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Abstract 
 
 
Objective: Employing a sample of 33,915 high school students, the present study aimed 
to examine the association of perceived risk of regular cannabis use with driving under 
the influence of cannabis (DUIC) and riding with a cannabis-impaired driver (RWCD). 
Methods: Participants were drawn from the 2016-2017 Canadian Student Tobacco, 
Alcohol and Drugs Survey. Multinomial logistic regression techniques were employed in 
the analysis of adjusted and unadjusted models. Stratified analyses were also performed 
assessing effect size differences between males and females, and urban and rural 
students. 
Results: Greater perceived risk of regular cannabis use was associated with reduced risk 
of DUIC and RWCD in a dose-response manner. Associations were consistent for both 
males and females, and urban and rural students. 
Conclusions: Given the strong role played by youth perceptions in shaping cannabis-
related driving and passenger behaviours, efforts must be placed on disseminating 
appropriate information regarding cannabis risks to high school students.  
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 Chapter 1: Introduction 

Impaired driving remains the most frequent criminal cause of preventable death 

and injury in North America1. For years, "impaired driving" has been interpreted as being 

impaired by alcohol; however, in recent years, there has been a shift in focus to drug-

impaired driving. Despite the decline in rates of drinking and driving since the 1980s1, 

the prevalence of driving under the influence of cannabis (DUIC) has remained stable. 

According to the Canadian Alcohol and Drug Use Monitoring Survey (CADUMS), in 

2012, the prevalence of Canadians who reported driving within two hours of using 

cannabis at least once in the previous 12 months was 2.6%, which is only slightly lower 

than rates reported in 2008 (2.9%)2,3,4. 

Delta-9-tetrahydrocannabinol (THC), the main psychoactive substance in 

cannabis, interacts with different receptors in the body to produce euphoric effects as well 

as feelings of relaxation5. Acute cannabis intoxication is known to slow learning, reduce 

reaction time, and impair short-term memory and psychomotor learning5. Due to these 

properties, there is an expressed public health concern about the effects of cannabis use 

on driving-related skills and performance.   

The impact of cannabis on motor vehicle crash risk has been studied extensively 

over the past two decades; though its role in crash causation remains unsettled. While 

previous epidemiological studies have recurrently found that using cannabis before 

driving significantly increases the risk of motor vehicle collisions6,7,8,9, recent case-

control studies do not support an increase in traffic risk with THC exposure10,11,12. 

Despite mixed findings, cannabis remains the second most common psychoactive 

substance, after alcohol, found in injured and fatally injured drivers in Canada13,14,15,16,17.  
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Equally important are the decisions of passengers to ride with a driver who is 

under the influence of cannabis (or with impaired drivers in general). Along with stable 

rates of DUIC, a substantial portion of Canadian youth have reported riding with a 

cannabis-impaired driver (RWCD)18,19,20. Based on national data collected between 2014 

and 2015, nearly 20% of Canadian students in grades 9 to 12 reported ever riding with a 

driver who had used cannabis within the previous two hours19. The presence of 

passengers greatly enhances the impact and harms associated with impaired crashes, 

including injuries, hospitalizations, fatalities, and economic costs.  

In Canada and the United States, the likelihood of DUIC varies according to the 

sex of the driver. Previous research has shown that males are consistently more likely 

than females to report driving after using cannabis19,21,22,23,24,25. Previous research has also 

shown that there are clear differences in the likelihood of DUIC in urban versus rural 

regions in Canada19,26. In contrast, there are mixed findings about the role of sex as a risk 

factor for RWCD. While some studies have reported that the prevalence of RWCD is 

higher for males than females27, others have observed no significant sex differences for 

RWCD18,28. Additionally, within Canada, information is limited on whether urban and 

rural differences exist in relation to cannabis-related passenger behaviour among 

students.  

Perceived risks of DUIC have been found to influence decisions to drive under 

the influence of cannabis, particularly among young people28,29,30. Previous research has 

shown that greater perceived dangerousness of DUIC is associated with decreased 

likelihood and frequency of DUIC28,30. Less is known about the role of risk perception in 

shaping a passenger's decision to ride with a cannabis-impaired driver. One study 
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observed that greater perceived dangerousness of DUIC was associated with decreased 

likelihood of RWCD28; however, more research is needed. 

For many youth, cannabis is perceived as a safe and benign drug with limited 

impairing effects31,32,33. Known factors influencing youth risk perceptions of cannabis use 

and DUIC include demographic34 and cognitive factors35. Little is known about whether 

sociopsychological factors such as autonomy influence risk perceptions of cannabis use 

and DUIC, and/or engagement in DUIC and RWCD behaviours. The results of a previous 

study provide some insight on the relationship between autonomy, risk perception, and 

risk-taking, revealing a positive correlation between autonomy and risk perception, and a 

negative correlation between autonomy and risk-taking36. Therefore, the role of 

autonomy is also important to consider when assessing the association of perceived risk 

with DUIC and RWCD. 

On October 17, 2018, the Cannabis Act (also known as Bill C-45) came into force 

in Canada, legalizing recreational cannabis use nationwide and establishing controls and 

regulations over its production, distribution, and sale37. On account of this, we anticipate 

a shift in the public discourse surrounding cannabis use and health, which in turn may 

lead to new and emerging patterns of cannabis use and cannabis-related driving 

behaviours. Although the impact of recreational cannabis legalization on the driving 

habits of young drivers in Canada is unclear, predictions can be made based on evidence 

of the legalization experiences of other jurisdictions in the United States38,39,40.  

Considering the recent legalization of cannabis in Canada, there is a great need to 

research the link between perceived risk of cannabis use and cannabis-related driving and 

passenger behaviours. The proposed study will address the aforementioned gaps in the 
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literature and help inform prevention and educational efforts to reduce risks for both 

drivers and passengers. Using a cross-sectional study design, the risk of DUIC and 

RWCD will be quantified and assessed in relation to perceived risk of regular cannabis 

use among high school students. The effect of sex and rurality in modifying these 

associations will also be explored. This study will contribute substantially to the scientific 

literature on risk perception and health behaviour.  
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Chapter 2: Background 

2.1 The Pharmacodynamics of Cannabis 

Cannabis, also known as marijuana (among other names), is a naturally occurring 

psychoactive substance derived from the cannabis plant (e.g., Cannabis sativa and some 

of its subspecies such as Cannabis sativa forma indica)41,42. It is made up of a wide range 

of cannabinoids, which are chemical compounds that bind to specific cannabinoid 

receptors and exert a broad range of pharmacological effects including anxiolytic, 

sedative, analgesic, and euphoric effects5,41,42. The most well-known cannabinoid is THC, 

which is also the main psychoactive ingredient in cannabis5,41,42. When cannabis is 

smoked or inhaled, THC is absorbed through the lungs and into the bloodstream at 

different rates before it is distributed to various areas in the body including the brain5,42. 

Once absorbed, THC exerts its effects by mimicking anandamide, a naturally-occurring 

neurotransmitter that binds to cannabinoid receptor type 1 (CB1) in parts of the brain 

associated with cognition, memory, reward, anxiety, pain perception, and motor 

coordination5,41,42. THC is only detectable in the blood for a few hours because it is 

quickly processed by the liver into molecules known as metabolites5,42,43. Almost 100 

different known metabolites are formed from THC43, and these are stored in fat cells and 

eliminated slowly from the body through urine and feces42,43. While THC is detectable in 

bodily fluids such as saliva, blood, and urine, urine is the preferred method of testing 

because it is easily sampled and can detect high concentrations of metabolites42. 

However, a caveat of the commonly used urine test is that it only captures inactive 

metabolites of THC which are not psychoactive44.  
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Some of the short-term effects of cannabis include impairments to memory, 

learning, coordination, and reaction time – all of which are important functions for 

driving43. The long-term effects of cannabis use are not well-known and often 

unpredictable; though studies done in rats suggest that chronic exposure to THC during 

adolescence may induce cognitive impairment and subtle alterations in the emotional 

circuit in adulthood due to structural and functional changes in the hippocampus45,46.  

 
2.2 Cannabis use and Driving Under the Influence of Cannabis 

Cannabis is the second most commonly used psychoactive substance in Canada47. 

In 2017, the Canadian Tobacco, Alcohol and Drugs Survey reported that the prevalence 

of past-year cannabis use among Canadians aged 15 years and older was 15%, an 

increase compared to 2015 (12%)48. The prevalence of cannabis use has been found to 

differ by age group, with rates generally highest among Canadian youth3,47. In 2017, rates 

of past-year cannabis use were highest among Canadians ages 15 to 24 compared to 

adults ages 25 years and older48. 

Among the general Canadian population, DUIC is also prevalent. Data from 

the 2012 CADUMS found that 2.6% of Canadians reported driving within two hours of 

using cannabis at least once in the past year2. Recent data collected from roadside testing 

revealed a slightly higher rate, indicating that between 4 and 6% of Canadians had driven 

within two hours of using cannabis in the previous 12 months49. Youth comprise one of 

the largest groups of drivers who engage in driving after cannabis use. In 2012, the 

reported prevalence of DUIC was highest among Canadian drivers ages 18 to 19 years 

old, followed by those ages 15 to 17 years old2,4. Furthermore, rates of DUIC among 
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young people have surpassed rates of drinking and driving in many jurisdictions across 

North America.  

The relationship between cannabis use and motor vehicle crashes has been 

examined using both experimental and observational approaches. Much of the early 

research on the effects of cannabis on driving performance was done by laboratory and 

driving simulator studies. The results of these studies are generally consistent; at higher 

doses, cannabis and THC impairs psychomotor skills related to safe driving50,51. 

Although laboratory studies are useful for determining the pharmacological (e.g., dose-

related) effects of cannabis on driving performance, these studies lack external validity 

and do not always translate well to real-life driving situations. Previous observational 

epidemiological studies have addressed many of the limitations of laboratory studies by 

assessing driving in the general population; though the magnitude of traffic crash risk 

associated with cannabis-related impairment has been difficult to establish and varies 

between studies6,7,8,9,10,11,12. In the past two decades, many well-designed epidemiological 

studies have consistently found that recent cannabis use (indicated by either self-reported 

cannabis use or THC in the blood or urine) doubles the risk of a motor vehicle 

collision6,7. However, in 2016, a contradictory finding about the role of cannabis in motor 

vehicle crash risk arose from the results of a case-control study sponsored by the National 

Highway Traffic Safety Administration (NHTSA)11. To date, the NHTSA's Drug and 

Alcohol Crash Risk study remains the largest case-control study of its kind, and was the 

first study in the United States to estimate the risk of motor vehicle crashes involving 

drivers using alcohol, drugs, or both11. Based on the results, when age, sex, ethnicity, and 

blood alcohol concentration (BAC) were statistically controlled, there was no significant 
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contribution of any drug (including cannabis) on motor vehicle crash risk11. Furthermore, 

new research led by the University of British Columbia suggests that low levels of THC 

(less than 5 nanograms per milliliter (ng/ml) of blood) are not associated with an 

increased risk of crashing12. It is possible that the inconsistencies between the results of 

previous studies are due to different data, methodologies, and/or potency of cannabis 

(which may vary by location in Canada). Despite mixed findings, cannabis is consistently 

one of the most frequently detected psychoactive substances in injured and fatally injured 

drivers in Canada, second after alcohol13,14,15,16,17. For instance, drawing on data from 

1097 injured drivers from seven trauma centres in British Columbia, cannabis was 

detected in 12.6%17. Additionally, a one-year study of 229 fatally injured drivers in 

Ontario detected cannabis in 27%16. Therefore, the contribution of cannabis in motor 

vehicle injuries and fatalities cannot be ignored.  

There are also considerable harms and costs (economic and healthcare) associated 

with cannabis-related driving which extend beyond the driver to include passengers, 

pedestrians, cyclists, and those in other vehicles. Some of these harms include lives lost, 

injuries, and hospitalizations. In 2012 alone, cannabis-related motor vehicle collisions 

across Canada were estimated to have caused 75 deaths, 4407 injuries, and 7794 crashes 

involving only property damage, totaling over one billion dollars in associated costs52. 

Yet more research remains to be undertaken to reveal these related consequences and the 

impact of cannabis-related traffic collisions on our economy and healthcare system, the 

community, individuals, and their families.  

 A recently published evidence brief by Ontario Public Health identified several 

risk factors and correlates of DUIC53. These included sociodemographic factors (e.g., 
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age, sex, and geographical location), school performance and participation in 

extracurricular activities, and previous substance use and dependence53. Risk perceptions 

of DUIC were also noted as strong correlates of cannabis-related driving behaviours, 

particularly among highly impressionable youth53. 

Much of the available literature on cannabis-impaired driving has focused on the 

role of age. There is considerable evidence supporting a negative association between 

DUIC and age21,22,49,54. Canadian research finds that younger drivers are more likely than 

older drivers to engage in cannabis-impaired driving21,22,49. In a 2017 study, the odds of 

self-reported DUIC were higher among Canadian drivers ages 16 to 24 years old 

compared to those 65 years and older22. Furthermore, an American study examining 

correlates of DUIC in two states where recreational cannabis is legal found that older age 

was significantly associated with less openness to drive under the influence of cannabis54. 

In Canada, the prevalence of DUIC also varies by the sex of the driver21,22. 

According to data collected from the Road Safety Monitor from 2002 to 2015, a higher 

percentage of Canadian males compared to females self-reported driving within two 

hours of using cannabis (2.8% and 1.5%, respectively)22. This may be explained by the 

results of recent Canadian research which revealed that the odds of ever or last 30-day 

driving within two hours of using cannabis was higher for males than females19. 

Geographical location is another important sociodemographic factor reported to 

be associated with DUIC. Canadian research suggests that the likelihood of DUIC differs 

in urban versus rural areas19,26. According to a technical report by the Canadian Centre on 

Substance Abuse, three out of four self-report surveys found that rural students were 

more likely to drive under the influence of cannabis compared to urban students26. 
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Moreover, a study using data collected from the 2014-2015 wave of the Canadian Student 

Tobacco, Alcohol and Drugs Survey (CSTADS) found that relative to Ontario students in 

grades 11 and 12, the self-reported odds of DUIC was higher among students in Nova 

Scotia, Prince Edward Island, and Newfoundland and Labrador19. Based on the 

Organisation for Economic Co-operation and Development's definition of urban versus 

rural (whereby urban areas must have at least one small city with 50,000 inhabitants or 

more)55, these provinces are among Canada's most rural provinces. Particularly, of all the 

Atlantic provinces, Newfoundland and Labrador has the highest proportion of its 

population (60%) living in rural areas56. 

 
2.3 Being a Passenger of a Driver Impaired by Alcohol or Cannabis 

While many studies have explored the factors that contribute to alcohol- or drug-

impaired driving, less attention has been directed to an exploration of the behaviour of 

passengers who ride with impaired drivers. Much of the existing research into passenger 

behaviour of impaired drivers has focused on passengers riding with a drunk driver 

(RWDD). According to national survey data, approximately 35% of Canadian high 

school students have reported ever being a passenger of a driver who had at least one 

drink within the previous hour19. Age is one of the most well-known risk factors for 

RWDD, with young people in two age groups (18 to 24 and 25 to 44 years old) at an 

increased risk of RWDD compared to those ages 45 to 64 years old18. Sex and degree of 

rurality have also been identified as important risk factors for RWDD. A recent Canadian 

study of high school students found that female students and students from rural schools 

had higher odds of ever RWDD relative to males and urban students, respectively19. 
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Having previously driven under the influence of alcohol has also been shown to increase 

the risk of RWDD18. 

Equally important are the decisions of passengers who ride with a cannabis-

impaired driver. According to previous research, between 4 and 8% of Canadian adults 

reported RWCD in the past year18. Surveys of youth report even higher rates (20% and 

higher) of past-year RWCD19. Given the undeniable contribution of cannabis to motor 

vehicle injuries and fatalities in Canada, the presence of passengers additionally burdens 

the economy and our healthcare system by potentially contributing to the number of 

cannabis-related motor vehicle injuries, fatalities, and hospitalizations – all of which are 

utterly avoidable. 

Age is a well-established risk factor for RWCD18,19. Young people are at an 

increased risk of RWCD and older people are at a decreased risk. According to a study 

examining nationally representative data from the 2008 CADUMS, Canadian youth ages 

15 to 24 years old were significantly more likely than older adults ages 45 to 64 years old 

to ride with a driver who had consumed cannabis within the previous two hours18. There 

also appears to be evidence of a dose-dependent effect of school grade on the likelihood 

of RWCD among Canadian youth20. In a cross-Canada report on alcohol and drug use 

among students in grades 7 to 12, the likelihood of RWCD was shown to increase with 

school grade level20, and overall prevalence estimates of RWCD appeared highest among 

Canadian students in grade 12 (with more than one-third reporting RWCD)20. The 

increased risk of RWDD and RWCD among youth may be explained by their dependence 

on others for transportation. This may be especially true among youth living in rural areas 

where alternative forms of transportation (e.g., buses, taxicabs, subways, trains, etc.) are 
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not as readily available. High prevalence estimates of RWCD among young people may 

also be explained by the common perception among youth that cannabis is safer for 

driving than alcohol31,33. Evidence from both real and simulated driving studies have 

shown that while drunk drivers tend to speed and make risky decisions, high drivers tend 

to drive far below the speed limit and make fewer attempts to overtake other drivers57. 

Therefore, many youth argue that the effects of cannabis on driving skills are much less 

serious than alcohol due to differences in the way high drivers act behind the wheel 

compared to drunk drivers. 

Our understanding of sex and degree of rurality as risk factors for RWCD is not 

as well-established as it is for RWDD. There are inconsistent findings regarding the role 

of sex; some studies have observed no significant sex effect for RWCD18,28, while others 

have found that the prevalence of RWCD is higher for males than females27. To date, it is 

not known whether rural Canadian students are more likely than urban students to ride 

with a cannabis-impaired driver. Understanding the role played by sex and rurality is 

important as these factors may attenuate or amplify perceptions of risk, and subsequently 

shape risky passenger behaviours. 

Passengers of impaired drivers have the potential to be used as agents of change 

when developing policies aimed at reducing rates of alcohol- or drug-impaired driving. If 

a driver has been using alcohol or drugs, there is a good chance that the passenger(s) have 

also been using. In fact, passengers of non-fatally and fatally injured drunk drivers have 

been found to have levels of alcohol intoxication similar to the drivers58,59. More 

importantly, passengers who ride with an alcohol-impaired driver report a greater number 

of occasions of driving under the influence of alcohol themselves60. These findings 
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provide growing support for the view that passengers of impaired drivers (alcohol or 

drugs) should be educated alongside drivers themselves in order to lower the economic 

and healthcare burden of alcohol- or drug-related motor vehicle collisions.  

 
2.4 Cannabis Legalization in Canada and DUIC 

On October 17, 2018, the Cannabis Act (Bill C-45) came into force in Canada, 

legalizing recreational cannabis use nationwide and establishing controls and regulations 

over its production, distribution, and sale37. Additionally, Bill C-46, An Act to Amend the 

Criminal Code, was introduced to strengthen the laws pertaining to alcohol- and drug-

impaired driving61. This legislation set out per se limits for the concentration of THC 

(measured in ng/ml) legally allowed in the blood of a motorist. Part I of Bill C-46 

introduced three new criminal offences related to drug-impaired driving: an offence for 

low-level THC concentration (between 2 ng/ml and 5 ng/ml), an offence for high-level 

THC concentration (5 ng/ml or more), and a hybrid offence that recognizes the effects of 

cannabis combined with alcohol (2.5 ng/ml or more of THC plus a BAC of 50 milligrams 

of alcohol per 100 ml of blood)61. This Bill also grants police officers the right to use oral 

fluid screening equipment or a blood test to determine if a driver is under the influence of 

drugs at the time of driving61. While this legislation is a milestone in the legal history of 

cannabis in Canada, unlike BAC testing which is the universal standard used on the road 

to detect driving impaired by alcohol, reliable roadside THC detection testing is still 

under development. Presently, roadside THC tests do not test for impairment by cannabis 

and therefore, cannot accurately determine whether an individual is too high to drive. For 

instance, a person with a high blood level of THC may not be impaired because of the 

development of tolerance. It is conceivable that the recent legalization of recreational 
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cannabis use combined with the lack of a universal roadside standard for detecting 

cannabis impairment may increase the prevalence of DUIC and RWCD among Canadian 

youth via perpetuation of misperceptions regarding the safety of cannabis use and 

driving. In fact, evidence from a recent study done in the United States found that 

perceived risk of cannabis use significantly decreased among students in Washington 

state following the legalization of recreational cannabis use38. 

Although the impact of recreational cannabis legalization on the driving 

behaviour of young drivers in Canada is unclear, predictions can be made based on 

evidence of the legalization experiences of other jurisdictions in the United States39,40. 

The effect of recreational cannabis legalization on the prevalence of DUIC has been 

explored in several jurisdictions in the United States, particularly Colorado and 

Washington state. In November 2012, Colorado and Washington state became the first 

two states – and first two jurisdictions in the world – to legalize cannabis for recreational 

use for adults 21 years of age and older62. Previous research done in these states has 

demonstrated that the prevalence of DUIC increased after cannabis legalization. For 

instance, in Washington state, there was a statistically significant increase in suspected 

impaired drivers testing positive for THC and carboxy-THC post-legalization (2013) 

compared with pre-legalization (2009 to 2012)39. Further evidence from Washington state 

suggests that the legalization of recreational cannabis in Canada may increase the number 

of motor vehicle collision fatalities involving cannabis. For example, after Washington 

state went from medical to recreational legalization in 2012, the number of cannabis-

related motor vehicle collision fatalities increased by 31.2% compared to states with only 

medical legalization, including Hawaii, Montana, and New Mexico40. 
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2.5 Risk Perceptions and Health Behaviours Among Adolescents and Youth 

Risk perception – an individual's subjective assessment of the likelihood of 

negative occurrences63 – is an important precursor to health behaviour change. Health 

behaviours can be defined as protective (e.g., exercising regularly, consuming a low-fat 

diet, etc.) or risky (e.g., engaging in risky sexual activity, using illicit drugs, smoking, 

binge drinking, driving fast or impaired, etc.)64. To some extent, perceptions of risk are 

assumed to influence our health behaviours (protective or risky) and subsequently, our 

exposure to harmful risks. Often, individuals unwarrantably believe that compared to 

others, they are less likely to experience a specific negative health outcome and more 

likely to experience a positive health event65. For example, those who drink and drive 

may be less concerned about their risk of getting into a motor vehicle collision and in 

turn, estimate their own risk of a motor vehicle collision as lower than that of others. This 

type of bias, which is commonly referred to as comparative optimism65, is quite prevalent 

in the general population66. In a recent study examining the implications of comparative 

optimism on DUIC it was found that many participants expressed a comparative 

optimism bias, perceiving themselves as less likely than others to be involved in a motor 

vehicle collision when driving after using cannabis35. According to a recent review which 

explored the causes of comparative optimism, there are a variety of viable cognitive, 

motivational, and affective explanations supported by empirical evidence for why people 

estimate that their risk of an event is lower than that of others67.  

In various social and health psychology models such as the psychometric 

paradigm63,68 and the Health Belief Model (HBM)69, risk perception plays a central role 

in motivating behaviour. The HBM is a theoretical model which was developed to 
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explain and predict health-related behaviours, particularly in regards to the uptake of 

health services69. The HBM posits that people's beliefs and perceptions about health 

and disease can explain and predict their engagement (or lack thereof) in health-

promoting or self-protective behaviours69. The HBM consists of three important 

characteristics: perceived susceptibility, perceived seriousness (severity), and perceived 

benefit69. Based on this theory, in order for an individual to take action to avoid a disease 

or condition, they must believe that: 1) they are personally susceptible to it, 2) the 

occurrence of the disease would have at least moderate severity on some component of 

their personal life, and 3) a particular action would be beneficial by reducing personal 

susceptibility and severity, and would not involve taking action to overcome barriers69. 

According to the HBM, people with heightened perceptions of risk may be less likely to 

engage in behaviours that they believe will lead to negative consequences69. Based 

on this notion, heightening people's perceptions of risk or benefit may be useful for 

motivating positive changes in health behaviours. In fact, a recent meta-analysis of 

experimental evidence found that people's intentions and behaviours changed when 

individual elements of risk appraisal, including risk perception, anticipated emotion, and 

perceived severity, were heightened70.  

Understanding the implications of risk perceptions on health behaviours and the 

factors that modify this association is important in the control and reduction of harm 

exposure. According to the HBM, demographic factors (e.g., age, sex, race, ethnicity, 

etc.), sociopsychological variables (e.g., personality, social class, peer pressure, etc.), and 

structural variables (e.g., prior knowledge or exposure to a condition) may modify an 

individual's perceptions of susceptibility, seriousness, or benefit of an outcome69. Large 
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national surveys in Canada have identified these factors as strong correlates of risk 

perception. Among adolescent populations, consistent racial and sex differences in 

perceptions of risk have emerged across studies representing a diversity of samples71. 

Results of these studies show that Black adolescents are more concerned about drug use 

than White adolescents, and female adolescents perceive greater risks and fewer benefits 

associated with alcohol and drug use and sexual behaviour compared to males71. As well, 

across many studies, females consistently reported thinking more about their health and 

had more health concerns than their male counterparts71. 

The psychometric paradigm is a theoretical framework which explains how 

laypeople perceive the risks they face63,68. According to the psychometric paradigm, risk 

is subjectively defined by individuals who may be influenced by a broad range of social, 

psychological, institutional, and cultural factors63,68. Therefore, sociopsychological 

factors are also important to consider as they may influence risk perception, and/or the 

association between risk perception and risky health behaviours such as DUIC and 

RWCD. One sociopsychological factor believed to be associated with risk perception and 

likely associated with DUIC and RWCD is autonomy. Autonomy, which is defined as the 

ability to self-govern, develops over the course of adolescence and extends into 

adulthood as a result of a number of physical and cognitive changes72. In a recently 

published manuscript examining the relationship between autonomy, risk perception, and 

risk-taking, autonomy was found to be positively correlated with risk perception and 

negatively correlated with risk-taking36. In other words, those who reported feeling more 

autonomous had higher risk perception and were less likely to partake in risky 

behaviours36. 
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2.5.1 Risk-Taking and the Adolescent Brain 

Adolescents and young adults are notorious for engaging in more risky behaviour 

than any other age group73. Despite efforts to educate youth about the risks associated 

with such behaviours, many adolescents continue to engage in risky behaviour. While it 

has often been thought that youth engage in risky behaviour because they are not 

equipped with the required skills to evaluate risk, early research in this area has shown 

that adolescents are as capable as adults at evaluating risk across a wide range of risky 

behaviours74. 

Increased engagement in risky behaviours among youth may be explained by  

neurobiological changes occurring in the brain during adolescence73,75,76. During 

adolescence and early adulthood, the prefrontal cortex (which is the part of the brain 

responsible for self-control, reason, logic, and decision-making) undergoes structural and 

functional changes73,75,76. In turn, self-control and other important executive functions are 

relatively immature during adolescence. At the same time, the limbic system, which 

controls emotion and arousal, appears to mature earlier, leading to increased reward-

seeking77. The differing rates of development of these areas of the brain makes the period 

of adolescence a time of heightened vulnerability to risky and reckless behaviour73,76,77,78. 

Between adolescence and adulthood, risk-taking declines due to changes in the prefrontal 

cortex which improve individuals' capacity for self-control73.  

Increased risk-taking behaviour during adolescence may also be explained by 

risk-taking personality traits (e.g., sensation-seeking or impulsivity), social influence 

(e.g., peer pressure or relationships), and/or individual differences in genetics and 
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environmental exposures. Collectively, these factors are believed to enhance vulnerability 

to risky behaviours during the period of adolescence. 

 
2.6 Risk Perceptions Related to Drinking and Driving Behaviours 

A clear correlation has been observed between risk perception and drinking and 

driving behaviours79,80,81,82,83,84. In general, risk perception and the likelihood of drinking 

and driving seem to be inversely related; the greater the perceived risk, the lower the 

likelihood of drinking and driving, and vice versa80,81,82,83,84. Research has also shown 

that an individual's propensity to drink and drive decreases as the perceived probability of 

being apprehended for alcohol-impaired driving (being stopped by the police or being 

arrested) or being in a traffic collision increases80,81,82. This observation is consistent with 

theories of health behaviour change which emphasize that heightening people's 

perceptions of risk may be useful for motivating self-protective behaviours69. In contrast, 

a recent study found that among drivers who frequently commit the offence of drinking 

and driving, the risk of traffic collisions associated with drinking and driving was 

perceived as low83. This finding may be related to the social cognition of comparative 

optimism65. In other words, those who drink and drive may be overly optimistic about the 

low probability of adverse or legal consequences from alcohol-impaired driving. 

 
2.7 Risk Perceptions and Cannabis-Related Driving Behaviours 

The link between risk perception and cannabis-related driving behaviours is less 

straightforward. The literature exploring the association between risk perception and 

cannabis-related driving behaviours can be divided into two categories: quantitative and 

qualitative studies.    
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2.7.1 Quantitative Studies on Perceptions of Cannabis-Related Harms 

The link between specific cannabis-related driving cognitions (e.g., perceived 

dangerousness28,29,30 and perceived negative consequences29,30) and engagement in 

cannabis-related driving behaviours has been explored in quantitative studies. In these 

studies, perceived dangerousness was assessed via one question whereby participants 

rated how dangerous it is to drive within two hours of using cannabis on a four-point 

Likert scale ranging from "not at all dangerous" to "very dangerous"28,29,30. Perceived 

negative consequences of DUIC were assessed using four questions whereby participants 

rated the likelihood of a driver their age being stopped by the police, being breath or drug 

tested, being arrested, and having an accident on a four-point Likert scale ranging from 

"not very likely" to "very likely"29,30. Greater perceived dangerousness of DUIC was 

recurrently found to be associated with decreased likelihood and frequency of DUIC28,30. 

On the other hand, lower perceived dangerousness of DUIC among college students was 

shown to be uniquely associated with both increased likelihood and frequency of DUIC29. 

The role played by perceived negative consequences of DUIC in shaping cannabis-

related driving behaviours is less clear; some studies have found an association between 

lower perceived likelihood of negative consequences and increased frequency of DUIC29 

while others have reported no link30. Less is known about the role of risk perception in 

shaping a passenger's decision to ride with a cannabis-impaired driver. One study 

observed that greater perceived dangerousness of DUIC was associated with decreased 

likelihood of RWCD28; however, more research is needed. 

Evidence from quantitative studies also show that perceptions of cannabis-related 

harms differ by sex, age, and ethnicity. A recent study which examined data from the 
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National Survey on Drug Use and Health in the United States between 2002 and 2012 

found that females, those aged 50 years and older, and Non-White people were more 

likely to perceive regular cannabis consumption to pose great risk34. According to the 

same study, those aged 12 to 17 and 18 to 25 had the lowest odds of perceived great risk 

of regular cannabis use34. 

 
2.7.2 Qualitative Studies on Perceptions of Cannabis-Related Harms  

Qualitative studies compliment the results of quantitative studies by unveiling the 

attitudes, values, and beliefs of cannabis use and cannabis-related driving behaviours. A 

key and consistent finding that has emerged several times in qualitative studies on this 

topic is that cannabis is perceived to be a safe drug for driving31,32,33. Two of the most 

common youth perceptions about driving after cannabis use are: 1) cannabis elicits 

compensatory behaviours (e.g., driving at a reduced speed, staying within the lines, etc.) 

which may induce greater caution and mitigate crash risk31,33, and 2) regular cannabis use 

leads to tolerance33. Moreover, young adults have expressed that they perceive that the 

driving behaviour of regular users would be less impaired than those who use cannabis 

occasionally33. Among young focus group participants (aged 18 to 25) living in a rural 

Montana county, most were familiar with and knowledgeable about alcohol-related 

driving policies; however, many participants had conflicting beliefs about the effects of 

cannabis on driving ability and the policies surrounding DUIC33. For many participants, 

driving after cannabis use was perceived as less dangerous and more acceptable than 

driving after alcohol use33. While there was a shared consensus among rural young adults 

about the impairing effects of alcohol, many believed that the impairing ability of 
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cannabis is dependent on the characteristics of the individual, the cannabis itself, the 

amount and type of cannabis consumed, and the presence of other drugs33. 
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Chapter 3: Study Objectives  

While several studies have examined the association between perceptions of 

cannabis-related harms and cannabis-related driving behaviours, to date, little 

epidemiological data has explored the role played by youth perceptions in shaping 

cannabis-related passenger behaviours. This has led to a significant gap in the impaired 

driving prevention research. With respect to this gap, the scope and merit of existing 

studies, and considering the recent legalization of cannabis in Canada, there is a great 

need to research the link between perceived risk of cannabis use and cannabis-related 

driving and passenger behaviours. It is important that policymakers, healthcare 

providers, and educators understand how Canadian youth perceive the harms associated 

with DUIC and RWCD. Among youth, there are misperceptions about the risks 

associated with smoking cannabis on a regular basis. We propose that youth perceptions 

of risk of cannabis and DUIC play a strong role in shaping engagement in risky driving 

and passenger behaviours. We hypothesize that youth who perceive regular cannabis use 

to be more harmful are less likely to drive under the influence of cannabis and ride with a 

cannabis-impaired driver. This study adds to the current state of knowledge on risk 

perception and youth engagement in risky health behaviours by enhancing the 

understanding of the path of association of perceived risk with DUIC and RWCD among 

high school students. Understanding the scope of this relationship and whether it is 

modified by important demographic characteristics will help identify high-risk subgroups 

of high school drivers and passengers, and can serve to inform harm-reduction policies 

and interventions. The primary objective of this study is to determine the association of 

perceived risk of regular cannabis use with cannabis-related driving and passenger 
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behaviours among high school students utilizing a cross-sectional study design. 

The three key research questions are:  

1. Is the association between perceived risk of regular cannabis use and cannabis-

related driving and passenger behaviours dose-related, such that greater perceived 

risk is associated with reduced risk of DUIC and RWCD?  

2. Are these associations different between males and females?  

3. Are these associations different between urban and rural students?  
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4.1 Introduction   

As of Canada's recent legalization of recreational cannabis use, driving under the 

influence of cannabis (DUIC) has become increasingly relevant to public health and 

safety. Although Bill C-45 and C-46 were introduced in combination in effort to prevent 

youth from accessing cannabis and to strengthen the laws pertaining to cannabis-impaired 

driving37,61, we anticipate new and emerging patterns of cannabis use and cannabis-

related behaviours. Based on evidence of the legalization experiences of other 

jurisdictions in the United States38,39, there is widespread concern about the potential for 

legalization of recreational cannabis use to increase the prevalence of cannabis use and 

DUIC in Canada, particularly among youth.  

After alcohol, cannabis is the most widely used psychoactive substance in the 

Canadian population (used by 15% of Canadians in the general population in 2017) for 

both medical and recreational purposes48. Based on self-reports, 2.4% of all Canadian 

drivers have driven under the influence of cannabis in the last 30 days85. According to 

previous roadside survey studies, cannabis is often the most frequently detected drug 

among Canadian drivers86,87. Youth comprise one of the largest groups of drivers who 

engage in driving after cannabis use2,4. In 2012, the reported prevalence of DUIC was 

highest among Canadian drivers ages 18 to 19 years old (8.3%), followed by those ages 

15 to 17 years old (6.4%)2,4. Furthermore, Canadian youth ages 15 to 24 are more than 

twice as likely as older Canadians to self-report driving after cannabis use2,23.  

While the effects of cannabis on driving and motor vehicle crash risk have been 

studied extensively over the past two decades, the magnitude of traffic crash risk 

associated with cannabis-related impairment is difficult to establish and varies between 
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studies6,7,8,9,10,11,12. The general consensus from systematic reviews of observational 

epidemiological studies is that there is an approximate two-fold increase in the risk of a 

motor vehicle collision with recent cannabis use (indicated by either self-reported 

cannabis use or delta-9-tetrahydrocannabinol (THC) in the blood or urine), and risk of 

crash involvement increases with increasing THC levels6,7. However, recent case-control 

studies do not support an increase in traffic crash risk with THC exposure after adjusting 

for age, sex, ethnicity, and alcohol consumption10,11. Furthermore, a new prospective 

case-control study led by the University of British Columbia suggests that low levels of 

THC (less than 5 nanograms per milliliter (ng/ml) of blood) are not associated with an 

increased risk of crashing12. Despite mixed findings, cannabis is consistently one of the 

most frequently detected psychoactive substances in injured and fatally injured drivers in 

Canada, second after alcohol13,14,15,16,17. For instance, drawing on data from 1097 injured 

drivers from seven trauma centres in British Columbia, cannabis was detected in 12.6%17. 

Additionally, a one-year study of 229 fatally injured drivers in Ontario detected cannabis 

in 27%16.   

Equally important are the decisions of passengers to ride with a driver who is 

under the influence of cannabis (or with impaired drivers in general). According to 

previous research, between 4 and 8% of Canadian adults reported riding with a cannabis-

impaired driver (RWCD) in the past year18. Surveys of Canadian youth often report even 

higher rates (20% and higher) of past-year RWCD19. Given the undeniable contribution 

of cannabis to motor vehicle injuries and fatalities in Canada, the presence of passengers 

additionally burdens the economy and our healthcare system by potentially contributing 
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to the number of cannabis-related motor vehicle injuries, fatalities, and hospitalizations – 

all of which are entirely preventable. 

 In Canada and the United States, the likelihood of DUIC varies according to the 

sex of the driver. Previous research has shown that males are consistently more likely 

than females to report driving after using cannabis19,21,22,23,24,25. However, there are 

inconsistencies surrounding the role of sex as a risk factor for RWCD. While some 

studies have found that the prevalence of RWCD is higher for males than females27, 

others have observed no significant sex effect for RWCD18,28. Along with sex, degree of 

rurality has been identified as another important risk factor for DUIC. Previous research 

has shown that there are clear differences in the likelihood of DUIC in urban versus rural 

regions in Canada19,26. According to a technical report by the Canadian Centre on 

Substance Abuse, three out of four self-report surveys found that rural students were 

more likely to drive under the influence of cannabis compared to urban students26. 

Moreover, a study using national data collected between 2014 and 2015 found that 

relative to Ontario high school students, the odds of DUIC was self-reportedly higher 

among students in Nova Scotia, Prince Edward Island, and Newfoundland and Labrador19 

– which are among Canada's most rural provinces56. In contrast, within Canada, 

information is limited on whether urban and rural differences exist in relation to 

cannabis-related passenger behaviour among students. 

Increased engagement in risky behaviours such as DUIC and RWCD among 

youth may be explained by neurobiological changes occurring in the brain during 

adolescence73,75,76. During adolescence and early adulthood, the prefrontal cortex (which 

is the part of the brain responsible for self-control, reason, logic, and decision-making) 
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undergoes structural and functional changes73,75,76. In turn, self-control and other 

important executive functions are relatively immature during adolescence. At the same 

time, the limbic system, which controls emotion and arousal, appears to mature earlier, 

leading to increased reward-seeking77. The differing rates of development of these areas 

of the brain makes the period of adolescence a time of heightened vulnerability to risky 

and reckless behaviour73,76,77,78. 

Perceived risks of cannabis use and DUIC have been a focus of recent drug-

impaired driving research. Perceived risks of cannabis use and DUIC among youth have 

been unveiled in qualitative studies31,33. Generally, for many youth, cannabis is perceived 

as a safe drug with limited impairing effects for driving performance31,32,33. A common 

risk perception of DUIC among youth is that driving after cannabis use is less dangerous 

and more acceptable than driving after alcohol use33. There are even many young people 

who believe that cannabis elicits compensatory behaviours (e.g., driving at a reduced 

speed, staying within the lines, etc.) which may induce greater caution and mitigate crash 

risk31,33, and that regular cannabis use leads to tolerance33.  

A variety of viable factors are believed to explain the formation of risk 

perceptions of cannabis use and DUIC among youth. Social and health psychology 

models such as the psychometric paradigm63,68 and the Health Belief Model69 theorize 

that demographic characteristics (e.g., age, sex, race, ethnicity, etc.), sociopsychological 

factors (e.g., autonomy), and structural variables (e.g., prior knowledge or exposure to a 

condition) influence an individual's perception of risk and/or the association between risk 

perception and health behaviours (protective or risky)63,68,69. In fact, empirical data from 

the United States found that perceived risks of cannabis use differed by sex, age, and 
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ethnicity34. Less is known about whether sociopsychological factors such as autonomy 

influence risk perceptions of cannabis use and DUIC, and/or engagement in DUIC and 

RWCD behaviours. However, the results of previous research provide us with a better 

understanding of the relationship between autonomy, risk perception, and risk-taking36. 

In this study, autonomy was found to be positively correlated with risk perception and 

negatively correlated with risk-taking36. Therefore, the role of autonomy is also important 

to consider when assessing the association of perceived risk with DUIC and RWCD. 

Finally, youth perceptions about the risks associated with cannabis use and DUIC may in 

part be due to a number of cognitive factors, including comparative optimism bias65. 

Comparative optimism bias is a prevalent cognition among the general population that 

leads individuals to estimate their own risk of a negative event as lower than that of 

others65,66. Recent qualitative evidence from Toronto, Ontario found that many 

participants who reported driving after cannabis use expressed a comparative optimism 

bias, perceiving themselves as less likely than others to be involved in a motor vehicle 

collision when driving after using cannabis35. This type of bias could serve as a means to 

rationalize engagement in DUIC or RWCD.  

Few empirical studies have explored the role of risk perception in shaping 

cannabis-related driving behaviours such as DUIC and RWCD among youth. Among the 

existing studies that have, perceived dangerousness of DUIC (how dangerous it is to drive 

within two hours of using cannabis)28,29,30 and perceived negative consequences of DUIC 

(how likely it is that a driver would be stopped by the police, breath or drug tested, 

arrested, or have an accident)29,30 have been explored as cognitive predictors of DUIC. In 

these studies, greater perceived dangerousness of DUIC was found to be associated with 
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decreased likelihood and frequency of DUIC28,30. Moreover, among college students, 

lower perceived dangerousness of DUIC was shown to be associated with both increased 

likelihood and frequency of DUIC29. Less is known about the role of risk perception in 

shaping a passenger's decision to ride with a cannabis-impaired driver. One study 

observed that greater perceived dangerousness of DUIC was associated with decreased 

likelihood of RWCD28; however, more research is needed. 

The current study extends this body of research by exploring recent and past 

behaviours of DUIC and RWCD in a non-clinical sample of high school students across 

nine Canadian provinces. The primary objective of the present study was to examine the 

association of perceived risk of regular cannabis use with cannabis-related driving and 

passenger behaviours among Canadian high school students. Our study set out to 

determine: 1) whether the association of perceived risk of regular cannabis use with 

DUIC and RWCD was dose-related, such that greater perceived risk was associated with 

reduced risk of DUIC and RWCD, and 2) whether these associations differed between 

males and females, and urban and rural students. 

 
4.2 Methods 

4.2.1 Design 

A cross-sectional study design was used to address the research questions. We 

examined data from the 2016-2017 cycle of the Canadian Student Tobacco, Alcohol and 

Drugs Survey (CSTADS), a biennial school-based survey administered to students across 

Canada. The survey used a stratified single-stage cluster design to obtain the student 

sample88. Strata were based on two classifications: health region cigarette smoking rate 

and school type88. Within each provincial sampling frame, two or three smoking rate 
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strata (six in Nova Scotia) and two school-level strata (elementary and high school) were 

defined88. To ensure a generalizable sample within each province, schools were selected 

from strata at random, and then all eligible students within selected schools were 

surveyed88. This sampling design was used in all provinces except Québec since the 

2016-2017 CSTADS was conducted in partnership with the Québec Health Survey of 

High School Students (QHSHSS). The QHSHSS is a provincial-wide health survey of 

students in grades 7 to 11 (secondary I to V) implemented in Québec every six years to 

attain precise estimates on various health behaviours for each of the regions in Québec88. 

In order to minimize the burden at the school level, the CSTADS and QHSHSS 

approached schools together as one project, in which a majority of students completed the 

QHSHSS form and some completed the CSTADS form88. As a result, the sampling 

design in Québec was altered to allow for such collaboration. Detailed information on the 

sampling strategy used in Québec can be found in the CSTADS' publicly available 

microdata file88.  

 
4.2.2 Setting 

The survey was administered between October 2016 and June 2017 in private, 

public, and Catholic schools attended by students in grades 7 to 12 (secondary I to V in 

Québec) across nine Canadian provinces88. The sample excluded schools in New 

Brunswick (who declined participation in this cycle of the survey) and schools in 

the three territories. Schools with fewer than 20 students enrolled in at least one eligible 

grade, schools for special needs, schools on First Nation reserves, virtual schools, schools 

on military bases, international schools, and daycares were also excluded88.  
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4.2.3 Participants 

The present study is based on 33,915 high school students in grades 9 to 12 who 

took part in the 2016-2017 cycle of the survey. In total, 117 school boards (excluding 

Québec), 699 schools, and 52,103 students in grades 7 to 12 participated in this cycle of 

the survey88. A mix of active and passive permission protocols were used to obtain 

parental permission in participating schools. School boards and schools determined the 

permission protocol best suited within their schools. Schools participating with active 

permission protocols required written consent from parents for students to participate 

(e.g., parents indicated "yes" on a permission form)88. Schools participating with passive 

permission protocols required that parents call a toll-free number if they did not want 

their child to participate in the survey, and students themselves also had the option to 

decline participation on the day of the survey88. Overall, the student level response 

rate across Canada (excluding Québec) was 76%88. 

Given that adolescents in Canada can independently operate a motor vehicle 

between 16 and 17 years of age, the sample was further refined to include only students 

in grades 11 and 12 for all analyses of DUIC. This led to a sample of 14,520 senior 

students. All analyses of RWCD were based on all 33,915 students in grades 9 to 12 for 

two reasons: 1) self-reported data suggests that there is an increased likelihood of RWCD 

among Canadians ages 15 to 2418, and 2) nearly 20% of Canadian students in grades 

9 to 12 have reported ever riding with a driver who had used cannabis within the previous 

two hours19. 
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4.2.4 Outcome Variables  

Two cannabis-related driving outcomes were analyzed: DUIC and RWCD. The 

first outcome was derived from survey responses to the question: "Have you driven a 

vehicle (e.g., car, snowmobile, motor boat, or all-terrain vehicle (ATV)) within 2 hours of 

using marijuana or cannabis?"88. Response options included: "No, never", "Yes, in the 

last 30 days", and "Yes, more than 30 days ago"88. For our study, DUIC was coded 0 for 

"No, never"; 1 for "Yes, in the last 30 days"; and 2 for "Yes, more than 30 days ago". The 

second outcome was derived from survey responses to the question: "Have you ever been 

a passenger in a vehicle (e.g., car, snowmobile, motor boat, or ATV) driven by someone 

who had been using marijuana or cannabis in the last 2 hours?"88. For this question, 

respondents were provided with the following response options: "No, never", "Yes, in the 

last 30 days", "Yes, more than 30 days ago", and "I do not know"88. To avoid having 

more than three categories for this outcome, RWCD was coded 0 for "No, never" and "I 

do not know"; 1 for "Yes, in the last 30 days"; and 2 for "Yes, more than 30 days ago".  

 
4.2.5 Independent Variable 

Perceived risk of regular cannabis use was assessed from the question: "How 

much do you think people risk harming themselves when they smoke marijuana or 

cannabis on a regular basis?"88. Response options included: "No risk", "Slight risk", 

"Moderate risk", "Great risk", and "I do not know"88. Using "No risk" as the reference 

category, the variable was coded 0 for "No risk"; 1 for "Slight risk"; 2 for "Moderate 

risk"; 3 for "Great risk"; and 4 for "I do not know" and/or not stated. This question and its 

corresponding scale came from the 2009 version of the Health Behaviour in School-aged 

Children study in Canada89. Given the multidimensional nature of this construct, 
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operationalizing definitions of perceived risk has been a consistent challenge across 

similar studies. Many studies have relied solely on indicators with unidimensional 

scales90 which have oversimplified the construct. Our study falls victim to the same 

shortcoming since only one question pertaining to risk perception was included in the 

survey. After an extensive search of the literature, there is no evidence to suggest that this 

scale has been empirically validated. Despite this major limitation, versions of this Likert 

scale have been used in various studies examining risk perception of substance use 

(including cannabis) among adolescent populations91,92,93. Findings from these studies 

suggest that this measure has good face validity. Furthermore, according to the Children, 

Youth, and Families at Risk summary assessment of this instrument, this scale (which 

was used in the adolescent form of the 2005 American Drug and Alcohol Survey) has 

high test-retest reliability (0.94)91. 

 
4.2.6 Covariates 

Analyses were also controlled for sociodemographic variables including sex, 

school grade, rurality, province of residence, and autonomy. Sex ("Are you female or 

male?")88 was coded 0 for "Female" and 1 for "Male". Since the literature suggests that 

males are consistently more likely than females to report DUIC19,21,22,23,24,25, and the 

prevalence of RWCD has been found to be higher among males than females27, females 

were used as the reference group when assessing both outcomes. School grade was 

determined by responses to the following question: "What grade are you in?"88. Response 

options included: "Grade 7", "Grade 8", "Grade 9", "Grade 10", "Grade 11", and "Grade 

12"88. School grade was used as a proxy for age since age was not allowed to be used by 

Health Canada. For all analyses of DUIC (which included students in grades 11 and 12 
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only), school grade was coded 0 for "Grade 11" and 1 for "Grade 12". Given that the 

number of Canadian students who report DUIC is almost entirely accounted for by grade 

12 students, students in grade 11 were used as the reference group20. For all analyses of 

RWCD, school grade was coded 0 for "Grade 9"; 1 for "Grade 10"; 2 for "Grade 11"; 

and 3 for "Grade 12". Since evidence suggests that students in lower grades are less likely 

to ride with a cannabis-impaired driver20, students in grade 9 were used as the reference 

group. Rurality was derived from survey responses to the question: "Is the respondent's 

school in an urban or rural location?"88. Urban and rural categories were derived from 

school postal codes that were based on Statistics Canada's Statistical Area Classification 

system88. Urban areas were considered census metropolitan areas (CMAs) or census 

agglomerations (CAs)88. CMAs are defined as having a total population of at least 

100,000, of which 50,000 or more live in the urban core. CAs are areas that must have an 

urban core population of at least 10,000 and consist of one or more neighbouring 

municipalities situated around the core. Rural areas were considered non-CMAs/CAs. 

These definitions of urban versus rural region were adopted from the survey's publicly 

available microdata file88. Rurality was coded 0 for "No" and 1 for "Yes". Since 

Canadian evidence suggests that the likelihood of DUIC is higher among students from 

rural schools compared to urban schools26, and since cannabis-impaired drivers are more 

likely to reside in rural areas21, non-rural (urban) was used as the reference group when 

assessing the first outcome (DUIC). Although information is limited on whether urban 

and rural differences exist in relation to RWCD among students, a consistent finding in 

the literature is that the odds of ever RWDD is higher among rural students than urban 

students19. Assuming this pattern holds true for RWCD, non-rural (urban) was also used 
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as the reference group when assessing the second outcome. Province of residence 

was coded 0 for "Ontario"; 1 for "Québec"; 2 for "British Columbia"; 3 for "Alberta"; 4 

for "Saskatchewan"; 5 for "Manitoba"; 6 for "Nova Scotia"; 7 for "Prince Edward 

Island"; and 8 for "Newfoundland and Labrador". For our study, Ontario was used as the 

reference group. Autonomy, which was defined by the survey as "our need for personal 

freedom to make choices or decisions that affect our lives"88, was measured using six 

items to capture students' overall autonomy in the past week: "I feel free to express 

myself at home", "I feel free to express myself with my friends", "I feel I have a choice 

about when and how to do my schoolwork", "I feel I have a choice about which activities 

to do with my friends", "I feel free to express myself at school", and "I feel like I have a 

choice about when and how to do my household chores"88. The set of six items used to 

measure autonomy had high internal consistency as determined by Cronbach's alpha 

(Cronbach's a = 0.95). This indicated that the set of items were closely related as group. 

Response options for each of these items were: "Really false for me", "Sort of false for 

me", "Sort of true for me", and "Really true for me"88. Considering that students may 

respond differently to each of the six items, we created an autonomy scale (scored 0 to 3, 

meaning least to most autonomy) for each of the six items, with a total score ranging 

from 0 to 18 (lowest to highest autonomy). For each of the six items, "Really false for 

me" responses were assigned a score of 0; "Sort of false for me" responses were assigned 

a score of 1; "Sort of true for me" responses were assigned a score of 2; and "Really true 

for me" responses were assigned a score of 3. For each item that a response was not 

stated, a score of 0 was assigned. The square transformation of autonomy score was used 

in all analyses to correct for outliers and a departure from a normal distribution (see 
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Appendix A – Figures A1 to A4). Skewness of the square transformation of autonomy 

score was -0.02 (compared to -1.04) and kurtosis was 2.16 (compared to 4.02) (see 

Appendix A – Figures A3 and A4). The square transformation of autonomy score was 

then divided into quartiles which were labeled "High", "Moderate", "Low", and "Very 

low". Since recent literature suggests that those who report feeling more autonomous 

have higher risk perception and are less likely to partake in risky behaviours36, "High" 

autonomy score was used as the reference group.  

 
4.2.7 Statistical Analysis 

All prevalence estimates and statistical tests accounted for the stratified cluster 

sample design and were based on survey weights and bootstrap weights. Survey weights 

were used to adjust for school selection and non-response at the school, grade, and 

student level, and to derive meaningful population estimates from the survey sample. The 

construction of survey weights was achieved in a series of six stages88. Further details 

and explanations on how these weights were constructed can be found in the CSTADS' 

publicly available microdata file88. Bootstrap weights were used to account for the effects 

of the survey design (e.g., the clustered data) on variance estimates, and to more precisely 

estimate sampling error. All weights were calculated by the CSTADS and provided in the 

dataset.  

Multinomial logistic regression was used to examine the association between 

perceived risk of regular cannabis use and cannabis-related driving and passenger 

behaviours. Our choice to use multinomial logistic regression over ordinal logistic 

regression was based on the violated assumptions associated with ordinal logistic 

regression. Ordinal logistic regression assumes that the distance between each of the 
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response categories of the outcome are equal – an assumption which was not tenable for 

either of our outcome variables. To determine whether these associations differed 

between males and females and/or rural and urban students, again multinomial logistic 

regression was employed, now with two stages of testing. In the first stage, effect 

modification was tested using a sex by perceptions interaction term (and a rurality by 

perceptions interaction term) to see if we should pursue further with stratification (stage 

two) by sex and/or rurality. Finally, to test the robustness of the main findings, a 

sensitivity analysis for the DUIC model was performed, whereby the association between 

perceived risk of regular cannabis use and DUIC was tested separately for students in 

grades 11 and 12 who had used cannabis at least once in the past year. To handle missing 

data, listwise deletion was used to achieve a complete case analysis. Listwise deletion 

reduced the estimation sample to 14,147 students from 14,520 for all analyses assessing 

DUIC, and to 33,116 students from 33,915 for all analyses assessing RWCD. This 

missing data analysis procedure was employed since less than 5% of data were missing 

for each outcome variable94 (range from 2% [RWCD] to 3% [DUIC]). All multinomial 

logistic regression analyses were performed using Stata/IC (version 15.0).  

 
4.2.8 Ethics Approval 

Ethics approval for this study was obtained from the Health Canada Research 

Ethics Board, the University of Waterloo Office of Research Ethics, and the ethics review 

boards located in affiliated provincial institutions and school boards.   
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4.3 Results 

Descriptive statistics from Table 4.3.1 revealed that nearly 5% of high school 

students in grades 11 and 12 reported having driven under the influence of cannabis in 

the last 30 days, while 3.9% of students reported having driven under the influence of 

cannabis more than 30 days ago. In terms of passenger behaviour, 8.5% of high school 

students in grades 9 to 12 reported having ridden with a driver impaired by cannabis in 

the last 30 days, while 8.9% of students reported having ridden in a vehicle with a 

cannabis-impaired driver more than 30 days ago. In terms of perceived risk of regular 

cannabis use, 46.9% of all high school students reported that they perceived great risk 

from smoking cannabis on a regular basis, while 10% of students perceived no risk.   

Table 4.3.2 presents unadjusted and adjusted results of a multinomial logistic 

regression model of DUIC by perceived risk of regular cannabis use, sex, school grade, 

rural setting, province, and square of autonomy score among students in grades 11 and 12 

in nine Canadian provinces. Adjusted results from Table 4.3.2 revealed a dose-response 

pattern, whereby greater perceived risk of regular cannabis use was significantly 

associated with reduced risk of DUIC in the last 30 days and more than 30 days ago. For 

instance, students who perceived that smoking cannabis on a regular basis posed great 

risk had a 94% reduction in risk of DUIC in the last 30 days (p £ 0.001), and an 89% 

reduction in risk of DUIC more than 30 days ago (p £ 0.001), compared to students who 

perceived that regular cannabis use posed no risk at all. Adjusted estimates also indicated 

that male students and students in grade 12 had a significant increase in risk of DUIC in 

the last 30 days and more than 30 days ago, compared to female students and students in 

grade 11, respectively. As well, compared to students from urban schools, rural students 
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had a significant increased risk of DUIC in the last 30 days, but not more than 30 days 

ago. Students in all provinces except for Québec, British Columbia, Alberta, and 

Manitoba had a significant increase in risk of DUIC in the last 30 days compared to 

Ontario students. Similarly, compared to Ontario, the risk of cannabis-impaired driving 

more than 30 days ago was significantly increased among students in all provinces except 

for Québec and British Columbia. Finally, adjusted results found that students with a very 

low autonomy score had a significantly increased risk of DUIC more than 30 days ago. 

Unadjusted results from Table 4.3.2 were generally consistent with adjusted results. 

Results from the sensitivity analysis revealed the same trend as the main analysis. 

However, in the restricted analysis which included only students in grades 11 and 12 who 

had used cannabis at least once in the past year, the effect sizes were less robust (see 

Appendix B – Table B1). This result suggests that risk perception may not play the same 

role for cannabis users, who are more risk-takers anyway. 

Table 4.3.3 presents unadjusted and adjusted results of a multinomial logistic 

regression model of RWCD by perceived risk of regular cannabis use, sex, school grade, 

rural setting, province, and square of autonomy score among students in grades 9 to 12 in 

nine Canadian provinces. Adjusted estimates indicated a dose-response pattern, whereby 

greater perceived risk of regular cannabis use was significantly associated with reduced 

risk of RWCD in the last 30 days and more than 30 days ago. Students who perceived 

that regular cannabis use posed great risk had a 92% reduction in risk of RWCD in the 

last 30 days (p £ 0.001), and a 77% reduction in risk of RWCD more than 30 days ago (p 

£ 0.001), compared to students who perceived that regular cannabis use posed no risk at 

all. Adjusted estimates also indicated a dose-dependent effect of school grade on risk of 



 42 

RWCD, whereby the risk of RWCD (in the last 30 days and more than 30 days ago) 

increased significantly with school grade level (p £ 0.001). While male students had a 

significant reduction in risk of RWCD in the last 30 days and more than 30 days ago 

compared to female students, adjusted results revealed that relative to urban students, 

students from rural schools had a significant increased risk of RWCD in the last 30 days 

and more than 30 days ago (43% and 26%, respectively). Compared to students in 

Ontario, students from most provinces had a significant increased risk of RWCD in the 

last 30 days and more than 30 days ago. Finally, the risk of RWCD more than 30 days 

ago increased significantly as students' self-reported level of autonomy decreased from 

high to very low. Unadjusted results from Table 4.3.3 were consistent with adjusted 

results.  

Interaction models for DUIC and RWCD by sex and by rurality were tested but 

revealed no significant interactions (see Tables 4.3.4 to 4.3.7 and Appendix C – Figures 

C1 to C4). However, we ran stratified analyses to explore effect size differences between 

males and females, and urban and rural high school students (see Appendix D and E). 

The impact of risk perception on DUIC was significantly protective for both males and 

females, and for urban and rural students (see Appendix D – Tables D1 and D2), though 

the magnitude of the effect was larger for males than females, and for urban versus rural 

students. Adjusted results revealed that great risk perception was protective of DUIC 

more than 30 days ago versus never more so for males than females (0.09 versus 0.15) 

(see Appendix D – Table D1). For rural students, great risk perception was protective of 

DUIC more than 30 days ago versus never by 0.10, while for urban students great risk 

perception was protective by 0.12 (see Appendix D – Table D2). Results from adjusted 
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stratified analyses of the association between risk perception and RWCD were consistent 

with the results from adjusted stratified analyses of the association between risk 

perception and DUIC (see Appendix E – Tables E1 and E2). Comparably, a significant 

protective effect of risk perception on RWCD was observed for students of both sexes, 

and for students from both urban and rural schools (see Appendix E – Tables E1 and E2). 

Great risk perception was protective of RWCD more than 30 days ago versus never by 

0.24 for males and 0.23 for females (see Appendix E – Table E1), and by 0.24 for urban 

students and 0.20 for rural students (see Appendix E – Table E2). Again, the magnitude 

of the effect of risk perception on RWCD was larger for males compared to females, and 

for urban students compared to rural students. 

 
4.4 Discussion 

The two major conclusions from this paper can be summarized as follows. First, 

perceived risk of regular cannabis use was associated with DUIC and RWCD. Observed 

associations exhibited a dose-response pattern, with risk of DUIC and RWCD in the last 

30 days and more than 30 days ago decreasing as perceived risk of regular cannabis use 

increased from no risk to great risk. These findings replicate results from two recent 

empirical studies in the United States that explored cognitive risk factors for driving after 

cannabis use among young people28,30. 

Second, no evidence of significant effect modification by sex or rurality for either 

the association between risk perception and DUIC, or between risk perception and 

RWCD was found in the present study. Although no significant effect modification was 

observed, adjusted stratified analyses revealed that the impact of risk perception of 

regular cannabis use on DUIC and RWCD was significantly protective for both males 
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and females, and for urban and rural students. To the best of our knowledge, this is the 

first Canadian study to consider how the association of perceived risk of regular cannabis 

use with DUIC and RWCD varied between males and females, and urban and rural 

students.  

Given the strong association, heightening the risk perceptions of the small 

proportion of the student population who feel that regular cannabis use poses no risk at 

all may be an effective strategy for reducing the prevalence of both behaviours. This 

strategy is based on the assumption that increasing people's perceptions of risk (or their 

perceived threat) will engender a change in behaviour. This assumption is central to 

various health psychology models including the Health Belief Model69. Not only is this 

assumption commonsensical and pervasive in psychology, it is also supported by 

scientific evidence. For instance, a recent meta-analysis of experimental evidence found 

that heightening individual elements of risk appraisal (e.g., risk perception, anticipated 

emotion, and perceived severity) led to a change in people's intentions and behaviours70. 

Moreover, this study found that the effects of risk appraisal on these outcomes were 

augmented when more than one of these elements of risk appraisal were heightened70. 

Education is considered the best practice for changing people's risk perceptions. 

Educational institutions such as elementary schools and high schools should disseminate 

appropriate information regarding cannabis risks to youth, including placing more 

emphasis on the harmful effects of using cannabis as a means of educating and alerting 

students on the realities of the known risks associated with driving after cannabis use. 

Doing so may increase the risk perceptions of the small proportion of the student 

population who feel that cannabis poses no risk at all, and decrease the prevalence of 
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DUIC and RWCD behaviours. Social marketing campaigns targeting young people at 

risk of DUIC or RWCD may also be an effective way of heightening risk perceptions and 

decreasing the prevalence of both behaviours among young people. Major efforts should 

be made in this regard to educate the population of Canadian high school students. 

This study has several limitations. First, data were cross-sectional rather than 

longitudinal, and therefore this study was unable to capture any cause-and-effect 

relationship between risk perception and cannabis-related driving and passenger 

behaviours. Furthermore, data collected during this brief period may not reflect the 

patterns of cannabis-related driving and passenger behaviours that may ensue following 

the recent legalization of cannabis in Canada. Second, involvement in cannabis-related 

driving and passenger behaviour was based on self-reports and may suffer from biases of 

under- and over-reporting. Third, our measure of risk perception focused broadly on 

cannabis use rather than DUIC and RWCD risk perception. Moreover, the question and 

corresponding Likert scale used to assess risk perception of regular cannabis use has not 

been empirically validated, despite its use in studies with similar research aims91,92,93. 

Fourth, the current study did not include other unmeasured confounders highly associated 

with our exposure and outcome variables (e.g., cannabis use, illicit drug use, and 

excessive alcohol consumption) due to potential risk of multicollinearity. Other potential 

confounders such as risk-engaging personality, sexual orientation, and depression were 

also excluded from our analyses since these variables were not available in the survey. 

Finally, due to the school-based nature of our study, the results may not be generalizable 

to home-schooled and absentee students (including truant students) who may be at higher 

risk of engaging in risky behaviours such as DUIC and RWCD.  
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In sum, the current study found that nearly half of high school students perceived 

the regular use of cannabis to be harmful (with 1 in 10 perceiving no risk). Just under 

10% of students in grades 11 and 12 reported DUIC in the past year, and almost 20% of 

students in grades 9 to 12 reported RWCD. This study suggests that perceptions of risk 

matter for young people: greater perceived risk of cannabis was related to reduced risk of 

cannabis-related driving and passenger behaviour in a robust and dose-response manner, 

and these associations were consistent for males and females, and for urban and rural 

students. Given this strong association, we must work to better disseminate appropriate 

information regarding cannabis risks to high school students. Shifting the small 

proportion of the student population who feel that regular cannabis use poses no risk at 

all to recognize that there are some risks involved with cannabis-impaired driving 

behaviours is also warranted. To achieve this, a multi-pronged approach akin to what has 

led to substantial reductions in drinking and driving is needed – a combination of robust 

public health policy and regulation, education, social marketing, effective enforcement 

approaches, and time (cultural shift). 
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Table 4.3.1. Sociodemographic and other characteristics of Canadian grade 9-12 students who participated in the 
2016-2017 Canadian Student Tobacco, Alcohol and Drugs Survey (n = 33 915) 

Variables High school students (n = 33 915) 
 n Weighted % CIa 
Sex 

Female 
Male 
 

 
16 938 
16 977 

 

 
48.7 
51.3 

 

 
0.5 
0.5 

 
School grade 

9 
10 
11 
12 

 

 
10 643 

8752 
8257 
6263 

 

 
25.4 
25.4 
25.2 
24.0 

 

 
0.5 
0.5 
0.5 
0.5 

 
Rural setting 

No 
Yes 
 

 
25 665 

8250 
 

 
83.0 
17.0 

 

 
0.4 
0.4 

 
Province 

Ontario 
Québec 
British Columbia 
Alberta 
Saskatchewan 
Manitoba 
Nova Scotia 
Prince Edward Island 
Newfoundland and Labrador 

 
Sqr. Autonomy score 

High  
Moderate 
Low 
Very low 

 

 
7828 
1943 
4300 
6440 
1905 
2244 
2624 
2778 
3853 

 
 

5824 
9246 

10 170 
8675 

 
47.0 
15.6 
13.4 
11.8 
3.4 
4.3 
2.7 
0.4 
1.4 

 
 

17.9 
29.1 
30.4 
22.6 

 
0.5 
0.4 
0.4 
0.3 
0.2 
0.2 
0.2 
0.1 
0.1 

 
 

0.4 
0.5 
0.5 
0.4 

 
Perceived risk of regular cannabis use  

No risk 
Slight risk 
Moderate risk 
Great risk 
Don't know/Not stated 

 

 
4086 
4667 
7505 

14 581 
3076 

 

 
10.0 
12.9 
22.5 
46.9 
7.7 

 

 
0.3 
0.4 
0.4 
0.5 
0.3 

 
DUIC (n = 14 520) 

No, never 
Yes, in the last 30 days 
Yes, more than 30 days ago 
Missing 
Not applicable 

 
RWCD (n = 33 915) 

No, never 
Yes, in the last 30 days 
Yes, more than 30 days ago 
Missing  

 
12 480 

907 
760 
373 

19 395 
 
 

26 443 
3297 
3376 
799 

 
88.9 
4.9 
3.9 
2.3 

– 
 
 

80.4 
8.5 
8.9 
2.2 

 
0.5 
0.4 
0.3 
0.2 

– 
 
 

0.4 
0.3 
0.3 
0.2 

Notes: Sqr. = square transformation; DUIC = driving under the influence of cannabis; RWCD = riding with a 
cannabis-impaired driver.  
a 95% Confidence interval. 
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Table 4.3.2. Multinomial logistic regression of driving under the influence of cannabis (DUIC) by perceived risk of regular cannabis use, sex, school grade, rural setting, province, and square of autonomy score among Canadian 
grade 11 and 12 students who participated in the 2016-2017 Canadian Student Tobacco, Alcohol and Drugs Survey (n = 14 147) 

Variables DUIC (n = 14 147) Unadjusted RRR (95% CI) Adjusted RRRb (95% CI) 

  
na 

Weighted 
estimated % 

Last 30-day DUIC  
vs. Never 

More than 30-day ago DUIC  
vs. Never 

Last 30-day DUIC  
vs. Never 

More than 30-day ago DUIC 
vs. Never 

Perceived risk of regular cannabis use 
No risk (referent) 
Slight risk 
Moderate risk  
Great risk  
Don't know/Not stated  

 
2061 
2430 
3458 
5205 

993 
 

 
12.1 
15.7 
25.3 
41.4 

5.5 

 
1.00 
0.54 (0.39, 0.75)*** 
0.17 (0.13, 0.22)*** 
0.05 (0.03, 0.08)*** 
N/A 
 

 
1.00 
0.65 (0.49, 0.85)** 
0.30 (0.23, 0.39)*** 
0.09 (0.06, 0.12)*** 

N/A 

 
1.00 
0.56 (0.39, 0.80)** 
0.19 (0.14, 0.27)*** 
0.06 (0.04, 0.10)*** 

N/A 

 
1.00 
0.67 (0.51, 0.88)** 
0.34 (0.26, 0.44)*** 
0.11 (0.08, 0.15)*** 

N/A 

Sex 
Female (referent) 
Male 

 
7126 
7021 

 

 
49.2 
50.8 

 

 
1.00 
2.17 (1.56, 3.02)*** 

 
1.00 
1.80 (1.39, 2.33)*** 
 

 
1.00 
1.74 (1.25, 2.41)*** 

 
1.00 
1.50 (1.17, 1.93)*** 

School grade  
11 (referent) 
12  

 
8043 
6104 

 

 
51.2 
48.8 

 
1.00 
1.91 (1.48, 2.47)*** 

 
1.00 
1.86 (1.44, 2.39)*** 

 
1.00 
1.91 (1.51, 2.42)*** 
 

 
1.00 
1.83 (1.42, 2.36)*** 

Rural setting 
No (referent) 
Yes 

 

 
10 516 

3631 

 
82.6 
17.4 

 
1.00 
2.17 (1.59, 2.95)***

  

 
1.00 
1.72 (1.12, 2.65)* 
 

 
1.00 
1.70 (1.30, 2.24)*** 

 
1.00 
1.24 (0.90, 1.71) 

Province 
Ontario (referent) 
Québec 
British Columbia 
Alberta 
Saskatchewan 
Manitoba 
Nova Scotia 
Prince Edward Island 
Newfoundland and Labrador 
 

 
3475 

670 
1882 
2533 

788 
962 

1033 
1103 
1701 

 
51.7 

9.8 
14.0 
12.0 

3.5 
4.5 
2.7 
0.4 
1.4 

  
1.00 
0.66 (0.34, 1.30) 
1.36 (0.78, 2.37) 
1.70 (1.12, 2.57)*  
3.08 (1.94, 4.88)*** 
1.47 (0.94, 2.31) 
3.39 (2.41, 4.77)*** 
2.13 (1.29, 3.51)** 

2.28 (1.39, 3.74)*** 

 
1.00 
0.72 (0.37, 1.40) 
1.58 (0.86, 2.89) 
2.16 (1.32, 3.53)** 
3.55 (2.19, 5.74)*** 
2.32 (1.41, 3.81)*** 
3.61 (2.32, 5.60)*** 
2.44 (1.50, 3.97)*** 

2.67 (1.71, 4.16)*** 

 
1.00 
1.59 (0.81, 3.13) 
1.25 (0.72, 2.17) 
1.37 (0.99, 1.91) 
2.10 (1.34, 3.29)*** 
1.04 (0.74, 1.47) 
2.59 (1.88, 3.58)*** 
1.44 (1.07, 1.93)* 

1.82 (1.14, 2.89)* 

 
1.00 
1.50 (0.78, 2.89) 
1.51 (0.81, 2.84) 
1.90 (1.23, 2.95)** 
2.91 (1.82, 4.67)*** 
1.88 (1.20, 2.96)** 
2.89 (1.90, 4.39)*** 
2.02 (1.23, 3.31)** 

2.22 (1.45, 3.43)*** 

Sqr. Autonomy score 
High (referent) 
Moderate  
Low 
Very low  

 

 
2536 
3864 
3317 
4430 

 
18.4 
29.0 
23.4 
29.2 

 
1.00 
1.09 (0.75, 1.58) 
1.05 (0.72, 1.54) 
1.91 (1.27, 2.87)** 

 
1.00 
1.15 (0.87, 1.52) 
1.44 (1.04, 2.01)* 
1.76 (1.30, 2.39)*** 

 
1.00 
0.99 (0.69, 1.43) 
0.87 (0.58, 1.30) 
1.39 (0.90, 2.14) 

 
1.00 
1.05 (0.78, 1.40) 
1.21 (0.88, 1.68) 
1.37 (1.02, 1.84)* 

F statistic      F(36, 464) = 48.13***  

Notes: DUIC = driving under the influence of cannabis; RRR = relative risk ratio; CI = confidence interval; N/A = not applicable; Sqr. = square transformation. 
a The weighted prevalence estimates are based on 14 147 cases.  
b Adjusted for perceived risk of regular cannabis use, sex, school grade, rural setting, province, and square of autonomy score. 
* p < 0.05. 
** p < 0.01. 
*** p £ 0.001. 
 
 

 

4
8
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Table 4.3.3. Multinomial logistic regression of riding with a cannabis-impaired driver (RWCD) by perceived risk of regular cannabis use, sex, school grade, rural setting, province, and square of autonomy score among Canadian 
grade 9-12 students who participated in the 2016-2017 Canadian Student Tobacco, Alcohol and Drugs Survey (n = 33 116) 

Variables RWCD (n = 33 116) Unadjusted RRR (95% CI) Adjusted RRRb (95% CI) 

  
na 

Weighted 
estimated % 

Last 30-day RWCD  
vs. Never 

More than 30-day ago RWCD  
vs. Never 

Last 30-day RWCD  
vs. Never 

More than 30-day ago RWCD  
vs. Never 

Perceived risk of regular cannabis use 
No risk (referent) 
Slight risk 
Moderate risk  
Great risk  
Don't know/Not stated  
 

 
4026 
4623 
7442 

14 453 
2572 

 

 
10.1 
13.0 
22.9 
47.5 

6.5 

 
1.00 
0.54 (0.45, 0.66)*** 
0.28 (0.23, 0.33)*** 
0.07 (0.06, 0.09)*** 

N/A 

 
1.00 
0.86 (0.72, 1.03) 
0.55 (0.47, 0.65)*** 
0.22 (0.18, 0.26)*** 
N/A 

 
1.00 
0.54 (0.45, 0.65)*** 
0.28 (0.24, 0.33)*** 
0.08 (0.07, 0.10)*** 
N/A 

 
1.00 
0.85 (0.71, 1.03) 
0.54 (0.46, 0.64)*** 
0.23 (0.19, 0.28)*** 
N/A 

Sex 
Female (referent) 
Male 

 

 
16 668 
16 448 

 

 
49.1 
50.9 

 

 
1.00 
1.01 (0.87, 1.17) 

 
1.00 
0.87 (0.77, 0.98)* 

 

 
1.00 
0.75 (0.65, 0.87)*** 

 
1.00 
0.73 (0.63, 0.84)*** 

School grade  
9 (referent) 
10 
11  
12  
 

 
10 400 

8546 
8062 
6108 

 

 
25.3 
25.4 
25.2 
24.1 

 
1.00 
1.96 (1.62, 2.37)*** 
2.92 (2.30, 3.71)*** 

4.27 (3.28, 5.56)*** 

 
1.00 
2.02 (1.70, 2.41)*** 
2.48 (2.10, 2.93)*** 
3.74 (3.10, 4.52)*** 

 
1.00 
1.78 (1.46, 2.16)*** 
2.52 (1.99, 3.19)*** 
3.82 (2.93, 4.99)*** 

 
1.00 
1.92 (1.60, 2.32)*** 
2.29 (1.94, 2.70)*** 
3.86 (3.17, 4.69)*** 

Rural setting 
No (referent) 
Yes 

 
25 047 

8069 
 

 
83.0 
17.0 

 
1.00 
1.69 (1.34, 2.13)*** 

  

 
1.00 
1.53 (1.17, 2.00)** 

 
1.00 
1.43 (1.16, 1.75)*** 
 

 
1.00 
1.26 (1.01, 1.56)* 
 

Province 
Ontario (referent) 
Québec  
British Columbia 
Alberta 
Saskatchewan 
Manitoba 
Nova Scotia 
Prince Edward Island 
Newfoundland and Labrador 

 
7638 
1923 
4168 
6315 
1866 
2192 
2570 
2725 
3719 

 
47.0 
15.8 
13.3 
11.9 

3.4 
4.2 
2.6 
0.4 
1.4 

 

  
1.00 
1.05 (0.81, 1.35) 
1.42 (1.00, 2.02) 
1.34 (1.02, 1.77)* 
1.93 (1.22, 3.05)** 
1.61 (1.20, 2.17)** 
3.37 (2.60, 4.36)*** 
1.76 (1.32, 2.33)*** 
2.13 (1.66, 2.73)*** 

 

 
1.00 
1.47 (1.16, 1.86)*** 
1.36 (0.95, 1.94) 
1.84 (1.36, 2.50)*** 
2.52 (1.85, 3.42)*** 
1.62 (1.26, 2.08)*** 
3.13 (2.53, 3.88)*** 
1.94 (1.57, 2.38)*** 

2.00 (1.60, 2.52)*** 

 
1.00 
2.13 (1.64, 2.78)*** 
1.34 (0.96, 1.86) 
1.24 (1.01, 1.53)* 
1.55 (0.95, 2.54) 
1.35 (1.06, 1.72)* 
2.80 (2.20, 3.55)*** 
1.41 (1.14, 1.74)*** 
1.79 (1.43, 2.24)*** 

 
1.00 
2.57 (2.03, 3.26)*** 
1.36 (0.96, 1.92) 
1.82 (1.39, 2.39)*** 
2.32 (1.63, 3.31)*** 
1.53 (1.24, 1.90)*** 
2.87 (2.32, 3.56)*** 
1.77 (1.39, 2.24)*** 
1.85 (1.49, 2.30)*** 

Sqr. Autonomy score       
High (referent) 5752 18.1 1.00  1.00 1.00 1.00 
Moderate 9157 29.4 1.10 (0.85, 1.43) 1.37 (1.14, 1.65)*** 1.05 (0.80, 1.38) 1.33 (1.10, 1.61)** 
Low 10 044 30.8 1.49 (1.18, 1.90)*** 1.50 (1.23, 1.83)*** 1.34 (1.05, 1.72)* 1.42 (1.18, 1.72)*** 
Very low 
 

8163 21.7 1.83 (1.49, 2.26)*** 1.78 (1.47, 2.17)*** 1.45 (1.17, 1.80)*** 1.61 (1.29, 2.01)*** 

F statistic      F(40, 460) = 70.16*** 

Notes: RWCD = riding with a cannabis-impaired driver; RRR = relative risk ratio; CI = confidence interval; N/A = not applicable; Sqr. = square transformation. 
a The weighted prevalence estimates are based on 33 116 cases.  
b Adjusted for perceived risk of regular cannabis use, sex, school grade, rural setting, province, and square of autonomy score. 
* p < 0.05. 
** p < 0.01. 
 *** p £ 0.001.

 

4
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Table 4.3.4. Multinomial logistic regression of driving under the influence of cannabis (DUIC) by 
sex, perceived risk of regular cannabis use, and their interaction term among Canadian grade 11 and 
12 students who participated in the 2016-2017 Canadian Student Tobacco, Alcohol and Drugs Survey 
(n = 14 147) 
 Adjusted RRRa (95% CI) 
 Last 30-day DUIC  

vs. Never  
More than 30-day ago 
DUIC vs. Never  

Male   
No (referent) 1.00 1.00 
Yes 

 
Perceived risk of regular cannabis use 

No risk (referent) 
Slight risk 
Moderate risk 
Great risk 
Don't know/Not stated 

1.71 (1.08, 2.70)* 

 

 
1.00 
0.58 (0.36, 0.93)* 
0.19 (0.11, 0.32)*** 
0.05 (0.03, 0.11)*** 
N/A 

1.74 (1.00, 3.02) 
 
 
1.00 
0.72 (0.41, 1.25) 
0.42 (0.24, 0.74)** 

0.13 (0.07, 0.24)*** 

N/A 
   
Male*Perceived risk of regular cannabis use   

Male*No risk (referent)  1.00 1.00 
Male*Slight risk 0.96 (0.46, 2.01) 0.91 (0.37, 2.23) 
Male*Moderate risk 1.01 (0.50, 2.04) 0.70 (0.33, 1.49) 
Male*Great risk 1.32 (0.55, 3.15) 0.73 (0.30, 1.76) 
Male*Not stated risk N/A N/A 

Notes: DUIC = driving under the influence of cannabis; RRR = relative risk ratio; CI = confidence 
interval; N/A = not applicable. 
a Adjusted for school grade, rural setting, province, and square of autonomy score. 
* p < 0.05. 
** p < 0.01. 
*** p £ 0.001. 
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Table 4.3.5. Multinomial logistic regression of driving under the influence of cannabis (DUIC) by 
rural setting, perceived risk of regular cannabis use, and their interaction term among Canadian grade 
11 and 12 students who participated in the 2016-2017 Canadian Student Tobacco, Alcohol and Drugs 
Survey (n = 14 147) 
 Adjusted RRRa (95% CI) 
 Last 30-day DUIC  

vs. Never  
More than 30-day ago 
DUIC vs. Never  

Rural setting   
No (referent) 1.00 1.00 
Yes 
 

1.59 (1.03, 2.44)* 1.64 (1.13, 2.37)** 

Perceived risk of regular cannabis use  
No risk (referent) 
Slight risk 
Moderate risk  
Great risk 
Don't know/Not stated  

 

 
1.00 
0.51 (0.32, 0.79)** 
0.20 (0.15, 0.28)*** 
0.06 (0.03, 0.10)*** 
N/A 

 
1.00 
0.73 (0.52, 1.01) 
0.40 (0.30, 0.54)*** 
0.12 (0.08, 0.18)*** 
N/A 

Rural*Perceived risk of regular cannabis use   
Rural*No risk (referent)  1.00 1.00 
Rural*Slight risk 1.40 (0.73, 2.66) 0.78 (0.41, 1.48) 
Rural*Moderate risk 0.79 (0.34, 1.80) 0.51 (0.29, 0.92)* 
Rural*Great risk 1.56 (0.64, 3.79) 0.82 (0.42, 1.57)  
Rural*Not stated risk N/A N/A 

Notes: DUIC = driving under the influence of cannabis; RRR = relative risk ratio; CI = confidence 
interval; N/A = not applicable. 
a Adjusted for sex, school grade, province, and square of autonomy score. 
* p < 0.05. 
** p < 0.01. 
*** p £ 0.001. 
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Table 4.3.6. Multinomial logistic regression of riding with a cannabis-impaired driver (RWCD) by 
sex, perceived risk of regular cannabis use, and their interaction term among Canadian grade 9-12 
students who participated in the 2016-2017 Canadian Student Tobacco, Alcohol and Drugs Survey  
(n = 33 116) 
 Adjusted RRRa (95% CI) 
 Last 30-day RWCD  

vs. Never  
More than 30-day ago 
RWCD vs. Never  

Male   
No (referent) 1.00 1.00 
Yes 
 

0.69 (0.54, 0.90)**  0.75 (0.56, 1.00) 

Perceived risk of regular cannabis use 
No risk (referent) 
Slight risk 
Moderate risk 
Great risk 
Don't know/Not stated  

 

 
1.00 
0.56 (0.41, 0.76)*** 
0.27 (0.22, 0.35)*** 
0.07 (0.05, 0.09)*** 
N/A 

 
1.00 
0.87 (0.65, 1.18) 
0.60 (0.45, 0.80)*** 
0.22 (0.17, 0.29)*** 
N/A 

Male*Perceived risk of regular cannabis use   
Male*No risk (referent)  1.00 1.00 
Male*Slight risk 0.94 (0.60, 1.46) 0.96 (0.56, 1.64) 
Male*Moderate risk 1.01 (0.71, 1.42) 0.80 (0.54, 1.19) 
Male*Great risk 1.39 (0.92, 2.10) 1.11 (0.78, 1.58) 
Male*Not stated risk N/A  N/A 

Notes: RWCD = riding with a cannabis-impaired driver; RRR = relative risk ratio; CI = confidence 
interval; N/A = not applicable. 
a Adjusted for school grade, rural setting, province, and square of autonomy score. 
* p < 0.05. 
** p < 0.01. 
*** p £ 0.001. 
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Table 4.3.7. Multinomial logistic regression of riding with a cannabis-impaired driver (RWCD) by 
rural setting, perceived risk of regular cannabis use, and their interaction term among Canadian grade 
9-12 students who participated in the 2016-2017 Canadian Student Tobacco, Alcohol and Drugs 
Survey (n = 33 116) 
 Adjusted RRRa (95% CI) 
 Last 30-day RWCD 

vs. Never  
More than 30-day ago 
RWCD vs. Never  

Rural setting   
No (referent) 1.00 1.00 
Yes 

 
Perceived risk of regular cannabis use 

No risk (referent) 
Slight risk  
Moderate risk 
Great risk 
Don't know/Not stated 

 

1.52 (1.10, 2.11)* 

 

 
1.00 
0.51 (0.42, 0.63)*** 

0.29 (0.24, 0.35)*** 

0.08 (0.07, 0.11)*** 

N/A 

1.48 (1.01, 2,15)* 

 

 

1.00 
0.87 (0.70, 1.09) 
0.58 (0.47, 0.71)*** 

0.24 (0.19, 0.30)*** 

N/A 

Rural*Perceived risk of regular cannabis use   
Rural*No risk (referent)  1.00 1.00 
Rural*Slight risk 1.22 (0.80, 1.85) 0.93 (0.63, 1.36) 
Rural*Moderate risk 0.85 (0.57, 1.26) 0.76 (0.52, 1.12) 
Rural*Great risk 0.73 (0.44, 1.22) 0.86 (0.58, 1.28) 
Rural*Not stated risk N/A N/A 

Notes: RWCD = riding with a cannabis-impaired driver; RRR = relative risk ratio; CI = confidence 
interval; N/A = not applicable. 
a Adjusted for sex, school grade, province, and square of autonomy score. 
* p < 0.05. 
** p < 0.01. 
*** p £ 0.001. 
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Chapter 5: Conclusion 

5.1 Summary of Main Findings  

The major findings of this study can be summarized as follows. First, nearly half 

(46.9%) of high school students in grades 9 to 12 perceived the regular use of cannabis to 

be harmful, with 1 in 10 perceiving no risk. In terms of cannabis-related driving and 

passenger behaviours, just under 10% of students in grades 11 and 12 reported DUIC in 

the past year, while almost 20% of students reported RWCD. Second, adjusted analyses 

found that greater perceived risk of regular cannabis use was associated with reduced risk 

of DUIC and RWCD (in the last 30 days and more than 30 days ago) in a dose-response 

manner. Finally, no evidence of significant effect modification by sex or rurality for 

either the association between risk perception and DUIC, or between risk perception and 

RWCD was observed. Although no effect modification was found, adjusted stratified 

analyses revealed that the impact of risk perception of regular cannabis use on DUIC and 

RWCD was significantly protective for both males and females, and for urban and rural 

students.  

 
5.2 Strengths and Limitations 

The study has several limitations and biases that may threaten the internal 

validity, reliability, and generalizability of our results. First, the cross-sectional nature of 

the data limits inferences about the direction of the association (temporality) between 

perceptions of risk and cannabis-related driving and passenger behaviours among 

Canadian high school students. In other words, it was not possible to determine whether 

perceived risk of regular cannabis use preceded DUIC and RWCD outcomes among 

Canadian high school students. Since temporality of association is an indisputable 
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criterion for causality according to Bradford Hill95, this study had a limited ability to infer 

causation. In addition, data collected during this brief period may not reflect the patterns 

of cannabis-related driving and passenger behaviours that may ensue following the recent 

legalization of cannabis in Canada. Second, given that this was a secondary analysis, the 

survey question "Are you female or male?" lacked broader response options that included 

other identities, and consequently, information regarding gender was not available. 

Although gender has broader implications on our work, our focus was primarily based on 

sex rather than gender. Third, involvement in cannabis-related driving and passenger 

behaviour in the past year was based on self-reports rather than objective measures and 

may suffer from biases of under- and over-reporting. Plausibility for underreporting is 

fear that certain responses might prove to be personally damaging, potentially leading to 

social desirability bias. Additionally, due to the school-based nature of our study, the 

results may not be generalizable to home-schooled and absentee students (including 

truant students) who may be at higher risk of engaging in risky behaviours such as DUIC 

and RWCD. In terms of measurement, there are some important limitations to 

acknowledge. First and foremost, our measure of risk perception focused broadly on 

cannabis use rather than DUIC and RWCD risk perception. Moreover, the question and 

corresponding Likert scale used by the CSTADS to assess risk perception of regular 

cannabis use has not been empirically validated, despite its use in studies with similar 

research aims91,92,93. Measuring perceived risk of DUIC (and RWCD) would have been 

more ideal since students who perceived that regular cannabis use posed no risk at all 

may not perceive the same of DUIC or RWCD. Although having a direct measure of risk 

perception of DUIC and RWCD would likely have resulted in the same pattern of 
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association (e.g., dose-response pattern), it is possible that the observed magnitude of 

effect would have been larger (e.g., a greater reduction in risk of DUIC and RWCD). 

Lastly, other unmeasured confounders highly associated with our exposure and outcome 

variables (e.g., cannabis use, illicit drug use, and excessive alcohol consumption) were 

not included in our analyses due to potential risk of multicollinearity. Other potential 

confounders such as risk-engaging personality, sexual orientation, and depression were 

also excluded since these variables were not available in the survey. Despite these 

limitations, this study has important strengths including the survey's national scope, high 

response rate, large sample size, and provincially generalizable estimates. Although 

students from New Brunswick and Canada's three territories were not surveyed, our 

sample is quite representative of Canadian high school students since these excluded 

populations represent only a small fraction of the Canadian population. 

 
5.3 Future Implications 
 
 There are several policy implications of the present study. Collectively our 

findings indicate that current policies and prevention efforts to reduce the prevalence of 

DUIC and RWCD should concentrate not only on drivers, but also on passengers who 

choose to ride with a driver who is under the influence of cannabis. As shown by the 

results of a recent study, pediatrician screening and brief counseling on substance use 

may be a promising strategy for reducing the short-term risk of riding with a substance-

using driver among Canadian youth96. Given the strong role played by risk perception in 

shaping DUIC and RWCD behaviours among Canadian high school students, reducing 

the prevalence of DUIC and RWCD among young people may also be achieved by 

changing the risk perceptions of the small proportion of the student population who feel 
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that cannabis poses no risk at all. Education is a key means of changing people's risk 

perceptions. Education programs should disseminate appropriate information regarding 

cannabis risks to youth, including alerting students of the harmful effects of cannabis use 

on driving-related skills and performance. Doing so may increase risk perceptions, and 

subsequently decrease the prevalence of DUIC and RWCD behaviours. Allocating a 

share of Canada's cannabis tax revenues to fund public education and social marketing 

campaigns on the risks and harms of driving after cannabis use may be a cost-effective 

strategy for doing so and an important policy consideration. A similar policy has already 

been implemented in Colorado and Washington state62. Due to the novelty of this policy, 

evidence regarding its positive impact in the United States is lacking. Monitoring the 

impact of these policies and education programs is therefore needed, and is especially 

important within the context of a changing legislative and policy landscape in Canada. 
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Appendix A: Boxplots and Histograms of Autonomy Score 
 

 

Figure A1. Boxplot of autonomy score (original identity) depicting a potential outlier 
and a negatively skewed distribution; based on an estimation sample of 33 915 high 
school students.  
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Figure A2. Boxplot of the square transformation of autonomy score depicting a relatively 
normal distribution without any outliers; based on an estimation sample of 33 915 high 
school students.  
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Figure A3. Histogram of autonomy score (original identity) depicting a negatively 
skewed distribution (skewness = -1.04, kurtosis = 4.02); based on an estimation sample 
of 33 915 high school students. 
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Figure A4. Histogram of the square transformation of autonomy score depicting a fairly 
normal distribution (skewness = -0.02, kurtosis = 2.16); based on an estimation sample of  
33 915 high school students. 
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Appendix B: Sensitivity Analysis for DUIC Model 
 
 
Table B1. Multinomial logistic regression of driving under the influence of cannabis (DUIC) by 
perceived risk of regular cannabis use among Canadian grade 11 and 12 students who participated in 
the 2016-2017 Canadian Student Tobacco, Alcohol and Drugs Survey and used cannabis at least once 
in the past year (n = 3068) 
 Adjusted RRRa (95% CI) 
 Last 30-day DUIC  

vs. Never  
More than 30-day ago 
DUIC vs. Never  

Perceived risk of regular cannabis use 
No risk (referent) 
Slight risk 
Moderate risk 
Great risk 
Don't know/Not stated 

 
1.00 
0.77 (0.52, 1.13) 
0.48 (0.30, 0.76)** 
0.35 (0.22, 0.56)*** 
N/A 

 
1.00 
0.73 (0.49, 1.08) 
0.62 (0.42, 0.92)* 
0.60 (0.39, 0.93)* 
N/A 

Notes: DUIC = driving under the influence of cannabis; RRR = relative risk ratio; CI = confidence 
interval; N/A = not applicable. 
a Adjusted for perceived risk of regular cannabis use, sex, school grade, rural setting, province, and 
square of autonomy score. 
* p < 0.05. 
** p < 0.01. 
*** p £ 0.001. 
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Appendix C: Profile (Interaction) Plots  
 

Figure C1. Profile plot graphically depicting no interaction between sex and perceived 
risk of smoking cannabis on a regular basis for DUIC (predictive margins of the 
interaction between sex and perceived risk of smoking cannabis on a regular basis and 
95% confidence intervals). 
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Figure C2. Profile plot graphically depicting no interaction between rural setting and 
perceived risk of smoking cannabis on a regular basis for DUIC (predictive margins of 
the interaction between rural setting and perceived risk of smoking cannabis on a regular 
basis and 95% confidence intervals). 
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Figure C3. Profile plot graphically depicting no interaction between sex and perceived 
risk of smoking cannabis on a regular basis for RWCD (predictive margins of the 
interaction between sex and perceived risk of smoking cannabis on a regular basis and 
95% confidence intervals). 
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Figure C4. Profile plot graphically depicting no interaction between rural setting and 
perceived risk of smoking cannabis on a regular basis for RWCD (predictive margins of 
the interaction between rural setting and perceived risk of smoking cannabis on a regular 
basis and 95% confidence intervals).  
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Appendix D: Stratified Analyses by Sex and Rurality for the Association 
Between Perceived Risk of Regular Cannabis use and DUIC  
 
 
Table D1. Association between perceived risk of regular cannabis use and driving under the influence 
of cannabis (DUIC) among Canadian grade 11 and 12 students who participated in the 2016-2017 
Canadian Student Tobacco, Alcohol and Drugs Survey, stratified by sex (n = 14 147) 
 Last 30-day DUIC  

vs. Never 
More than 30-day ago 
DUIC vs. Never 

 Adjusted RRRa 

(99% CI) 
Adjusted RRRa  

(99% CI) 
Females (n = 7126)   
Perceived risk of regular cannabis use    

No risk (referent) 1.00 1.00 
Slight risk 0.58 (0.31, 1.09)* 0.74 (0.35, 1.57) 
Moderate risk 0.20 (0.10, 0.42)*** 0.46 (0.21, 0.98)** 
Great risk 0.06 (0.02, 0.16)*** 0.15 (0.07, 0.34)*** 
Don't know/Not stated N/A N/A 

   
Males (n = 7021)   
Perceived risk of regular cannabis use   

No risk (referent) 1.00 1.00 
Slight risk 0.55 (0.29, 1.06)* 0.63 (0.33, 1.23) 
Moderate risk 0.19 (0.11, 0.33)*** 0.29 (0.17, 0.49)*** 
Great risk 0.07 (0.04, 0.13)*** 0.09 (0.05, 0.18)*** 
Don't know/Not stated N/A N/A 

Notes: DUIC = driving under the influence of cannabis; RRR = relative risk ratio; CI = confidence 
interval; N/A = not applicable.  
a Adjusted for school grade, rural setting, province, and square of autonomy score. 
* p < 0.05. 
** p < 0.01. 
*** p £ 0.001. 
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Table D2. Association between perceived risk of regular cannabis use and driving under the influence 
of cannabis (DUIC) among Canadian grade 11 and 12 students who participated in the 2016-2017 
Canadian Student Tobacco, Alcohol and Drugs Survey, stratified by degree of rurality (n = 14 147) 
 Last 30-day DUIC  

vs. Never 
More than 30-day ago 
DUIC vs. Never 

 Adjusted RRRa 
(99% CI) 

Adjusted RRRa  

(99% CI) 
Urban (n = 10 516)   
Perceived risk of regular cannabis use    

No risk (referent) 1.00  1.00 
Slight risk 0.51 (0.29, 0.92)** 0.72 (0.46, 1.12)  
Moderate risk 0.21 (0.14, 0.32)*** 0.40 (0.27, 0.59)*** 
Great risk 0.06 (0.03, 0.12)*** 0.12 (0.07, 0.20)*** 
Don't know/Not stated N/A N/A 

   
Rural (n = 3631)   
Perceived risk of regular cannabis use   

No risk (referent) 1.00 1.00 
Slight risk 0.63 (0.32, 1.26) 0.57 (0.28, 1.16)* 
Moderate risk 0.14 (0.05, 0.43)*** 0.21 (0.11, 0.39)*** 
Great risk 0.08 (0.03, 0.22)*** 0.10 (0.05, 0.19)*** 
Don't know/Not stated N/A N/A 

Notes: DUIC = driving under the influence of cannabis; RRR = relative risk ratio; CI = confidence 
interval; N/A = not applicable. 
a Adjusted for sex, school grade, province, and square of autonomy score. 
* p < 0.05. 
** p < 0.01. 
*** p £ 0.001. 
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Appendix E: Stratified Analyses by Sex and Rurality for the Association 
Between Perceived Risk of Regular Cannabis use and RWCD 
 
 
Table E1. Association between perceived risk of regular cannabis use and riding with a cannabis-
impaired driver (RWCD) among Canadian grade 9-12 students who participated in the 2016-2017 
Canadian Student Tobacco, Alcohol and Drugs Survey, stratified by sex (n = 33 116)  
 Last 30-day RWCD  

vs. Never 
More than 30-day ago 
RWCD vs. Never 

 Adjusted RRRa 
(99% CI) 

Adjusted RRRa 
(99% CI) 

Females (n = 16 668)   
Perceived risk of regular cannabis use    

No risk (referent) 1.00 1.00 
Slight risk 0.56 (0.38, 0.84)*** 0.88 (0.60, 1.30) 
Moderate risk 0.28 (0.20, 0.38)*** 0.61 (0.42, 0.90)*** 
Great risk 0.07 (0.05, 0.09)*** 0.23 (0.16, 0.33)*** 
Don't know/Not stated N/A N/A 

   
Males (n = 16 448)   
Perceived risk of regular cannabis use   

No risk (referent) 1.00 1.00  
Slight risk 0.50 (0.36, 0.72)*** 0.82 (0.53, 1.28) 
Moderate risk 0.27 (0.19, 0.36)*** 0.47 (0.34, 0.65)*** 
Great risk 0.09 (0.06, 0.14)*** 0.24 (0.18, 0.32)*** 
Don't know/Not stated N/A N/A 

Notes: RWCD = riding with a cannabis-impaired driver; RRR = relative risk ratio; CI = confidence 
interval; N/A = not applicable.  
a Adjusted for school grade, rural setting, province, and square of autonomy score. 
* p < 0.05. 
** p < 0.01. 
*** p £ 0.001. 
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Table E2. Association between perceived risk of regular cannabis use and riding with a cannabis-
impaired driver (RWCD) among Canadian grade 9-12 students who participated in the 2016-2017 
Canadian Student Tobacco, Alcohol and Drugs Survey, stratified by degree of rurality (n = 33 116) 
 Last 30-day RWCD  

vs. Never 
More than 30-day ago 
RWCD vs. Never 

 Adjusted RRRa  

(99% CI) 
Adjusted RRRa  
(99% CI) 

Urban (n = 25 047)   
Perceived risk of regular cannabis use    

No risk (referent) 1.00 1.00 
Slight risk 0.51 (0.39, 0.67)*** 0.87 (0.65, 1.17) 
Moderate risk 0.29 (0.22, 0.37)*** 0.58 (0.44, 0.77)*** 
Great risk 0.08 (0.06, 0.11)*** 0.24 (0.18, 0.32)*** 
Don't know/Not stated N/A N/A 

   
Rural (n = 8069)   
Perceived risk of regular cannabis use   

No risk (referent) 1.00 1.00 
Slight risk 0.61 (0.38, 0.98)** 0.79 (0.52, 1.19)  
Moderate risk 0.25 (0.16, 0.39)*** 0.43 (0.28, 0.67)*** 
Great risk 0.06 (0.04, 0.11)*** 0.20 (0.13, 0.32)*** 
Don't know/Not stated N/A N/A 

Notes: RWCD = riding with a cannabis-impaired driver; RRR = relative risk ratio; CI = confidence 
interval; N/A = not applicable.  
a Adjusted for sex, school grade, province, and square of autonomy score. 
* p < 0.05. 
** p < 0.01. 
*** p £ 0.001.



 81 

Appendix F: Additional Tables  
 
 
Table F1. Multinomial logistic regression of riding with a cannabis-impaired driver (RWCD) by perceived risk of regular cannabis use, sex, school grade, rural setting, province, square of autonomy score, and past 30-day cannabis use among Canadian grade 9-12 students who participated in 
the 2016-2017 Canadian Student Tobacco, Alcohol and Drugs Survey (n = 33 116)  

Variables RWCD (n = 33 116) Unadjusted RRR (95% CI) Adjusted RRRb (95% CI) 
  

na 
Weighted 

estimated % 
Last 30-day RWCD  
vs. Never 

More than 30-day ago RWCD  
vs. Never 

Last 30-day RWCD  
vs. Never 

More than 30-day ago RWCD  
vs. Never 

Perceived risk of regular cannabis use 
No risk (referent) 
Slight risk 
Moderate risk  
Great risk  
Don't know/Not stated  
 

 
4026 
4623 
7442 

14 453 
2572 

 

 
10.1 
13.0 
22.9 
47.5 
6.5 

 
1.00 
0.54 (0.45, 0.66)*** 
0.28 (0.23, 0.33)*** 
0.07 (0.06, 0.09)*** 

N/A 

 
1.00 
0.86 (0.72, 1.03) 
0.55 (0.47, 0.65)*** 
0.22 (0.18, 0.26)*** 
N/A 

 
1.00 
0.70 (0.55, 0.87)** 
0.63 (0.53, 0.74)*** 
0.35 (0.28, 0.44)*** 
N/A 

 
1.00 
0.85 (0.68, 1.06) 
0.75 (0.61, 0.93)** 
0.52 (0.40, 0.66)*** 
N/A 

Sex 
Female (referent) 
Male 

 

 
16 668 
16 448 

 

 
49.1 
50.9 

 

 
1.00 
1.01 (0.87, 1.17) 

 
1.00 
0.87 (0.77, 0.98)* 

 

 
1.00 
0.66 (0.56, 0.77)*** 

 
1.00 
0.74 (0.65, 0.84)*** 

School grade  
9 (referent) 
10 
11  
12  
 

 
10 400 

8546 
8062 
6108 

 

 
25.3 
25.4 
25.2 
24.1 

 
1.00 
1.96 (1.62, 2.37)*** 
2.92 (2.30, 3.71)*** 

4.27 (3.28, 5.56)*** 

 
1.00 
2.02 (1.70, 2.41)*** 
2.48 (2.10, 2.93)*** 
3.74 (3.10, 4.52)*** 

 
1.00 
1.32 (1.10, 1.59)** 
1.63 (1.25, 2.14)*** 
2.23 (1.66, 3.00)*** 

 
1.00 
1.53 (1.28, 1.84)*** 
1.57 (1.33, 1.86)*** 
2.36 (1.94, 2.86)*** 

Rural setting 
No (referent) 
Yes 

 
25 047 

8069 
 

 
83.0 
17.0 

 
1.00 
1.69 (1.34, 2.13)*** 

  

 
1.00 
1.53 (1.17, 2.00)** 

 
1.00 
1.35 (1.14, 1.61)*** 
 

 
1.00 
1.19 (1.00, 1.42) 

Province 
Ontario (referent) 
Québec 
British Columbia 
Alberta 
Saskatchewan 
Manitoba 
Nova Scotia 
Prince Edward Island 
Newfoundland and Labrador 

 
7638 
1923 
4168 
6315 
1866 
2192 
2570 
2725 
3719 

 
47.0 
15.8 
13.3 
11.9 
3.4 
4.2 
2.6 
0.4 
1.4 

 

  
1.00 
1.05 (0.81, 1.35) 
1.42 (1.00, 2.02) 
1.34 (1.02, 1.77)* 
1.93 (1.22, 3.05)** 
1.61 (1.20, 2.17)** 
3.37 (2.60, 4.36)*** 
1.76 (1.32, 2.33)*** 
2.13 (1.66, 2.73)*** 

 

 
1.00 
1.47 (1.16, 1.86)*** 
1.36 (0.95, 1.94) 
1.84 (1.36, 2.50)*** 
2.52 (1.85, 3.42)*** 
1.62 (1.26, 2.08)*** 
3.13 (2.53, 3.88)*** 
1.94 (1.57, 2.38)*** 

2.00 (1.60, 2.52)*** 

 
1.00 
1.54 (1.17, 2.03)** 
1.24 (0.94, 1.64) 
1.32 (1.10, 1.59)** 
1.45 (1.03, 2.05)* 
1.38 (1.09, 1.75)** 
2.50 (2.05, 3.06)*** 
1.44 (1.16, 1.80)*** 
1.69 (1.31, 2.16)*** 

 
1.00 
1.86 (1.49, 2.32)*** 
1.25 (0.96, 1.63) 
1.83 (1.44, 2.32)*** 
2.18 (1.55, 3.06)*** 
1.54 (1.29, 1.83)*** 
2.42 (2.03,  2.88)*** 
1.66 (1.36, 2.02)*** 
1.65 (1.36, 2.00)*** 

Sqr. Autonomy score       
High (referent) 5752 18.1 1.00  1.00 1.00 1.00 
Moderate 9157 29.4 1.10 (0.85, 1.43) 1.37 (1.14, 1.65)*** 1.01 (0.75, 1.36)  1.34 (1.10, 1.64)** 
Low 10 044 30.8 1.49 (1.18, 1.90)*** 1.50 (1.23, 1.83)*** 1.20 (0.92, 1.56) 1.35 (1.10, 1.65)** 
Very low 
 

8163 21.7 1.83 (1.49, 2.26)*** 1.78 (1.47, 2.17)*** 1.17 (0.93, 1.48) 1.51 (1.19, 1.92)*** 

Past 30-day cannabis use        
Never used (referent) 23 735 73.0 1.00 1.00 1.00 1.00 
Used but not in the last 30 days 4201 12.1 7.37 (6.00, 9.06)*** 11.32 (9.75, 13.15)*** 5.20 (4.16, 6.49)*** 8.43 (7.25, 9.81)*** 
Used once or twice in the last 30 days 3286 9.8 29.16 (22.17, 38.35)*** 12.48 (10.52, 14.80)*** 19.66 (14.69, 26.30)*** 9.12 (7.54, 11.02)*** 
Used three or more times in the last 30 days 
 

1894 5.1 107.51 (85.76, 134.78)*** 17.84 (14.42, 22.09)*** 64.98 (52.38, 80.62)*** 12.11 (9.22, 15.92)*** 

F statistic      F(46, 454) = 187.53*** 

Notes: RWCD = riding with a cannabis-impaired driver; RRR = relative risk ratio; CI = confidence interval; N/A = not applicable; Sqr. = square transformation. 
a The weighted prevalence estimates are based on 33 116 cases.  
b Adjusted for perceived risk of regular cannabis use, sex, school grade, rural setting, province, square of autonomy score, and past 30-day cannabis use. 
* p < 0.05. 
** p < 0.01. 
 *** p £ 0.001.  

 

81 


