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Abstract

sleepiness. 

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-

-

optimal strategies can be developed.

-
-

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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side effects.

-

Furthermore, a decrease in occupational performance and an increase in accident 

-
-

tor studies in shift workers. 

Shift work and flexible working hours

– Shift type:

– Start and ending times of each shift type
– Duration of shift
– Number of consecutive shifts
– Shift schedule:
 – 
 –  -

  – 
  – speed of rotation
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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

Shift work refers to work patterns that extend beyond the con-
ventional 8-hour work day and that potentially disrupt workers’ normal biological 
and/or social diurnal rhythms

Shift work sleep disorder

In-
, the minimal diagnostic criteria for 

SWSD are insomnia and excessive sleepiness which are associated with a work 

-

-
-

ers and 8.1 percent in rotating workers corresponding with an overall prevalence of 
SWSD of 10 percent in the shift worker population.

-

the SCN. After the onset of darkness, the SCN controls the secretion of melatonin 
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exposure to light in the morning produces a phase shift that counteracts the process 

Insomnia amongst shift workers results in a decrease in total sleep length and 

-

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 

discussed in the next sections.

Commuting shift workers

Epidemiological studies
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nurses had more sleep than prior to night or morning shifts. Near-miss accidents 
-

non-extended shift. Moreover, for each extended work shift scheduled per month, 

the night shift, and travelling times of more than 35 minutes, were associated with 

-

versus 1 percent of non-shift 
workers. 

hours per week were associated with sleep-related motor vehicle crashes.

summarized in box 1. 

night shifts and rotating shifts 

shifts can predict drowsiness and near miss accidents after shift work

of extended shifts per month

Box 1
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Simulated driving performance studies

studies. 

-

-
versus

-

-

In addition, after the morning and night shift, higher levels of sleepiness were re-
ported than after the afternoon shift. 

after the second and third shift during a 40-minute drive. In addition, videotapes 
-

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 

-

individual characteristics of the drivers in the napping group. Studies often show 

crash occurred was found in non-shift-working drivers the afternoon after a night of 

individual differences on sleepiness and driving performance was addressed in a 

on driving and sleepiness were assessed after a night on-call and a night off-call. 
-
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on driving. During a night on-call, self-reported total sleep time was decreased and 

-

assessing driving performance in a simulator has limitations. Driving simulators 

be less stimulated, less willing to exert effort and fall asleep sooner. In addition, 

-
dition, as different aspects and different shift worker populations in different shift 

Occupational drivers

have serious consequences. Truck drivers often work irregular hours including 
night work, and often spend long hours behind the wheel. Taking into account that 

-

drivers face additional challenges when confronted with irregular working hours. 

lead to drowsiness and increased accident risk.
-

vealed that 31 percent of all fatal commercial truck crashes were attributable to 

Box 2
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total amount of sleep in the preceding 24 hours and split sleep patterns were most 
-
-

lated accident had on average 2.5 hours less sleep than drivers involved in other 

-
-

-

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-

while driving, whereas about 8 percent of short haul drivers reported this. Two or 

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 

per 
se leads to increased sleepiness in large numbers of drivers.

Several studies in truck drivers established a correlation between excessive 

-

-
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-

-

Still, similar to studies in commuting shift workers, commercial driver studies have 

-
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 

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. 

-

-

-

The truck drivers in the Brazilian studies also reported high levels of alcohol 

effects of extended wakefulness and alcohol proved to have tremendous negative 

-

have serious results. Sleep-disordered breathing or sleep apnea are overrepresented 
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summarized in box 3.

Flexible working schedules 

-
treme cases, such as interns at medical hospitals working extended shifts of more 

-

-

examine possible accident risk in these groups of workers.

Countermeasures

-
-

and in afternoon

Box 3
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Enhancing alertness 

Napping

-

and learning. In shift workers, napping prevents fatigue and increases performance 

-

Use of psychostimulants: modafinil

Several studies on the use of stimulant drugs show an improvement of alertness and 

performance during or after shift work have not been studied. Although stimulant 
drugs such as amphetamines improve alertness, the risk of abuse and dependence 

-

-

suffering from SWSD. A modest improvement in alertness and performance was 

versus
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of sleepiness, but does not affect the cause of SWSD. Furthermore, a comparison 

-

-

-

driving test showed that temazepam did not impair driving. Midazolam had minor 

that triazolam, due to its residual effects, should not be recommended to shift work-

and effective, at least for short-term use.

solution for shift work-related sleeping problems due to the risk of tolerance, de-
pendence, and abuse.

regulation. Exogenous melatonin, when taken at an appropriate time, can act as 
a chronobiotic. This means exogenous melatonin or comparable compounds are 

-
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min

point. Exogenous administration subsequent to the Tmin

min

-

the normal range.

light. Light exposure prior to Tmin 

extent of shifting. The use of bright light can be applied during night shifts or phase 
-

-

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 

-

Discussion and conclusions

Shift work can lead to disrupted sleep-wake regulation, which in turn can result in 
-

Epidemiological data presented in this chapter show that shift workers experi-
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studies examined shift workers and none of them included patients with SWSD. 

per se.
-

individual traits. 
The negative effects of shift work remain unrecognized or are at least under-

a large part of the problem. 

to have a positive effect on driving performance.

-
nisms leading to driving impairment in shift workers in order to create optimal 
countermeasures.
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