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Abstract

Sleep medication helps patients who suffer from insomnia to fall asleep and maintain asleep,
but unfortunately hypnotic drugs often have residual effects that may affect daily activities such
as driving a car. Epidemiological studies show that patients who use sleep medication are at
increased risk of becoming involved in traffic accidents. These studies show an increased traffic
accident risk for patients using benzodiazepine hypnotics or zopiclone.

This chapter reviews the experimental studies assessing the effects of various hypnotic drugs
on driving ability. On-the-road studies confirm that benzodiazepine hypnotics and zopiclone
significantly impair driving ability the morning following bedtime administration, whereas the
Z-drugs zolpidem and zaleplon do not affect driving performance when taken as recommended.
Impairment was dose dependent and most prominent in benzodiazepines with a relative long
half-life.

Epidemiological studies show that tolerance to the impairing effects on driving ability of
hypnotic drugs develops slowly. However, experimental evidence from on-the-road driving
studies on the effects of chronic use of hypnotics is currently lacking. Also, the impact of un-
treated insomnia on driving should be examined in future studies.

Current hypnotics all act at the GABA receptor which may explain their residual effects on
driving performance. Various newly developed hypnotic drugs have a different mechanism of
action and may therefore be devoid of residual effects on driving performance.
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Introduction

Insomnia is the inability to fall asleep or to maintain sleep during the night. People
who suffer from insomnia may, therefore, have fewer hours of sleep during the
night and often fragmented sleep, characterized by several awakenings during the
night. As a result, people with insomnia often are sleepy during the day. Sleepiness
may result in reduced attention and affect daily activities such as driving a car.

Surveys show that insomnia is a common disease affecting approximately one-
third of the general population [1]. Insomnia is often a co-morbid disorder accom-
panying other diseases such as depression or anxiety [2].

Although non-pharmacological strategies, such as cognitive behavioral therapy,
are increasingly being implemented in the treatment of insomnia, pharmacotherapy
is still the most frequently used treatment for insomnia [3]. The primary choice
of sleep-enhancing medication is sedative hypnotics, such as benzodiazepines and
the newer benzodiazepine receptor agonists zopiclone, zolpidem and zaleplon [4].
However, prescription of antidepressants for the treatment of insomnia has in-
creased over the last decade, which may be the result of frequent reports of adverse
effects and drug dependence due to benzodiazepines [5].

Benzodiazepines

On-the-road studies have been performed to examine the residual effects of hypnot-
ics on driving ability. Subjects drove 100 km on a public highway in normal traf-
fic while maintaining a constant speed and lateral position within the right traffic
lane. The primary parameter in driving is the Standard Deviation of Lateral Posi-
tion (SDLP). The weaving index SDLP is a measure of vehicle control: with less
control, SDLP increases. Figure 1 summarizes the results of six studies [6—10] that
examined the effects of benzodiazepine hypnotics on driving ability. SDLP incre-
ments relative to placebo are shown.

Most studies were performed in healthy female subjects with a history of in-
somnia and benzodiazepine use. Tests were performed after one or two nights of
treatment administration, in the morning (1011 hours after bedtime intake) or in
the afternoon (16—17 hours after intake). These times were chosen because they
compare to the times that people drive to work in the morning and back home in the
afternoon. Figure 1 also shows levels of impairment that were observed with three
blood alcohol concentrations (BAC), corresponding to the most common legal lim-
its for driving a car [11].

Flurazepam

Three studies were performed to examine the residual effects of flurazepam on
driving ability [6, 9, 12]. In 24 female subjects, both 15 mg and 30 mg flurazepam
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Figure 1 Benzodiazepine hypnotics and driving performance. Standard Deviation of Lateral
Position (SDLP) increments relative to placebo are shown. Driving tests were performed in
the morning (white bars) and afternoon (black bars) (10-11 and 16—17 h after bedtime admi-
nistration, respectively). Significant differences from placebo are indicated by an asterisk,
dotted lines indicate levels of SDLP increment observed with most common legal blood
alcohol limits for driving a car. NIT, Nitrazepam; LOR, lormetazepam; TEM, temazepam;
LOP, loprazolam; FLN, flunitrazepam; FLU, flurazepam.

severely impaired driving performance the morning following bedtime administra-
tion [6, 12]. In the afternoon, 16—17 hours after intake, driving performance was
also significantly impaired [6]. Four subjects used the 30 mg treatment for one
week. After eight nights, driving was still impaired in the morning session. The lat-
ter finding was confirmed in a larger sample (16 females): driving was impaired the
morning following two, four and seven nights of treatment with flurazepam 30 mg
[9]. Impairment, relative to placebo, with flurazepam 15 mg equaled that observed
with blood alcohol concentration above 0.08 %.

Flunitrazepam

Two studies showed that flunitrazepam (2 mg) significantly impaired driving perfor-
mance in the morning and afternoon after two treatment nights [6—7]. In both ses-
sions, driving impairment was comparable to that observed with a BAC of 0.05 %.
Surprisingly, another study failed to find significant effects of flunitrazepam 2 mg
after a single night of treatment [13]. Nevertheless, results of the driving simulator
and closed road studies support the fact that performance is impaired the morning
following intake of 1 or 2 mg flunitrazepam [14-15].
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Nitrazepam

Two studies examined the effects of nitrazepam on driving ability. The 5 mg dose did
not affect driving performance in 16 female subjects [7]. The second study showed
that the 10 mg dose of nitrazepam significantly impaired driving after two nights of
treatment [8]. Interestingly, impairment in the afternoon was more pronounced than
in the morning session. This illustrated the impact of active metabolites; in hyp-
notics without active metabolites impairment is more pronounced in the morning
session. After four and seven nights of treatment, 10 mg nitrazepam did not signifi-
cantly impair driving, suggesting that tolerance develops after repeated treatment.

Lormetazepam

Lormetazepam is available as a tablet and soft gelatine capsule. Both formulations
have been tested on the road. In 16 females, 1 mg lormetazepam (soft gelatine
capsule) did not significantly impair driving performance the morning following
two, four and seven treatment nights [9]. The 2 mg dose did cause significant im-
pairment. A study in 18 healthy men showed significant impairment after treatment
with a 1 mg lormetazepam tablet after one or two treatment nights [10]. Impairment
was relatively slight (comparable to that observed with a BAC less than 0.05 %)
and not found in a driving simulator. A more recent driving simulator study in 12
healthy volunteers also found no significant effects the morning following bedtime
administration of 1 mg lormetazepam [16].

Oxazepam

Oxazepam (50 mg) significantly impaired driving performance in 18 healthy men
after one and two treatment nights [10]. Impairment was comparable to that ob-
served with a blood alcohol concentration of 0.05%. In the afternoon, driving was
not affected. Subjects also performed a driving simulator test, but no significant
effects were found.

Loprazolam

Loprazolam (1 mg) significantly impaired driving performance in the morning, but
not in the afternoon [6]. Twice the recommended dose (2 mg) also showed signifi-
cant impairment in the afternoon driving session. Impairment in the afternoon ses-
sion was comparable to that observed with a BAC greater than 0.10 %.
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Temazepam

Temazepam (20 mg) did not affect driving performance after two, four and seven
nights of treatment [8]. Another on-the-road study [15] reported that driving per-
formance after one and seven nights of treatment improved in patients with insom-
nia. A closed road study did show impairment 12 hours after intake of temazepam
(20 mg): healthy female subjects had more collisions when maneuvering passable
and non-passable gaps on the circuit. No effects were reported on a weaving test
between bollards [17].

Other benzodiazepine hypnotics

Triazolam and brotizolam are relatively short acting benzodiazepines. Up to now,
they have not been examined using the on-the-road driving test. In a driving simu-
lator and a closed road circuit, triazolam (0.25 mg) did not significantly impair per-
formance [18]. Also, on a monotonous driving simulator test, brotizolam (0.25 mg)
did not impair performance [19].

Summarizing the data: results of a meta-analysis

Results from a recent meta-analysis [4] confirm that benzodiazepine hypnotics and
zopiclone significantly impair driving performance the day following bedtime ad-
ministration, whereas zolpidem and zaleplon do not (see Fig. 2).

Six studies, published from 1984 to 2002, were included in the meta-analyses
[6-10]. The morning following bedtime administration, i.e. 10—11 hours after dos-
ing, significant driving impairment was found for the recommended dose of various
benzodiazepine hypnotics (ES=0.42; 95 % Confidence Interval (CI)=0.14 to 0.71).
Twice the recommended dose of benzodiazepine hypnotics impaired driving both
in the morning (ES=0.68; CI=0.39 to 0.97) and afternoon, i.e. 16—17 hours after
dosing (ES=0.57; CI=0.26 to 0.88).

Non-benzodiazepine hypnotics: the z-drugs

Given the adverse effects of benzodiazepine hypnotics, the search for new hypnot-
ics continued and resulted in the development of the so-called z-drugs: zopiclone,
zolpidem and zaleplon. Although these drugs also act at the GABA receptor, they
do so in a much more specific way than the benzodiazepines. In addition, they have
a relatively short half-life.
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10-11 hours after betime administration

N, N, Effect Lower Upper p-value -2.00 -1.00 0.00 1.00 2.00

Benzodiazepines-SD 100 100 0.42 0.14 071 0.00 —O—

Benzodiazepines-DD 99 929 0.68 039 0.97 0.00 —O—

Zolpidem 10 mg 17 17 0.08 -0.62 0.77 0.82

Zaleplon 10 mg 55 55 0.07 -0.31 0.45 0.71

Zaleplon 25 mg 23 25 -023 -082 035 0.42

Zopiclone 7.5 mg 70 7 0.89 0.54 1.23 0.00 —O0—
Improvement Impairment

16-17 hours after betime administration

N, N, Effect Lower Upper p-value -2.00 -1.00 0.00 1.00 2.00
Benzodiazepines-SD 102 102 0.14 -0.14 041 0.33
Benzodiazepines - DD 83 83 0.57 0.26 0.88 0.00 —O—
Zopiclone 7.5 mg 16 16 0.25 -0.47 0.98 0.47

Improvement Impairment

4-6 hours after middle of the night administration

N, N, Effect Lower Upper p-value -2.00

-1.00 0.00 1.00 2.00
Zaleplon 10 mg 56 55 -0.03 -0.40 0.35 0.89
Zaleplon 20 mg 52 55 0.10 -0.29 048 0.61
Zolpidem 10 mg 30 30 0.66 0.13 1.19 0.01 —O0—
Zolpidem 20 mg 30 30 1.16 0.60 1.72 0.00 —0—
Zopiclone 7.5 mg 24 25 1.51 0.85 2.17 0.00

Improvement Impairment
Figure 2 Results from the meta-analysis.The effects are significant (p<0.05) if the 95%
Confidence Interval (CI) is greater or smaller than 0. Abbreviations: SD=single dose,
DD =double dose, N1=treatment, N2 =placebo, Lower=1lower limit of the 95% CI, Up-
per=upper limit of the 95 % CI. Adapted with permission from reference [4].

Zopiclone

Three studies have been performed to examine the effects of zopiclone 7.5 mg on
driving performance. Significant driving impairment was reported by all studies
[7, 12, 20]. The magnitude of impairment (3 to 8 cm increment of SDLP relative
to placebo) was comparable to that observed after intake of benzodiazepines and
higher than what is regarded as acceptable after intake of alcohol (2.4 cm with a
BAC of 0.05%). Epidemiological research reported a four-fold increase in traffic
accident risk for those using zopiclone [21]. In terms of traffic safety, zopiclone is
no improvement.

Zolpidem

Research showed that zolpidem (10 mg) when taken as recommended did not affect
driving performance [13]. However, when taken in the middle of the night, or at a
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higher dosage than recommended (i.e. 10 or 20 mg, 4 hours before driving), perfor-
mance on the driving test was significantly impaired [22]. Recent reports on misuse
of zolpidem are also a reason for concern: an increasing number of traffic accidents
have been related to the misuse of zolpidem [23].

Zaleplon

Zaleplon (10 and 20 mg) does not significantly impair driving performance 1011
hours after intake [12, 20]. Even when administered during the night and at higher
dosages than recommended (i.e. 20 mg, 4 hours before driving) no significant im-
pairment was found [22].

Factors affecting driving ability
Half-life

Benzodiazepines vary greatly in half-life. Benzodiazepines with a long half-life
are present in the blood for a longer time and thus may have an extended negative
effect on driving performance. Table 1 gives an overview of the half-life of differ-
ent benzodiazepine hypnotics. Benzodiazepines with the longest half life have the
greatest negative effect on driving [24]. When time after administration increases,
the effect on driving performance decreases. This is also evident in Figure 1: in the
afternoon SDLP increments are less pronounced when compared to the morning
driving tests (except for nitrazepam in which its metabolites have a much more
pronounced effect on driving than the drug itself).

Also, several drugs have active metabolites. For example, flurazepam and its
metabolites have a half-life up to 100 hours. These active metabolites may also
have a negative effect on driving. Epidemiological evidence [25] confirms that traf-
fic accident risk is significantly higher for users of benzodiazepines with a long
half-life.

Dose

With increasing dosages, the effect on driving ability is more pronounced. This is
evident from Figure 1.

Epidemiological evidence confirms that dosage is important in determining the
magnitude of accident risk. For example, Ray et al. [26] reported significantly in-
creased traffic accident risk for users of benzodiazepine hypnotics (OR=1.5, 95%
CI 1.1-2.0). This effect was most profound for high dosages (comparable to more
than 20 mg diazepam daily) and significant (OR 2.4, 95% CI 1.3—4.4). Low dos-
ages (comparable to less than 4 mg diazepam daily) showed no significant effect
(OR=1.1,95% CI1 0.5-2.2).
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Table 1 Drugs used in the treatment of insomnia (reproduced with permission from reference

[24]).

Dose (mg) T1/2 (h) Tmax (h) Active metabolite(s)

Benzodiazepine hypnotics

Triazolam 0.25 1.5-5.5 1 +
Temazepam 20 7-11 0.8 -
Loprazolam 1 8 2-5 -
Lormetazepam 1 10 1-2.5 -
Flunitrazepam 2 16-35 1.2 +
Nitrazepam 5 18-34 2 +
Flurazepam 30 47-100 0.5-2 +

Non-benzodiazepine hypnotics

Zopiclone 7.5 3.5-6.5 1-2 -
Zolpidem 10 1-2 0.5-1 -
Zaleplon 10 2-4 0.5-1 -

Benzodiazepine anxiolytics

Oxazepam 50 4-15 2-3 -
Alprazolam 1 12-15 1-2 -
Diazepam 10 20-100 1-2 +
Lorazepam 2.5 12-16 2 -
Clonazepam 0.5-2 30-40 0.5-1 -
Antidepressants

Amitriptyline 50-100 12-36 1.5 +
Doxepine 150 33-80 2 +
Trazodone 25-150 8 1-2 +

+ = active metabolites; - = no active metabolites

Individual differences

Figure 3 shows SDLP increments relative to placebo 4 hours after administration of
zaleplon and zolpidem [24]. Both hypnotics were administrated in the recommended
dose (10 mg) and twice the recommended dose (20 mg). Individual subjects can be
identified by numbers in Figure 3. Note that not all individuals are equally sensi-
tive to the effects of zolpidem or to administering twice the recommended dose.
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Individual changes from placebo in SD Lateral Position
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Figure 3 Individual SDLP differences relative to placebo 4 hours after intake of zaleplon 10
mg (ZA10), zaleplon 20 mg (ZA20), zolpidem 10 mg (ZO10), and zolpidem 20 mg (ZO20).
Black circles are women, white circles are men. Numbers indicate the subjects. (reproduced
with permission from reference [24]).

Most subjects show a modest performance decrement when increasing the dosage;
whereas some show no further aggravation of performance and others show a great
decrease in driving performance.

Gender and age

Figure 3 also illustrates differences in women (black circles) and men (white cir-
cles). In the zolpidem 20 mg condition women drove significantly worse then men.
Also, subjects that had to stop their driving test due to unsafe driving (indicated by
an asterisk) were all female. This finding is typical for many driving studies [5, 24].
Sleep pills come in standardized dosages that do not take into account biological
differences in men and women (e.g. weight and differences in water/fat distribu-
tion). Hence, women are often more sensitive to standardized dosages when com-
pared to men.
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Risk of hospitalization caused by
traffic accident injury
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Weeks after treatment start

Figure 4 Traffic accident risk after treatment with flurazepam and triazolam (reproduced
with permission from reference [24]).

Standardized dosages also may be problematic in the elderly. As a solution, the
elderly are often prescribed half the recommended dose of younger adults. On the
road studies have not yet been performed in elderly subjects, which should be an
important aim of future driving studies.

Tolerance

After repeated daily use, the residual effects of hypnotic drugs may become less
pronounced. This tolerance, however, develops slowly and is often not seen with
intermittent (as needed) use. An example where tolerance gradually reduced traffic
accident risk was reported by Neutel [27]. Neutel followed about 80,000 patients
using triazolam or flurazepam. The data were compared to approximately 100,000
healthy control subjects. Traffic accident risks were high after treatment initiation,
but became gradually less after some weeks. This is illustrated in Figure 4. After
eight weeks of treatment, patients using benzodiazepines still had a traffic accident
risk that was more than twice that of the healthy control subjects.

Epidemiological evidence [25] showed that, up to one year of treatment, the
risk of having a traffic accident was still significant (OR 1.26, 95% CI 1.09-1.45)
in elderly drivers using long half-life benzodiazepine hypnotics. For those taking
benzodiazepines with a short half-life the likelihood of being involved in a crash
was not significant.
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Discussion

This chapter shows that most current hypnotic drugs have a negative impact on driv-
ing ability. The benzodiazepine hypnotics and zopiclone in particular have residual
effects that may last during the next day. The magnitude of impairment depends
on various factors including half life, dosage, gender, age and the development of
tolerance. Zolpidem can be used safely if patients follow the instructions for usage.
That is, take the recommended dosage (10 mg) immediately before bedtime and
allowing 8 hours of sleep. Studies with zaleplon did not report negative effects on
driving performance.

Unfortunately, effects of insomnia itself have not been investigated using the
on-the-road test. Another limitation is that the effects of long-term use of hypnotic
drugs have not been investigated. Epidemiological evidence shows that tolerance
develops after daily use, but also points at increased traffic accident risk that may
persist for months after treatment initiation. Epidemiological data on zolpidem and
zaleplon is currently lacking. Furthermore, driving studies have not yet been per-
formed in the elderly. Given that this group is overrepresented in the patient popula-
tion, future studies should be performed in the elderly as well. In addition, gender
differences in sensitivity to the effects of hypnotics should be elucidated by future
research. Most of the studies discussed in this chapter have a sample size that does
not allow comparisons between men and women. Future driving studies with larger
sample sizes should be conducted to enable this comparison.

New sleep medication is currently in development or has recently been mar-
keted. Examples are indiplon, a new sleep drug that also acts at the GABA recep-
tor, or ramelteon and melatonin, that act at melatonin M, and M, receptors. Newly
developed hypnotics with a mechanism of action that is not associated with the
GABA receptor may be promising in that they may be devoid of residual effects on
driving ability.

References

1 Ohayon MM (2002) Epidemiology of insomnia: What we know and what we still need to
learn. Sleep Med Rev 6:97-111

2 Verster JC, Pandi-Perumal SR, Streiner DL (Eds) (2008) Sleep and Quality of Life in Clini-
cal Medicine. Humana Press (Springer).

3 Morin AK, Jarvis CI, Lynch AM (2007) Therapeutic options for sleep-maintenance and
sleep-onset insomnia. Pharmacotherapy 27: 89—110

4 Verster JC, Veldhuijzen DS, Patat A, Olivier B, Volkerts ER (2006) Hypnotics and driving
safety: meta-analyses of randomized controlled trials applying the on-the-road driving test.
Current Drug Safety 1: 63-72.

5 Vermeeren A (2004) Residual effects of hypnotics: epidemiology and clinical implications.
CNS Drugs 18: 1-37
6 O’Hanlon JF (1984) Driving performance under the influence of drugs: rationale for, and

application of, a new test. Br J Clin Pharmacol 18: 121S-129S.

7 Volkerts ER, Louwerens JW, Gloerich ABM, et al. (1984) Zopiclone’s residual effect upon
actual driving performance versus those of nitrazepam and flunitrazepam. VSC, Report 84-
10, TrafficResearchCentre, Groningen, The Netherlands



244

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Joris C. Verster, Monique A.J., Mets, Tim R.M. Leufkens, Annemiek Vermeeren

O’Hanlon JF, Volkerts ER (1986) Hypnotics and actual driving ability. Acta Psychiatr
Scand T4(suppl 332): 95-104.

Brookhuis KA, Volkerts ER, O’Hanlon JF (1990) Repeated dose effects of lormetazepam
and flurazepam upon driving performance. Eur J Clin Pharmacol 38: 1-5.

Volkerts ER, van Laar MW, van Willigenburg APP (1992) A comparative study of on-the-
road and simulated driving performance after nocturnal treatment with lormetazepam 1 mg
and oxazepam 50 mg. Hum Psychopharmacol 7: 297-309

Louwerens JW, Gloerich ABM, De Vries G, Brookhuis KA, O’Hanlon JF (1987) The re-
lationship between drivers’ blood alcohol concentration (BAC) and actual driving perfor-
mance during high speed travel. In: Noordzij, P.C. and Roszbach R. (Eds) Alcohol, Drugs
and Traffic Safety. Amsterdam: Excerpta Medica.183—192.

Vermeeren A, Danjou PE, O’Hanlon JF (1998) Residual effects of evening and middle-of-
the-night administration of zaleplon 10 and 20 mg on memory and actual driving perfor-
mance. Hum Psychopharmacol Clin Exp 13: S98-S107

Vermeeren A, O’Hanlon JF, DeClerck AC, et al. (1995) Acute effects of zolpidem and
flunitrazepam on sleep, memory and driving performance, compared to those of partial
sleep deprivation and placebo. Acta Therapeutica 21: 47-64

Bocca ML, le Doze F, Etard O et al. (1999) Residual effect of zolpidem 10 mg and zopi-
clone 7.5 mg versus flunitrazepam 1 mg and placebo on driving performance and ocular-
saccades. Psychopharmacology 143: 373-379

Schmidt U, Brendemuhl D, Ruther E (1986) Aspects of driving after hypnotic therapy with
particular reference to temazepam. Acta Psychiatr Scand 332 (suppl): 112—118

ITudice A, Bonnani E, Maestri M et al. (2002) Lormetazepam effects on daytime vigilance,
psychomotor performance and simulated driving in young adult healthy volunteers. /nt J
Clin Pharmacol Ther 40: 304-309.

Betts TA, Birtle J (1982) Effects of two hypnotics on actual driving performance next
morning. Br Med J 285: 852.

Laurell H, Tornros J (1986) The carry-over effects of triazolam compared with nitrazepam
and placebo in acute emergency driving situations and in monotonous simulated driving.
Acta Pharmacol Toxicol 58: 182-186.

Tornros J, Laurell H (1990) Acute and carry-over effects of brotizolam compared to ni-
trazepam and placebo in monotonoussimulateddriving. PharmacolToxicol 67:77-80.
Vermeeren A, Riedel WJ, van Boxtel MPJ, et al. (2002) Differential residual effects of za-
leplon and zopiclone on actual driving: a comparison with a low dose of ethanol. Sleep 25:
224-231

Barbone F, McMahon AD, Davey PG, Morris AD, Reid IC, McDevitt DG, MacDonald
TM (1998) Association of road-traffic accidents with benzodiazepine use. The Lancet 352:
1331-1336

Verster JC, Volkerts ER, Schreuder AHCML, et al. (2002) Residual effects of middle-of-
the-night administration of zaleplon and zolpidem on driving ability, memory functions,
and psychomotor performance. J Clin Psychopharmacol 22: 576-583

Verster JC, Volkerts ER, Johnson W, Liddicoat L (2007) Zolpidem and traffic safety — the
importance of treatment compliance. Current Drug Safety 2:220-226

Verster JC, Veldhuijzen DS, Volkerts ER (2004) Residual effects of sleep medication on
driving ability. Sleep Medicine Reviews 8:309-325

Hemmelgarn B, Suissa S, Huang A, Boivin J-F, Pinard G (1997) Benzodiazepine use and
the risk of motor vehicle crash in the elderly. JAMA 278: 27-31

Ray WA, Fought RL, Decker MD (1992) Psychoactive drugs and the risk of injurious mo-
tor vehicle crashes in elderly drivers. Am J Epidemiol 136:873-883

Neutel CI (1995) Risk of traffic accident injury after a prescription for a benzodiazepine.
Ann Epidemiol 5: 239-244



