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Abstract

Sleep disorders are not uncommon and have been widely reported
throughout the world. They have a profound impact on industrialized
24-h societies. Consequences of these problems include impaired
social and recreational activities, increased human errors, loss of
productivity, and elevated risk of accidents. Conditions such as acute
and chronic insomnia, sleep loss, excessive sleepiness, shift-work, jet
lag, narcolepsy, and sleep apnea warrant public health attention, since
residual sleepiness during the day may affect performance of daily
activities such as driving a car. Benzodiazepine hypnotics and zopiclone
promote sleep, both having residual effects the following day includ-
ing sleepiness and reduced alertness. In contrast, the non-benzodiaz-
epine hypnotics zolpidem and zaleplon have no significant next-day
residual effects when taken as recommended. Research on the effects
of wakefulness-promoting drugs on driving ability is limited. Coun-
termeasures for excessive daytime sleepiness have a limited effect.
There is a need for a social awareness program to educate the public
about the potential consequences of various sleep disorders such as
narcolepsy, sleep apnea, shift-work-related sleep loss, and excessive
daytime sleepiness in order to reduce the number of sleep-related
traffic accidents.
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Introduction

There is a lack of awareness among the
public and among physicians and authorities
in general of the problem posed by sleepy
drivers. Every year about 20-40% of Ameri-
can adults have difficulty sleeping and 17%
consider the problem serious (1). According
to the National Sleep Foundation Gallup
Survey, 63 million adults have sleep levels

considered to be hazardous to their well-
being, with 6% experiencing severe levels of
sleepiness (2). In addition, 12% of senior
citizens report chronic insomnia, and this
estimate is even higher among those with
concomitant medical or psychiatric illnesses
(3). The 2002 Sleep in America Poll (4)
revealed that 37% of adults reported that
daytime sleepiness interfered significantly
with their daily activities. Hence, today in-
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somnia can be considered to be one of the
most prevalent public health problems.

The concept of sleep has changed dra-
matically in modern 24-h society. Time
asleep is viewed as wasted time, and spend-
ing many hours sleeping is often associated
with laziness. Although sleep problems are
experienced as inconvenient, they are often
not viewed as a medical problem. Hence,
only a minority of persons with sleep distur-
bances consult their physicians and receive
medical attention. Nevertheless, it is gener-
ally acknowledged that poor sleep quality
may result in reduced quality of life. Exces-
sive daytime sleepiness is one of the major
complaints of people with sleep disturbances
since it may be reflected in altered mood and
behavioral impairment. Reduced perfor-
mance becomes of public concern when sub-
jects with excessive daytime sleepiness are
involved in potentially dangerous daily ac-
tivities such as driving a car.

Road safety: an issue attracting
increased global attention

Road safety is an important issue that has
recently attracted increased attention from
the United Nations and the World Health
Organization (5). In 1998, over 1.2 million
persons worldwide were killed in road traf-
fic accidents, making road traffic accidents
the 10th leading cause of death. A multiple
number of persons were injured by road
traffic accidents and became disabled. The
medical and economic costs of traffic acci-
dent-related injuries and disabilities are esti-
mated to equal 1 to 3% of a country’s gross
national product (global yearly costs of 518
billion US dollars). In 2020, the number of
persons killed in road traffic accidents is
expected to nearly double to 2.3 million
deaths worldwide. In August 2003, the United
Nations acknowledged the global road safety
crisis by urging their member states that
“traffic accidents now pose a global public
health crisis that requires urgent action at the

national and the international levels”. In ad-
dition, the WHO’s annual World Health Day
(April 7, 2004) was dedicated to Road Safety.
This article will discuss the impact of sleepi-
ness, sleep disorders and their pharmacolo-
gical treatments on traffic safety. Recom-
mendations are given for future research and
public health policies.

Sleepiness and driving safety

There is a considerable body of evidence
that sleepiness contributes to the cause of
various accidents in industries and in trans-
port systems (6). A recent study (7) exam-
ined 1828 road traffic crashes on 15 differ-
ent roads in the UK. The authors reported
that 17% of the traffic accidents resulting in
death or injury were sleep related. This per-
centage varied between 3 and 30% depend-
ing on the road type. Sleepiness-related ac-
cidents were especially prevalent during the
early morning hours and 50% more likely
than normal crashes to result in serious in-
jury or death.

The 2002 Gallup survey (8) revealed that
37% of drivers reported that they have nod-
ded off or fallen asleep at least once in their
driving career. The Sleep in America Poll
(4) revealed that 91% of subjects agreed that
not getting enough sleep puts a person at risk
for injuries, but 51% of the respondents
reported that they did drive while sleepy.

The characteristics of these drowsy driv-
ers include having less than 6 h of sleep the
previous night, driving for more than 2.9 h,
driving on an interstate highway, and driv-
ing in the dark (between 9:00 pm and 6:00
am). In this context, truck drivers reported
that their actual sleeping time was signifi-
cantly less than the desired period of sleep
(5.18 vs 7.1 h). Encephalographic determi-
nations during driving confirmed that these
truck drivers slept less than required to be
alert (9).

The relationship between factors causing
sleepiness and reduced driving ability is sum-
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marized in Figure 1. It is evident from Figure
1 that both endogenous factors (individual
characteristics) and external factors (task
and environment-related) contribute to
sleepiness, which in turn may result in poor
driving performance.

Endogenous factors

Sleep-related disturbances that have been
related to increased traffic accident risks
include excessive daytime sleepiness (6),
inattention due to sleepiness (10), obstruc-
tive sleep apnea (11), narcolepsy (12), sleep
deprivation (sleep curtailment) (13), poor
sleep hygiene (13), changes in wakefulness-
sleep circadian rhythm (7), sudden “sleep
attacks”, “dozing off” or “micro sleep” (14),
and the use of sleep medication (15).

Alcohol

On-the-road tests during normal traffic
showed that the driving performance of
healthy subjects is significantly impaired
after administration of alcohol yielding blood

alcohol levels below 0.05% (16). Driving
tests on a closed-circuit showed that the
effects of alcohol (blood alcohol concentra-
tion = 0.089%) on driving performance were
comparable to those of sleep deprivation
(17). The impairing effects of alcohol on
simulated driving have ben shown to be
exacerbated in sleepy drivers (18). Another
study quantified this impairment, showing
that after 18.5 and 21 h of wakefulness,
driving impairment in a simulator was com-
parable to that observed in drivers with blood
alcohol concentrations of 0.05 and 0.08%,
respectively (19). Hence, even low-dose al-
cohol use should be avoided by sleepy driv-
ers.

External factors

The impact of sleepiness on driving safety
also depends on exogenous factors such as
irregular working hours, duration of driving
and total working hours (20). It is important
to point out that usually human efficiency
decreases in individuals who continue to
work after being aware of their fatigue (21).

Electrophysiological changes, physical symptoms, changes in attention and

information processing, changes in sensation and perception, highway hypnosis,

and microsleep

- Monotonousness of task
- Monotonousness of environment
- Time on task
- Time of day

- Natural sleep-wake rhythm

- Sleep hygiene

- Sleep debt/deprivation

- Sleep inertia

- Use of sleep medication

SLEEPINESS

REDUCED DRIVING PERFORMANCE

Characteristics of the individuals External factors
Figure 1. Characteristics of the
individual and external factors
related to sleepiness that may
result in reduced driving perfor-
mance (adapted from Vesentini
et al., 59).
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Several investigators have suggested that
fatigue contributes as a cause of various ac-
cidents in industry and in transport systems
(15,22).

Mello et al. (23) conducted an epidemio-
logical survey on 400 professional interstate
bus drivers in Brazil and showed that acci-
dents may be related to sleep problems since
16% of the drivers interviewed reported they
had fallen asleep at the wheel, while 58%
knew some fellow driver who had also fallen
asleep at the wheel. Drivers who admitted
they had fallen asleep at the wheel while
driving (16%) reported a frequency of 8
such episodes per trip. More recently, Mul-
tiple Sleep Latency Tests revealed that 42
and 38% of a group of long-haul bus drivers
working shifts met the criteria for excessive
sleepiness when the test was conducted dur-
ing the day and night, respectively, when the
drivers normally would be working/driving
(24). Taken together, these findings point
out that drivers’ ability to get sufficient sleep
just prior to the driving hours appears to be
reduced, and that they are sleepy during a
time when they are expected to be alert. This
is highly relevant since other studies have
demonstrated the effects of sleepiness in
terms of reduction of attention, memory,
reaction time, problem solving, and cogni-
tion, leading to the risk of accidents (22).

Highway versus city driving

Prolonged stress situations associated
with reduced vigilance (e.g., highway driv-
ing, in contrast to city driving) increase the
conditions leading to accidents (25). In this
context, it has been reported that in city
driving increased traffic density produces
increased numbers of sleepiness-related ac-
cidents, whereas in highway driving in-
creased traffic density reduces the number
of sleepiness-related accidents (7). The lat-
ter can be explained by the fact that highway
driving is a monotonous task; the presence
of other cars may trigger the attention of

drivers and keep them more alert.

Time of work

Studies have indicated an increased risk
of accidents as a function of time of work,
i.e., about 9 h after the beginning of the work
shift. This risk may increase 2-fold after 12 h
of work and 3-fold after 14 h of continuous
work (22,26). Increased accident rates have
been reported also after 5 h of continuous
work (27) and in shift-working people (28).

Shift-working and driving safety

The relatively high rates of sleep distur-
bances and excessive daytime sleepiness
can be attributed in part to the changed
concept of sleep in the modern 24-h society.
For example, about 20% of the workers
in industrialized nations are shift workers
(29), and 25% of the Canadian work force
(30) and one third of the Swedish work force
(31) are scheduled to be on shift work. Shift
and night work has considerably increased
over the last decade, mainly due to eco-
nomic, demographic and technological
changes (32).

Shift workers frequently complain that
they are unable to sleep at irregular times
and report problems related to sleepiness
(33). Among factors that contribute to the
complaint of sleepiness among shift workers
are disorders such as obstructive sleep ap-
nea, periodic leg movement syndrome, in-
somnia, and narcolepsy (34). Most human
beings are active during the light phase,
showing a greater propensity to rest and
sleep during the dark phase. Thus, some
changes in this pattern can lead to behavioral
alterations especially with respect to sleep,
representing a risk factor for an increased
number of accidents and for worker health
(35). This is illustrated by the fact that sig-
nificantly more accidents are reported when
driving home after a night shift compared to
a day shift (28).
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Obstructive sleep apnea/hypopnea
syndrome and driving safety

Sleep disordered breathing and sleepi-
ness are more pronounced in professional
drivers than in the general population (36).
In Brazil, about 30% of truck drivers were
found to be at high risk for sleep apnea (37)
and almost 40% of the bus drivers met the
criteria for obstructive sleep apnea/hypopnea
syndrome (OSAHS) (22). Drivers with
OSAHS have a significantly increased risk
of traffic accidents than subjects without
OSAHS (38). This may be related to the
observation that drivers with OSAHS pres-
ent reduced concentration and reaction time
(39). A recent study reported that drivers
with sleep apnea have a 7-fold increased risk
of injury when compared to healthy drivers
(6).

There are other studies, however, that do
not report increased traffic accident risks in
drivers with sleep-disordered breathing (40).
In this context, it should be noted that suc-
cessful treatment of OSAHS significantly
reduces the risk of traffic accident. For ex-
ample, nasal continuous positive airway pres-
sure treatment significantly reduces the rate
of traffic accidents and daytime sleepiness
of patients with OSAHS (38).

Sleep medications and driving safety

According to the Sleep in America Poll
(4), 15% of the 1010 subjects interviewed
reported using prescription hypnotics (8%)
or over-the-counter sleep aids (10%). Among
those subjects reporting daytime sleepiness,
22% used sleep medicine regularly.

A recent review of the literature shows
that epidemiological findings of increased
traffic accident risks for benzodiazepine us-
ers are supported by evidence from on-the-
road driving studies (15). In the on-the-road
driving test during normal traffic subjects
operate an instrumented vehicle over a 100-
km highway circuit. Subjects are instructed

to drive with a steady-lateral position within
the right traffic lane, while maintaining a
constant speed (95 km/h). The primary pa-
rameter of the test is the standard deviation
of lateral position (cm), indexing the weav-
ing of the car.

As is evident from Table 1, most benzo-
diazepine hypnotics produce driving impair-
ment exceeding the common legal limits for
driving when compared to blood alcohol
concentrations (15). Zopiclone also produces
significant driving impairment the morning
following bedtime administration. In con-
trast, zolpidem and zaleplon do not affect
driving ability when administered at bed-
time.

It should be noted that the subjects who
participated in these experimental studies
enjoyed a full night of sleep. It is reasonable
to assume that in sleep-deprived subjects or
those experiencing disturbed sleep, the ef-

Table 1. Effects of hypnotics on driving ability.

BAC >0.10%
Loprazolam 2 mg*
Flurazepam 30 mg*

BAC >0.08%
Flurazepam 15 mg*

BAC >0.05%
Flunitrazepam 2 mg*
Nitrazepam 10 mg*
Lormetazepam 2 mg
Zopiclone 7.5 mg*

BAC <0.05%
Oxazepam 50 mg*
Loprazolam 1 mg
Temazepam 20 mg
Lormetazepam 1 mg*
Nitrazepam 5 mg

BAC = 0%
Zolpidem 10 mg
Zaleplon 10 mg

Driving tests were performed 10-11 h after bed-
time administration. The results are compared with
blood alcohol concentration (BAC) that corre-
sponds to the most common legal limits for driving
a car.
*Significantly different from placebo (P < 0.05;
ANOVA).
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fects of psychoactive drugs are much more
pronounced.

Counter-measures of sleepiness

The Gallup survey (8) reported that most
drivers stop the car to sleep (43%) or rest
(15%) when they feel sleepy while driving.
Other interventions reported by drivers in-
clude opening the window (26%), drinking
coffee (17%), or playing the radio loudly
(14%). Unfortunately, except for stopping
the car, these strategies provide little benefit.

Educational measures

Drivers should be aware of the impor-
tance of the physiological need for sleep, the
detrimental effects of lack of sleep on per-
formance, and of the dangers of inverted
working and resting periods. Public aware-
ness campaigns should inform the general
public of the dangers of driving while sleepy.

Behavioral measures

According to Harma (41), there are indi-
vidual differences such as domestic factors,
age, sex, heredity, circadian phase, practice
of sports, and ability to sleep which have
been studied as factors contributing to a
better adaptation to shift work.

Behavioral counter-measures that reduce
the risk of motor vehicle collisions have
been summarized by Cummings et al. (42)
and can be summarized as follows: a) if the
driver feels sleepy he should stop driving; b)
efficient use of highway rest stops for bouts
of naps; c) turning on a radio or music; d)
getting enough rest prior to departure; e)
avoiding long distance driving alone, but
sharing the driving, or interrupting the trip.

Napping

Napping has been considered to be a
possible strategy for increasing the level of

alertness of night workers (43). The objec-
tive of this technique is to improve perfor-
mance and alertness during the night of op-
erational workers who execute the same task
for a prolonged period of time (44), but its
negative effect is sleep inertia (transient pe-
riod that occurs immediately after awaken-
ing) immediately after a nap (45). This effect
may differ according to the type of task and
the technique used for reactivation immedi-
ately after awakening. However, sleep iner-
tia depends on the quantity and quality of
napping (46), the sleep stage that precedes
awakening (47), the napping place (48), and
the duration of awakening from a nap (49).

Caffeine

It has been shown that slow-release caf-
feine can be potentially exploited as a valu-
able counter-measure against reduced per-
formance caused by sleep deprivation with
no important side effects, especially when
its application is of an acute nature and when
there is no opportunity to take a nap (50).
Caffeine has been used to contain sleep and
has an effect similar to, although lower than,
napping (51). When used at the beginning of
the night and at various doses, caffeine in-
creases alertness and improves psychomo-
tor performance during the night, especially
between 22:30 and 1:20 h. Rosekind et al.
(44) reported that caffeine should be used
during the window of circadian somnolence.
However, caffeine can reduce, but not elimi-
nate the sleep problems associated with al-
ternate shift work (51).

Pharmacological measures

Reduced sleep quality and sleep duration
have been reported to occur in shift-work-
ers, possibly affecting performance after
awakening. Shift workers may benefit from
hypnotics to promote sleep during daytime.
For example, relative to placebo, improved
daytime sleep duration, sleep quality and
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psychomotor performance were reported for
temazepam (52), zopiclone (53) and zolpi-
dem (54).

Similar results have been reported for
persons traveling across time zones. For ex-
ample, aircraft personnel has to adjust their
sleeping hours to flight schedules. Hypnotics
can be useful to facilitate sleep during the
period from landing to flying back. After
traveling across time zones, psychomotor
performance was not significantly affected
by temazepam and sleep quality and dura-
tion were significantly improved (55).

The Sleep in America Poll (4) showed
that 6% of the subjects interviewed report
that they have used medications to stay
awake. Promising results have been reported
for modafinil in reducing sleepiness (56);
however, the effects of this drug on driving
ability have not been determined.

Physical exercise/physical activity

The practice of physical exercise can
help improve the quality and efficacy of
sleep (57). In addition, depending on the
period of the light-dark cycle (wakefulness-
sleep) during which it is performed, it can
cause an increase of central temperature
which might, in turn, minimize sleep induc-
tion. However, its effects can be masked,
and the temperature can quickly return to its
basal values. Consequently, it is not recom-
mended that sedentary individuals who are
going to have their first session of physical
training do so near their bedtime. Rather,
they should do it 5 or 6 h before this time
(58).

As a result, with this alteration (increase)
of body temperature after the practice of
moderate aerobic physical exercise (Venti-
lation Threshold 1 or 2), we could hypoth-
esize that the elevation of body temperature
could cause a reduction of sleep induction or
of sleepiness, which could minimize the con-
sequences of excessive sleepiness among
shift workers, namely professional drivers.

Therefore, the practice of physical exercise
at the beginning of the dark period could be
an effective strategy to reduce the complaints
of sleepiness in this population and, as a
result, reduce the number of accidents caused
by sleepiness. This hypothesis, however,
should be studied more in depth, since infor-
mation such as the chronotype, the kind of
rotation in the work shifts, the total sleep
time the worker needs to recover during his
period of rest (considering whether this pe-
riod is in the light or dark cycle, and whether
the worker resorts to planned naps) is very
important for any work schedule to be effec-
tive. Therefore, we should never observe
only one variable when aiming at any kind
of intervention in the work schedule.

As a result, sleep-related accidents are
probably under-reported due to the lack of
appropriate training of police officers. Even
if the public acknowledges the deleterious
effects of sleep behind the wheel, it fails to
grant appropriate priority status to the prob-
lem. In this context, it is exemplary that
driver training manuals do not mention a
word about the dos and don’ts concerning
sleepiness when driving.

In addition to regular drivers, this knowl-
edge is especially important for professional
drivers. The administrators of collective
transport companies should be aware of data
concerning sleep pattern, hygiene and disor-
ders since factors such as sleep restriction or
deprivation and habits related to the sleep-
wakefulness cycle are frequently related to
reports of accidents associated with falling
asleep at the wheel (13).

Also, a better planning of work shifts for
shift workers is of fundamental importance
(20) since positive results are obtained with
this intervention. New strategies for biologi-
cal adaptation of working hours should be
examined and implemented in order to mini-
mize accidents and to reduce sleepiness, to
enable shift-workers to avoid driving during
vulnerable periods of time of their work shift
(20). Therefore, it is of crucial importance to
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conduct new studies using computerized
polysomnography to determine in an objec-
tive manner the main sleep disorders of pro-
fessional drivers in order to indicate the
correct treatment for drivers presenting them.
With basic knowledge about sleep, sleep
disorders and chronobiology, the companies
can adopt simple and low-cost measures to
alter the work shift which will permit a better
life style and safer driving for the workers
and a probable improvement of the service
the workers execute for the company.

Research agenda

There is a need for social awareness pro-
grams to educate the general population about
the potential consequences of various sleep
disorders such as narcolepsy, sleep apnea,
shift-work-related sleepiness, sleep loss, and
excessive somnolence. Such information
should also be made available to the policy

makers in both the public and industrial
sectors.

Information on the impact of such public
health issues should be made available to the
healthcare sectors and should become a regu-
lar part of their training initiatives.

Sleep centers around the world should
play a pivotal role in the assessment, diagno-
sis, training, treatment, and management of
sleep disorders.

Examining the effects of sleep disorders
and sleep-related problems should be tested
preferably with on-the-road tests during nor-
mal traffic, since this testing methodology
has a higher ecological validity than simula-
tors and other laboratory tests.

Owing to the complexity of sleep prob-
lems and sleepiness and their effects on traf-
fic safety such management programs should
have a multidisciplinary and multidimen-
sional approach.
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