GPO Box 2846, Brisbane QLD 4001 Australia
Phone 1300 096 611 - Fax 07 3892 6311
medreleafaustralia.com.au

Chairperson, Legislative Council Legal and Social Issues Committee
Committee for Workplace Drug Testing Inquiry
Parliament House, Spring St

EAST MELBOURNE VIC 3002
Dear Chairperson,

| am writing to submit my response on behalf of MedReleaf Australia in accordance with the Terms of
Reference provided by the Committee for the Workplace Drug Testing Inquiry in Victoria.

About MedReleaf Australia,

MedReleaf Australia is licensed to cultivate and manufacture medical cannabis by the Federal
Government’s Office of Drug Control (ODC) and also holds licenses to import, export, wholesale and
distribute medical cannabis products. Australian-owned and operated, the company is backed by more than
50 years of pharmaceutical and healthcare expertise, driven by Research and Development, and strives to
make improvements to the health of Australian patients. Built to service the Australian medical industry,
including doctors, pharmacists, and allied health professionals. MedReleaf is also licensed to supply
medical cannabis medicines into New Zealand.

MedReleaf has a strategic and exclusive partnership with Aurora Cannabis Enterprises (NYSE|ACB). Our
Queensland based company is currently distributing the widest range of GMP medicinal cannabis products
into the growing market in Australia.

MedReleaf Australia (MRA) is also a founding member of the Medical Cannabis Industry Association
(MCIA) and supports the MCIA submission on this topic.

This submission seeks to address several important aspects outlined in the Terms of Reference, while also
drawing attention to key findings and evidence from recent research on driving in a legal cannabis
framework. Please refer to the attached studies in relation to this matter.

(1) *The Safety of Medicinal Cannabis for Driving:**

It is crucial to emphasize that medicinal cannabis is no less safe to drive with than other prescribed
medications. The available scientific evidence supports that low levels of THC, especially in the blood of
regular cannabis users, do not necessarily indicate recent use, and there is little population-level evidence
that drivers with THC levels < 5 ng/ml are at an increased risk of collisions. It is essential to consider the
research findings that indicate that alcohol remains a greater threat to road safety than prescribed medical
cannabis.

(2) **Discrimination Towards Medical Cannabis Patients in Driving Laws:**

The current driving laws appear to be discriminatory towards medical cannabis patients. It is imperative
that the inquiry examines whether these laws disproportionately impact this specific patient group and
whether such discrimination is justified. The data presented in recent research highlights that the potential
negative impact of cannabis use on driving is not significant at the population level compared to alcohol
impairment.

(3) **Tasmania's Model for Medical Cannabis:**

Tasmania's approach to treating medical cannabis as other scheduled medications under the supervision
of healthcare professionals, such as doctors and pharmacies, serves as a valuable model. This approach
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ensures patient safety and effective treatment while maintaining due process and natural justice in
workplace settings.

In light of the key findings on driving in a legal cannabis framework please refer to the attached studies:

- A study has shown that legalizing medical cannabis reduces annual auto insurance premiums, suggesting
a positive impact on road safety.

- Data from Canada indicates that drivers testing positive for THC are less common than those testing
positive for alcohol, highlighting the continued greater threat posed by alcohol to road safety.

- A study from Canada showed no increase in traffic injuries post-legalization of recreational cannabis.

- Another study revealed no statistical significant increases in motor vehicle crash-related visits when
comparing rates before and after medical authorization for cannabis, and found no significant differences
between those authorised for cannabis and those who were not.

- A study from the New England Journal of Medicine indicates an increase in rates of moderately injured
drivers testing positive for 25 ng/ml THC but highlights that cannabis driving impairment is only observed at
higher THC levels, making the impact at the population level less significant compared to alcohol.

We refer to data from Canada as it is the largest federally legal jurisdiction for medical cannabis.

Given these findings, it is essential to consider the true impact of cannabis on road safety and base policies
and regulations on scientific evidence. The rules and regulations should, at the very least, be as permissive
as they are for alcohol, if not more so.

In conclusion, MedReleaf implores the Committee for Workplace Drug Testing Inquiry to take into account
the evidence presented in this submission and the recent research on cannabis and driving. It is of utmost
importance that the regulatory framework for workplace drug testing is fair, non-discriminatory, and based
on scientific evidence, ensuring both employee rights and workplace safety.

We are available for further discussions or to provide additional information on this matter.

Sincerely,

Executive Director
MedReleaf Australia
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SPECIAL ARTICLE

Cannabis Legalization and Detection
of Tetrahydrocannabinol in Injured Drivers

Jeffrey R. Brubacher, M.D., Herbert Chan, Ph.D., Shannon Erdelyi, M.Sc.,
John A. Staples, M.D., Mark Asbridge, Ph.D., and Robert E. Mann, Ph.D.

ABSTRACT

BACKGROUND
The effect of cannabis legalization in Canada (in October 2018) on the prevalence
of injured drivers testing positive for tetrahydrocannabinol (THC) is unclear.

METHODS

We studied drivers treated after a motor vehicle collision in four British Columbia
trauma centers, with data from January 2013 through March 2020. We included
moderately injured drivers (those whose condition warranted blood tests as part of
clinical assessment) for whom excess blood remained after clinical testing was
complete. Blood was analyzed at the provincial toxicology center. The primary
outcomes were a THC level greater than 0, a THC level of at least 2 ng per milli-
liter (Canadian legal limit), and a THC level of at least 5 ng per milliliter. The
secondary outcomes were a THC level of at least 2.5 ng per milliliter plus a blood
alcohol level of at least 0.05%; a blood alcohol level greater than 0; and a blood
alcohol level of at least 0.08%. We calculated the prevalence of all outcomes before
and after legalization. We obtained adjusted prevalence ratios using log-binomial
regression to model the association between substance prevalence and legalization
after adjustment for relevant covariates.

RESULTS

During the study period, 4339 drivers (3550 before legalization and 789 after
legalization) met the inclusion criteria. Before legalization, a THC level greater than 0
was detected in 9.2% of drivers, a THC level of at least 2 ng per milliliter in 3.8%,
and a THC level of at least 5 ng per milliliter in 1.1%. After legalization, the values
were 17.9%, 8.6%, and 3.5%, respectively. After legalization, there was an increased
prevalence of drivers with a THC level greater than 0 (adjusted prevalence ratio,
1.33; 95% confidence interval [CI], 1.05 to 1.68), a THC level of at least 2 ng per
milliliter (adjusted prevalence ratio, 2.29; 95% CI, 1.52 to 3.45), and a THC level of
at least 5 ng per milliliter (adjusted prevalence ratio, 2.05; 95% CI, 1.00 to 4.18).
The largest increases in a THC level of at least 2 ng per milliliter were among
drivers 50 years of age or older (adjusted prevalence ratio, 5.18; 95% CI, 2.49 to
10.78) and among male drivers (adjusted prevalence ratio, 2.44; 95% CI, 1.60 to 3.74).
There were no significant changes in the prevalence of drivers testing positive for
alcohol.

CONCLUSIONS
After cannabis legalization, the prevalence of moderately injured drivers with a
THC level of at least 2 ng per milliliter in participating British Columbia trauma
centers more than doubled. The increase was largest among older drivers and male
drivers. (Funded by the Canadian Institutes of Health Research.)
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ANNABIS IS THE SECOND MOST COM-

monly used recreational drug worldwide

after alcohol,! and its legal status is rapid-
ly changing. Cannabis has been legal for medi-
cal use in Canada since 2001 and for recreational
use since October 2018. Internationally, recrea-
tional cannabis use is legal in South Africa and
Uruguay as well as in 17 U.S. states, two U.S.
territories, and the District of Columbia. The
Canadian “Cannabis Act” (Bill C-45) aims to pro-
tect public health and safety by restricting access
to cannabis for young people, reducing illicit
activities related to cannabis, improving canna-
bis product safety, and increasing public aware-
ness of health risks associated with cannabis. At
the same time, the Government of Canada intro-
duced Bill C-46, which aimed to prevent canna-
bis-impaired driving by establishing per se limits
for whole-blood tetrahydrocannabinol (THC, the
main psychoactive ingredient in cannabis) and
expanding police powers to collect evidence of
drug-impaired driving. Bill C-46 set penalties,
including criminal charges, for drivers with a
whole-blood THC level higher than 2 ng per milli-
liter (with more severe penalties for a THC level of
>5 ng per milliliter or for a THC level of >2.5 ng
per milliliter combined with a blood alcohol
level of >0.05%).?

Cannabis use is associated with cognitive defi-
cits and psychomotor impairment,>* and there is
evidence that it increases the risk of motor ve-
hicle crashes, especially at higher THC levels.>”
As such, there is concern that legalization of
cannabis might lead to an increase in cannabis-
related motor vehicle crashes. The effects of
cannabis legalization on road safety have been
evaluated in several U.S. states, with mixed re-
sults. Some studies showed an increase in fatal
collisions after cannabis legalization, but others
did not, with results varying according to state
and study methods.®!

It is important to understand the effects of
cannabis legalization on road safety in Canada.
Unfortunately, prelegalization data on the preva-
lence of cannabis use among Canadian drivers
were based on methods that have limited suit-
ability for monitoring trends in cannabis use by
drivers. Participant-reported surveys are subject
to selection, recall, and reporting biases, and
such surveys typically lack precision because they
ask about drug use before driving during a given
period (e.g., the previous month) instead of be-
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fore a specific driving episode.? Roadside sur-
veys are limited by the high percentage of driv-
ers who decline to participate (20 to 30% in
Canadian surveys).”> Police reports on motor ve-
hicle crashes often do not appropriately record
previous cannabis use.* THC levels in coroner’s
reports do not reliably correspond to levels at the
time of the collision owing to a delay in the test-
ing of fatally injured drivers who survive the
crash for a period of time®® and substantial post-
mortem redistribution of THC in the body.***®

Another way to monitor the prevalence of
driving after cannabis use is to study injured
drivers treated in the hospital after a collision.”
Our research group has measured alcohol and
drug levels, including THC levels, since 2011 in
injured drivers treated at participating British
Columbia trauma centers.?® This research pro-
vides a unique opportunity to study the effect of
cannabis legalization on the prevalence of can-
nabis use among injured drivers. Our primary
objective was to investigate prelegalization as
compared with postlegalization changes in the
prevalence of injured drivers who test positive
for cannabis (THC level >0) or exceed the Cana-
dian per se limits (THC level of >2 ng per milli-
liter or >5 ng per milliliter). Increased availability
of cannabis may be associated with a reduction
in alcohol-related collisions if persons substitute
cannabis for alcohol.?! Conversely, there is con-
cern that legalization will result in more drivers
using cannabis in combination with alcohol. Our
secondary objective was to investigate changes
in the prevalence of injured drivers who con-
sumed alcohol, alone or together with cannabis,
before the crash.

METHODS

STUDY DESIGN AND OVERSIGHT

Detailed methods have been published previous-
ly.?? In brief, we studied moderately injured driv-
ers who were treated in a hospital after a motor
vehicle crash. Moderate injury was defined prag-
matically as meaning that blood tests were war-
ranted for clinical assessment. We obtained ex-
cess blood that remained after clinical testing
and froze it at —40°C for later toxicologic analy-
sis. The study was approved by the University of
British Columbia research ethics board. Because
we used excess blood remaining after clinical use
and had procedures to protect personal informa-
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tion, the board approved waiver of informed
consent.

INCLUSION CRITERIA

We prospectively studied drivers treated at four
participating British Columbia trauma centers,
all of which provided continuous data from
January 2013 through March 2020 (temporary
cessation of data collection owing to the corona-
virus disease 2019 pandemic). All injured auto-
mobile drivers for whom blood samples were
obtained as part of clinical care were included.
Blood tests were performed routinely at all sites
in all drivers with potentially serious injuries.
Drivers with minor injuries after low-speed colli-
sions did not undergo blood tests and were ex-
cluded. The decision to obtain blood was not
based on suspicion of drug use; tests for can-
nabis and other drugs at participating hospitals
are performed on urine. Toxicologic results from
this study were not available to clinical staff.
Most samples contained whole blood, and the
remainder contained plasma. Research assistants
reviewed emergency department (ED) records to
identify all eligible drivers and obtained excess
blood before it was discarded. Drivers were also
excluded if the blood was obtained from the
driver more than 6 hours after the crash or if no
excess blood remained (blood was fully used for
clinical analysis or discarded before being ob-
tained by research assistants).

HEALTH RECORDS AND TOXICOLOGIC ANALYSIS

We reviewed medical records and recorded infor-
mation on demographic characteristics, injury
severity, and collision events. Broad-spectrum
toxicologic testing on whole-blood samples was
conducted at the British Columbia Provincial
Toxicology Centre. Toxicologic testing detected
alcohol, cannabinoids, other recreational drugs
(cocaine, amphetamines [including designer
drugs], and opiates), and psychotropic pharma-
ceuticals (including antihistamines, benzodiaz-
epines, other hypnotic agents, and sedating anti-
depressants). The laboratory methods detected
opium alkaloids (codeine and morphine), semi-
synthetic opioids (oxycodone and hydromorphone),
and synthetic opioids (methadone and fentanyl).
The limit of detection for THC was 0.2 ng per
milliliter.

STATISTICAL ANALYSIS

The primary outcomes were binary indicator
variables for a THC level greater than 0, a THC
level of at least 2 ng per milliliter, and a THC
level of at least 5 ng per milliliter. The secondary
outcomes were binary indicators for a THC level
of at least 2.5 ng per milliliter plus a blood alco-
hol level of at least 0.05%; a blood alcohol level
greater than 0; and a blood alcohol level of at
least 0.08%. We calculated the prevalence of all
outcomes in the period before legalization (Janu-
ary 2013 through September 2018) and the pe-
riod after legalization (November 2018 through
March 2020) and report crude prevalence ratios
for all injured drivers and for relevant sub-
groups, as defined below. We excluded drivers
with crashes occurring during the month of le-
galization (October 2018) because the exact date
of the crash was suppressed for privacy, which
made it impossible to know which motor vehicle
crashes occurred before legalization and which
occurred after.

For each outcome, we obtained adjusted
prevalence ratios using separate log-binomial
regression models. The response variable was an
indicator for whether the driver tested above the
substance threshold. The models included the
following predictors: legalization (pre- or post-
legalization indicator), sex (male or female), age
range (<30 years, 30 to 49 years, or 250 years),
time of crash (night [6:01 p.m. to 6:00 a.m.] or
day [6:01 a.m. to 6:00 p.m.]), type of crash
(single-vehicle or multivehicle), injury severity
(admission to hospital or discharge from the
ED), hospital site, year of crash (treated as an
annual linear trend), and season of crash (win-
ter, spring, summer, or fall). There was no evi-
dence of multicollinearity because all general-
ized variance inflation factors were less than
1.6. We estimated prevalence ratios and 95%
confidence intervals for each predictor by expo-
nentiating coefficient estimates from the model
fit. We used log-binomial rather than logistic
regression because the prevalence of cannabis
use was not rare, especially in the period after
legalization. However, we conducted sensitivity
analyses to compare results from logistic, log-
binomial, and Poisson regression with robust
standard errors and found that all methods
yielded similar results. We considered the clus-
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5699 Injured drivers had
blood work ordered

1290 Were excluded
718 Did not have excess
blood available
569 Had blood sample
obtained >6 hr after
crash
3 Were excluded for
other reasons

4409 Met the inclusion criteria
and had blood analyzed for
toxicologic results

Figure 1. Study Participants.

tered nature of our multicenter data but chose to
treat drivers coming from the same hospital site
as a fixed effect, because this method produces
unbiased estimates when the number of sites is
small (£5) and the sample size is large (>2000).%

We performed exploratory analyses to assess
the effect of cannabis legalization among vari-
ous subgroups (with respect to age, sex, hospital
site, and time, type, and severity of crash). For
each subgroup, we updated the adjusted log-
binomial model fit to include an interaction
term between the legalization indicator and the
covariate for the subgroup of interest. We esti-
mated the legalization prevalence ratio in the
subgroup by computing a linear combination of
the legalization plus legalization-by-subgroup
interaction coefficients from the model fit. Inter-
actions were estimated separately for each co-
variate.

All statistical analyses were performed with
the use of R software, version 4.0.3. All confi-
dence intervals are reported without adjustments
for multiplicity, so no statistical inferences may
be drawn.

RESULTS

PARTICIPANTS

During the 7-year study period, 4409 drivers met
the inclusion criteria and had blood analyzed for
toxicologic results: 3550 before cannabis legal-
ization, 70 during the month of legalization
(excluded from analysis), and 789 after legaliza-
tion (Fig. 1). Approximately two thirds of the

sample (2728 of 4409 [61.9%]) were male, and
the median age was 40 years. Most drivers
(58.9%) were from the greater Vancouver area,
one fifth (21.8%) were admitted to a hospital,
and two thirds (66.7%) had blood obtained
within 2 hours after the collision (mean, 116
minutes). Toxicologic results are provided in
Table S1 in the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org.
Injured driver and crash characteristics were
similar in the period before legalization and the
period after legalization (Table 1). The preva-
lence of cannabis use varied over the course of
the study (Fig. 2).

THC AND ALCOHOL LEVELS

Before legalization, THC was detected in 325 of
3550 drivers (9.2%), a THC level of at least 2 ng
per milliliter in 136 (3.8%), and a THC level of
at least 5 ng per milliliter in 38 (1.1%) (Table 2).
After legalization, the values were 141 of 789
(17.9%), 68 (8.6%), and 28 (3.5%), respectively.
Alcohol was detected in 409 of 3550 drivers
(11.5%) before legalization and in 77 of 789
(9.8%) after legalization.

After legalization, there was an increase in
the prevalence of moderately injured drivers with
a THC level greater than 0 (adjusted prevalence
ratio, 1.33; 95% confidence interval [CI], 1.05 to
1.68) and with a THC level of at least 2 ng per
milliliter (adjusted prevalence ratio, 2.29; 95%
CI, 1.52 to 3.45). Among moderately injured
drivers with a THC level of at least 5 ng per milli-
liter, the adjusted prevalence ratio was 2.05 (95%
CI, 1.00 to 4.18).

The largest increases in cannabis use (de-
fined as a THC level of 22 ng per milliliter) were
seen in drivers 50 years of age or older (adjusted
prevalence ratio, 5.18; 95% CI, 2.49 to 10.78) and
male drivers (adjusted prevalence ratio, 2.44;
95% CI, 1.60 to 3.74). Additional information on
driver subgroups is provided in Table S3. There
were no significant changes in the prevalence of
drivers testing positive for alcohol, alone or in
combination with THC (Fig. 3 and Table 2).

DISCUSSION

Recreational cannabis legalization was associ-
ated with an increased prevalence of moderately

N ENGL J MED 386;2 NEJM.ORG JANUARY 13, 2022

The New England Journal of Medicine
Downloaded from nejm.org on November 5, 2023. For personal use only. No other uses without permission.
Copyright © 2022 Massachusetts Medical Society. All rights reserved.

151



The NEW ENGLAND JOURNAL of MEDICINE

Table 1. Characteristics of Injured Drivers and Motor Vehicle Crashes.*

Entire Study Period: Before Legalization: Legalization: After Legalization:
Jan. 2013-Mar. 2020  Jan. 2013-Sept. 2018 Oct. 2018 Nov. 2018-Mar. 2020
Characteristic (N=4409) (N=3550) (N=70)F (N=789)

number (percent)

Male sex 2728 (61.9) 2182 (61.5) 47 (67.1) 499 (63.2)
Age group
<30yr 1106 (25.1) 906 (25.5) 8 (11.4) 192 (24.3)
30-49 yr 1559 (35.4) 1240 (34.9) 28 (40.0) 291 (36.9)
=50 yr 1744 (39.6) 1404 (39.5) 34 (48.6) 306 (38.8)
Health authority
Vancouver Coastal Health 2598 (58.9) 2074 (58.4) 33 (47.1) 491 (62.2)
Fraser Health Authority 365 (19.6) 672 (18.9) 9 (12.9) 184 (23.3)
Vancouver Island Health Authority 526 (11.9) 440 (12.4) 18 (25.7) 68 (8.6)
Interior Health Authority 420 (9.5) 364 (10.3) 10 (14.3) 46 (5.8)
Admitted to hospital 962 (21.8) 781 (22.0) 14 (20.0) 167 (21.2)
Time from collision to blood draw
<60 min 661 (15.0) 556 (15.7) 4(5.7) 101 (12.8)
61-120 min 2278 (51.7) 1847 (52.0) 32 (45.7) 399 (50.6)
121-240 min 1147 (26.0) 892 (25.1) 20 (28.6) 235 (29.8)
241-360 min 323 (7.3) 255 (7.2) 14 (20.0) 4(6.8)
Single-vehicle collision 1322 (30.0) 1064 (30.0) 24 (34.3) 234 (29.7)
Nighttime collisions: 1541 (35.0) 1243 (35.0) 18 (25.7) 80 (35.5)

* Percentages may not total 100 because of rounding.
" Data are for drivers with crashes occurring during the month of legalization.
I Night was defined as 6:01 p.m. to 6:00 a.m.

Legalization
of cannabis
(Oct. 17, 2018)
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Figure 2. Quarterly Time Series Showing Tetrahydrocannabinol (THC) Levels in Moderately Injured Drivers.
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Substance
Cannabis
THC level >0 ng/ml
THC level =2 ng/ml
THC level =5 ng/ml
Alcohol
Blood alcohol level >0%
Blood alcohol level =0.08%
Cannabis and alcohol
THC level =2.5 ng/ml and blood alcohol level =0.05%

Adjusted Prevalence Ratio (95% ClI)

—— 1.33 (1.05-1.68)

—o0——— 2.29 (1.52-3.45)
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" o 2.88 (0.76-10.9)
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Injured Drivers.

for multiplicity; no statistical inferences may be drawn.

Figure 3. Adjusted Prevalence Ratios for Effects of Cannabis Legalization on Substance Use among Moderately

Shown is the ratio of postlegalization prevalence to prelegalization prevalence, with adjustment for annual trend (year),
season (winter, spring, summer, or fall), sex (male or female), age group (<30, 30 to 49, or =50 years), regional health
authority (Vancouver Coastal Health, Fraser Health Authority, Vancouver Island Health Authority, or Interior Health
Authority), injury severity (admission to hospital or discharge from emergency department), time of collision (day-
time or nighttime), and type of collision (single-vehicle or multivehicle). Confidence intervals have not been adjusted

injured drivers who tested positive for THC (ad-
justed prevalence ratio, 1.33), for a THC level of
at least 2 ng per milliliter (adjusted prevalence
ratio, 2.29), and for a THC level of at least 5 ng
per milliliter (adjusted prevalence ratio, 2.05).
This troubling increase occurred despite the simul-
taneous introduction of traffic laws designed to
deter cannabis-impaired driving. According to
Statistics Canada, the percentage of Canadian
adults reporting cannabis use increased from
14.9% before legalization to 16.8% afterward
(from 18.2% to 19.1% in British Columbia).?*
Our finding of a much larger increase in the
prevalence of drivers testing positive for THC
raises the possibility that, in addition to more
persons using cannabis after legalization, people
who do use it are more likely than before legal-
ization to drive afterward. Figure 2 suggests
that these trends began after the federal an-
nouncement of forthcoming legalization but
before the law came into force. This “transition
period” probably produced public perceptions
that cannabis use was already legal or that laws
against its use would not be enforced, a finding
observed previously in Canada.”® We caution
that the presence of THC, especially at low con-
centrations, does not necessarily mean that the
collision was caused by cannabis. Although the
odds of causing a collision are increased among
drivers with a THC level higher than 5 ng per
milliliter, there is little evidence of increased

risk at a THC level of less than 5 ng per milli-
liter.52¢

Our findings complement previous research
suggesting that cannabis legalization increases
the prevalence of drivers using cannabis. In Wash-
ington State, the proportion of THC-positive
drivers involved in fatal collisions approximately
doubled after the legalization of cannabis in
2012 and remained elevated through at least
2017.7* That research used coroner’s data and
relied heavily on imputation to address missing
data. A Colorado report, which did not account
for time trends or missing values, also noted an
increase in “marijuana-related traffic deaths”
after cannabis legalization.?® Our findings are
also consistent with a survey from Washington
State that showed a significant increase in can-
nabis use during the first 4 years after cannabis
legalization (rising from 25.0% to 31.7% of sur-
vey respondents).>

The greatest increase in THC prevalence oc-
curred among drivers 50 years of age or older
(adjusted prevalence ratio, 5.18). This observation
is consistent with other research showing in-
creased cannabis use in older adults. A review of
cannabis prevalence studies showed an increas-
ing trend in cannabis use in the past 20 years
among persons older than 50 years of age, with
the greatest increase among persons 65 years of
age or older.?! Similarly, in the years before legal-
ization in Ontario, adults older than 50 years of
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age accounted for an increasing proportion of
cannabis users.? Before legalization, older driv-
ers may have been more strongly deterred by
cannabis prohibition than younger drivers, even
if they had used it when they were younger. Now
that cannabis is legal, they may be returning to
recreational use, using it for medical purposes,
or both.*® This apparent increase in driving after
cannabis use by older adults is worrisome. Most
information about cannabis pharmacology and
its effects on behavior is derived from studies
involving younger adults. The cognitive and psy-
chomotor abilities that are required for safe
driving decline with age,3** which suggests that
older drivers may be more vulnerable to the im-
pairing effects of cannabis. This, combined with
the potential for more severe injuries in older
drivers after a collision,*** suggests that the in-
crease in cannabis use among older drivers could
result in increases in collision-related injuries.

Postlegalization increases in cannabis use by
drivers must be interpreted in the context of
traffic laws intended to deter cannabis-impaired
driving.*3-40 At the federal level, Bill C-46 allows
police to demand a roadside oral fluid sample
from drivers whom they reasonably suspect have
drugs in their body and to demand a blood
sample if they have reasonable grounds to be-
lieve a driver committed a drug-impaired driving
offense within the past 3 hours. The British
Columbia Motor Vehicle Act was amended with
new penalties (fines and driver’s license suspen-
sion) to deter cannabis-impaired driving, espe-
cially for new drivers. The substantial increase
in injured drivers testing positive for THC sug-
gests that the new federal and provincial laws do
not deter everyone from driving after using can-
nabis. This may be because police have diffi-
culty identifying drivers who have used canna-
bis, which limits their ability to gather evidence
of a cannabis-related driving offense. If drivers
who use cannabis are not prosecuted, the laws
will have limited deterrent effect.

The collision risk that is associated with can-
nabis appears to be less than that with alcohol,®%
and it has been suggested that the increased
availability of cannabis could be associated with
an overall reduction in the incidence of colli-
sions if drivers substitute cannabis for alcohol.”!
However, we found no evidence of a decreased
prevalence of moderately injured drivers with a
blood alcohol level higher than 0.08% after can-

nabis legalization (adjusted prevalence ratio, 0.98;
95% CI, 0.74 to 1.30). This finding is consistent
with a Washington State survey that showed
no significant change in alcohol use after legal-
ization.*

Strengths of our study include the use of multi-
center prospective data over a prolonged study
interval, a large sample size, and additional
measurement of alcohol and other potentially
impairing drugs. Our study also has limitations.
Outcomes were prespecified but not preregis-
tered. There was a mean interval of 116 minutes
from collision until blood samples were obtained.
As such, measured THC levels were lower than
actual levels at the time of the collision. This
limitation would probably not alter our conclu-
sions because the mean intervals were similar be-
fore legalization and after legalization (Table 1).
Our findings apply to moderately injured drivers
treated in large urban trauma centers and may
not apply to collisions causing minor injury, fatal
collisions, or collisions occurring in remote areas.
Our results may not generalize to other prov-
inces with different patterns of cannabis use or
norms regarding impaired driving. Cannabis use
in British Columbia (before and after legaliza-
tion) is higher than the national average, but the
percentage of persons driving after using can-
nabis may be lower than in other provinces.!>3840

After cannabis legalization in Canada, the
prevalence of injured drivers with a THC level of
at least 2 ng per milliliter in British Columbia
more than doubled (adjusted prevalence ratio,
2.29). The increase was largest among older
drivers (adjusted prevalence ratio, 5.18) and
male drivers (adjusted prevalence ratio, 2.44).
There was no significant change in the preva-
lence of injured drivers who tested positive for
alcohol. Our findings confirm the effect that
cannabis legalization has had on cannabis-related
driving and point to the need for continued
surveillance of postlegalization effects. Despite
laws tailored to regulate road safety after legal-
ization, our results suggest that more work is
needed to increase the deterrent effect of traffic
laws that target driving after cannabis use. Ef-
forts to improve public knowledge of the harm-
ful effects of cannabis use on driver safety are
also warranted.

Supported by the Canadian Institutes of Health Research.
Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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Abstract

Background: With increasing numbers of countries/jurisdictions legalizing cannabis, cannabis impaired driving has
become a serious public health concern. Despite substantive research linking cannabis use with higher rates of
motor vehicle crashes (MVC), there is an absence of conclusive evidence linking MVC risk with medical cannabis
use. In fact, there is no clear understanding of the impact of medical cannabis use on short- and long-term motor
vehicle-related healthcare visits. This study assesses the impact of medical cannabis authorization on motor vehicle-
related health utilization visits (hospitalizations, ambulatory care, emergency department visits, etc) between 2014
and 2017 in Ontario, Canada.

Methods: A matched cohort study was conducted on patients authorized to use medical cannabis and controls
who did not receive authorization for medical cannabis — in Ontario, Canada. Overall, 29,153 adult patients were
identified and subsequently linked to the administrative databases of the Ontario Ministry of Health, providing up
to at least 6 months of longitudinal follow-up data following the initial medical cannabis consultation. Interrupted
time series analyses was conducted to evaluate the change in rates of healthcare utilization as a result of MVC 6
months before and 6 months after medical cannabis authorization.

Results: Over the 6-month follow-up period, MVC-related visits in medical cannabis patients were 0.50 visits/10000
patients (p =0.61) and — 0.31 visits/10000 patients (p = 0.64) for MVC-related visits in controls. Overall, authorization for
medical cannabis was associated with an immediate decrease in MVC-related visits of — 2.42 visits/10000 patients (p =
0.014) followed by a statistically significant increased rate of MVC-related visits (+ 0.89 events/10,000 in those authorized
medical cannabis) relative to controls in the period following their authorization(p = 0.0019). Overall, after accounting
for both the immediate and trend effects, authorization for medical cannabis was associated with an increase of 2.92
events/10,000 (95%Cl 0.64 to 5.19) over the entire follow-up period. This effect was largely driven by MVC-related
emergency department visits (+ 0.80 events/10,000, p < 0.001).
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(Continued from previous page)

Conclusions: Overall, there was an association between medical cannabis authorization and healthcare utilization, at
the population level, in Ontario, Canada. These findings have public health importance and patients and clinicians
should be fully educated on the potential risks. Continued follow-up of medically authorized cannabis patients is
warranted to fully comprehend long-term impact on motor vehicle crash risk.

Keywords: Medical cannabis, Motor vehicle crash, Healthcare utilization, Public health

Background

Since 2001, Canadians have been allowed to legally pos-
sess cannabis for medical purposes with a health care pro-
vider’s authorization(Alberta, 2017). With non-medical
cannabis legalization in Canada and certain states in the
United States, there is rising public concern about
cannabis-impaired driving/driving under the influence of
cannabis (DUIC) (Valleriani, 2017). Past fatality studies
(Andrews et al., 2015; Callaghan et al., 2013; Fischer et al.,,
2016; Romano et al,, 2017) resulting from motor vehicle
crashes (MVC) suggest higher risk of MVC is associated
with general cannabis consumption, however, there is a
lack of robust evidence (Rogeberg and Elvik, 2016) sur-
rounding MVC risk for medical cannabis users at the
population level.

Previous research on cannabis use and MVC risk have
shown mixed results -with a continued debate in the lit-
erature on whether or not this association is significant.
Clinical studies have reported common physiological ef-
fects (both acute and long-term exposure of cannabis use)
on the brain that have been found to impair driving ability
(Neavyn et al,, 2014; Ogourtsova et al., 2018; Wright and
Metts, 2016). Evidence suggests that the risk of being in-
volved in a motor vehicle crash increases approximately
two-fold when a person drives immediately after smoking
cannabis (Hartman and Huestis, 2013) and that acute can-
nabis intoxication may be associated with an increased
MVC risk (Rogeberg and Elvik, 2016). In Canada, statis-
tical data has shown that the percentage of fatally injured
drivers from testing positive for cannabis, has generally in-
creased over time (Foundation, T. I. R, 2018). Conversely,
higher levels of tetrahydrocannabinol (THC) in the blood
has been correlated with higher rates of MVC and im-
paired driving behaviors, but not at lower levels (Bruba-
cher et al., 2019; Bonar et al.,, 2019). Further, other studies
have shown a nonsignificant association between traffic
accidents and cannabis use (Hostiuc et al., 2018; Hansen
et al,, 2018). In other jurisdictions where medical cannabis
has been legalized (i.e. Colorado), an increased rate of
MVCs has been reported; whereas the rate remained the
same in states without cannabis legalization (Salomonsen-
Sautel et al., 2014).

To address the evidence gap, research is needed on
whether medical use of cannabis is associated with a higher
risk of MVC. Although cannabis would be expected to have

a similar potential for MVC in these patients, our study ex-
amines whether these medical cannabis patients represent a
different subset of the cannabis using population with poten-
tially different patterns of risk behaviors. While past studies
on causal interpretation between medical cannabis impair-
ment and motor vehicle crashes present mixed results - a
majority of cohort studies are limited due to small sample
sizes (Bonar et al, 2019; Ogourtsova et al, 2018), are out-
dated (Walsh and Mann, 1999; Asbridge et al., 2005), express
high publication bias (Hostiuc et al., 2018); do not differenti-
ate between medical and recreational cannabis (Azofeifa
et al, 2015; Li et al,, 2012; Masten and Guenzburger, 2014),
rely heavily on self-reported measures (Richer and Bergeron,
2009), and have loss of participants to follow up over time
(Callaghan et al,, 2013) who are using medical cannabis.

Thus, we conducted a large cohort study of adults au-
thorized to obtain medical cannabis - to assess whether
medical cannabis use has any association on healthcare
utilization due to MVC. In this paper, we hypothesized
that there is an association between medical authorization
for cannabis and MVC-related healthcare utilization in
comparison to controls.

Methods

Study design

A matched cohort study was conducted on patients au-
thorized to use medical cannabis and controls who did
not receive authorization for medical cannabis — in On-
tario, Canada. This retrospective longitudinal matched
cohort study is part of a larger study assessing the health
outcomes of medical cannabis among patients who re-
ceived medical authorization (Eurich et al., 2020).

Study population

Inclusion Criteria

All adult patients authorized for medical cannabis [in-
haled (smoked or vaporized) or orally consumed (oils)
cannabis] that attended specialized cannabis clinics in
Ontario (Canada) between April 24, 2014 and March 31,
2017. These individuals were > 18 years of age, of any sex
and ethnicity, and had received medical cannabis
authorization for a variety of acute and chronic health
conditions. Patients may choose to seek assessment for
medical cannabis through the clinic via a self-referral or
by a physician referral. The index date for each patient
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was the first recorded date of medical cannabis
authorization at the clinics (Table 1).

Exclusion Criteria

Adult patients who received medical cannabis

authorization but were unable to be matched with at
least one control, those who were non-eligible to On-
tario Health Insurance Plan at baseline and those with
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invalid or duplicate identifiers were excluded. Patients
who had less than 6 months administrative data before
the index date and less than 6 months after, were also
excluded. This restriction was to ensure we had suffi-
cient health data to determine trends in health care
utilization. Further, through sensitivity analysis, we ex-
cluded patients having less than 12 months data before
the index date and less than 12 months data after.

Table 1 Characteristics of patients with six months follow-up before and six months after the index date included in interrupted

time series analyses analysis (n = 276577

Characteristic Unauthorized for medical cannabis Authorized for medical cannabis p-value
(N=17,732) (N =9925)

Age
<21 143 (0.8%) 78 (0.8%) 0.9957
21 to 30 1855 (10.5%) 1063 (10.7%)
31 to 40 3553 (20.0%) 1993 (20.19%)
41 to 50 3876 (21.9%) 2135 (21.5%)
to 60 4545 (25.6%) 2562 (25.8%)
61to 70 2527 (14.3%) 1414 (14.3%)
71 t0 80 891 (5.0%) 491 (5.0%)
>80 342 (1.9%) 189 (1.9%)

Sex
Female 8054 (45.4%) 4462 (45.0%) 04576
Male 9678 (54.6%) 5463 (55.0%)

Nearest Census based neighborhood income quintile
1 3963 (22.4%) 2212 (22.3%) 0.9939
2 3785 (21.4%) 2103 (21.2%)
3 3347 (18.9%) 1893 (19.1%)
4 3490 (19.7%) 1959 (19.7%)
5 3147 (17.8%) 1758 (17.7%)

Rural 1891 (10.7%) 797 (8.0%) <0.0001

Diagnosis codes
Diabetes 1945 (11.0%) 1132 (11.4%) 0.2680
Congestive heart failure 97 (0.6%) 64 (0.6%) 0.3051
COPD 2028 (11.4%) 1187 (12.0%) 0.1933
Asthma 3438 (19.4%) 1965 (19.8%) 0.4096
Cancer 1250 (7.1%) 726 (7.3%) 04110
Musculoskeletal issues 7791 (43.9%) 4377 (44.1%) 0.7931
Neurologic disorders 2564 (14.5%) 1515 (15.3%) 0.0702
Pain 401 (2.3%) 280 (2.8%) 0.0040
Behavioural issues 3313 (18.7%) 1929 (19.4%) 0.1259
Fatigue 188 (1.1%) 139 (1.4%) 0.0120
Metabolic disease 2132 (12.0%) 1286 (13%) 0.0236
Anxiety at baseline 4313 (24.3%) 4867 (49.0%) <0.0001

929153 adult patients were identified and subsequently linked to the administrative databases of the Ontario Ministry of Health providing up to at least 6 months
of longitudinal follow-up data following the initial medical cannabis consultation. All data was released as de-identified data

COPD Chronic obstructive pulmonary disease
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Matched Controls

Each authorized medical cannabis patient was matched
at the time of the case index up to 3 controls based on
age (+ 1years), sex, Local Health Integration Network
location, income quartile, and history of diabetes, heart
disease, chronic obstructive pulmonary disease, asthma,
cancer, musculoskeletal issues, neurological issues, pain,
behavioral issues, fatigue, malnutrition, and metabolic
disease based on any related ICD-9/10 codes within the
previous 5 years. Matching was completed with replace-
ment and thus an unauthorized patient could have been
utilized for 1 or more authorized patients, although no
controls was selected more than once. To be considered
as unauthorized, no record of a referral to a participating
cannabis clinic was allowed. After matching, a pseudo-
index date equal to the authorized patient was assigned
so that the distribution of index dates is the same as the
authorized patients.

Data source

All data for both cannabis users and matched con-
trols were obtained from the provincial administrative
health databases collected and housed by Ontario’s
Institute for Clinical Evaluative Sciences. The ICES
Data Repository consists of record-level, coded and
linkable health data sets. It encompasses publicly
funded administrative health services records for the
Ontario population eligible for universal health coverage.

All adult patients seeking assessment at specialized
cannabis clinics (between April 2014—March 2017) in
Ontario, Canada were eligible. Informed consent was
provided by the patient at the time of first intake,
which allows data to be collected and used for clinical
and research purposes. As part of the authorization
and intake process, each patient seeking medical can-
nabis meets with a trained counselor who performs
and initial assessment and collects relevant data. All
patients must provide sociodemographic information
and disclose their primary medical complaints that
constitute their rationale for requesting a medical
cannabis authorization. Following their initial intake
interview, the patient is referred to a physician who
makes their assessment based on the self-reported in-
formation, the patient’s health record, and any add-
itional assessments conducted by the physician. Initial
referral to the clinics can be a self-referral by the
patients or by a medical professional.

Overall, 29,153 adult patients were identified and
subsequently linked to the administrative databases of
the Ontario Ministry of Health hospitalizations and
emergency department visits providing up to at least
6 months of longitudinal follow-up data following the
initial medical cannabis consultation. These data were
provided by the ICES administrative databases in
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Ontario and all data was released as de-identified
data. Research ethics approval was obtained from the
University of Alberta Health Research Ethics Board
(PRO 00083651) and Veritas Research Ethics Board
(Ontario) (16111-13:21:103—-01-2017).

Outcomes

All types of healthcare resources utilization that was
related or potentially due to motor vehicle crashes
were considered in this study (hospitalizations or
emergency department visits). The combined endpoint
of MCV-related hospitalizations or emergency depart-
ment was our variable of interest. For this endpoint,
if a patient had an emergency department visit that
directly lead to a hospitalization only 1 event was
counted in the model. For the individual assessments
of MVC-related hospitalization or emergency depart-
ment visits, each was considered as mutually exclusive
for analyses. This included ICD-10 codes V40-V69
(Appendix 1); MVC related to buses were not included
(V70-V79).

Study sample

In total, 29,153 patients attended a cannabis clinic and
provided consent. Of these patients, 9925 medically au-
thorized cannabis patients having at least 6 months
follow-up data before and after the index date were
matched to 17,732 controls (Fig. 1). In each group, at
least 2/3 of the patients were aged 60 years or less, and
the majority were men (55%). Musculoskeletal issues,
anxiety, neurologic disorders, and asthma were the most
predominant morbidities. Morbidities were well bal-
anced between the two groups due to the matched study
design although slightly fewer patients authorized for
medical cannabis resided in a rural area (8% vs 10.7%)
and were more likely to have a history of anxiety (49%
vs 24.3%) (p < 0.001 for each).

Statistical analysis

All data are expressed descriptively using means
(standard deviations) or proportions as appropriate.
To assess the effect of medical cannabis use on motor
vehicle-related visits, interrupted time series (ITS)
analyses assessed the trend in MVC in the 6 months
before and 6 months after the authorization of canna-
bis (Wagner et al., 2002). Each outcome was assessed
in 30-day windows for each patient (i.e., total number
of occurrences in the month) which represents the
time series before and after the change point (ie.
authorization for medical cannabis). Two parameters
defined the time series — a level (immediate change
in y-intercept) and trend (change in slope over time).
The model accounts for the pretreatment trend differ-
ences between those authorized medical cannabis and



Lee et al. Injury Epidemiology (2021) 8:33

Page 5 of 15

29,153 patients received an
authorisation of medical cannabis
from April 24t, 2014

Exclusions

y

23091 patients authorised
cannabis between April 241,
2014 and March 31, 2017

Patients with invalid or duplicate
identifier (n=162); index date after
March 31, 2017 (n=5418); non-
eligible to Ontario Health Insurance
Plan at baseline (n=311); other
(n=170). Total=6062

18662 patients who were
authorised medical cannabis were
matched to 51382 patients who
did not receive medical cannabis
authorisation (total matched
1Ds=70044).

4429 patients who were authorised
cannabis could not be matched with
at least one non-authorised patient.

40867 patients had required
follow-up (authorised to medical
cannabis: 11170; unauthorised:
29697)

29177 patients had follow-up less
than six months before the index date
and six months after

27657 matched ID included for
analyses (authorised to medical
cannabis: 9925; unauthorised:
17732)

Fig. 1 Selection of study population

13210 patients without a
corresponding matched ID after the
exclusion of IDs with less than 6
months follow-up before and after the
index date

controls. First the number of motor vehicle-related visits
within each 30-day window are summated for the controls
and medically authorized cannabis users separately. Then,
the difference in motor vehicle-related visit outcomes be-
tween authorized and unauthorized patients is modeled
using the standard controlled ITS approach (Zhang et al.,
2009). The average pretreatment effect is then projected
into the posttreatment period as the best estimate of the
counterfactual—what motor vehicle-related visits would
have been in the absence of authorization for medical can-
nabis (Linden, 2015; Bernal et al., 2017).

By modeling the outcomes in this manner, a clear in-
terpretation of effects can be observed: the trend in
those authorized for medical cannabis; the trend in those
not authorized; and the joint trend of those authorized
relative to those unauthorized; as opposed by just rela-
tive effects between authorized and those unauthorized
where the true drivers of any differences may be difficult
to interpret. In addition, the overall absolute effects of
medical cannabis authorization on MVC was calculated,
which summarizes both the immediate level change (i.e.,
within a month) and change in trend over the 6 months
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Table 2 Cannabis motor vehicle crash healthcare utilization — six months before and six months after authorization for medical

cannabis

Outcome Cannabis Population Matched Controls
Difference in mean number Difference in mean number
of visits/admissions per 10, of visits/admissions per 10,
000 patients from 6 months 000 patients from 6 months
before to 6 months after prior to 6 months after index
medical cannabis date
Before  After Change  Before After Change

Hospitalization or Emergency Department visit as a result of motor vehicle crashes 46 48 +2 32 34 +2

Hospitalization visit as a result of motor vehicle crashes 6.05 202 -4.03 282 0.56 -226

Emergency Department visit as a result of motor vehicle crashes 40 46 +6 29 33 +4

with the multivariate delta method used to the construct
95% confidence intervals around the estimate.

Sensitivity analysis

To assess the effect of longer exposure to medical can-
nabis on motor vehicle-related visits, we extended the
follow-up to 12 months before the index date and after
exposure by repeating the ITS analysis for all outcomes.
However, it is important to note that this additional ex-
tension period led to the exclusion of patients who did
not have sufficient data 12 months prior or 12 months
after (or in the matched controls). As the number of pa-
tients included in this analysis was significantly smaller,
we considered this as an exploratory analysis.

In addition, we conducted a sensitivity analysis to exclude
0.1 and 0.6, as these codes relate to passengers. Patients in-
volved in motor vehicle collisions involving cannabis and
other substances sometimes indicate that they were a pas-
senger as opposed to a driver to avoid any repercussion for
the accident from law enforcement. As such, we elected to
include all passenger codes in the main analysis.

Results

In the 6 months before authorization, there were 46
MVC-related health care visits/admissions per 10,000
patients among those authorized for medical cannabis and
32 MVC-related health care visits/admissions per 10,000
patients among those not authorized for medical cannabis

Table 3 Interrupted time series analysis of healthcare utilization due to motor vehicle crash six months before and six months after
authorization of medical cannabis compared to those unauthorized (n =27,657)

Outcome Authorized Medical Cannabis Unauthorized Controls Difference
Immediate Temporal Immediate Level Temporal Immediate Temporal
Level Change* Trend Change* Trend Level Change* Trend
change** Change** Change**
Events/ p- Events/ p- Events/10, p- Events/ p- Events/ p- Events/ P-
10,000 value 10,000 value 000 value 10,000 value 10,000 value 10,000 value
patients patients patients patients patients patients
Motor-vehicle related -3.15 0.3988 0.50 061 -2.38 0.2879 —031 064 —242 00138 0.89 0.0019
hospitalization or ED visit
Absolute Effect Motor-vehicle re- Events/10,000 95%
lated hospitalization or ED visit patients Confidence
292 Intervals
0.64-5.19
Motor-vehicle related -197 0.0365 022 02753 —-091 0.0749 -0.068 05782 -1.10 0.7322 -0.0081 0.9898
hospitalization
Absolute Effect Motor-vehicle Events/10,000 95%
related hospitalization patients Confidence
-1.15 Intervals
(—14.63-12.33)
Motor-vehicle related ED -191 05108 0.64 04184 —142 04661 -0.18 0.7384 —0.90 0.2907 0.80 0.0001
Absolute Effect Motor-vehicle Events/10,000 95%
related ED visit patients Confidence
392 Intervals
(265-5.19)

*change in the month following the authorization of cannabis or the index date

**change in slope in the six months following the authorization of cannabis or the index date

ED Emergency department
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(Table 2). Following medical cannabis authorization, an
immediate (level change) change of —3.15 MVC-related
health care visits/admissions per 10,000 patients occurred
whereas in controls — 2.38 MVC-related health care visits/
admissions per 10,000 patients occurred (Neither change
was statistically significant (p = 0.39 and p = 0.29, respect-
ively). Furthermore, with respect to changes in trend,
amoung those authorized for medical cannabis, MVC-
related visits after 6 months was 0.50 visits per 10,000
patients; and MVC-related visits in controls was - 0.31
visits per 10,000 patients. Neither change was statistically
significant (p =0.61 and p = 0.64, respectively) (Table 3);
and also shown by the ITS analysis in the difference in
monthly proportions of healthcare utilization between
cases and controls (Fig. 2). When evaluating the difference
in events amoung those authorized medical cannabis to
controls, an immediate decrease in MVC -related visits of
- 2.42 events per 10,000 in those authorized medical can-
nabis was observed (level change) p =0.0138). This was
followed by an increase of MVC-related visits of 0.89
events per 10,000 in those authorized medical cannabis
(over the 6 months relative to controls — trend change),
which was statistically significant (p =0.0019) (Table 3).
After accounting for both the immediate (level) and
temporal (trend) effects, authorization of medical cannabis
was associated with an absolute increase of 2.92
events/10,000 (95%CI 0.64 to 5.19) over the entire
follow-up period.

Stratified analyses by type of MVC-related visit sug-
gests that emergency department visits contributed to
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the majority of the difference observed between those
authorized medical-cannabis compared to controls. In-
deed, although no statistical difference was observed
with respect to MVC-related hospitalizations immedi-
ately (level change) or during the follow-up (trend
change) or immediately in MVC-related emergency
department visits (level change), an increase of MVC-
related emergency department visits was observed of
0.80 events per 10,000 in those authorized medical
cannabis during the follow-up (over the 6 months
relative to controls; trend change, p = 0.0001) No clini-
cally important differences were noted for either age or
sex (Appendix 2 and 3).

Additional sensitivity analyses
After exclusion of 0.1 and 0.6 (codes relating to passen-
gers), following medical cannabis authorization, MVC-
related visits in medical cannabis patients after 6 months
was 0.46 visits per 10,000 patients; and MVC-related
visits in controls was —0.57 visits per 10,000 patients -
with neither change statistically significant (p = 0.54 and
p =0.32, respectively) (Table 4). After accounting for
both the immediate and temporal effects, the absolute
effect of medical cannabis authorization was a non-
statistcially significant increase of 2.34 events/10,000
(95%CI: - 25.06-29.74) over the 6-month follow-up period.
When we extended our analysis out to 12 months, in
the 12 months before authorization, there were 121
MVC-related health care visits/admissions per 10,000
patients among those authorized medical cannabis and
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65 MVC-related health care visits/admissions per 10,000
patients among those not authorized medical cannabis
(Table 5). Following medical cannabis authorization,
MVC-related visits in medical cannabis patients after 12
months was 0.33 visits per 10,000 patients; and MVC-
related visits in controls was 0.21 visits per 10,000
patients - with neither change statistically significant
(p=0.70 and p = 0.60, respectively) (Table 6). However,
when comparing those authorized medical cannabis to
controls, MVC-related visits of — 0.11 events per 10,000
in those authorized medical cannabis (over the 12
months relative to controls) was observed which was
also not statistically significant (p = 0.56) (Table 6). After
accounting for both the immediate and temporal effects,
the absolute effect of medical cannabis authorization
was a non-statistcially significant increase of 4.32 events/
10,000 (95%CI - 0.73 to 9.37) over the entire 12-month
follow-up period. Finally, no associations were observed
with respect to either MVC-related hospitalizations or
emergency department visits in stratified analyses when
comparing those authorized medical cannabis to controls.

Discussion
This population-based study of patients authorized for
medical cannabis showed an overall absolute increase
(overall level and trend effects) in MVC-related visits of
2.92 per 10,000 people (compared to controls) within
the first 6 months, which was largely driven by increases
in MVC-related emergency department visits. However,
no statistical differences in MVC-related healthcare
utilization were observed in the subgroup of patients
followed for up to 1year, although the overall absolute
effects were higher than the 6-month data (absolute
events of 4.32 per 10,000 people). The clinical relevance
of these findings at the individual level is unclear but
may have important implications from a public health
perspective.

The majority of previous studies of medical canna-
bis and MVC risk have shown inconsistent results.
Certain studies report high correlation between
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medical cannabis/recreational cannabis use and MVC
risk (Richer and Bergeron, 2009; Wright and Metts,
2016). Bonar et al. (2019) reported that DUIC behav-
ior was higher in medical cannabis patients autho-
rized for chronic pain than those in the general
population of individuals who were reported to drive
after the use of cannabis (Bonar et al., 2019). Recent
Canadian reports on MVC and cannabis (Foundation,
T. 1. R, 2018; Alberta, 2017) indicate a general in-
crease of fatally injured drivers who tested positive of
cannabis from 2000 to 2015. Recent meta-analyses of
epidemiological studies (Rogeberg and Elvik, 2016;
Hartman and Huestis, 2013) including Li et al. (Li
et al, 2012) also showed a significant increase of
MVC risk as a result of cannabis consumption. Con-
versely, other meta-analyses report that the associ-
ation between medical cannabis use and MVC risk is
nonsignificant (Hostiuc et al., 2018) — and that only
higher levels of cannabis were associated with higher
MVC risk (Brubacher et al., 2019). Notably, other ITS
studies (Hamilton et al., 2014) focused on recreational
use and/or impairment without strictly focusing on
solely medical use (Ogourtsova et al., 2018). Indeed,
Masten et al. (Masten and Guenzburger, 2014) re-
ported that medical cannabis laws may not necessarily
be linked with increased MVC rates. Likewise, Neavyn
et al. (Neavyn et al.,, 2014) reported the importance of
distinguishing between medical cannabis and recre-
ational cannabis to fully understand its effects on
MVC-risk associated behavior. These discrepancies
may explain the difference in outcomes associated
with medical cannabis use and MVC risk among the
various study populations.

The strength of our study is that it is currently the lar-
gest Canadian population-based study completed with
population-based matched controls. However, our study
is not without limitations. First, this is an observational
study and potential spectrum bias is a concern as our
cohort is based on patients who have individually sought
authorization for medical cannabis. This population may
not be representative of all individuals who are using

Table 5 Cannabis motor vehicle crash healthcare utilization — one year before and one year after authorization for medical cannabis

Outcome Cannabis Population Matched Controls
Difference in mean number  Difference in mean number
of visits/admissions per 10, of visits/admissions per 10,
000 patients from 1 year 000 patients from 1 year
before to 1 year after medical prior to 1 year after index
cannabis date
Before  After Change Before After Change
Hospitalization or Emergency Department visit as a result of motor vehicle crashes 121 95 -26 65 50 -15
Hospitalization visit as a result of motor vehicle crashes 33 9.8 +6.5 0 2.5 +25
Emergency Department visit as a result of motor vehicle crashes 118 85 -33 65 47 -18
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cannabis for medical purposes but obtained it through
other (legal or illegal) avenues.

Among the limitations, we were not able to match all
the cannabis cohort patients to at least one control as
noted (about 19% were not matched and were excluded
from the analysis). It is unclear how this could have af-
fected the results. This issue has probably led to an
underestimation of the MVC events as the excluded pa-
tients were more likely to be older and had higher rates
of morbidities. However, there is no reason to believe
that the relative effects would be affected as similar char-
acteristics would be expected in controls if matched. Al-
though controls did not have any records of a referral to
a participating cannabis clinic, it is possible these pa-
tients could have been using recreational cannabis which
we could not capture. If so, this misclassification bias
would have led to an underestimation of the MVC ef-
fects of cannabis in our analyses. We also have no infor-
mation on patients which may have declined consent for
data collection, and thus, we can make no assumptions
about this group of patients or how they may have af-
fected our results. Although patients were authorized to
use medical cannabis, we cannot ensure the products
were consumed as authorized by physicians or if patients
elected to use alternative agents than what was autho-
rized. Moreover, there is no method of determining if
medical cannabis was in a patient’s system at the time of
an MVC. Third, not all MVCs result in healthcare re-
source utilization and our data do not capture MVCs
that did not result in injury or were less severe, thus, we
only investigated major crashes resulting in healthcare
utilization; not minor crashes. Lastly, we do not know
whether the association may change depending on if the
MVC was caused by the authorized user or someone
else. As this information is from law-enforcement agen-
cies (not available to researchers), we only focused on
the user coming into the hospital/ED as a result of an
MVC.

Conclusions

Overall, this study suggests an association between med-
ical cannabis authorization and MVC-related healthcare
utilization in Ontario medical cannabis users. The clin-
ical relevance of these findings at the individual level is
unclear but may have important implications from a
public health perspective. Although some may consider
the risk small, a policy requiring physicians to discuss
the risks of medical cannabis use while driving, should
be warranted for patients who are authorized for medical
cannabis. Users of medical cannabis should continue to
use this medication with caution when interacting with
their environments and follow all instructions concern-
ing its use during the operation of motor vehicles.

Appendix
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Table 7 Health conditions and ICD-10 codes defining the

Motor-vehicle-related hospitalizations (MVC)

Condition ICD-10
Car occupant injured in transport crash V40*-
\V49%
Occupant of pick-up truck or van injured in transport crash ~ V50-V59
Occupant of heavy transport vehicle injured in transport V60-Ve9

crash

*The following fourth-character subdivisions are for use with
categories V40-V48

.0 Driver injured in nontraffic crash

.1 Passenger injured in nontraffic crash

.2 Person on outside of vehicle injured in nontraffic crash
.3 Unspecified car occupant injured in nontraffic crash

.4 Person injured while boarding or alighting

.5 Driver injured in traffic crash

.6 Passenger injured in traffic crash

.7 Person on outside of vehicle injured in traffic crash

.9 Unspecified car occupant injured in traffic crash
Legend:

ICD-10 International Classification of Diseases, Tenth Revision.
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Table 8 Stratification of Authorized and Unauthorized Adult Patients by Age, Sex, Rural/Urban
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Outcome Authorized Unauthorized Difference
Immediate Temporal Immediate change* Temporal Immediate Temporal
change* change** change** change* change**
Events/ p- Events/ p- Events/10, p- Events/ p- Events/ p- Events/ P-
10,000 value 10,000 value 000 patients value 10,000 value 10,000 value 10,000 value
patients patients patients patients patients
Motor-vehicle related -3.15 0.3988 0.50 06102 -2.38 02879 -0.31 06405 —-242 0.0138 0.889 0.0019
hospitalization or ED visit
Age
<30 242 0.7479 -1.99 03082 145 0.7717 =259 0.0807 3.36 0.7622 -0.037 0.9897
31 to 60 -269 03049 1.23 00796 -357 0.1370 042 04885 052 0.9550 0.56 0.8143
> 60 -3.27 0.2696 -0.27 0.7182 047 09126 -0.54 06747 -5.09 06128 0.23 0.9432
Sex
Male -0.99 0.7140 —-0.60 05060 —4.30 00419 -124 0.0327 1894 05903 7.14 0.5987
Female 431 0.349 167 02653 1.28 0.5981 1.10 0.1297 23.83 04015 743 0.7924
Urban/Rural
Urban -3.08 03364 0.087 09152 -2.13 02959 -0.19 07328 -5.12 02229 1.50 0.0403
Rural 0.71 0.9469 3.08 02923 1.16 0.7347 -0.39 06666 —6.83 06224 269 0.2782
Legend:

ED Emergency visi
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Table 9 ICD codes by Case and Control in Motor-Vehicle Table 9 ICD codes by Case and Control in Motor-Vehicle
Crashes Crashes (Continued)

MVC ICD DX code Control Case  MVCICD DX code Control Case
V405 3 3 V585 1 1
V430 3 3 V586 3 1
V431 0 1 V594 1 0
V434 1 1 V595 0 1
V435 159 141 V596 1 0
V436 40 46 V599 1 0

0

0

V437 1 0 Ve45 1
V439 9 5 V675 1
V445 4 14 V681 0 1
V446 0 1 V684 1 2
V455 1 0 V685 3 1
V460 1 0 Ves7 1 0
V465 1 0 V698 0 1
V470 3 4 TOTAL 335 333
V471 1 1 Legend:
Va75 20 18 ICD International Classification of Diseases.
V476 1 2
V480 1 1
V481 0 3
V482 1 2
V483 1 0
V484 6 5

9

8

2

V485 11
V486 4
V489 1
V490
V493
V494
V495
V496
V498
V499
V505 1
V530 1
V532 0
V535 8
V536 0

0

0

O N NN = O O
o
w N =2 O O = O »h N = =
~ N

V539
V545
V546 1
V575 1 1
V581 0 1
V584 6 3

o N
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Table 10 Matched authorized versus unmatched authorized cannabis patients

Characteristics

Authorized cannabis patients
matched to a control (18662)

Authorized cannabis patients not
matched to a control (n =4429)

Age
<21 120 (0.64)
21-30 1974 (8.55)
31-40 3606 (19.32)
41-50 3822 (20.48)
51-60 4846 (25.97)
61-70 2858 (15.31)
71-80 1050 (5.63)
>80 386 (2.07)
Sex (males) 10,132 (54.29)
Rural (yes) 1798 (9.63)
Asthma 3691 (19.78)
Musculoskeletal disorders 8256 (44.24)
behavioural disorders 3582 (19.19)
Cancer 1828 (9.80)
COPD 2353 (12.61)
Diabetes 2215 (11.87)
Fatigue 279 (1.50)

Metabolic disease 2609 (13.98)
Neurlogic disorders 2892 (15.50)

Pain 615 (3.30)

23 (0.52)
240 (5.42)
547 (12.35)
843 (19.03)
1165 (26.30)
878 (19.82)
491 (11.09)
242 (5.46)
2124 (47.96)
519 (11.72)
1737 (39.22)
3032 (68.46)
2 (48.59)
1387 (31.32)
1706 (38.52)
8 (34.27)
1003 (22.65)
2361 (53.31)
46 (4845)
1397 (31.54)
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Design: This was a prospective observational study.

Background and Aims: The characteristics of cannabis-involved motor vehicle collisions
are poorly understood. This study of injured drivers identifies demographic and collision
characteristics associated with high tetrahydrocannabinol (THC) concentrations.

Setting: The study was conducted in 15 Canadian trauma centres between January
2018 and December 2021.

Cases: The cases (n = 6956) comprised injured drivers who required blood testing as part
of routine trauma care.

Measurements: We quantified whole blood THC and blood alcohol concentration
(BAC) and recorded driver sex, age and postal code, time of crash, crash type and
injury severity. We defined three driver groups: high THC (THC = 5 ng/ml and BAC = 0),
high alcohol (BAC > 0.08% and THC = 0) and THC/BAC-negative (THC = 0 = BAC). We
used logistic regression techniques to identify factors associated with group
membership.

Findings: Most injured drivers (70.2%) were THC/BAC-negative; 1274 (18.3%) had
THC > 0, including 186 (2.7%) in the high THC group; 1161 (16.7%) had BAC > 0, includ-
ing 606 (8.7%) in the high BAC group. Males and drivers aged less than 45 years had
higher adjusted odds of being in the high THC group (versus the THC/BAC-negative
group). Importantly, 4.6% of drivers aged less than 19 years had THC = 5 ng/ml, and
drivers aged less than 19 years had higher unadjusted odds of being in the high THC
group than drivers aged 45-54 years. Males, drivers aged 19-44 years, rural drivers,
seriously injured drivers and drivers injured in single-vehicle, night-time or weekend colli-
sions had higher adjusted odds ratios (aORs) for being in the high alcohol group (versus
THC/BAC-negative). Drivers aged less than 35 or more than 65 years and drivers
involved in multi-vehicle, daytime or weekday collisions had higher adjusted odds for

being in the high THC group (versus the high BAC group).

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction.
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INTRODUCTION

Cannabis is the second most commonly used recreational drug in the
world after alcohol [1]. Tetrahydrocannabinol (THC), the primary
active compound in cannabis, results in slowed reaction time, impaired
attention and impaired fine motor skills, making it more difficult to
drive straight without ‘weaving’ [2, 3]. There is epidemiological evi-
dence that drivers with THC concentration = 5 ng/ml are at increased
risk of crashing, although the risk is lower than for alcohol [4, 5]. The
prevalence of driving after using cannabis has increased in some coun-
tries [6, 7], and there is concern that this trend may accelerate as more
jurisdictions legalize recreational cannabis [8, 9]. For example, the
prevalence of injured drivers with high THC levels in Canada approxi-
mately doubled after recreational cannabis was legalized in 2018 [10].
Several factors probably contributed to this increase, which occurred
despite new traffic laws designed to prevent cannabis-impaired driv-
ing (e.g. introduction of per se limits for THC). Many drivers believe
that cannabis does not impair driving ability and the perceived risk
associated with cannabis use is decreasing [11]. Further, the police
have difficulty enforcing laws against cannabis-impaired driving
because they seldom identify drivers who used cannabis [12]. Effec-
tive education and enforcement programmes to prevent cannabis-
impaired driving are needed. Developing such programmes requires
knowledge of risk factors for cannabis-impaired driving, especially
cases that result in a collision.

There are substantial limitations to prior research on the char-
acteristics of cannabis-involved collisions. Much of this research
uses coroner’s data; however, postmortem THC concentrations do
not reliably correspond with concentrations at time of collision, due
to a delay in testing fatally injured drivers who survive the crash for
a period of time [13] and postmortem redistribution of THC
[14-16]. Roadside surveys provide useful information on substance
use by drivers, but typically measure THC in oral fluid (blood is the
preferred biological specimen) and generally have high refusal rates,
which could bias results if drivers who use cannabis are less likely
to participate. Further, almost all previous research characterizes
THC as ‘present or absent’ without consideration of THC concen-
tration. However, low THC concentration does not necessarily
indicate recent use of cannabis [17], and there is scant evidence
that drivers with blood THC levels < 5 ng/ml are at increased risk
of crashing [4, 5]. Some people who regularly use large amounts of

cannabis have detectable THC levels that persist for days or even

Conclusions: In Canada, risk factors for cannabis-related motor vehicle collisions appear
to differ from those for alcohol-related motor vehicle collisions. The collision factors
associated with alcohol (single-vehicle, night-time, weekend, rural, serious injury) are not
associated with cannabis-related collisions. Demographic factors (young drivers, male
drivers) are associated with both alcohol and cannabis-related collisions, but are more

strongly associated with cannabis-related collisions.

Alcohol, cannabis, motor vehicle collisions, risk factors, tetrahydrocannabinol, THC

weeks after last use [17]. This phenomenon means that temporal
patterns of cannabis use by drivers may be obscured in studies that
report the prevalence of drivers with detectable THC levels; a low
but detectable level of THC could be from cannabis use days ear-
lier. A more informative approach would be to report on drivers
with higher blood THC concentration levels (i.e. THC = 5 ng/ml);
THC > 5 ng/ml indicates recent use in occasional cannabis users
[18] and in most, but not all, frequent users [17-19]. Further, there
is evidence that drivers with THC = 5 ng/ml have increased collision
risk, whereas this evidence is lacking for drivers with THC < 5 ng/ml
[4, 5].

The aim of this study is to identify characteristics of cannabis-
involved collisions and contrast with alcohol-related collisions. Our
objectives are to: (1) identify driver and collision factors associated
with high THC concentrations in injured drivers; (2) identify factors
associated with high BAC in injured drivers; and (3) compare factors in
drivers with high THC concentrations versus high alcohol

concentrations.

METHODS

This study was approved by institutional research ethics boards
(REBs) at all participating sites. This report uses data collected
between January 2018 and December 2021 from an ongoing pro-
spective study of moderately injured drivers treated in 15 Canadian
emergency departments (EDs) after a crash. Moderate injury was
defined pragmatically as meaning that blood work (blood count or
electrolyte measurement) was required for clinical assessment.
Because we used excess blood remaining after clinical use and had
procedures to protect personal information, the REB approved waiver
of consent. Detailed methods have been published previously [4, 20,
21]. As the analysis presented in this study was not pre-registered,

the results should be considered exploratory.

Study setting

Participating EDs function within regional trauma centres in eight
Canadian provinces. According to the 2021 National Census, the total
census subdivision of these cities is 10.5 million, which is more than a

quarter of the entire Canadian population (38.25 million) [22].
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CANNABIS-RELATED CRASHES

Study procedures

We prospectively identified drivers treated for injuries at participating
EDs following a motor vehicle collision (MVC). Injured automobile
drivers who had blood obtained within 6 hours of a collision are eligi-
ble. Clinicians at participating hospitals obtain blood samples to guide
trauma management when there is the evidence that the driver may
have severe injuries. This assessment is based on the mechanism of
injury (high speed collision, major damage to vehicle) and clinical evi-
dence that the driver is injured (bleeding, unstable vital signs). Drivers
with minor injuries after low-risk collisions (e.g. neck stiffness that
develops gradually after a low-speed ‘fender-bender’) do not require
blood tests. The decision to obtain blood tests is not based on clinical
suspicion of drug use because toxicology testing at participating hos-
pitals is conducted on urine, not on blood. Further, clinicians do not
receive the toxicology results from this study. Research assistants
identified eligible drivers and obtained excess blood before it was dis-
carded. We froze blood for later toxicology analysis. We excluded
drivers with minor injuries who did not require blood work, cases
where blood samples were obtained more than 6 hours after the crash
and cases with no excess blood available. Research assistants review
the medical records of all eligible drivers and record basic demo-

graphic, medical and collision information.

Toxicology analysis

The BC Provincial Toxicology Centre conducted broad-spectrum toxi-
cology testing for alcohol, cannabinoids and other recreational drugs
(cocaine, amphetamines including designer drugs and opiates), as well
as psychotrophic pharmaceuticals (including antihistamines, benzodi-
azepines, other hypnotics and sedating antidepressants). Detection
limits were 0.2 ng/ml for THC and 1 ng/ml for other drugs. In most
cases, samples consisted of whole blood. In a small number of cases,
only plasma specimens were obtained. In this case, plasma results
were adjusted to equivalent whole blood results according to interna-
tional standards [23, 24].

Analysis

We considered the following demographic and collision risk factors:
sex, age range (< 19, 19-24, 25-34, 35-44, 45-54, 55-64, 65-74,
>75 years), residential postal code (urban delivery area, rural delivery
area), time of day in 4-hour blocks (06:01-10:00, 10:01-14:00,
14:01-18:00, 18:01-22:00, 22:01-02:00, 02:01-06:00), day of
week (weekend, Friday after 6 p.m. until midnight Sunday, or
holiday; weekday), year (2018, 2019, 2020, 2021), season (Spring,
Summer, Autumn, Winter), crash type (single-vehicle, multi-vehicle)
and injury severity (admitted to hospital, discharged from ED). Postal
codes with a zero in the second digit were considered rural, based
on Canada Post’s classification of delivery areas [25]. We also

reported descriptive statistics for the following toxicological factors:
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presence of stimulants, presence of sedatives and presence of
opioids.

We classified drivers as high THC (THC 2= 5 ng/ml and BAC = 0),
high alcohol (BAC = 0.08% and THC =0) and THC/BAC-negative
(THC = 0 and BAC = 0). We fitted three mixed-effects logistic regres-
sion models. The first model had high THC as the outcome
(THC = 5 ng/ml versus THC = 0 among drivers with BAC = 0) and
addressed objective 1; the second model had high alcohol as the out-
come (BAC 2 0.08% versus BAC = 0 among drivers with THC = 0) and
addressed objective 2. To compare factors associated with member-
ship in the high THC versus high alcohol group (objective 3), the third
model had high THC as an outcome and was restricted to drivers in
either the high THC or the high alcohol group.

The models included a random intercept term for hospital site to
account for correlation arising between drivers in the same region. Al
potential predictors (age, sex, postal code type, time of day, day of
week, year, season, type of collision, injury severity) were included in
the models as fixed effects. As there were fewer drivers in the high
THC group compared with the high alcohol group, we simplified cate-
gorizations of age group and time of day in models 1 and 3 to reduce
the number of parameters and avoid model convergence issues. In
particular, drivers aged less than 25 years were combined into a single
age group. We ran additional logistic regression models with only one
independent variable at a time to calculate unadjusted odds ratios
(uORs) associated with granular age and time of day categories in the
high THC group.

Four predictors had missing values (6.0% for postal code, 2.0%
for time of day, 1.7% for injury severity and < 0.1% for type of colli-
sion), and 7.2% of all injured drivers had at least one missing predictor.
We used multiple imputation (MI) with fully conditional specification
via the ‘mice’ package in R to handle missing data [26]. Binary incom-
plete predictors (postal code, type of collision and injury severity)
were imputed using a logistic model with hospital site as a random
intercept. Time of day was imputed using a proportional odds logistic
regression model with hospital site as a fixed effect, as the mice pack-
age does not currently support mixed models for ordered data. All
imputation models included gender, exact age (in years), postal code,
year, season, alcohol level (BAC =0, 0 < BAC < 0.08%, BAC > 0.08%)
and THC level (THC = 0, 0 < THC < 5 ng/ml, THC = 5 ng/ml). The fol-
lowing auxiliary variables were associated with incomplete predictors
and included in select imputation models: time between crash and
blood draw (for injury severity and postal code), an indicator for
whether medications were given (for injury severity) and an indicator
for whether head computerized tomography (CT) scan was performed
during the emergency visit (for injury severity and postal code). We
generated 10 imputed data sets using 30 iterations. Convergence was
verified using trace plots of estimates throughout iterations. The out-
come models for high alcohol, high THC and high THC versus high
alcohol were fitted to each imputed data set, and then estimates were
pooled according to Rubin’s Rule [27]. We also performed a sensitivity
analysis using complete cases. Models were checked for multi-
collinearity using generalized variance inflation factors, which were all

less than two. We report pooled adjusted odds ratios (aORs) and 95%
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confidence intervals (95% Cls) for all potential predictors. P-values All analyses were performed in R version 4.0.3 [28]. P-values
were computed using likelihood ratio tests comparing nested models < 0.05 were considered statistically significant. No adjustments were
with and without the predictor of interest. made for multiple comparisons.

TABLE 1 Characteristics of included drivers and collisions.

BAC/THC-negative (THC = 0 High alcohol (BAC = 0.08% High THC (THC = 5 ng/ml

All drivers and BAC = 0) and THC = 0) and BAC = 0)
Group size 6956 (100.0%) 4882 (100.0%) 606 (100.0%) 186 (100.0%)
Sex
Male 4703 (67.6%) 3099 (63.5%) 457 (75.4%) 144 (77.4%)
Age group (years)
<19 237 (3.4%) 163 (3.3%) 4 (2.3%) 8 (4.3%)
19-24 919 (13.2%) 494 (10.1%) 2(15.2%) 38 (20.4%)
25-34 1609 (23.1%) 951 (19.5%) 207 (34.2%) 65 (34.9%)
35-44 1152 (16.6%) 784 (16.1%) 124 (20.5%) 32(17.2%)
45-54 1045 (15.0%) 815 (16.7%) 6(12.5%) 12 (6.5%)
55-64 1026 (14.7%) 805 (16.5%) 2 (11.9%) 18 (9.7%)
65-74 574 (8.3%) 495 (10.1%) 6 (2.6%) 12 (6.5%)
275 394 (5.7%) 375 (7.7%) 5(0.8%) 1(0.5%)
Postal code
Urban delivery area 5672 (81.5%) 4088 (83.7%) 449 (74.1%) 152 (81.7%)
Rural delivery area 867 (12.5%) 525 (10.8%) 112 (18.5%) 24 (12.9%)
Unknown 417 (6.0%) 269 (5.5%) 45 (7.4%) 10 (5.4%)
Crash
Single-vehicle 2875 (41.3%) 1656 (33.9%) 448 (73.9%) 86 (46.2%)
Multi-vehicle 4078 (58.6%) 3224 (66.0%) 157 (25.9%) 100 (53.8%)
Unknown 3(0.0%) 2 (0.0%) 1(0.2%) 0 (0.0%)
Time
Daytime (06:01-18:00) 4197 (60.3%) 3263 (66.8%) 165 (27.2%) 113 (60.8%)
Night-time (18:01-06:00) 2621 (37.7%) 1528 (31.3%) 420 (69.3%) 73 (39.2%)
Unknown 138 (2.0%) 91 (1.9%) 21 (3.5%) 0 (0.0%)
Time in 4-hour blocks
06:01-10:00 1024 (14.7%) 783 (16.0%) 45 (7.4%) 24 (12.9%)
10:01-14:00 1299 (18.7%) 1039 (21.3%) 5 (5.8%) 37 (19.9%)
14:01-18:00 1874 (26.9%) 1441 (29.5%) 5 (14.0%) 52 (28.0%)
18:01-22:00 1334 (19.2%) 876 (17.9%) 135 (22.3%) 45 (24.2%)
22:01-02:00 816 (11.7%) 426 (8.7%) 178 (29.4%) 6 (8.6%)
02:01-06:00 471 (6.8%) 226 (4.6%) 107 (17.7%) 2 (6.5%)
Unknown 138 (2.0%) 91 (1.9%) 21 (3.5%) 0(0.0%)
Day
Weekday 4470 (64.3%) 3349 (68.6%) 277 (45.7%) 117 (62.9%)
Weekend or holiday 2486 (35.7%) 1533 (31.4%) 329 (54.3%) 69 (37.1%)
Injury severity
Discharged 4347 (62.5%) 3188 (65.3%) 334 (55.1%) 117 (62.9%)
Admitted 2493 (35.8%) 1613 (33.0%) 256 (42.2%) 69 (37.1%)
Unknown 116 (1.7%) 81 (1.7%) 16 (2.6%) 0 (0.0%)

Abbreviations: BAC, blood alcohol concentration; THC, tetrahydrocannabinol.
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RESULTS

During the course of the study, 17 379 injured drivers were
screened and 6956 met inclusion/exclusion criteria (Supporting
information, Figure S1). The most common reasons for exclusion
were: (i) no blood tests ordered (n = 7746), (i) blood obtained more
than 6 hours after crash (n = 1554) and (iii) excess blood not avail-
able (n = 1061). Table 1 shows the characteristics of included drivers;
additional information is provided in Supporting information,
Table S1. Supporting information, Table S2 compares characteristics
of included and excluded drivers. Two-thirds of included drivers
(67.6%) were male and the median age was 40 years [interquartile
ratio (IQR) = 28-57]. Most collisions occurred during the day
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(60.3%), and most were multi-vehicle crashes (58.6%). One-third
(35.8%) of drivers required overnight hospital admission. Just over
two-thirds of included drivers (70.2%) tested negative for both alco-
hol and THC (BAC/THC-negative group). Seventeen per cent of all
drivers (1161/6956) tested positive for alcohol, 873 (12.6%) had
BAC 2 0.08% and 606 (8.7%) were in the high alcohol group
(BAC 2 0.08% and THC =0). Eighteen per cent of all drivers
(1274/6956) tested positive for THC, 246 (3.5%) had THC = 5 ng/ml
and 186 (2.7%) were in the high THC group (THC = 5 ng/ml and
BAC = 0). Forty-one drivers (0.6%) had both BAC > 0.08% and
THC 2 5ng/ml. Of the 237 drivers aged less than 19 years,
11 (4.6%) had THC =5 ng/ml and 26 (3.0%) had BAC = 0.08%
(Supporting information, Table S1).

TABLE 2 Pooled risk factor associations for high THC (THC 2= 5 ng/ml and BAC = 0) versus BAC/THC-negative.

High THC versus BAC/THC-negative (THC 2 5 ng/ml and BAC = 0 versus BAC = 0 and THC = 0)

Unadjusted® Adjusted®©
Count (%) with outcome® uOR? (95% Cl) P-value® aOR* (95% Cl) P-value®
Sex
Male 144/3243 (4.4%) 1.94(1.37,2.75) P < 0.0001 1.94 (1.36,2.78) P =0.0002
Female (ref.) 42/1825 (2.3%) (ref.) (ref.)
Age group (years)
<25 46/703 (6.5%) 3.70(2.32, 5.90) P < 0.0001 3.90(2.42, 6.27) P < 0.0001
25-34 65/1016 (6.4%) 3.77 (243, 5.86) 4.08 (2.62, 6.36)
35-44 32/816 (3.9%) 2.25(1.36,3.72) 2.41 (1.45, 4.00)
45-64 (ref.) 30/1650 (1.8%) (ref.) (ref.)
2 65 13/883 (1.5%) 0.81(0.42, 1.55) 0.84 (0.44, 1.62)
Postal code
Urban (ref.) 160/4464 (3.6%) (ref.) P=0.83 (ref.) P=0.77
Rural 26/604 (4.3%) 0.95 (0.60, 1.50) 0.93(0.58, 1.50)
Crash
Single-vehicle 86/1743 (4.9%) 1.50(1.11, 2.02) P=0.01 1.31(0.96, 1.79) P=0.10
Multi-vehicle (ref.) 100/3325 (3.0%) (ref.) (ref.)
Time
Daytime (ref.) 113/3431 (3.3%) (ref.) P=0.04 (ref.) P=0.71
Night-time 73/1637 (4.5%) 1.38(1.02, 1.87) 1.06 (0.77, 1.45)
Day
Weekday (ref.) 117/3466 (3.4%) (ref.) P=0.13 (ref.) P=0.39
Weekend or holiday 69/1602 (4.3%) 1.27 (0.94,1.71) 1.15(0.84,1.57)
Injury severity
Discharged (ref.) 117/3374 (3.5%) (ref.) P=0.51 (ref.) P=0.26
Admitted 69/1694 (4.1%) 1.11(0.81, 1.53) 1.21(0.87,1.67)

Note: This table shows pooled unadjusted (UOR) and adjusted odds ratios (aOR) with 95% confidence intervals (95% Cl) from a mixed-effects logistic
regression model where the outcome is high THC = 1 and BAC/THC-negative = 0.

Abbreviations: BAC, blood alcohol concentration; THC, tetrahydrocannabinol.

@Estimates from imputed data sets were pooled according to Rubin’s Rule.

PModels (both adjusted and unadjusted) include a random intercept for hospital site. The pooled intraclass correlation coefficient (ICC) was 0.07 for the

adjusted model.

“Although estimates are not shown, adjusted models also include season and year as fixed effects.
dp-values were obtained via likelihood ratio tests comparing models with and without the variable of interest.
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Table 2 and Figure 1 show risk factors for membership in the high
THC group. The key findings are that, among drivers with BAC = 0
and THC either O or 2 5 ng/ml, males and drivers aged less than
45 years have higher odds of having THC 2 5 ng/ml (versus THC = 0).
In an unadjusted model with age group only, drivers aged 19 years
had higher unadjusted odds than drivers aged 45-54 years of being in
the high THC group (UOR = 3.03; 95% Cl = 1.22-7.53).

Table 3 and Figure 2 show risk factors for membership in the high
alcohol group. The key findings are that, among drivers with THC = 0
and BAC either O or > 0.08%, males, drivers aged 19-44 years, rural
drivers, seriously injured drivers (requiring hospital admission) and
drivers involved in single-vehicle crashes, night-time crashes or
weekend/holiday crashes had higher odds having high BAC, whereas
drivers aged less than 19 years or more than 64 years had lower odds.

Supporting information, Table S3 and Figure S2 show risk factors
for membership in the high THC group among drivers in either the
high THC group or high alcohol group. The main findings are that,
among drivers with either THC 25ng/ml and BAC=0 or
BAC 2 0.08% and THC = 0, drivers aged less than 35 or more than
65 years had higher odds of having high THC, whereas drivers
involved in single-vehicle crashes or night-time crashes had

lower odds.

High THC
(THC = 5 ng/mL & BAC = 0)

Sex
Male
Female (ref)

———

<25
25-34
35-44
45-64 (ref)
=65

Age (years), simplified :

Postal code
Urban (ref)
Rural

Crash
Single-vehicle
Multi-vehicle (ref)

Time, simplified
Daytime (ref)
Nighttime

Day
Weekday (ref)
Weekend or holiday

Injury severity
Discharged (ref)
Admitted

Adjusted OR (95% Cl)

FIGURE 1 Risk factors for membership in high
tetrahydrocannabinol (THC) group [THC = 5 ng/ml and blood alcohol
concentration (BAC) = 0].

2 3 4 5 6 7

Sensitivity analyses on complete cases yielded similar results
(Supporting information, Figure S2).

DISCUSSION

We prospectively studied 6956 moderately injured drivers treated in
15 Canadian trauma centres and analyzed their blood to measure
alcohol, THC and other impairing substances. Consistent with recent
Canadian research [29, 30], we found that more drivers tested posi-
tive for THC (18.3%) than for alcohol (16.7%). However, it is impor-
tant to note that low THC levels do not necessarily represent recent
use because THC, especially at low levels, can be detected in the
blood of regular cannabis users for days after last use [17]. Further,
there is little evidence at the population level that drivers with
THC < 5 ng/ml are at increased risk of collisions [4, 5]. Drivers with
THC 2 5 ng/ml may be at increased risk of crashing, but the risk is
lower than for drivers with BAC = 0.08% [4, 5, 31]. In this sample,
there were more than three times as many drivers with BAC > 0.08%
(12.6%) than with THC = 5 ng/ml (3.5%), suggesting that alcohol
remains a greater threat to road safety.

A large body of research shows that drinking and driving are more
common in males and in younger drivers. Consistent with this
research, we found that male drivers were more likely than female
drivers to have high BAC and that drivers aged 19-44 years were
more likely to have high BAC than drivers aged 45-54 years. The
youngest group of drivers (aged less than 19 years) had significantly
lower odds than reference drivers (aged 45-64 years) of being in the
high alcohol group. This finding probably reflects the impact of anti-
drinking and driving education campaigns that target young drivers
combined with zero tolerance laws for drinking and driving in novice
drivers in most provinces. Unfortunately, we found that 3.0% of
drivers in this age group had BAC 2= 0.08%, which is very concerning,
given the high risk of crashing in young drinking drivers [32].

The demographics of drivers who use cannabis are less well-
established than for drinking drivers, although it appears that cannabis
use is also more common in male drivers and in younger drivers [30].
Consistent with this research, we found that male drivers and drivers
aged less than 45 years had higher odds of being in the high THC
group. We were particularly interested in THC use in drivers aged less
than 19 years. Even when not impaired, young inexperienced drivers
are at higher risk of crashing, per distance driven, than middle-aged
drivers [33, 34]. There is little research on the impairing effects of can-
nabis in this age group but, as is the case with alcohol [32], it is likely
that young drivers are particularly susceptible to the impairing effects
of cannabis and at higher risk of collision after using it. We hoped to
find that cannabis use would be uncommon in young drivers, because
Canadian law does not permit cannabis use before the age of 18 and
because most provinces have zero-tolerance laws for cannabis use in
novice drivers (generally aged less than 19 years). Contrary to this
expectation, we found that 4.6% of drivers aged less than 19 years
had THC 2 5 ng/ml (Supporting information, Table S1). Further, in an
unadjusted model with age group only, drivers aged less than 19 years
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TABLE 3 Pooled risk factor associations for high alcohol (BAC = 0.08% and THC = 0) versus BAC/THC-negative.

SSA 1513

High alcohol versus BAC/THC-negative (BAC 2 0.08% and THC = 0 versus BAC = 0 and THC = 0)

Unadjusted® Adjusted®*
Count (%) with outcome® uOR‘ (95% CI) P-value? aORY (95% Cl) P-value®
Sex
Male 457/3556 (12.9%) 1.66(1.37,2.02) P < 0.0001 1.29 (1.03, 1.60) P=0.02
Female (ref.) 149/1932 (7.7%) 0.09 (0.07,0.12)
Age group (years)
<19 14/177 (7.9%) 0.89 (0.49, 1.62) P < 0.0001 0.49 (0.25, 0.93) P < 0.0001
19-24 92/586 (15.7%) 1.99 (1.44,2.76) 1.51(1.06, 2.16)
25-34 207/1158 (17.9%) 2.42(1.83,3.21) 2.04(1.50, 2.78)
35-44 124/908 (13.7%) 1.74 (1.28, 2.36) 1.66(1.19,2.32)
45-54 (ref.) 76/891 (8.5%) (ref.) (ref.)
55-64 72/877 (8.2%) 0.96 (0.69, 1.35) 1.06 (0.73, 1.53)
65-74 16/511 (3.1%) 0.35(0.20, 0.61) 0.40 (0.22,0.71)
=275 5/380 (1.3%) 0.14 (0.06, 0.36) 0.19 (0.07, 0.48)
Postal code
Urban (ref.) 484/4788 (10.1%) (ref.) P =0.0003 (ref.) P = 0.0004
Rural 122/700 (17.4%) 1.60 (1.25, 2.04) 1.69 (1.28, 2.24)
Crash
Single-vehicle 449/2106 (21.3%) 5.27 (4.34, 6.40) P < 0.0001 4.19 (3.40, 5.16) P < 0.0001
Multi-vehicle (ref.) 157/3382 (4.6%) (ref.) (ref.)
Time
06:01-10:00 (ref.) 46/844 (5.5%) (ref.) P < 0.0001 (ref.) P < 0.0001
10:01-14:00 38/1094 (3.5%) 0.61(0.39, 0.96) 0.63(0.39, 1.01)
14:01-18:00 90/1556 (5.8%) 1.03(0.70, 1.49) 1.05(0.71, 1.55)
18:01-22:00 141/1035 (13.6%) 2.64(1.85,3.78) 2.10 (1.45, 3.05)
22:01-02:00 183/620 (29.5%) 6.86 (4.83,9.74) 5.24 (3.62,7.58)
02:01-06:00 108/340 (31.8%) 7.80(5.30, 11.48) 4.44 (2.94, 6.69)
Day
Weekday (ref.) 277/3626 (7.6%) (ref.) P < 0.0001 (ref.) P < 0.0001
Weekend or holiday 329/1862 (17.7%) 2.57 (2.16, 3.05) 2.07 (1.71, 2.52)
Injury severity
Discharged (ref.) 347/3604 (9.6%) (ref.) P=0.02 (ref.) P=0.01
Admitted 259/1884 (13.7%) 1.24(1.03, 1.49) 1.34(1.09, 1.66)

Note: This table shows pooled unadjusted (UOR) and adjusted odds ratios (aOR) with 95% confidence intervals (95% Cl) from a mixed-effects logistic
regression model where the outcome is high alcohol = 1 and BAC/THC-negative = 0.

Abbreviations: BAC, blood alcohol concentration; THC, tetrahydrocannabinol.
2Estimates from imputed data sets were pooled according to Rubin’s Rule.

®Models (both adjusted and unadjusted) include a random intercept for hospital site. The pooled intraclass correlation coefficient (ICC) was 0.02 for the

adjusted model.

“Although estimates are not shown, adjusted models also include season and year as fixed effects.
dp-values were obtained via likelihood ratio tests comparing models with and without the variable of interest.

had higher odds of being in the high THC group (UOR = 3.03) than
drivers aged 45-54 years. These findings are concerning; they suggest
that current Canadian laws are not effective in deterring young people
from using cannabis and driving. It is possible that public messaging
about the risks of driving after using cannabis has not successfully

reached its intended audience [35, 36]. Further research is required to

identify and evaluate measures designed to prevent cannabis-
impaired driving in this high-risk age group.

Collision factors were more strongly associated with high alcohol
levels than with high THC levels. Drivers involved in single-vehicle
(versus multi-vehicle) collisions, night-time (versus daytime) collisions

or weekend/holiday (versus weekday) collisions and drivers involved
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High alcohol

(BAC = 0.08% & THC = 0)

FIGURE 2 Risk factors for
membership in high alcohol group [blood
alcohol concentration (BAC) = 0.08% and

Sex
Male
Female (ref)

Age (years)
<19
19-24
25-34
35-44
45-54 (ref)
55-64
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=75 *—

Postal code
Urban (ref)
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Crash
Single-vehicle
Multi-vehicle (ref)

Time
06:01-10:00 (ref)
10:01-14:00
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18:01-22:00

tetrahydrocannabinol (THC) = 0].

22:01-02:00
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Day
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Weekend or holiday
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in serious injury collisions (versus those discharged home from the
ED) all had higher odds of being in the high alcohol group. This
suggests that proxy measures for alcohol-impaired driving, such as
single-vehicle night-time crashes [37], are not reliable indicators of
cannabis-impaired driving. These differences should also be consid-
ered when developing enforcement measures that target cannabis-
impaired driving; traditional night-time sobriety checks that deter
alcohol-impaired driving [38], for example, may be less effective for
deterring cannabis-impaired drivers. The strong associations between
alcohol and single-vehicle collisions probably reflect the strong impair-
ing effects of alcohol (resulting in increased risk of collision even in
low-volume traffic), together with the fact that alcohol use is more
common at night when fewer vehicles are on the roads. In the
adjusted analysis, none of these collision factors were associated with
increased odds of drivers being in the high THC group. The fact that

single-vehicle collisions were strongly associated with BAC > 0.08%
but not with THC 2 5 ng/ml is probably because of the more modest
collision risk associated with cannabis [4, 5, 31], combined with the
fact that drivers with high THC concentrations were found both
during the day (when traffic is heavier and multi-vehicle collisions are

more common) and at night.

Strengths

This study has several important strengths. Blood tests were obtained
to guide trauma management and we conducted toxicology testing on
all drivers for whom excess blood was available. This process mini-
mized the selection bias that would occur if we reviewed medical

records and recorded toxicology results from tests ordered by
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clinicians. Further, we received REB approval for waiver of consent
because we used ‘left-over’ blood samples and had strict measures to
protect personal information; waiver of consent allowed us to avoid
the refusal bias that would occur if drivers who used drugs or alcohol
were less likely to participate. As THC concentrations decline rapidly
after smoking cannabis, another strength of our study is that blood
samples were obtained shortly after the collision, with a median time
of 94 minutes. We included drivers treated in 15 trauma centres from
across Canada, making our results more generalizable than if we had
included only a few hospitals. Data were collected prospectively over
a 4-year period, which mitigates the risk of having results skewed by
transient events that may temporarily impact substance use, such as
celebrations centred around cannabis legalization.

Limitations

Our study also has some limitations. Our methods did not allow us to
interview drivers (this would require informed consent and make it
probable that drivers who used cannabis or alcohol would be more
likely to decline to participate). As a result, we do not know when can-
nabis was last used by the driver, the route of ingestion (e.g. inhaled
or ingested) or the driver’s pattern of cannabis use. As our methods
excluded minor collisions that did not require blood tests and off-road
vehicle crashes, our findings may not apply to these crashes. The
study period included the COVID-19 pandemic, which may have
impacted drug and alcohol use in some drivers due to stay-at-home
orders, closures or reduced hours of bars and changes in how police
enforced traffic laws (e.g. reduced use of breathalyzers due to
concerns of spreading an airborne disease).

CONCLUSIONS

We studied crash-involved drivers and identified driver and crash
characteristics associated with high THC or high alcohol levels. The
odds of having THC 2 5 ng/ml was increased in male drivers and in
drivers aged less than 45 years, including drivers aged less than
19 years, but not in night-time or weekend drivers, single-vehicle
crashes, seriously injured drivers or rural drivers. We found increased
odds of having BAC 2 0.08% in male drivers, drivers aged 19-44 (but
not drivers aged less than 19 years), rural drivers, seriously injured
drivers, drivers involved in single-vehicle crashes and drivers involved

in night-time or weekend crashes.
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