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Abstract

Shift work and other irregular working schedules are common in modern society, but may also
lead to disruptions in the regulation of sleep and wakefulness. Intolerance to shift work may
lead to Shift Work Sleep Disorder (SWSD), primarily characterized by insomnia and excessive
sleepiness.

The effects of shift work on driving ability and traffic safety have been demonstrated in a
number of epidemiological and driving simulator studies. The main consequences of shift work
are fewer hours of sleep, higher levels of sleepiness, and falling asleep while driving. Conse-
quently, increased traffic accident risk has been reported relative to daytime workers (odds ratio
1.14 to 2.3). Different strategies are available to combat driver fatigue and accidents in shift
workers. Alertness can be improved by prophylactic napping or by using stimulant drugs such
as modafinil, a compound specifically targeting SWSD. Another way to combat the negative ef-
fects of shift work is manipulating the circadian system by administering melatonin and bright
light. Future research should identify the factors leading to SWSD and impaired driving, so that
optimal strategies can be developed.

Introduction

Before the introduction of electrical light, humans largely adapted their daily activi-
ties to the natural light-dark cycle. When modern technology enabled the produc-
tion of artificial light, it became possible to change this rhythm and work during
the dark part of the day. After the industrial revolution, factory managers wanted
to make optimal use of their machinery by designing work schedules that enabled
continuous around-the-clock production, leading to an increase in the number of
people working in the evening and night. Later, this trend progressed to other areas
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such as the service industry. All these developments contributed to our 24-hour
society with its numerous benefits. However, there are also a number of negative
side effects.

Humans have an endogenous biological rthythm, set by light exposure, which has
a limited ability to adapt to artificial sleep-wake schedules. Evidence for the poten-
tially hazardous effects of irregular working hours has been found in recent years,
showing that inability to adapt to alternative or irregular work schedules may result
in insomnia, drowsiness, cognitive impairments [1], and even serious illnesses [2].
Furthermore, a decrease in occupational performance and an increase in accident
risk, both at work and on the road, may be the result.

In this chapter, the effects of irregular working hours on traffic safety are dis-
cussed, as well as empirical evidence on road traffic accidents and driving simula-
tor studies in shift workers.

Shift work and flexible working hours

About 15-40% [3-5] of the working population in industrialized countries perform
their work at times at which others are asleep or enjoy leisure time. These workers
are usually referred to as shift workers. Common examples are factory workers,
police officers, and medical personnel. Yet, the concept of shift work is quite vague,
which is reflected by the fact that there is no consensus over a proper definition.
Although several definitions are in use, most agree on one criterion: all or part of
the duties are performed outside standard working hours [6, 7]. Usually, working
days commencing after 6.00-8.00 a.m. and ending before 6.00—7.00 p.m., with a
maximum of 8 hours per day and approximately 40 hours per week, are considered
to be standard [8, 9]. In addition, standard work is performed during a continuous
on-duty period, except for breaks [8].
There is a wide variation of systems in use for the organization of shift work.
Each can be described according to a number of characteristics:
— Shift type: morning shift (MS), afternoon shift (AS), evening shift (ES) or night
shift (NS)
— Start and ending times of each shift type
— Duration of shift
— Number of consecutive shifts
— Shift schedule:
— Fixed schedules: similar start and end time over a prolonged period of time
— Rotating schedules: shift type changes after a certain number of days charac-
terized by:
— direction of rotation: forward (clockwise) or backward (counterclockwise)
— speed of rotation

A distinction can be made between “conventional” shift work, in which people work
a substantial part of the working week outside normal daytime hours, and flexible
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working hours, which include early starts and late finishes, overtime, compressed
workweeks, and other irregular schedules. The latter has its own definition: “Flex-
ible working hours involve a continuous choice on behalf of employers, employees
or both, regarding the amount (chronometry) and the temporal distribution (chro-
nology) of working hours”[10]. In other words, whereas “conventional” shift work
is usually organized according to strict schedules, an important feature of flexible
working hours is that they are not.

One commonality between conventional shift work and flexible working hours
is that people work during “unnatural” times. Therefore, another definition seems
more appropriate: “Shift work refers to work patterns that extend beyond the con-
ventional 8-hour work day and that potentially disrupt workers’ normal biological
andyor social diurnal rhythms” [11].

Shift work sleep disorder

In a proportion of workers, shift work leads to a circadian rhythm disorder called
Shift Work Sleep Disorder (SWSD), also known as “shift lag”. Following the In-
ternational Classification of Sleep Disorders, the minimal diagnostic criteria for
SWSD are insomnia and excessive sleepiness which are associated with a work
period overlapping the normal sleep period [12]. Since there is no clear definition
of shift work, it is also difficult to estimate an accurate prevalence of SWSD. This
is also hampered by the so-called “healthy worker effect”: intolerance to shift work
compels workers to adopt other types of occupation leading to the “survival” of the
healthiest shift workers. The American Academy of Sleep Medicine estimates a
prevalence of SWSD of two to five percent in the total population [12]. These fig-
ures exclude early morning workers, suggesting that the actual prevalence may be
higher. Drake et al. [13] assessed the differential prevalence of SWSD by compar-
ing with daytime workers. They found a prevalence of 14.1 percent in night work-
ers and 8.1 percent in rotating workers corresponding with an overall prevalence of
SWSD of 10 percent in the shift worker population.

A further issue is that individuals may be diagnosed with SWSD according to
the two previously mentioned criteria, but the question that remains is: Where is
the boundary between a normal response to night or shift work and a pathological
response, i.e. a true diagnosable disorder [14]?

The symptoms related to SWSD arise from disruptions in the regulation of the
sleep-wake cycle. Circadian and homeostatic processes are of importance in this
regulation. The circadian oscillator or body master clock, located in the suprachi-
asmatic nucleus (SCN) in the hypothalamus, is responsible for generating cycles of
about 24 hours. The clock is “set” each day by light input from the retina relayed to
the SCN. After the onset of darkness, the SCN controls the secretion of melatonin
by the pineal gland, which in turn initiates sleep. Thus, the circadian process enables
sleep during the night and wakefulness during the day. The homeostatic process
corresponds to a “need for sleep” that increases during wakefulness in a progressive
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manner. Both processes may also predict alertness and performance [15]. Irregular
working hours lead to disruptions in these processes. Especially in rotational shift
work, workers constantly need to adjust to different sleep-wake times. The same
holds true for night work. Theoretically, full adaptation to continuous night work is
possible, yet slow: estimated at 1 hour per day. In real-life situations, workers often
revert to a normal day-night schedule during weekends and holidays. In addition,
exposure to light in the morning produces a phase shift that counteracts the process
of adaptation [16]. Apart from the biological factors, environmental factors such as
noise and light, and social factors, e.g. deliveries, phone calls and family members’
demands, may compromise sleep during the day.

Insomnia amongst shift workers results in a decrease in total sleep length and
quality. Night shift workers regularly report sleepiness and lack of alertness and
vigilance while working, all of which impair performance [12]. Additionally, the
energy loss and fatigue will interfere with normal social functioning and may have
harmful psychological effects. This emphasizes the need of adequate management
of the disorder, including early diagnosis and recognition of its severity.

Traffic safety in shift workers

A study by the AAA Foundation for Traffic Safety showed that after alcohol con-
sumption, drowsy driving was the most important cause of car crashes [17]. Work
schedules were significantly associated with sleep-related crashes. Anyone not
working regular day shifts was twice as likely to become involved in a sleep-related
crash as opposed to a non-sleep-related crash. In night shift workers, the risk was
almost 6 times higher when compared with non-sleep-related crashes, and over 13
times higher when compared with non-crash controls [17]. Studies focusing on shift
workers and the factors found to be involved in drowsy driving and shift work are
discussed in the next sections.

Commuting shift workers
Epidemiological studies

Several studies suggest that road traffic accidents are especially common in shift
workers at their trip to and from work. A survey by Gold et al. [18] showed that
nurses on rotating schedules had an odds ratio (OR) of 1.14 to report a car accident
and OR of 2.63 to report a near-miss accident, as compared to day or evening nurses.
In night nurses, an OR of 2.24 for a car accident and an OR of 1.92 for a near-miss
accident were found. Nodding off when traveling to or from work was reported by
49 percent (OR=3.62) of night nurses and 51 percent (OR=3.92) of rotators.
Reduction in sleep duration at workdays may be an explanation for the increased
accident risk [19]. A different study in nurses showed that prior to evening shifts,
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nurses had more sleep than prior to night or morning shifts. Near-miss accidents
and drowsiness were mainly associated with the night shift. Furthermore, strug-
gle to stay awake at work, followed by exhaustion and the number of consecutive
shifts, were significant predictors of drowsiness and near-miss accidents on the way
home. Nurses did not report significantly longer working hours. Therefore, it seems
likely that the rotating shift schedule itself produced sleep loss [19].

Another study did report that extended shifts were a contributing factor in
drowsy driving and related vehicle accidents [20]. Work hours in 2737 residents
in US medical schools (interns) and the incidence of motor vehicle crashes and
near-miss incidents after an extended work shift (>24 hours) were compared to
those observed after a normal shift [20]. The risk of crashes (OR=2.3) or near-miss
incidents (OR=5.9) was significantly greater after an extended shift than after a
non-extended shift. Moreover, for each extended work shift scheduled per month,
the overall monthly risk of a crash was increased by 9.1 percent while the risk of
a crash while driving home from work was increased by 16.2 percent. In addition,
odds ratios for falling asleep behind the wheel corresponded significantly with the
monthly number of extended work shifts.

Rogers et al. [21] found that a sleep duration before work of less than 6 hours,
the night shift, and travelling times of more than 35 minutes, were associated with
sleepiness and driving impairment. Di Milia [22] also reported that sleepiness after
long-distance driving following night work was significantly higher in shift work-
ers (n=180) when compared to non-shift workers (n=1375) in Australia. Severe
sleepiness was reported by 19 percent of shift workers versus 1 percent of non-shift
workers.

A case-control study showed that each hour of sleep reduction below 7 hours
resulted in a significantly higher odds ratio of having a sleep-related traffic accident
[23]. Furthermore, working a night shift, rotating shifts, and working 60 or more
hours per week were associated with sleep-related motor vehicle crashes.

Epidemiological evidence confirms that shift workers experience high levels of
sleepiness associated with increased accident risk. The most important findings are
summarized in box 1.

Major findings from epidemiological studies in commuting shift workers:

* high prevalence of sleepiness and nodding off when driving home after
night shifts and rotating shifts

+ struggle to stay awake at work, exhaustion and number of consecutive
shifts can predict drowsiness and near miss accidents after shift work

+ extended shifts increase the risk of crashes and near-miss incidents

 the risk of falling asleep behind the wheel increases with the number
of extended shifts per month

 long driving distance after shift work is related to severe sleepiness

* sleep durations below 6—7 hours are associated with sleep related crashes

Box 1
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Simulated driving performance studies

Driving performance of shift workers has been examined in five driving simulator
studies.

Akerstedt et al. [24] compared driving performance after a night of normal sleep
and after a night shift in the morning (7.00-7.30 a.m.) in male and female shift
workers (n=10). The night shift led to an increase in blink duration and subjective
sleepiness and to impairments in driving ability. After night work, there was a sig-
nificant increase in incidents (two wheels outside the lane markings), reduced time
to the next accident (four wheels outside the lane markings), and increased weaving
of the car compared to driving after a night sleep. A second study [25] investigated
the effects of different shift types (morning, afternoon and night shift) and shift sys-
tems (slow backward versus fast forward rotating schedule) on simulated driving in
male and female shift workers (n=36). A 25-minute drive was performed after each
shift (5.30 a.m., 10.00 p.m., 2.00 p.m.). Weaving of the car increased after the night
shift, as compared to the afternoon shift, and increased during the drive. However,
no differences in weaving were found between the slow and fast rotating shift sys-
tems. Neither the shift type nor the shift system had an influence on the number of
accidents, i.e. the car leaving the road or hitting another vehicle. However, signifi-
cantly higher sleepiness levels were reported in the slow-backward rotating group.
In addition, after the morning and night shift, higher levels of sleepiness were re-
ported than after the afternoon shift.

Smith-Coggins et al. [26] examined physicians and nurses (n=49) working three
consecutive night shifts in an emergency department. The effects of napping during
the night shift on driving performance were examined in the morning (8.00 a.m.)
after the second and third shift during a 40-minute drive. In addition, videotapes
of the subjects’ faces during the drive were analyzed for signs of alertness. Dur-
ing the last night shift, subjects in the nap-group were given the opportunity to
sleep for 40 minutes between 3.00 a.m. and 4.00 a.m. No differences were found
on overall driving performance. Dangerous driving, in which the car leaves the
road or collides with another vehicle, occurred relatively often in both groups: ap-
proximately 8 percent of the total driving time. Driver alertness data suggested that
a nap improved alertness. However, the data from this study may be influenced by
individual characteristics of the drivers in the napping group. Studies often show
that a few individuals often account for a relatively large proportion of accidents
and incidents. For example, large individual variation in driving time until the first
crash occurred was found in non-shift-working drivers the afternoon after a night of
sleep restriction [27]. The presence of a group of subjects who are more sensitive
than others makes it difficult to interpret the data on a group level. The impact of
individual differences on sleepiness and driving performance was addressed in a
fourth simulator study in shift workers [28].

An interesting finding regarding individual differences was derived from a fifth
driving simulator study in medical residents (12 male; 7 female) [29]. The effects
on driving and sleepiness were assessed after a night on-call and a night off-call.
The results showed a significant difference between males and females: male resi-
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dents drove significantly poorer after a night on-call as expressed by lane drifting
and crash frequency. No overall differences between off-call and on-call were found
on driving. During a night on-call, self-reported total sleep time was decreased and
sleepiness was significantly greater. In addition, sleepiness was greater after the
driving test as compared to pre-drive. It is likely that the difference between men
and women was caused by women’s ability to cope with sleep loss and maintain
alertness. Because no difference was found in the off-call condition, risky behav-
iors in men are unlikely to lead to the difference in driving ability.

The major findings derived from simulator studies are summarized in box 2. It
has to be noted that, although simulator studies aim to reflect real life situations,
assessing driving performance in a simulator has limitations. Driving simulators
may enhance sleepiness [24]: because subjects know there is no real risk, they may
be less stimulated, less willing to exert effort and fall asleep sooner. In addition,
dim light conditions in a simulator may also increase sleepiness. The accident risk
derived from these studies may therefore be larger than in real-life situations. In ad-
dition, as different aspects and different shift worker populations in different shift
systems were assessed, the comparability is limited. Future research should aim to
examine uniform groups of shift workers, preferably in on-the-road driving studies
in normal traffic.

Major findings from driving simulator studies in shift workers:

* night shifts and early morning shifts lead to increases in lane drifting,
accident risk and subjective sleepiness scores

+ afternoon shifts have few negative consequences

* napping may improve alertness

 subjective sleepiness levels are predictive of accident propensity

» few drivers account for relatively large numbers of accidents

 personality traits are likely to be involved in the adaption to shift work

» males seem to be more at risk than females

Box 2
Occupational drivers

In the transportation industry, the effects of disrupted sleep-wake schedules may
have serious consequences. Truck drivers often work irregular hours including
night work, and often spend long hours behind the wheel. Taking into account that
a fully loaded truck may weigh over 45,000 kg, truck crashes regularly lead to se-
rious injuries or death. These and other occupational drivers such as bus and taxi
drivers face additional challenges when confronted with irregular working hours.
Especially the combination of circadian disruptions and long driving hours may
lead to drowsiness and increased accident risk.

A study by the United States National Transportation Safety Board (NTSB) re-
vealed that 31 percent of all fatal commercial truck crashes were attributable to
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fatigue. This was the most likely cause of crashes, preceding the use of alcohol and
drugs [30]. However, large differences in the percentages of accidents attributed to
fatigue are seen, probably caused by underestimation of the role of sleepiness in
police reports [31].

Another study by the NTSB showed that drivers with irregular working
hours were more often (67 percent) involved in fatigue-related accidents than
drivers working regular hours (38 percent). The duration of the sleep period, the
total amount of sleep in the preceding 24 hours and split sleep patterns were most
predictive for fatigue-related crashes [32]. This study confirms that sleep depri-
vation plays an important role: truck drivers who were involved in a fatigue-re-
lated accident had on average 2.5 hours less sleep than drivers involved in other
types of accidents.

Several studies support this finding. Sleep durations of 5-6 hours per night are
often reported by drivers [33—35]. As many as 30 to 47 percent of commercial driv-
ers reported falling asleep behind the wheel [36, 37]. The numbers differ depend-
ing on the driver population: a distinction between long and short haul driving is
often made. Especially in long haul truck driving, i.e. long distance driving, which
requires sustained attention, truck drivers are believed to be primarily at risk for
accidents. Yet, short distance driving may also be influenced by sleep restriction.
In a study in daytime short haul drivers, fatigue was reported by 38 percent of
subjects at least once a week and 45 percent reported nodding off while driving in
the preceding year. Factors associated with a higher frequency of experienced fa-
tigue were long work hours, high subjective workload, and the proportion of cargo
movements from customers to depots [38]. A study comparing long and short haul
drivers showed that 40 percent of long haul and 21 percent of short haul drivers
had problems maintaining alertness in 20 percent or more of their drives. Approxi-
mately 25 percent of long haul drivers reported having nodded off at least twice
while driving, whereas about 8 percent of short haul drivers reported this. Two or
more near-miss accidents within the last 3 months were reported by 10 percent of
long haul drivers and approximately 4 percent of short haul drivers [39]. In bus
drivers, similar results were found. For example, 60 percent of Brazilian interstate
bus drivers who worked in shifts reported sleep-related complaints, and 16 percent
reported dozing off while driving [40]. This suggests that commercial driving per
se leads to increased sleepiness in large numbers of drivers.

Several studies in truck drivers established a correlation between excessive
sleepiness and driving accidents [33, 34, 41].

Long daily work hours and extended time on the road increase the accident risk.
This was demonstrated in a study in Sydney taxi drivers. While the majority (67
percent) worked long shifts, breaks were short and a negative correlation between
total average break time and accident risk was observed [42]. Other studies exam-
ining the total driving time demonstrated that accident risk significantly increases
after 4-6 hours of driving [43, 44] and that accident risk significantly increases to a
three-fold risk in the eleventh hour of driving [44].

Overall, sleep-related crashes occur more frequently at night or in the early
morning and in the early afternoon [45-47]. A study using EEG parameters sup-
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ported this by demonstrating that sleep-like states while driving were predomi-
nantly present during the late night and early morning [35].

Personality traits and coping strategy are quite probably of high importance
in driver fatigue. Moreno et al. [48] compared the sleep duration and frequency
of truck drivers on fixed schedules with truck drivers on irregular working hours.
The latter displayed a polyphasic sleep pattern with more sleep episodes that had
a shorter duration, whereas the drivers on fixed schedules displayed a monophasic
sleep pattern. It is suggested that the ability to fragment sleep may be an individual
trait or a coping strategy, which manifests itself under certain circumstances, such
as work pressure. On the other hand, another possibility might be that truck driv-
ers’ unhealthy lifestyle leads to sleep disturbances displayed by fragmented sleep.
Still, similar to studies in commuting shift workers, commercial driver studies have
shown that few drivers account for a large percentage of accidents [49].

Stress and high work demands also influence driving performance [36, 38]. To
protect drivers from extreme working hours, most countries limit driving times by
setting up driving and resting time regulations controlled by using tachograph discs
to record driving times. However, commercial pressure sometimes leads transporta-
tion companies to force their drivers to break the driving time regulations. Cheating
with tachograph discs is quite a common procedure, but solutions that are more
creative are also regularly exerted. An example is the provision of false permission
letters before sending drivers abroad. This way, a driver can “prove” to have had a
day off, while in fact the driver has been working.

To keep up with high work demands, drivers often resort to stimulating sub-
stances to remain alert, although other reasons of abuse should not be excluded.
Two Brazilian studies demonstrated that stimulant drug use was highly prevalent
in truck drivers: 11.1 percent used stimulant drugs such as amphetamines and 77.1
percent of amphetamine users took them 6 times per week or more [33]. In the sec-
ond study, 66 percent of drivers used amphetamines [50]. Two Australian surveys,
as part of one study, support these findings: one in five and one in three truck driv-
ers, respectively, reported stimulant use to fight fatigue. Frequent stimulant use was
associated with breaking traffic rules, having extended working hours, and report-
ing higher sleepiness levels and falling asleep while driving [51].

The truck drivers in the Brazilian studies also reported high levels of alcohol
use: 50.9 percent [33] and 91 percent [50]. About half of the drivers consumed
alcohol at gas stations alongside the highways. In previous research, the combined
effects of extended wakefulness and alcohol proved to have tremendous negative
effects on simulator driving ability and on alertness, even when low, legal doses
were consumed [52] and when the sleep restriction was moderate [53].

The final factor of importance is the prevalence of sleep disturbances in commer-
cial drivers. A combined effect of shift work-related fatigue and sleep disorders may
have serious results. Sleep-disordered breathing or sleep apnea are overrepresented
in commercial drivers [41, 54] and the effects on traffic safety may be substantial.
One study demonstrated a two-fold higher accident rate per mile in commercial
drivers with sleep-disordered breathing as compared to healthy drivers [41].
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The major findings on sleep-deprived commercial drivers and traffic safety are
summarized in box 3.

Main factors associated with accident risk in commercial drivers:

* higher levels of daytime sleepiness

* poor sleep

» work schedules with long work hours and few breaks

* long total driving time

 circadian, i.e. time-of-day influences: higher risk at night/early morning
and in afternoon

* high subjective job demands

 personality trait

* substance abuse

 sleep disorders

Box 3
Flexible working schedules

Most studies involving shift workers were not performed in flexible workers. Ex-
treme cases, such as interns at medical hospitals working extended shifts of more
than 24 hours, can seriously endanger traffic safety, but the effects of less pro-
nounced flexible schedules are largely unknown. Due to the great variability of
existing working hour arrangements, they have not been thoroughly investigated.
Fact is that flexible work is becoming more common than in the past. One trend that
may be of importance is early morning work, developed to avoid night work regu-
lations and avoid traffic congestion in the morning. As mentioned previously, early
morning shifts are related to sleep deprivation and thus may lead to an increase in
road traffic accidents [55].

More research into various flexible working hour arrangements is necessary to
examine possible accident risk in these groups of workers.

Countermeasures

Negative effects of shift work can be counteracted in several ways. Here, three
methods will be discussed: (1) improving alertness by napping or the use of stimu-
lants, (2) improving sleep by the administration of hypnotics, and (3) ways of pre-
venting the circadian rhythm disorder.
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Enhancing alertness

Napping

An effective way to combat fatigue is napping [56]. Different sleeping and nap-
ping strategies can be implemented to cope with nightly shift work in terms of
length and timing [57]. The advantages of napping are outlined by Dhand et al. [58]
highlighting the recuperative effects of daytime napping on alertness, performance
and learning. In shift workers, napping prevents fatigue and increases performance
[59-61].

A simulator study in shift workers showed that napping had a small but positive
effect on driving [26]. More studies of this type are needed to determine the useful-
ness of napping in improving shift workers’ driving ability.

Use of psychostimulants: modafinil

Several studies on the use of stimulant drugs show an improvement of alertness and
cognitive performance [62]. Methylphenidate has shown to improve on-the-road
driving performance in healthy volunteers [63] and patients with attention-deficit
hyperactivity disorder (ADHD) [64]. However, the effects of stimulants on driving
performance during or after shift work have not been studied. Although stimulant
drugs such as amphetamines improve alertness, the risk of abuse and dependence
makes amphetamines not a suitable approach in combating drowsy driving in shift
workers [62].

Modafinil is a stimulant which is registered in the US and several European
countries for the treatment of SWSD [65]. Its pharmacological actions are not yet
fully understood but the dopaminergic and noradrenergic system are thought to be
closely related to the wakefulness-provoking actions of modafinil [62, 65]. Several
studies have been conducted on the effects of modafinil in dyssomnias. Studies
specifically investigating the effects of modafinil in a SWSD population are scarce.
Evidence of effectiveness of modafinil in SWSD is shown in studies where im-
provement of alertness, performance and vigilance were seen during (simulated)
night shifts [65, 66]. Erman et al. [67] studied the effects on patient functioning and
quality of life in a SWSD population using modafinil. Results imply that modafinil
not only has an effect on alertness and wakefulness but also improves the patients’
well-being. Modafinil did not affect the ability to sleep during daytime and was well
tolerated both in the 200 mg and the 300 mg dosage [67]. Czeisler et al. [68] inves-
tigated the efficacy and safety of 200 mg modafinil in a population of shift workers
suffering from SWSD. A modest improvement in alertness and performance was
seen with modafinil. In addition, fewer patients using modafinil, as compared with
placebo, reported car accidents or near-miss accidents on their way home after work
(29 percent versus 54 percent). The question remains if this refinement is sufficient
for patients to drive more safely. In addition, modafinil only improves symptoms
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of sleepiness, but does not affect the cause of SWSD. Furthermore, a comparison
between the use of modafinil and caffeine after extended wakefulness showed no
superiority for modafinil, suggesting that caffeine would be a much cheaper substi-
tute [69].

Hypnotic agents

Hypnotics may aid in promoting sleep, especially during the daytime when cir-
cadian processes may hinder sleep. A number of studies demonstrated a positive
effect of triazolam [70], zopiclone [71, 72], zolpidem [73] and temazepam [74] on
sleep in (simulated) shift work.

One study examined the residual effects of morning intake of midazolam (15
mg), triazolam (0.5 mg), temazepam (20 mg), and placebo on actual driving perfor-
mance in the afternoon in a group of shift workers [75]. The effects were studied on
the first and fifth day of treatment. Midazolam improved daytime sleep on several
parameters. Triazolam had fewer but still beneficial effects, whereas temazepam
had no positive effect on any of the sleep parameters. Results from the on-the-road
driving test showed that temazepam did not impair driving. Midazolam had minor
effects: a small increase in the standard deviation of the lateral position of the car
(SDLP, an index for weaving of the car) was found on the fifth day of treatment.
Triazolam seriously affected SDLP, steering behaviour, time out of lane and time to
lane crossing. The effects were larger on day 1 than on day 5. These results suggest
that triazolam, due to its residual effects, should not be recommended to shift work-
ers. Temazepam is safe, but not very effective. Midazolam seems to be both safe
and effective, at least for short-term use.

It has to be noted that intake of hypnotics should not be regarded as a permanent
solution for shift work-related sleeping problems due to the risk of tolerance, de-
pendence, and abuse.

Manipulating the circadian rhythm

Another approach in SWSD therapy is to manipulate the inner circadian rhythm.
The main cause of SWSD is the inability of shift workers to adapt their habitual
sleep-wake cycle to unusual working hours not coinciding with the normal sleep-
wake pattern. By shifting the sleep phase, a beneficial alignment can be created.
The secretion of melatonin is controlled by the SCN, the body master clock, and
is synchronized with the 24 hour light/dark cycle, showing high nocturnal plasma
levels and low plasma levels during the day [76, 77]. Thus, melatonin can be seen
as an important marker of the circadian phase [78] and a vital compound in sleep
regulation. Exogenous melatonin, when taken at an appropriate time, can act as
a chronobiotic. This means exogenous melatonin or comparable compounds are
substances capable of manipulating the biological clock, i.e. advancing or delaying
the phase depending on the time of administration. The minimum core body tem-
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perature (T,,;,), close to the middle of the last part of sleep, can be seen as a turning
point. Exogenous administration subsequent to the T,,, results in a phase delay.
When taken in the late evening (before T,,;,), this results in a phase advance. In this
way it is possible to shift the biological clock by advancing the sleep period so that
it concurs with daytime, thus correcting the misalignment of working hours and
the normal sleep-wake pattern [78]. However, the efficacy of exogenous melatonin
is a matter of discussion, reflected in the different results found in various studies
in shift workers. Two studies suggest that melatonin (5 mg, and 1.8 mg extended
release, respectively) aids in improving sleep in shift work [79, 80], one study
demonstrated moderate effects of melatonin (10 mg) [81], and three other studies
with dosages ranging from 1 to 6 mg [82—-84] did not find any effect of melatonin
compared to placebo [85]. The influence of melatonin on driving performance was
assessed in one study using a driving performance test battery comprising a num-
ber of driving-related computer tasks [86]. Melatonin had no significant effect on
several tests, except for selective attention. However, the values remained within
the normal range.

Phase shifting can also be induced by influencing a subject’s exposure to (bright)
light. Light exposure prior to T,,;, delays the sleep phase and a phase advance is
achieved by late night light exposure. Light intensity and duration influence the
extent of shifting. The use of bright light can be applied during night shifts or phase
shift schedules can be designed to realize the sleep phase shift gradually. In addi-
tion to the exposure to bright light during nightly shifts, unwanted light exposure
during the day must be avoided. When driving home from a night shift, daylight
can counteract the phase-advancing effects accomplished by nocturnal exposure
to bright light. The use of goggles during the drive home, immediately (or at least
as soon as possible) going to bed and creating a dark sleep environment should
prevent this. Nonetheless, it is hard to comply with these circumstances and dif-
ficulties rearranging the sleep-wake pattern into a regular pattern should be taken
into account. Regarding the use of melatonin as a chronobiotic the unwanted light
exposure should be taken into consideration, since the phase-advancing effects of
melatonin administration during the day can be neutralized by daylight exposure
[78]. The effects of melatonin or exposure to bright light on actual driving perfor-
mance have not been examined yet.

Discussion and conclusions

Shift work can lead to disrupted sleep-wake regulation, which in turn can result in
insomnia and excessive sleepiness. The two main effects, drowsy driving and fall-
ing asleep behind the wheel, pose a great threat to traffic safety.

Epidemiological data presented in this chapter show that shift workers experi-
ence higher levels of drowsiness when driving after shift work and significantly
more traffic accidents are reported compared to drivers with a regular daytime job.
Surprisingly few studies examined driving performance: four driving simulator
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studies examined shift workers and none of them included patients with SWSD.
Only one study examined actual driving performance in an on-the-road driving test.
This study assessed the effects of several hypnotics, but not the effects of shift work
per se.

Various factors make research in shift work difficult and require proper screen-
ing of the specific uniform sample of shift workers that one wants to study. These
factors include shift type, shift duration, number of consecutive days on a shift
type, speed of rotation, direction of rotation, health, social conditions, job type, and
individual traits.

The negative effects of shift work remain unrecognized or are at least under-
estimated. Managers should take sleep-related complaints seriously and aid their
employees in recognising sleep-related problems and their remedies. As shift work
often occurs in highly competitive economical environments, this may encompass
a large part of the problem.

A number of easily implementable countermeasures, such as wearing goggles
after the night shift, light therapy and sleep hygiene measures help to adapt to
irregular working hours, but compliance can be low. Modafinil is regarded as a
promising candidate in the treatment of SWSD, but specific trials on the effects of
modafinil on traffic safety in sleep-deprived shift workers have not been conducted
yet. Though the use of modafinil could reduce excessive sleepiness and therefore
improve patients’ health and well-being, it is still unclear whether modafinil is able
to have a positive effect on driving performance.

In conclusion, shift work is a vital part of our society, but its consequences on
driving ability have to be taken seriously. Future studies should identify the mecha-
nisms leading to driving impairment in shift workers in order to create optimal
countermeasures.

Future studies should:

 establish the effects of different types of shift work on actual driving: on-
the road studies during normal traffic should be performed

+ clucidate the influence of personal characteristics on the ability to adapt to
shift work

» examine the effects of different treatment options on driving performance

» examine the risks of flexible working schedules

Box 4
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