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Chapter 9
Cannabis use and driving:
implications for public health and
transport policy

Keywords: cannabis – driving – DUIC – road safety – roadside testing

Setting the context
While cannabis has been a topic of research interest for many years, it has only
been recently that the issue of cannabis and road safety has been the subject of a
substantial amount of public and government interest. In Europe, the subject has
received considerable attention in recent years. An EMCDDA literature review on the
effects of drug use on driving, originally published in 1999, was updated in 2007,
while a selected issue on drugs and driving formed part of the 2007 Annual report. At
the European Member State level, numerous initiatives have been carried out on drugs
and driving, including specific interventions to reduce driving under the influence of
cannabis. For example, in France a major research and prevention campaign (1) was
launched in 2006, while a supporting study estimated that cannabis accounted for an
additional 230 annual road deaths in France, with a significant proportion of these
deaths affecting young people under 25 (French national report, 2005). A survey into
drug use in recreational settings in the Czech Republic (n = 1 010) found that 56 % of
respondents reported driving under the influence, a higher rate than for alcohol (41°%)
(Czech Republic national report, 2005).
From a law enforcement perspective, a number of European countries have tightened
drug driving laws in the past decade, for example to stipulate mandatory toxicological
tests in the case of fatal accidents or to enable roadside drug testing. Furthermore,
increased traffic controls for drug driving have been tested, although approaches vary
— controls typically take the form of behavioural ‘sobriety’ tests and/or device-based
‘quick’ screening (typically, saliva testing), which are later validated with urine and/or
blood analyses (EMCDDA, 2007). Yet, the ‘operationalisation’ of penalties in a similar
(1) See www.cannabisetconduite.fr for information on the campaign, together with supporting
studies.
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way to the blood alcohol concentration (BAC) limits commonly used for drink driving is
not as commonplace in Europe for cannabis as in the USA (Grotenhermen et al., 2005).
Exceptions exist, however: Belgium and Luxembourg, for example, use a threshold of
2 ng THC/mL blood (Belgian national report, 2006; Luxembourg Ministry of Transport,
2007). Some states in the USA also provide blood THC concentrations to guide judicial
practice.
Thus, driving under the influence of cannabis (DUIC) has become an increasingly
important issue from a public policy and road safety perspective. Available evidence
suggests that while the prevalence of DUIC in the general population is relatively
low (Walsh and Mann, 1999), it is substantially higher in important subgroups of the
population, in particular young, male drivers (Lenne et al., 2004). Among users of
cannabis, and in particular those who seek treatment for cannabis problems, 50 %
or more may report DUIC at least once in the previous year (Albery et al., 1999;
Macdonald et al., 2004a). As well, among young drivers in North America at least, the
prevalence of DUIC is similar to or higher than the prevalence of driving after drinking
(Adlaf et al., 2003; Asbridge et al., 2005).
While no data on trends in DUIC over time are available, if cannabis use increases in
the population DUIC, it is likely that DUIC will increase as well. Thus, there is a clear
need to assess the evidence on the impact of cannabis use on collision risk, in order
to provide an evidence-based perspective to discussions of the magnitude of the DUIC
problem and the need for legislative or programme action. The principal objective of
this chapter is to examine critically the findings connecting cannabis and traffic crashes,
and a second objective is to consider the problems in developing methods to assess
cannabis impairment for legal purposes.

Further reading
Blows, S., Ivers, R., Connor, J., Ameratunga, S., Woodward, M., Norton, R. (2005), ‘Marijuana use
and car crash injury’, Addiction 100: 605–611.
Fergusson, D. (2005), ‘Marijuana use and driver risks: the role of epidemiology and experimentation’,
Addiction 100: 577–578.
Grotenhermen, F., Leson, G., Berghaus, G., Drummer, O., Krüger, H., Longo, M., Moskowitz, H.,
Perrine, B., Ramaekers, J., Smiley, A., Tunbridge, R. (2005), ‘Developing science-based per se
limits for driving under the influence of cannabis (DUIC). Findings and recommendations by an
expert panel’, International Association for Cannabis as Medicine.
Lenne, M., Triggs, T., Regan, M. (2004), Cannabis and road safety: a review of recent epidemiological,
driver impairment, and drug screening literature, Monash University Accident Research Centre,
Victoria.
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Cannabis use and driving:
implications for public health and
transport policy
Robert E. Mann, Gina Stoduto, Scott Macdonald and
Bruna Brands

Impairment: effects of cannabis on performance
A substantial amount of information has accumulated on the effects of cannabis on
human performance. Of particular interest here are those studies most relevant to the
possible effects of the drug on driving behaviour. According to Maes et al. (1999),
research measures can be grouped in the following categories: attention tests (simple
and divided attention); vigilance tests (ability to sustain attention); auditory and visual
tests (visual acuity, accommodation to darkness/light); reaction time (simple and choice
reaction time); cognitive tests (e.g. digit/symbol substitution test, Stroop word/colour test,
letter cancellation test); memory tests; mental arithmetic; flicker fusion test; visual–motor
coordination tests; body sway; physiological measurements (EEG, eye movements,
pulse, blood pressure); and self-awareness measures. Additionally, studies may involve
simulated or actual driving tasks.
Several comprehensive reviews of this literature have emerged, and the results appear
to be very consistent. A consistent conclusion is that the acute effect of moderate or
higher doses (2) of cannabis impairs the skills related to safe driving and injury risk.
Moskowitz (1985) concluded that marijuana use impairs driver performance under a
variety of experimental conditions. Berghaus and Guo (1995) conducted a meta-analysis
of 60 studies and concluded that marijuana causes impairment of every performance
area connected with safe driving of a vehicle, such as tracking, psychomotor skills,
reaction time, visual functions, and attention. Of these performance criteria, the
most deterioration from marijuana use was found for measures of attention (e.g. the
continuous performance task), tracking (e.g. the pursuit rotor task) and psychomotor
skills (e.g. simple reaction time) (Coambs and McAndrews, 1994; Berghaus and Guo,
1995). Similar conclusions have been reached by other reviews (Hollister, 1981; Maes
et al., 1999; Smiley, 1999; Ashton, 2001; O’Kane et al., 2002; Ramaekers et al.,
2004; Lenne et al., 2004). Some authors have postulated that the various cognitive
impairments mentioned previously are related to duration of drug use (Hall and Solowij,
1998). Johns (2001) notes that cannabis use can occasionally result in short-term
(2) See Corrigan, this monograph, for a discussion of dosage and the pharmacology and
pharmacodynamics of cannabis.
175

Cannabis use and driving: implications for public health and transport policy

psychiatric distress and even psychotic states, and that cannabis may provoke relapse
and aggravate existing symptoms in people with major mental illnesses such as
schizophrenia. In addition, potential withdrawal effects of heavy, long-term cannabis
use, such as restlessness, insomnia, and anxiety, could also influence injury risk (Ashton,
2001).
Smiley (1999) concluded that marijuana impairs skills and ability. She speculated that
drivers are aware of this impairment, which may prompt them to slow down and drive
more cautiously, suggesting that experienced cannabis users can compensate for the
deleterious effects of cannabis on driving skills. This compensation for the effects of
the drug is a form of tolerance to its effects. Tolerance is defined as a reduction in
response to a particular dose of a drug with repeated administration, or the requirement
that larger amounts are needed to obtain the same drug effect (Kalant et al., 1971).
Tolerance to cannabis over repeated administrations is observed in animal studies with
cannabis (Ashton, 2001), but little systematic research on cannabis tolerance in humans
is available. When considering the extent to which tolerance to cannabis might influence
drivers, it is useful to consider possible parallels between tolerance to cannabis and
tolerance to alcohol. Tolerance is observed for both drugs, and substantial research
has addressed the issue of alcohol tolerance in humans (e.g. Vogel-Sprott, 1992). The
impairing effect of alcohol on psychomotor tasks is readily observed. However, under
conditions where reinforcement is provided for non-impaired performance, tolerance will
develop over a series of drinking sessions (Mann and Vogel-Sprott, 1981; Beirness and
Vogel-Sprott, 1984), and the extent of tolerance development is related to awareness of
impairment and efforts to compensate (Mann et al., 1983). Nevertheless, impairment
returns when reinforcement contingencies are withdrawn (Mann and Vogel-Sprott, 1981;
Zack and Vogel-Sprott, 1993). This return of impairment indicates that even tolerant or
experienced users will display impairment of psychomotor performance. Thus, the same
process that Smiley (1999) suggested may alleviate performance deficits in experienced
cannabis users has been extensively studied with human subjects in laboratory research
with alcohol. These studies indicate that even in those who learn to compensate for a
drug’s impairing effects, substantial impairment in performance can still be observed
under conditions of general task performance (i.e. when no contingencies are present to
maintain compensated performance).
Other researchers have investigated the effects of cannabis combined with alcohol on
laboratory performance measures. These studies have been stimulated in part by the
apparent frequency with which both drugs are used together (Cimbura et al., 1990;
Jonah, 1990; Stoduto et al., 1993; Walsh and Mann, 1999). In general, these studies
typically, but not always, reveal that the effects of cannabis plus alcohol are greater
than the effects of cannabis alone (Liguori et al., 2002; Chait and Perry, 1994). The
research suggests that the effects of combining cannabis with alcohol on skills necessary
for safe driving such as visual search and road tracking are either additive, in which
the effects of both drugs together are roughly equivalent to adding the effects of the
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two together, or multiplicative, in which the effects of the two drugs together are greater
than the effects of the two individually (e.g. Robbe, 1998; Laemers and Ramaekers,
2001). In reviewing this literature, O’Kane et al. (2002) observed that alcohol’s effects
are strongest on integrative tasks while the effects of cannabis are strongest on tasks
requiring attention and psychomotor skills.

Epidemiological studies on collision risk associated with
cannabis use
Epidemiological studies are necessary to assess the impact of cannabis use on collision
risk. In the past two decades, several studies have been published on the involvement
of cannabis in collisions. In this review of the literature, conclusions from three types
of studies will be drawn: (i) descriptive and analytical epidemiological studies on the
prevalence of cannabis use through drug testing in injured drivers; (ii) studies of collision
risk of clinical samples of cannabis users; and (iii) studies of collision risk among
general populations of drivers. The purpose of this section is to review the available
empirical research in order to assess the risks that cannabis may pose for traffic
collisions. This assessment of risk is central to our understanding of the role of cannabis
in traffic safety.

Studies using drug tests of injured drivers to detect cannabis
metabolites
Studies that obtained drug tests of urine, blood or saliva from injured drivers are
included in this section. Also included are studies of special populations where drug tests
were taken of drivers suspected of driving under the influence or of reckless driving. A
large number of descriptive studies have been conducted where the blood or urine of
injured drivers has been analysed for the presence of cannabis metabolites. Thirty-two
studies were found. The research methodologies and results in terms of the proportion
testing positive for cannabis metabolites are described in Table 1.
There have been many epidemiological studies that have reported drug tests of fatally
and non-fatally injured drivers. The percentage of fatally injured drivers testing positive
for cannabis ranged from 1.4 to 27.5 % (mean = 10.7 %); while for non-fatally injured
drivers the percentage ranged from 5 to 15.7 % (mean = 11.5 %) (Macdonald et al.,
2003). The prevalence rates for cannabis are highest for the special driver populations,
that is, those suspected of drug or alcohol impairment or reckless driving. The
percentage of impaired or reckless drivers testing positive for cannabis ranged from 7.4
to 65.9 % (mean = 34.6 %).
Although many studies have been conducted on the prevalence of positive drug tests
among injured drivers, few studies incorporated control groups so that assessments
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Table 1: Summary of study results on the percentage of injured drivers
testing positive for cannabis (continued)
Reference

Jurisdiction

Consent
required

% positive
cannabis

Comparison group

Brookoff et al.
(1994)

Memphis, Tennessee,
USA

No

33 %

No

Budd et al.
(1989)

Los Angeles, California,
USA

No

19.6 %
No
(preliminary),
18.5 % (follow-up)

Christopherson
et al. (1990)

Norway

No

31.5 %

No

Cimbura et al.
(1990)

Ontario, Canada

No

10.9 % —
drivers; 7.6 % —
pedestrians

No

Crouch et al.
(1993)

Salt Lake City, Utah, USA No

13 %

No

Drummer
(1995)

Melbourne, Australia

No

11 %

Yes; drivers not
responsible

Drummer et al. Australian states:
(2003)
Victoria, New South
Wales and Western
Australia

No

13.5 % fatally
injured drivers

No

Dussault et al.
(2002)

Quebec, Canada

No for fatal 19.5 % for fatal
drivers; yes drivers; 6.7 % for
for controls controls

Yes

Everest and
Tunbridge
(1990)

England and Wales

No

2.6 %

No

Fortenberry et
al. (1986)

Alabama, USA

No

11 % —
drivers; 5 % —
passengers; 1 %
— pedestrians

No

Holmgren et al. Sweden
(2005)

No

33 cases positive
for THC

No

Kintz et al.
(2000)

Strasbourg, France

No

9.6 %

No

Laumon et al.
(2005)

France

No

At-fault drivers
— 8.8 %; control
drivers — 2.8 %

Yes; 3 006 not-at-fault
fatally injured drivers
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Study group

Comments

150 drivers stopped for reckless driving

12 % positive for both cocaine and cannabis. 18.7 %
positive for alcohol (0.03–0.21 mg/dL)

Preliminary study: 102 fatally injured drivers.
Follow-up study: 492 fatally injured drivers

18.6 % positive for alcohol + cocaine/cannabis/
both (preliminary). 16.2 % positive for alcohol +
cocaine/cannabis/both (follow-up)

3 159 drivers suspected of driving under the
influence of alcohol and drugs

One or more drugs present in 67 %

1 169 fatally injured drivers, 225 fatally injured 9.2 % positive for cannabis + alcohol (drivers).
pedestrians (aged 14 or over)
5.8 % positive for cannabis + alcohol (pedestrians)
168 fatally injured truck drivers

Impairment due to cannabis use in all cases where
THC level exceeded 1.0 ng/mL 2.3 % positive
cannabis + alcohol. 20 % of accidents positive for
drugs had driver fatigue

1 045 fatally injured drivers, 1990–93

Responsibility analysis conducted. No statistical
significance for cannabis

3 398 fatally injured drivers, 1990–99

11.8 % positive for car drivers; 22.2 % positive for
motorcycle drivers; 6.5 % positive for truck drivers;
15.9 % positive for single vehicle crash; 11.1 %
positive for multiple vehicle crash; 10.9 % positive
for 1990–93; 13.5 % positive for 1994–6; 15.6 %
positive for 1997–9

354 fatally injured drivers; 11 952 roadside
controls

Fatalities were significantly associated with positive
tests for cannabis in the case–control study.
No significant relationship was found for the
responsibility analysis. Selection bias due to the
49.6 % response rate of providing a urine sample
for the control group could have inflated the odds
ratios

1 273 fatalities (drivers, passengers, motorcycle 8.3 % of those positive for drugs were also positive
drivers, pedestrians)
for alcohol (> 0.08 mg/100 mL)
510 fatally injured drivers, passengers, and
pedestrians with urine samples

8.8 % positive for both cannabis + alcohol

855 fatally injured drivers
198 injured drivers (car, motorcycle, truck,
bicycle) aged 13–57
6 766 at-fault fatally injured drivers

Cannabis increased fatal collision risk in a doserelated manner after controlling for alcohol, age,
type of vehicle and time of crash
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Table 1: Summary of study results on the percentage of injured drivers
testing positive for cannabis (continued)
Reference

Consent
required

% positive
cannabis

Comparison group

Logan and
Washington State, USA
Schwilke (1996)

No

11 %

No

Longo et al.
(2000a,b)

Australia

No

10.8 %

Yes; non-culpable
drivers

McBay (1986)

Los Angeles, California,
USA

No

13.4 %

No

McLean et al.
(1987)

Tasmania, Australia

No

6 % of total
sample

Yes; 387 blood
donors

Marquet et al.
(1998)

France

No

drivers — 13.9 %; Yes; 278 non-injured
patients — 7.6 % patients, aged 18–35

Mason and
McBay (1984)

North Carolina, USA

No

7.8 %

No

Mercer and
Jeffery (1995)

British Columbia,
Canada

No

13 %

No

Movig et al.
(2004)

The Netherlands

Yes

12 % hospitalised
drivers; 6 %
controls

Yes; 816 roadside
survey controls

Mura et al.
(2003)

France

10 % of drivers,
5 % of controls

Yes; 900 controls
admitted to
emergency room of six
hospitals

Orsay et al.
(1994)

Chicago, Illinois, USA

No

7.4 % of total
sample

Yes; 300 nonimpaired, injured
drivers

Peel and Jeffrey Canada
(1990)

No

20 % of impaired
drivers

No

Poklis et al.
(1987)

St Louis, Missouri, USA

No

47 %

No

del Rio and
Alvarez (2000)

Northern Spain

No

1.4 %

No

Risser et al.
(1998)

Vienna, Austria

Yes

47 % of 19
No
samples in 1993;
72 % of 99
samples in 1996

Seymour and
Oliver (1999)

Strathclyde, Scotland

No

39 % of impaired
drivers
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Study group

Comments

347 fatally injured drivers

10 % positive for alcohol + drugs; 15 % positive for
drugs alone; 63 % of cannabis users positive for
alcohol

2 500 injured drivers admitted to an ER

7.1 % tested positive for cannabis-only. Blood tests
taken — most drivers who tested positive for THC
acid, the inactive metabolite

2 610 fatally injured drivers

2.8 % of drivers were positive for cannabis without
any other drug; 28 % positive for drugs + alcohol

194 road users (42 fatally injured, 37 accident 8 % of those positive for alcohol (> 0.5 g/L) had also
survivors, 115 breath-tested drivers/riders)
used cannabis. Non-significant differences in drug
use between groups
296 injured drivers, aged 18–35

Prevalence of cannabis among female drivers
was significantly higher than for female patients
(P < 0.05)

600 fatally injured drivers

11 % positive for alcohol + drugs; 2.8 % positive for
drugs alone

227 fatally injured drivers

11 % positive for alcohol + drugs

110 injured drivers admitted to hospital

Urine/blood test determined drug positivity. 39 % of
injured drivers had urine test versus 85 % of controls
had urine test. Effect of cannabis on risk of injury
accident not significant

900 injured (non-fatal) drivers

10 % injured drivers positive for THC, 5 % of controls
positive for THC. Among under-27-year-olds,
cannabis increased collision risk significantly

285 alcohol or drug-impaired, injured
motorists and motorcyclists

Impaired drivers had higher injury severity scores
than control drivers (P < 0.001). Impaired drivers
more frequently involved in collisions, cited for
moving violations; found to be at fault

492 cases: 94 injured; 172 impaired and 226 Of 53 impaired drivers, 4 % positive for cannabis
fatally injured drivers
137 drug positive DUI drivers, Jan. 1983 to
May 1986

32 different drugs detected

285 fatally injured drivers

Of all positive for drugs, 19.6 % were also positive
for alcohol

205 reckless drivers from 1993 to 1996, aged Increase in cannabis use increased significantly over
17–24 years. 199 car drivers; six motorcycle
time (P < 0.05)
drivers
752 drivers suspected of being impaired

Drugs were present in 19 % of fatally injured drivers;
polydrug use was prevalent; alcohol detected in
33 %
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Table 1: Summary of study results on the percentage of injured drivers
testing positive for cannabis (continued)
Reference

Jurisdiction

Consent
required

% positive
cannabis

Comparison group

Soderstrom et
al. (1995)

Baltimore, Maryland,
USA

No

12 %

No

Stoduto et al.
(1993)

Toronto, Ontario,
Canada

No

13.9 %

No

Sugrue et al.
(1995)

Sydney, Australia

No

15.2 % drivers
(> 100 ng/
dL); 8 % cyclists
(> 200 ng/dL);
13 % passengers
(> 200 ng/dL);
14% pedestrians
(> 200 ng/dL)

No

Terhune and
Fell (1982)

Washington DC, USA

No

10 %

No

Williams et al.
(1985)

California, USA

No

37 %

No

of relative risks could be estimated. The best methodological studies are analytic
epidemiological studies that utilise the case–control method (Meulemans et al., 1996;
Marquet et al., 1998; Dussault et al., 2002; Mura et al., 2003). However, these studies
are very difficult to conduct, and other investigators have used methods based on
analysis of crash responsibility (e.g. Drummer, 1995; Longo et al., 2000a,b; Dussault
et al., 2002; Drummer et al., 2004) (see Table 1). The logic of these studies is that if
a drug increases collision risk, drivers under the influence of the drug are more likely
to be considered responsible for the collision based on police reports (Terhune and
Fell, 1982).
In a case–control study conducted in France, 296 injured drivers at emergency room
departments and 278 non-injured control patients matched by age were urine tested for
the presence of cannabis (Marquet et al., 1998). Methodologically, this study is unique
among case–control studies in the field because consent was not required for urine tests
of either cases or controls and, therefore, the results are free of selection biases. Results
indicated that drivers testing positive for cannabis were not significantly more likely
than controls to be involved in collisions. However, when the analyses were restricted to
women only, the relationship became significant (Marquet et al., 1998).
Findings of another case–control study have recently been reported for 354 fatally
injured drivers and 5 931 roadside controls in Quebec (Dussault et al., 2002). The odds
ratio was statistically significant and indicated that fatally injured drivers were 2.2 times
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Study group

Comments

1 338 injured (1 077 car drivers; 261
motorcyclists)
339 injured drivers admitted to trauma unit
(291 car drivers; 48 motorcyclists)

16.5 % positive for alcohol + drugs

Total 262 (164 injured drivers, 12 pedal
cyclists, 31 pedestrians, 55 passengers)

16 % positive alcohol + drugs

500 injured drivers

25 % positive for alcohol

440 fatally injured male drivers aged 15–34

Percentage of crash responsibility increased
significantly from zero drugs to two or more
detected drugs (P > 0.001); 81 % of cannabis users
positive alcohol

more likely to test positive for cannabis than controls. However, this result should be
treated cautiously owing to the possibility of systematic bias in the study. Little bias is
likely for the proportion testing positive among the fatal drivers (19.5 %); however, for
the control group, consent was required by participants to provide a urine test. Only
49.6 % of controls agreed to provide a urine sample. The authors used saliva samples
to assess the degree of possible bias, with the rationale that the reason drivers refused
both urine samples and saliva sample would be the same (fear of detection). The
participation rate for saliva tests was 84.6 %, which suggests that a large proportion of
people found urine tests more invasive. The high rate of refusal to provide a saliva test
indicates that the results should be interpreted with caution.
Meulemans et al. (1996) conducted a study where urine tests were taken from injured
drivers at emergency rooms in Belgium. The authors examined injury severity of those
in crashes. Being positive for cannabis metabolites was not significantly related to injury
severity.
Mura et al. (2003) conducted toxicological tests on blood samples from 900 drivers
involved in a non-fatal collision and 900 controls attending emergency rooms for nontraumatic reasons in France. Younger drivers (under 27) with cannabis alone in their
blood were significantly more likely to be involved in collisions (OR = 2.5). This was
somewhat less than the OR associated with alcohol alone (3.8), and when alcohol and
cannabis were combined the OR for collision involvement increased to 4.6.
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Several Australian studies have used responsibility analysis techniques and also had
access to blood samples. Blood samples permit analyses of both the active and inactive
ingredients of tetrahydrocannabinol (THC) and are the best approach for determining
likely cannabis impairment. Longo et al. (2000a,b) obtained drug tests from 2 500
injured drivers. Their analysis found no significant differences in the degree of culpability
associated with cannabis-positive compared with cannabis-negative drivers. Drummer
(1995) examined the blood samples of driver fatalities linked with traffic reports in an
Australian study. Similarly, he found no significant elevation of collision risk associated
with cannabis use. More recently, Drummer et al. (2003, 2004) reported a responsibility
analysis of 3 398 drivers killed in collisions in the Australian states of Victoria, New
South Wales and Western Australia. Cannabis alone increased the likelihood of
involvement in a fatal collision in a dose-related manner. The odds ratio (OR) for fatal
collision involvement for those positive for cannabis only was 2.7; however, when
analyses were restricted to those with concentrations greater than 5 ng/mL, the OR rose
to 6.6.
A recent study from France employed responsibility analysis methods with a large
sample of fatally injured drivers for whom blood samples were available. Laumon et
al. (2005) reported on 10 748 drivers killed in France between October 2001 and
September 2003. Blood levels of $9-tetrahydrocannabinol were compared in 6 766
drivers considered to be at fault for their collisions and 3 006 drivers, selected from the
3 982 other drivers, not considered to be at fault. These authors found that cannabis
increased risk of involvement in a fatal collision in a dose-related manner, after
controlling for presence of alcohol, age, type of vehicle and time of crash. The adjusted
odds ratio for fatal collision involvement associated with blood levels of 5 ng/mL or over
was 2.12. As well, these authors estimated that 2.5 % of fatal crashes in France could be
attributable to cannabis.

Studies using clinical samples of cannabis abusers in treatment
The characteristics of studies using clinical samples of cannabis users in treatment are
summarised in Table 2. We know from existing studies that clinical substance abuse
populations are likely to drive after using cannabis. In one study, of a sample of 210
users in treatment for heroin dependency, 58 reported driving after drug use, and 62 %
of these reported driving at least once after using cannabis (Albery et al., 1999). In
a study of those in treatment for alcohol, cannabis or cocaine abuse, 63 % reported
driving after use of cannabis (Macdonald et al., 2004a).
Few studies exist that examine collision risks experienced by clinical samples of
individuals receiving treatment for cannabis. In the first of these studies, Smart et al.
(1969) observed elevated collision rates in abusers of one or more drugs other than
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Jurisdiction

London,
England

Toronto,
Canada

Toronto,
Canada

Toronto,
Canada

Toronto,
Canada

Reference

Albery et al. (1999)

Macdonald et al.
(2004b)

Mann et al. (1993)

Mann et al. (1995)

Smart et al. (1969)

Yes

Yes

No

Yes

No

144 male substance users,
aged 21–40

Treatment clients with a
primary drug problem
of cannabis, matched
population controls

210 out-of-treatment drug
users

Study group

Investigate accident rates of
30 psychiatric patients
abusers of one or more drugs
other than alcohol

Evaluate the effects of
137 males, aged 21–40,
substance abuse treatment on who were in treatment for
accident rates
substance use.

Examine the contribution of
drug use to accident rates

What is the collision risk of
cannabis abuse clients in
treatment compared with
population controls?

Examine collision rates
among 210 out-of-treatment
drug users

Comparison Research objective
group

Table 2: Studies of self-reported drug use and injuries in clinical samples

Patients had an overall accident
rate 1.9 times larger than the
expected rates

There were significant declines
in number of accidents
(P < 0.05), drinking–driving
convictions (P < 0.001) and
moving violations (P < 0.001)
after treatment

50 % of the accidents that
occurred in the past 5 years
occurred under the influence of
alcohol and/or drugs

The cannabis clients had
significantly more collisions
before and after treatment

62.1 % of cannabis users drove
at least once after using the
drug; frequency of driving after
using drugs was not significantly
related to collisions

Comments
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alcohol, but the sample was very small (n = 30). In another study of 144 male substance
abusers aged 21–40, Mann et al. (1993) examined collision rates in the year before
entry into treatment and compared these rates to collision rates in the general male
population of the same age. The subjects estimated that about 50 % of their collisions
in the preceding year occurred while they were under the influence of alcohol and/or
drugs. As well, results suggested that the frequency of any substance use, as opposed
to the use of specific substances, predicted collision involvement and significant
post-treatment reductions were found in moving violations, DWI convictions, and total
collisions (Mann et al., 1995).
A recent study examined the driving records of a large sample of cannabis abuse clients
in treatment (Macdonald et al., 2004b). This study utilised blind linkage procedures a
note to explain this method to avoid non-respondent bias, and compared the clinical
sample to a randomly selected, frequency-matched (age, gender, location) control
group of drivers. Significant elevations in collisions were found for abusers of cannabis
compared with population controls, both prior and after treatment (Macdonald et al.,
2004b). While this study demonstrates an association between cannabis abuse and
elevated collision risk, alternative explanations for this relationship cannot yet be ruled
out.

Studies using general populations of drivers
Recently, Asbridge et al. examined the impact of self-reported DUIC on collision risk
among high-school students in the four Atlantic provinces of Canada. These authors
observed a significant elevation of collision risk (OR = 1.84) among students who
reported DUIC, after controlling for demographic factors, driver experience, and selfreported driving after drinking. Similarly, Mann et al. (2005) examined the association
of collision risk with DUIC among a representative sample of adults surveyed in Ontario.
Reporting DUIC in the past year increased significantly the odds of reporting a collision,
after controlling for age, gender and other demographic variables (OR = 2.61).

General discussion of cannabis and collision risk
Early reviews of the literature on the association of cannabis use with collision risk
concluded that conclusive demonstrations of cannabis use as risk factor for collisions
did not exist (Robbe and O’Hanlon, 1993; Ferrara et al., 1994; Chesher, 1995;
Christopherson and Morland, 1997; Hunter et al., 1998; Bates and Blakely, 1999; de
Gier, 2000; Morland, 2000; Vingilis and Macdonald, 2002; Macdonald et al., 2003).
However, more recent studies clearly suggest that cannabis use increases collision
risk (e.g. Dussault et al., 2002; Mura et al., 2003; Drummer et al., 2004; Laumon et
al., 2005;). Recent reviews of this literature are reflecting this growing body of studies
finding a collision-enhancing effect of recent cannabis use (e.g. Kalant, 2004).
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Numerous epidemiological studies have been found where drug tests were conducted of
injured drivers. Early analytical epidemiological studies that used responsibility analysis
or case–control methods did not provide clear proof that cannabis use is related to
increased injury risk from collisions (Bates and Blakely, 1999). These studies often
have poor statistical power because the presence of drug metabolites is relatively rare
and large sample sizes are required to detect significant effects. To demonstrate that
a relationship exists, much larger sample sizes are likely required with methodological
approaches free of biases that could inflate odds ratios.
Several methodological issues complicate the use of some types of drug tests. For
example, urine test results cannot be used to measure drug impairment, only whether
drug use occurred sometime in the past, up to a few weeks for cannabis (Kapur, 1994).
Since urine tests are detecting those that are not under the influence of cannabis, the
measure lacks specificity and, therefore, extremely large sample sizes may be needed
to find a statistically significant increase in collision rates for those testing positive.
Blood tests offer a more promising approach for the assessment of whether drivers are
more likely to be under the influence; however, because of their more intrusive nature,
they may only be feasible for studies using responsibility analysis of fatally injured
drivers. Few studies that use drug tests have control groups, thereby making it difficult
to determine whether drug presence is a risk factor. The likely reason few studies
include controls is that consent from this group is usually required. Consent is likely to
discourage the participation of drug users more than non-users, which would translate
into inflated relative risks or odds ratios. Some studies have used comparison groups
of pedestrians; however, this approach is likely too conservative because the pedestrian
could also be at fault.
Some studies have noted that different drugs are used in combination with each other,
possibly resulting in increased risk for injury. Drug metabolites, for example, are often
found in combination with alcohol. Therefore, it is important to separate out the relative
role of other drugs from alcohol. Although many studies reported the proportion of
collisions that involve alcohol, research has largely failed to separate out the role of
alcohol from cannabis in collisions.
Under these circumstances other means to assess the contribution of cannabis to
collision risk are useful. One approach is to examine collision risks of known heavy
users of cannabis, such as people in treatment for a cannabis abuse problem. A recent
study found cannabis clients have significantly elevated rates of collisions compared with
population controls (Macdonald et al., 2004b). Another approach is to examine collision
risks associated with self-reported DUIC in survey data. Recent studies have found
that collision risks are significantly elevated in samples on adolescents and adults who
report DUIC (e.g. Asbridge et al., 2005). However, studies of clinical groups or survey
samples are limited in their ability to draw causal inferences, or to control for potential
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confounders. Other factors may be causally related to both drug use and collisions.
Recent studies and reviews on set variables, such as aggression (Beirness, 1993;
Deffenbacher et al., 2000; Wiesenthal et al., 2000; Gidron et al., 2001), risk-taking/
impulsiveness (Beirness, 1993; Jonah, 1997; Vavrik, 1997), stress (Veneziano and
Veneziano, 1992; Simon and Corbett, 1996; Norris et al., 2000), fatigue (Horstmann et
al., 2000; Masa et al., 2000; Connor et al., 2001) and criminality (Wells-Parker et al.,
1986; Denison et al., 1997) confirm the importance of these characteristics in predicting
collisions. Studies have found that many of the characteristics described above are overrepresented in substance abuse populations, which might also explain higher collision
rates. Withdrawal effects from cannabis, such as exhaustion, anxiety, agitation, mood
swings and depression, and long-term effects of abuse, such as chronic sleep disruption,
distractibility and depression (Cohen and Sas, 1993; Coambs and McAndrews, 1994;
Herscovitch, 1996) could also increase risks.
One of the strengths of studies of clinical and survey samples is the accessibility and
validity of information gathered. Although these studies suffer from the same limitations
as survey studies of non-clinical samples, the biases related to self-reports are likely
much less pronounced in the clinical samples. Since those who seek treatment have
already acknowledged that they have a problem, they are more likely to provide
accurate accounts regarding that problem. Good validity of self-reports has been
established among substance users both during and after treatment (Hindin et al., 1994;
Nelson et al., 1998).

Detecting cannabis in drivers
The availability of accurate and simple-to-use breath tests for alcohol have been
central to current efforts to reduce drink driving (Mann et al., 2001). There has been a
continued interest in the development of a breath test for cannabis over the years, but to
date no scientifically validated tests have been reported (Verstraete, 2000). Blood tests
are the ‘gold standard’ for assessing levels of cannabis and metabolites in the body.
Results of blood tests can be influenced by such factors as the temperature at which the
sample is stored and binding to the inner surface of plastic vials (O’Kane et al., 2002).
The logistic and legal issues involved in obtaining and testing blood samples from
drivers suspected of DUIC are complex.
As noted earlier, the mere presence of cannabis in plasma may not indicate impairment.
A current focus of research is to identify a relationship between THC in blood (and other
body fluids) and behavioural change, drug influence and impairment (Martin and Cone,
1999). This has led to the suggestion that per se levels of cannabinoids in plasma may
be identified for legal purposes, similar to the identification of per se levels for alcohol
(Martin and Cone, 1999). Ramaekers et al. (2004), in considering this question, note

188

Chapter 9

that meta-analyses of laboratory studies indicate that maximal performance impairment
is seen at THC concentrations greater than 14 ng/mL in plasma or 7 ng/mL in whole
blood. However, they note that the link between these levels and elevated collision risk
has not been absolutely established.
Urine tests are used in situations where any relatively recent use of cannabis and other
drugs is of interest (e.g. in sports, in addictions treatment), regardless of whether that
use occurred in the previous few hours, days or even weeks. However, urine tests do not
permit an accurate assessment of when drug use occurred (Kapur, 1994). A driver who
has a positive urine test for cannabis may have used the drug in the preceding hours or
days (or even weeks), and, thus, his or her driving skills may not be influenced by the
drug at the time the sample is taken.
The detection of cannabinoids in saliva and sweat has been an active area of research.
Current kits to measure saliva involve taking a swab from the mouth and include a
rapid detection kit (O’Kane et al., 2002). Available data suggest that saliva THC levels
arise from a drug that has remained in the mouth during smoking or ingestion, and
initial data suggest that these levels are associated with degree of impairment observed
(Menkes et al., 1991). The EU has run two projects, Rosita-1 and Rosita-2, to examine
technology for enabling roadside drug screening. The first Rosita project in 1999–2000
established criteria for acceptable tests (sensitivity and specificity > 90 %, accuracy
> 95 %) for amphetamines, benzodiazepines and cannabis. As rapid screening in a
roadside situation should aim to be as non-invasive as possible, the Rosita-2 project
aimed to evaluate the useability and analytical reliability of nine on-site oral fluid (saliva)
drug testing devices between 2003 and 2005. Six European countries and four states
in the USA took part. At the end of the period, none of those devices met the criteria
proposed during the Rosita-1 project. Six devices registered a failure rate of greater than
25 %. The procedure of obtaining the saliva samples varied greatly in terms of handling,
quantities and acceptance by officials testing and persons tested, sometimes easy to
perform, sometimes difficult to follow.

Assessing behavioural effects of cannabis
There has been substantial recent interest in programmes involving the training of police
officers and others to detect the physiological and behavioural effects of cannabis in
individuals suspected of DUIC, and research on this topic is beginning to appear. Drug
recognition expert (DRE) programmes have been developed to enable police officers
to identify an individual who may be under the influence of a drug. These indicators
can range from pupil size and body sway to the presence of drug paraphernalia in the
vehicle. Walsh and Cangianelli (2002) reported that, in drivers suspected of driving
under the influence of drugs (DUID) by DRE-trained police officers, subsequent blood
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testing revealed that 32.5 % were positive for at least one drug other than alcohol. This
low level of sensitivity improved to 79.3 % when officers were subsequently given an
improved training programme. Tzambazis and Stough (2002) presented evidence that
cannabis-induced impairment of performance on behavioural tests (standardized field
sobriety tests, SFSTs) was significantly correlated with impairment of driving. Similarly,
Papafotiou et al. (2004) showed that impairment of SFST performance increased with
increasing dose of cannabis.

Driving under the influence of cannabis legislation in
Europe
Currently, European Union countries have legal provisions on driving under the
influence of drugs but impairment must be proven in court in most countries (Moeller et
al., 1999; EMCDDA, 2007). Germany (in 1998), Belgium (in 1999), Sweden (in 1999;
Jones, 2004) and Finland (in 2003; Lillsunde et al., 2004) passed laws that allow for
sanctions based on detection of drugs alone and other countries have proposed similar
laws. This type of legislation depends on the police force’s authority to collect human
specimens at the roadside for testing or for confirmatory analysis, and this authority
is regulated by other legislation that differs by jurisdiction. Some countries allow the
police to control and test the public randomly and suspicion is not necessary for testing.
However, the majority of countries treat roadside testing as an infringement of civil
rights and suspicion is necessary for testing. Some countries have improved the process
for initial suspicion by training the police to identify intoxicated drivers on the basis of
physical and psychomotor signs.
Germany and Belgium currently use roadside testing devices routinely (sweat and urine
are collected) and some countries have used urine or saliva or sweat test devices on
an experimental basis with the driver’s consent. Very few European countries have
regulations prohibiting the use of roadside drug testing devices. However, many do
not use these devices because of concerns regarding their validity or because of their
unavailability. The preferred test is a single use, multi-parameter test, which is able to
provide a clear, unambiguous test result within 5 minutes. According to Moeller et al.
(1999), saliva is the preferred test specimen for cannabis due to its easy availability, low
invasiveness and good correlation with impairment. Sweat was the second in preference
because it allows testing without collaboration of the driver, and its low invasiveness and
good availability at the roadside. Roadside drug screening is being trialled in a number
of European Member States at the time of writing (EMCDDA, 2007). There have been
some teething issues. For example, tests carried out in France in the summer of 2007
used three different devices and required the presence of a doctor for validating a urine
sample. Introduction of Drugwipe saliva tests in Luxembourg in 2007 required explicitly
by the Transport Ministry that the tests would not serve to incriminate drivers taking
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legal medicines (3). Portuguese police reported problems with a faulty batch of Oratec-3
testing kits. Nonetheless, there is commitment at ministerial level to introducing salivabased drug testing across many Member States.

Conclusions
The impact of cannabis on traffic safety is an issue of substantial public and political
interest at present and will likely continue to be of interest for some time. As has become
clear in this review, there is a substantial amount of information available that can shed
light on this issue, but in many areas the available evidence is sparse or unclear.
First, it appears clear that, in laboratory settings, cannabis impairs the skills thought
to be necessary for safe driving. This impairment is not restricted to high levels of the
drug (see earlier note that this dosage level may need some explanation) and occurs
at the dosage levels that result from typical use of the drug. Tolerance may occur with
continued use, but even individuals who have acquired tolerance to some of the effects
of cannabis may demonstrate impairment on task performance. Combining alcohol with
cannabis will result in an increase in the effects of cannabis, and the interaction could
be multiplicative.
After alcohol, cannabis is the drug most often found in fatally and non-fatally injured
drivers. In recent, studies cannabis has been found in up to 27.5 % of dead drivers
(Macdonald et al., 2003). However, epidemiological studies employing control groups
are necessary to identify more precisely the contribution of the drug to collision
causation. While earlier reviews of the literature were unable to conclude that cannabis
increased collision risk, more recent studies employing larger samples and more
rigorous methods are demonstrating with more consistency that recent cannabis use
will increase collision risk (e.g. Mura et al., 2003; Drummer et al., 2004; Laumon et
al., 2005). Studies employing clinical samples or using survey data provide additional
indications of an increase in collision risk associated with cannabis use, however, in
these studies the possibility that the increased risk may be due to factors other than the
effects of cannabis cannot yet be ruled out.
Central to the problems of assessing the impact of cannabis on collision risk and to
the problem of detecting cannabis-impaired drivers is the problem of measuring the
presence of cannabis in the body. Difficulties in measuring cannabis in the body have
hampered research on the effects of cannabis and the potential development of legal
initiatives to address cannabis-impaired driving. Research is now assessing issues of
dose–response effects on skills and behaviour. As well, measures that may assist in the

(3) See www.gouvernement.lu/salle_presse/communiques/2007/10/03lux/
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detection of DUIC (saliva tests, DRE programmes, standardized field sobriety tests) show
promising results in field trials.
While much information is now available, there is a clear need for more research to
determine the degree and nature of the association between cannabis use and collision
risk. The impact of several variables on the cannabis–collision risk relationship needs
to be examined, including personality characteristics such as risk-taking, aggression,
criminality and stressful life events. Additional research to discover and validate easily
administrable measures of cannabis use and impairment is also needed. Nevertheless,
recent research has provided a much clearer picture of the contribution of cannabis to
collision risk than was available only a few years ago.
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