced prior sleep length increase the risk of significant
sleepiness [36]. Electroencephalographic (EEG) and
electrooculographic (EOG) measures of sleepiness
increase at the end of the night and during the mid-after-
noon hours [37,38]. These two times of day are charac-
terized by a greater sleep propensity and a greater risk
of serious work-related accidents [8,11]. Although the
nature of work can affect alertness levels [37], physiolo-
gical considerations such as sleep deprivation and circa-
dian misalignment remain major determinants of fatigue
in shift workers.

3. Circadian misalignment

It is well established that work on irregular sched-
ules results in a misalignment between several physio-
logical and hormonal rhythms that could have
significant negative impacts on physical and mental
health. Hormonal rhythms are influenced by an inter-
action of circadian and sleep—wake-dependent pro-
cesses. Some hormones like cortisol and melatonin
are more strongly influenced by the endogenous circa-
dian pacemaker than by homeostatic processes and
are thus often misaligned in workers with atypical
work schedules. In daytime workers, cortisol levels
reach their minimal values early in the night and their
maximal values around the regular time of awakening,
whereas melatonin levels peak at night during the mid-
dle of the sleep episode and are undetectable during the
day (for a review see [39]). A lack of entrainment of
cortisol and melatonin rhythms to a night-oriented
schedule is reported in a number of studies even after
a series of consecutive shifts [39-41]. In these cases,
cortisol and melatonin secretion continue to peak in
the early morning hours and at night, respectively,
despite the significant change in the sleep—wake sche-
dule. Cortisol levels are significantly higher during the
daytime sleep episodes of shift workers than observed
during nocturnal sleep in workers keeping a regular
daytime schedule [41], and the reduction in cortisol lev-
els achieved during daytime sleep is smaller than that
observed during nighttime sleep [42]. Furthermore, cor-
tisol levels are lower during nighttime waking episodes
in shift workers than during daytime waking episodes
in day workers [41]. A misalignment in the cortisol
rhythm resulting in lower levels during the waking
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episode could potentially contribute to the observed
reduction in performance in the workplace [43].

Glucose and lipid metabolism varies according to the
time of day, and greater serum triglycerides, cholesterol,
and impaired glucose metabolism were found in the shift
worker population [44-46]. Altogether, these studies
suggest that disturbed metabolism of carbohydrates
and lipids can increase the risk of cardiovascular dis-
eases in shift workers.

4. Predisposing individual and domestic factors

It has been suggested that predisposing factors,
including a morning-type chronotype, sleep distur-
bances, medical and psychiatric conditions, and reduced
family support, may impair workers’ ability to adjust to
shift work [18,47-49]. Larger phase delay shifts were
observed in subjects with greater eveningness scores
[50] and subjects presenting late temperature minima
seem to better re-entrain to night shifts regardless of
the intervention [51]. However, a longitudinal study
found that baseline sleep and circadian indices such as
greater circadian amplitude, later circadian acrophase,
and shorter sleep duration were poor predictors of psy-
chological symptoms associated with shift work [52].

Other individual factors such as marital status, num-
ber of children in the household, and age may have a
profound effect on the shift worker’s quality of life.
Women continue to bear most of the house and familial
responsibilities, and their total daily hours of sleep fol-
lowing shifts may be severely diminished as a result
[53,54]. Nurses living with a partner and children report
less leisure time and engage in more domestic tasks than
their male partners [55]. This is also true for women
working at home with preschool children [56]. This
might explain why more female night shift workers with
children at home tend to adopt part-time jobs in com-
parison with female workers without children [18]. It is
well known that tolerance to sleep at an unusual circa-
dian phase deteriorates with age [57]. Nevertheless,
youth has also been identified as a risk factor for sleep-
iness at work and accident risks, especially in the trans-
portation industry [58]. This observation suggests that
older operators might have developed better sleep
hygiene and lifestyle habits.

The worker’s spontaneous selection of a pattern of
light and darkness exposure is also a key factor affecting
circadian adaptation to a given sleep—wake schedule
[30,59]. Namely, the percentage of subjects who adapt
completely to a shift of their sleep schedule during the
day was found to increase with the intensity of light
exposure during the night [50]. It was shown that nurses
working permanent nights who presented adaptive
phase delays also tended to preferentially expose them-
selves to light in the evening and night and reduce their
daytime light exposure compared to non-adapted nurses

[30]. Night workers on offshore oil rigs showed greater
circadian phase advances and shorter daytime sleep in
March than in November [60]. This study suggests that,
in this environment, changes of season can affect circa-
dian adjustment secondary to a change in the pattern
of light-dark exposure of the workers.

5. Countermeasures

Given the serious medical and societal impacts asso-
ciated with shift work, several countermeasures have
been proposed and developed. These include the plan-
ning of strategic naps, exposure to bright light, and
pharmacological agents.

5.1. Strategic napping

One approach shown to counteract sleep deprivation
and achieve an acceptable amount of sleep per 24-h day
is to plan naps of 20-120 min in duration [22,24,61-65].
Strategic napping can efficiently improve alertness and
performance levels at work [63], even when naps are
planned during the day, prior to night shifts [62]. Two
types of strategic napping have been identified, namely
“prophylactic naps” planned in the evening prior to
the shift to limit anticipated sleep deprivation, and
“recuperative naps”’ taken at night to temporarily
relieve sleepiness. Individual differences among shift
workers are observed in napping behavior, where morn-
ing-types and older workers are more likely to schedule
naps earlier than younger workers and evening-types
[65].

Besides their beneficial effects, naps can negatively
affect the level of alertness and vigilance in the minutes
immediately following the awakening from sleep. This
phenomenon is referred to as “sleep inertia” and its
duration varies according to time of day with a worsen-
ing for naps planned at the end of a night shift [65].
Recuperative naps scheduled at night can lead to shorter
daytime main sleep episodes, with reduced abilities to
fall asleep and remain asleep [64]. This situation con-
trasts with longer daytime sleep episodes in workers
who do not nap at work [66]. Regardless of these limita-
tions, the planning of naps at night can be seen as ben-
eficial since they allow workers to spend more time in
social and domestic activities during the day, while lim-
iting the resultant cumulative sleep deprivation [65].

5.2. Bright light exposure

Circadian adaptation to the work shift appears bene-
ficial to the night shift worker, especially when on a reg-
ular night schedule. Exposure to bright light (~1230—
12,000 lux), often in the first half of the night, has been
proposed as a countermeasure to physiological malad-
aptation to shifted sleep-wake schedules based on a
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number of previous laboratory investigations [51,67-72]
and field studies [59,73-78]. The schedule of light and
darkness is based on the phase response curve (PRC)
to light [79,80]. Namely, exposure to bright light in the
late evening/early night will induce greater phase delays,
whereas exposure in the late night/early morning will
induce greater phase advances. Thus, phototherapy ses-
sions are generally scheduled 3-6 h prior to the expected
nadir of the core body temperature cycle (which occurs
1-2 h prior to the morning time of awakening) in order
to produce significant delays in the body temperature,
plasma melatonin, plasma cortisol, and subjective alert-
ness rhythms of shift workers. Since the precise timing of
the temperature minimum is generally unknown in field
conditions, one approach consists of starting the light
exposure early at night and progressively delaying it
over successive days [50]. Progressively delaying pulses
of bright light at night and bright light exposure in the
early afternoon on days off was used successfully in
workers on an oil platform in the North Sea [59].

In a previous investigation [43,73], we demonstrated
that an intervention combining intermittent exposure
to bright light at work (~2000 lux) during the first 6 h
of night shifts, shielding from morning bright light with
the use of goggles, and maintenance of a stable diurnal
sleep/darkness schedule can promote circadian adapta-
tion in nurses working permanent night shifts (Fig. 1
and Table 1). Circadian phase was assessed by a con-
stant routine (CR) procedure before and after a series
of ~12 night shifts worked over a ~3-week period. Fol-
lowing the intervention, temperature, and salivary mela-
tonin and cortisol rhythms phase delayed by
—9:19 + 1:04, —-11:18 £1:08, and —11:26 £ 1:26,
respectively, such that these rhythms were completely
realigned to the new daytime sleep schedule. This indi-
cates that sustained periods of intensely bright light
are not necessary for resetting the human circadian sys-
tem and that complete circadian adaptation to night
work is possible despite the intervening presence of days
off. Our results are consistent with studies by Baehr et al.
[81] who described the phase shifting effect of ~5000 lux
light interrupted with room light of <500 lux in simu-
lated shift work experiments and with those of Bougrine
et al. [71] who described that bright-light induced circa-
dian adaptation to night work was stable despite the
intervening presence of days off.

Prior studies have demonstrated that the timing of
sleep/darkness episodes can also contribute to the circa-
dian adaptation of salivary melatonin and temperature
rhythms to simulated night work, possibly through its
effect on the timing of background room light [67].
These results are consistent with the known sensitivity
of the human circadian pacemaker to light of lower
intensity [82-85]. Inappropriate exposure to room light
could have contributed to the unsuccessful intervention
in one of our nurses who did not comply with a regular

sleep/darkness schedule on work days (Fig. 2). The
shielding from morning sunlight by wearing dark gog-
gles can also elicit adaptative phase delays indepen-
dently of bright light exposure at night [86]. The
combination of bright light at night to morning goggles
during the day induced greater phase delays [51,86].

Not all field studies support the use of bright light for
shift workers. One major complaint of shift workers
exposed to bright light is difficulty readjusting to a
day-oriented schedule on rest days [87]. However, a
recent study of operators in a truck production plant
in Sweden revealed a beneficial effect of bright light on
reducing sleepiness and melatonin levels during night
shifts and no detrimental effects on sleep on days off [88].

In the night shift worker, circadian adjustment to the
work schedule may translate into an increase in sleep
duration and quality during the day [32,89]. It has been
reported that bright light exposure at night can improve
daytime sleep when circadian realignment occurs
[68,70,90,91]. In personnel working in special environ-
ments such as an Antarctic base during winter, circadian
adaptation and improved daytime sleep duration can
also occur spontaneously throughout a series of night
shifts [92].

In addition to its phase shifting effect, bright light
exposure can exert a direct alerting effect leading to
improved performance levels, reduced sleepiness scores,
increased vigilance levels as well as an increase in beta
and reduction in alpha-theta EEG activity [23,88,93].
It was proposed that melatonin suppression at night
contributed to the alerting effect of bright light [94].
However, this interpretation is inconsistent with the sig-
nificant improvements in sleepiness and performance
levels induced by bright light exposure during the day
when melatonin levels are undetectable [95].

Studies have also demonstrated the greater efficacy of
light of short wavelengths (440-480 nm) for suppressing
melatonin at night [96], advancing human circadian
rhythms [97], and decreasing subjective sleepiness and
increasing performance at night [98]. Glasses fitted with
orange lenses blocking the transmittance of all wave-
lengths below 540 nm can counteract the melatonin-sup-
pressing effect of nocturnal bright light exposure [99].

5.3. Pharmacological interventions

About 8-32% of workers on nights or rotating sched-
ules present severe difficulties adapting to their atypical
schedules [100]. The shift work sleep disorder (SWSD) is
closely associated with the work schedule, which is out
of synchrony with the endogenous circadian system.This
leads to excessive sleepiness at work and/or disturbed
daytime sleep [1]. Use of pharmaceutical agents such
as psychostimulants, hypnotics, melatonin, or caffeine
can be considered in these impaired workers to either
enhance vigilance at work or promote daytime sleep.
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Fig. 1. Top two panels represent the experimental protocol. A hypothetical succession of experimental days is shown along the y-axis. Workers,
following a vacation period, entered the laboratory on the first experimental day and slept on their habitual schedule. Upon awakening, workers
underwent a 36-h CR for the determination of the endogenous circadian phase and amplitude. This was followed by an ad /libitum sleep episode.
Workers then returned to their regular schedule of night shifts, for a total of ~12 shifts. They were instructed to remain in the dark and to attempt to
sleep during a single 8-h period beginning 2 h after the end of the shift. Sleep episodes on nights off are not shown. A final 36-h CR was performed in
the laboratory following the period of night work and was followed by an ad libitum sleep episode. On night shifts, treatment group workers were
intermittently exposed to bright light during the first 6 h of their night shifts and spent the remainder of the shifts in ordinary indoor illumination.
Relative bedtimes of 00:00 and 10:00 have been assigned for nighttime and daytime sleep periods, respectively. CBT data obtained during the initial
and final CRs are shown for each subject in the second row of panels. Closed circles represent the time of fitted temperature minimum (CBTmin).
Melatonin data obtained during the initial and final CRs are shown for each subject in the third row of panels. Closed circles represent the melatonin
midpoint. Cortisol data obtained during the initial and final CRs are shown for each subject in the bottom row of panels. Closed circles represent the
cortisol maximum. Control group, n = §; treatment group, n =9 for CBT and melatonin. Control group, n =5 and treatment group, n =6 for
cortisol. Group mean physiological data is shown in each panel (closed circle) =SEM. CR, constant routine; CBT, core body temperature; SEM,
standard error of the mean.
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CBT, melatonin, and cortisol rhythm measured during CR1 and CR2

583

CR1 control

CR1 treatment

CR2 control

CR2 treatment

CBT min 4:52 £+ 0:39 6:12+ 1:14 8:57 £+ 2:12% 15:32 + 1:00%°
CBT ¥ —4:38 4+ 0:28 —5:54 4+ 1:07 +0:40 + 2:15% —5:58 £ 0:57°
CBT shift —4:05 £+ 1:56 —9:19 + 1:04°
CBT amplitude 0.18 +£0.02 0.25+0.03 0.20 +0.03 0.23 +£0.04
Melatonin midpoint 3:55 4+ 0:29 3:47 £+ 0:28 9:00 £ 2:27* 15:06 + 0:58%°
Melatonin ¥ —3:42 4+ 0:17 —3:30 £ 0:18 + 0:37 £+ 2:32°% —5:32 £ 0:55°
Melatonin shift —5:05 +£2:19 —11:18 + 1:08°
Melatonin AUC 67.30 + 12.15 80.68 + 32.72 62.73 £+ 10.69 75.58 £+ 26.25
Cortisol max 8:00 +1:13 10:13 £+ 0:38 11:03 £ 2:02 21:17 & 1:21%
Cortisol ¥ —8:32 4+ 1:37 —9:51+0:18 —1:15 4+ 2:10% —11:38 £ 1:22°
Cortisol shift —3:41 4 2:09 —11:26 + 1:26°
Cortisol amplitude 0.06 £ 0.01 0.05 £+ 0.01 0.07 +£0.02 0.07 £0.02

Circadian phase is defined as the time for best fit to the temperature minimum, the midpoint of peak melatonin concentration, and the fitted cortisol
maximum. Phase angles are calculated as: (bedtime — circadian phase). For the calculation of phase angles, bedtimes in the first CR are based on
mean sleep times during the preceding vacation period, scaled to 8-h length. Phase angle for the second CR are based on scheduled bedtimes during
the night shift work period. Significant intra-group differences are marked with a, and between-group differences with b. For CBT and melatonin,
control group: n = §; treatment group: n = 9. For cortisol, control group: n = 5; treatment group: n = 6. For p-values for CBT and melatonin see [73]
and for cortisol see [43]. Data are express as mean = SEM. CBT, core body temperature; CR, constant routine; SEM, standard error of the mean.
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Fig. 2. Sleep-wake cycle of a nurse working regular night shifts. This nurse participated in the control and treatment conditions described in Fig. 1,
although her results were excluded due to non-compliance with the study directives. After each night shift, she was requested to sleep for a single 8-h
period scheduled from 9:30 to 17:30 but did not follow this requirement. Sleep episodes on nights off are not shown. Closed circles illustrate midpoint
between the melatonin onset and offset, based on a 36-h CR performed before and after the series of night shifts. In the control condition, the
melatonin peak was observed at 02:14 and 20:37 during the initial and final CR, respectively. In the treatment condition, the melatonin peak was
observed at 02:48 and 22:10 during the initial and final CR, respectively. In both conditions, a misalignment persisted between the circadian rhythm
of salivary melatonin and the shifted sleep schedule. Moreover, a phase advance rather than a phase delay seemed to have occurred. CR, constant
routine.

5.4. Psychostimulants cognitive decline induced by sleep deprivation [101],
was approved by the US Food and Drug Administra-
tion (FDA) for the treatment of SWSD. The precise
mechanism of action of modafinil is unknown but evi-

dence suggests it could increase glutamate release in

In January 2004, modafinil, a non-amphetamine psy-
chostimulant, recognized for its efficacy in the treatment
of sleepy narcoleptic patients and its prevention of the
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the thalamus, reduce gamma-aminobutyric acid
(GABA) release in the nucleus accumbens, modulate
wake-promoting hypocretin neurons, and increase the
noradrenergic inhibition of sleep-promoting ventrolat-
eral preoptic (VLPO) neurons. Some studies have
reported modafinil-induced Fos expression in the ante-
rior hypothalamus and suprachiasmic nucleus (SCN),
although others have not [101]. The action of modafinil
on dopaminergic transmission is minimal as opposed to
amphetamines, explaining its relatively low potential for
addiction [101,102]. Modafinil exerts most of its effects
centrally, explaining its greater cardiovascular safety
profile compared to classical psychostimulants such as
dextroamphetamine and methylphenidate. Thus, there
is poor clinical justification for using classical psycho-
stimulants for SWSD even though they exert a robust
alerting effect [100]. So far, modafinil is the only
approved prescription stimulant drug for this disorder.

A multicentric double-blind study conducted in 209
workers with SWSD revealed that modafinil adminis-
tered at the dose of 200 mg prior to night shifts resulted
in significant improvements of subjective and objective
measures of sleepiness compared to placebo [103]. The
latter was evidenced by increased sleep latencies during
the multiple sleep latency test (MSLT), especially in
the first half of the shift, and reduced attention lapses
on the psychomotor vigilance test at night. A reduction
in the risk of accidents while commuting back home in
the morning was also reported. However, nighttime
improvements were modest since sleepiness remained
high and the reported number of mistakes, accidents,
or near-accidents at work remained unchanged [103].
It appears more useful in this context to measure the
capacity of workers to remain awake during the mainte-
nance of wakefulness test (MWT) than their ability to
fall asleep rapidly during the MSLT. Significant reduc-
tion of sleep onset on nighttime MWT was reported in
a double-blind study of 107 workers using modafinil
(200 mg) compared to placebo [104]. The therapeutic
benefits of modafinil were maintained throughout a
12-month open label trial in SWSD [105].

At the clinically recommended single dose of 200 mg,
no polysomnographic change of daytime sleep was
reported, although more workers on modafinil reported
insomnia [103]. Daytime sleep disruption is also
observed when modafinil is given too late in the morning
following a night shift [106].

5.5. Caffeine

Caffeine administered just before night work can be
used to counteract the drop of vigilance and perfor-
mance levels throughout the night [107-111]. A total
daily dosage of 600 mg of caffeine in a slow-release for-
mulation attenuates nighttime increases in microsleep
duration and slows the disintegration of attention task

scores when compared to placebo [112]. Caffeine admin-
istration at the dose of 100-300 mg demonstrates similar
benefits for cognitive performance under conditions of
sleep deprivation in intensive military training [113].
Considering the efficacy of caffeine together with its wide
availability in over-the-counter medications and in
foods, it is understandable that caffeine is one of the
most widely self-administered stimulants [114].

Caffeine’s mode of action is considered to be via its
blockade of adenosine receptors whose substrate accu-
mulation has been associated with increased homeo-
static sleep pressure throughout wake periods
[114,115]. The time of caffeine administration must be
carefully considered in light of its detrimental effects
on sleep consolidation [111]. At the dose of 200 mg
(equivalent to approximately two cups of brewed cof-
fee), caffeine administered in the 3 h preceding a night-
time sleep opportunity is sufficient to increase time to
fall asleep and reduce both total sleep time and sleep effi-
ciency in young and middle-aged subjects [116].

The usefulness of caffeine must be considered in terms
of circadian phase as well. A forced desynchrony study
of the effects of caffeine administration revealed that caf-
feine administration can effectively limit the decrease in
cognitive throughput, vigilance and reaction time
observed towards the end of 28.57-h wake periods
[110]. However, caffeine administration results in a sig-
nificant decrease in sleep efficiency particularly when
sleep occurs at inappropriate circadian phases (i.e.,
times of low endogenous melatonin concentration)
[110]. Of particular interest for the night shift worker,
200 mg of caffeine administered in the 3 h preceding a
daytime sleep episode following 25 h of sleep depriva-
tion further reduces total sleep time and sleep efficiency
than when administered before a nighttime sleep episode
[117]. This situation is analogous to that of a night shift
worker who remains awake for comparable periods on
the first night shift worked. Such a worker who ingests
two cups of coffee in the late hours of the night shift,
or on the drive home, for example, may expect that
the combined influence of sleeping at an unfavorable cir-
cadian phase and caffeine consumption results in more
disrupted sleep.

Effective dosages for the immediate beneficial effects
of caffeine vary greatly [109]. Doses in the range of
50-300 mg are considered moderate, although larger
doses have been studied. Because of the tendency for
caffeine to be self-prescribed, additional care should be
taken to contraindicate excessive consumption of caf-
feine from dietary sources and pharmacological formu-
lations in addition to sensitizing individuals to the
effects of caffeine on sleep and alertness. Carefully plan-
ning caffeine use in tandem with other countermeasures
such as naps [107,118] may increase the likelihood of
positive outcomes. A combination therapy of 300 mg
caffeine plus a 1-2h nap situated 3-4 h before night
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shifts reduces nighttime decrements in performance on
the psychomotor vigilance task (PVT) [107]. Although
daytime sleep episodes were shorter in the presence of
a nap, the total minutes of assumed sleep per day were
larger in the nap and caffeine condition [107].

5.6. Hypnotics

In a survey of Air New Zealand pilots, just under
19% reported use of prescribed hypnotics in the previous
two months [119]. Benzodiazepines (e.g., temazepam,
triazolam) and non-benzodiazepines (e.g., zopiclone,
zolpidem, zaleplon) have been approved for use in the
treatment of insomnia [120] and have also been investi-
gated for their sleep-promoting capacity in shift work-
ers. The night shift worker may be more likely to have
difficulty maintaining sleep rather than initiating it, such
that these compounds useful in extending daytime sleep
duration appear more interesting [121]. When temaze-
pan is administered before an afternoon sleep opportu-
nity, polysomnographically recorded total sleep time is
longer compared to placebo, with an increase in stage
2 sleep [122]. Interestingly, by the end of a series of con-
secutive simulated night shifts, the difference in daytime
sleep duration in participants receiving 0.25 mg triazo-
lam or placebo became smaller as sleep durations
increased in the placebo group. The circadian adapta-
tion that may have occurred and contributed to the
increase in daytime sleep duration in the placebo group
would appear to undermine the usefulness of these
agents over consecutive shifts, at least in laboratory
conditions.

The drug-induced extension in daytime sleep can
translate into improved alertness levels at night [121].
Nighttime alertness levels were higher in groups
attempting daytime sleep with 20 mg temazepam [122],
0.5 mg triazolam [123], or 10 mg zolpidem [124,125]
than in groups attempting sleep with placebo. Careful
evaluation of the severity of the shift-associated sleep
disorder is warranted before prescribing the short-term
use of these hypnotics.

5.7. Melatonin

Melatonin phase shifting and sleep-promoting effects,
although not totally understood, are thought to come
from melatonin binding to MT1 and MT2 receptors
(for a review see [126]). The chronobiotic effect of mela-
tonin in humans has been plotted in a phase response
curve (PRC) with phase advances and delays induced
by exogenous melatonin given for several consecutive
days in the late afternoon/early evening, or in the morn-
ing, respectively [127]. Although a PRC has been pro-
posed for melatonin, there remains some
unpredictability in effective dosages and formulation
[128].

In addition to its phase shifting effect, melatonin can
directly promote daytime sleep, increasing both reported
levels of sleepiness [129] and polysomnographically
recorded total sleep time [130]. Interestingly, it was
observed that this effect was greater in subjects having
lower initial sleep efficiencies [131]. This is consistent
with the study by Wyatt et al. [132], using the forced
desynchrony protocol. This study revealed that melato-
nin increased sleep efficiency only when given at times
when endogenous melatonin was low. However, many
studies in actual shift workers do not show a significant
effect of exogenous melatonin on daytime sleep quality
and duration based on sleep diary measures [133-135].

Melatonin agonists are also of interest because they
can be developed to have more selectivity and affinity
for MT1 and/or MT2 receptors than melatonin itself.
Ramelteon, a high-affinity agonist of MT1 and/or MT2
receptors, is approved by the US FDA for the treatment
of transient and chronic primary insomnia characterized
by trouble falling asleep [136-138]. However, night shift
workers do not typically have trouble falling asleep.

6. Conclusion

Several countermeasures to the shift work sleep-wake
disorder have been proposed, such as judicious exposure
to light and darkness (either by the use of phototherapy
lamps, goggles, scheduled sleep/darkness), the strategic
planning of naps (either prophylactic or recuperative),
and pharmacological interventions (either stimulants
or hypnotics). Other countermeasures, not reviewed in
the present manuscript, are described elsewhere and
include technological devices and education programs.
Although each specific approach can lead to some
reduction of fatigue in a given worker, no single one rep-
resents a unique, comprehensive and sufficient solution
to the complex problem of working on atypical
schedules.
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