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Drug-impaired driving and notably, marijuana-impaired driving have been 
priority road safety issues in Canada for more than a decade. Concern 
is based on growing recognition that illicit and licit substances can impair driving skills to varying 
degrees. Marijuana, cocaine, amphetamines and a variety of prescription medications, particularly pain 
medications, as well as over-the-counter medications have been increasingly detected in drivers killed 
in road crashes. More concerning, the combination of marijuana and alcohol is prevalent among drivers 
self-reporting using drugs within two hours of driving and drivers killed in road crashes. 

With the passage of Bill C-45 or the Marijuana Act by the Canadian Federal Government in October 
2018, the possession, growing, selling, and consumption of marijuana was legalized. In tandem with 
this legislation, the Canadian Government also implemented Bill C-46 which comprised a major revision 
to Federal impaired driving legislation and several new provisions to drug-impaired driving were added 
specifically to mitigate road safety concerns. 

As such, the prevalence of drug-impaired driving and the new legal status of marijuana makes it timely 
to review new research evidence about the impairing effects of alcohol and marijuana alone as well 
as combined. In particular, the emergence of edible marijuana products with much higher potency 
has raised questions about implications for impaired driving and many questions remain unanswered. 
For these reasons, it is imperative that Canadian legislators, police services and other criminal justice 
professionals, transportation officials and researchers understand the risks posed by the combined 
use of these substances. Perhaps more importantly, there is an equal need for heightened awareness 
among drivers on the road. 

This fact sheet presents the latest data regarding the prevalence of alcohol and marijuana alone, and 
the combined use of these substances among Canadian drivers on the road, and drivers killed in road 
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crashes. It explains the dose-response relationship of alcohol as well as marijuana, and their 
respective impairing effects. It also summarizes the combined impairing effects of alcohol and 

marijuana on driving skills and crash risk. The attitudes and practices of drivers towards driving after 
using them are discussed along with enforcement issues and strategies to reduce recidivism. 

Prevalence of alcohol in drivers and road crashes
Alcohol-impaired driving has been a leading contributor to road crashes in Canada for more than three 
decades. Dramatic progress reducing the number of alcohol-involved crashes resulting in fatal and 

serious injuries has been achieved 
during this period (Robertson et 
al., 2018). Today, less than 10% of 
Canadians self-report driving after 
drinking when they thought they were 
over the legal limit (Lyon et al., 2019) 
and fatal road crashes involving 
a drinking driver have decreased 
substantially, representing 28.8% of 
road deaths in 2016. The total number 

of persons killed in alcohol-related crashes has declined from 1,057 in 1995 to 480 deaths in 2016, 
according to the Traffic Injury Research Foundation (TIRF) National Fatality Database (Simpson et al., 
1978). New research and greater knowledge of effective countermeasures have played a critical role in 
achieving these declines. But the number of deaths remains unacceptably high, and progress achieved 
to date should not lull Canadians into complacency. 

Prevalence of marijuana in drivers and road crashes 
While the prevalence of drugs in drivers is not yet fully understood, data available today indicate this 
topic most certainly merits concern. Results of a national public opinion poll, the Road Safety Monitor 
2019: Trends in Marijuana use among Canadian Drivers, published by TIRF, revealed 7% of Canadian 
drivers admitted driving within two hours of using marijuana in 2019, and 3% used marijuana and 
alcohol (Woods-Fry et al., 2019). While these percentages may appear small, they are based on an 
estimated population of 24 million drivers. Likewise, these percentages represent substantial increases 
from the previous year (3.3% and 1.7%, respectively). 

In addition, marijuana was the drug most often detected among drivers killed in road crashes. In 2016, 
among those drivers tested for drugs, 23.3% of fatally injured drivers tested positive for marijuana, 
representing a steady increase over previous years. Drivers aged 16 to 19 years and 20 to 34 years were 
most likely to test positive for this substance (Brown et al., 2019). 

Marijuana was also detected in combination with other impairing substances. Between 2012 and 2016: 

	> Less than one-third of fatally injured drivers who tested positive for marijuana (31.1%) had only 
used that drug. 

	> More than two-fifths (43.4%) of these drivers tested positive for marijuana and a second 
substance (2 categories) with alcohol being the second substance in almost three-quarters (73%) 
of these cases. 

	> One-fifth (20.6%) of fatally injured drivers testing positive for marijuana were positive for three 
different categories of drugs (most commonly marijuana, alcohol, and CNS stimulants). 

	> A smaller percentage (4.9%) of fatally injured drivers testing positive for marijuana used four 
different categories of drugs. 

Alcohol-impaired driving 
has been a leading 
contributor to road crashes 
in Canada for more than 
three decades.
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Equally concerning, a wide variety of new edible marijuana products are increasingly available in 
Canada. These items contain higher concentrations of THC and produce greater impairment of 
motor skills. 

Impairing effects of alcohol and marijuana
Alcohol impairment. The impairing effects of alcohol on judgment and memory are significant. Alcohol 
(ethanol) can disrupt the processing of recent events and experiences into long-term memories (Westrick 
et al., 1988; Mintzer and Griffiths 2002). Large quantities of alcohol can produce blackouts which are 
periods when individuals do not remember what happened (White 2003). Blackouts are particularly 
common during binge drinking episodes, and individuals may engage in risky behaviours such as driving 
while impaired. They may be unaware of their 
actions and unlikely to recall them even once 
sober. 

Alcohol exhibits a dose-dependent depressive 
effect on the central nervous system (CNS) 
which means impairing effects and levels 
of impairment experienced at specific blood 
alcohol concentration (BAC) levels are 
highly consistent across individuals. Alcohol 
is rapidly absorbed by the body and each 
measured drink raises BAC by about .02 per 
hour. Several factors influence the rate of 
absorption including the amount/type of food 
eaten, medication, fatigue, weight, sex, and 
dehydration. In addition, it takes about one hour for one alcoholic drink to leave your body and exercise 
or consumption of water does not make your body eliminate alcohol faster.

Alcohol influences numerous physiological processes and systems in the human body and produces 
impairing effects in terms of driving. There is a vast body of research which demonstrates alcohol 
consumption impairs motor coordination and impairment increases with BAC level (NHTSA 2016).  Key 
executive functions, such as distance perception, are also affected. The following driving skills may be 
affected with higher levels of consumption:

	> .02 BAC - Difficulty performing divided attention tasks such as driving and anticipating hazards.

	> .05 BAC - Difficulty steering and tracking other vehicles.

	> .08 BAC - Difficulty controlling speed, reduced concentration and impaired perception.

	> .10 BAC - Difficulty staying in lane, braking and reaction time is slower.

	> .15 BAC - Blurred vision and inability to control vehicle. 

In addition, the impairing effects are still measurable in the post-alcohol or “hangover” phase as BACs 
decline (Ogden and Moskowitz, 2004; Verster, 2009; Moskowitz et al. 2000). Another 2010 study 
showed a .08 BAC and higher dose level corresponded to potential danger while driving due to low 
vigilance and underestimation of speed (Liu and Ho, 2010). This is further supported by traffic fatality 
data in several countries demonstrating alcohol-impairment is a leading cause of fatal crashes (NHTSA, 
2016; ICADTS, 2016; Perreault, 2016; Meesmann et al., 2017; Vanlaar et al., 2012; Vanlaar et al., 2015; 
and Brown et al., 2017). 
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Marijuana impairment. In comparison to alcohol, less is known about marijuana and driving 
in terms of how marijuana specifically impairs driving skills. Marijuana studies have shown the 

psychoactive chemical delta-9-tetrahydrocannabinol (or THC) enters the user’s bloodstream and brain 
immediately after smoking or consuming it. Since marijuana is very soluble in fat tissue, the absorption, 
distribution, and elimination of marijuana does not occur at a steady rate. Instead, it varies based on 
biological processes according to several factors, including route and frequency of intake; THC dose; 
titration of dose when smoked or vaporized; and, user characteristics. Not only do these factors affect 
the amount of marijuana intake and metabolism, they also affect the degree of behavioural impairment 
exhibited by users. For example, if marijuana is ingested, the onset of the impairing effects of edible 
marijuana products occurs more slowly and last longer as compared to smoking. 

Furthermore, marijuana does not display a dose-response (in this case concentration) relationship, as 
is the case with alcohol. Unlike BACs, peak THC concentrations do not correlate well with the degree 
of behavioural impairment (Huestis 2007; Compton 2017). For example, studies of marijuana use and 

driving impairment have shown the level of THC 
measured in blood or oral fluid and the degree 
of impairment are not closely related; peak THC 
levels can occur when low levels of impairment 
are measured, and high levels of impairment can 
be measured when THC levels are low (Compton, 
2017; Marcotte, 2020). The lack of definitive 
knowledge to quantify a concentration-response 
relationship for marijuana may be in part due to 
typical differences in research methods, tasks, 
subjects and dosing that have been used to date 
(Compton, 2017). Additionally, some studies 
have reported a wide variability in THC levels in 
the blood which are affected by the means of 
ingestion (smoking, oil, and edibles), potency, and 
user characteristics (Compton, 2017). This may 
indicate the concentration-response relationship 
can vary according to specific types of marijuana 
products consumed and individual biology. The 

lack of a concentration-response relationship for marijuana has important implications. Notably, there 
is much debate concerning the validity of a per se limit for marijuana due to the lack of strong scientific 
consensus regarding THC concentration in blood that constitutes driving impairment (Grotenhermen et 
al. 2007; Newmeyer et al. 2017). However, generally speaking, studies on marijuana showed:

	> Low doses of marijuana produce mild to moderate impairment in cognitive and psychomotor 
abilities; and 

	> Larger doses showed significant impairment in cognitive, psychomotor and driving performance. 

Laboratory studies of the impairment effects of marijuana use on psychomotor and cognitive functions 
suggested marijuana consumption can impair driving task-related abilities such as motor control, 
executive function, visual processing, short-term memory, and working memory in a dose-dependent 
fashion (Broyd et al. 2016; Ramaekers et al. 2004; Ramaekers et al. 2006). Reviews of studies on 
the effects of marijuana on driving skills demonstrated marijuana can specifically impair certain skills 
necessary for safe driving (Hartman et al., 2012; Compton 2017; Battistella et al., 2013), such as:
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In some driving simulator studies, marijuana use was shown to increase driver reaction time and the 
number of incorrect responses to emergencies. In addition, drivers crashed more frequently into a 
sudden obstacle on a high dose of THC, although this was not seen at low doses (Sewell et al., 2009: 
citing Smiley, 1986; Smiley et al., 1981). Starkey and Charlton (2017) conducted a systematic review 
of marijuana-related behavioural studies and found that marijuana use was associated with reckless 
driving and speeding, signaling errors and decreased ability on tracking tasks.

A recent study involving participants who smoked marijuana and used a driving simulator demonstrated 
a moderate effect of THC on driver performance. Some subjects showed reduced performance compared 
to a placebo group, while other subjects showed little difference (Marcotte, 2020). Driving performance 
was assessed in terms of ability to maintain lateral position while undertaking a distracting task as 
well as maintaining the distance from a leading vehicle. Furthermore, the effects were seen to be most 
pronounced in the first two hours after use, with some recovery seen after three and a half hours. 

Marijuana use has been associated with a significantly increased risk of fatal crash involvement. Drivers 
using marijuana are at an increased risk of injury anywhere from 1.8 to 2.8 times higher. Furthermore, the 
odds of drivers being found responsible 
for a crash increased with rising marijuana 
concentrations in the blood (Li et al., 
2013; Asbridge et al., 2012; Starkey and 
Charlton 2017; Els et al., 2019; Drummer 
et al., 2003; Drummer et al. 2004). In 
fact, research on drivers in fatal crashes 
has shown THC-positive drivers were more 
than twice as likely to crash as drivers 
without THC (Grondel 2016). 

However, while marijuana use has been shown to have impairing effects on skills required for driving, 
simulator studies investigating behavioural changes driving under the influence of marijuana have 
concluded marijuana use by drivers may result in compensatory behaviours, such as:

	> decreased speeds;

	> fewer attempts to overtake; and,

	> an increased following distance to the vehicle in front. 

These findings are in sharp contrast to studies investigating the effects of alcohol use (Hartman et al., 
2016; Sewell et al. 2009). Other studies have demonstrated no adverse effects of marijuana use on sign 
detection, a sudden lane-changing task, or the detection of and response to hazardous events. (Sewell 
et al., 2009: citing Sexton et al., 2000; Smiley, 1986; Stein et al., 1983). It has been hypothesized that 
despite the impairing effects of marijuana, drivers using marijuana alone tend to overestimate their 
level of impairment and rely on compensatory behaviours to reduce crash risk. In one study, following 
a 7 ng dose of THC, drivers rated themselves as impaired even though their driving performance was 
not. Conversely, alcohol at a relatively low BAC of .04 resulted in impaired driving performance although 
drivers rated themselves as unimpaired (Sewell et al.,2009: citing Robbe and O’Hanlon, 1993). In 
other words, drivers using marijuana may be more aware of their level of impairment whereas drivers 
using alcohol under-estimate their impairment. However, this may not always be the case. One study 

Marijuana use has 
been associated with a 
significantly increased risk 
of fatal crash involvement.

	> controlling speed variability;

	> lane positioning;

	> reaction time;

	> divided attention;

	> attention maintenance;

	> route planning;

	> decision-making; and,

	> risk-taking. 
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(Marcotte, 2020) measuring driver performance in a simulator showed subjects perceived 
the impairing effects of THC to be eliminated before a measurable improvement in driving 

performance was seen.

Impairing effects of alcohol and marijuana combined 
Persons using marijuana often consume it with other drugs, notably alcohol, as evidenced by self-
report surveys and drug-testing of drivers in fatal crashes described previously. The evidence suggests 
there is an additive and prolonged impairment effect when the two substances are combined (Lenné 
et al. 2010). To date, there has been limited research investigating the combined impairing effects of 
alcohol plus marijuana on driving skills and many studies are dated. However, they have shown the use 
of marijuana in combination with other drugs can produce impairments which are distinct from those 
observed with marijuana alone. 

Both older and more recent research into the combined effects of alcohol and marijuana revealed an 
additive or even multiplicative effect on impairment (Chesher 1986; Hartman et al. 2015). Further, 
it showed even small amounts of alcohol can substantially impact the level of impairment when 
combined with marijuana (Beirness and Porath, 2017: citing Downey, et al., 2013, Ramaekers, et al., 
2000, and Sewell, 2009: citing Sexton et al, 2000; Sexton et al., 2002). This is particularly concerning 
since the use of marijuana is also associated with the consumption of larger amounts of alcohol when 

the substances are used together (Capler 
et al., 2017). In addition, Downey et al. 
(2013) demonstrated driver performance 
in a simulator was worse among regular 
marijuana users who consumed alcohol, 
and the level of THC detected in blood 
samples was higher. 

One reason the combined use of alcohol 
and marijuana has more significant 
impairing effects on driving skills may be 
that alcohol reduces the perceived negative 

consequences of risk-taking. This can result in increased willingness to take risks after drinking even 
at low alcohol doses (Sewell et al., 2009). As such, any behavioural modifications (i.e., compensatory 
behaviours or choosing not to drive) which may limit the negative impacts of marijuana-impaired 
driving may not be realized when alcohol is also consumed and there is some evidence to support this 
hypothesis. A study of drivers involved in fatal crashes showed drivers with alcohol and THC in their 
system were 3.7 times as likely to not be wearing a seatbelt compared to drivers with no alcohol or 
drugs in their system. In comparison, these odds were 3.5 for alcohol and just 1.55 for marijuana. In 
other words, results indicated drivers under the influence of alcohol and marijuana were more at risk 
than those using alcohol or marijuana alone (Capler et al., 2017: citing Liu et al., 2016). 

Another reason the combined use of alcohol and marijuana is more impairing is the evidence shows 
both substances impair driving skills but not in the same way. The types of impairments on driving 
skills do not completely overlap, meaning the combined use results in a deeper level of impairment 
even at low doses of these drugs. Currently, in Canada, there are maximum limits for alcohol and THC, 
presumably which at levels under those thresholds, the increased risk of driving is low enough to not be 
an enforcement priority. The research about combined use suggests these limits may not be sufficient 
to detect impairment when alcohol and marijuana use are combined. It is therefore possible that truly 
impaired drivers could remain below per se limits for both alcohol and marijuana but pose an increased 
crash risk. 

The evidence suggests 
there is an additive and 
prolonged impairment 
effect when alcohol 
and marijuana are 
combined.   
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Further research is required to fully understand the impairment effects at different doses of 
each substance and how these effects may differ according to the physical characteristics of 
drivers, consumption habits and mode of ingestion. This information is highly relevant to the 
development of legislation as well as programs and strategies to reduce impaired driving. 

As described above, the dose-response relationship between alcohol consumption and driving 
impairment is well understood but a similar relationship between marijuana use is less clear. More 
concerning, the interaction effects of alcohol plus marijuana use and the combined effects on driving 
impairment have not yet been established. To ensure effective laws are in place to deter impaired 
driving, additional research is essential to measure the dose-response relationship for the consumption 
of alcohol and marijuana and driving skills. 

Impairing effects of alcohol and marijuana on crash risk 
More than 40 years of research have clearly established alcohol increases crash risk. Comparatively, 
much less research investigating marijuana use and crash risk is available, but overall, it generally 
indicates marijuana use is associated with increased risk. Most of the available research investigating 
crash risk related to alcohol and marijuana use has focused on these substances in isolation, 
overlooking the interactive effects of combined use. Given that different substances are often used 
together, understanding these potential interactive effects on crash risk is critical. 

Studies examining the relationship between drivers testing positive for marijuana and crash risk have 
generally suggested approximately a twofold increase in risk after the consumption of marijuana (Li et 
al., 2017; Ashbridge 2012; Hels et al., 2011; Lacey et al., 2009; Laumon et al., 2005; Drummer et al., 
2004). A recent study in rural Norway (Jamt et 
al, 2019) showed a higher crash risk of 15.3 
times when THC was detected. In addition, 
it appears crash risk begins to increase at 
very low levels of marijuana which escalates 
with dose (Beirness and Porath, 2017). While 
available studies associated increased crash 
risk with marijuana consumption, there 
have been challenges establishing a causal 
relationship. Notably, the presence of THC does 
not necessarily imply impairment at the time 
of a crash. Future research should explore the 
relationship between the effect of marijuana 
on certain skills necessary for safe driving and 
crash risk (Robertson et al., 2019). 

At present, several studies have examined the 
interactive effects of alcohol and marijuana 
and demonstrated the crash risk associated 
with combined alcohol and marijuana use 
exceeds the risk of either substance alone. 
For instance, one Canadian study analyzed data on alcohol and drug presence among drivers killed in a 
crash between 2008 to 2012 in British Columbia and compared these data to the presence of alcohol 
and drugs among drivers participating in roadside surveys. Analyses revealed the odds of being involved 
in a fatal crash to be 40.1 times higher for drivers testing positive for both alcohol and marijuana, 
compared to 4.95 times higher for marijuana on its own and 6.77 times higher for alcohol on its own 
(Beirness et al., 2013). 
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Similar findings have been reported in other studies. A review by the OECD International Transport 
Forum (OECD, 2010) contained clear evidence alcohol used concurrently with marijuana was 

associated with a higher crash risk, citing several studies: 

	> Brault et al., (2004) reported increased crash risks of 1.6 for marijuana alone, 69.9 for alcohol 
.08 BAC and 203.8 for marijuana plus alcohol > .08 BAC. 

	> Drummer et al., (2004) noted an increased crash risk of 2.9 for THC combined with alcohol > .05 
BAC and 2.7 for any amount of THC on its own. 

Two other studies cited from the OECD report that considered whether drivers were the cause of a crash 
confirmed the increased risks of combined alcohol and marijuana use. They showed lower risks for 
marijuana alone compared to drivers with no alcohol or drugs in their system, although the findings for 
marijuana alone were not statistically significant: 

	> Williams et al., (1985) revealed increased risks of 5.0 for alcohol, 0.5 for marijuana and 8.6 for 
alcohol combined with marijuana. 

	> Longo et al., (2000) showed increased risks of 8.0 for alcohol, 0.82 for marijuana and 5.4 for 
marijuana combined with alcohol. 

	> Laumon et al., (2005) had similar findings and estimated increased risks of 14.0 for marijuana 
combined with alcohol and 3.32 for marijuana alone. This study also provided evidence of a 
concentration-response relationship for marijuana only presence and reported increased risks of 
2.18 for THC <1 ng/ml (nanograms per millilitre) and 4.72 for THC >= 5 ng/ml. 

A recent study in British Columbia (Brubacher et al., 2019) also found that crash responsibility was 
related to the presence of THC and alcohol, with increased risks of 6.8 when THC ≥ 2 ng/ml and alcohol 
was detected, compared to just 4.2 when alcohol was present with a BAC of at least .08.

While the available evidence has established the combined use of alcohol and marijuana is associated 
with higher crash risks than either substance on its own, the exact relationship is difficult to quantify 

because the presence of 
marijuana does not necessarily 
imply impairment at the time 
of a crash. Nevertheless, 
combined use is a serious issue 
that merits concerted attention. 
Further research should explore 
the relationship between 
combined use in various doses 
and its effects on crash risk. 
This information can inform 
the development of laws and 

strategies for dealing with this problem. Notably, limited findings from a few studies suggesting the use 
of marijuana alone may decrease crash risk are not statistically significant and should not be accepted 
as fact without additional research. 

Behaviours & Attitudes: Driving Under the Influence of Alcohol & Marijuana 
Self-reported behaviours. Misperceptions associated with marijuana use and driving are evident in the 
self-reported behaviours of drivers. According to the 2019 Road Safety Monitor by TIRF, cited previously, 
7% of drivers in Canada admitted to driving within two hours of using marijuana at least once in the 
previous 12 months. A Canadian self-report survey (Health Canada, 2013) showed:

Combined use of alcohol and 
marijuana is a serious issue 
that merits concerted attention. 
Further research should explore 
the relationship between 
combined use in various doses 
and its effects on crash risk.
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	> The reported prevalence of driving after using marijuana was higher among young people 
and males; and, 

	> Drivers aged 18 to 19 years were most likely to report driving after using marijuana (8.3%), 
followed by those aged 15 to 17 years (6.4%). 

Other data similarly revealed males were three times more likely than females to drive after marijuana 
use. A more recent Canadian self-report survey (Health Canada, 2019) asked those who admitted to 
marijuana use in the past 12 months about their driving habits relative to use. In this sub-population of 
respondents consuming marijuana:

	> 26% reported ever having driven within two hours of smoking or vaping in the past 12 months; 
and of those who did so, 43% reported doing so within the past 30 days. 

	> Males (32%) were more likely than females (19%) to have reported ever having done so. 

	> This behaviour was highest amongst drivers aged 25 years or older (29%) than persons aged 20 
to 24 years (23%) and 16 to 19 years (16%). 

Similar questions were posed to respondents for driving within four hours of consuming edible products. 
In this same subpopulation who consumed it: 

	> 16% reported ever having driven within four hours of consuming edible marijuana, and of those 
who did so, 37% reported doing so within the past 30 days. 

	> Males (19%) were more likely than females (12%) to have reported ever having done so. 

	> This behaviour was highest amongst drivers aged 25 years or older (17%) than for persons aged 
20 to 24 years (13%) and 16 to 19 years (11%). 

Capler et al. (2017) reported that amongst self-described marijuana users, 20% admitted to driving 
within two hours after marijuana use. Comparable usage trends have been demonstrated in roadside 
surveys. Capler et al. (2017) noted roadside testing indicated 4% to 6% of drivers drove within two hours 
of marijuana use in the past year. 

Similar public survey data on the combined use of alcohol and marijuana are less common but some 
data are available. Woods-Fry et al. (2019) reported 3% of Canadian drivers admitted to driving within 
two hours of using alcohol and marijuana together. The Canadian self-report survey (Health Canada, 
2019) showed of those respondents admitting to ever driving within two hours of smoking or vaping or 
within four hours of ingesting marijuana:

	> 20% said they had driven a vehicle within two hours of using marijuana in combination with 
alcohol;

	> 38% did so within the past 30 days; and,

	> Males (24%) were more likely than females (13%) to have reported ever having done so. 

Comparable results were reported in the United States. Arnold and Tefft (2016) reported 2.4% of all 
drivers reported driving within one hour after using both alcohol and marijuana compared to 4.6% for 
marijuana alone. Males were twice as likely to have reported doing so. Following the legalization of 
marijuana use in Canada in October 2018, continued monitoring of self-reported behaviours is needed. 

Self-reported attitudes. Misperceptions regarding the negative effects of marijuana alone on driving 
skills contribute to at least some drivers choosing to drive after consuming marijuana. Often these 
drivers believe they drive better after consuming marijuana. In the U.S., results from the Traffic Safety 
Culture Index by the American Automobile Association (AAA) Foundation for Traffic Safety (Arnold and 
Tefft, 2016) revealed slightly more than half of respondents believed using marijuana within one hour 
of driving increased crash risk. Similar findings were reported by Ogourtsova et al. (2018) who recorded 
the self-perceptions of participants (aged 18 to 24 years) in Canada regarding their ability to drive safely 
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after consuming marijuana as part of a driving simulation study. Their results showed 51% of 
participants thought their driving would be worse than usual and 49% thought their driving would 

be the same. The Canadian self-report survey (Health Canada, 2019) revealed: 

	> 85% of respondents thought marijuana use affected driving; and,

	> Of those who reported marijuana use in the past 12 months, only 69% agreed and 19% reported 
it depended on circumstances. 

In 2019, Woods-Fry et al. (2019) reported 15.7% of Canadian drivers agreed marijuana does not 
impair driving as much as alcohol. These results suggest there is a large proportion of drivers who are 
unaware that marijuana use increases crash risk. This misperception has important implications for the 

combination of this substance with alcohol, and ultimately road 
safety. The lack of awareness about the impairing effects of 
marijuana on driving can directly impact the rates of marijuana-
impaired driving and marijuana-related crashes. 

Misperceptions also exist about legislation related to marijuana 
and driving. It has been reported drivers have little knowledge 
of per se laws for marijuana. Moreover, drivers tend to 
believe police officers do not have the tools to test marijuana-
impaired drivers and cannot remove them from the road. This 
misperception has important implications for enforcement, as 
the lack of knowledge about the laws and police investigative 
powers can erode the deterrent effects of laws and may 
encourage increased levels of marijuana-impaired driving 
among potential offenders (Robertson et al., 2019). 

While public understanding of the risks of alcohol-impaired 
driving is high, significant misperceptions related to driving 

and marijuana use persist. It would similarly be expected that public understanding of the risks of 
combining alcohol, even in small amounts, and marijuana on driving is low. Further research is needed 
to identify what misperceptions exist, what are the characteristics of those drivers most likely to drive 
after consuming both alcohol and marijuana and the situations they are likely to do so. This information 
is required to address the problem through education and enforcement.

Legislation and enforcement issues 
Canada’s Bill C-46 permits police officers to require drivers suspected of drug use to provide a sample of 
oral fluid to test for the presence of drugs, similar to the current approach for breath alcohol screening 
at the roadside using approved devices. Individually, the alcohol limit is .08 BAC and marijuana blood 
THC concentrations of 2 ng/ml but less than 5 ng/ml is a lower offence with 5 ng/ml or more a more 
severe offence. In addition, driving with alcohol at a .05 BAC or higher combined with 2.5 ng/ml of THC 
constitutes an offence with the same consequences as driving with 5 ng/ml or more of THC. In addition, 
provinces and territories may enact additional low BAC laws and sanctions to complement Federal law. 

As with per se BAC limits for alcohol, the adoption of THC per se limits are intended to facilitate enforcement, 
prosecution, and achieve a deterrent effect. Although per se limits for alcohol impairment are largely 
undisputed, the same cannot be said for impairment by marijuana. The opinion of the research community 
has largely been that the concentration-response relationship for marijuana use and impairment is not 
sufficiently known to define a reliable per se limit for THC similar to the BAC limit for alcohol (Hartman and 
Huestis, 2013; Lacey et al., 2010; Grotenhermen et al., 2007; Sewell, Poling, and Sofuoglu, 2009). In the 
absence of precise knowledge, proposed per se limits for THC have been recommended based on crash risk 
studies aimed at defining a risk similar to alcohol BAC limits (e.g., Peaire et al., 2017). 
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Since the degree of impairment due to marijuana is not closely related to measurable THC 
levels, the implication for enforcement is profound. When crashes occur and impairment is 
suspected, it is most likely only relatively low levels of THC will be detected by the time an oral 
fluid or blood sample is obtained (Compton, 2017). Peak THC concentrations occur during marijuana 
inhalation, prior to peak behavioural impairment, and behavioural impairment continues to be present 
at ensuing low THC concentrations from a single dose (Robertson et al., 2019). Further complicating 
the diagnosis of impairment, with each route of ingestion there is inter-subject variability in terms of 
measurable THC concentrations and impairing effects. This means, two individuals consuming the same 
marijuana product may demonstrate different concentrations of THC in their system and may not exhibit 
the same degree of impairment (Robertson et al., 2019). 

The lack of precision in knowledge about THC level and impairment can have broader societal 
consequences. Notably, THC can stay in the body up to seven days (Karschner et al., 2009; Bergamaschi 
et al., 2013), long after impairment effects were present. As such, situations can arise where a regular 
user of marijuana relies on law enforcement to recognize impairment is not present even if a roadside 
test determines the presence of THC. 

Another enforcement issue relates to the tests used to determine the presence of THC. Blood analysis to 
measure the concentration of THC in a driver’s system offers one of the most reliable means of testing 
for recent drug use when drug-impaired driving is suspected. However, it is an invasive and inefficient 
method of sampling at the roadside. Conversely, the analysis of oral fluid samples presents a promising 
alternative since it is quick and non-invasive and can be undertaken at the roadside. As such, research 
to better understand the relationship between the THC concentration in oral fluid and blood can increase 
efficiency at the roadside while ensuring tests are non-invasive. Therefore, future research is needed to 
explore the relationship between these two methods of sampling and gain a broader understanding of 
the complexities that exist (Robertson et al., 2019). 

In the absence of a reliable test of impairment based on THC level, the use of Drug Recognition 
Evaluators (DREs) may provide the best method of detecting impairment in drivers. However, the 
number of trained and certified DRE offices in Canada is currently inadequate. A recent newswire 
article (Government of Canada, July 2019) reported the number of trained, certified and active police 
DRE officers in the country is estimated at just 1,129 certified DREs as of July 2019 for approximately 
24 million licensed drivers. At present, reports from police services in several jurisdictions highlighted 
the inconsistency in meeting the number of requests for a certified DRE officer. This has resulted in 
an inordinate number of suspected drug-impaired drivers being permitted to continue driving in the 
absence of administrative sanctions to remove them from the road (Robertson et al. 2016). Given 
evidence that drivers who have used marijuana can be significantly impaired with even low doses 
of alcohol, this is a serious issue as such impaired drivers may be below the BAC limits for even 
administrative sanctions but are still significantly impaired. 

While the science and laws supporting blood alcohol limits for driving are known and accepted, the 
same cannot be said for those concerning marijuana use as well as the combined use of alcohol and 
marijuana. This uncertainty adds to the complexity of enforcement. The increased impairment effects 
due to consuming even low doses of alcohol and marijuana concurrently exacerbate this challenge. 
Although administrative license revocation is widely utilized as an immediate penalty for persons 
arrested or convicted of alcohol-impaired driving, this penalty is not yet consistently applied to drug-
impaired driving across jurisdictions. However, a few provinces in Canada have recently implemented 
this tool, including Ontario, Alberta and British Columbia (Robertson et al., 2019).
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Impaired driver programs 
For many years, all jurisdictions have had strategies in place to prevent alcohol-impaired driving 

offences and repeat offences. Elements have most often been included in driver licensing provisions 
and impaired driving programs. The content and orchestration of these strategies are both varied and 
usually multifaceted. In broad strokes, programs involve a driver assessment to detect the misuse of 
alcohol and other recidivism risk factors as well as guide individualized prevention planning. This may 
involve either mandated or voluntary programs designed to assist drivers in decoupling alcohol from 
driving. The use of technology (e.g., alcohol ignition interlocks and transdermal alcohol monitoring), or 
referral to psychosocial interventions focused on behavioural change related to substance misuse and 
driving is increasingly common (Robertson et al., 2019). 

Existing programs are primarily focused on alcohol-impaired driving. While many of them may assess 
the use of other drugs, detection may not have direct implications for programming. The propensity 
for polysubstance use and the heterogeneity of impaired drivers is not consistently recognized and for 
drivers using both alcohol and marijuana, effective treatments are likely to be different depending on 
their patterns of substance use. For example, some of these impaired drivers may primarily use alcohol 
but also use marijuana occasionally, while others may be primarily marijuana users but occasionally 
also consume alcohol. Acknowledgement of the reality of polysubstance use in drivers is important since 
there is evidence indicating that polysubstance misuse increases recidivism risk (Impinen et al., 2009). 

There is evidence driving while impaired prevention programs can be modestly beneficial to reduce 
recidivism in alcohol-impaired drivers (Miller, et al.,2015; Wells-Parker et al., 1995), however, findings 
demonstrating their effectiveness for preventing drug-impaired driving recidivism is scant. Research into 
the effectiveness of programs targeting alcohol- plus marijuana-impaired drivers is challenged by the 
heterogeneity in the characteristics of these offenders. For example, drivers detected for driving while 
impaired by drugs in many cases will present with patterns of substance misuse, behavioural risk-taking, 
and dysregulation in associated neurobiological systems that are meaningfully distinct from those seen 
in drivers detected primarily for driving while impaired by alcohol (Brown et al., 2016). 

It is important to understand the heterogeneity in characteristics of impaired drivers using alcohol 
plus marijuana because not all offenders require the same intensity of supervision. Research shows 
over-servicing offenders by using stricter conditions of supervision than required can be detrimental 
(Andrews and Bonta, 2010; Bonta, Wallace-Capretta, and Rooney, 2000; Myers, 2017; Cracknell, 2018). 
A more efficient use of resources is to allocate individuals posing a greater risk of re-offending to more 
comprehensive programs and to reduce the intensity of interventions for offenders who are unlikely to 
re-offend. Assessment, followed by monitoring of progress towards behavioural goals and objectives, and 
re-adjusting as needed, is a proven approach (Robertson et al., 2019). 

To better treat this population of impaired drivers, more knowledge is needed about the criminal profile 
of impaired drivers using alcohol combined with marijuana. For example: 

	> Are these offenders more likely to have other criminal history or traffic offenses compared to 
impaired drivers using alcohol only? 

	> Do the driving records of these offenders reveal different types of violations or infractions than 
those of impaired drivers using alcohol alone? 

	> Are these offenders more or less likely to re-offend than alcohol-impaired drivers? 

	> Does this population present with more or different risks and needs that require attention? 

Careful classification of offenders is essential to the delivery of appropriate supervision, as those 
with polysubstance abuse may be miscategorized based on violations. In addition, it is important to 
determine if there is a subpopulation of high-risk offenders who pose a greater risk than others. 
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More generally, a greater understanding of the distinctions between different types of impaired 
drivers can inform enforcement and supervision efforts, and tailor intervention strategies to 
better address the prevalence of this behaviour. Increased awareness about patterns of use can 
also help supervision officials assess the level of risk and potential for re-offending. 

At present, technologies to aid in the supervision of alcohol-impaired driving offenders are more advanced 
than those for drugs. Alcohol interlock systems have been proven effective in preventing convicted 
impaired drivers from driving after drinking, even at low BAC thresholds, and in reducing crashes (McCartt 
et al., 2018; Vanlaar et al., 2017, Voas et al., 2016, Kaufman and Weibe 2016; McGinty et al., 2016). 
There is also some evidence suggesting offenders actively tested for drugs may potentially switch to alcohol 
as their substance of choice 
(Stodola, 2017). Consequently, 
some jurisdictions legalizing 
marijuana continue to require 
drug-impaired drivers to install 
an alcohol interlock on this basis. 
No large-scale study has yet been 
undertaken to examine potential 
safety benefits of this approach.

The lack of existing knowledge 
about the characteristics of 
impaired drivers who combine 
alcohol with marijuana is a barrier 
to the development of effective intervention programs to reduce recidivism among this population. While 
programs aimed primarily at alcohol-impaired drivers can be effective to reduce offending, it is unknown 
whether these same programs may be effective for drivers using both alcohol and marijuana. 

Conclusions 
Impaired driving involving the combined use of alcohol and marijuana is a priority concern among road 
safety stakeholders given the prevalence of alcohol-impaired driving in conjunction with the new legal 
status of marijuana, the potency of new marijuana products, and the increased impairment effects when 
combined with alcohol. The evidence shows driving skills are more impaired and crash risks rise to a 
greater degree when alcohol and marijuana are consumed together than for either substance on its 
own, even at low doses. 

Currently, in Canada, there are per se limits restricting driving after consuming alcohol and THC above 
a specified threshold. Presumably, at levels lower than those thresholds, the increased crash risk is 
sufficiently low and not deemed an enforcement priority for this reason. Of concern, the research on the 
impairing effects of combined use suggests these limits may not be sufficient to detect impairment when 
alcohol and marijuana use is combined. 

While public understanding of the risks of alcohol-impaired driving is high, significant misperceptions 
related to driving and marijuana use persist. For this reason, it is also likely public understanding of the 
risks of combined alcohol, even at low doses, and marijuana and driving is low. 

Knowledge gaps regarding the characteristics of alcohol plus marijuana-impaired drivers are a barrier 
to the development of effective intervention programs to reduce recidivism. While programs aimed 
primarily at alcohol-impaired drivers may be equally effective for drivers using both substances, research 
is needed to determine if this is, indeed, the case. 

To address important gaps in knowledge associated with the impairing effects on driving of alcohol in 
combination with marijuana, researchers are encouraged to investigate the role of polysubstance use and 

The lack of existing knowledge 
about the characteristics of 
impaired drivers who combine 
alcohol with marijuana is a 
barrier to the development 
of effective intervention 
programs to reduce recidivism 
among this population,  
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the implications for effective impaired driver 
programs. Identification of misperceptions, 

characteristics of those drivers most likely to 
drive after consuming both alcohol and marijuana 
and in what situations they are likely to do so is 
required to address the problem through education 
and enforcement. Likewise, further research is 
required to fully understand the impairment effects 
at different doses of each substance and how 
these effects may differ according to the physical 
characteristics of drivers, consumption habits and 
mode of consumption. This information may have 
important implications for laws and strategies to 
deal with this problem. Similarly, legislation aimed 
at impaired driving must acknowledge the reality of 
polysubstance use in impaired driving. 

References
Achermann Stürmer, Y., Meesmann, U., Berbatovci, 
H. (2019). Driving under the influence of alcohol 
and drugs. ESRA2 Thematic report Nr. 5. ESRA 
project (E-Survey of Road users’ Attitudes). Bern, 
Switzerland: Swiss Council for Accident Prevention.

Andrews, D. A., Bonta, J. (2010). Rehabilitating 
criminal justice policy and practice. Psychology, 
Public Policy, and Law, 16(1), 39. 

Arnold, L.S., Tefft, B.C. (2016). Driving Under the 
Influence of Alcohol and Marijuana: Beliefs and 
Behaviors, United States, 2013-2015. Washington, 
D.C.: AAA Foundation for Traffic Safety.

Asbridge, M., Hayden, J. A., Cartwright, J. L. (2012). 
Acute Cannabis Consumption and Motor Vehicle 
Collision Risk: A Systemic Review of Observational 
Studies and Meta-Analysis. British Journal of 
Medicine, https://www.bmj.com/content/344/
bmj.e536. 

Battistella, G., Fornari, E., Thomas, A., Mall, J.F. 
and Chtioui, H. (2013). Weed or wheel! fMRI, 
behavioural, and toxicological investigations of 
how cannabis smoking affects skills necessary for 
driving. PLoS ONE 8, no.1: e52545. 

Beirness, D.J., Beasley, E.E., Boase, P. (2013). A 
Comparison of Drug Use by Fatally Injured Drivers 
and Drivers at Risk. Accessed October 17, 2019 at  
https://drive.google.com/file/d/17Jq59gy7nahbd-
Ucs9OHH_ueHKPDDf1N/view. 

Beirness, D.J., Porath, A.J. (2017). Clearing the 
Smoke on Cannabis: Cannabis Use and Driving – 
An Update. Canadian Centre on Substance Use 
and Addiction. Accessed September 9, 2019 at 
https://www.ccsa.ca/sites/default/files/2019-10/
CCSA-Cannabis-Use-Driving-Report-2019-en_1.pdf. 

Beirness, D.J., Beasley, E.E., Boase, P. (2013). 
Drug use among fatally injured drivers in Canada. 
In B. Watson & M. Sheehan (Eds.), Proceedings of 
the International Conference on Alcohol, Drugs and 
Traffic Safety. Brisbane, August 2013: ICADTS. 

Bergamaschi, M. M., Karschner, E. L., Goodwin, 
R. S., Scheidweiler, K. B., Hirvonen, J., Queiroz, R. 
H., and M.A. Huestis. (2013). Impact of prolonged 
cannabinoid excretion in chronic daily marijuana 
smokers’ blood on per se drugged driving laws. 
Clinical chemistry, 59(3), 519526. 

Bonta, J., Wallace-Capretta, S., Rooney, J. (2000). 
A quasi-experimental evaluation of an intensive 
rehabilitation supervision program. Criminal 
Justice and Behavior, 27(3), 312-329. 

Brault, M., C. Dussault, J. Bouchard, Lemire, A.M. 
(2004). The contribution of alcohol and other 
drugs among fatally injured drivers in Quebec: 
Final results. In: J. Oliver, P. Williams and A Clayton 
(Eds.) Proceedings of the 17th International 
Conference on Alcohol, Drugs and Traffic Safety 
(CD ROM), Glasgow: International Council on 
Alcohol Drugs and Traffic Safety. 

Brown, T. G., Ouimet, M.C., Eldeb, M., Tremblay, 
J., Vingilis, E., Nadeau, L., Pruessner, J., Bechara, 
A. (2016). Personality, Executive Control, and 
Neurobiological Characteristics Associated with 
Different Forms of Risky Driving. PLoS One, Vol. 
11, No. 2, p. e0150227.

Broyd, S.J., van Hell, H.H., Beale, C., Yücel, M., 
Solowij, N. (2016). Acute and Chronic Effects of 
Cannabinoids on Human Cognition—A Systematic 
Review. Biological Psychiatry, Vol. 79, No. 7, 2016, 
pp. 557–567. https://pubmed.ncbi.nlm.nih.
gov/26858214/. 

Brubacher, J.R., Chan, H., Erdelyi,S., Macdonald, 
S., Asbridge, M., Mann, R.E., Eppler, J. Lund, A. 
(2019). Cannabis use as a risk factor for causing 
motor vehicle crashes: a prospective study. 
Addiction 114, no.9. 



Decide to drive alcohol free.

Canada. Parliament. House of Commons. An Act 
to amend the Criminal Code (offences relating 
to conveyances) and to make consequential 
amendments to other Acts. Bill C-46, 42nd 
Parliament, 1st Session, 2017. Ottawa: Public 
Works and Government Services Canada – Royal 
Assent June 2018.

Capler, R., Bilsker, D., Van Pelt, K.l., MacPherson, 
D. (2017). Cannabis Use and Driving: Evidence 
Review. Canadian Drug Policy Coalition Simon 
Fraser University. Accessed September 26, 
2019 at https://drugpolicy.ca/wp-content/
uploads/2017/02/CDPC_Cannabis-and-Driving_
Evidence-Review_FINALV2_March27-2017.pdf. 

Chesher G. (1986). The Effects of Alcohol and 
Marijuana in Combination: A Review. Alcohol, 
Drugs and Driving. 2:105–119. 

Compton, R. (2017). Marijuana-Impaired Driving - A 
Report to Congress. DOT HS 812 440. Washington, 
DC: National Highway Traffic Safety Administration. 

Cracknell, M. (2018). Post-release reforms for 
short prison sentences: Re-legitimising and 
widening the net of punishment. Probation Journal, 
65(3), 302-315.

Downey, L.A, King, R., Papafotiou, K., Swann, P., 
Ogden, E., Boorman, M., Stough, C. (2013). The 
effects of marijuana and alcohol on simulated 
driving: Influences of dose and experience. 
Accident Analysis and Prevention, 50, 879–886.

Drummer, O.H., Gerostamoulos, J., Batziris, H., 
Chu, M., Caplehorn, J.R., Robertson, M.D., Swann, 
P. (2004). The involvement of drugs in drivers 
of motor vehicles killed in Australian road traffic 
crashes. Accident Analysis & Prevention; 36(2): 
239-248. 

2019, July 16. Government of Canada invests 
$2 million to keep Yukon’s roads safe from 
drug-impaired drivers. Newswire. https://www.
newswire.ca/news-releases/government-of-
canada-invests-2-million-to-keep-yukon-s-roads-
safe-from-drug-impaired-drivers-817610731.html 

Grondel, D. (2016). Driver Toxicology Testing and 
the Involvement of Marijuana in Fatal Crashes, 
2010-2014: A Descriptive Report. Olympia, WA.: 
Washington Traffic Safety Commission. 

Grotenhermen, F., Leson, G., Berghaus, 
G., Drummer, O. H., Krüger, H. P., Longo, 
M., Tunbridge, R. (2007). Developing limits 
for driving under marijuana. Addiction, 102(12), 
1910-1917.

Hartman, R.L., Huestis, M.A. (2013). Marijuana 
Effects on Driving Skills. Clinical Chemistry, Vol. 
59, Issue 3.

Hartman, R.L., Brown, T.L., Milavetz, G., Spurgin, 
A., Pierce, R.S., Gorelick, D.A., Gaffney, G., Huestis, 
M.A. (2015). Marijuana Effects on Driving Lateral 
Control with and Without Alcohol. Drug and Alcohol 
Dependence, 154, 25-37.

Hartman, R.L., Brown, T.L., Milavetz, G., Spurgin, 
A., Pierce, R.S., Gorelick, D.A., Gaffney, G., 
Huestis, M.A. (2016). Cannabis Effects on Driving 
Longitudinal Control with and Without Alcohol. 
Journal of Applied Toxicology, 36 1418-1429. 

Health Canada. (2013). Canadian Alcohol and Drug 
Use Monitoring Survey (CADUMS). Ottawa, Ont. 

Health Canada. (2019). Canadian Cannabis Survey 
2019 - Summary. Ottawa, Ont. 

Hels, T., Bergholt, I.M., Blackguard, A., Houwing, S., 
Henniker, M., Legrand, S.A. (2011). Risk of injury 
by driving with alcohol and other drugs. DTU 2011 
(DRUID deliverable) report 2.3.5.

Impinen, A., O. Rahkonen, K. Karjalainen, T. 
Lintonen, P. Lillsunde, Ostamo, A. (2009). 
Substance Use as a Predictor of Driving Under the 
Influence (DUI) Rearrests—A 15-Year Retrospective 
Study. Traffic Injury Prevention, Vol. 10, No. 3, pp. 
220–226. https://www.tandfonline.com/doi/
abs/10.1080/15389580902822725. 

Jamt, R.E.G., Gjerde, H., Romeo, G., Bogstrand, S.T. 
(2019). Association between alcohol and drug use 
and arrest for driving under the influence after crash 
involvement in a rural area of Norway: a case–control 
study. BMJ Open 9, no.1.

Karschner, E. L., Schwilke, E. W., Lowe, R. H., Darwin, 
W. D., Pope, H. G., Herning, R., Huestis, M.A. (2009). 
Do Δ9-tetrahydrocannabinol concentrations indicate 
recent use in chronic marijuana users? Addiction, 
104(12), 2041-2048.



Decide to drive alcohol free.

Kaufman, E. J., Wiebe, D. J. (2016). Impact 
of state ignition interlock laws on alcohol-

involved crash deaths in the United States. 
American Journal of Public Health, 106:5: 865-871.

Lacey, J.H., Kelley-Baker, T., Furr-Holden, D., Voas, 
R.B., Romano, R., Ramirez, A., Brainard, K., Moore, 
C., Torres, P., Berning, A. (2009). 2007 National 
roadside survey of alcohol and drug use by drivers: 
drug results. Washington DC: National Highway 
Traffic Safety Administration, US Department of 
Transportation.

Lacey, J., Brainard, K., Snitow, S. (2010). Drug per se 
laws: A review of their use in States. NHTSA. No. HS-
811 317. Accessed at https://www.nhtsa.gov/sites/
nhtsa.dot.gov/files/811317.pdf. 

Laumon, B., Gadegbeku, B., Martin, J.L., Biecheler, 
M.B., SAM Group. (2005). Marijuana intoxication 
and fatal road crashes in France: Population based 
case-control study. British Medical Journal 331: 
1371-1374. 

Lenné, M. G., Dietze, P.M., Triggs, T.J., Walmsley, S., 
Murphy, B., Redman, J.R. The Effects of Marijuana 
and Alcohol on Simulated Arterial Driving: Influences 
of Driving Experience and Task Demand. Accident; 
Analysis and Prevention, Vol. 42, No. 3, 2010, pp. 
859–866.

Li, G., S. Chihuri, Brady, J.E. (2017). Role of Alcohol 
and Marijuana Use in the Initiation of Fatal Two- 
Vehicle Crashes. Annals of Epidemiology, Vol. 27, No. 
5, pp. 342–347.

Liu, C., Huang, Y., Pressley, J.C. (2016). Restraint use 
and risky driving behaviors across drug types and 
drug and alcohol combinations for drivers involved in 
a fatal motor vehicle collision on US roadways. Injury 
epidemiology. 2016 Apr 1;3(1):1.

Longo, M.C., Hunter, C.E., Lokan, R.J., White, J.M., 
White, M.A. (2000). The prevalence of alcohol, 
cannabinoids, benzodiazepines and stimulants 
amongst injured drivers and their role in driver 
culpability − Part II: The relationship between drug 
prevalence and drug concentration, and driver 
culpability. Accident Analysis and Prevention 32(5): 
623-632. 

Marcotte, T. (2020). The impact and detection 
of cannabis-impaired driving. Presented at the 
Transportation Research Board Annual Meeting, 
January 12-16, 2020, Washington D.C. 

McCartt, A. T., Leaf, W. A., Farmer, C. M. (2018). 
Effects of Washington state’s alcohol ignition 
interlock laws on DUI recidivism: an update. 
Arlington, VA: Insurance institute for Highway Safety. 

McGinty, E. E., Tung, G., Shulman-Laniel, J., Hardy, 
R., Rutkow, L., Frattaroli, S., Vernick, J. S. (2017). 
Ignition Interlock Laws: Effects on Fatal Motor 
Vehicle Crashes, 1982–2013. American journal of 
preventive medicine, 52(4), 417-423.

Miller, P. G., Curtis, A., Sønderlund, A., Day, A., 
Droste, N. (2015). Effectiveness of Interventions for 
Convicted DUI Offenders in Reducing Recidivism: A 
Systematic Review of the Peer- Reviewed Scientific 
Literature. American Journal of Drug and Alcohol 
Abuse, Vol. 41, No. 1, pp. 16–29. 

Moskowitz, H., Burns, M., Fiorentino, D., Smiley, 
A., Zador, P. (2000). Driver Characteristics and 
Impairment at Various BACs. Washington, DC.: 
National Highway Traffic Safety Administration.

Myers, N. M. (2017). Eroding the presumption 
of innocence: Pre-trial detention and the use 
of conditional release on bail. British Journal of 
Criminology, 57(3), 664-683. 

National Center for Statistics and Analysis. (2017). 
Alcohol Impaired Driving: 2016 Data. Traffic Safety 
Facts. DOT HS 812 450. Washington, DC: National 
Highway Traffic Safety Administration.

National Highway Traffic Safety Administration. 
(2016). The ABCs of BAC A Guide to Understanding 
Blood Alcohol Concentration and Alcohol Impairment. 
Washington, DC. Retrieved July 16, 2020.

OECD. (2010). Drugs and Driving: Detection and 
Deterrence, OECD Publishing. Accessed September 
26, 2019 at https://www.oecd.org/publications/
drugs-and-driving-9789282102763-en.htm. 

Ogourtsova, T., Kalaba, M., Gelinas, I., Korner-
Bitensky, N., Ware, M. Cannabis use and driving-
related performance in young recreational 
users: a within-subject randomized clinical trial. 
CMFAJ Open Research, 6 (4). Accessed at http://
cmajopen.ca/content/6/4/E453.full.pdf. 



Decide to drive alcohol free.

Peaire, A., Filbert, A., Smith, D., Beirness, D., Viel, 
E., Wallage, R. (2017). Report on Drug Per Se 
Limits. Canadian Society of Forensic Sciences 
Drugs and Driving Committee. Ottawa, Canada. 
Retrieved at https://www.csfs.ca/wp-content/
uploads/2017/09/Report-on-Drug-Per-Se-Limit.pdf. 

Ramaekers, J.G., Robbe, H.W., O’Hanlon, J.F. 
(2000). Marijuana, alcohol and actual driving 
performance. Human Psychopharmacology, 15, 
551–558. 

Ramaekers, J. G., Berghaus, G., van Laar, M., 
Drummer, O.H. (2004). Dose Related Risk of Motor 
Vehicle Crashes After Marijuana Use. Drug and 
Alcohol Dependence, Vol. 73, No. 2, 2004, pp. 
109–119.

Ramaekers, J. G., Moeller, M.R., van Ruitenbeek, 
P., Theunissen, E.L., Schneider, E., Kauert, G. 
(2006). Cognition and Motor Control As a Function 
of Δ9-THC Concentration in Serum and Oral 
Fluid: Limits of Impairment. Drug and Alcohol 
Dependence, Vol. 85, No. 2, 2006, pp. 114–122.

Robbe, H., O’Hanlon, J. (1993). Marijuana and 
actual driving performance. Washington, DC: US 
Department of Transportation, National Highway 
Traffic Safety Administration. 

Robertson, R., Brown, S., Valentine, D., Vanlaar, 
W. (2018). Status of Alcohol Impaired Driving 
in Canada. Traffic Injury Research Foundation. 
Accessed September 26, 2019 at https://tirf.ca/
wp-content/uploads/2018/07/Status-of-alcohol-
impaired-driving-in-Canada-11.pdf. 

Robertson, R.D., Woods-Fry, H., Morris, K. (2016). 
Marijuana & Road Safety: Policy Challenges. Traffic 
Injury Research Foundation. Ottawa, Canada.

Robertson, R., Woods-Fry, H., Vanlaar, W., Brown, 
T., Moore, C. (2019). Drug-Impaired Driving 
Research Needs. Transportation Research 
Circular E-C250. Transportation Research Board, 
Washington, D.C. 

Romano, E., Fell, J.C. (2016). Alcohol involvement 
in fatally injured drivers in the United Sates 1982 
- 2014. 21st International Conference on Alcohol, 
Drugs and Traffic Safety, Gramado, Brazil.

Sauber-Schatz, E.K., Ederer, D.J., Dellinger, 
A.M., Baldwin, G.T. (2016). Vital Signs: 
Motor Vehicle Injury Prevention - United States 
and 19 Comparison Countries. Morbidity and 
Mortality Weekly Report, 65(26), 672-677.

Scherer, M., Harrell, P., Romano, E. (2015). 
Marijuana and Other Substance Use Among Motor 
Vehicle Operators: A Latent Class Analysis. Journal 
of Studies on Alcohol and Drugs, Vol. 76, No. 6, pp. 
916–923.

Sewell, R.A., Poling, J., Sofuoglu, M. (2009). The 
Effect of Cannabis Compared with Alcohol on 
Driving. Accessed at https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC2722956/.

Sexton, B., Tunbridge, R., Brook-Carter N., Jackson, 
P., Wright, K., Stark, M., and K. Englehart. (2000). 
The influence of marijuana on driving. Crowthorne, 
UK: TRL Limited. 

Sexton, B., Tunbridge, R., Board, A., Jackson, P., 
Stark, M., Englehart K. (2002). The influence of 
marijuana and alcohol on driving. Crowthorne, UK: 
Transport Research Laboratory. 

Simpson, H.M., Page-Valin, L., Warren, R.A. (1978). 
A Data Base on Traffic Fatalities. Canadian Society 
of Forensic Science, Vol. 11, No. 3. 

Smiley, A. (1986). Marijuana: On-road and driving 
simulator studies. Alcohol, Drugs and Driving. 
2(3–4):121–134. 

Smiley, A., Moskowitz, H., Ziedman, K. (1981). 
Driving simulator studies of marijuana alone and 
in combination with alcohol. Paper presented at: 
25th Conference of the American Association for 
Automotive Medicine. 

Starkey, N.J., Charlton, S.G. (2017). The prevalence 
and impairment effects of drugged driving in New 
Zealand. NZ Transport Agency research report 597. 

Statistics Canada. (2016). Impaired Driving in 
Canada. Juristat Article.

Stein, A., Allen, R., Cook, M., Karl, R.A. (1983). A 
Simulator Study of the Combined Effects of Alcohol 
and Marijuana on Driving Behavior. Hawthorne, CA: 
Systems Technology, Inc.

Stodola, M. (2017, May). Drug Impaired Driving. 
Presented at Association of Ignition Interlock 
Program Administrators: Richmond, VA.



SoberSmartDriving.tirf.ca

Traffic Injury Research Foundation
The mission of the Traffic Injury Research  Foundation (TIRF) is to reduce traffic-related deaths 
and injuries. TIRF is a national, independent, charitable road safety research institute. Since its 
inception in 1964, TIRF has become internationally recognized for its accomplishments in a wide 
range of subject areas related to identifying the causes of road crashes and developing programs 
and policies to address them effectively.

Email: tirf@tirf.ca 		

Website: tirf.ca		

ISBN: 978-1-989766-11-8
© Traffic Injury Research Foundation 2020
Registered Charity No. 10813 5641 RR0001

Acknowledgements

Production of this fact sheet was made possible 
through the sponsorship of Beer Canada.

Traffic Injury Research Foundation. (2017). 
Marijuana Use Among Drivers in Canada, 2000- 
2014. Ottawa, Ontario: Traffic Injury Research 
Foundation. 

Traffic Injury Research Foundation. (2019). Road 
Safety Monitor 2019 Trends in Marijuana Use 
Among Canadian Drivers. Accessed January 7, 2020 
at https://www.tirf.ca/road_safety_monitor_2019_
trends_marijuana_use_canadian_drivers. 

Vanlaar, W., Nadeau, L., McKiernan, A., Hing, M. 
M., Ouimet, M. C., Brown, T. G. (2017). Canadian 
drivers’ attitudes regarding preventative responses 
to driving while impaired by alcohol. Accident 
Analysis & Prevention, 106, 160-165. 

Voas, R. B., Tippetts, A.S., Bergen, G., 
Grosz. M., Marques, P. (2016). Mandating 
treatment based on interlock performance: 
Evidence for effectiveness. Alcoholism: Clinical 
and Experimental Research, 40-9: 1953-1960. 

Wells-Parker, E., Bangert-Drowns, R., McMillen, 
R., Williams, M. (1995). Final Results from a 
MetaAnalysis of Remedial Interventions with 
Drink/Drive Offenders. Addiction, Vol. 90, No. 7, 
pp. 907–926.

Williams, A.F., Peat, M.A., Crouch, D.J., Wells, J.K., 
Finkle, B.S. (1985). Drugs in fatally injured young 
male drivers. Public Health Reports 100(1): 19-25.


