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Terminology and Definitions  
Cannabinoids  
Marijuana contains over 60 active compounds known as cannabinoids. When absorbed into the blood, 
cannabinoids exert their effects by binding to receptors in the brain and throughout the body. 

THC (delta-9-tetrahydrocannabinol) 
THC is the main psycho-active compound found in marijuana and is responsible for most of marijuana’s 
impairing effects. 

THC Levels 
THC levels are best measured in blood but interpreting THC levels is complicated. Immediately after 
smoking a “joint”, whole blood THC levels typically peak at >100 ng/mL within 15 minutes and then drop 
rapidly so that, in occasional users, THC is usually <2ng/mL within 4 hours after a single acute exposure.1 

However, in habitual marijuana users, THC accumulates in body fat and is then slowly released back into 
the blood. As a result, habitual users can have THC levels in the range of 1 -3 ng/mL for days or even weeks 
after last use.2 In most cases, however, THC > 5 ng/mL indicates recent use (acute exposure). After smoking 
a marijuana joint, the psychotropic (impairing) effects typically peak at 20–30 minutes and resolve by 4 
hours. Ingesting cannabis delays the onset and extends the duration of effect. 

COOH-THC (11-nor-9-carboxy-delta-9-tetrahydrocannabinol) 
The main metabolite (breakdown product) of THC. COOH-THC does not cause impairment and persists in 
blood and urine long after impairment has resolved. Thus COOH-THC provides evidence of previous 
cannabis exposure but does not necessarily indicate impairment or recent use. 

Polysubstance Use 
People who use drugs often take more than one substance at the same time. This is referred to as 
polysubstance use. Taking several drugs in combination can lead to worse impairment than would be seen 
from either substance taken alone. 

Liquid chromatography/tandem mass spectrometry (LC-MS/MS) 
An advanced laboratory technology that is used to detect and/or quantify a wide range of drugs using 
standards of known substances and concentrations.  

Gas Chromatography-Flame Ionization Detection  
A standard laboratory technique used for measuring blood alcohol levels. 

Phlebotomists 
Specially trained technicians who obtain blood samples from patients 

Drug-driving vs drug-impaired driving 
“Drug-impaired driving” means that the driver is impaired by drugs. Presence of drugs in body fluids 
indicates drug use but not necessarily impairment. We use the term “drug driving” to indicate driving after 
using drugs.   
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Sedating Medications 
Many prescription medications cause sedation either as a desired therapeutic effect or as an unwanted side 
effect. In the Drug Evaluation and Classification System, these drugs would be classified as CNS (central 
nervous system) depressants. Common sedating medications include: 

Benzodiazepines 
These are mild sedatives most commonly prescribed as “sleeping pills” or to treat anxiety  

Antihistamines 
Antihistamines cause sedation as an unwanted side effect. Over the counter antihistamines are used to 
treat allergies (e.g. diphenhydramine - “Benadryl”), or motion sickness (e.g. dimenhydrinate - “Gravol”).  

Antidepressants 
Antidepressants, especially the older antidepressants, have sedation as a side effect. 

Z-drugs 
These drugs are sedatives that act like benzodiazepines and are prescribed mostly as sleep aids. In Canada 
the most common Z-drug is zopiclone.  

Opioids 
Opioids are narcotic analgesics (pain killers) that can cause marked sedation or even coma along with 
respiratory depression. Opioids include prescription medications such as codeine, hydromorphone, 
oxycodone, and morphine. The street drug heroin is also an opioid.  

Psychomotor Skills 
This refers to ability to perform tasks involving perception, interpretation and action. Examples include 
reaction time, tracking ability (e.g. ability to drive a car in a straight line without weaving), coordination, and 
tasks that require attention.  
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Background 
Drug driving is a threat to road safety. The epidemiology and risk of crashing in drinking drivers is well 
understood as a result of intense research conducted over the past 50 years.3-6 This knowledge has 
facilitated the development of effective measures targeting drunk driving. Alcohol-impaired driving and 
related fatalities are declining as a result of visibly enforced laws, administrative licensing sanctions, and 
social marketing campaigns.7-11 Drug driving is also viewed as a major threat to road safety,12 and the 
prevalence of drug driving may be increasing.13 In fact, there is evidence that drug driving has become as 
common as driving after drinking alcohol in Canada.14-18 With cannabis legalization, there is concern that 
the prevalence of drug driving, especially driving after using cannabis, will increase. Cannabis legalization 
could also result in more drivers combining cannabis with alcohol or other drugs, resulting in additive 
impairment.19-21  

Unlike driving after drinking alcohol, which involves a single easily measured substance, drug driving is 
difficult to study. We know that many drugs impair the psychomotor skills and/or judgment required for safe 
driving. Cannabis intoxication causes attention deficits, slows reaction time and impairs automated tasks 
such as tracking ability (e.g., staying within a lane) or monitoring the speedometer.19, 22-26 Several expert 
panels compared experimental studies of impairment from THC with that from alcohol, in both males and 
females, and concluded that a blood alcohol concentration (BAC) of 0.05% causes a similar degree of 
impairment as THC levels in whole blood of 2-5ng/mL.27-29 However, it is important to note that habitual 
cannabis users may develop tolerance to some of the impairing effects of cannabis. 30-32 This calls into 
question the ability to predict impairment based on THC level, especially in habitual users. Although 
cannabis-impaired driving is very topical, it is important to realize that many other drugs also cause 
impairment. Stimulants, such as cocaine and amphetamines, impair judgment, impair inhibitory control 
(ability to “tune out” and not react to irrelevant stimuli), and alter mood.33-40 Sedating medications, such as 
benzodiazepines, antihistamines, antidepressants, Z-drugs (non-benzodiazepine sedatives such as 
zopiclone), and opioids, cause drowsiness, slow reaction time, impair cognitive function and impair tracking 
ability.41-51 For these reasons, many drugs are suspected to increase the risk of crashing. Several recent 
meta-analyses all concluded that cannabis increases the risk of crashing, albeit to a lesser extent than 
alcohol.52-55 There is epidemiological evidence that other drugs (amphetamines, cocaine, benzodiazepines, 
antihistamines, antidepressants and opioids) also increase crash risk. In fact, the crash risk with many of 
these drugs, although lower than that with alcohol, appears to be as high as or even higher than the risk 
associated with cannabis.55-58  

The prevalence of drug driving in Canada is poorly studied. Previous research on the prevalence of drug 
use in Canadian drivers is based on roadside surveys, coroner’s reports, police crash reports, or self-
reported surveys.14, 16, 59-61 These methods, although useful, have significant limitations. In roadside surveys, 
police pull over drivers and direct them to a safe parking spot. Researchers then ask the drivers about drug 
and alcohol use and obtain samples for drug testing. Roadside surveys are limited by high refusal rates 
which could result in selection bias if drivers who used drugs are more likely to refuse than other drivers. 
For practical reasons, roadside surveys use saliva rather than blood and, as a result, they provide less 
insight into actual driver impairment. For logistic reasons, roadside surveys typically sample a large number 
of drivers over a few days during the summer (when weather is good) making these surveys poorly suited 
for long term monitoring of drug driving. Another limitation is that, because of high cost and logistic 
challenges, roadside surveys are seldom performed. Coroner’s data provide another estimate of the 
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prevalence of drug use in drivers. In 2008, 61.0% of fatally injured Canadian drivers were tested for drugs 
and 36.7% were positive for an impairing drug other than alcohol, including 16.1% who tested positive for 
cannabis. Females were less likely than males to be positive for alcohol but equally likely to test positive for 
drugs.14 Coroner’s data are useful but can be susceptible to selection bias if drug testing is based on 
suspicion of drug use and not performed routinely on all drivers. In Canada, the percentage of fatally injured 
drivers tested for drugs (2008) varies by province, ranging from 10% to 100%. The toxicology testing 
protocols used by coroners differ from province to province - with different protocols detecting different 
drugs. Coroner’s data often fail to distinguish recent vs chronic drug use because some coroners measure 
drug metabolites rather than active drug. If fatally injured drivers survive the crash for a period of time, drug 
levels will decline with metabolism, making toxicology testing unreliable. Interpreting drug levels from 
coroner’s data is further complicated by postmortem redistribution which for some drugs (such as cannabis) 
can result in significantly different results for postmortem vs pre-mortem drug levels.62-66 As driving while 
impaired by drugs is illegal, police crash reports allow police to record their suspicion that a driver is impaired 
by drugs. However, these reports provide unreliable estimates of cannabis/other drug use as police only 
identify a small fraction of drivers who use cannabis or other drugs.67 Self-report surveys ask questions 
about driving after using cannabis or other drugs.68 Surveys are subject to selection, recall and reporting 
biases. In addition, self-report surveys typically lack precision because they ask about drug use before 
driving in a given time period (e.g., previous month) instead of before a specific driving episode.  

This is a national drug driving research project that aims to study drug use in injured drivers who present to 
hospital and have bloodwork obtained within six hours of a motor vehicle collision. We study a relevant 
population (injured drivers) and measure actual concentration of a wide range of impairing drugs in blood. 
Hence, this research has several advantages over other methods of studying drug driving. We aim to 
provide relevant data that policy makers and injury prevention groups can use to inform policy and programs 
designed to prevent people from driving after using drugs.  
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Methods 
Inclusion and Exclusion Criteria 
We include all moderately or severely injured drivers of motorized vehicles (e.g. cars, motorcycles, trucks) 
who visit the emergency department (ED) of a participating hospital and have blood samples obtained within 
6 hours of the crash. Injury severity is defined pragmatically as the need to obtain blood for clinical purposes 
(moderate injury), or need for overnight hospital admission (severe injury). Potentially eligible drivers are 
identified by daily review of ED visit logs and eligibility is confirmed through chart review. We exclude drivers 
with minor injuries who do not require blood testing for clinical purposes, cases in which blood was first 
obtained more than 6 hours after the crash, and cases in which no excess blood remains after clinical use. 

Chart Review 
ED records of eligible drivers are reviewed, and relevant data is abstracted and entered in REDCap, a 
secure web application for building and managing online surveys and databases. ED records include 
ambulance records (filled by paramedics), emergency physician notes, nursing notes, laboratory results 
including blood alcohol concentration (BAC), and consultant notes (if applicable). The abstracted data 
includes age, sex, first three digits of postal code, crash time and date, crash type (single vs multiple), 
vehicle type, blood draw time, prescription medications used in last 30 days, medical history, documentation 
of alcohol or drug use, disposition and medications given as part of clinical care prior to blood draw (we 
exclude “post-crash” medications when reporting toxicology results).  

Blood Handling 
Blood availability is determined by research assistants through review of medical records (to identify drivers 
who had blood samples drawn) followed by a visit to the hospital laboratory to see if excess blood remains. 
Excess blood is relabeled with study ID number replacing the clinical label and frozen at -80º C for future 
analysis. Freezing is important as significant losses of THC/other drugs will occur by two months if blood is 
stored at room temperature. As blood concentrations of certain drugs, such as cocaine and THC, drop 
rapidly after use, it is important that time from crash till blood draw is carefully recorded. The time of crash 
is determined through chart reviews (usually recorded on the ambulance record), and phlebotomists record 
the time of blood draw. Blood samples are stored in a specimen freezer at each site before shipment on dry 
ice by overnight courier to the central laboratory in Vancouver where samples are stored at -80º C until 
ready for analysis.  

Toxicology Analysis 
Toxicology analyses are performed at BC’s Provincial Toxicology Centre (PTC). In participating hospitals, 
blood from injured drivers is usually tested for alcohol as part of routine trauma care. If clinical alcohol levels 
are not available, alcohol will be measured at the PTC using Gas Chromatography-Flame Ionization 
Detection with a detection limit of 0.01%. In addition, broad spectrum drug screens are performed on each 
patient’s blood using high-throughput liquid chromatography/tandem mass spectrometry (LC-MS/MS). The 
extraction process recovers both acidic and basic drugs and is able to detect illicit drugs and their 
metabolites (cannabinoids, cocaine, amphetamines including their major analogues, and opioids) as well 
as psychotropic pharmaceuticals (including antihistamines, benzodiazepines, other hypnotics, and sedating 
antidepressants). The method has detection limits of 0.2 ng/mL for THC and 1 ng/mL for most other 
substances. When samples are positive for cannabinoids, we quantify both the active ingredient (THC) and 
the metabolite (COOH-THC). For other drugs, the LC-MS/MS screen will provide a quantitative measure of 
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drug concentration using ISO-certified reference calibrators. Over 95% of excess blood samples in this 
study consisted of whole blood. When plasma is available but whole blood was not, we adjust plasma 
toxicology results to equivalent whole blood results according to previously published studies. 
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Results 
The study received research ethics and operational approval from each of the 15 hospital sites across 
Canada. Data collection began in British Columbia in 2018 and has since expanded across the country with 
the latest addition of a site in Edmonton to a total of 16 trauma centres. As of May 2021, approximately 
6200 injured drivers met the inclusion criteria. This number represents approximately 49.2% of drivers and 
motorcyclists who were identified and screened in 15 trauma centres (Royal Alexandra Hospital Edmonton 
has not started recruitment at the time of this report preparation). The most common reasons for exclusion 
were either no blood work required (76.7% of excluded cases) or exceeding the 6-hour time frame between 
crash and blood draw (13.3%). Chart review data from 4976 eligible cases with ED admission date up to 
January 2021 were completed and their blood samples were analyzed.  

Overall, 18.8% of drivers in this sample tested positive for THC (including 7.9% with THC ≥ 2 ng/mL and 
3.5% with THC ≥ 5 ng/mL). We also found that 15.5% of drivers tested positive for alcohol including 11.9% 
with BAC ≥ 0.08%. Opiates were detected in 11% of drivers, recreational drugs (cocaine, amphetamines) 
in 10.9%, and sedating medications (including the common over-the-counter antihistamine) in 20.7% of 
injured drivers. 

These results, broken down by age, sex and by crash characteristics are shown in Tables 1 and 2 in 
Appendix A and in Figures 1 to 15 in Appendix B. For comparison purposes, Table 3 in Appendix A 
summarizes results from all participating hospitals in British Columbia, Alberta, Saskatchewan, Ontario, 
Quebec, and the Atlantic provinces (Nova Scotia, New Brunswick and Newfoundland). Sites in Atlantic 
provinces started recruitment last year, therefore their results are aggregated together until a bigger sample 
size is reached in those provinces. Results between provinces cannot be directly compared without 
adjusting for age, sex, injury severity and type of crash (singe versus multi-vehicle). Within these limitations, 
it appears that injured drivers from the Atlantic provinces and Saskatchewan are more likely to have 
consumed cannabis and are more likely to have been drinking.  

Table 4 in Appendix A and Figures 16 and 17 in Appendix B show polysubstance use, the percentage of 
drivers who used various combinations of alcohol and cannabis (Figure 16) or other drug combinations 
(Figure 17).  
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Discussion 
In this sample of 4976 injured drivers treated in 15 trauma centres across Canada, half of the drivers (50.8%) 
tested positive for at least one impairing substance. The most common single substance detected was 
cannabis with about one in five drivers (18.8%) testing positive for THC, the active ingredient in cannabis. 
Most of the THC positive drivers had low levels (< 2 ng/mL) which do not necessarily reflect recent use of 
cannabis, and do not appear to be associated with increased risk of crashing.69 However, one in 13 drivers 
(7.6%) had THC ≥ 2 ng/mL which usually indicates recent use of cannabis, and one in 28 drivers (3.5%) 
had THC ≥ 5 ng/mL which indicates recent use and is often associated with impairment. Cannabis use was 
more common in drivers under the age of 35 and more common in males than females (22.3% vs 11.4%). 
It should be noted that these estimates may change as more cases are collected and analyzed. The current 
state of knowledge indicates that the risk of crashing after using cannabis remains poorly defined but is 
lower than that for alcohol.24, 69 Several recent meta-analyses concluded that cannabis increases crash risk, 
with estimated Odds Ratios (ORs) ranging from 1.36 to 2.66.52, 54 A recent Canadian study suggests that 
drivers with THC levels < 5 ng/mL do not have an increased risk of crashing.69 However, it is worth 
monitoring the prevalence of drivers with THC ≥ 5 ng/mL over time to analyze whether cannabis impaired 
driving may be an emerging problem in Canada, especially in younger drivers. 

Alcohol was the second most detected impairing substance in this sample. Approximately, one in six drivers 
(15.5%) had been drinking (BAC > 0), and one in eight (11.9%) had BAC ≥ 0.08%. In this sample, alcohol 
was more commonly found in drivers between the ages of 19 to 34 and more common in male than female 
drivers (18% vs 10.3%). It is well known that drivers with BAC > 0.08%, especially younger drivers, have a 
very high crash risk69-71. These data suggest that alcohol impaired driving remains a bigger problem than 
drug impaired driving in Canada. 

Recreational drugs (cocaine, amphetamines) were detected in one in ten injured drivers (10.9%). The 
highest prevalence of recreational drugs was found in drivers between the ages of 25 to 34 with increased 
prevalence in males (12.4%) compared to females (7.7%). Sedating medications (including over-the-
counter antihistamines were found in approximately one in five drivers (20.7%) with a greater prevalence in 
females (23.9%) than males (19.1%). The highest prevalence of sedating medications was found in drivers 
over the age of 55 (24%). These results are not surprising since sedating medication use is typically more 
common among older population. Opiates were detected in one in nine drivers (11%) and were detected 
more commonly in males (11.5 %) than females (10%) in this sample. These results are shown in Table 1 
and Figures 11 and 12. Cocaine, amphetamines, sedating medications and opiates are known to impair the 
psychomotor skills required for safe driving.55, 72 The crash risk associated with these substances is also 
poorly defined but appears to be less than that associated with alcohol and in the range of that associated 
with cannabis.69 
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Strengths 
Our methods have several advantages. We measured drugs in blood, which, for THC and most other drugs, 
correlates better with impairment and/or recent use (acute exposure) than drug levels measured in saliva 
or urine. Our methods quantify alcohol, THC and 85 other impairing drugs and medications. Further, we 
use blood obtained shortly after the crash, in most cases within 1.5 hours, so our toxicology results closely 
approximate drug levels at time of crash.18 This short time interval between crash and blood draw simplifies 
interpretation of toxicology findings. Third, the decision to obtain blood is not based on suspicion of drug 
use: blood is obtained when clinically indicated for managing the patient’s injuries, based on crash 
mechanism and/or physical examination. This process eliminates the selection bias that would occur if drug 
testing was based on suspicion of drug use. Also, because this study has ethics approval for waiver of 
consent due to our innovative methods of anonymizing linked data, we avoid the bias that would arise if 
drivers who used drugs were less likely to consent for testing, as might be the case in roadside surveys. 
Most important, we study recent drug use in a relevant population (drivers injured in a crash). 

Limitations 
There are also several limitations to this study. Because we rely on blood that was obtained for clinical 
purposes, we do not have control over which drivers are actually tested. As a result, our sample does not 
include minimally injured drivers even if they caused a crash that seriously injured another road user. It is 
also possible that the decision to obtain blood tests varies from hospital to hospital which may make results 
from different hospitals difficult to compare. A final limitation is that we do not examine, or interview injured 
drivers and are unable to assess whether drivers are actually impaired.  

Summary 
Driving after cannabis use appears to be an emerging problem in Canada and may now be more common 
than driving after drinking alcohol. However, given the very high crash risk associated with alcohol, and the 
fact that most “cannabis positive” drivers had low THC levels, it can be concluded that driving after drinking 
remains a bigger problem in Canada. Sedating medications, opiates, and other recreational drugs were 
also commonly detected. Another striking feature of this study was the prevalence of polysubstance use, 
with approximately one in seven drivers (14.1%) testing positive for more than one impairing substance. 
Social marketing campaigns or traffic policy designed to prevent impaired driving should continue to target 
alcohol as well as cannabis and other drugs and should be sensitive to the fact that many drivers use 
combinations of multiple impairing substances. The high prevalence of sedating medications, in multiple 
age ranges, suggests the need for better education on prescription practices and on use of sedating 
medications by drivers (including over the counter antihistamines). 
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Appendix A: Tables 
Table 1. Count (percent) of injured drivers who test positive for impairing substances           …14 

by age and sex  

Table 2. Count (percent) of injured drivers who test positive for impairing substances           …15 

by crash characteristics  

Table 3. Count (percent) of injured drivers who test positive for impairing substances           …16 

Table 4. Polysubstance Use: Count (percent) of injured drivers who test positive for           …17 

one or more classes of impairing substance   
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 Table 1. Count (percent) of injured drivers who test positive for impairing substances by age and sex 
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Table 2. Count (percent) of injured drivers who test positive for impairing substances by crash characteristics 
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Table 3. Count (percent) of injured drivers who test positive for impairing substances by region. 
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Table 4. Polysubstance Use: Count (percent) of injured drivers who test positive for one or more classes of impairing 
substance in Canada. 
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Figure 1. Prevalence of alcohol use among injured drivers in Canada, by age group 
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Figure 2. Prevalence of alcohol use among injured drivers in Canada, by sex 
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Figure 3. Prevalence of alcohol use among injured drivers in Canada, by disposition 
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Figure 4. Prevalence of alcohol use among injured drivers in Canada, by time of crash 
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Figure 5.  Prevalence of alcohol use among injured drivers in Canada, by number of 
vehicles involved in the crash 
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Figure 6. Prevalence of cannabinoids among injured drivers in Canada, by age group 



  National Drug Driving Study 
June 2021 | Project Update 

 

Page 25 of 39 

  
 
  

Figure 7. Prevalence of cannabinoids among injured drivers in Canada, by sex 
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Figure 8. Prevalence of cannabinoids among injured drivers in Canada, by disposition 
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Figure 9. Prevalence of cannabinoids among injured drivers in Canada, by time of crash 
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Figure 10. Prevalence of cannabinoids among injured drivers in Canada, by number of 
vehicles involved in the crash 
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Figure 11. Prevalence of other recreational drugs, medications, and opiates among injured 
drivers in Canada, by age group 
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Figure 12. Prevalence of other recreational drugs, medications, and opiates among injured 
drivers in Canada, by sex 
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Figure 13. Prevalence of other recreational drugs, medications, and opiates among injured 
drivers in Canada, by disposition 
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Figure 14. Prevalence of other recreational drugs, medications, and opiates among injured 
drivers in Canada, by time of crash 
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Figure 15: Prevalence of other recreational drugs, medications, and opiates among injured 
drivers in Canada, by number of vehicles involved in the crash. 
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Figure 16. Use of alcohol, cannabis or both among injured drivers in Canada. Area in 
brown represents 249 drivers who tested positive for both alcohol and THC. Majority of 
THC positive drivers (in green) had relatively low levels compared to most of the alcohol 
positive drivers (in red) who had BAC above the 0.08% legal limit. 
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Figure 17.  Polysubstance use among injured drivers in Canada. The overlapping 
ellipses represent the numbers of drivers testing positive for various combinations of 
impairing substances. The cannabis ellipse counts drivers who tested positive for THC. 
For example, 141 drivers tested positive for alcohol and cannabis only. 
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