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Preface

The volume  covers the impact of various diseases 

-
nal drugs among drivers is estimated between 5 and 35 %. 

The chapters of 

alcohol and drug impaired driving. Thereafter, nine chapters describe the various 
-

-
ters discuss the most common diseases and their treatments on driving performance 

section of 
drugs that have been investigated on possible effects on driving and their corre-

experimental studies undertaken to determine a medicinal drug’s effect on driving 

The volume  will be an important reference book 

who want to drive a car. Although not all medical conditions, treatments and illicit 



PrefaceXX

, the volume is a useful over-
view of the current state of knowledge on drugs and driving. It is our hope that we 
have succeeded in producing a useful book. As usual, we welcome communications 
from our readers concerning our volume. 

Joris C. Verster
S.R. Pandi-Perumal

Johannes G. Ramaekers 
Johan J. de Gier
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Faculty of Medicine, University of Toronto Neuropsychiatry Division, 7-Main 
Pavillion Toronto Western Hospital, University Health Network 399 Bathurst Street, 
Toronto, Ontario M5T-2S5, Canada

Abstract

means. While legislative focus on speeding, seat-belt non-use and drunk driving have proven 

-

optimism regarding eventual use of road-side, clinic-based, or in-vehicle screening tools for 
detection of impairments in driver vigilance. There is also a relative lack of large-scale epide-

Report on this topic are highlighted.
As shifts in commercial and personal transportation patterns continue to evolve around the 

focus on screening educa-
tion

skills training

promote public awareness among non-commercial drivers about the known crash risks and ef-
fective management for particular medical conditions or impairments, including those pertain-
ing to pharmacologic treatments.

Drugs, Driving and Traffic Safety
Edited by J.C. Verster, S.R. Pandi-Perumal, J.G. Ramaekers and J.J. de Gier
© 2009 Birkhäuser Verlag/Switzerland



2

global perspective on a “silent epidemic” 

-
-

-

External Environmental Factors
Time of Day
Duration of Drive
Road Conditions
Weather
Lighting/Visibility
Other Drivers/Traffic Vehicle Factors

Steering
Brakes
Tires
Transmission
Signals
Brake Fluid
Telematic Devices
Level of Automation/ Software
Alarm/Safety Devices

Distractions
Food
Radio
Cellphone
Smoking
Co-passengers
GPS
Email

Driver Factors
Sleep Disorder (intrinsic)
Sleep Debt (extrinsic)
Comorbid Medical Condition
Age
Gender
Medications
Alcohol/Substances
Personality (intrinsic)
Affective State
Driving Experience
Familiarity with Road
Stresses - chronic

- acute

DRIVING       
OUTPUT

tiontio

Figure 1 

environment.
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-

-

-

the impact of medical conditions, including drugs used to treat these, on crash in-

and over-the-counter drugs used to treat medical conditions, as well as alcohol and 

Ergonomic factors and current sociomedical trends in driver health

Ergonomics, also known as the science of human factors, concerns itself with 

-
-

illnesses, the overall
direct impact of this condition in addition to the 

In his classic neuroergonomic model of human control and behaviour, Rasmus-

knowledge or rule-based level towards a skill-based level, resulting in the reduction 

-
tion that can be allocated to other tasks or operations. Depending on the nature 
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-

co-ordination and visuospatial perception are among the more important. Numer-

of medications, and in this sense, medical conditions should be considered as both 

a public health problem includes ergonomic issues of driver wellbeing in a broader 
context that includes risk assessment, health education, technical and environmen-

-
ciation of the importance of driver health therefore spans the full spectrum ranging 

to determine the margin of acceptable risk while balancing the societal and indi-

regarding the most important risk factors for road accidents, such as drinking and 

considered in the context of enduring medical conditions. The more recent target-

 
health, as opposed to driver behaviour as a preventative medicine issue with re-

-

-
ing telematic and personal handheld devices such as cell-phones, text-messaging, 

-

-

-
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-

-
-

-
mains an oftentimes-uncomfortable ethical dilemma weighing individual access to 

The Monash Accident Research Centre Report

on activities such as driving, and attempting to disentangle the societal as well as 
-

-

on crash involvement of motor vehicle drivers. The Monash Report assessed the 
current state of knowledge relating to the magnitude of this problem in developed 

available evidence on crash risk for all medical conditions studied, in order to iden-

slightly high moderately high considerably high

crash involvement, although epidemiologic studies investigating risk on the basis 
of driving citations and experimental studies investigating either on-road or simu-
lated driving performance were also considered.
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-
-

-
-

affecting crash risk, no studies were found which used population-based, prospec-

design with adequate sample size, reliable diagnosis of health condition and valid 

-
dition to the concept of functional impairment. The Monash report highlighted the 
need for a cooperative international approach to future research using population-

-
ing medical conditions and crash risk. 

-

-

-

-
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-

effects of antidepressants on driving. It is counterintuitive that depression alone 

-

-
-

theless, caution must be exercised upon instituting pharmacological treatment, and 

reactions need to be considered. 
Schizophrenia is an illness with a prevalence of 1 % across cultures, and was 

-

to independent activities such as driving has been found to have an inverse relation-

an independent predictor of functional outcome in schizophrenia worth targeting 

considered as being impaired, even when stabilized on treatment. While periodic 
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-

-

frequent participation in immersive car-racing video games and subsequent on-road 

treatment with medication or skills-management and educational training with re-
-

edge of effects of acute and prolonged treatment with medicines such as stimu-

weighed against effects on sleep as well as risk of misuse, both in terms of illicit 

campaigns. 
As will be discussed in the next section, an important confounder is the effect 

Table 2 The spectrum of high-risk scenarios for collisions due to driver impairment varies 

Single vehicle Multi-vehicle

Lack of external stimulation

Circadian component
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-
-

-

-
-

behavior, speeding and drunk driving, with a relative failure to include sleep-related 

health and transport agencies, when in fact, current research suggests a complex 

-

factors include retrognathia, macroglossia, nasal obstruction, older age and use of 

has been shown to reduce crash risk to the same level as that of drivers without the 

-
ment due to sleepiness from impaired alertness in four different sleep disorders 

patients, all four groups suffered from near-equivalent degrees of impaired of alert-
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disorders of excessive sleepiness, as well as sleep disorders without excessive 
sleepiness, such as insomnia and PLMS. The relative risk for sleep-related crashes 
was 1.5–4 times greater in the somnolent patient groups than in the control group. 

-

of sleep disruption itself must be considered both on an individual and economic 

-

-
formance can be quite varied. Interrelationships between driver sleepiness, fatigue 

-

-

-

trend has been the inclusion of shift-work sleep disorder in the ICD-9 and DSM-IV 

 It is established that sleep-related crashes will occur in single-vehicle monoto-

-

-

-



12

-

function, and chronic health-related conditions become most prevalent in older age 

and age-dependent procedure of most developed countries’ licensing authorities.

-

-

Prevalence of dementia in developed countries is estimated at 8 % for those over 

-

hallucinations also appear to be clinical predictors of driving cessation in dementia 

-

Other disorders of the central 

-



13

vis-à-vis -
leptic attacks and the use of antiepileptic drugs are among the factors that need to 
be considered in individual decision-making regarding driving privileges. While 

-

of potential pharmacologic contribution.
-

-
-

-

and visual perceptual skills, slowed information processing speed, and executive 

-
-

pharmacological agents used to treat MS is wide, including steroids, disease-mod-

makes unbiased evaluation of functional status with respect to neurocognitve func-

-

-
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-

-

A common, related health consequence for drivers following motor vehicle colli-
sions involves the development of complex fear responses, including post-traumatic 

 

of re-engaging in an accident is addressed and desensitized with emotional pro-
cessing, the crash survivor with PTSD-related driving phobias remains at high risk 

-

function in a context that is meaningful to the patient, while allowing a safe and 

-

-
-

versus training of cognitive tasks related to driving but without a driving simulator. 

-
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-

affect performance.

the most important aspect of driver health, with some researchers estimating vision 
-

the world makes a global assessment of effectiveness of these screening interven-

than one aspect of visual functioning. For example, neurodegenerative conditions 
such as Alzheimer’s or Parkinson’s disease are associated with impairments in vi-

most common sight-threatening conditions in the developed world are cataract, 

moderate stages, these conditions cause visual impairments and affect instrumental 

-

prevalence in middle age is estimated at 2 to 3 %, cataracts are common in the ge-
riatric population across cultures, with an estimated prevalence of half of all adults 

-
-
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to be compromised. This implies that vision standards need be considered in the 

describing the area from which useful visual information can be extracted in a sin-

mobile phones or conversing with passengers has been shown to cause low-to mod-

drivers and those with cognitive impairments. With respect to drugs that might af-

cognition should also be taken into consideration. As with cognitive impairment, 
-

and finding preventative solutions 

-

-

studies.
The art and science of medicine have been described as a stochastic process 

-

-

-
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-

-

to be aware interconnections between conditions, including pharmacological im-
plications. 

 As shifts in commercial and personal transportation patterns continue to evolve 
-

screening based on functional im-
education

-
skills training -

-

non-commercial drivers about the known crash risks and effective management for 
particular medical conditions or impairments, including those pertaining to phar-
macologic treatments.

-
-

-

countries has highlighted concerns about screening and infrastructure mechanism 

-
tors in this group include risk-taking, inexperience, self-imposed sleep loss as well 
as use of mobile communication and entertainment devices. 

-
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The widespread prevalence of automobile drivers with chronic health condi-

much more mobile and car-reliant societies across the world. It is hoped that im-
proved knowledge in healthcare research gained from emerging evidence relating 
to particular medical conditions and risk factors will be translated into effective 
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Worldwide trends in alcohol 
and drug impaired driving

Safety and Policy Analysis International, L.L.C., 3798 Mosswood Drive, Lafayette, 
California 94549, USA

Abstract

This chapter summarizes recent trends in a number of industrialized countries around the world 
and discusses the reasons for the changes that have occurred. It also reviews current programs 
designed to produce further reductions in impaired driving. In the decade of the 1980s, there 
were impressive declines in drinking and driving in much of the industrialized world. The de-
clines included about 50 % in Great Britain, 28 % in Canada and The Netherlands, 32 % in 

these decreases have been at a slower rate than the dramatic decreases in the 1980s. Toward the 

been stagnation and in some cases small increases or even a large increase in the proportion of 
alcohol related fatalities, as was the case in Sweden. Trends on drug impaired driving are also 
beginning to emerge in some countries. These trends will also be discussed. 

Worldwide trends in alcohol impaired driving

in the decade of the 1980s, there were impressive declines in drinking and driving 
in much of the industrialized world. The declines included about 50 % in Great 
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economic conditions. The magnitude and reasons for the worldwide decline varied 

latter part of the decade the increases stabilized and we again began to see some 

been stagnation and in some cases small increases or even a large increase in the 

It is important to keep in mind that comparisons among countries are compli-
-

fatality, alcohol-involved drivers and legal limit. In addition, the number of drivers 
-

sible to know in some cases whether these drivers are representative of drivers in 
fatal crashes as a whole. While it is not meaningful to compare the record of one 

Australia

above the legal limit decreased from 44 percent in 1981 to 30 percent in 1992. 

a general corresponding decrease in the percentage of drivers found in roadside 

26 percent from 1981–1983 to 1991. There was a marked change in beer drinking, 
with low alcohol beer assuming an increasing proportion of beer sales. 

-

Not much progress has occurred since 1992. From 1988 to 1992, alcohol related 

is not available, as the percentage of alcohol related fatalities noted above is based 

from a high of 1817 in 2000 to a low of 1583 in 2004. There were 1601 fatalities 
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in 2006. Figure 1 shows the total fatalities from 1988 to 2006 and the proportion of 

alcohol level exceeding the legal limit.
– About four in ten pedestrians killed have a blood alcohol concentration over 

– Random breath testing results show that on average 1 in 300 drivers tested ex-
ceed the legal limit.

– A high proportion of recidivist drink drivers have clinical alcohol dependence 
problems.

-
-

innovative combinations of general deterrence and targeted operations.

and the commencement of alcohol ignition interlock programs and interventions 
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targeting repeat drink driving offenders for assessment of alcohol-dependence. Pro-
-

is lagging, however, despite a stated need for more effective partnerships to be built 

through GPS, offer promise of dealing better with impaired drivers, but there has 

Canada

Previous research has shown that during the 1980s in Canada there was a reason-

-
-

i.e., a decrease from 48 % in 1992 to 33 % in 1999. The level achieved in 1999 was 

suggested a resurgence of the declines in the magnitude of the alcohol-fatal crash 
problem characteristic of the 1980s. In fact, both the decades of the 1980s and 

consistent and comparable drop – reductions of about 30 % in both of these decades. 

drinking drivers that began in 1993 was again a function of two things – a decline 
in the actual number of drinking-driver fatalities, combined with an increase in the 

tested positive for alcohol – i.e., a 31 % reduction.
-

creased to 38 % in 2001, declined to 35 % in 2002, increased to 38 % in 2003, and 

Figure 2 shows the number and percent of motor vehicle deaths involving a drink-

-
-

ress in reducing the problem of drinking and driving appears to have halted. An 
estimated 1.84 million Canadians reported driving at least some time during the 



Worldwide trends in alcohol and drug impaired driving 27

-

 also looked into public support for actions to control 
drinking and driving. Four measures garnered high levels of support among the 

other partners to implement solutions as part of Road Safety Vision 2010, a program 

France

have been expected to increase the proportion of drivers over the legal limit, but this 
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does not appear to be the case. The data show that the prevalence of illegal alcohol 
levels as well as the proportion of alcohol related accidents did not increase and 

progress is attributable to the massive alcohol screening enforcement. The number 

speed limits with the installation of 1000 speed cameras, tougher penalties, and 

-

-

not impaired driving, vigorous enforcement also had an impact on impaired driv-

severe. With a similar level of alcohol impairment among drivers, fewer fatalities 

followed the general pattern and alcohol related accidents are much less numerous 
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fatalities in road crashes in France and the percentage of alcohol related fatalities, 
where BAC test results were known.

-

increases in speed enforcement also had a positive impact on alcohol related ac-

it would be interesting to see if similar results are can be obtained in other industri-

-

1994 to 2002 show a general stabilisation and improvement in the development of 

and fatalities. But in 2002, the decrease of alcohol related accidents and casualties 
was lower than expected after the lowering of the BAC-limit to 0.5 %. 

accidents and 11.2 % of all road accident fatalities. From 1995 to 2005 fatalities in 
road crashes declined from 9454 to 5361 – a drop of 43 %. In that same time period, 
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alcohol related fatalities declined from 1716 to 603 – drop of 65 %. The share of 
alcohol related fatalities declined from 18.2 % to 11.2 % – a drop of 38 %. The pro-

3.4 % between 1995 and 2005, whereas the share of alcohol related casualties was 
reduced from 9.8 to 6.5 % during the same period of time. Looking further back 
to 1975, the overall development of the number of casualties from 1975 to 2005 
follows an even stronger downward trend. Fatalities in general have been reduced 

in road crashes, 599 of these were alcohol related. Figure 4 shows the trend for total 
fatalities and alcohol related fatalities from 1994 to 2006.

-

more severe than those of others. Efforts in enforcement and education can help to 
continue and accelerate this positive trend. Apart from other ongoing activities a 

-

-

The Netherlands

drink driving. Increased enforcement levels, legal amendments and technological 

proportion of alcohol related fatalities decreased as well, although not to the same 

After a period with a more or less stable proportion of illegal BACs in roadside 
testing, the drink-driving trend decreased from 2003 to present. In 2003, special 

-
sulting in a higher enforcement level. At the same time new mass media campaigns 
were held and the proportion of offenders dropped from 4.1 % in 2002 to 3.0 % in 

Despite efforts of police and government, the proportion of high BAC offenders 
-

all proportion of drink-driving offenders has dropped since 2000, the proportion 
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case of drink driving, their involvement is even higher. Males from 18–24 form 

-
resented in the groups testing positive for drug-alcohol and drug-drug combina-

Regarding the high-BAC drivers, extra selective enforcement on high risk hours 
and places might be a successful measure. Increased random breath testing and 

expected from the implementation of an alcohol interlock program. The implemen-
tation of an alcolock program in the Netherlands is foreseen for 2009. This alcolock 
program will target high-BAC drivers and repeat offenders. The effect in terms of 

Sweden

of accidents overall, with an 11 % reduction of single-vehicle accidents and with a 

of the lowering of the limit. Second, drinking-and-driving enforcement increased 

that it had to accept a gradual loss of its restrictive alcohol policies. The alcohol 

deregulation moves which have been forced upon Sweden have led to a tremendous 
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an increase of more than 25 %. The relationship between total alcohol consumption 
and drinking and driving was studied in 1997 and it was found that if consumption 

In parallel with this development, Sweden has seen a 30 % reduction of police 

same since 2000, The proportion has increased because of a decrease in the total 
number of fatalities. The total number of road fatalities in Sweden declined from 
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numbers of random breath tests. The government is now struggling to regain its 

Great Britain

Britain since the late 1960s. A clear relationship is evident between the percentage 

of roadside breath tests conducted. Not until the introduction of evidential breath 

substantial increase in the number of roadside tests that could be carried out with 

to 800 000 in 1998, with a consequent reduction in the level of drink driving. The 
percentage of driver fatalities over the drink drive limit dropped from around 30 % 
to 20 % over the same period. Although not independent of other activities such as 

value of increased police roadside enforcement in reducing drink driving. Indeed, 
in the late 1990s and onwards, despite sustained high levels of anti-drink-drive 
campaigning there is evidence that reductions in the levels of roadside breath test-
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killed in drink-drive accidents fell to a low of 460 deaths in 1998, but has since 
risen, to an estimated 540 deaths in 2006. The number of roadside screening breath 

pattern, as fatalities varied between 3400 and 3600. Fatalities did decline further to 
-

A number of measures are being considered to combat this rise, including an 
extension of drink-drive rehabilitation courses, evaluation of the value of breath al-

the number of pedestrians killed with a BAC exceeding the drink-drive limit 1979–

Legislation was enacted in 2005 to allow for roadside evidential breath testing, 
but thus far no devices have received government approval for police use. It is 
expected that such approval will be authorized during 2008. In a parallel initiative 
the development of roadside breath screening devices which record both personal 

United States

-
volve alcohol has stalled at about 40 %. From 1982 to 1999, rates of alcohol related 

related fatalities. In fact, the number of people killed in alcohol related crashes was 

-

-
ever, does not indicate a change in the characteristics of crash-involved drinking 
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BAC levels. It is apparent that policies, enforcement levels, geographic and other 

state-to-state percentages of fatal crashes involving alcohol ranging from 13 % to 

-
ger implementation of effective strategies could result in further progress. 

Despite the potential for better implementation of existing strategies, the argu-

-

approaches could include wider implementation of alcohol interlocks for impaired 
driving offenders. Interlocks have been shown to be effective in reducing recidi-

interlocks is well developed. New technologies are being explored that could be 
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future, but have the potential for a dramatic impact on impaired driving. 

Worldwide trends in drug impaired driving

Norway -

-
tive for drugs increased from 12.4 % in 1989–1990 to 22.8 % in 2001–2002. For 
those drivers positive for alcohol and drugs, the percentage increased from 8.9 % 
to 17.4 % in the same time period. Those drivers positive for alcohol alone dropped 
from 32.9 % to 23.9 %. Figure 8 compares the drug positive results for the two time 

In the United States

-
tives have decreased in 2002, the average BAC remained unchanged at 0.17 %. 
Drugs and alcohol were present in 62 % of cases in 2002, which was unchanged 

-
tives overall – from 25 % to 35 %. It was indicated that the increased methamphet-

-

Recent evidence has suggested that illicit drug taking in Great Britain has in-

at least one medicinal or illicit drug was detected in 24.1 % of the 1184 casualties 

detected has increased from 3 % to around 18 % whereas the incidence of medicinal 
drugs remained at around 6 %. There was a substantial increase in the incidence 
of cannabis in fatal road casualties from 2.6 % to 11.9 % between 1989 and 2001. 
Table 3 compares the results for the two periods.
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Drug use among drivers in the Netherlands

-

stricter legislation and enforcement.
Canada ap-
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Figure 8 Comparison of alcohol and other drugs among single fatal accident drivers in Nor-

Christophersen.

Table 1 

Alcohol 
Negative

Alcohol 
Negative

Alcohol 
Positive

Alcohol 
Positive

Drug Negative 38 % 38 % 37 % 27 % 75 % 65 %

Drug Positive 15 % 18 % 10 % 17 % 25 % 35 %

Year Totals 53 % 56 % 47 % 44 %
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an increase over time was observed, with the proportion of adult drivers reporting 

Conclusions

As is apparent from the discussions above, the worldwide trends in impaired driv-

declines in total road fatalities and alcohol related crashes and fatalities from the 

the total number of fatalities dropped from the 1970s through the 1990s, went up in 
1999 and 2000, but again continued to drop until 2007, when there was an increase. 
The number of alcohol related fatalities also dropped through the mid 1990s, but 

related fatalities have continued to fall through 2006. 

Table 3 Traffic Injury 
Prevention

1989 2001

 % Illicit 3 % 18 %

 % Licit 5.5 % 6 %

Cannabis 2.6 % 11.9 %

Some Alcohol 35 % 31.5 %

25 % 21.5 %

Table 2 

1992/93 2001/02

11.01 % 12.7 %

3.14 % 3.51 %

Amphetamines 1.89 % 4.86 %

Benzodiazepine 1.26 % 4.05 %

0.63 % 2.70 %
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Stronger laws, vigorous enforcement, and changes in social norms have all con-
tributed to the progress that has been made. A number of countries found a strong 

and alcohol related fatalities. When the number of breath tests increased, alcohol 
related fatalities dropped. When the number of tests dropped, alcohol related fatali-

and social commitment to implement proven countermeasures.
While alcohol impaired driving has decreased, drug impaired driving appears to 

have increased. More testing, improved testing methods and accuracies, and case 

increase of drivers using combinations of alcohol and drugs. 
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Abstract

Research into the effects of various drugs on driving performance is becoming more important 
as epidemiological studies indicate that the incidence of drugs in drivers is increasing. Con-

the tests being used to determine whether certain drugs are impairing are sensitive, valid and 
reliable. This chapter presents the most common tests used in research to evaluate behaviours 
relating to driving. The research varies from the use of simple cognitive tasks, to simulators, 

relevant processes and use sensitive tests for drug impairment.

Driving is a complex task that requires control and coordination of a number of 

-

intermediate level or the manoeuvring level, negotiations of common driving situ-
ations occur. These behaviours are described as controlled and require conscious 

avoidance. At the lowest level or the operational level, the basic vehicle-control 
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processes occur, such as steering, braking and gear shifting, and are described as 
automotive behaviours. Automotive behaviours require little conscious mental 

measure behaviours across all three levels of control. The following chapter aims 

how sensitive those tests are to drug effects.

During these tests a licensed driving instructor, who has access to dual controls 

participant according to a number of simple and strict criteria. The second method 
used to assess driver performance measures actual responses as driver inputs from 
steering, braking, and acceleration controls. These tests take place on both open 
and closed driving courses. It is often argued that on-road driving tasks are the 

-

taking behaviours. 

mouse. Driving simulators are often criticized for limited realism and it is question-

the perceived risk of driving in the simulator is much less than on the open road, so 

-
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Which tests are sensitive to drug effects on driver  
performance?

Automative behaviours 

Road tracking task

The most common on-road test used to measure driver impairment is the road 

deviation of lateral position or SDLP. SDLP is an index of road tracking error or 
weaving, swerving and overcorrecting. SDLP is measured using an electro-optical 

-

position diminishes. 

km road-tracking course. SDLP, mean lateral position, and the mean and standard 
deviation of speed were recorded. The tests were undertaken at 40 minutes and one 

-

equivalent at both time points. These results were compared to those of alcohol and 

-

compared to placebo in all drug conditions. The combination of alcohol and the low 

-
lent to a BAC of 0.14 %.
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-
-

participants administered 75 mg of MDMA showed a decrease in SDLP relative to 

Critical tracking task (CTT)

-

horizontal deviation of a cursor from the midpoint on a horizontal, linear scale. 
-

-

that supports some impairment relative to placebo on CTT after the consumption 
-

-

Control behaviours 

Object movement estimation under divided attention (OMEDA)

-

-

centre of the computer screen. While the target is moving, participants complete 
-
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on the four green corners of the computer screen. The main variable is the absolute 
mean difference between the estimated and actual TTC. 

max as pos-
sible renders best results. 

Visual search task 

-

line of gaze with respect to the head, which is used to determine visual search for 

Car following task

The car following task was developed to measure attention and perception per-

participants are required to match the speed of a lead vehicle and to maintain a con-
stant distance from the vehicle as it executes a series of deceleration and accelera-

-

-
ecuted during one test. The results revealed that reaction time increased for each 

-
-
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-

following test. In addition to the method described above, the investigator in the 

increased brake reaction time. When alcohol was administered alone or in combi-

When alcohol was combined with 100 mg MDMA reaction time further increased 

effects were found for other measures. 

Sobriety testing

-
vided attention. In addition to maintaining coordination and balance, the individual 

-
tagmus, one-leg stand, and walk and turn tests.

-

-
-

cannabis cigarette, participants performed the SFSTs and a simulated driving test 
within two hours after the smoking cannabis. The results revealed that there was a 

-

-

conditions. The results suggest that performance on the SFSTs provides a moderate 
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Executive planning

The Tower of London (TOL)

task consists of computer generated images of begin- and end-arrangements of three 
-

correct decisions on the Tower of London task. Results also indicated that a longer 

The city driving task

-

series of observable responses at predetermined points along the route according to 

-

108 items were scored as either pass or fail and were categorized in the follow-

was calculated as the total test performance measure. This approach proved to be 

-
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combination of the two.
Limitations of these tests or approaches include the fact that the recorded im-

conditions and other factors. The potential effect of external factors should also be 

Driving simulators

Assess behaviors across all three levels of control. Discussed below are a few re-
cent studies which utilize driving simulators to assess driver performance. 

-

with accelerator and brake pedals placed underneath the bench. The driving envi-

inside the vehicle with a view through the front windscreen and included a simu-

-

-

-
ate drug doses and unrealistic testing times and environment, Krueger & Vollrath 

-

a driving simulator that consisted of a 15-inch computer monitor and a commercial 
-
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an acoustic signal resembling an ambulance horn. A peripheral attention task re-

when the lights began to change could an accident be avoided. The third task as-

-

-

-

combination with alcohol. In contrast to on-road studies, the results revealed that 

-
-

was impaired. When alcohol was combined with cannabis and amphetamines, per-
formance was worse on all three measures. While the consumption of a single drug 

-
tion of drugs will have a dramatic and deleterious effect on driving performance.

-

-

consisting of a car with the original controls attached to a Silicon Graphics com-

-
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-

-
low. The results revealed that road tracking was sensitive to drug effects with SDLP 

clearance than in the no drug condition. Car following performance revealed a 

-
ever, the standard deviation in reaction time increased from no drug to MDMA to 

test performance over the last three decades. Although various investigators have 

no proof for such a claim or even a reasonable theoretical rationale. In general, 

perception, attention, motor control, cognitive function or CNS arousal that are as-

-
strated.

-

of epidemiological data demonstrating a conclusive relation between drug use and 

-

driving simulators or on-the-road driving. The latter refers to the fact that avail-

-
rence, such as crash risk. To date however, epidemiological data on the association 
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Nevertheless, there are a number of performance tests with demonstrated sensi-

principles. 

differences in test scores are attributable to true differences in the characteristic 

-

-
ses show that mean values of the dependant variable obtained during these driving 

however, can be described from several angles.

Content validity

-

exists that comprises all relevant aspects of the driving task. Even one the most 
accepted tests for measuring drug-induced driving impairment, i.e. the standardized 
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aspects of the driving task and none of them is capable of encompassing all the 

-

Predictive validity

-

changes in the construct that it is designed to predict would provide good evidence 
-

-

that, in the past, investigators have often neglected to calculate the predictive valid-

-

to drug induced crash risk. 
-

bration data are available to calculate the relation between alcohol induced changes 
in SDLP and alcohol related crash risk as a function of blood alcohol concentra-

increasing BAC, and it thus comes as no surprise that alcohol induced changes in 

-

with respect to these drugs’ potential for crash risk. Figure 2 demonstrates that di-

induced crash risk.
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Figure 1 
crash risk as a function of blood alcohol concentration. SDLP and crash risk data were taken 

Figure 2 
crash risk as a function of blood alcohol concentration. SDLP and relative risk data were 
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as well.

External validity

volunteers. It has been argued that patients do not experience side effects to the 

-
pressant treatment than depressed patients and that one response does not predict 

-

-

important cause of driver impairment in patients treated with antidepressant drugs. 
-

ies, and the number of patients in clinical trials complaining of somnolence with 

of the percentage of depressed patients complaining of somnolence in clinical trials 

Propositions

-

relevance to driving as possible.
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-

test for predicting drug-induced crash risk.
– Studies to show a drug effect on driving or skills related to driving should be 

-

– Studies to establish the driving hazard potential of a particular drug should pro-
-
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Abstract

like prospective controlled randomized trials and epidemiologic experimental studies, epide-

disadvantages of experimental and epidemiologic studies are discussed.

-

studies.

– transfer of knowledge from other science disciplines and case reports
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– epidemiologic studies, e.g. cross-sectional studies and case-control studies etc.

-
mental or epidemiological studies.

1 In general the 
-

Transfer of knowledge from other scientific disciplines 
and case reports

-

the source of each research question. For instance, if pharmacological experience 
shows that benzodiazepines have a sedating effect, it can be assumed that the seda-

expert opinions or pharmacological models are the initial point but also single cases 
or case series. Single cases are observations from one individual, e.g. having taken 

association. In contrast, if the suspicion results from a small sample of cases, the 
term case series is often applied. After such initial suspicions via observation or via 
transfer of knowledge a lot of questions concerning the measurement of driving 

1 
-

stances blood, urine, saliva, breath or sweat.
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matched pairs studies in patients and epidemiologic cohort studies are examples of 
such studies. 

-
-

ing effects of the disease it seems possible that performance under the effect of the 

patients with chronic diseases or drug-dependents, the researcher will select a con-
trol group not taking the drug that is as similar as possible to the patients. In general 
he will match each patient with a control regarding aspects like gender, age, educa-

discussed in chapter 9 and Appendix II. 

Characteristics of experimental studies

understand the effect of the use of drugs on human performance and crash causa-
tion.

effect on the occurrence of an event – for example the exposure to tobacco smoke 
and the occurrence of lung cancer – in the situation of exposition to drugs related 
to the occurrence of crashes, randomized experiments are impossible to perform  
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-

– -

-
-

– Experimental studies provide results even with rarely used drugs.

-

– 
study.

-
ment, the results is the strongest evidence on the cause effect relation.

– Experimental studies measure a potential risk.

-

of the drug feels so impaired that he will abstain from driving.

– Experimental studies can be misinterpreted because the experimental situation 

– One major drawback of experimental studies is the danger of overestimation of 
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assess and one would expect an overestimation of the danger in a practical setting. 

-

– It is impossible to establish legal concentration limits by experimental studies.

-
-

-

-
-

 

Methods

Prevalence, incidence

populations. Prevalence and incidence are common and well-known measures to 
describe such frequencies. 
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population, like the population of car drivers. In principle prevalence will be given 
-

-

the incidence can be used to approximate the prevalence.

Cross-sectional studies

Crash surveys

-

-

versus urban, small region with fast 
-

-

Road side surveys
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-

restrictions, a sample is used to mirror the characteristics of the population under 
consideration. The sample consists of a representative selection of all drives in a 

set. 

representativeness

sampling is impossible, the proportion of drug users related to non-crash drivers 

is high, the result is a less reliable estimate of the prevalence. This problem has a 

the kind of extraction of the specimen, e.g. from saliva or serum has an effect on the 
non-responder rate.

It should also be recognized that there is no unique method to treat non-respond-

Comparison of crash surveys and road side surveys

estimate of the prevalence of drug use prior to a crash which can be compared with 

the prevalence of drug use under non-crash drivers. To perform comparisons with 



66

-
not be combined.

it could be expected that a large number of crash drivers belongs to this population. 

studies.

Case-control-studies, culpability analysis

-

is completed. Data of the toxicological screening and, in case of estimating culpa-

crash according to a decision protocol will round off the data set. The statistical 

of heterogeneities in demographic factors. 

-

these factors are called confounders and the effect on the association is termed con-
founder bias. Statistical methods to overcome such sources of bias are matching 

can be used to assess the fraction of drug users to non-drug users within the popula-

vs. non-drug users in the population of crash 
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-

vs
culpable for a crash than it is in the population of crash-free drivers. To assess the 

is used rather seldom in the populations, the sample size to establish differences 

illegal drugs and the medicines, it is almost impossible to establish the drug-driver 
association. Moreover, if one takes into account that several drugs are found in a 

-
tion seems to be a complicated undertaking. 

If the exposition to a drug in a population is high enough and allows a differen-

ascending concentration classes form a hazard curve, in general a linear or expo-

represents the mean for all concentrations. But since in general the risk of a drug 
will increase with ascending concentrations, for low or high concentrations the risk 

group for the culpable drivers.
-

above, confounders can bias the association here. For instance, the location, time 

differentiating between culpable and the non-culpable drivers. But even here some 
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Pharmaco-epidemiological studies

As mentioned before, for methodological and economic reasons it is almost im-

A so-called pharmaco-epidemiological approach tries to handle this disadvantage. 
Studies can be carried out for those substances the use of which is registered, e.g. 

case-control studies. 
A substantial disadvantage of pharmaco-epidemiological studies is the fact that 

-

Other epidemiological approaches, official statistics and other resources

There are other methodological approaches that are used to investigate the effect of 

samples, i.e. additional toxicological screening of blood samples that are positive 

-

-
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in mind that most crash registers contain different information about crashes with 

kind and changes in documentation over the time, the comparison of numbers be-
tween different countries is of rather limited value. 

-

of epidemiologic studies

-

based on the possible sources of bias, like selection bias, confounder bias, infor-

A more detailed look at the methods shows that studies differ in design aspects 
like different regions, different drugs incorporated, differences in generating the 

of studies. 

that are important. In the following we compile some essential criteria. For an ex-
-

In general well-known considerations which have been formulated for random-
-

data management, preparation, evaluation and protection, which affects the inter-
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Characteristics of epidemiological studies

some advantages and disadvantages. 

– 
highest evidence.

In experimental studies it is possible to keep all factors constant at the design stage, 

-

better.

– In contrast to experimental studies, epidemiological studies provide only results 
with frequently used drugs.

-

-

– In contrast to experimental studies, epidemiological studies measure a real risk.

– In epidemiological studies it is more likely to underestimate the danger of a spe-

overlook a possible drug effect. There are some methodological issues like match-

-
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– In epidemiological studies it is possible to establish legal concentration limits.

Epidemiological results can be used to establish concentration-dependent legal lim-
-

curve the risk-related concentration can be calculated.

a priori

other reasons for a wrongdoing like additional drugs not included in the toxicologi-

A second aspect concerning shortcomings in interpreting the results of epidemi-
ologic studies is the fact that a separation between the effects of the drug and factors 

The need to make effective use of epidemiological and experimental research in-

dose of the medicine, time between use and the start of the performance tests, 
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-

-

-
-

tabulations of target variables with confounding variables as an example for basic 
statistical evaluation are possible. Rankings of performance areas in dependence of 
drug concentrations can be established, thus allowing comparisons between alcohol 
and illegal drugs.

-
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validated scales 

-
tionnaire.

Face-to-face interviews provide more reliable information than interviews via phone 
or in written form. It should be noted that the consent to participate in the interview 

Perspectives

methodologies. 

-

-
ered.

harmonization with at least a minimum amount of standardized variables could be 
achieved, thus making it possible to combine sample sizes and to calculate concen-

for example, would lead to a differentiation between patients using benzodiazepine 
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An important task of research in experimental studies could be the establishment 

-
-
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Abstract

This chapter compares the design of and results from driving simulators in substance abuse 
research from the past decade. 

The National Advanced Driving Simulator is an elevated enclosed dome that houses an entire 
vehicle with full instrumentation and a 360-degree perspective. Its realism is unparalleled, but 

The Advanced Mobile Operations Simula-
tor (AMOS) is sensitive to alcohol effects, but provides no outcome measures other than brake 

The AusED Driving Simulator
-

ness. The University of Helsinki Driving Simulator
limited number of dependent measures, and is sensitive to sedative drug effects. The CyberCAR 
LITE

The STISIM Drive simulation allows for a longer, 
more realistic, and more interactive driving experience than the AMOS, and is sensitive to al-
cohol impairments. 

Deviation from lateral position and reaction time
alcohol. Vehicle Speed has been characterized as insensitive to drug effects. 

-
cation of basic behavioral impairments. Yet other aspects of drug-related accidents – including 
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-
-

derstanding of the effects of alcohol and illicit drugs on driving. Driving simulators 

-
ment and the unique contributions of drugs and doses to those impairments. Conse-

-

-

-
-

-

but important for prediction of on-road driving performance will be discussed. 

The National Advanced Driving Simulator

States Department of Transportation. The NADS is an elevated enclosed dome that 
houses an entire vehicle with full instrumentation, including interactive steering 
and an operational dashboard. The simulator provides a 360-degree perspective for 

the participant’s vehicle. Preventing the participant from changing lanes was an-
other truck in the oncoming lane. While the realism of the NADS is unparalleled, 

The Advanced Mobile Operations Simulator AMOS

seat belt, steering wheel, dashboard, gearshift, and speedometer. Speakers located 
beneath the bucket seat provide sensations of a running engine, as well as squealing 
brakes, driving off the road, and colliding. Five connected monitor screens provide 
a 225-degree perspective. During the simulation, drivers are instructed to steer to 
keep the car in one line while maintaining a speed between 55 and 60 miles per 
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hitting the fence. Latencies to release the gas pedal and to press the break after the 

The AusED Driving Simulator -
-

tion and alcohol intake. The simulator includes a computer monitor, steering wheel 

-

The University of Helsinki Driving Simulator
-

of alcohol.
The CyberCAR LITE  

-

from the driver’s perspective. A steering wheel and pedals are placed on and be-
neath a bench in front of the driver. The wheel mechanism includes a horn, ignition, 

-

STISIM Drive
-

-

-
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location. Criteria assessed throughout the task include, but are not limited to, total 

lane position, and total number of speed exceedances.

realism. The most realistic STISIM arrangement is a vehicle cab with a 135-de-

Deviation from lateral position

the straight path as being centered within the lane, others have measured deviation 

-

Vehicle Speed
speed limits. In some studies, speed limits are posted within the observed scenario. 

been characterized as a variable sensitive to drug effects. For example, a review of 

Reaction time -
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Future directions

As driving simulators improve in capabilities and realism, experimental designs 
must keep pace. The standard measures of lane deviation, speed, and reaction time 

-
pects of drug-related accidents have been understudied. The breadth of knowledge 
obtained from simulated driving studies would be expanded with an increased fo-

-
-

-
graphics of participants’ drug use would help. For example, use of night time simu-

of slowed reaction time or impaired vehicle control.

Decision making and risk taking

such impairments. Even though the legal drinking breath alcohol limit is 0.08 % in 

-

-

Confounds from divided attention

and dangerous distractions to drivers. As multitasking becomes easier for individu-

-
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tion. Empirical studies of the consequences of mobile telephone use while driving 

The recent legislation in multiple states against text messaging while driving il-

telephone for a driver. The interactions of text messaging with drug use are a logical 
extension of current divided attention research.

Sleep deprivation

Partial sleep deprivation and alcohol have produced separate and combined impair-
ments in measures of car following, steering deviation, lane deviation, and speed 

-
ing full
deprivation have been reported, the effects of other drug use following sleep depri-
vation are less well understood. This is surprising because in addition to the effects 
of alcohol and benzodiazepines described above, the separate impairing effects on 

research.
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The on-the-road driving test

Joris C. Verster1 and Johannes G. Ramaekers2

1  Utrecht University, Faculty of Science, Psychopharmacology Section, PO BOX 
80082, 3508 TB, Utrecht, The Netherlands

2  Department of Neuropsychology and Psychopharmacology, Faculty of Psychology, 
Maastricht University, The Netherlands

Abstract

-

driving performance makes the on-the-road test unique among other driving tests. This chapter 

while maintaining a constant speed. A camera on the roof of the car records the lateral position 

of speed.
-
-

now, the on-the-road test has been acknowledged to be the gold standard method to determine 

-
vided into information processing models and motivational models. Motivational 
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drivers adapt their driving behavior to their personal or environmental needs. As 

motivational models of driving behavior, information processing models provide a 

distinguishes three levels of cognitive control determining complex task perfor-
mance, including skill-based behavior, rule-based behavior, and knowledge-based 

and knowledge-based behavior are controlled driving actions under new or unex-

-

rule-based or skill-based levels. The relationship between Rasmussen’s levels of 
control is shown in Figure 1.

Figure 1 Automatic and controlled processing during driving.



The on-the-road driving test 85

-

and controlled processing depends also on the driver’s experience with a certain 
-

come skill-based behaviors as well. The concept of automatic versus controlled 
-

ing behavior could be explained at a strategic level, a maneuvering level, and an 

data-driven, controlled processing, and includes normal driving procedures such as 

operational level is also data-driven, but automatic processing, and concerns imme-
diate vehicle control, such as changing gears. Decisions made at the strategic level 
take minutes, those made the maneuvering level are made within seconds and at the 
operational level decisions are made within one second. The relationship between 
the models of Rasmussen and Michon is shown in Table 1.

It is evident from the examples in Table 1 that whether driving behavior is auto-

of Table 1, whereas novice drivers operate in the upper right corner of the Table. 

Subjective driving assessments

-
ing or using video recordings. The advantage of this method is that no expensive 

Table 1 Driving behavior according to Michon and Rasmussen.

Strategic/Navigational 
level (planning)

Maneuvering/Tactical 
level (normal driving 
actions)

Operational/Control 
level (immediate 
vehicle control)

Knowledge based 
behavior

Navigation in strange 
town

Controlling a skid 

Rule based 
behavior

Choice between familiar 
routes

Passing other cars Driving an unfamiliar 
car

Skill based 
behavior

Negotiating familiar Road holding round 
corners
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-

-

-

correlates to driving but do not predict actual changes in driving performance. 

The on-the-road driving test during normal traffic

-

driving, the test is terminated before completion and the driving instructor trans-

-

car from a delineated stripe in the middle of the road. Raw data collected during a 
driving test is shown in Figure 3. From this data the Standard Deviation of Lateral 

-
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-
tions of the drive wheels. Mean lateral position and speed are control parameters 

instructions.
Both SDLP and SD Speed are performance parameters measured at the opera-

training and depending on the driver’s experience. In the standardized driving test, 

instruction involves planning at the strategic level, and changes motivational as-

Figure 2 Measurement of lateral position.

Note that the camera for lateral position measurements is equipped with two infrared lights, to 

-
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-

It is, however, evident that both performance at the strategic and the maneuver-

driving simulators and closed road tests.

Alcohol as historic control

Figure 3 

Note that, with increasing SDLP, the weaving of the car becomes more pronounced, which even-
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Figure 4 Example of raw data output for speed and lateral position.
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-
rameter of the test. Results from different BAC levels are depicted in Figure 5. 
BAC levels of 0.05 %, 0.08 % and 0.10 % correspond to the most common legal 

-
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Abstract

-
-

stimulants, cocaine and for those drivers showing recent use of cannabis through the presence 

-

evidence that links, or attempts to link, recent drug use with a vehicular crash.

-

-
9

While all of those drugs mentioned in the preceding sentence are capable of 

-
-
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use in driving.

prohibitive costs.

-

represented in drivers compared to control populations. 
-

the role of alcohol and drugs on crash risk.

substances do indeed increase crash risk. Is this were the case, then those drivers 

In its simplest form researchers or crash investigators assess the circumstances 

the driver is seen to be at fault since there is no one else to blame. 
-

deed, some other series of gradations based on an assessment of a number of factors 

a structured questionnaire in which eight factors were considered in the evaluation 
of each crash, blind to the knowledge of whether alcohol or drugs were present in 

-
thiness, road and weather conditions, and the presence of fatigue. This approach is 



95

-

the owner, could not have foreseen that the mechanical fault or bald tire would 
-

stances, drivers involved in single vehicle crashes can be found not culpable.

rate. This technique is quite good at examining retrospective records providing, of 
course, that the records allow most, if not all of the factors important to crash causa-
tion to be assessed and there is no selection bias.

-

summing these points. Drivers are allocated into one of three categories. The mini-

-

-

-
lowing formula is used in such calculations.

Table 1 

At fault assessment Graduated Semi-quantitative 
assessment of 

at fault
Numerical score 

-

or 3 levels for statistical 

Strengths Does not necessar-

from circumstantial 
1

discriminate legal from discriminate legal from 

Weaknesses

1 These include road characteristics, weather conditions and roadworthiness of vehicle
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T C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq. 1

Where pCT C is the 

-

T C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . eq. 2

Where CRT C is the cul-

culpable over those not culpable in a particular test or control group.

a greater drug effect would be seen than if an age correction were not conducted 

statistical requirements.

tending to focus more attention on multiple vehicle collisions, since these often 
-

drug testing when drug use might be suspected. This results in an unrepresentative 
sample population.

Alcohol

the foundation for epidemiological proof of the association between alcohol and 

-
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-

-

-
tration-dependent increase in the proportion of drivers culpable with rising BAC 

rate for alcohol positive drivers was 90 % compared to 53 % for drug negative driv-
-

-
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risk data for drugs other than alcohol.

Drugs other than alcohol

-

drug-associated road trauma lagged behind that of alcohol.

age groups. 

number of studies around the world to assess the role of drugs on crash risk.

-

and, in some circumstances, other stimulants, such as the ephedrines, are included 

-

long, monotonous driving. In an attempt to ascertain the role of such drugs in 168 

2 -
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-
-

Benzodiazepines

or use as muscle relaxants. 

-

-

The results from other epidemiological studies in regard to benzodiazepines and 

Cannabis 

9

-

These include divided attention skills.
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-

-

-

-

increased for drugs that do not impair. This was demonstrated in the Australian fatal 

considered not to be at fault. Their data also showed that cannabis use was as-
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three or four hours after the collision. This could also explain the relative weak 
concentration risk response.

-

-

dependence could be assessed since such data was not available in the database. It 
-

blood

Figure 2 
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Cocaine

certain localities compared to other drug groups and that, often, drivers use other 

Nevertheless, cocaine, like the ATS, can demonstrate short term improvements 

45]. This occurs through adverse effects on divided attention tasks, increased risk 

Table 2 -

Substance Odds ratio
(range with median 
in parentheses)

References

Drug free cases 1.0

8.5, 6.0

Cannabis

2.7

1.4

Benzodiazepines 1.3, 3.4

1.8

9
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Opiates

-

also included here since their misuse will give morphine-like effects. These include 

There is less epidemiological evidence accrued for this class of drugs even 

and increase the manifestations of fatigue.

-

Drug combinations with and without alcohol

cannabis, but is also associated with the other abused drugs. 

-

12, 18]. It be should pointed out that, in most cases, the effects of alcohol tend to 

-
zodiazepines plus opiates, or cannabis plus amphetamines. This observation is not 
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since all were in treatment for their drug addiction.

Conclusions

There have been a number of epidemiological studies based on assessment of driver 

opiates or benzodiazepines. Alcohol–drug and impairing drug–drug combinations 

-
ical evidence that links, or attempts to link, recent drug use with a vehicular crash.
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Abstract

-

-

Epidemiological case-control studies are regarded as the optimal methodological 
-

-

Few case-control studies of drug driving have been conducted to date, since 
-

more, case-control studies are exposed to various sources of potential bias and to 
ethical issues. 
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based on this design. 

The concept of case-control studies

-
-

If the target population consists of car drivers, an odds ratio of one is assigned 
to drivers who are not exposed to the independent variable, i.e. who did not use 
cannabis. If the odds ratio of cannabis-positive drivers is less than one, their risk is 
lower than the risk of unexposed drivers. If the odds ratio is greater than one, the 
risk of exposed drivers is higher.

Odds ratio versus relative risk

-

group versus -
-

tween exposure and outcome variables. An odds ratio represents the ratio of the odds 
of an event occurring in one group to the odds of it occurring in another group.

drivers from the same geographical area from which the cases arose. Both groups 

Table 1 

 Cases Controls Total 

Positive 10 20 30

Negative 290 780 1070

Total 300 800 1100
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The relative risk concept is much easier to explain, but relative risk cannot be 

-
come, rather than on the basis of exposure. This means that additional information 

disease status, so that it is possible to calculate both relative risk and odds ratios.
The odds ratio can be calculated in case-control studies, and under the rare dis-

the relative risk. 

-

-

studies such as case-control studies, where relative risk can not even be calculated. 

Matched versus population based case-control studies

-
mon method of conducting case-control studies is to select controls to be repre-
sentative of the population from which the cases arise. Based on Rothman and 

proportional to the amount of time that the driver is driving during the roadside 
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Matching is based on characteristics of the cases which are related to the out-

matching should be the same in both the control and the case groups. Common 
confounding factors that have been found in literature on epidemiological studies to 

-
sible in practice. Besides, it could lead to overmatching and thus to less precise 

risk factors whose confounding effects need to be controlled for, but that are not of 

-
trol studies. It implies that controls are selected to match a selection of confounding 
variables. Several case-control studies that have assessed the relative risk of driv-

-

Weaknesses of case-control studies

The main reason for conducting case-control studies is based on the methodological 

non-response and missing cases. 
The non-response rate will increase when the sample collection becomes more 

on gender and age, self-reported drug use and clinical signs of impairment can be 
useful for determining whether, and to what extent, the non-response group would 
differ from the response group. These characteristics should therefore be available 
for both groups. 

-
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additional case-samples did not meet the requirements for comparison with the 

-
ies, pharmaco-epidemiological studies and experimental studies. These alternative 

Examples of case-control studies

-

than alcohol. 

interviewed. Prevalence of cannabis among the control group was based on self-

-

-

Table 2 

-
active 
substance

Unadjusted 
odds ratio 

Adjustment 
for age 

Adjust-
ment for sex 

Adjustment 
for BAC 

Adjust-
ment for 

g/l) and age 

 35.6 
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the odds ratio was not published for the combination BAC, age, and sex.

blood samples of hospitalised car drivers involved in non-fatal accidents and to 

units for non-traumatic reasons.

were collected. 

matching for age and gender. For drivers aged 18–26, odds ratios were calculated 

and benzodiazepines all age groups were included. 
-
-

sample is incorrect from a methodological point of view, since the control sample 
was not drawn from the same population from which the case sample arose. Thus, 

-
sults are therefore of limited value, indicative at most.

Table 3 

Benzodiazepines

Table 4 

Unadjusted odds ratio Adjustment for age, sex, hour 

Cocaine

Benzodiazepines



Case-control studies 113

-
lected, as well as breath, urine and saliva samples of a random sample of drivers 

-

of cocaine.

be detected in urine, the relative risk of cannabis use is calculated rather than the 

-
-

impairment factors on driving performance and accident risk. Cases consisted of 

the general driving population in the hospital’s catchment area. Research locations 
were distributed along main rural and municipal roads, where almost 90 % of all 

-

odds ratios were calculated due to their absence in the case group.
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and could lead to biased results. Comparison of the positive test results of blood 
and urine samples with self-reported use and clinical signs of impairment, however, 
indicated that the biasing effect of uneven distribution of blood and urine samples 

-

based on self-reporting from an in-depth interview. 

age, sex, and a set of other confounding factors mentioned in relevant literature, 
-

Table 5 

Unadjusted odds ratio 

Codeine alone

Benzodiazepines alone

Combination of drugs

Table 6 

-
active 
substance

Unadjusted 
odds ratio 

Adjustment 
for age and 

Adjustment 
for variable 

1 

Adjustment for vari-

seat-belt use and travelling 

1
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-
parison, 7.2 % of the accident-involved drivers refused to cooperate and 5.6 % re-

As stated earlier, the number of case-control studies that have been conducted to 

-

comparable. 
-

cators. Some indicators can be regarded of higher importance than others, however. 

– substances 

– transport mode

– response rate among cases
– response rate among controls

– lower limit of substance concentration
– confounding factors 

-
ers as controls, but instead non-crash-involved patients in possession of a driving 
license. 
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blood or urine for the cases and urine or blood for the controls, whereas Brault et 

Furthermore, the response rate of the different studies varies between 63 % and 

-

even in an odds ratio of 6.4. 
-
-

can be regarded as confounding factors. 

Discussion

Case-control studies have their strengths, but also their weaknesses. The methodol-

-
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-

ratios seem to be more or less the same. 
-

available. 
-

-
-

els were recommended for blood, saliva and urine. These cut-off levels are applied 

being conducted. To ensure comparable outcomes, more detailed guidelines have 

countries. In order to make the results of the various studies comparable with each 

collected among cases and controls. As mentioned before, for comparisons between 

An alternative to blood sampling at the roadside is saliva sampling, since saliva 

increased risk of selection bias, outweigh the bias resulting from the use of dif-

and controls.

from a methodological point of view, the problems and pitfalls are numerous. Con-
-

-
mendations are needed to provide solutions for practical, ethical, and legal issues 
regarding case-control studies.
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Abstract

dispensing pharmacists who want to provide their patients with adequate advice based on a 
clear understanding of the risks of accident involvement under different treatment conditions. 

and pharmacists to select the least impairing medicines within a therapeutic class. Advice for 
the patient based on three categories has been described in clear instructions, allowing the pa-
tient to make the right decision.

that might increase impairing effects. If drugs with little or no impairment can not be pre-
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Edited by J.C. Verster, S.R. Pandi-Perumal, J.G. Ramaekers and J.J. de Gier
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-

-
-

adverse effect across a range of skills required for safe driving. In most situations 
-

need to use guidelines for safe prescribing and dispensing of medicinal drugs to 
those patients who operate motor vehicles, or other transportation vehicles.

-

determining elements in patients’ perspectives of an active social role. The question 

and prerequisites and restrictions to driving are essential elements of each consulta-
tion with a patient who drives a motor vehicle. The use of medication with the least 

appear on the market, with the intention of replacing older ones where adverse 
-

the older, sedating medications for the treatment of allergic conditions, and newer 

This chapter aims to discuss the present state-of-the-art with respect to practi-
cal guidelines with emphasis on prescribing and dispensing practices. The authors 
provide several recom mendations as to how to improve the application of existing 

-

and pharmacists to prescribe and dispense the least impairing medicinal drugs for 

given to include prescribing and dispensing information that will allow patients to 
be more aware of recognizing the signs of impaired driving performance if drugs 
with little or no impairment cannot be used to treat their disorders. 
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Application of information 

-
-

 

products are safe for drivers, or giving general warnings. 

-

When clear statements are made about driving risk, the prescriber and dispenser 

-
mains a complex one, and that no solution is evident. Clinicians know that medica-
tion can produce unpredictable effects on performance. Clinical experience teaches 

-

a therapeutic class, where a suitable drug is available. 

but makes driving hazardous is hard for the prescriber to give and for the patient 
to hear. Proper explanation requires a clear understanding of the risks of accident 
involvement under different treatment con ditions.

use data in a given population is linked to accident data in the same population to 

-

increase in accident risk, which is comparable to a blood alcohol concentration of 
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-

a right to receive adequate infor mation to enable them to decide whether or not to 
drive.

would allow prescribers to choose the least impairing medication within each thera-

-

-
rization should be mentioned. 

Table 1 

Drug Relative Risk Comparable to BAC ( %) Reference 

Diazepam 3.1 0.075 

Flurazepam 5.1 0.095 

Lorazepam 2.4 0.070 

1.0 0.050 

Triazolam 3.2 0.075 

4.0 0.080 
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-

-

-

-

of categories or in the substances included.

France. In fact, the labeling of medicinal drugs became widespread in France when 
-

the perspective of the patient, allowing him or her to act and to decide on the best 

Ne pas conduire sans avoir lu la notice

Ne pas conduire sans l’avis d’un professionnel de santé

Pour la reprise de la conduite, demandez l’avis d’un médecin

Figure 1 
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practical use of the various categories, which is an advantage. It also takes into ac-

-

that can impair driving. The label consists of a black car inside a red triangle, which 
-

stances exists with the label.

affecting driving performance

After the publication of the report of the ICADTS Working Group on Prescribing 
and Dispensing Guidelines for Medicinal Drugs affecting Driving Performance in 

-
rized according to their impairing properties came under discussion. The practical 

would allow the prescribing doctor and dispensing pharmacist to look for safer al-

The experts from the ICADTS working group decided to use a calibration 
scheme in which the impairment description for medicinal drugs is compared with 
blood alcohol concentrations, as presented in Table 2.

Data collected in experimental research, in which on-the-road driving tests have 
-
-

-

Table 2 Description of impairment within the categories compared with impairment based 
on blood alcohol concentrations.

drugs 
Comparison with Blood Alcohol 
Concentration (BAC) 

I 
an effect 

II 
effects 

III 
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member states.
Although differences in descriptions exist, it is possible to agree on the cate-

ICADTS Working Group has proposed the following descriptions for interpretation 

Table 3 

Presumed to be safe or 

effect

In various experimental circumstances negligible or no impairment 
of driving performance or performance related to driving is repeat-

there are no experimental studies that support this presumption.

assessed in over-the-road driving tests as equivalent to blood alcohol 

Advice for the patient: Be careful not to drive before having read the 
warnings in the package insert.

or moderate adverse 
effects

Some impairment of driving performance or performance relat-

-
lished if the effect is moderate, light or absent.

assessed in over-the-road driving tests as equivalent to blood alcohol 

Advice for the patient: Do not drive without consulting a healthcare 
professional about the possible impairing effects.

effects or presumed to be 

In various experimental circumstances gross impairment of driving 

-
ies to support this presumption.

assessed in over-the-road driving tests as equivalent to blood alcohol 
concentrations 

Advice for the patient: Do not drive when this drug is taken and consult 
a healthcare professional as to when to start driving again after evalua-
tion of the treatment outcomes. 
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medicinaldrugs2.pdf] is based on the Belgian, Spanish and French categorization 
-

ing Group to review all available literature again in assigning categories for medici-

An updated review will be done in the near future within the Sixth Framework 
-

in either Belgium, Spain or France and therefore will not cover all drugs within a 
therapeutic class.

Another limitation is the lack of information in the categories on the various dos-
ages that are used for different medicinal drugs. As a general rule the categories are 
assigned to the drug at the normal therapeutic dosage given to an adult for the main 
indication of the drug. If higher dosages are taken one should consider the drug to 

Guidelines for prescribing and dispensing medicinal drugs 
affecting driving performance

-
macists in selecting the safest alternatives within each therapeutic class, if avail-

-

-
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Table 4 General guidelines for prescribing and dispensing medicines with impairing 
potential.

Prescribing Guidelines Dispensing Guidelines

drugs has been associated with an increased 

patients should receive this information. impairing drug 

2.  Consider an alternative in the light of exper-
imental research showing large differences 
between the effects on driving performance 
of various drugs within the same therapeutic 
class.

drugs exist in case a drug in class II or III has 
been prescribed, and inform the patient.

medical drugs and whenever possible avoid 
-

medicinal drug and to avoid multiple dosing 

medication. beginning of treatment and inform the patient. 
If higher doses are needed advise the patient 

drugs in combination.

advice for counselling patients about the 
effects of drug upon driving. on driving are vague, illogical and sometimes 

misleading.

-
cident if it is impossible to avoid prescribing 

-
have to use a drug with an impairing potential 

with the drug.
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Abstract

with impaired driving and increased accident risk. Data with respect to the relationship be-

sources used for the literature search were EMBASE, PubMed and Forensic Science Abstracts 
®

-

-
-
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The use of alcohol and certain illicit and medicinal drugs has been associated 

respect to the question of whether illicit or medicinal drug use also leads to more 

important to prevent accidents but also to gain insight into factors governing mor-

-
cal reasons hamper the optimal design of epidemiological studies on the relation 

chapter is to evaluate and discuss the available epidemiological studies on the re-

-

Methods

Data sources

®

pharmacological literature. More than 11 million EMBASE records from 1974 to 
present and more than seven million MEDLINE records from 1966 to present are 

® database is a product 
of Forensic Science Service Ltd., and includes more than 70 000 records on, e.g., 

-

-
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Selection

motor vehicle drivers. The outcome of interest was the relationship between drug 

patients in general were included when a large number of the patients involved 

Review articles, letters without original research data, papers presenting data al-

article were examined and included if relevant to the aim of our overview. Although 

this relationship. The number of included publications was 20.

Data extraction

Results

Characteristics of the studies included

Table 1 shows the characteristics of the studies reporting on the relationship between 

-
-

-

-
-
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Table 1 

Characteristics Studies n (%)

case-control

within person case-crossover

crosssectional

case-series

1991–2000

Site

Europe

Canada

Drug exposure assessment

toxicological results

prescription data

categorization into groups

other 
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-

a selection of those references included in Table 1, presenting results expressed as 
-

-

Discussion

-

or questionnaires were used. Some of the epidemiologic studies seem to present 

exposure measure.
-

parison between results. The AIS has been developed for motor vehicle accidents 

-
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Table 2 

Barbone F  
1998

Kim K  
1995

Drug Accident 
risk, no 

Accident  
risk, slight 

Accident  
risk, seri-

Accident  
risk, 
fatal 

Odds mul-
tiplier for 
first stage 
logit model 
predicting 

Odds multi-
plier for the 
second stage 
logit model 
predicting in-

AMP

BAR

CAN

-
phene
SSRI

TCA

no alcohol 
or drugs

possible or non-

-

alcohol 

drugs

possible or non-

-

inhibitors
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Table 2 continued

 
Meulemans A 
1998*

Singleton M 
2004

Smink BE 
2005

Vaez M 
2005

Drug AS-
COT < 50%

death - accident 

AMP RR 1.73 RR 3.98  RR 2.66   

BAR RR 1.42  RR 2.05  RR 3.51   

RR 1.66  RR 1.48  RR 2.01   

CAN RR 1.89  RR 1.87  RR 2.46   

RR 1.21  RR 3.81  RR 2.04   

RR 3.40  RR 11.7  

- RR 1.29 RR 2.30 
 

-
phene

RR 2.12  RR 7.2  

SSRI

TCA

no alcohol  
or drugs

alcohol 
 

or drugs

* results with respect to severe cranial or spinal trauma and severe thoracic trauma are not presented
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cut off points or the number of categories used. In addition, the statistical methods 

-

-

on outcome include the variable doses of illicit drugs with an unknown pattern of 
use, inter-individual variation in response to a given dose, and tolerance. In case of 

-

and sampling. Due to medical assistance after a severe accident, the time course 

For most effects of medicinal or illicit drugs, concentration–effect relationships ex-

-

leaves the site of the accident or when the driver is transported to a hospital. In 
most studies, drug concentrations have not been determined, except for alcohol. It 

of an accident. This would necessitate concentration measurements in future stud-

be present in urine for several weeks after the last intake, depending on the pattern 

might cover up this relationship. 

-

-
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-

harmonized.

Conclusions

-

-

measures, exposure measures. More research must be done to elucidate the rela-
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of drugs abused in driving
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Abstract

-

-

cannabis, cocaine, amphetamines and opioids. Predictive models were published relating can-
nabinoid concentrations in plasma and whole blood with time of use following various routes of 
administration and doses. Results of performance tests and driving simulators after controlled 
cannabis dosing document impairment at various times after use and show that impairment can 

administration. Degree of impairment is dependant on dose, route of administration, and toler-
-

tration interpretation, to develop predictive models for other drugs, and to guide development 
of science-based drugged driving legislation.

-

be educated and deterred from driving while intoxicated. This is accomplished in 

Drugs, Driving and Traffic Safety
Edited by J.C. Verster, S.R. Pandi-Perumal, J.G. Ramaekers and J.J. de Gier
© 2009 Birkhäuser Verlag/Switzerland
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effects. An understanding of the drug’s pharmacokinetics is essential to compre-

-
ing the absorption, distribution, metabolism and elimination of alcohol following 
controlled administration found a direct relationship between blood alcohol con-

of administration affect a drug’s pharmacokinetics, its concentration-effect curve, 
and the interpretation of blood concentrations. Few other drugs important in the 

-

chapter, the available data guiding interpretation of drug concentrations of cannabi-
noids, cocaine, amphetamines and opiates are reviewed. 

-
posure occurred based on drug and metabolite concentrations following controlled 

-

ratio for having an accident than drivers on the same road, at the same time, that 

where large numbers of drivers are stopped, performance is evaluated, and biologi-

-

invasive than venipuncture are suitable for estimating blood concentrations, unlike 

-

drug testing providing data on recent drug exposure. 
Another challenge in estimating time of drug use is that elimination of drug 

The constant rate of alcohol excretion allows reasonable back extrapolation of drug 

stop. The extrapolated blood alcohol concentration permits estimates of impairment 
at the time of driving. Since most impaired driving investigations involve a single 
specimen collected at a known point in time after an incident, and elimination rates 
are not zero order for most drugs, methods for estimating time of last drug use are 
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use. For these reasons, knowledge of a drug’s pharmacokinetics following different 
routes of administration and in alternate matrices, and knowing intra- and inter-

Cannabinoid Pharmacokinetics

-
-

-

-

impairment at the roadside. 
Pharmacokinetics encompasses the absorption of cannabinoids following di-

verse routes of administration and from different drug formulations, the distribution 
-

the classic studies of cannabinoid pharmacokinetics are from the 1970s and 1980s. 
-

hinder the separation of drugs of interest from biological matrices and from each 
-

-

Cannabis sativa contains over 421 different chemical compounds, including 

-
tional cannabinoids and other chemicals when cannabis is administered rather than 
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-

compound to cannabinol, a much less potent cannabinoid. In addition, cannabis 

-

Absorption

Smoked administration

Route of drug administration and drug formulation determine the rate of drug ab-
sorption. Smoking, the principal route of cannabis administration, provides a rapid 

-

duration and spacing of puffs, hold time and inhalation volume, or smoking topog-

able to change their method of smoking hashish cigarettes to obtain higher plasma 

A continuous blood withdrawal pump was utilized to capture the rapid absorp-
-

-

-
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prior to initiation of the last puff sequence at 9.8 min. Despite a computer-paced 
smoking procedure that controlled the number of puffs, length of inhalation, hold 

60 % and 20 % of peak concentrations 15 and 30 minutes post smoking, respec-

from 3 to 12 h after the low dose and from 6 to 27 h after the high dose cannabis 
cigarette.

max concentrations were reported in specimens collected im-

-

Figure 1 
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Oral administration

-
-

-

Figure 2 
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-

-

-

® 

-

-
nabis seed and is an excellent source of essential amino acids and omega-linoleic 

-

-

-
-
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dose. This could be due to the dronabinol formulation that afforded greater protec-
tion from degradation in the stomach due to encapsulation and perhaps improved 

-

hours after the last dose of the higher concentration hemp oils.

Distribution

-

-

-

the circulation during smoking, the actual dose required was estimated as 0.2 to 

Figure 3 

ingested two oral 2.5 mg dronabinol capsules.



159

-

-
-

-

d

state Vd

-

Figure 4 
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during chronic administration, although average total metabolic clearance and ini-

-

Metabolism

-
-
-

-

were formed at the same rate in human liver microsomes, with smaller amounts of 

-

-

-
-
-

of Marinol®

 via 

-
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-

After the initial distribution phase, the rate-limiting step in the metabolism of 
-
-

Elimination

-

-
-

-

Terminal elimination half-lives of THCCOOH

phase is more rapid than terminal elimination. To determine an accurate terminal 
half-life, it is important to have sensitive procedures that measure low cannabinoid 
concentrations and blood specimens must be collected over an extended period. 

-

-

-
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Percent THC Dose Excreted as Urinary THCCOOH

-

-
-

-

-

of a single metabolite. Numerous cannabinoid metabolites are produced in humans 

-
-

Urinary biomarkers of recent cannabis use 

when Escherichia coli -
pared to either Helix pomatia
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-

from E. coli

E. coli -
trations using either H. pomatia

E. coli method and concentrations less than 

E. coli 
-

-

Chronic cannabis use

-

-
ing residence on a closed research unit with no access to drug revealed that whole 

than most laboratories’ cannabinoid reporting threshold.
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Cannabinoids in oral fluid

-
-
-

Models for predicting time of cannabis use

valuable information in establishing the role of cannabis as a contributing factor to 

-

of smoking cannabis, one could develop empirical formulas for predicting time of 

Figure 5 

-
rison.
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The formulas are reproduced below with T representing the elapsed time in hours 
between the beginning of cannabis smoking and blood collection, and CI represent-

log CI1 })({
937.89

996.0][THClog
006.1030.0

2−
+

log CI2 })({
420.123

283.0[THC][THCCOOH]log
006.1045.0

2−
+

-
nitude of the interval is smaller when the elapsed time between cannabis use and 

data points in Figure 6. Models were applied to all published studies at the time 
-

evaluated. 

-
-

morning and 30 also smoked a second cigarette in the afternoon. Blood specimens 
-

based on each model, were compared to actual smoking times. For over 90 % of 

each model. Results are shown in Table 1. Model I was less accurate with primar-

to predict earlier cannabis use that could be misinterpreted as a time of impaired 
performance. Model II was more accurate and had no underestimates for multiple 
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limits of both models. For all 717 plasma specimens, 99 % of predicted times of 
last use were within this combination interval, 0.9 % were overestimated and none 
underestimated. For 289 plasma specimens collected after multiple doses, 97 % 
were correct with no underestimates. All time estimates were correct for 77 plasma 

These models also appeared to be valuable when applied to the small amount of 
data from published studies of oral ingestion available at the time the models were 
developed. Additional studies were performed to determine if the predictive models 
could estimate last usage after multiple oral doses, a route of administration more 

®

and 7.5 mg dronabinol. Blood specimens were collected throughout the six-week 

Figure 6 Two models for predicting elapsed time after last cannabis use based on single 
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smoked cannabis cigarette, two smoked cannabis cigarettes or multiple oral doses 

cannabis administration studies indicate impairment of tasks related to normal driv-
ing functions for up to 6 to 8 h after use. A small number of studies extend this 
time interval to 24 h for complex, multitasking operations. The predictive models 

Table 1 Predicted elapsed time between cannabis smoking and blood collection with plasma 
a b 

 N
(Cases within 

Number of Over-
estimated Cases 
(mean time, range in 
minutes) 

Number of Under-
estimated Cases 
(mean time, range 
in minutes)

Model I

Single dose 427 91.8 % None

Multiple dose 290 90.3 %

All cases 717 91.2 %

Model II

Single dose 415 94.0 %

Multiple dose 289 97.6 % None

All cases 704 95.5 %

Combination of Model I and Model IIc

Single dose 415 99.5 % None

Multiple dose 289 98.6 % None

All cases 704 99.1 % None

a 

b 

c 
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-

CIF THC OH – THC THCCOOH 

authors reported that the CIF was helpful in determining impairment and, in par-

Time of use and driving impairment

The effects of cannabis on driving include decreased car handling performance, in-

return to baseline levels within three to six hours after exposure to low and moderate 

-

increased stop reaction time and the proportions of commission and omission errors 

last test period that concluded 6 h after smoking. The impairment of executive func-
tion is consistent with the general observation that the greater the demands in multi-

the estimated time of last use with both mathematical models. The shortest and lon-
-

dence interval based on both calculations. Although this approach does increase the 

-
-



169

not a problem when opinions are based on blood or plasma results, since specimens 

smokers, which minimizes its effects. If specimens are collected within one hour of 

-

phase. Effects are less during cannabinoid absorption, as seen in Figure 7.

-

-
-

resolves this problem.

Figure 7 
-
-
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prior to the incident in question. As mentioned, there are limited studies on the 

some tests of impairment than infrequent users when administered the same dose 

in frequent cannabis users are needed.

Cocaine

norepinephrine, dopamine and serotonin. When these neurotransmitters are released 

membrane antagonizing the reuptake of dopamine and increases extracellular dop-
amine. The consequent behavioral effects relevant to driving are euphoria, excita-

of a vehicle, turning in front of others, inattentive driving and poor impulse control. 
Like other stimulants that increase extracellular dopamine, depression and lack of 

-

of cocaine ingested. Chronic users have been reported to administer up to 2 g of 

pharmacokinetics, with the most common routes being smoking, intranasal, intra-
-

the numbers and changed the demographics of cocaine users. The small, white, 
irregular spheres or rocks weigh 0.01 to 0.5 g, and when smoked in a pipe provide 
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-

-
duces constriction of the capillaries, further slowing drug absorption. These phar-
macokinetic factors result in less intense cocaine effects than following smoking or 

Blood concentrations of cocaine peak in about 5 min following the intravenous 

-
-

-
max was about 

-

-

-

abusers given free access to cigarettes containing 75 mg cocaine base maintained 

A group of 11 chronic cocaine abusers had extended mean elimination half-lives 

-

in effects between individuals, unknown route of administration, and possible de-
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be associated with a level of impairment, and there are no accepted models for 

or lower. Despite these protective measures, cocaine concentrations will decrease 

The usual approach to interpreting cocaine blood or plasma results is to combine 
what we know of cocaine pharmacokinetics with other evidence. If the driver in ques-

-

-

window of detection. Following single smoked 40 mg doses of cocaine, cocaine 
-

Amphetamines

Amphetamine and methamphetamine are CNS stimulants producing pharmaco-

concentrations. Although both result in higher extracellular neurotransmitter con-
centrations, amphetamines’ mechanism of action is different than cocaine’s. Am-
phetamines increase the release of neurotransmitters from intracellular storage 
vesicles, rather than blocking neurotransmitter reuptake. As described above for 

perception disturbances, and serotonin is responsible for behavioral effects such 

driving impairment. 
Amphetamine and methamphetamine also are effective pharmacotherapies for 

-
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-

Methamphetamine’s effects are similar to those of cocaine but the onset is slower 
and duration of effects is extended. As for cocaine, the route of administration is an 
important determinant, with effects following oral ingestion much less intense than 

routes of administration, users often become depressed and inattentive when driv-

Methamphetamine is metabolized to amphetamine, norephedrine and deaminated 

-
-

unlike observations for controlled cocaine administration. Cook et al. attribute this 
-

amphetamine following intravenous administration is similar to that following the 
oral and smoking routes. Excretion half-lives range from 6–15 h and are dependent 

Several authors have reported results for chronic d-methamphetamine and am-

40, 80 and 160 mg intravenous amphetamine, serum concentrations at 1 h were 

max

Cmax

-

-
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-
-

The violations listed included speeding, weaving, erratic driving, and accidents. At 
the stop, behaviors noted were nervousness, rapid and non-stop speech, unintel-
ligible speech, disorientation, agitation, staggering, violence, and unconsciousness. 

-
phetamine are measurable in blood, and late phase, when these drugs have been 
eliminated and brain neurotransmitters are depleted, can cause impaired driving. 

-

Opioids

methadone. These drugs interact with mu, kappa and delta opioid receptors in the 
brain and produce a constellation of effects. Effects are dependent on dose, route of 

-

-

to slow driving, weaving, poor vehicle control, poor coordination, slow response to 

-

-

-
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-

The inactive morphine-3-glucuronide appears in serum 20 min after intramuscu-
-

-

-

concentrations of heroin were reached within 5 min and increased with dose. For 
-

-

received various intravenous doses of heroin for comparison. Time to peak was 

-

th those of morphine, it can be con-

individuals exceeding 500 mg. Time to peak is 0.5–2 h and its serum half-life is 
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-

-

-

-

-

formulation, Cmax

-

as a substitute for heroin in treatment programs. Its elimination half-life is 15–55 

-

-

-
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each opioid due to the rapid development of tolerance. Naïve as compared to toler-
ant users demonstrate different effects for similar doses and blood concentrations. 
Despite these complications, some helpful data are available.

-
ence of either of these compounds in blood or plasma of infrequent users indicates 
use of heroin within the previous 3 h timeframe. Within this time window, heroin 

estimating time of use based on metabolite ratios, but the slower formation of con-
-

tal morphine can be compared to literature studies and gives some estimate of time 
of last morphine use, provided the route of administration is known. For example, 

-

-

Conclusions

Controlled drug administration data permit scientists to develop predictive models 

-

-

-

developed per se
-

not implemented per se -
cokinetic studies are needed to guide drug concentration interpretation, to develop 
predictive models for other drugs, and to guide the development of science-based 
drugged driving legislation.
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a review of the epidemiological evidence
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Abstract

sleepiness in this context. 
Despite the challenges, there is considerable evidence that sleepiness and its determinants con-

-

workers, people with sleep disorders and people driving long distances. The road environment 

-
est levels of drinking.

-
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experiences.

-
-

need reliable information on behaviours and conditions that contribute to driver 

need to understand differences in risk between different population groups to target 
measures at groups and in settings where risk is greatest.

-
-
-

ing conditions. Epidemiological studies which attempt to do this face substantial 

errors.

sleepiness in causing car crashes, and then provides an overview of epidemiologi-
cal studies that have approached this question.

to indicate the effects of working too long, having inadequate rest, and being unable 
-

distance driving it incorporates the duration of the driving task as a determinant 

short trips. Even amongst long distance drivers it seems that sleepiness due to sleep 

-
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randomness.

Determinants of sleepiness 

these homeostatic and circadian factors create a predictable pattern of two sleepi-

processes, and the diminished performance that accompanies it, occur regardless of 
training, occupation, education, skill level, intelligence or the commitment of the 

Effects of sleepiness on performance 

Whenever people attempt to remain awake and alert during times of endogenous 

light sleep to deep sleep decreases. More effort is required to remain awake and 

-
-

-

performance due to sleepiness before the occurrence of microsleeps or frank sleep 
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Assessment of sleepiness

There is no single tool for measuring sleepiness that is applicable to all situations. In 

-

-
sure of acute sleepiness or to be used in the presence of short-term conditions such 

-

-

-

-
logical studies of drivers.

Sleepiness in the driving population
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-

general population car drivers used as controls in two car crash case-control stud-

-

-

was little difference between men and women.
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Determinants of driver sleepiness

-
bution of its component causes. Acute or chronic sleep deprivation, sleep fragmen-
tation, circadian factors, alcohol and other drugs combine to determine the sleepi-
ness of individuals and of various risk subgroups in the population. 

Quantity of sleep:

but seven to nine hours is required to optimise performance, with adolescents and 
-

lead to sleep restriction. These include excessive hours of work, personal demands 

Quality of sleep: Sleep disruption and fragmentation cause sleep debt even when 

is a particular feature of sleep disorders. The most common is obstructive sleep ap-
noea, where a person experiences frequent brief arousals, 3–15 seconds in duration, 

-
-

such as being on call will also diminish the recuperative value of sleep. Groups par-

Circadian factors:

-

-

Monotony:

in a dull environment without a break enables the effects of sleep deprivation to 
become manifest. 

Sedative and stimulant drugs: -
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The relationship between sleepiness and car crashes

-

were due to sleepiness, but other published estimates varied more than ten-fold, up 

Descriptive studies of sleep-related crashes include those where crashes are 

– A temporal distribution that correlates with circadian patterns of sleepiness – oc-
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-

contributes to crashes that involve other vehicles, that involve alcohol, and that oc-

crashes in which sleepiness has a role.

Laboratory studies of sleep-related crashes use a proximal outcome measure such 
-

formance of persons with sleep disorders or sleep deprivation with controls. These 

– Total sleep deprivation and cumulative partial sleep deprivation have similar ef-

to 21–24 hours of extended wakefulness are comparable to the effect of a blood 

– Sleepiness and alcohol combine to impair driving performance more than either 

-
-

driving tasks than age- and sex-matched controls, and performance improves 

Driving simulator studies demonstrate consistent effects of sleep deprivation and 

reaction times are slower and sleepiness greater in driving simulators than real driv-
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Epidemiological methods

chosen measure of sleepiness. It is critical that the people in the two groups oth-
erwise be as similar as possible for it to be an unbiased comparison. There are a 

Selection biases:

Information biases: Self-reported measures of sleepiness or outcomes such as 

Confounding:

needs to be taken into account.
Random error:

interest that is measurable, an outcome of interest that is measurable, and a valid 

its effects needs a design that can measure this at the time of the crash and at a com-

-

needs to be combined with an estimate of the prevalence of sleepiness amongst 

Epidemiological studies
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Exposures included measures of sleepiness at the time of the crash, measures of 

-
ing and sleep disorders.

-
ported between 1987 and 1999. All but one of the studies had a cross-sectional 

-
tional groups, and four were population-based.

-

-

-

-

-
tween obstructive sleep apnoea and crashes, and also habitual snoring and crashes, 

-
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-

association was found in women. Self-assessed sleepiness did not explain the as-
sociations.

-
gestive of a positive relationship between fatigue and crash risk, but could not pro-

-

on car crash risk.
Since the time of this review a number of relevant studies have been published 

-
ings are summarized below.

Population-based epidemiological studies

Reports have been published of two prospective case-control studies that aimed to 

-

had slept nine or fewer hours in the previous 48 hours.

including both urban and rural driving. It studied all drivers involved in crashes in 

control drivers sampled from the roads in the region using random stopping sites on 
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vs -

-
founders. Since the controls were a random sample, the population attributable risk 
for driving with one or more of these acute sleepiness risk factors could be calcu-

found risk to be associated with Epworth Sleepiness Scores, consistent with the 

-

and, even allowing for some possible recall bias, the risk seems substantial. It also 
appears that the threshold for sleep required to avoid an increase in risk is around 

education of the public.

-
ness while driving once a month or more. When drivers with a sleep disorder were 

Situations of high risk

-
ers, 50 % of drivers had reduced their total sleep time in the 24 hours before their 
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departure on a long distance trip. As a result, 12.5 % had a sleep debt of more than 

8.5 hours. Fifteen percent were on the road in the most dangerous period for sleepi-

Obstructive sleep apnea (OSA)

There have been several further studies published that support a role for undiag-
-

-
-

Shift work

-
time hours. The resulting cumulative sleep debt compounds sleepiness during work 
periods and when commuting to and from work, and affects levels of sleepiness on 

three-quarters of reported car crashes occurred following night shift, and that the 

Road environment

-
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points where clusters of sleep related crashes occurred, presumable due to road 
design features.

Sleepiness and alcohol

-
ness. In combination, this results in producing performance impairment greater 

people believe themselves to be safe drivers.
Alcohol use in the presence of sleepiness has been shown to have a dramatic ef-

-

hour drive the combined effect on lane drifting was greater than the sum of the 

above the affect of sleep restriction alone, although it was evident on EEG. When 

enhanced sleepiness due to combining alcohol with sleep restriction. In a similar 

even the combination of modest sleep debt, the afternoon circadian dip and a drink 
at lunchtime could produce substantial and unsuspected impairment of driving, let 

-
ness and crashes do not have reliable alcohol measures, and most drink driving 
studies have inadequate measures of sleepiness to separate the effects of the two. 

hours of the morning. 

derived from the participant data and the interaction of sleepiness and alcohol in de-

for each step on the nine-step sleepiness scale for drivers with zero BAC, it found 
that this increase was more than doubled for drivers with a BAC of 3–50 mg % and 
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-

Conclusion

-

measure in this context.

-

been shown to increase car crash risk. Some groups of people experience these 

environments exacerbate the effects of sleepiness, and some features of the road 

-
tions that might be effective in reducing the burden. Even drivers who recognize 
sleepiness while driving seem to underestimate its impact on risk, or overestimate 

impairment. Some research is focusing on interventions in high risk activities such 

-

-
-

-
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Sleepiness, countermeasures and the risk 
of motor vehicle accidents
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Abstract

There are several factors that increase the risk of driver sleepiness and result in increased ac-
cident risk. Modern vehicle design enables the driver to travel at high speeds and for long dis-
tances in a comfortable and often sleep promoting driving environment. Recent decades have 
seen an increase in shift work and apparent trends for reduced sleep length, which combine to 

effects of reduced sleep, night driving and driving for long periods. Sleep related vehicle acci-

account for the marked individual differences seen in levels of driver sleepiness, impaired per-
formance and associated risk levels. Driver education programmes are required warning of the 
increased risks of driver sleepiness associated with extended waking, too little sleep, and driv-
ing during the circadian low period. Drivers should also be made aware of strategies helping 
to maximise sleep and optimise arousal which are of particular use for night driving and shift 

melatonin and light exposure to enhance phase shifting or improve sleep and waking schedul-

include the use of brief naps and caffeine.

Drugs, Driving and Traffic Safety
Edited by J.C. Verster, S.R. Pandi-Perumal, J.G. Ramaekers and J.J. de Gier
© 2009 Birkhäuser Verlag/Switzerland
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meeting of the Association of Professional Sleep Societies on sleepiness, fatigue, 

-

changes in design and performance. Count Gaston de Chasseloup-Laubat achieved 

can travel on foot. Combine this performance with an interior environment that 
can match a modern home for equipment, comfort and climate control, add in long 

-

sleep continues although there is increasing awareness of the importance of sleep 

-

including differential switching of gene activation for both sleep and waking func-

-

Given the importance of sleep, and the fact that the population spends around a 
third of their lives sleeping, it is not surprising that there is a strong drive for sleep 

-

-

-

living has freed us from the natural zeitgebers of light and dark, enabling wak-
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-
nents of driver sleepiness are the effects of extended waking or sleep deprivation 
where the driver has been without their normal sleep. Prolonged periods of driving 

performance in general.

-

there was a marked increase in the slowest responses suggesting lapses or gaps in 

-

-
ing speeds can have severe consequences.

Whilst it should be common sense that sleepiness and poorer driving increase af-

-

a night can produce as marked effects as a night of total sleep deprivation. Chronic 
sleep restriction of four or six hours a night produces both dose-response and cu-

relevance as there has been much debate about whether modern living is associated 
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circadian clock or pacemaker, although interconnections with other regions me-

variation. These include the homeostatic sleep drive that increases with waking du-
-

-

accidents. 

-
-

more disrupted with increased waking. This in turn is associated with poorer per-

the consequences of disturbed sleep and working during the circadian low period, 

41]. Night shift working is associated with increased sleepiness, with 50 % of both 

-
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-

-

in accident rates after 16 hours of working, suggesting caution in extending work 

Studies that assess the effects of repeated nights of restricted sleep are also of 
relevance to shift work. More than a decade ago Gillberg pointed out that even a 
two hour reduction in normal sleep length had a negative effect on alertness. More 

or less was equated with two nights of total sleep deprivation, showing that even 

has shown that even minimal chronic sleep restriction to seven hours is associated 

Irregular shifts combined with potential environmental stressors of heat, noise and 

driving, increased sleepiness, speed and lane variation for professional truck driv-

home simulation after a night shift resulted in an increased number of incidents 

The author experienced a decade of night shift work as a sleep researcher and 

at night, driving home, and the marked fatigue and sleepiness associated with pro-
longed shifts. 

Increased health problems are also associated with shift working, and shift work 
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-

A comparison of simulated driving performance found marked individual differ-
-

showed less deterioration in response times across the night when compared to the 

-

versus

-

-

-

-

-

response to night working and driving performance which affect accident risk. 

-

progressive deterioration is also apparent in driving performance with the number 
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Figure 1 -
vs. 

vs. alcohol.

Figure 2 
-

vs vs. alcohol.
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-
ing deterioration in performance after 16 hours of waking or work.

The relative importance of driver sleepiness in road accidents

-
-

-
ous section has focused on the impact of sleep loss, extended waking and circadian 

is considered here.
-
-

27 % of his sample but accounted for 83 % of deaths, showing the severe conse-

found fatigue was a factor in 57 % of truck driver and 10 % of car driver fatalities in 

Given the high proportion of sleep related accidents, a logical question is whether 

20 % of long haul truck drivers reported dozing off at least twice in the preceding 
-

an eight-fold increase in accident risk associated with acute sleepiness in a New 

misses can predict accident risk. A dose response relationship was shown with the 



Sleepiness, countermeasures and the risk of motor vehicle accidents 215

-

-
-

-

-
sional truck drivers. Accident near misses provide a predictor for sleep related ac-
cidents. The association of acute sleepiness and near misses with increased accident 

about to fall asleep. 
A common sense approach would suggest not, as no one has suggested that driv-

ers knew of the impending consequences in the high proportion of serious or fatal 

predictors were found either not to acknowledge signs of impending sleep, includ-

related accidents.

Measuring sleepiness

involved. Performance measures should also be included, as this chapter is con-

-
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ample measures are outlined in this section before considering approaches used in 

-
sures of sleepiness for driver monitoring, including heart rate and biochemical sen-
sors, but the emphasis has been on the use of EEG as a measure of cortical arousal 

EEG

-

-
-

Wilkinson comparing a behavioural response, pressing a switch in response to a 

responses from stage 2 sleep when showing a guest the sleep lab and indicating 
-

-

-

Akerstedt and coworkers have developed EEG measures for assessing sleepi-

-

consistent with lapses when some drivers failed to act on signals, although later 
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to assess sleepiness and decreased vigilance, with the P300 or late components be-

The development of neural nets or related advanced signal processing tech-
niques with greater computer speed and power are enabling the development of real 

Examples of the effects of driving during extended waking and during the cir-
cadian low point are given in Figures 3–5. These graphs plot changes in arousal 

the morning and after normal sleep. For around 80 minutes the driver maintains a 

Figure 3 
-
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-
riod that followed. Although showing EEG drowsiness, the driver failed to fall 

Figure 4 demonstrates a night drive ending before midnight, and whilst this is 

follows, as the driver does fall asleep when in bed.

Figure 4 -

with sleep shown as stages 1–4. Alert driving is maintained for over an hour, then brief peri-
ods of EEG alpha are seen reflecting lowered arousal and possible inattention. After the drive 
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wave sleep is seen.

Eye measures

-
-

-

considered to be inferior to EEG or behavioural measures in detecting sleep onset, 
-

Figure 5 -

then the rapid onset of sleepiness is seen with the intrusion of EEG intermittent theta or 
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-
®

Performance measures

-

-

-
-

-

-
ible with driver monitoring.

Subjective awareness and relationship with other measures

-
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Some authors claim a good correlation between measures. In a 1998 editorial Ak-

EEG changes and driver performance decrements, at least under certain conditions, 

-
-

-
-

The most recent studies have therefore either suggested that individual differ-
-

pared with other measures using averages, or that there is no correlation between 

-

-
-

ticipants were aware of their levels of sleepiness and hence risk of accidents, sup-

The aim of researching different measures of driver sleepiness has been to assist the 

and the Citroen C4 is given as an example. An option on this production car is to 
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have a seat that vibrates on the left or right depending on the side that the car crosses 
lane markings and therefore arouses the driver as well as giving error information.

include both driver state and performance monitoring devices and cite the European 

to be turned off or volume attenuated, which would then reduce their effective-

alarms. 

take suitable countermeasures such as stopping to drink coffee or take a nap. Prob-
-

ness detected, focusing on measures of driver state rather than performance output, 

effective devices are standard features in production vehicles. A recent review sug-

near future but echoes the need for further research to develop reliable indicators 

Driver countermeasures

-
tance so that drivers are aware and can take appropriate steps to reduce their impact, 

for reducing the impact of driver sleepiness or fatigue have been included in a recent 
review. These include proper work and rest scheduling combined with good sleep 

sleep opportunities are available then limiting driving time, strategic napping and 

-
feine consumption, sleeping longer and taking a short nap as the four most com-
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walking around the vehicle, smoking, talking, taking refreshments, radio, eating, 
conversation, opening the window, singing and taking a cold wash. Recent studies 

-
ing coffee or other stimulant drinks, stopping and taking a short walk, napping, 
communicating with other drivers or passengers, smoking cigarettes, opening the 

-

-

found that neither were as effective as caffeine or napping based on their earlier 
work, although radio provided some improvement for up to half an hour and sound 

-

Napping

Reviews suggest that napping can enhance waking performance and alertness af-
ter sleep loss or during circadian disruption, although the nap duration should not 
exceed half an hour to limit the effects of sleep inertia, which is worse after abrupt 

-
sult from abrupt awakenings. The problem of sleep inertia was highlighted when 
aircraft were crashing into the sea after being launched from aircraft carriers in the 
Korean War and, though less critical, the impact of sleep inertia is of importance to 

-

a countermeasure to driving sleepiness. Studies of shift work and driving have 

a 30 minute nap nor rest pause improved simulated night truck driving, although 

Italian police drivers found that those who did not take naps before night shifts had 
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Appropriate strategic napping can therefore be seen as a useful countermeasure 

not exceed half an hour, and if driving under conditions of sleep restriction or ex-
-

quent sleep inertia.

Bright light and melatonin

forms of circadian disruption it is logical to consider countermeasures that can 
-

-
ulated night shift work whilst bright light has facilitated adaptation to night shifts 

Appropriate use of hypnotics

The use of medication for insomnia and other medical conditions, as well as the use 
of stimulants are examined in other chapters, although brief coverage is included 
here in considering appropriate countermeasures and strategies for dealing with 

are much safer than the older benzodiazepines, with short acting compounds show-

Caffeine and energy drinks

Caffeine has been shown to improve alertness, mood and performance after sleep 

115]. The use of coffee and other caffeinated beverages is popular amongst driv-
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have included both 150 and 200 mg doses given as coffee, or 300 mg sustained 

after sleep deprivation or restricted sleep. Combination with a brief nap of up to 15 

we have noted that their use has become popular as a sleepiness countermeasure 
amongst drivers. Improvements in both mood and performance have been observed 

The effects of caffeine in improving both mood and lateral position are shown in 

Figure 6 

vs. other treatments.
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Conclusion

This brief review of countermeasures has highlighted the discrepancies found be-

measures as predictors of impending driver sleepiness and increased accident risk. 
Driver education and strategies to avoid or limit the impact of extended waking, 
sleep loss and driving during the circadian low are important. Direct performance 

brief naps and caffeine are all useful in optimising driver arousal levels.

-

sleepiness reaches a critical level.
Although the problem of sleep related accidents remains, valuable knowledge 

Figure 7 -

vs. other treatments.
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Whilst shift work and associated night driving has increased, we are now in a posi-
tion to provide some practical countermeasures. Education is the most important 

schedules can be made to optimise functional waking levels and reduce or avoid 

-

of vehicle accidents that are a result of driver sleepiness.
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Abstract

Sleep medication helps patients who suffer from insomnia to fall asleep and maintain asleep, 

as driving a car. Epidemiological studies show that patients who use sleep medication are at 

Impairment was dose dependent and most prominent in benzodiazepines with a relative long 
half-life. 

-
treated insomnia on driving should be examined in future studies.
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-

-

Benzodiazepines

-
-

-

-
ments relative to placebo are shown.

-
somnia and benzodiazepine use. Tests were performed after one or two nights of 

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 

-

Flurazepam 
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-

week. After eight nights, driving was still impaired in the morning session. The lat-

with blood alcohol concentration above 0.08 %.

Flunitrazepam

-
-

sions, driving impairment was comparable to that observed with a BAC of 0.05 %. 

and closed road studies support the fact that performance is impaired the morning 

Figure 1 

-

dotted lines indicate levels of SDLP increment observed with most common legal blood 
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Nitrazepam

-
notics without active metabolites impairment is more pronounced in the morning 

-

Lormetazepam

Lormetazepam is available as a tablet and soft gelatine capsule. Both formulations 

-

Oxazepam

-
served with a blood alcohol concentration of 0.05 %. In the afternoon, driving was 

effects were found.

Loprazolam

-
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

-
formance after one and seven nights of treatment improved in patients with insom-

and non-passable gaps on the circuit. No effects were reported on a weaving test 

-
-

-

-

-
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Zopiclone

Three studies have been performed to examine the effects of zopiclone 7.5 mg on 

no improvement. 

Zolpidem

10-11 hours after betime administration

4-6 hours after middle of the night administration

16-17 hours after betime administration

Benzodiazepines - SD

Benzodiazepines - DD

Zolpidem 10 mg

Zaleplon 10 mg

Zaleplon 25 mg

Zopiclone 7.5 mg

-2.00N1

100

99

17

55

23

70

N2

100

99

17

55

25

71

 Effect        

0.42

0.68

0.08

0.07

-0.23

0.89

 Lower       

0.14

0.39

-0.62

-0.31

-0.82

0.54

Upper        

0.71

0.97

0.77

0.45

0.35

1.23

-value        

0.00

0.00

0.82

0.71

0.42

0.00

-1.00 0.00 1.00

Improvement Impairment

2.00

Zaleplon 10 mg

Zaleplon 20 mg

Zolpidem 10 mg

Zolpidem 20 mg

Zopiclone 7.5 mg

-2.00N1

56

52

30

30

24

N2

55

55

30

30

25

 Effect        

-0.03

0.10

0.66

1.16

1.51

 Lower       

-0.40

-0.29

0.13

0.60

0.85

Upper        

0.35

0.48

1.19

1.72

2.17

-value        

0.89

0.61

0.01

0.00

0.00

-1.00 0.00 1.00

Improvement Impairment

2.00

Benzodiazepines - SD

Benzodiazepines - DD

Zopiclone 7.5 mg

-2.00N1

102

83

16

N2

102

83

16

 Effect        

0.14

0.57

0.25

 Lower       

-0.14

0.26

-0.47

Upper        

0.41

0.88

0.98

-value        

0.33

0.00

0.47

-1.00 0.00 1.00

Improvement Impairment

2.00

Figure 2 

-



239

-

Zaleplon

-

Half-life

effect on driving performance. Table 1 gives an overview of the half-life of differ-

afternoon SDLP increments are less pronounced when compared to the morning 

-

half-life. 

Dose

evident from Figure 1. 

-

-
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Figure 3 shows SDLP increments relative to placebo 4 hours after administration of 

-
tive to the effects of zolpidem or to administering twice the recommended dose. 

Table 1 

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

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

7.5 3.5-6.5 1-2 –

10 1-2 0.5-1 –

10 2-4 0.5-1 –

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

50-100 12-36 1.5

Doxepine 150 33-80 2

Trazodone 25-150 8 1-2
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whereas some show no further aggravation of performance and others show a great 
decrease in driving performance. 

Gender and age

-

Sleep pills come in standardized dosages that do not take into account biological 
-
-

pared to men. 

Figure 3 Individual SDLP differences relative to placebo 4 hours after intake of zaleplon 10 
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important aim of future driving studies.

Tolerance

benzodiazepines with a short half-life the likelihood of being involved in a crash 

Figure 4 
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Discussion

-

on various factors including half life, dosage, gender, age and the development of 

allowing 8 hours of sleep. Studies with zaleplon did not report negative effects on 
driving performance. 

drugs have not been investigated. Epidemiological evidence shows that tolerance 

persist for months after treatment initiation. Epidemiological data on zolpidem and 
-
-

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.

-
keted. Examples are indiplon, a new sleep drug that also acts at the GABA recep-
tor, or ramelteon and melatonin, that act at melatonin M1 and M2
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Abstract 

and driving performance. Sleep apnea is also associated with a number of co-morbidities, in-

-

-

performance, as well as the drugs affecting waking and nocturnal respiration. 

Sleep apnea is a common condition, which affects between 2 % and 4 % of the popu-

during sleep, with associated arousal from sleep. Consequences of untreated sleep 

crash risk than the general population. Sleep apnea is also associated with a number 
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increase sleepiness and further impair driving performance either through direct 

Alcohol in combination with sleepiness results in severe driving performance im-
pairment, even at low levels. Direct examination of the combined impact of these 

-

-

driving performance, including motor vehicle crash risk. It will then outline the 

cognition, and driving. 

Sleep apnea is a common condition that can result in excessive sleepiness, impaired 
-

-

-



247

-

with arousal from sleep, with resultant fragmentation of sleep and reduction in total 
-

-
timal environment for the restorative cellular processes that occur during sleep. 

-
-

-

Figure 1 
squares indicate where an apnea has occurred. Apneic events are associated with a reduction 

2

2
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-
sure via -

is poor patient compliance, and therefore the success of this treatment relies on the 

-

Consequences of sleep apnea 

Sleepiness

-

result of frequent arousal from sleep and reduced total sleep time, with an increased 

-
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Cognitive impairment

-

-
-
-

level that is known to increase accident risk. Lapses in attention during a vigilance 

Simulated driving performance

-

more errors for signalling, braking, accelerating and steering. George found greater 

have involved patients with severe sleep disordered breathing compared to normal 

to severe disease.
-

though most studies suggest that performance does not return to normal levels. In 
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performance.

driving performance. The degree of impairment is similar to that at high blood al-
cohol levels, which are associated with increased road accident risk. These changes 

nasal CPAP improves vigilance and driving performance, but does not return it to 

Sleep apnea and road crashes

-

to controls and two and a half times increase in the rate compared to the state av-
erage. Three subsequent case-control studies found similar associations between 

-
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effect or other factors apart from CPAP accounting for some of the result. George 

-
-

and unchanged.
-

Table 1 

Author Year Population Crash Risk

1988 Case-control Sleep clinic 7.0 RR

Aldrich 1989 Case-control Sleep clinic

Wu 1996 Cross-sectional Sleep clinic

Young 1997 Prospective cohort General population

Barbe 1998 Case-control Sleep clinic

Teran-Santos 1999 Case-control
accidents

2000 Case-control Sleep clinic 8.7 RR

George 2001 Case-control Sleep clinic 3.0 RR

2004 Cross-sectional Professional drivers
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however, to perform a randomized placebo controlled trial addressing this issue. 

will discuss the prevalence of drug use amongst this population of patients, and the 

Drug use in sleep apnea

to treat associated medical conditions or to treat the direct effects of sleep apnea. 
-

-

-
-

Given that sleep apnoea and the use of some drugs that impair driving are both 

Drugs with adverse effects on breathing during sleep 
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-

Alcohol

inhibition and reducing excitation. During wakefulness, alcohol consumption can 

-

now demonstrates that alcohol consumption prior to bedtime can precipitate sleep 
-

-

-

 
via -

-
-

-
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-

-

-

-

function, which could exacerbate the cognitive and driving performance impair-

Narcotics/Opioids

-

 via their action on opi-

-

-

There is, however, evidence of individuals developing sleep apnea following 

-
-
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Drugs with beneficial influences on sleep apnea 

-

-
ness of these treatments. 

Antidepressants

-

-

-

-

Stimulants 

-
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versus placebo for four 

-

-
-

that occur with sleep apnea. 

Treatment of heart failure with central sleep apnea

-

-

functioning and driving in sleep apnea

drawn from studies evaluating the combined effects of inadequate sleep and alco-
hol intake, which have shown at least an additive effect on driving performance 

with sleep apnea are discussed below and, although not an exhaustive list, represent 
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-

including benzodiazepines, alcohol, cannabis, opiates and antihistamines. Individu-

-

Alcohol

-

-
fect on performance impairment would result from the combination of sleep apnea 

combined effect of sleep apnea and alcohol can be gleaned from studies evaluat-
ing the interaction of sleep deprivation and alcohol on driving and performance. 
A number of studies have shown that the combination of sleep restriction and low 
doses of alcohol result in a greater decrement in driving performance than alcohol 

was combined with the higher dose alcohol. This combination also resulted in a 

increased sleepiness. 
Extended wakefulness of 18–21 hours without prior sleep restriction has also 

-
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position were impaired with this combination, with performance worse than that 
at an alcohol level of 0.05 %, a level known to increase crash risk. These studies 
indicate that combining low-dose alcohol with moderate sleep deprivation results 

-
formance is impaired. These studies highlight the potential risks of driving after 
consumption of alcohol, even at low levels when combined with sleepiness. 

-

-

demonstrated in the sleep deprivation studies, severe performance impairment and 

-
cohol intake, which itself was associated with a nine percent increase in crash risk 

in combination with sleep apnea results in a higher crash risk than either alone. In 

predictor of crashes, although sleepiness did predict crashes. This suggests that the 
-

low levels of alcohol can result in severe driving performance impairment, it seems 

limited epidemiological evidence to suggest that this combination would result in 
a higher crash risk than either alone. In particular, this interaction would be im-
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Cannabis

-

on crash risk has not been evaluated. Whilst there is no current evidence of the ef-

crash risk.

Benzodiazepines 

-
-
-

-

-

-

and cognitive impairment in sleep apnea sufferers, although this has not been spe-
-
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have a combined effect on sleepiness and road crash risk, but this remains to be 

-

Opioids 

-

-
cent of those on a methadone program had excessive sleepiness, whilst no control 

-

-

associated with a more than two-fold increased risk of crashes in a commercial 

Antihistamines

-

although it is unclear how this translates to the clinical setting, where usage is of-

-
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effects of anti-histamines and sleep apnea on sleepiness and performance have not 
-

Other drugs

-

clinicians need to be aware of the potential of exacerbating sleepiness and crash 
risk in this group. 

Conclusion

all impair driving performance and increase road crash risk. There is growing evi-

impaired driving performance, impaired perception of performance and increased 

effect. The evidence that this is the case is limited, but suggests that sleep apnea and 
alcohol use at least have independent effects on crash risk. This is similar for other 
drugs, including opiates, benzodiazepines and anti-histamines. Some drugs, such 

these drugs on driving performance in both treated and untreated sleep apnea.
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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-



284

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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Abstract

 via GABA or serotonin. The latter include 

-
-
-

from blood concentrations is problematic. 

transient and without associated impairment in social and occupational function-

-
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-
order, 1.2 % for posttraumatic stress disorder, and 0.7 % for obsessive compulsive 

In spite of the wide spectrum of disorders the pharmacotherapeutic interventions 
 via GABA or 

-

-

-

-

-
tice is their slow onset of therapeutic effects, and the potential of acute doses to be 
anxiogenic. For these reasons, benzodiazepines are being used to cover this initia-
tion period.

Scope of this review

the effects of antidepressant drugs, including SSRIs and other drug classes used to 

available data from experimental studies using over-the-road driving tests will be 
reviewed and compared to the effects of alcohol. In light of recent developments 
towards the establishment of thresholds for drug concentrations in blood while 
driving, available data on the relationship between driving impairment and drug 
concentrations will also be reviewed. 
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Epidemiological studies

-

-
tients’ risk of becoming involved in car accidents, and also to increase the risk of 

-

-

vs
-

-

-

-

Neutel and colleagues also found males to have risks that were 3.6 times that 

medication that can impair their performance. 
-
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Experimental studies

highway driving test 

-
ing instructor, who has access to dual controls. Speed and lateral position relative to 

-
Standard Deviation of 

Lateral Position
road tracking error. It is a reliable characteristic of individual driving performance 

-

were tested sober and after controlled drinking that raised blood alcohol concentra-

that SDLP increased as an exponential function of BAC, which is in line with the 

-

mean changes in SDLP of 2.4, 4.1 and 5.3 cm. Based on these data, drug effects 

driving performance is the car-following 

-
-
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constant distance behind the leading car. Distance between cars, and speed of each 

Benzodiazepine receptor agonists

Diazepam

40–100 hours if the contribution from active metabolites, nordiazepam, temazepam 

-
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Dotted lines indicate mean changes in SDLP observed with blood alcohol concentrations 
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in the evenings, one hour after drug or placebo administration. Diazepam 10 mg 

-

-
-

between changes in driving performance and plasma concentrations of diazepam 

-
-

-

-

-

-

Lorazepam
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its half-life ranges between 9–16 hours. It has no active metabolites. After a single, 

subchronic effects of lorazepam 2 mg b. i. d. to placebo in two groups of anxious 

-

-

concentrations of lorazepam in blood samples collected after the driving test were 

-

test it slowed reaction times to speed changes in the preceding car and impaired 

collected. 
-

-

active. Mean serum concentrations of lorazepam in blood samples collected 15 

concentrations. 
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-

less active. Mean plasma concentrations of lorazepam in blood samples collected 
-

tween changes in SDLP from placebo and plasma concentrations. 

-

Results showed that baseline driving performance was normal and did not differ be-

-

group, and from 24.8 to 16.9 in the placebo group. No blood samples were col-

Oxazepam

doses between 30–120 mg. After a single oral dose of 15 mg, peak concentrations 
-

-
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-
ing in the morning, between 10 and 11 hours after administration. Effects were 

16–17 hours after administration. 

Clorazepate

-
-
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Alprazolam

Alprazolam is a 1-4,triazolobenzodiazepine derivative that has been available as 

-
tion of alprazolam 1 mg IR peak plasma concentrations ranging between 12 and 

50 % of a similar dose of the immediate release formulation and occur between 5 

The acute effects of alprazolam 1 mg on over-the-road driving have been stud-
-

all tests. The mean increase in SDLP was comparable to effects of alcohol while 

-

after extended release, between 4 and 5 hours after intake, and additional effects on 

-
-

ingestion. Mean serum concentrations of alprazolam in blood samples collected 

-
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Alpidem

-

following reports of severe liver damage

Suriclone

-

Buspirone

-

-
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-

metabolism -

-

1-PP were also found to be comparable following the low and high dose, i.e., 2.7 

No relationship was found between changes in SDLP and serum concentrations. 
-

verse effects on driving performance in 12 anxious outpatients during a four week 

buspirone treatment was normal and similar to that at the end of a placebo run-in 
-

Ritanserin

-
sis and substance dependence. Development has been discontinued, however. Van 

Ondansetron

-
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Discussion and conclusions

-
-

both studies in patients also indicate that the drug-induced impairment of driving is 

-

-
tween blood concentrations of the drugs and effects on driving performance found 

-
trations and impairing effects found after this dose. The mean increase in SDLP 

model. 

-
pairing effects can add to the risks. 
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Abstract

-

-

driving impairment the morning following single dose administration and after one week of 

Depression is a common disease affecting up to 15 % of the population at least 
once during their lives. The prevalence of depression is two to three times higher in 

and AIDS. Patients who suffer from depression are often treated with antidepres-
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For example, TCAs act at cholinergic, adrenergic and antihistamine receptors, 

-
linergic, adrenergic and antihistamine receptors. 

will discuss the studies that have been performed using the on-the-road driving test 

-

this chapter. Studies with other antidepressants are summarized below.

TCAs

-
ment was found. Given the adverse effects noted with TCAs, nocturnal dosing is 

two weeks of nocturnal treatment with 150 mg dothiepin followed. Again, no sig-

Mianserin

-

worse when compared to placebo, and driving persisted impaired even after two 
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Mirtazapine

-

When compared to alcohol, SDLP increments were less than observed with a BAC 

Moclobemide 

Moclobemide is a reversible inhibitor of monoamine oxidase A. Moclobemide 

Nefazodone, a serotonin receptor antagonist and reuptake inhibitor, improved 

Combined use of antidepressants and benzodiazepines

treated with benzodiazepines. Driving tests were performed in week one, three and 
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-
mance were reported. Patients using benzodiazepines, in whom metabolism was 

Depression and driving performance

-

-

patients who were treated with SSRIs or SNRIs for six to 52 weeks. Wingen and 

matched controls. Patients also performed a car following test. When the leading 

-

driving performance. Taking this into account, the authors suggest that the observed 

indeed correct.

Somnolence and driving impairment

-
tween SDLP differences from placebo and the percentage of patients who reported 

in Figure 1.
Figure 1 shows that antidepressants that cause somnolence often affect driving 

performance in a much more pronounced manner than antidepressants that cause 
little sedation. Also indicated in Figure 1 is the SDLP increment after having a blood 
alcohol concentration of 0.05 %, i.e. the legal limit for driving a car in The Nether-

antidepressants cause much more somnolence than observed at the alcohol limit.
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Figure 1 -
served for antidepressant drugs in experimental driving studies and the percentage of de-

-
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Concluding remarks

treatment, driving impairment was absent or much less pronounced. Also, nocturnal 
-

studies should be performed in patients focusing on common drug combinations 

References

-

-
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fects of moclobemide and brofaromide on actual driving performance and estimated sleep. 
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Abstract

medication management.

What is ADHD?

-
-

pact functioning in at least two realms of one’s life, such as home, school, sports, 

-

-

 

one domain for which increasing evidence suggests critical, even life-threatening, 
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Motor vehicle collisions are the leading cause of death among adolescents in the 
-
-

-

 When these 

Adolescents’ risk for non-fatal collisions is also higher than other age groups. The 

Figure 1 
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-

Several factors have been found to relate or contribute to driving risk for adoles-

drivers in the Northern Virginia and Washington DC area. The leading cause of 

longer in session. 

public health problem. Driving conditions that increase collision risk for adolescent 
-

adult driving mishaps. 

The increased risk of driving mishaps 
among adolescents with ADHD 

-

-
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more inattentive driving errors on driving simulation evaluation, and more impul-
-

-

-
trolling for confounding factors such as co-morbid conditions, conduct problems, 
driving experience, and driver’s gender 

to conduct problems and other factors, places drivers at increased risk.
-

driving mishaps between males and females in terms of collision or citations. Inter-

-

vs vs
p vs. 0.7, p 

since there was no random assignment to medication and drivers with more severe 

improvement of driving performance 

Given these shortcomings of the longitudinal studies cited, and the dangers gen-
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-
able reaction times, more frequent errors of impulsiveness, greater steering vari-

 

10]. Fischer and colleagues also demonstrated more erratic control of the simulated 

-
-

-
tion in performance, even at the lower dose of alcohol, than did the control group 

also enhance the power of other risk factors. 
-

-
-

others on the road with them.

A theoretical model of ADHD increased risk 
of driving mishaps 

-
-

cal model of driving abilities or competencies for all drivers in which higher level 

-

-

operationa
tacti-

cal strategic
Operational

tactical skills are acquired 
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strategic skills 
are acquired over time as a function of driving and life experiences. These three 
levels determine one’s driving performance capabilities, which determine one’s 

-

through driving experience, whereas the increase in mishaps as drivers reach ages 

-
italics

-

-

comparing un-medicated versus versus age-gender 
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our recent investigation demonstrates that occurrence of driving mishaps does not 

Given that stimulant medications have been found to improve inattention, im-
 -

operational driving per-

improving driving performance and reducing driving mishaps among individuals 
®

®

-
-

level.
-

-
-

cial in improving operational
that optimize utilization of these operational skills would be considered tactical 
interventions.

The benefits of stimulant medication in improved 
driving performance 

medication on driving performance, three with adolescents 

simulator, and two utilized on-road testing. 

-

-
ticipants on placebo, performance was equivalent on the stimulant. 

-

®

®



322

®

®

®

-

Concerta® r p 

and on a continuous performance test as a function of the 20 mg dosage. 
-

® ®

-
formance overall when compared to testing done on placebo, and Concerta was 

p -
p

either placebo or 50 mg of Adderall XR® for three weeks in a double-blind, cross-
over design. Participants were tested at 2, 7 and 12 hours post ingestion of medi-
cation. At 12 hours, Adderall XR®

-

r
with baseline depression scores.

Two case reports involved monitoring routine driving for six months of two col-
-
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-
date improving driving performance of adult, and adolescent and adult drivers with 

performance, it is interesting to note that some European countries make it illegal 

Limitations of stimulant medication treatment 

Charach and colleagues, who followed 79 out of 91 participants in a randomized 

stimulant medication regimens showed greater improvement in teacher-reported 

-
-

18-month observation period, an astonishing 80 % had dropped out. Even more 

-
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-

-
cerning their medication usage. This research indicated that the factor differentiat-

vs. those who did not take 
-

weekend hours when adolescents are most at risk for collisions. In our recent 

-

to decrease problems with insomnia and poor appetite without affecting teacher 

Figure 3 
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social functioning when choosing stimulant-dosing schedules, without attention to 

guidelines as accepted practice, with no discussion about potential hazards in rela-

do not refer to adolescents, and among those which do, driving is never mentioned 

Another issue related to the limited medication coverage of adolescents with 

-
-

-

-
cation was never taken. The issue here is whether driving is worse in the evenings 

-

needed to understand the parameters of medication rebound as it relates to driving 

of driving collisions and related consequences, there are a multitude of barriers that 
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Potential benefits of engagement interventions 

-

is inattention to the task of driving, which leads to either failure to anticipate and 

-

-

manual transmission would be more engaging, requiring the driver to coordinate 
speed, clutch, and gear shift when approaching and leaving intersections in order to 
avoid the negative feedback of grinding gears. Manual transmission led to greater 
self-reported attention to driving and improved driving performance similar in ef-
fect size to stimulant medications.

-
tances and excessive speeds. While these innovations make the driving experience 

-

-

-

-
ment intervention. 
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-

-

-
lant medications have been shown to improve driving performance in controlled 
studies, there are multiple barriers to their effective, routine use to a degree that 

enhancing engagement of drivers in the process of driving with driving-relevant 
feedback and activities has both theoretical and practical advantages that might en-
hance attention to the process of driving, promote safer driving and lead to fewer 
driving mishaps and therefore negative consequences. Such an intervention would 
have none of the limitations of medication.
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Abstract
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and even improved.

and who were undergoing treatment with the nonergoline dopamine agonists 
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-

evidence regarding

as on possibilities to preserve it.

-

over the course of their lifetime, the number of accidents per million vehicle miles 

of all 5210 licensed patients had been involved in at least one accident during the 

-

population in 2002 revealed that when patients were involved in an accident, 69 % 

for various age-groups.

As Figure 1 shows, this also applies to PD patients. Indeed, the difference between 
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groups, whereas with increasing age the rates converge again.

-

-
-
-

ing license. Therefore, we must assume a large number of unreported accidents due 

-

Throughout all studies with on-road driving tests, PD patients were characterised 

Figure 1 
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– lane-keeping.

-

times on a test rig and an on-road test and found 32.5 % of 154 patients to be un-

stated that 56 % of their 25 patients, but also 24 % of their 21 controls, would have 
failed a state-based driving test. Grace et al. compared 21 PD patients, 20 patients 

tested about 75 PD patients and 150 controls. Patients made more navigation errors 

-
tion of the test course and the driving tasks. The more situations the test course in-

more challenging route.
-
-

ered 10 patients vs vs. 109 
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-

in lane keeping.

-

endangering others. Patients’ bad lane keeping performance was also seen in an 
-

neither an increased reaction time nor an increased rate of collision as compared to 
-

and our controls, resulting in a ceil-

patients vs. controls who had at least one collision during their test. Without know-
ing the kind of scenario in which the collision occurred and with no information 

not be assessed. There is a substantial difference between collisions resulting from 

braking response after having perceived an obstacle.
Another important source of differences between both the simulator and the on-

-
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-
lation between driving performance and MMSE as a global indicator of cognition.

-
sures.

Taking together the results from on-road and simulator studies, impaired driving 

-

Whereas all publications provided consistent evidence that PD patients’ driving 

vs. 3, 4, 8, 15, 16, 25].
-

risk of patients with motor impairment was 3.2 times higher than that of patients 

also found patients’ accident risk to be associated with the degree of their motor 
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performance and their reaction time. But again, the authors emphasised that disease 

1, 56 % of the patients in stage 2, 90 % of the patients in stage 3 and all patients in 

-

-
-

-
naire data, patients’ self-assessment of their motor impairment according to the 

and controls disappeared.

-

-

to quit driving as well as the appearance of dementia are associated with both dis-

evident.
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-

-

-
chomotor skills like lane keeping performance or reaction time in driving tasks of 

-
-
-

-
view]. But like motor impairment, evidence about the impact of PD related cogni-

increased in patients with an MMSE score below 27, a score below 25 did not pre-

-

while performing a route-following task.
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-

-
tients who were rated as safe drivers did not differ from patients who were rated as 

-

of motor functions.

-

-

-

-

the differences in the batteries of tests but also, again, because of different inclusion 
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-

40, 41], it has been found that age- and disease-related impairments, as measured 

-

which has attained wide acknowledgement and which allows drawing driving abil-

-

-

vs

and antiparkinsonian medication

-



341

-

-

-

-

These results provide strong evidence that the correlation between disease-re-
-

of a driving instructor might be contraindicated when exploring the relationship 
between sleepiness and driving. The test situation of being observed and assessed 

-

-
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-

In contrast to the self-assessment of driving performance, PD patients are quite 

-

-

-
pensation, a part of the simulator trip was repeated under time pressure to impede 

comparing the conditions with and without time pressure. In the night-time trip 

episodes. The instruction of time pressure led to a higher average speed and an 

-

-

Another result supporting the importance of compensation was found with 

-

association between disease-related impairments and actual driving performance.
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Conclusions

and tools which are able to trigger the respective behaviour and its impairment. 
-
-

eted approach must be chosen and adapted to the individual patient. In addition to 

-

-

-

in general. The same holds true for appropriate driver training schemes. Driving 
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Abstract

problem. Governmental regulations are based on little evidence.

disabilities but cognitive impairment has a strong impact on driving skills., Questionnaires, com-

-

also improve driving abilities. 

-
-

-

-
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little evidence. 
Most countries have restrictions on driving permission for handicapped people 
Drugs, Driving and the Law

-

-

-

Tools to assess driving in multiple sclerosis

. 

-

Questionnaires concerning driving abilities

-
fecting driving skills in MS.
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-

-

-

-

-

-

(CAR® Fig. 1). 

Figure 1 Driving simulator C.A.R.®.
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and obstacles. Results of the driving simulator performance were compared with 

® 

RRMS patients showed an increase in the number of accidents and errors in con-

-
-

vs

vs -
-

vs
vs

-
related.

On-road tests

the basis of which some drivers were sent on an evaluation on public roads. Four-

that cognitive skills, reaction time, and insight into their illness were the strongest 
determining factors in obtaining a driving licence.

blind to the outcome of cognitive testing. Seven failed and 21 passed the on-road 

were the SDSA Dot Cancellation and Road Sign Recognition subtests, AMIPB De-

percent of those individuals who failed on the road and 90 % of those who passed 
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Discussion

-

-
.

did not ask how long patients had a break from active driving.

-

There is still no consensus on a suitable instrument for assessing driving abili-

attention as well as speed and lane control. Tests should be short to administer and 
-

poorer performance in some subtests of the two computerized driving tests than did 

divided attention.
-

-
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-
hibited more mistakes in the driving simulator skill but ended up with scores equal 
to controls.

The studies demonstrate the need to also focus on driving skills even in MS 

be discussed following relapses. Great inter-individual differences occur, however, 

-

-
chological testing should be added in this context. The driving simulator seems to 

Conclusion

-
-
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and chronic pain 
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100, 3584 CX, Utrecht, The Netherlands 

Abstract

-

-

recent insights on the effects of pain and its treatment with pharmacological agents on driving 

Acute and chronic pain

-
-

-

-

-
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-

-
-

-

-

-

-

component should be referred to specialized pain clinics for further diagnostic as-

Epidemiological studies are able to establish the relationship between medical con-

-
tant issues such as time after drug intake, duration of drug use, and compliance to 

-
ment in individual patients. Methods that have a predictive value are preferred. 

tasks, examine driving-related skills under controlled, standardized conditions. Al-
-

available which mimics real driving closest is the on-the-road driving test, which 
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effects of alcohol in a dose-related manner, with an increase in standard deviation 

-

-

that pain alone or in combination with pain treatment was associated with increased 
-

tiate between pain and analgesic drug effects. 
Several studies report on impaired cognitive function in chronic pain patients, 

-
-

controls. Pain catastrophizing, somatic awareness, and fear-related pain have been 

-

  No studies so far have assessed the effects of acute pain on actual driving 

difference in SDLP for chronic pain patients relative to age, education and driv-

volunteers after consuming alcohol up to a blood alcohol concentration of 0.08 % 
-
-

Post hoc

-



358

-

Mechanisms of pain

-

versus neuropathic pain, which results from affected or 

-

-

-

-

is common in clinical practice, and includes conditions as diverse as diabetic neu-
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-

-

Treatment of pain 

on driving performance. It should be kept in mind that pharmacological treatment 

considered as an integral part of a more comprehensive treatment approach, includ-

In acute pain cases, pharmacological treatment is often effective in relieving 

often inadequate and other treatment options need to be considered as well. Phar-
-

-

low. 

-

drugs with laxative and anti-emetic properties can be used. With prolonged opioid 

-

-
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Pharmacological treatment of neuropathic pain is more complicated. In general, 
patients do not respond to classical analgesics such as NSAIDs. The effectiveness 
of opioids in the treatment of neuropathic pain has been questioned, but recent stud-

-

TCAs have an analgesic effect that has been demonstrated to be independent of its 

1-
adrenergic receptor blockade, muscarinic cholinergic receptor blockade, antihista-

-
-

and anticonvulsants. Choice of analgesic drug treatment is based on pain diagnosis, 

-
tivities, including driving. Side effects of analgesic drug use, such as sleepiness, 

-
-

-

it is important to establish the effects of analgesic drugs in pain patients on driving 

-

-
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No epidemiological studies have examined effects of acetaminophen or NSAIDs in 
adolescents, or middle-age adults. Although few studies have examined effects of 

-

-

-

-

-

-

to consider the population tested, the drug, drug dosage, compliance with drug us-

potentials instead of deteriorating performance when given in the treatment of pain 

-
-

that should be taken into account as well.
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-

for at least two weeks, compared to the performance of pain-free cancer patients. 

-
formation is available on performance measures closer in time to the opioid dose 
changes. A structured, evidence-based review of the literature determined that there 
was no consistent evidence that opioid use is associated with motor vehicle acci-

-

observed on skills related to driving. Recommendation of this author is to cau-

countries worldwide driving is still forbidden when using opioids.
These studies suggest that at least subsets of patients with chronic pain on sta-

and dosages in patient populations. 

-
-
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The analgesic effects of antidepressant drugs are thought to be dependent on both 

reuptake of serotonin and noradrenalin and are effective in relieving pain with a 
-
-

other mechanisms of action such as, e.g., inhibition of monoamine oxidase-A, seem 
-

-
-

minergic receptors.

-
-

-
-

-

-

The impairment in driving performance was comparable to a blood alcohol concen-

were no longer observed, which suggests that tolerance developed to the impairing 

performed in chronic pain patients to the effects of analgesic antidepressant use on 
driving performance.
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-

2 -
-

and loss of concentration, amongst others. 

-

of drug that is taken. The older drug carbamazepine impaired driving performance 

No studies have been published on the effects of anticonvulsant drug use in chronic 

gabapentin on driving performance in chronic noncancer patients was terminated 

-

even when prescribed for pain relief. Therefore, in several countries the packages 

-
onstrated that warning labels have little impact on patients’ decisions whether to 

Conclusions

-

on the studies described in this chapter. More studies are needed on the possible 
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-

-

using these drugs should be advised not to drive during the initial phase of anal-

individual assessment.
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Abstract

Antihistamines are used as a treatment for allergies but cause sedation as a side effect. This 

vehicle. This chapter gives an overview of the effects of numerous antihistamines on driving 

-

impairment has been demonstrated for most antihistamines after increased or repeated doses. 
Also women often appeared to be more sensitive for the sedating effects of antihistamines. So 

-

after higher or repeated dosing. This review of more than 15 driving studies indicates that most 

advised and informed about the possible risks when choosing a treatment.

-

Drugs, Driving and Traffic Safety
Edited by J.C. Verster, S.R. Pandi-Perumal, J.G. Ramaekers and J.J. de Gier
© 2009 Birkhäuser Verlag/Switzerland



Eef Lien Theunissen, Annemiek Vermeeren, Eric F. P. M. Vuurman et al.372

untreated condition.
Antihistamines’ main target for achieving their therapeutic effect is the periph-

blockade, several antihistamines produce weak to pronounced blockade of cholin-

-

within one or two hours. The elimination half-life of antihistamines varies consid-

-

individual antihistamines, some causing excessive sedation, some causing no seda-

In the 1980s antihistamines were developed that claimed to be less sedating. 

-

These new antihistamines – fexofenadine, levocetirizine and desloratadine – are the 
active metabolites of terfenadine, cetirizine, and loratadine and were found to be as 

-

Therefore, this review will concentrate on the effect of antihistamines on driving 
performance using the standard driving test. 
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Acute effects

Most studies have investigated impairing effects after a single administration of a 

was maximal in the blood. 
The acute effects of emedastine

driving impairment three hours after drug intake. Emedastine increased standard 

Hydroxizine

two hours after drug intake.
diphenhydramine 50 mg was used as an active control 

-
etition of the driving test 3.25 hours after drug intake resulted in an SDLP increase 

mixed gender population and demonstrated an SDLP increase of 3.9 cm two hours 
-

Clemastine 

Triprolidine has been used in several studies as the active control and has been 

In 1994 mizolastine

-

after lower doses of mizolastine as compared to males. 
Acrivastine

-
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Dexchlorpheniramine 6 mg was studied as a controlled release formulation in 

and tested driving performance between three and four hours after drug intake. 

Although mequitazine
-

impaired driving.
 cetirizine have differed ever since two 

-

Both studies examined driving performance three hours after treatment. 
Four studies have investigated the effects of loratadine 

-

terfenadine, in doses 

-
-

The effects of ebastine were investigated in the standard driving test more than 
-

-

Desloratadine, -

-
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Levocetirizine -

effects of higher doses of levocetirizine are unknown. 
Fexofenadine -

Rupatadine, -

of rupatadine have, up to now, not been studied using the standard driving test. 
These studies indicate that there is great variation in the impairment potential 

-

been shown to cause driving impairment comparable to or greater than the effects 

pheniramine CR and mequitazine impaired driving performance to the same extent 

-
-

on cetirizine demonstrated that it has the potential to impair driving performance, 

-
ofenadine and rupatadine have shown no impairment on driving in the standard 
driving test after acute administration. Their effects on SDLP were equal to placebo 

their therapeutic doses and not in higher doses. 

Subchronic effects

Although most studies have concentrated on the acute effects of antihistamines on 
driving performance, several have also investigated the effect of repeated adminis-

-

eme-
dastine
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Diphenhydramine, which showed serious acute impairment of driving, demon-
-

The subchronic effect of clemastine 

The effect of triprolidine
a mixed gender population. When testing two and four hours after drug intake, 

The subchronic effect of dexchlorpheniramine 

demonstrated that dexchlorpheniramine no longer differentiated from placebo after 
prolonged administration. 

The subchronic effect of mequitazine
-

Three studies investigated the subchronic effects of cetirizine. Vermeeren et al. 
-

loratadine -

terfenadine -

Although the acute effects of ebastine suggested a stimulating effect on driving 
-
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The effect of levocetirizine

fexofenadine
-

Table 1 

ns – not significant.

BAC equivalent

Antihista-
mine

Dose Time of testing (h) 
relative to dosing

Gender Acute effect Subchron-
ic effect

Ref.

Emedastine 2.4 mg bid 3 mixed

50 mg o.d. 2 mixed not tested

-
dramine

50 mg o.d.
50 mg o.d.
50 mg o.d.

1.5 and 3.25
2
1.5 

women 
mixed
mixed

Clemastine 2 mg o.d.
2 mg bid

3.45
3

mixed
mixed

Triprolidine 5 mg bid
5 mg bid
5 mg bid

2
4
1

mixed
mixed
males

Mizolastine 20 mg o.d.
40 mg o.d.

3.45
3.45

mixed
mixed

not tested

Acrivastine 16 mg o.d.
24 mg o.d.

1.5
3.25

female
female

not tested

Dexchlor-
pheniramine 
CR

6 mg o.d. 3 mixed ns

Mequitazine 10 mg o.d. 3 mixed ns

Cetirizine 10 mg o.d.
10 mg o.d.

3
3

females 
mixed

Loratadine 20 mg o.d. 2 and 4 mixed * *

Terfenadine 120 mg bid 2 mixed ns 

Ebastine 30 mg o.d. 2 and 6 combined males ns

* 

tested overall.
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In most cases the effects of antihistamines on driving performance diminished 

The subchronic effect of emedastine and triprolidine was still equal to or greater 

-
cumulation in the brain. 

Antihistamines in combination with alcohol

therefore, several studies investigated the combined administration of antihista-
mines and alcohol. For cetirizine, it was demonstrated that the effect of alcohol 

terfenadine in combination with alcohol had a greater effect on SDLP than alcohol 

after the combined administration of emedastine and alcohol, emedastine did not 

Antihistamines’ effects on females

-
-

-
ever, this has never been demonstrated. 

Discussion

The standard driving test has proven to be an excellent tool to compare the sedat-

-
-

tihistamines that reached an SDLP increase of more than 2.2 cm after repeated or 
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ebastine, desloratadine and rupatadine have, up to now, demonstrated to be free of 

this was true even after higher and repeated doses, while levocetirizine also dem-

driving performance when tested after high and repeated doses, while terfenadine 

It appears that the antihistamines causing driving impairment comparable to or 

not free of sedating effects. Driving impairment has been demonstrated in higher 

-

Because loratadine, fexofenadine, desloratadine, rupatadine and levocetirizine 

generation antihistamines.
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Abstract

-

-

of research.

distinguishing between insulin-dependent and insulin-independent patients, no distinction be-
-

-

-
-

-
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drugs, and the cardiovascular complications of the disease in general. The focus of 

-
mic events while driving cars belong to the most dangerous situations for a diabetic 

-

-

-
-

-
-

-
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-

accidents.

-

age of the literature increases.

Studies on traffic incidents and diabetes

Waller et al. from 1965. Based on data reported to the California Department of 

5 miles vs 5  miles vs
-

formation on the mode of treatment of the diabetic patients or possible sequelae 

Derived from data from Washington’s Department of Motor Vehicles data pro-

-

218 of them treated with insulin. Apart from the precise data on treatment mode, the 
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group.

-
dent and insulin-independent patients, no clear emphasis and description of comor-

-

-
caemic events a person with diabetes mellitus might experience during a driving 

person.
-

-

since the onset of treatment with insulin, and 13 of these patients furthermore re-

a motor vehicle crash than comparable drivers without the disease was presented at 

question. Although an assessment of these studies based on evidence-based criteria 

risk of a motor-vehicle crash when compared to individuals without diabetes. Fur-
thermore, the authors found no compelling evidence suggesting diabetic patients 
treated with insulin are at a higher risk of a motor vehicle crash than diabetic pa-
tients not treated with insulin. The following table and overview of the relevant 
studies is in part adapted from this work.

based on insurance reports showed the risk of accidents in patients with diabetes 
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Table 1 Case-control studies on the incidence of traffic accidents in diabetic patients. 

Reference 
(Year)

Patients 
with 
diabetes vs. 
Controls

Anti-
diabetic 

Comorbidities
reported

Report of out-
come

Higher 
accident rate 
in diabetic 
patients

Waller 1965 287 vs. 922 Not Records Califor-
nia Dpt. of Motor 
Vehicles

Ysander1966 256 vs. 256 Insulin, Driving License 
-

borg

no

Crancer and 7646 vs. 1.6 
Millions

Not Records State of 
Washington

Davis et al. 108 vs. 
1650245

Not -
homa Medical 

-
mittee

in male, lower 
in female driv-
ers

De Klerk and 
Armstrong 

8623 vs. ex-
pected rate

Not -
sion Record 
Western Australia whole group

Songer et al. 127 vs. 127 Insulin 
amputation

Self report not in the whole 
group, higher in 
females

Eadington 
and Frier

187 vs. Insulin Self report no

Stevens et al. 354 vs. 302 Insulin Self report no

Broste 1991 
484 vs. 
30420

Insulin, Cardiovascular 
disease, Neuropa-

Amputation

Wisconsin

Laberge-
Nadeau et al. 

4495 vs. 
8958

Insulin, Visual, cardio-
vascular

Public insurer 
for automobile 

-
lic health insurer 
Quebec

no in whole 

diabetics not 
using insulin

Cox et al. 

vs. 363 

Insulin 
s.c., Insu-
lin pump, 

Not reported Self report
diabetes, no in 
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driving, such as blood glucose measurements before driving and counteracting traf-

-

-
-

-

-
-

-

events per 100 000 kilometers driven on the latest therapeutic regimen. The num-

-

except between the ICT and the CSII group. As can be seen, the incidence increases 

were rare at 0.01–0.49 if given as events per 100 000 kilometers, and 0.007–0.01 
-

-
-

-
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-

-

drivers had driving mishap rates similar to non-diabetic spouses. There were no 
-

betic patients, the use of insulin or oral agents for treatment had no effect on the oc-

Present state of traffic regulations 

With this magnitude of studies failing to provide a clear and consistent picture of the 

the policies of the licensing authorities and legal restrictions regarding diabetes and 
driving privileges 

-

scope of this article to describe the situation in all countries. Thus, some examples 
of the legal principles and the clinical realities are given in the following. 

United Kingdom 

diet and tablets, there are no driving licence restrictions.
-
-

about this condition and the doctor must ensure the patient’s awareness of their 
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respective health condition as well as adherence to recommendations for safe driv-

-

scenarios to consultant diabetologists, specialist registrars, and diabetes specialist 

was consistent and in-line with the DVLA regulations. There was general agree-

disagreement in the appraisal of whether patients were at risk of unstable control 
and should stop driving. 

Compared to the 1970s, declaration rates for diabetes seem to have improved 

-

Netherlands

guidelines for required ophthalmologic, cardiovascular and neurological examina-
-

-
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-

buses, there will be an initial appraisal and repeat appraisals as well. In the latter 

-

USA

-

prohibitions on driving for a period of time after an episode of lost consciousness. 
-

Perspectives

-

-
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socioeconomic burden of the disease. With this in mind, it seems counterproductive 
-

Although these were observations in a small and selected number of patients, the 

concerning their disease gives reason to expect a growing number will be aware of 

Furthermore, patient empowerment, frequent self-monitoring of blood glucose, 

Decision to drive

Clarke et al. investigated the decision to drive at various blood glucose levels in 
-

-
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level detection, the authors suggested that patients should measure their blood glu-
cose level prior to driving.

-

-
-

patients with goals of improving individual abilities to anticipate extreme blood 
glucose levels, detect the presence of extreme blood glucose levels, treat current 
extreme blood glucose levels, and prevent future extreme blood glucose levels. The 
training program follows an eight-chapter manual that includes didactic information, 
self-assessment tools, and active learning exercises. It is a well-documented train-
ing program for 

1 diabetes participated in a six-month repeated baseline design with a 12-month 
follow-up. At six months and one month before BGAT-2 and at 6, and 12 months 

-
chological tests. From baseline to follow-up, BGAT-2 led to improved detection of 

-
mic. BGAT-2 also resulted in a reduction in occurrence of diabetic ketoacidosis, 

-
-
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-

-

-

and drug consumption. 

-
ulation in general.
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Changes in and predictors of driving after drug use 

1992–2005

Division of Epidemiology and Prevention Research, National Institute on Alcohol 
Abuse and Alcoholism, 5635 Fishers Lane, Room 2077, Bethesda, MD 20892–9304, 
USA

Abstract

in 1991–1992 and 2001–2002. 

NLAES and NESARC, 16 % and 21 % ever used drugs, and 6 % and 7 % ever drove after drug 

and 0.4 % because of drug use, the respective equivalents of 8.5 million and 1 million people. 
-

In NLAES and NESARC, the strongest predictor of motor vehicle crash involvement under 

alcohol dependence. The strongest independent predictors of having ever experienced drug de-

Efforts to prevent drug-related motor vehicle crashes should include programs and policies that 

Drugs, Driving and Traffic Safety
Edited by J.C. Verster, S.R. Pandi-Perumal, J.G. Ramaekers and J.J. de Gier
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-

-

a greater likelihood of ever being in motor vehicle accidents after drinking, after 
-

The strongest predictors of ever being in a motor vehicle crash because of drug 
use were whether respondents were ever drug dependent and starting to use drugs at 

-

-

Methods

In 1991–1992, under the direction of the National Institute on Alcohol Abuse and 
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divided into clusters of four to eight housing units, and all occupied housing units 
-

son age 18 or older was asked to participate. Young adults ages 18–29, a heavier 
drinking subgroup of the general population, were also oversampled. Weighting 

persons and persons ages 18–29 and accounted for the complex sampling design 

population was 91.9 %, and the sample person response rate was 90 %. 
-

sus Bureau, and this also involved face-to-face interviews with a multi-stage prob-

to ensure that the weighted sample represents survivors of the original sample who 

All potential NESARC respondents were informed in writing about the nature 

-
-

ticipate after securing this information were interviewed. The research protocol for 

Outcome Measures

-
-
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-
-

including painkillers, tranquilizers, or sedatives, without a prescription was classi-

-

which medicines or drugs this happened with. In both waves 1 and 2 of NESARC, 
respondents were given a similar list of medicines and drugs as in NLAES to an-

Predictor variables

-

 = 
Measures of alcohol and drug use and dependence were derived from the Al-

-
hol and drug dependence. Diagnosis of alcohol or drug dependence required that, 

-
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Covariates

-

oversampling of NLAES in the examination of both effects and their standard 
errors. 

First, we compared NLAES respondents and NESARC wave 1 respondents to 
assess the proportions of respondents who drove after using a medicine or drug and 
who did so after taking each medicine or drug listed above.

Second, among respondents age 21 and older in NLAES and NESARC wave 2, 

Third, we examined, among respondents who drank and who used drugs, which 

Fourth, among NESARC wave 2 respondents who ever drank, we conducted 

-
ated with ever using drugs and ever being drug dependent. Then, among those who 

associated with driving after drug use and being in a motor vehicle crash under the 
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-
ing experienced alcohol or drug dependence. 

to see if earlier age at drinking onset and ever experiencing alcohol dependence 

-

depression. To assess the relationship between ages of drinking onset and drug use 

probabilities of the response categories of using drugs and using at an earlier age, 
compared with age at drinking onset. In this model, the response categories in-

-

initiating drug use or, for those using drugs, initiating drug use at an earlier age. We 

we focused on persons who ever drank and used drugs. We examined whether ear-
lier age at drinking onset and drug use onset and experiencing alcohol and drug 

relations between persons who began to drink at age 21 or older versus those who 

Results

-

the equivalent of 8.5 million people.

because of their drug use, being 0.4 % of the total sample, the equivalent about 
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-
caine, 18 % used stimulants, 11 % used tranquilizers, 10 % used pain killers, 10 % 
used heroine or methadone, and 7 % used other drugs. 

-

in a crash because of their drug use to make reliable percent and population esti-

6 % used sedatives, 6 % used pain killers, 1 % used heroine and tranquilizers, and 
5 % used another drug. 

-

-
sults. The proportion who ever used drugs was greater in NESARC than NLAES, 
21 % vs
in NLAES drove after drug use, 28 % vs. 45 %, making the overall proportion of 

cocaine, 7 % used amphetamines, and 4 % used hallucinogens. 

-

the NLAES sample, more than 95 % of persons who ever drove after drug use ever 

In NESARC among persons who ever drove after drinking, 25 % reported that 
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-
phetamines, 4 % used tranquilizers, 4 % used hallucinogens, 3 % used sedatives, 
1 % used heroin, and 3 % used another drug.

In NESARC wave 2, 4 % of respondents and 7 % of ever drinkers had used drugs 

once after drug use, accounting for 1 % of the total sample and 1.8 % of drinkers. 

were in a motor vehicle crash after drug use since the previous interview. Five 

Table 2 -
dents who ever drank.

Drug Use and Starting Drug Use 
at Younger Ages*

Age Started to Drink 

17–18
19–20
21 + 1.0

Ever Alcohol 
Dependent
Abuse
Never 1.0

Age
20–24
25–29
30–34
35–39
40–49
50 + 1.0

Never Married 
Separated/Divorced

Current Smoker

Education
< High School
College
Graduate 

1.0 

never used drugs
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interpreted with caution. Table 1 provides information on characteristics associated 
with drug use, drug dependence, driving after drug use, and involvement in motor 

-

-
enced alcohol dependence or abuse was associated with a greater likelihood of ever 

A second logistic regression also indicated that, among ever drinkers in wave 2, 

-
ing to drink at age 21 or older to experience drug dependence. Respondents who 

to have ever experienced drug dependence. 
A third logistic regression examined predictors of experiencing drug dependence 

-

drug dependence. 
-

driving after drug use since the last interview. Persons who were drug dependent 

-
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-
ence of drugs since the last interview. Persons who experienced drug dependence 

a crash after using drugs since the last interview than those who did no experience 
drug dependence or abuse. Alcohol abuse and dependence since the last interview 

the last interview. Persons who experienced alcohol abuse since the last interview 
-

vehicle crash after drug use since the last interview. 

Discussion

-

-
ter drinking and were in crashes after drinking than drove after drug use or were 

drove after drug use were not inconsequential, being 6 % and 7 % in NLAES and 
-

dent predictor of being a driver in a motor vehicle crash after drug use during the 

during the same time period. Persons who experienced drug dependence between 

-

-

a crash after drug use. 
As in the NLAES, among all respondents who ever drank alcohol, earlier age of 

drinking onset and having experienced alcohol dependence during one’s lifetime 

persons who had experienced alcohol dependence were more than four times more 
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experienced drug dependence. Those who met alcohol abuse criteria were 1.7 times 

-

-

tolerant of deviant behavior. This can result in alcohol misuse and engagement in 

Several methodological factors should be considered when interpreting this 

-

using drugs and driving after drug use tended to be higher, as were the odds of drug- 

willing to admit these other behaviors.
Third, the wording of questions regarding driving after drinking and after drug 
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-
ported being in a crash because of drug use, whereas in NESARC wave 2 14 % who 

wording, however, less than 1 % of respondents reported being in a crash after drug 

-
enced were because of their drug use, it is impossible to ascertain whether drug use 

or alcohol with the proportions among persons not in crashes who drive at similar 
times and locations. Case crossover designs can also help explore these potential 
relations.

that did not involve alcohol or drugs. Therefore, the relative likelihood of nonsub-
stance users’ crash involvement could not be compared with that of drinkers and 
drug users. In addition, the involvement of drinkers and drug users in crashes not 
involving alcohol and drugs could not be determined. Future studies should make 
such comparisons.

If case control studies show elevated fatal crash risk for persons who drive after 
using drugs and drugs and alcohol in combination, then that will provide a ratio-

Part of the reason for the strong progress during the past two decades in reducing 

researchers to conduct studies comparing pre- and post-law trends in alcohol- and 
nonalcohol-related fatal crashes in states that passed laws to reduce alcohol-related 
fatal crashes, such as laws that raised the minimum legal drinking age, per se laws, 
administrative license revocation, and lower legal blood alcohol limits. Trends in 
those states could be compared with trends in states that did not enact such legisla-
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will be needed to assess whether the laws produce reductions in drug driving fatal 
crashes as well as alcohol-related fatal crashes. Studies of new legislation to reduce 

effects of other pre-existing drinking and driving laws and alcohol policies, but also 

drugs and develop drug dependence. Although in both NLAES and NESARC most 

-

reckless driving behaviors. 
Nonetheless, our results suggest that, although less frequent than driving after 

apt to use drugs and develop drug dependence. In turn, among persons who have 
both consumed alcohol and drugs, having experienced drug and alcohol depen-

of drugs and ever having been in crashes after drug use.

that mandate screening and counseling for both alcohol and drug use among per-
sons convicted of either driving after drinking or after drug use or both also need 
to be evaluated. Screening, brief intervention, and treatment studies both within the 
context of legal actions against impaired drivers and in trauma centers and emer-

and not offered alcohol and drug counseling to test whether these screening and 
treatment programs produce greater declines in alcohol and other drug use and, in 
turn, greater declines in motor vehicle crashes involving driver use of alcohol and 
other drugs. 

Alcohol treatment studies have shown higher rates of improvement among per-
sons with co-existing alcohol and drug problems if both alcohol and drug use are 

after drinking for illicit drug use problems and of addressing drug problems should 

after drug use and drug-related crash involvement should be explored. The effects 
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of screening and brief intervention for alcohol and other substance use problems 

states have laws that allow insurance companies to withhold medical reimburse-

in motor vehicle crashes for alcohol and drug use. Whether repeal of those laws, 

-
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Abstract

-

is 0.05 BAC in numerous countries around the world and several international studies indicate 
that lowering the illegal per se

risk of being involved in a fatal crash as a driver is four to 10 times greater for drivers with 

lowering the BAC limit from 0.08 to 0.05 is effective, that lowering the limit from 0.05 to 0.03 

of alcohol is effective. These law changes serve as a general deterrent to drinking and driving 

for driving in countries around the world. 

has been continuing for some time now, with most industrialized nations reduc-

BAC in Australia, Austria, Belgium, Bulgaria, Croatia, Denmark, Finland, France, 

-
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indicated that lowering illegal BAC limits is in the best interest of the public. For 

-
-

as a driver is four to 10 times greater for drivers with BACs between 0.05 and 0.07 

the World Medical Association, the American and British Medical Associations, the 

This chapter provides a critical review of the evidence regarding the potential 
per se limits in countries around the world. The 

than age 21. The sixth section discusses the evidence for lowering the BAC limit 

alcohol impaired-driving casualties.

-
-
-

tions in enforcement activities, variations in public awareness, changes in other 
laws, and changes in alcohol consumption – all of which could affect the outcome. 

or might even experience an increase in some measure of impaired driving. These 
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New public health programs and policies experience several developmental 

per se

various research designs and methodologies. The effectiveness measure and the 

other laws and policies, such as the enactment of an administrative license suspen-

seize the licenses of impaired drivers at the time of arrest, or the introduction of 
-

concluded after a review of the research that the 0.08 law was effective, but gener-
-

-

-
cant reduction in alcohol-related crashes in North Carolina associated with the 0.08 

-

due to the 0.08 law.

to all the states from 1982 to 1997, found an 8 % treatment effect of the 0.08 BAC 
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which will be described later. 
-

-
-

dure. This permitted a more direct comparison of the effectiveness of the 0.08 law 

-

a common surrogate measure of alcohol involvement but is not as sensitive as the 
-

between 1976 and 2002 using an interrupted time series quasi-experimental design. 

from 0.10 to 0.08 g/dL

-
hol-impaired driving began, most states based their impaired driving laws on the 

-

-
-

age all states to adopt 0.10 BAC as the level for intoxicated or impaired driving. 
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per se to 
drive with a BAC of 0.10 or higher. From the outset of the movement to adopt 0.10 

1983, this sentiment had resulted in the enactment of 0.08 BAC per se laws in the 

The most visible organization in this movement was Mothers Against Drunk Driv-

-

per se
in 1988, California in 1990, and Vermont in 1991. California’s 1990 legislation 
lowered the state’s per se

new laws in California and found that the lower BAC level and the new ALR law in 

BAC per se
-

renewed attention in the 105th

These studies controlled for some extraneous factors and provided initial evidence 
-

founded in these studies was the possible interaction of 0.08 BAC and ALR laws 
-
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base conclusions. 

-

directional 

The results of these studies of the 0.08 BAC laws’ effects provided additional evi-

reductions in alcohol-related fatalities in seven of the 11 states studied, either alone 
-

had an effect greater than the decline in alcohol-related fatalities that began before 

-
duction in alcohol-related deaths in these six states and estimated that 400 to 500 

same authors. Two other studies of the effectiveness of lowering the illegal BAC 

-
dressed methodological limitations of previous studies. Fourteen states that adopted 

-

-
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23 states with ALR laws also adopted 0.08 BAC laws.

-

would garner a further reduction of 2.6 % in the mean total fatal crash rate. This was a 
p 

Two of the most current studies of the effectiveness of 0.08 BAC laws were dis-

different measure of the effectiveness of laws – the reported number of drinks it 

-

Studies of impairment and crash risk at 0.08 g/dL BAC 

-

-
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states.
Table 1 summarizes all of the studies of the effectiveness of 0.08 BAC laws in 

Figure 1 Percentage of change in alcohol-involved motor vehicle fatalities following enact-

Table 1 

Results

 

an 0.08 BAC Limit and an Administrative Per Se 
associated with the 0.08 and ALR laws.

 

40 %.
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Table 1 continued

Results

 

0.08 % BAC Limit and Administrative Per Se 

Seven-percent reduction in nighttime fatal and 

alcohol-related fatal crashes.

 16 to 18 % reduction in proportion of fatal 

 -
cant reductions in alcohol-related fatal crashes, 

11 states.

 
declining alcohol-related fatalities.

 The 0.08 BAC laws are associated with 8 % 
reduction in fatal crashes involving drinking 

 Six-percent reduction in alcohol-related fatal 
crashes associated with 0.08 BAC laws in six 

-

 
 
 

The 0.08 law reduced the number of drink-

reduction over 30 months after 0.08 law adopted 
in 1997.

 Median 7 % reduction in measures of alcohol-
related fatal crashes associated with 0.08 BAC 

0.08 BAC laws.

 

of 0.08 laws in 14 states.

 
fatal crash rate associated with 0.08 BAC laws 
in 14 states.
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to 0.05 g/dL or less

Effectiveness of 0.05 BAC laws 

Several countries have conducted evaluations of lowering their illegal BAC limits 
-

media and enforcement campaigns also occurred around the time that the limit was 

Table 1 continued

Results

SVN fatal crashes associated with 0.08 law 
across all states.

rate of drinking drivers in fatal crashes after the 

-
fatal crashes revealed no effects due to the 0.08 
BAC law. 

in SVN fatal crashes and in crashes involving 

lowered to 0.05, an additional 538 lives could be 
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-

factors including seasonal effects, weather, economic trends, road use, alcohol con-

-

-

alcohol-related crash measures. After Queensland, Australia, reduced their per se 
-

sions and a 14 % reduction in serious collisions. These results were not confounded 

-
lated into the averting of an estimated 605 serious, 75 fatal, and 296 SVN collisions 

-

interventions.
-

-
ment. When lowering the illegal BAC limit stimulates increased enforcement, it 
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that the lower BAC limit has a substantial effect on drivers with BACs higher than 

-
pear to be aimed at drivers with moderate BACs, its potential effect on the behavior 

Japan in 1970 had a substantial effect on drunk driving fatalities, nonfatal alcohol-
-

-

BAC limit, there was a 9.7 % reduction in fatal crashes, an 11 % reduction in single-
vehicle crashes, and a 7.5 % reduction in all crashes. Norström and Laurell noted 

-

reported that the proportion of fatal crashes involving alcohol decreased from 15 % 

2002. 

-
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Table 2 
countries

Results

 
-

 
from 100 before the limit to 64 in 1997, after the 
law change in the French Province where the 

 Found 9.4 % decrease in alcohol-related crashes. 

to 0.05 % in combination with intense police 
enforcement and reporting in the media leads 

 
- reduction in fatal crashes and a 14 % reduction 

in serious crashes associated with lowering the 

not confounded with the effects of random 
breath testing. New South Wales showed an 
8 % reduction in fatal cases, a 7 % reduction in 
serious crashes, and an 11 % reduction in SVN 
crashes associated with lowering the BAC limit 

 

-

result of increased enforcement.

Limit Legislation on Drunk-Driver-Involved and DWI drivers in Japan.

When the BAC limit was lowered from 0.08 
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-

measure in a comprehensive approach to reducing impaired driving including other 
legal, social, behavioral, and environmental strategies to deal with the problem. 

-

-

-

-

a crash at various positive BAC levels indicate that the risk of crashing is substan-

Table 3 

Results

was a 9.7 % reduction in fatal crashes, an 11 % 
reduction in single-vehicle crashes, and a 7.5 % 
reduction in all crashes.

in an approximate 10 % decrease in fatal crashes 

crashes

0.03 on Teenage Drinking and Driving Crashes 

Since the introduction of the 0.03 BAC law in 

crashes have been experienced among 16- to 

Reported that the proportion of fatal crashes 
involving alcohol decreased from 15 % before to 
11 % after the BAC limit was lowered from 0.05 
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concluded that the risk of being killed as a driver in a single-vehicle crash is six 

-

-

and have proven to be effective in reducing the number of fatal crashes involving 
underage drinking drivers.

-

-
fectiveness, as would be expected.

was collected from 1985 through 1990. An 11 % decrease was found comparing 
the before-and-after crash data associated with the zero-tolerance law. Further, this 
11 % reduction was in addition to a general reduction in alcohol-involved crashes 
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-

in each of the four pairs of states monitoring nighttime fatal crashes involving teen-

-
vs

vs

-
ated with the implementation of zero-tolerance laws, and in three studies, the reduc-
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-

ratios of BAC-positive to BAC-negative drivers in each of the 50 states were ana-
-

ences among the 50 states in various background factors, changes in economic and 
demographic factors within states over time, and the effects of other related laws 

-

Table 4 

Results

 

21 associated with the 0.02 law. Decrease was 

the law and enforcement of the law.

 As a group, states that lowered BAC limits for 
-

tions in nighttime fatal crashes among drivers 

-

 SVN fatal crashes declined 16 % in 12 states that 

12 comparison states that did not lower the limit 

 -
erance laws indicate that all six studies showed 

-
sociated with the implementation of lower BAC 

overall self-reported amount of drinking or 
vehicle miles driven.

 -
age 24.4 % reduction in alcohol-positive drivers 
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-
ing drivers.

BAC limit standards as adults. Adopting zero-tolerance laws is the same as lower-

on impaired driving. 

Lower BAC limits for other populations

-
centage increased in two comparison states.

of passenger car drivers. About the same proportion of each group had measurable 
-

-

passenger car. 

Public support for lower BAC limits
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Conclusion

-

-
-

such laws are due to general deterrence. 
-

doses of alcohol on driving behavior, the relative risk of a crash at various BAC 
levels, and the experience in other countries with lowering BAC limits, and pre-

relationship between rising BAC levels and the risk of being involved in a motor-
vehicle crash and documents that driving performance begins to deteriorate sig-

of the international evidence on lowering BAC limits is assembled, reviewed, and 

In general, the literature reveals that lowering the BAC illegal limit reduces 

-
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Abstract

This review characterizes the effectiveness of various interventions to prevent impaired driving 

arises from complex and multiple and interrelated causes. Therefore, prevention efforts will 
-

-

the effectiveness of some interventions, including economic and retailer interventions, alcohol 

-

-

be the most effective.
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Since the advent of the motor vehicle, alcohol and drugs have been among the 

-

past three decades, high-income countries have experienced a substantial reduction 

this reduction is attributed to behavioral changes associated with legislation, public 
education, organizational policies, law enforcement, and economic incentives and 

. 
This chapter adopts an ecological and health promotion framework to review 

evidence regarding the effectiveness of these and other interventions to reduce al-

the notion that health has multiple causes and stems from a reciprocal relationship 

health-related behaviors of populations. 

these countries can learn much from experiences in high-income countries, extrap-

Ecological/health promotion approach 

-

social factors. As a result, approaches attempting to bring about change in drinking 
-

-

-

-
ior change strategies and those that encourage supportive environments and condi-
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educational, organizational, economic and political actions designed to enable in-
dividuals, groups and communities to control and improve health through changes 

-
-

ing personal health behaviors. 

-

– Economic interventions

could be applied to the problem of impaired driving is provided in Figure 1.

 

Knowledge, 
attitudinal,  
behavioural, policy, 
social, and 
environmental 
changes 
conducive to drinking 
driving reduction 

1. Economic actions 
   Price and taxation 
……………………………….. 
2. Policy actions  
   Laws/enforcement 

- zero tolerance laws 
- drinking age laws 
- BAC laws 
- sobriety checkpoints 
- increased penalties 

   Advertising restrictions 
   Warning labels 
……………………………….. 
3. Organisational actions 
   Alcohol availability 
   Alcohol premise licensing 
   Server intervention 
   Server liability & litigation  
……………………………….. 
 
4.Health education 
   School programs 
   Mass media campaigns 
   Community mobilization 

Reduced 
traffic injury 
and  
Improved 
health 

Reduced 
alcohol- 
related 
crashes 

Figure 1 
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-

known is presented. Most of the examples will focus on reducing alcohol-impaired 

Economic interventions

Pricing policies are regarded as among the most effective measures to reduce total 
alcohol consumption and hence alcohol-related problems. Studies have indicated 

-

for a six-pack of beer could lead to a 3.3 % reduction of current alcohol-attributable 

-

levels of overall alcohol consumption and alcohol-impaired driving are of particular 

for alcoholic beverages to be taxed based on their alcohol content, and for tax rates 

Organizational interventions

Alcohol licensing

organizational interventions. Thus, it is a central component of effective preven-
tion. The power to revoke or suspend a license for breaches of sales regulations is 
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-
tems can limit both the levels of alcohol consumption and of alcohol-related prob-

privatization of alcohol sales were associated with increased alcohol consumption 
and related harms. Examples from Finland and Sweden illustrate substantial rises 

-

-
ment re-monopolization indicated that re-monopolization back to the government 

changing hours of sale of alcohol. 

Alcohol bans

 Total bans have been effective in isolated environments without other sources of 

-

Server intervention and drinking environments 

-

-

providing food, slowing service to drinkers showing signs of intoxication, refusing 
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service to intoxicated or underage drinkers, and taking steps to prevent intoxicated 
patrons from driving. Reviews of server intervention found evidence of effective-
ness, under conditions of face-to-face instruction and strong management support 

one method to promote responsible service policies. Despite a number of Alcohol 
Accords in place throughout Australia, the evidence of their effectiveness is equiv-

-
tralia – was successful. Police fed information on the location of drinking drivers’ 
last place of drink back to the drinking establishment and audited the worst 8 % of 

-

compared to a 21 % drop in control premises. In a subsequent evaluation there was 
a 13 % drop in incidents linked to premises that received targeting enforcement 

In Australia, alcohol-consuming patrons involved in subsequent crashes have suc-

-
moting health. The enactment of laws, along with enforcement and informational ef-

Breath alcohol ignition interlocks 

drinkers from driving, and have shown effectiveness in reducing impaired-driving 

-
ing the driver to blow into a device that measures the breath alcohol concentration. 
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If the device registers a threshold amount of alcohol, the ignition of the car will 

deterrent among the general public in the future. 

BAC limits 

per se” 
at which it is illegal to operate motor vehicles. Recent literature reviews indicate 

per se -

-

-

-

-
cess of checkpoint programs is dependent on both the level of enforcement and 

Australian data indicates that harsh penalties for drink-drivers has the highest level 
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suspension or revocation appear to be effective interventions to achieve both spe-

Drinking age

the drinking age and a reduction in alcohol consumption and alcohol-related prob-
-

Kingdom decreased after the minimum age for drinking in public places was raised 

Restrictions on advertising and promotion 

There is increasing evidence that advertising and promotion act as reinforcing fac-

complete ban on alcohol advertising could result in a 16.4 % decrease in alcohol-

-
-

-

term effects of alcohol warning labels on drinking and driving behavior is unknown 
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Multiple policies 

The implementation of multiple policies to reduce alcohol-related harms is gener-
-

cities showed a relationship between the number of regulations and alcohol-related 

-

-
lic perception of the risk of being involved in a crash or of being arrested for drink 

-

Direct health education 

-

and driving environment.

School programs 

Evidence for the effectiveness of school-based alcohol interventions is unclear, and 

have been short term and have operated in isolation from other alcohol control ini-
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be appropriate as a venue to engage parents in programs, but such approaches have 
-

ing and driving.

Mass media campaigns 

-

and driving are effective in reducing alcohol-impaired driving and crashes when 

consequences of drinking and driving. Mass media campaigns in isolation, how-
ever – from the limited evidence available – appear to have limited effectiveness in 

generating public debate, reinforcing health related messages, and changing per-
ceived norms. 

-

-
-

While there are some prescription medications that impair driving, this review will 
focus upon illicit drugs and driving. Given the illicit nature of the drug use, agen-
cies are unable to use the full range of ecological interventions. 
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the science associated with the detection of alcohol at levels that impair driving, the 
science of detecting drugged driving is still in development. Nonetheless, several steps 
are being taken to address drug driving around the world, including changes to drug 

-

o

-

-

legislation requiring the proof of driving impairment, measured as a person being 

Furthermore, differing cultural beliefs associated with illegal drugs, issues re-

of the active ingredients in illegal drugs, and the burgeoning increase in fatal drug 

-
-

-

Laws and Their Enforcement: laws to regulated or prohibit sale, manufacture, 
and use of substances along with the enforcement of these laws has been shown 
effective in reducing substance abuse. 

Availability and Price
decrease substance abuse.

Community Norms
abuse have been linked to increased substance abuse.
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Discussion 

-

-

-
tive means of changing impaired driving behavior is through a combination of edu-

promotion framework, the evidence of effectiveness varies from strong evidence for 
some policies to inadequate evidence for some education efforts directed at individ-
uals. Effective component strategies include economic and retailer interventions, 

legal BAC limit, minimum legal drinking age laws, supportive media promotions 

taking a health promotion and ecological perspective, these interventions have had 
their greatest impact when administered in the context of other on-going drink driv-

 For other component approaches, evidence of effectiveness is moderate, with 
evidence for some interventions either absent or inconclusive. Strategies such as 
those that restrict advertising and promotion which competes with the messages 

addressing alcohol impaired driving. Although there have been some positive out-

and driving.

the interventions were implemented and evaluated without considering potential 

-
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examination. 
Levels of public support for policies, educational efforts and organizational 

actions to prevent alcohol-impaired driving often bear little relationship to the 
-

proaches to implement. Approaches with limited evidence of effectiveness on their 

the interventions with the strongest direct effects will drive change, and the weaker 
-

to strengthen their evidence-base.
-

ness of impaired driving prevention strategies, and the need for them, is an impor-

-

Acknowledgements

-

Disclaimer
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Abstract

This chapter summarizes the context and evidence supporting the use of alcohol ignition inter-

starts, stops, and procedural violations. These devices form the base of an interlock program 

Australia, and the European Commission through CENELEC1 have promulgated standards and 

report provides some background and context for the development of interlock programs and 
then focuses on the evidence for interlock program effectiveness and promising aspects that are 
still under-exploited. Reports that have combined data from multiple studies estimate that inter-

program features is a work in progress, and all developed nations that have taken an interest in 

1 

Drugs, Driving and Traffic Safety
Edited by J.C. Verster, S.R. Pandi-Perumal, J.G. Ramaekers and J.J. de Gier
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Background on the growth of ignition interlock programs

-
tions, and researchers understand these improvements to have been a consequence 
of better laws, better enforcement, and more public demand for safer roads through-
out the industrialized world. Nonetheless, to the extent that data can be compared, 

The alcohol ignition interlock is a DWI control device that, when installed in a 
car, will prevent its engine from starting until the driver blows into a sensor with 

programs lead to 40 to 90 % reductions in DWI re-arrest while the devices are in-
-

tion of studies calculated a 64 % reduction in recidivism among those who install 

-

the risk of detection is so low. 

-

with convicted DWI offenders. 
Sweden has implemented a nationwide interlock program for offenders, as well 

will not have been selected for the interlock because of prior alcohol problems, but 

Australian states have been evaluating interlock programs and some of these, simi-
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-
tion to these commercial programs, Belgium has completed a small trial with alco-
hol offenders. Elsewhere in Europe, an offender pilot program that began as a local 

-

the costs of alcohol. When interlocks are used following a DWI arrest, the cost of 

-
ded in a medical monitoring program that requires periodic blood samples for the 

d Selén
costs were 25 % lower for interlock program participants than for comparison sub-

Drunk Driving now features ignition interlock programs as a central element, and 

2007, determined that the installed base of interlocks rose about 35 % from an es-

-
-
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Since 2005, with minor exceptions, New Mexico state law requires that the 

and drive with a special interlock license even though the regular license is still 

than 50 %. 
-

-

become eligible to install an interlock.

-

There exists somewhat of a philosophical difference among different interlock pro-

reducing impaired driving and are less concerned about drinking habits that do not 
endanger the public on the roads. 

Despite strong effectiveness evidence in all studies to date, the real potential 

-



The alcohol ignition interlock 461

-

in license suspension, one option is to require the use of ankle bracelets that detect 
drinking through sensing of the alcohol vapor that is released from the skin surface. 

-

 via SCRAM’s wireless link. 

the past 24 hours of performance to a remote server. Evaluation studies have docu-

for months at a time without removal. 
The following sections review some of the procedures and evidence that war-

-
ferred to in some European nations.

Device standards, program guidelines

time an attempt is made to start the vehicle. The interlock device prevents the ve-
hicle from being started unless the driver provides a sample that reveals an alcohol 

excess of the threshold value, the interlock prevents the vehicle from starting and 

several failed attempts the interlock goes into an extended lockout period. 
At least four government agencies have established standards or guidelines for 

that meet these standards provide assurance to both the public and the users that the 
devices perform as expected and desired. For example, unlike an earlier interlock, 
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-

differing atmospheric pressure conditions. 
-

sample to remove some of the alcohol. Protection against potential circumvention 

-
-

These features have helped to create an interlock device that does prevent driv-

-

-

guidelines. 
As distinct from the device guidelines, some of the items under consideration 

-

-

-

-
tive BAC tests that lock out the ignition preventing a start-up as evidence that 

cease drinking and this leads to possible further sanctions.
-
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ago, several studies have evaluated the effectiveness of using interlocks as a means 
to incapacitate convicted DWI offenders and prevent repeat DWI offenses. Table 1 
summarizes the results of the evaluation studies of interlock programs published to 
date. 

All of the evaluation studies of alcohol ignition interlock programs have meth-

-
stalled and after removal relative to non-interlock contrast samples. A data combin-

investigate interlocks, these authors concluded that the evidence for real effective-

the full range of DWI offenders. 

-

programs that have been conducted across different populations of offenders for 
various lengths of time suggest that the effects of the interlock programs are robust. 

-

the program requirements. Evidence is needed that the highest risk cohorts can be 
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become a problem of the past. For example, evidence accumulating in New Mex-
ico shows that as interlock penetration has increased there have been reductions in 

-

prominent intervention and receives widespread media coverage. Figure 1 shows 
-

-

double the per capita installation rate of Washington, the state with the next highest 
penetration rate. 

-

-

Figure 1 
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alcohol dependence or at least abusive or hazardous drinking. The installation of 

vehicle after drinking. Interlocks were never intended as a treatment for alcohol 

cognitive impairment. Special treatment services that can work with short attention 
-

ulation. Treatment services for alcohol dependence should improve success rates if 
treatment plans and monitoring are integrated with the alcohol interlock data record 

Research studies have taken two approaches to strengthen the interlock experience 

and appropriateness of counseling intervention services while an offender is the 
predictive models so the 

BAC test result while the interlock is in use. 

Counseling intervention services 

of comparable size and approximate demographic makeup. The intervention was 

-
bute the difference to the intervention protocol. It suggested, however, that behavior 
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-

-
col, a motivational enhancement intervention for interlock offenders was devised 

SIP (Sup-
port for Interlock Planning) intervention. The intervention combined 12 hours of 
services delivered in both group and individual session formats. The protocols are 

-
-

Manuals.htm. 
While the contrast group could not be equated to the SIP group, participants in 

the SIP
P 

-

been determined. This kind of evidence suggests that an interlock program linked 

interlock recidivism. This kind of program will not be appropriate for all interlock 

through interlock control.

The record of interlock BAC tests

this effect relative to other known predictors of repeat DWI offenses found it to be 
-

ing-while-suspended charges, demographic and questionnaire-based information 
and, depending on the sample, better than prior DWI offenses. This predictor, based 
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among whom there is often little advance indication of whether an individual will 
pose a public hazard if he or she receives an unrestricted license. 

In addition, the occurrence of elevated tests during the morning hours adds sub-

drinking and, therefore, can serve as unobtrusive indicators of binge drinking the 
prior night. In Alberta and Quebec, knowing which offenders logged two or more 

status. 

Alcohol biomarkers

-
cause the interlock is a vehicle sanction and other people are permitted to drive the 

-

for a week will activate one or more of these indicators. Direct ethanol metabo-

of relapse in patients who are undergoing ethanol dependence treatment or who 

-

of DWI offenders.
-

-
-
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-
-

ing. Adding alcohol biomarkers to the decision matrix will enable the rehabilitation 

the greatest risk to the driving public.

-

alcohol impaired driving behavior. The results of these efforts have been numer-
-

tion. Acceptance of interlock programs as a form of public protection rather than 

license suspension. If there were, unlicensed driving would not be among the larg-

-

-
lion unlicensed drivers operating in California.

As a historical note, getting the courts and motor vehicle authorities to adopt 
license suspension following a DWI offense represented an important achievement 

effective sanction has fueled a continuous push in the direction of ever-increasing 

2000, a third-time DWI offense resulted in a lifetime suspension that might, if con-

optimal length of license suspension or the effectiveness of longer versus shorter 

low. With the high reconviction rates among the suspended control groups in inter-
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-

-

-
tect the public. Although there are punitive aspects of participating in an interlock 

-
-

authorities. At the same time, however, the interlock allows offenders to drive when 

traditional notions of crime and punishment. It is a compromise that recognizes that 

-

problem that lies at the intersection of the punishing and helping branches of soci-

Conclusion

-

and supporting federal legislation has endorsed them in both countries. Following 
the North American evidence and Sweden’s move to embrace a national interlock 

-
als. The French program continues to expand. The Australian State of Victoria has 

per se have 

the laws, the procedures, the reporting requirements, the administrative protocols, 

-
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in interlocks.
As the growth continues, researchers will need to continue to evaluate interlock 

effectiveness evidence to determine if interlock programs can reduce recidivism 

Much more needs to be done to enhance the impact of interlock programs through 

rehabilitation, and monitoring. 

punitive sanctions that impose barriers on licensed driving create an incentive for 

-
tions of the interlock, the driver must blow a running breath sample on an average 

An interlock program also requires some level of administrative control and 

to an interlock can make good use of the dual functions of control and monitoring 
that are part of the interlock program. Alcohol-impaired driving is a problem in 

humanitarian or pragmatic reasons, because that will help improve the public good. 
An approach that incorporates a balance of sanctions, incapacitation, and reha-
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Abstract

-
tion and actual driving performance in a dose-related manner. The degree of performance im-

-

to drivers who had not used drugs or alcohol. Together these epidemiological data indicate 
that recent use of cannabis increases crash risk, whereas past use of cannabis does not. Experi-

-
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9

determine if cannabis use is over represented among drivers who were involved in 
accidents. Experimental studies are designed to predict the effects of cannabis on 

context of well-designed experiments, drugs that produce large performance im-

-
mental studies often provide the earliest evidence for a drug’s hazard potential for 
driving.

technical reports, proceedings or book chapters. That is unfortunate, since reviews 
in general should not cover data that are not published in peer-reviewed sources. 

We therefore decided to also include sources that did not appear in peer-reviewed 

– Is there a relation between performance impairment and cannabis dose or its 

– Do combined effects of cannabis and alcohol on driving performance differ from 

Epidemiological studies

Prevalence of thc in crash involved drivers

-

-
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-
-

ing populations is assumed to be lower. The reason is that alcohol was also found 

alcohol poses a bigger risk potential than those of either drug alone. An additional 

appropriate control group selected from the general driving population, results of 

Epidemiologists have tried to overcome the lack of normative data from the general 

their crash and those who were not. The former are taken as the cases and the latter 

-

-

CI includes the reference mean, the conclusion must be drawn that crash culpabil-

drivers. 

-
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-

-

-
-

-

-
-

additive to alcohol. 
-

tion in France. The French government intended to install drug-driving legislation 
-

-
ered at fault in their crash and the controls were 3006 drivers selected from those 
who were not at fault. The authors provided odds ratios as a range of values taking 

-



481

Table 1 

 

Substance Authors Odds ratio 

Drug free cases 1.0 

Alcohol 5.4 *
5.0 *
5.7 *
5.5 *
6.8 *
3.2 *
6.0 *
7.5 *

2.8–10.5
2.1–12.2
5.1–10.7
2.2– 9.6
4.3–11.1
1.1–9.4
4.0–9.1
5.1–10.8

2.1
0.2
0.7
0.7
0.9
1.1
1.2

0.7–6.6
0.2–1.5
0.2–0.8
0.4–1.5
0.6–1.4
0.5–2.4
0.8–1.6

1.10–2.0

1–100 
5–100

1–2
3–4

1–2
3–4

0.35
0.51
1.74
2.7*
6.6*

1.9 *
2.0 *
2.8 *
3.1 *

1.6
1.5 *
2.1 *
2.1 *

0.02–2.1
0.2–1.4
0.6–5.7
1.02–7.0
1.5–28.0

1.0–3.5
1.5–2.8
1.6–4.8
1.9–3.0

0.8–3.0
1.1–2.2
1.2–3.7
1.3–3.4

8.6 *
8.4 *
5.3 *

11.5 *
3.5 *

3.1–26.9
2.1–72.1
1.9–20.3
4.6–36.7
1.2–11.4
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-

-
nabis increases the risk of becoming involved in a crash. It should be noted how-

Case-control studies

Several epidemiological studies have attempted to include a representative con-

-

-

-

drivers involved in a non-fatal accident and 900 control drivers who attended 

-

-

-

All cohort members completed baseline questionnaires about health behaviours, in-

male cannabis users relative to non-users. 

-
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-

users, however, eliminated the association between cannabis use and crash risk. 
-

views among 571 driver cases involved in crashes and 588 control drivers in New 

-

use per se -

odds of an individual in a crash sample testing positive for cannabis to the odds of an 
individual testing positive for cannabis in the exposure sample, that is, in a roadside 

were recruited at random from the general driving population on public roads in the 

could be collected a blood sample was requested. In total, 79.3 % of the control 

-

-

-

to an uneven distribution of urine and blood samples in cases and controls. In the 

been representative of past use of cannabis rather than recent use as argued above. 
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-

-
nabis was detected in urine of 19 % of all cases, whereas the same drug was detected 
in urine or saliva of 6.2 % of controls. Actual participation rate among controls as 

-

Experimental studies of cannabis and performance 

-

-
lel group and crossover designs, most with both placebo- and alcohol controls. The 

-

-

vs

-
tion. It is for this reason that the Institute of Medicine, Washington DC, advises to 
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course of a chronic regimen of cannabis treatment to determine the extent to which 
tolerance to the impairing effects of cannabis develops and whether new problems 

Numerous experimental studies have been conducted to investigate the effects 

-

tasks, but at high doses also in simple tasks. 

-
chomotor function, including tracking, reaction time performance, perception, 

-

was comparable to alcohol induced performance impairment seen at blood alcohol 

a concentration-effect curve, which indicated that, at least for low concentrations, 

of performance impairment. This relation was almost identical in experiments with 
smoking compared to experiments with oral intake of cannabis. In general, per-
formance declined in about 35 % of all tests applied at plasma concentrations of 

-

Table 2 and Figure 1. 
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Driving simulators and on-the-road driving tests.

-
known whether tests of skills related to driving serve as a good model for the driving 

that confronts drivers. Tests for measuring effects of drugs in driving simulators, 

-

-

-

Figure 1 -
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-
fect on performance.

-

hour Road Tracking Test and a 30-minute Car-Following Test conducted on a pri-

-
-

Figure 2 
-
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-

-
ment in the Road Tracking Test, and to lesser extents also in the Car-Following and 

-

with alcohol produced a rise in mean SDLP the equivalent of that associated with 

indicate change scores from placebo. 

-

-
centrations in blood. 

-
ational users of cannabis who participated in a double-blind, placebo controlled, 

driving were conducted at regular intervals between 15 min and 6 h post smoking 
-

-
nus performance scores during placebo treatment, of task performance were then 
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-

-
-

means of performance impairments in each of the experimental tasks and culpabil-

-
ponential curves for performance tests measuring tracking performance, impulse 

-
tion is that these performance tests of skills related to driving can be taken as valid 
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THC limits of impairment

per 
se
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assembled to elaborate and offer recommendations for the development of a ratio-

-

-

clinical tests for impairment in 456 apprehended drivers who tested positive for 
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-

-

Discussion

-

evidence supporting an association between cannabis and increased crash risk. The 

-

measured in driving simulators or on-the-road tests. The magnitude of these perfor-
mance impairments were comparable to alcohol induced performance impairment 

-
-

liable indication of recent cannabis use or impairment. Recent exposure to cannabis 

-
ers, depending on the concentration of the drug detected in blood. Together, these 

-

well establish reliable estimates of odds ratios that would be obtained in case-con-
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trol studies using non crash drivers from the general driving population as control. 

-
-

-

-

-

Recent epidemiological studies of the relation between cannabis and motor ve-

of these studies have suggested that cannabis is associated with twice the risk of 

have compared the prevalence of cannabis use among crashed drivers to the preva-
lence of cannabis among the drivers who were passing the same roads in same time 

establishing drug related crash risk. Epidemiologists have however long refrained 
from conducting such studies in cannabis research because of the participation 

-

-
tives to blood sampling would be to collect non-invasive matrices such as urine 

80–85 %, which indicates that most controls are willing to cooperate in roadside 
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and crash risk. 
Experimental and epidemiological research converges on the fact that the associ-

-

research have been less than those used for recreational purposes in real-life. In a 

in the general population will at times use doses that are higher than the ones used 
in experimental studies or associated with average concentrations detected in epi-

per se -

and epidemiological data seem twofold. First, it is evident that no performance im-

-

-

per se

-

motor vehicle crashes. The epidemiological evidence shows that the combination 

in those responsible for the accident to occur. Experimental studies have shown 

when given at low doses. The combined effect of alcohol and cannabis on perfor-
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mance and crash risk appeared additive in nature, i.e. the effects of alcohol and can-

-
ment, as compared to performance in tests measuring driving performance at the 
maneuvering level, i.e. distance keeping and braking, and the strategic level, i.e. 

In contrast, the operational level is considered to be an automatic, routine process, 

irrespective of drug use.

Conclusions

performance and crash risk in a dose related manner.

-

– There is no indication that past use
is growing evidence that recent use

-
ing behavior, as compared to more complex driving tasks that require conscious 
control.

-

-

to drug free drivers, even at low doses.
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Abstract

-
-

MDMA is combined with alcohol or sleep deprivation, these stimulating effects are no longer 
-

Drugs, Driving and Traffic Safety
Edited by J.C. Verster, S.R. Pandi-Perumal, J.G. Ramaekers and J.J. de Gier
© 2009 Birkhäuser Verlag/Switzerland
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along with the increasing number of large dance parties, the so-called raves, its 

-

the same all over the world with the exception of Australia which accounts for the 

A recent report about the state of the drug problem in Europe presented estima-

percentages of recent drug use of two popular drugs, i.e. cannabis and amphet-
amine are presented as reference. It appears that the current amphetamine use in 

than that of the most used illegal drug in Europe, cannabis. Despite this fact it can 

-

stimulant amphetamine. Ten percent of the sample stated to refrain from all drug 

the dance attendees take one or two pills on an evening. The timing of intake can 

-

-
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-

47 % of them had done it several times. The largest part drove after consuming can-

can cause driver impairment as the MDMA blood plasma levels of a number of 
impaired drivers was comparable with the plasma levels of recreational users. Case 

-
logical studies have revealed the involvement of illicit drugs in combination with 

meth-
d metha

-
macokinetic data have shown that peak plasma concentrations are reached approxi-

uncontrolled studies, 

of confounding factors. Some examples of such confounders are the ignorance 
about the exact dose of MDMA in a tablet, the co-use of other drugs, not measuring 
the effects at peak blood concentrations and lack of a suitable control group. These 
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-

be studied at peak concentrations and it can be assured that the observed effects are 

A second issue is how to make driving performance operational in an experi-

-

called the control level, automatic action patterns such as maintenance of lane posi-

-
ing task together with the results are discussed below.

visuo-motor skills and attention have been used to map the effects of MDMA on 
driving-related performance. In the following paragraph results showing relevance 

max, 
i.e. at 1–2 hours after administration unless stated otherwise. The number behind 
MDMA is an indication of the dose in milligrams, e.g. MDMA-75 means that the 

-
-

mated, tactical and strategical level.

Performance tasks measuring driving-related skills

-
formance improved after MDMA-75. This stimulant effect was not replicated in 
two other studies that found no effects of MDMA-75 and MDMA-100 on track-
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was performed during evening and nighttime hours instead of during the usual 

were univocal, i.e. both studies that used this task found improvement of track-

performance was not strong enough to compensate for the lack of sleep and the 

of target detections, i.e. less detections and slower, during the evening and in the 

-
sured between 2–8 hours and 8–16 hours post-drug at a club venue so it is evident 

-

Absence of the impairing effect on this measure was later shown for two doses i.e. 

-

-
ence of MDMA appear to be as accurate in detecting differences as compared with 
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Figure 1b During placebo treatment, performance on the divided attention task deteriora-
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postpone important decisions in real life until the effects of MDMA have worn off 
-

sessed, i.e. impulse control. It was shown that MDMA-75 and MDMA-100 exerted 
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Figure 2b During evening performance MDMA impairs impulse control on a stop signal task 
-
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-

-

stop when the color of the lights switches. MDMA-75 and MDMA-100 exerted no 

-

-

with MDMA, performance was also reduced, i.e. MDMA was not strong enough to 

-

caused muscle tension whereas alcohol was shown to produce muscle relaxation, 

-

nature of the task. In several tasks it was shown that MDMA was not strong enough 

as alcohol or sleep deprivation.

-

-
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Simulated driving performance

-

-

-
-

-
-

ceptance of smaller gaps between cars, which increased after MDMA and MDMA 

driver impairment observed after use of multiple drugs.

On-the-road driving

-

were developed to measure each driving performance at another level, i.e. the road 

assessing single, residual and combined effects of MDMA with alcohol on actual 
-

onstrated that a single dose of MDMA affected automated driving performance, as 
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with MDMA. The data suggest that MDMA worsens the impairing effects of alco-
-

the impairing effects of alcohol in the car-following task. This is in line with previ-

-

-
-

alone produced euphoria and stimulant-like effects. When given in combination 
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with alcohol, MDMA counteracted the effects of the alcohol-induced sedation and 

Methodological issues in MDMA research

An important question that has to be asked is what the relevance of all these results 
mentioned above is for drug driving in real life. An important remark that has to be 
made, addressing all these studies, is that the drug effects assessed in these stud-

-

particular situations and doses. There are numerous factors related to the drug, the 

-
ation-related factors are the number of hours between consumption of the drug and 
driving, state of mind, distraction from the driving task due to passengers. These 
issues will be discussed in depth in the following paragraphs.

MDMA dose and consumption pattern

-

that the median number of pills taken per occasion is two -
ers tend to take more pills on each occasion 

-

goes together with a boost in negative side effects. An important question inextri-

-
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studies presented in this chapter addressed the performance effects after single high 

-
-

gle dose studies, the doses were kept low, i.e. 75 and 50 mg to circumvent possible 

that the behavioral effects mentioned in the studies are not true for this sample. 
-
-

tioned above did reveal on what kind of behavior MDMA exerts its effects and case 
studies have shown that risk behavior increases after high doses of MDMA. This is 
evidence enough to prove that the effects of high doses of MDMA are a hazard for 

Co-use of multiple drugs

A second issue mentioned in the introduction was the fact that co-use of other sub-

-
 

evident that these additional substances also exert particular effects on performance 

vs

anticipated after combined use of several substances. It is clear that future studies 

be broadened.
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Controlled environment during driving tests

Characteristic of all experimental studies is that testing occurs under controlled cir-

drug and not some confounding factors. The drawback of this is that generalization 
-

ing task is taken as an example to illustrate this point.

distractions will be present during driving such as talking passengers in the car, eat-
ing, drinking, mobile phone, a radio switched on, etc. Second, it was mentioned that 

the driving simulator is that the possibilities with the simulated driving scenario are 
limited and it has to be assured that the scenario does not become too predictable 

real life.

In all of the experimental studies discussed above, performance effects of MDMA 

-

-
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chance of being impaired was the highest as the effects were rising. The third phase 
-
-

-
ies indicated that there were still measurable drug effects on driving performance 
in that particular time frame. Performance under automated control did not suffer 

Driving after prolonged dancing and lack of sleep

euphoric effects of MDMA. The users take the drug to be able to dance all night 

sleep deprivation on performance showed that moderate levels of fatigue produced 
-

tion. Performance on a tracking task decreased with 0.74 % per hour between the 
10th th

research on the effects of sleep deprivation after MDMA intake on driving-related 
performance and actual driving performance is wanted. Besides sleep deprivation, 

to the sleep deprivation. Research in this area is lacking but wanted as it will pro-
vide a better approximation of the real-life situation.



515

Conclusion

-

showed that the stimulating effects of two particular doses of MDMA were found 

drive at nighttime at higher speeds than the set limit during the driving test. These 

-

-
formance and low doses of MDMA. Several performance measures after a dose 

-

-

-

-

the effects of these combinations it would also be interesting to add some factors 

References

of MDMA use at rave parties. Subst Use Misuse
J R Soc Med

-
ing among electronic music dance event attendees. Drug Alcohol Depend

users in Edinburgh, Scotland. Drugs: Education, Prevention and Policy



516

Luxemburg

Ad-
diction

Eur Psychiatry 

use at dance events in Edinburgh, Scotland. Addiction

Journal of Drug Issues
679–702

Subst Use Misuse

use and associated harm. Drug Alcohol Depend

Drug 
Alcohol Depend

Drugs: Education, 
Prevention and Policy

and driving impairment. J Forensic Sci

performance and behavior. Forensic Sci Rev
Journal of Serotonin 

Research

derivatives. J Forensic Sci

Forensic Sci Int
63–70

Accid Anal Prev
-

Br J Anaesth
685

drugs. CMAJ
-

ing performance. Accid Anal Prev
-

Fifth international conference on 
Autonomous agents

Report IZF 1979 
V.13

-
motor skills and attentional performance. J Psychopharmacol



517

-
tor function. Psychopharmacology

throughout the night. Psychopharmacology (Berl)

J Psychopharma-
col

-

Psychopharmacology (Berl)
-

Psychopharmacology (Berl.)

Neuropsychopharmacology
-

Alcohol. Neuropsychopharmacology
-

unteers. J Psychoactive Drugs
-

during intoxication and withdrawal. Addiction

J Psychopharmacol

-
J 

Pharmacol Exp Ther

J Clin Psychopharmacol

Psychopharmacology 
(Berl)

application of, a new test. Br J Clin Pharmacol

performance. Human Psychopharmacology Clinical and Experimental

from behind the wheel. Drugs: Education, Prevention and Policy

users in Sao Paulo. Rev Bras Psiquiatr

of empirical research. Human Psychopharmacology Clinical and Experimental
577

-
J Psychopharmacol

Br J Clin Pharma-
col



518

health and Addiction, 1–4

in the morning after repeated evening doses of MDMA. J Psychopharmacol In press
Nature



ICADTS Drug List 2007 519

the medicines listed.

After the publication of the report of the ICADTS Working Group on Prescribing 
and Dispensing Guidelines for Medicinal Drugs affecting Driving Performance in 

-
rized according to their impairing properties was needed. The practical use of the 

-
low the prescribing doctor and dispensing pharmacist to look for safer alternatives 

Descriptions of categories

Ever since the development of a list according to the impairing properties of me-

-

introduced a more extensive list.

Drugs, Driving and Traffic Safety
Edited by J.C. Verster, S.R. Pandi-Perumal, J.G. Ramaekers and J.J. de Gier
© 2009 Birkhäuser Verlag/Switzerland
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Belgium and Spain applied the original descriptions of the categorizations in 
their publications, whereas France used a different approach. The original descrip-
tions of impairment of driving performance or performance related to driving as 

-
proval 16th

Based on experimental work in the Netherlands with over-the-road driving tests the 

-

1991, and used for the purpose to achieve consensus among international experts, 

the perspective of the patient allowing him or her to act and to decide on the best 

behind it is not so different, it is more focussing on the practical use of the various 

Although these differences in descriptions exist, it is possible to agree on the 
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an effect

In various experimental circumstances negligible 
or no impairment of driving performance or perfor-

Also for medicinal drugs that are presumed not to 
be dangerous based on their pharmacological pro-

that support this presumption.

the effect has been assessed in over-the-road driving 
tests as equivalent to blood alcohol concentrations 

Advice for the patient: Be careful not to drive be-
fore having read the warnings in the package insert.

effects

Some impairment of driving performance or 
performance related to driving is seen in various 

experimental studies it can not be established if the 
effect is moderate, light or absent.

the effect has been assessed in over-the-road driving 
tests as equivalent to blood alcohol concentrations  

Advice for the patient: Do not drive without con-
sulting a healthcare professional about the possible 
impairing effects.

In various experimental circumstances gross impair-
ment of driving performance, or performance 

-

-
port this presumption.

the effect has been assessed in over-the-road driving 
tests as equivalent to blood alcohol concentrations  

Advice for the patient: Do not drive when this drug 
is taken and consult a healthcare professional when 
to start driving again after evaluation of the treat-
ment outcomes.
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-

and 2005.
An updated review will be done in the near future within the Sixth Framework Pro-

2006.  

in either, Belgium, Spain or France and therefore will not cover all drugs within a 
therapeutic class.

Another limitation is the lack of information in the categories on the various 
dosages that are used  for the different medicinal drugs. As a general rule the cate-
gories are assigned to the drug in the normal therapeutic dosage given to an adult 
person for the main indication of the drug. If higher dosages are taken one should 

-

ATC Substance Name

A02 Drugs For Acid Related Disorders

A02B Drugs for peptic ulcer and gastro-oesophageal 
reflux disease (GORD)

A02BA H2-receptor antagonists

 A02BA01
A02BA02
A02BA03
A02BA04
A02BA06

Cimetidine
Ranitidine
Famotidine
Nizatidine
Roxatidine

I
I
II
II
I

A03 Drugs For Functional Gastrointestinal Disorders

A03F Propulsives

A03FA Propulsives

A03FA01 Metoclopramide II
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ATC Substance Name

A04 Antiemetics And Antinauseants 

A04A Antiemetics and antinauseants

A04AA Serotonin (5HT3) antagonists

A04AA01
A04AA02
A04AA03
A04AA04

Granisetron
Tropisetron
Dolasetron

I
I
I
I

A04AD Other antiemetics

A04AD01
A04AD05

Scopolamine
Metopimazine

-

II
II
III

A08A Antiobesity preparations, excl dietary products

A08AA Centrally acting antiobesity products

A08AA01
A08AA03
A08AA06
A08AA08

Phentermine
Amfepramone
Etilamfetamine
Clobenzorex

I
I
I
I

A10A Insulins and analogues
is meant to advise patients to 

driving about possible impairing 
conditions while using the drug

Insulin II

A10AB Insulins and analogues, fast-acting

A10AB01
A10AB04
A10AB05

Insulin lispro
Insuline aspart

II
II
II

A10AC Insulins and analogues, intermediate-acting

A10AC01
A10AC04 Insuline lispro

II
II

A10AD Insulins and analogues, intermediate-acting 
combined with fast-acting

A10AD01
A10AD04
A10AD30

Insuline lispro
Combinations

II
II
II
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ATC Substance Name

A10AE Insulins and analogues, long-acting

A10AE01
A10AE04
A10AE05

Insuline glargine
Insuline detemir

II
II
II

A10B Oral blood glucose lowering drugs
drugs is meant to advise patients 

driving about possible impairing 
conditions while using the drug

A10BA Biguanides

A10BA01
A10BA02
A10BA03

Phenformin
Metformin
Buformin

II
II
II

A10BB Sulfonamides, urea derivatives

A10BB01
A10BB02
A10BB03
A10BB04
A10BB06
A10BB07
A10BB08
A10BB09
A10BB12

Glibenclamide
Chlorpropamide
Tolbutamide
Glibornuride
Carbutamide
Glipizide
Gliquidone
Gliclazide
Glimepiride
Glisentide

II
II
II
II
II
II
II
II
II
II

A10BD Combinations of oral blood glucose lowering 
drugs

A10BD01
A10BD02
A10BD03

Phenformin and sulfonamides
Metformin and sulfonamides
Metformin and rosiglitazone

II
II
II

A10BF Alpha glucosidase inhibitors

A10BF01 Acarbose II

A10BX Other oral blood glucose lowering drugs

A10BX02
A10BX03

Repaglinide
Nateglinide

II
II
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ATC Substance Name

C07 Beta Blocking Agents   

C07A Beta blocking agents

C07AA Beta blocking agents, non-selective

C07AA01
C07AA02
C07AA03
C07AA05
C07AA06
C07AA07
C07AA12
C07AA16

Alprenolol

Pindolol
Propranolol
Timolol
Sotalol
Nadolol
Tertatolol

I
II
II
II
II
I
II
II

C07AB Beta blocking agents, selective

C07AB02
C07AB03
C07AB04
C07AB05
C07AB07
C07AB08
C07AB12

Metoprolol
Atenolol
Acebutolol
Betaxolol
Bisoprolol
Celiprolol
Nebivolol

II
I 
I
I
I
I
II

C07AG Alpha and beta blocking agents

C07AG01
C07AG02

Labetalol
Carvedilol

I
II

G02C Other gynecologicals

G02CB Prolactine inhibitors

G02CB02 Lisuride II

H04A Glycogenolytic hormones
drugs is meant to advise patients 

driving about possible impairing 
conditions while using the drug

H04AA Glycogenolytic hormones

Glucagon II
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ATC Substance Name

M01A Antiinflammatory and antirheumatic products, 
non-steroids

M01AB Acetic acid derivatives and related substances

M01AB05 Diclofenac I

M01AE Propionic acid derivatives

M01AE01
M01AE02
M01AE03
M01AE04

Ibuprofen
Naproxen
Ketoprofen
Fenoprofen

I
I
I
I

M01AG Fenamates

M01AG01 Mefenamic acid I

M01AH Coxibs

Parecoxib I

M03 Muscle Relaxants

M03B Muscle relaxants, centrally acting agents

M03BX Other centrally acting agents

M03BX07 Tetrazepam II

Phendimetrazine I

N01 Anesthetics  

N01A Anesthetics, general

N01AB Halogenated hydrocarbons

N01AB01
N01AB04
N01AB06
N01AB07
N01AB08

III
III
III
III
III

N01AF Barbiturates, plain

N01AF03 Thiopental III

N01AH Opioid anesthetics

Alfentanil
Sufentanil
Remifentanil

III
III
III
III
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ATC Substance Name

N01AX Other general anesthetics

N01AX03
N01AX07
N01AX10
N01AX13

Ketamine
Etomidate
Propofol
Nitrous oxide

III
III
III
II

N01B Anesthetics, local

N01BA Esters of aminobenzoic acid

N01BA02 Procaine II

N01BB Amides

N01BB01
N01BB02
N01BB03
N01BB08
N01BB09
N01BB51
N01BB52
N01BB53
N01BB58

Bupivacaine
Lidocaine
Mepivacaine
Articaine
Ropivacaine
Bupivacaine, combinations
Lidocaine, combinations
Mepivacaine, combinations
Articaine, combinations

III
II
II
II
II
II
II
II
II

N02 Analgesics  

N02A Opioids

N02AA Natural opium alkaloids

N02AA01
N02AA03
N02AA05
N02AA08
N02AA59

Morphine

Codeine, combinations excl 

III
II
II
II
II  

 
codeine base

N02AB Phenylpiperidine derivatives

N02AB02
N02AB03

Pethidine III
III

N02AC Diphenylpropylamine derivatives

N02AC01
N02AC03
N02AC04
N02AC05
N02AC54

Dextromoramide
Piritramide

Bezitramide

III
III
II
III
II

N02AD Benzomorphan derivatives

N02AD01 Pentazocine III
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ATC Substance Name

N02AE Oripavine derivatives

N02AE01 Buprenorphine III for analgetic use

N02AF Morphinan derivatives

N02AF02 Nalbuphine II

N02AX Other opioids

N02AX01
N02AX02
N02AX52

Tilidine
Tramadol
Tramadol, combinations

III
III
III

N02B Other analgesics and antipyretics

N02BA Salicylic acid and derivatives

N02BA51 - II
 

codeine base

N02BE Anilides

N02BE51 Paracetamol, combinations II
 

codeine base

N02BG Other analgesics and antipyretics

N02BG04 Floctafenine I

N02C Antimigraine preparations

N02CA Ergot alkaloids

N02CA52 Ergotamine, combinations I

N02CC Selective serotonin (5HT1) agonists

N02CC01
N02CC02
N02CC03
N02CC04
N02CC05
N02CC06
N02CC07

Sumatriptan
Naratriptan

Rizatriptan
Almotriptan
Eletriptan
Frovatriptan

II
II
II
II
II
II
II

N02CX Other antimigraine preparations

N02CX01
N02CX06

Pizotifen II
II
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ATC Substance Name

N03 Antiepileptics  

N03A Antiepileptics

N03AA Barbiturates and derivatives

N03AA01
N03AA02
N03AA03

Phenobarbital
Primidone

II
III
III

N03AB Hydantoin derivatives

N03AB02
N03AB05

III
III

N03AD Succinimide derivatives

N03AD01 Ethosuximide II

N03AE Benzodiazepine derivatives

N03AE01 Clonazepam II

N03AF Carboxamide derivatives

N03AF01
N03AF02

Carbamazepine II
II

N03AG Fatty acid derivatives

N03AG01
N03AG02
N03AG04
N03AG05
N03AG06

Valproic acid
Valpromide
Vigabatrin
Progabide
Tiagabine

II
II
II
II
II

N03AX Other antiepileptics

N03AX09
N03AX10
N03AX11
N03AX12
N03AX13
N03AX14

Lamotrigine
Felbamate
Topiramate
Gabapentin
Pheneturide
Levetiracetam

II
II
II
II
II
II

N04 Anti-Parkinson Drugs

N04A Anticholinergic agents

N04AA Tertiary amines

N04AA01
N04AA02
N04AA12

Biperiden
Tropatepine

II
II
II
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ATC Substance Name

N04B Dopaminergic agents

N04BA Dopa and dopa derivatives

N04BA02

N04BA03
inhibitor

II

II

N04BB Amantadene derivatives

N04BB01 Amantadine I

N04BC Dopamine agonists

N04BC01
N04BC02
N04BC04
N04BC05
N04BC06
N04BC07

Bromocriptine
Pergolide
Ropinirole
Pramipexole
Cabergoline
Apomorphine

II
II
II
II
II
II

N04BD Monoamine oxidase B inhibitors

N04BD01 Selegiline I

N04BX Other dopaminergic agents

N04BX02 Entacapone II

 

N05A Antipsychotics

N05AA Phenothiazines with aliphatic side-chain

N05AA01
N05AA02
N05AA03
N05AA06

Chlorpromazine
Levomepromazine
Promazine

III
III
III
III

N05AB Phenothiazines with piperazine structure

N05AB01
N05AB02
N05AB03
N05AB06
N05AB08

Fluphenazine
Perphenazine

Thioproperazine

II
II
II
III
III

N05AC Phenothiazines with piperidine structure

N05AC01
N05AC02
N05AC04

Periciazine
Thioridazine
Pipotiazine

III
III
III
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ATC Substance Name

N05AD Butyrophenone derivatives

N05AD01
N05AD02
N05AD03
N05AD05
N05AD06
N05AD07
N05AD08
N05AD09

Melperone
Pipamperone
Bromperidol
Benperidol
Droperidol
Fluanisone

II
II
II
II
II
II
II
III

N05AE Indole derivatives

N05AE03 Sertindole II

N05AF Thioxanthene derivatives

N05AF01
N05AF05

Flupentixol II
II

N05AG Diphenylbutylpiperidine derivatives

N05AG01
N05AG02
N05AG03

Fluspirilene
Pimozide

II
II
II

N05AH Diazepines, oxazepines and thiazepines

Loxapine
Clozapine

Quetiapine

III
II
II
II

N05AL Benzamides

N05AL01
N05AL02
N05AL03
N05AL05
N05AL06

Sulpiride
Sultopride
Tiapride 
Amisulpride
Veralipride

II
II
II
II
II

N05AN Lithium

N05AN01 Lithium II

N05AX Other antipsychotics

N05AX07
N05AX08
N05AX09

Risperidone
Clotiapine

III
II
II
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ATC Substance Name

N05B Anxiolytics

N05BA Benzodiazepine derivatives

N05BA01
N05BA02
N05BA03
N05BA04
N05BA05
N05BA06
N05BA08
N05BA09
N05BA10
N05BA11
N05BA12
N05BA13
N05BA14
N05BA15
N05BA16
N05BA18
N05BA21
N05BA22
N05BA23

Diazepam
Chlordiazepoxide
Medazepam

Potassium clorazepate
Lorazepam
Bromazepam
Clobazam
Ketazolam
Prazepam
Alprazolam

Pinazepam
Camazepam
Nordazepam

Clotiazepam
Cloxazolam

Bentazepam

III
III
II
III
II
III
III
II
III
II
III
III
III
II
II
II
III
II
II
III

N05BB Diphemylmethane derivatives

N05BB01
N05BB02 Captodiame

III
I

N05BC Carbamates

N05BC01 Meprobamate III

N05BE Azaspirodecandione derivatives

N05BE01 Buspirone I

N05BX Other anxiolytics

N05BX03 Etifoxine I

N05C Hypnotics and sedatives

N05CA Barbiturates, plain III

N05CA02
N05CA03
N05CA06

Amobarbital
Butobarbital
Secobarbital
Brallobarbital

III
III
III
III
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ATC Substance Name

N05CD Benzodiazepine derivatives

N05CD01
N05CD02
N05CD03
N05CD04
N05CD05
N05CD06

N05CD07

N05CD08
N05CD09
N05CD10
N05CD11

Flurazepam
Nitrazepam
Flunitrazepam
Estazolam
Triazolam
Lormetazepam

Temazepam

Midazolam
Brotizolam
Quazepam
Loprazolam

III
III
III
III
III
III

III

III
III
III
III

dosing little or 
no impairment 

post dosing little 
or no impairment 

N05CF Benzodiazepine related drugs

N05CF01
N05CF02

N05CF03

III
II

II

post dosing little 
or no impairment 

post dosing little 
or no impairment 

N05CM Other hypnotics and sedatives

N05CM16 Niaprazine III

N05CX Hypnotics and sedatives in combination, excl 
barbiturates

N05CX01 Meprobamate, combinations III
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ATC Substance Name

N06A Antidepressants

N06AA Non-selective monoamine reuptake inhibitors

N06AA01
N06AA02
N06AA04
N06AA05
N06AA06
N06AA07
N06AA09
N06AA10
N06AA12
N06AA14
N06AA16
N06AA17
N06AA19
N06AA21

Desipramine
Imipramine
Clomipramine

Trimipramine
Lofepramine

Doxepin
Melitracen
Dosulepin
Amoxapine
Amineptine
Maprotiline

II
II
II
II
III
II
III
II
III
II
III
III
II
II

N06AB Selective serotonin reuptake inhibitors

N06AB03
N06AB04
N06AB05
N06AB06
N06AB08
N06AB10

Fluoxetine
Citalopram
Paroxetine
Sertraline
Fluvoxamine
Escitalopram

I
I
I
I
I
I

N06AF Monoamine oxidase inhibitors, non-selective

N06AF02
N06AF03
N06AF04
N06AF05
N06AF06

Nialamide
Phenelzine

Iproniazide
Iproclozide

II
II
II
II
II

N06AG Monoamine oxidase A inhibitors

N06AG02
N06AG03

Moclobemide
Toloxatone

I
II

N06AX Other antidepressants

N06AX03
N06AX05
N06AX06
N06AX09
N06AX11
N06AX14
N06AX16
N06AX17
N06AX18

Mianserin
Trazodone
Nefazodone
Viloxazine
Mirtazapine
Tianeptine
Venlafaxine
Milnacipran
Reboxetine

III
III
II 
II
III
II
I
II
I
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ATC Substance Name

N06B Psychostimulants, agents used for ADHD 
and nootropics

N06BA Centrally acting sympathicomimetics

N06BA01
N06BA02
N06BA04
N06BA05
N06BA10

Amfetamine
Dexamfetamine

Pemoline

Fenproporex

II
II
I
I
I
I

N06BX Other psychostimulants and nootropics

N06BX03
N06BX14

Piracetam
Prolintane

II
I

N06D Anti-dementia drugs

N06DA Anticholinesterases

N06DA02
N06DA03
N06DA04

Donezepil
Rivastigmine
Galantamine

II
II
II

N06DX Other anti-dementia drugs

N06DX01 Memantine II

N07B Drugs used in addictive disorders

N07BA Drugs used in nicotine dependence

N07BA02 Bupropion II

N07BB Drugs used in alcohol dependence

N07BB01
N07BB04 Naltrexone

II
II

N07BC Drugs used in opioid dependence

N07BC01

N07BC02

Buprenorphine

Methadone

II

II

for use in opioid 
dependence

N07C Antivertigo preparations

N07CA Antivertigo preparations

N07CA01
N07CA02
N07CA03

Betahistine
Cinnarizine
Flunarizine

I
II
II

N07X Other nervous system drugs

N07XX Other nervous system drugs

N07XX02 Riluzole I
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ATC Substance Name

R01 Nasal Preparations

R01A Decongestants and other nasal preparations 
for topical use

R01AC Antiallergic agents, excl corticosteroids

R01AC02 Levocabastine I

R01BA Nasal decongestants for systemic use

R01BA Sympathicomimetics

R01BA01 I

R05 Cough And Cold Preparations

R05D Cough suppressants, excl combinations 
with expectorants

R05DA Opium alkaloids and derivatives

R05DA01
R05DA03
R05DA04

R05DA07
R05DA08
R05DA09
R05DA10
R05DA12

Codeine

Noscapine
Pholcodine
Dextrometorphan
Thebacon

III
II
II

I
II
I
II
II

 
 

codeine base

R05DB Other cough suppressants

R05DB03
R05DB05

Clobutinol I
I

R05F Cough suppressants and expectorants, 
combinations

R05FA Opium derivatives and expectorants

R05FA02  
and expectorants

II

R05FB Other cough suppressants and expectorants

R05FB01
R05FB02

Cough suppressants  

Cough suppressants  
and expectorants

II

II
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ATC Substance Name

R06A Antihistamines for systemic use

R06AA Aminoalkyl ethers

R06AA02
R06AA04
R06AA06
R06AA08
R06AA09

Clemastine
Chlorphenoxamine
Carbinoxamine

III
III
II
II
III

R06AB Substituted alkylamines

R06AB01
R06AB02
R06AB04
R06AB05
R06AB52

R06AB54

Brompheniramine
Dexchlorpheniramine
Chlorphenamine
Pheniramine
Dexchlorpheniramine, 
combinations
Chlorphenamine,  
combinations

II
II
II
II
II

II

R06AC Substituted ethylene diamines

R06AC02 II

R06AD Phenothiazine derivatives

R06AD01
R06AD02
R06AD07
R06AD09
R06AD52

Alimemazine
Promethazine
Mequitazine

Promethazine, combinations

III
III
II
II
III

R06AE Piperazine derivatives

R06AE01
R06AE05
R06AE06
R06AE07
R06AE09

Buclizine
Meclozine

Cetirizine
Levocetirizine

II
II
II
II
I
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ATC Substance Name

R06AX Other antihistamines for systemic use

R06AX02
R06AX07
R06AX09
R06AX11
R06AX12
R06AX13
R06AX17
R06AX19
R06AX22
R06AX23
R06AX25
R06AX26
R06AX27

Triprolidine
Azatadine
Astemizol
Terfenadine
Loratadine
Ketotifen
Azelastine
Ebastine
Pimethixene
Mizolastine
Fexofenadine
Desloratidine

II
III
II
I
I
I
II
I
I
II
II
I
I

S01A Antiinfectives

S01AA Antibiotics

S01AA02
S01AA04
S01AA11
S01AA12
S01AA16
S01AA20

S01AA30

Gentamicin

Antibiotics in combination 
with other drugs
Combinations of different 
antibiotics

I
I
I
I
I
II

I

S01AX Other antiinfectives

S01AX13
Thiomersal, combinations

I
II

S01B Antiinflammatory agents

S01BA Corticosteroids, plain

S01BA01
S01BA13

Dexamethasone
Rimexolone

I
I

S01BC Antiinflammatory agents, non-steroids

S01BC01
S01BC03

Indometacin
Diclofenac

I
I
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ATC Substance Name

S01C Antiinflammatory agents and antiinfectives 
in combination

S01CA Corticosteroids and antiinfectives in combination

S01CA01

S01CA03

S01CA05

Dexamethasone 
and antiinfectives

and antiinfectives
Betamethasone 
and antiinfectives

I

I

I

S01CC Antiinflammatory agents, non steroids and anti-
infectives in combination

S01CC01 Diclofenac and antiinfectives I

S01E Antiglaucoma preparations and miotics

S01EA Sympathicomimetics in glaucoma treatment

S01EA02
S01EA03
S01EA05

Dipivefrine
Apraclonidine
Brimonidine

I
I
I

S01EB Parasympathicomimetics

S01EB01
S01EB02
S01EB08
S01EB09
S01EB51
S01EB58

Pilocarpine
Carbachol
Aceclidine

Pilocarpine, combinations
Aceclidine, combinations

II
II
II
II
II
II

S01EC Carbonic anhydrase inhibitors

S01EC03
S01EC04

Dorzolamide
Brinzolamide

I
I

S01ED Beta blocking agents

S01ED01
S01ED02
S01ED03
S01ED04
S01ED05
S01ED06
S01ED51

Timolol
Betaxolol 
Levobunolol
Metipranolol
Carteolol
Befunolol
Timolol, combinations

II
I
I
I
I
I
II

S01EE Prostaglandin analogues

S01EE01
S01EE03
S01EE04

Latanoprost
Bimatoprost 
Travoprost

I
I
I
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ATC Substance Name

S01F Mydriatics and cycloplegics

S01FA Anticholinergics

S01FA01
S01FA04
S01FA05
S01FA06
S01FA56

Atropine 

Tropicamide
Tropicamide, combinations

III
III
III
III
III
III

S01FB Sympathicomimetics excl antiglaucoma 
preparations

S01FB01 III

S01G Decongestants and antiallergics

S01GA Sympathicomimetics used as decongestants

S01GA02
S01GA05
S01GA06
S01GA51
S01GA55
S01GA56

Naphazoline, combinations

II
II
II
II
II
II

S01GX Other antiallergics

S01GX01
S01GX02
S01GX07
S01GX08
S01GX09

Cromoglicic acid
Levocabastine
Azelastine
Ketotifen

I
I
I
I
I

S01J Diagnostic agents

S01JA Colouring agents

S01JA01 Fluorescein I

S01XA Other ophthalmologicals

S01XA Other ophthalmologicals

Boric acid I

V Various

V03A All other therapeutic products

V03AB Antidotes

V03AB25 Flumazenil I
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undertaken to determine a medicinal drug’s effect 
on driving or skills related to driving 

Medicinal drugs are an integral part of almost all medical treatments. In relieving 

-

Since epidemiological studies on the effects of medicaments are rare, the haz-

-
parable. A review of the literature leaves the impression that these prerequisites 

-

authorities – a harmonization, optimization, and standardization of the experimen-

Drugs, Driving and Traffic Safety
Edited by J.C. Verster, S.R. Pandi-Perumal, J.G. Ramaekers and J.J. de Gier
© 2009 Birkhäuser Verlag/Switzerland
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-

-

-
lished a Working Group on the topic in autumn 1994.

-
ness as discussed in the above mentioned papers and events.

the material presented herein will lead to guidelines for the standardized assessment 
of each new medicinal drug’s hazard potential for driving as part of the registration 
process. Programmatic research should lead in all cases to the categorization of the 

the prescriber, dispensers, and ultimate users.

than medicinal drugs, the guidelines at hand are restricted to medicinal drugs. The 
fundamental reason against the inclusion of illicit drugs is – in our opinion and 

avoided that combine medicinal drugs with illicit drugs. The important danger in 

be the trivialization of the problem of illicit drugs. 

-
lating to clinical, therapeutic experiments that can be adopted for research on drugs 

-
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-

-
sues of the general guidelines are addressed that are often neglected and that have 

-
-

sium in Nuremberg, and the ICADTS Working Group Meetings in Adelaide and 

We would like to point out that the guidelines recommended are not intended 
to restrict research on a few established methods but to provide the investigator 

-
ods that differ from the suggestions of these guidelines.

-

– Testing for “difference”:
 The drug is assumed to have an effect on performance different from the effect 

of placebo or some other drug.
– Testing for “equivalence”: 
 The drug is assumed, a priori, to have an effect on performance equivalent to 

that of placebo or some other drug.

sense the decision problem is an equivalence rather than a difference testing prob-
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then it is not correct to decide for equivalence. There are various methods to test for 
-

maximal tolerable degree of driving hazard potential. 

Sample size

-

Subjects

versus patients

-

annual mileage or minimum overall mileage. 

-

Exclusion criteria

drug abuse or addiction, and other factors known to affect performance must be 
-
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-

should be provided during trial.
The above mentioned selection criteria should be controlled as far as possible 

Design and treatment

General aspects of the design

-

the power is maximized compared to the parallel group design, which leads to a 
smaller sample size but is often impossible to use in patient studies or in studies 

-

use and concomitant medication, except oral contraception, overtiredness and other 

-

test conditions and for measuring pharmacokinetic quantities of the test medication. 

-
ness, and willingness to drive, for example have to be included. These tests must 

Control conditions

– placebo
– verum.
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-

Treatment

-

-

the drug plasma concentration has been achieved, or until the desired therapeutic 
effect has occurred in patients.

the decision should be made clear. 

used in combination and interactions between alcohol and medicinal drugs should 
be considered. Assessment of the effects of those combinations on performance 

Operationalization of driver fitness

Kind of operationalization

Studies for establishing the driving hazard potential of a particular medicinal drug 
-

degree should be based on the combined results of all tests in the program. Combin-



547

Test batteries

-

-
sure divided attention or continuous perceptual-motor coordination and a test to 

not closed.

number of tests included, the medicinal drug, and the question of whether a time 

Individual tests

-
ioral function. The choice of an adequate test is left to the investigator who should 
choose a standard procedure or, if using a new one, the investigator should demon-

requirements outlined in the following.

-
ing performance and sensitive to the pharmacological drug effects.

A validation of medicinal drug-induced changes in performance with changes in 
-
-

A standardization of the measurement procedure of the dependent variables of a 
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Simulators and real driving

maneuvers, and turning of intersections.

designing the procedure, closed-course driving should include decision-making, re-
-

involved. The ethical implications must be considered with great care.

Statistical evaluation

General aspects

Standard aspects of the statistical evaluation should be followed. In general, the 
statistical methods must be described in advance. The description should include 
remarks on how to proceed with missing values, drop-outs, and extreme values 

over effects in cross-over studies or differences among groups in parallel group 

Use of a common scale

-
metric tests. Most of the statistical procedures available for achieving this depend 

Multiple comparisons versus techniques of multiple endpoints

In general, the statistical evaluation is based on several dependent variables which 
-
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It is obvious that if one is interested in several dependent variables and performs 

-

Instead of using the method of multiple comparisons, more use should be 
-

-

population standard deviation should be interpreted as a relevant change in per-

-

Publication of results

An exhaustive description of the material, methods and results is most important 

-
-

size, the sample size, the number of outliers and drop-outs, and the decision criteria 
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used or other statistical results, and the statistical package. Reasons for the selection 
of statistical tests should be given, and it should be demonstrated that the assump-

researchers on request.

Concluding remarks

The compendium provides a basis for establishing desirable criteria concerning the 

-
tions.
1. It was not to be expected that all participants of the Workshops and the Working 

Group would achieve total agreement on the propositions presented in this paper. 

2. The compendium is not to be regarded as complete and all-inclusive. Some in-

researchers would like to have some propositions more detailed or more scien-

-

impossible to follow the proposals.

according to their importance.

Final practical application of the guidelines, however, will require additional con-
-

In conclusion, we would like to recall that these guidelines should not restrict 

and standardizing experimental procedures for assessing the adverse effects of me-
dicinal drugs on driving performance. 
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multiple endpoints controlling the experimentwise error rate. Biometrics 47, 511- 521
-
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abstinence, court programs 460
accident 385, 386, 391
– risk 214

– sleep related 208, 209, 214, 215, 222
acetaminophen 361
acrivastine 373
active metabolites 239

age 96, 241
– of drinking onset 398, 406
– of drug use 406
aging 12
alcohol 88, 378, 402, 440, 441, 509

– advertising restrictions 446
– and sleepiness 257, 258

– bans 443
– calibration 294
– consumption 393, 394, 402
– dependence 467 

– health warnings 446
– licensing 440, 441, 442

– pricing 440, 441, 442
alcohol ignition interlocks 444, 457
– anti-circumvention protocol 462
– BAC tests 468
alcohol impaired driving trends 23
– Australia 24
– Canada 26
– France 27

– Great Britain 33

– Netherlands 30
– Sweden 31

allergic rhinitis 371

alpidem 299, 301
alprazolam 300

amphetamines 171, 172
analgesics 360
anticonvulsants 365
antidepressants 130, 131, 255, 307, 363
antiemetic 302
antihistamines 230, 260, 371–373

at fault drivers 97

attention, divided 80
automatic processing 85
avoidance behaviors 356
awareness 215, 222, 303
azapirones 301

295, 458
– legal limit 415, 416, 421, 432, 445
benzodiazepines 93, 99, 102–104, 123, 

234, 291, 301
biomarkers, alcohol 469
blinks 219, 226
blood 93, 100–102, 104
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97, 102–104, 292, 295, 299, 458
– lowering the limit 415–417, 421,426, 

428, 433, 434
– tests and impaired driving 468
blood brain barrier 372
blood glucose awareness training 

blurred vision 130–133
bright light 224
brotizolam 237
buprenorphine 363
buspirone 133, 296, 299, 301

caffeine 222, 223, 224, 225
cannabinoid pharmacokinetics 153
cannabis 93, 96, 98pp
– and sleepiness 259
– chronic use 165
– driving impairment 168
– predicting time of use 164
– urine biomarkers 162
carbamazepine 365

car-following test 47, 294, 297, 509
case-control 482
case-control studies 66, 107–112
catastrophizing 356

drugs 126, 127
central sleep apnea 247
cetirizine 374, 376

223, 224
– low point 214, 217, 218, 219, 222

clemastine 373, 376
clorazepate 299
cocaine 93, 102, 103
– blood concentrations 173
– driving effects 170, 172
codeine 103, 175

cognition 485

cognitive tasks 44
collision rates 316

confounding factors 110

continuous subcutaneous insulin infusion 

controlled processing 85

costs, health care 459
counselling 388, 392
countermeasures 214, 222, 227
– circadian 222, 224
– driver 221, 223

– need for 221
– night driving 224
co-use of multiple drugs 512
crash  
– -involved motor vehicle driver 137
– motor-vehicle 386, 402, 404, 405
– reductions 425, 426, 428

critical driving functions, impairment 
of 416

critical tracking task 46

dancing, prolonged 514

dependence
– alcohol 398, 400, 406
– drug 398, 400
depression 310, 356
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desloratadine 374
deviation from lateral position 75, 78
dexchlorpheniramine 374, 376
diazepam 124, 295

dipotassium chlorazepate 299

129
– antidepressants 130, 131
– antihistamines 130

– signs of impaired driving 
performance 130, 131, 132, 133

– tranquillizers 133
divided attention 79, 99
dopamine agonists 340
doxepine 307, 308
drink drivers 97
drinking age 446
drinking driver fatal crashes, lowering 

of 433
drinking  environments 443

driver sleepiness 
– alcohol 200
– determinants 192
– high risk situations 198

driving 

– license 389, 390
– mishaps 316, 317
– performance 5, 9, 11, 13, 14, 16, 51
– simulators 44, 50, 75pp, 321, 322, 334, 

335, 347, 384, 487

drowsiness 371

DWI fatalities 466

ebastine 130, 374, 376
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