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Abstract

is differentially affected by MC and NMC.

Road safety is an important concern amidst expanding worldwide access to legal cannabis. The present study reports
on the driving-related subsection of the Cannabis as Medicine Survey 2020 (CAMS-20) which surveyed driving-related
behaviors, attitudes, and perceptions among Australian medical cannabis (MC) users. Of the 1063 respondents who
reported driving a motor vehicle in the past 12 months, 28% (297/1063) reported driving under the influence of can-
nabis (DUIC). Overall, 49-56% of respondents said they typically drive within 6 h of MC use, depending on the route
of administration (oral or inhaled). Non-medical cannabis (NMC) was perceived to be more impairing for driving

than MC. Binary logistic regression revealed associations between likelihood of DUIC and (1) inhaled routes of canna-
bis administration, (2) THC-dominant products, (3) illicit rather than prescribed use, (4) believing NMC does not impair
driving, and (5) not being deterred by roadside drug testing. Overall, these findings suggest there is a relatively

low perception of driving-related risk among MC users. Targeted education programs may be needed to highlight
the potential risks associated with DUIC, and further research is needed to determine whether driving performance
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Introduction

Prescriptions for medical cannabis (MC) have increased
tremendously in Australia since legalization in November
2016. This upward trajectory has been driven by stream-
lining of patient access pathways and increasing num-
bers of medical practitioners prescribing MC products
(MacPhail et al. 2022). Despite improved access to MC,
it remains an offence in Australia to drive with the pres-
ence of A’-tetrahydrocannabinol (THC) in one’s blood
or oral fluid. Under the “roadside drug testing” (RDT)
program, police can request an oral fluid sample from a
driver at any time and have this sample screened for THC
at the roadside. With the exception of one jurisdiction
(Tasmania), a valid prescription for MC does not provide
an exemption against prosecution in the case of a driver
testing positive for THC. These restrictions on driving
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are a considerable barrier to patient access and a complex
road safety issue (Ramaekers 2018).

Research to date demonstrates that THC can impair
driving for 3-8 h in occasional users, with duration of
impairment dependent on dose, route of administra-
tion and individual tolerance. While higher THC doses
increase the risk of impairment (Ramaekers et al. 2000;
Cook et al. 2020), experimental studies indicate that the
overall driving impairment caused by cannabis is mod-
est, and similar in magnitude to that seen in drivers with
a blood alcohol concentration (BAC) of around 0.05%
(Arkell et al. 2020a; Ramaekers et al. 2000). However, a
notable caveat is that most studies of impairment have
utilized young, healthy, occasional cannabis users with
limited driving experience and THC doses intended to
produce intoxication and impairment. Whether patients
who are prescribed MC to manage a health condition
exhibit similar driving impairment has yet to be estab-
lished. While several US studies have looked at the link
between the relaxation of cannabis laws and road traffic
injuries, findings are mixed and inconclusive (Cook et al.
2020; Fink et al. 2020; Sevigny 2018; Santaella-Tenorio
et al. 2017).

The Cannabis as Medicine Survey (CAMS) has
explored the landscape of MC use in Australia every
2 years since 2016. In the 2018 iteration of the survey
(CAMS-18), 34.6% of respondents said they typically
drive within 3 h of cannabis use, which is when impair-
ment is most likely to occur (Arkell et al. 2020b). Most
respondents thought that MC did not affect their driving
ability, and most denied adverse effects of their cannabis
use on speeding, risk taking, reaction time, attentiveness
or lane departures. In addition, heavier cannabis use and
greater confidence in self-assessment of driving abil-
ity were associated with increased likelihood of driving
shortly after cannabis use. Since then, a recent Canadian
analysis reported that MC users were almost twice as
likely to engage in driving under the influence of canna-
bis (DUIC) as NMC users, even after controlling for con-
founders such as frequency of use (Wickens et al. 2022).
Also notable was a recent US survey where the likelihood
of driving while impaired among frequent cannabis users
(>20 days per month) was similar in states with legal MC
and states without legal cannabis (Dutra, et al. 2022).

One limitation with our previous CAMS-18 sur-
vey was that only 2.4% of respondents (n=25) reported
accessing legally prescribed MC. Most were self-med-
icating with illicit products obtained from a “dealer” or
through family or friends. In this more recent iteration of
CAMS (CAMS-20), 62.4% of respondents (n=999) were
still sourcing their MC via illicit routes while 37.5% of
respondents (n=601) were accessing prescribed MC in
line with the striking increase in prescribing since 2018

Page 2 of 10

(MacPhail et al. 2022). The substantial increase in the
proportion of patients using prescribed MC in CAMS-
20 offers an opportunity to reassess the prevalence of
self-reported DUIC behaviors in the CAMS-20 popula-
tion and investigate whether attitudes and beliefs toward
DUIC have changed in more recent years. The term
“medical cannabis” (MC) used in this paper refers to any
prescribed (legal) or illicit cannabis product (including
plant matter) used to treat or alleviate the symptoms of a
self-identified health condition.

Methods

The Cannabis as Medicine Survey 2020 (CAMS-20) was
an anonymous, cross-sectional online survey examining
MC use in Australian adults. Survey data were collected
between September 2020 and January 2021. Eligible
respondents to the survey were > 18 years of age and had
used prescribed or illicit cannabis to treat a medical con-
dition within the past 12 months. The survey included
questions on demographics, patterns of MC use includ-
ing formulations and administration methods, perceived
benefits and side effects of MC use, attitudes towards
MC-related contemporary issues and general wellbeing
and driving. Full details of the questionnaire are available
elsewhere (Lintzeris et al. 2022).

Driving outcome measures

A series of questions relating to driving behaviors and
attitudes towards DUIC were included as the penultimate
section of the CAMS-20 survey. The specific questions
asked in the driving section are presented in Additional
file 1: Appendix A. In brief, if a respondent indicated
they had driven a motor vehicle in the past 12 months,
they were presented with questions relating to their his-
tory of DUIC, typical wait times between using cannabis
and driving, and whether they had encountered roadside
drug testing. DUIC was defined as self-reported driving
while under the influence of cannabis (i.e., while “high”),
regardless of whether it was medical or not. Respond-
ents were then asked to respond to statements about the
specific impact of MC on their reaction time, focus, lane
keeping, speed limit adherence, and risky driving behav-
iors. Responses were captured on 5-point Likert scales
ranging from “strongly disagree” to “strongly agree”
Respondents were also asked whether they believe (1)
MC and (2) non-medical cannabis (NMC) impair their
driving ability.

Statistical analysis

Respondents who had driven a motor vehicle in the past
12 months were included in the analyses. Data were ana-
lysed using SPSS version 26 (IBM Corp., Armonk, NY).
Respondents were split into three groups according to
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the legal status of the cannabis they used: those who used
prescribed MC only (prescribed only), those who used
illicit MC only (illicit only), and those who used both pre-
scribed and illicit MC (dual prescribed and illicit). Binary
logistic regression was used to investigate the relation-
ship between past-year DUIC (yes/no) and the follow-
ing variables: age, gender, education, employment status,
prescribed/illicit/dual use, route of administration, can-
nabinoid profile, belief in whether MC/NMC impairs
driving, and deterrent effect of RDT. These variables were
selected based on their relevance to DUIC and with the
intention of comparing CAMS-20 results against findings
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from CAMS-18 (Arkell et al. 2020b). The threshold for
statistical significance was p <0.05.

Results

Table 1 summarizes the demographics, characteris-
tics, and MC use patterns of the 1063 respondents who
reported driving a motor vehicle in the past 12 months.
Respondents (n=460, 43.3% female) had a mean (SD)
age of 46.3 (13.5). Most had completed a university
degree (n=439, 41.3%) or a trade/vocational certificate
(n=429, 40.4%), and most were engaged in either full
or part time work (n=558, 43.6%). Most were using

Table 1 Respondent demographics, characteristics, and medicinal cannabis use patterns

lllicit only (n=687) Prescribed only (n=124) Dual (n=252) Total (n=1063)
n % n % n % n %
Age (mean, SD) 47.2(13.9) 486 (13.2) 42.8(11.7) 46.3 (13.5)
Gender
Female 302 440 72 58.1 86 34.1 460 433
Male 379 55.2 52 419 163 64.7 594 559
Other 6 0.01 0 0.0 3 1.2 9 0.01
Route of administration
Inhaled 416 616 14 115 94 379 524 50.1
Oral 259 384 108 885 61 24.6 428 410
Oral+inhaled 0 0 0 0 93 375 93 89
Cannabinoid
THC dominant 200 294 19 153 120 572 339 335
Balanced 122 18.0 47 379 0 0 169 16.7
CBD dominant 147 216 57 459 18 8.6 222 219
Unknown 210 309 1 0.8 72 343 283 279
Education
Primary 5 0.7 1 0.9 2 0.8 8 08
High school 133 19.5 20 18.3 34 13.7 187 176
Trade 259 380 38 349 107 43.1 429 404
Undergrad 193 283 28 257 68 274 150 141
Postgrad 91 134 22 20.2 37 14.9 289 27.2
Employment
FT/PT 361 525 57 46.0 140 556 558 43.6
Unemployed 59 86 12 9.7 28 11.1 99 7.7
Home/student 68 9.9 12 9.7 16 64 96 75
Retired 85 124 19 153 18 7.1 122 9.5
Disability 114 16.6 24 194 50 19.8 406 31.7
General condition
Cancer 70 44 6 24 14 26 10 1.8
Gastrointestinal 133 8.3 17 6.9 30 56 29 52
Mental health 347 21.7 39 159 121 22.7 136 246
Neurological 103 6.4 20 8.1 30 56 43 7.8
Pain 508 31.7 95 386 178 333 181 32.7
Sleep 440 27.5 69 28.0 161 30.1 154 27.8

% as a proportion of all responses. Respondents could select multiple general conditions
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illicitly sourced cannabis only (n=687, 64.6%),124
(11.7%) were using prescribed cannabis only, and 252
(23.7%) had used both illicit and prescribed cannabis in
the past 12 months (“dual” users). The most common
conditions for use included pain (n=181, 32.7%), sleep
(n=154, 27.8%), and mental health (n=136, 24.6%).
Inhaled routes of administration were most common
among illicit only users (61.6% [n=416] vs. 11.5% of
prescribed only users [n=14] and 37.9% of dual users
[n=94]), while conversely, orally administered prod-
ucts were most common among prescribed only users
(88.5% [n=108] vs 38.4% of illicit only users [n=259]
and 24.6% of dual users [n=61]).

Driving behaviors and attitudes toward DUIC

Figure 1 shows respondents’ self-reported wait time
between consuming MC and driving (panel A) and
self-reported duration of MC effects (panels B-C).
Irrespective of whether MC was illicit (panel B) or
prescribed (panel C), most respondents using inhaled
products only or both inhaled and oral products esti-
mated the duration of effects to be within 1-3 h
(n=340, 66.15% of respondents using illicit inhaled
products, n=57, 61.96% of respondents using both
inhaled and oral products, n=73, 65.77% of respond-
ents using prescribed inhaled products, and n=25,
27.17% of respondents using prescribed inhaled and
oral products). Most respondents using oral products
estimated the duration of cannabis effects to be within
4-6 h (n=152, 47.35% of respondents using illicit oral
products; n=81, 47.37% of respondents using pre-
scribed oral products). For those using inhaled prod-
ucts only, n=206 (20.6%) said they typically drive
within 3 h of use, and n=289 (55%) said they typically
drive within 6 h of use. Less than 10% (n=45) reported
waiting more than 24 h before driving. A similar pat-
tern was observed for those using oral products only
(driving within 3 h of use: n =173, 40.4%; driving within
6 h of use: =210, 49%), and both inhaled and oral
products (driving within 3 h of use: n =35, 37.6%; driv-
ing within 6 h of use: n=>52, 55.9%).

Table 2 summarizes attitudes towards DUIC as a
prelude to the regression analysis. DUIC during the
previous 12 months was reported by 27.8% (n=295)
of respondents who said they did so very rarely (n=282;
27.8%), rarely (n=45; 15.3%), sometimes (n=64;
21.7%), often (n=50; 16.9%), or very often (n=>54;
18.3%). A small majority (n=>590; 55.5%) indicated that
RDT deters them from driving after using MC. Over
half (50.5%; n=>536) thought that NMC impairs driv-
ing ability while only 22.1% (n=234) thought that MC
impairs driving ability.
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Perceived effects of MC on driving

Figure 2 shows the extent to which respondents agreed
or disagreed with statements relating to cannabis effects
on driving after considering how their MC use ordinarily
affects them. Only a small minority of respondents said
that they take more risks (strongly agree or agree: n=5,
0.5%), find it harder to drive in a straight line (strongly
agree or agree: n=10, 0.9%), or have trouble adhering
to the speed limit (strongly agree or agree: n=17, 1.6%).
Relatively few respondents said they find it harder to
remain focused (strongly agree or agree: n=107, 10.1%)
or are slower to react to sudden situations (strongly agree
or agree: n=156, 14.7%). Most respondents agreed that
they tend to drive more carefully (strongly agree or agree:
n=579, 54.5%), can accurately assess their driving ability
(strongly agree or agree n=717, 67.4%), and tend to leave
a larger gap between them and the car ahead (strongly
agree or agree: n=441, 41.5%). Respondents were mostly
neutral as to whether they felt more in control of the
vehicle (=720, 67.7%).

Binary logistic regression

As shown in Table 3, six variables were associated with
DUIC. Respondents who reported DUIC were more
likely to use illicit (rather than prescribed) products
(OR=2.18, 95% CI 1.06-4.51, p=0.035), were less likely
to use oral products (OR=0.61, 95% CI 0.39-0.96,
p=0.031) or CBD dominant products (OR=0.37, 95% CI
0.19-0.70, p=0.002), used MC more frequently through-
out the day (OR=1.09, 95% CI 1.05-1.13, p<0.001),
believed that recreational cannabis does not impair driv-
ing ability (OR=3.53, 95% CI 2.26-5.51, p<0.001), and
were not deterred by RDT (OR=1.97, 95% CI 1.44-2.69,
p<0.001).

Discussion
This study was designed to assess driving-related behav-
iors and attitudes among a convenience sample of Aus-
tralian MC users recruited as part of our larger CAMS-20
survey. One of the biggest differences between the pre-
sent iteration of this survey and prior CAMS surveys
(CAMS-16 (Lintzeris et al. 2018) and CAMS-18 (Lintz-
eris et al. 2020)) is the number of respondents using
prescribed MC products. While this number was very
small in CAMS-18 (n=25) and even smaller in CAMS-
16 (n=1), it was much greater here (n=376, including
both dual and prescribed only categories), signifying an
important transition underway in the Australian com-
munity from illicit towards legal prescribed MC products
(MacPhail et al. 2022).

While there were relatively few differences in demo-
graphic characteristics across the different surveys,



Arkell et al. Journal of Cannabis Research

100

80

60-1

%

40+

20+

A

100

80+

60

%

40

LT RE L

(2023) 5:35

After using medical cannabis, how long

do you typically wait before driving?

3 Inhaled Only (n=524)
B Oral Only (n=428)
El Oral & Inhaled (n=93)

Hours

After using illicit medical cannabis, how

long does it take until you feel no
effects?

i il |

13-24

3 Inhaled Only (n=514)
&= Oral Only (n=321)
Bl Oral & Inhaled (n=92)

100

%

40

20+

D

Hours

After using prescribed medical
cannabis, how long does it take until
you feel no effects?

HII 1

T T
13-24 >24

3 Inhaled Only (n=111)
E= Oral Only (n=171)
Hm Oral & Inhaled (n=92)

<1

Hours

“ Il h
1-3 46 712

T T
13-24 >24

Page 5 of 10

Fig. 1 Panel A shows the length of time that respondents typically wait before driving after using medical cannabis. Panels B and C shows
respondents’ experience of the duration of effects following illicit medical cannabis use (panel B) and prescribed medical cannabis use (panel C). All
responses are stratified by route of administration
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Table 2 Respondent attitudes and experiences around driving under the influence of cannabis (DUIC)
lllicit only Prescribed Dual Total
only
n % n % n % n %

In the past 12 months, did you ever drive while under the influence of cannabis? ~ No 481 700 113 91.1 174 690 768 722

Yes 206 300 1 89 78 310 295 278

Does the presence of roadside drug testing deter you from driving after you have  No 304 443 60 484 109 433 473 445

consumed medicinal cannabis?

Yes 383 557 64 516 143 567 590 555

Do you think non-medical (recreational’) cannabis impairs your driving ability? No 361 525 37 298 128 510 526 495

Do you think medicinal cannabis impairs your driving ability?

Yes 326 475 87 70.2 123 490 536 505
No 525 764 105 84.7 198 786 828 779
Yes 162 236 19 153 54 214 235 221

Bl Strongly Disagree E=1 Disagree E3 Neutral E® Agree EE Strongly Agreel

| find myself taking more risks

| find it harder to drive in a straight line
| find it harder to stick to the speed limit
| find it harder to remain focused

| am slower to react to sudden situations

| feel more in control of the vehicle

| tend to leave a larger gap
between me and the car ahead

| tend to drive more carefully

| can accurately assess my driving ability

1
25 50 75 100
% RESPONSES

Fig. 2 Respondents’endorsement of various statements describing driving-related behaviors following their use of medical cannabis

there were several notable differences in cannabis use
characteristics. Perceived knowledge around the can-
nabinoid profile of the product being used was far
greater in the present survey, even among illicit only
users, with fewer participants reporting uncertainty
around cannabinoid profile (30.9%) when compared
with the total of 48% in CAMS-18 (Lintzeris et al.
2020). This presumably reflects the certainty of can-
nabinoid content that comes with legally prescribed
products. The use of orally administered products was
also higher here than previously, even among illicit
only users (38.4 vs 26.6%). Among those using only pre-
scribed products, the majority (88.5%) reported using
orally administered products, with only a small num-
ber (11.5%) using inhaled products. These figures are
consistent with general prescribing trends in Australia
as reported by the Therapeutic Goods Administration
(Therapeutic Goods Adminsitration 2022), although it

is worth noting that prescriptions for inhaled products
are steadily increasing (MacPhail et al. 2022).

A key safety concern with MC products is that driv-
ing shortly after the use of THC-dominant products
may impair driving and therefore increase crash risk.
In a recent Canadian survey, 23% of people who had
used cannabis in the past 12 months reported driving
within 2 h of smoking or vaporizing cannabis at some
point in their life, while 14% reported driving within
4 h of ingesting cannabis at some point in their life
(Government of Canada 2022). In our analysis, around
half of the current cohort endorsed the idea that NMC
use can impair driving and a large majority reported
that the product they used had effects that lasted for
1-3 or 4—6 h. This interval of up to 6 h is the generally
acknowledged window in which driving and cognitive
impairment is most likely to be observed in occasional
cannabis users. Notably, around 50% of all respondents



Arkell et al. Journal of Cannabis Research (2023) 5:35 Page 7 of 10
Table 3 Binary logistic regression model assessing likelihood of driving under the influence of cannabis (DUIC)
Variable Category Ref OR Lower 95% ClI Upper 95% Cl p
Age 044 1.00 098 0442
Gender Male Female .11 0.80 1.54 0.529
Education Primary Undergrad 2.74 0.55 13.74 0.221
Secondary Undergrad 1.13 0.71 1.80 0613
Trade Undergrad 1.61 1.10 2.35 0.015
Postgrad Undergrad 0.85 0.50 144 0.541
Employment Not employed FT/PT 0.98 0.58 1.66 0.848
Other FT/PT 0.97 0.68 1.38 0.940
User type llicit only Prescr. only 2.06 1.01 4.22 0.049
Dual Prescr. only 1.73 0.78 3.86 0.178
Admin Oral only Inhaled only 0.51 0.33 0.78 0.002
Oral, inhaled Inhaled only 0.92 0.50 1.70 0.799
Cannabinoid Balanced THC dom 0.62 0.38 1.03 0.063
Variable THC dom 0.77 0.54 1.10 0.146
CBD dom THC dom 0.33 0.18 0.63 <0.001
NMC impairs No Yes 3.83 2.47 5.95 <0.001
MC impairs No Yes 091 0.54 1.55 0.733
RDT deter No Yes 1.90 1.40 2.58 <0.001

Abbreviations: MC impairs, “Do you believe medicinal cannabis impairs driving?”; NMC impairs, “Do you believe recreational cannabis impairs driving?”; RDT deter,
“Does the presence of RDT (roadside drug testing) deter you from DUIC?”; bolded ORs are significant at the p <0.05 level

in the survey typically drove within this 6-h window
after use. Despite this, respondents generally thought
that their MC use did not impair their ability to drive
and less than 30% of illicit users and dual users admit-
ted to driving while “high”

Very few agreed that their MC caused them to take
more risks, made it harder to drive in a straight line, or
adhere to the speed limit. Approximately 10% of respond-
ents did, however, indicate that they find it harder to
remain focused while driving after using MC, and 14.7%
reported being slower to react to sudden situations.
Almost 50% of respondents said that they tend to leave
a larger gap between their car and the car ahead and that
they tend to drive more carefully with cannabis. This pat-
tern of behavior is often observed in experimental stud-
ies and is thought to reflect an attempt to compensate for
perceived impairment (Hartman and Huestis 2013). As
with CAMS-18, most respondents felt they could accu-
rately assess their driving ability after using MC. While
the validity of this claim has yet to be empirically tested
in patient populations, there is evidence to suggest that
individuals are generally aware of their impairment after
consuming cannabis (Hartman and Huestis 2013). At the
same time, a recent study in healthy volunteers who were
regular cannabis users showed a reduction in perceived
driving impairment at 1.5 h relative to 0.5 h after smok-
ing cannabis containing either 5.9 or 13.4% THC, even

though there was no objective improvement in driving
performance over this 1-h period (Marcotte et al. 2022).
Binary logistic regression analysis revealed several
important predictors of DUIC, including legality of use,
route of administration, cannabinoid profile, belief in
whether NMC (but not MC) cannabis impairs driving,
the deterrent effect of RDT, and frequency of cannabis
use per day. Respondents who were using illicit prod-
ucts only were twice as likely to engage in DUIC rela-
tive to those using prescribed products only, and belief
that NMC does not impair driving was associated with
an almost 4-fold increase in the likelihood of DUIC. The
use of orally administered products was associated with a
close to 40% reduction in the likelihood of DUIC relative
to inhaled only products, while use of CBD-dominant
products was associated with a close to 60% reduction
in DUIC relative to use of THC-dominant products. This
latter finding is perhaps unsurprising given that CBD is
non-intoxicating and does not impair driving perfor-
mance (McCartney, et al. 2022; Arkell et al. 2020c) and
noting that the question around DUIC specifically asked
respondents if they had driven while “under the influence
(i.e., while high)” in the past 12 months. Unlike CAMS-
18, where unemployment was associated with a 4.7-fold
increase in the likelihood of DUIC, employment status
was not a significant predictor of DUIC in CAMS-20.
This previous finding may therefore have been an artefact
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of the small number of respondents who were unem-
ployed (n=26), as we hypothesized at the time (Arkell
et al. 2020b).

Consistent with the CAMS-18 survey (Arkell et al.
2020b), we observed a significant deterrent effect of RDT
with most respondents saying that RDT deterred them
from driving after consuming MC. This deterrent effect
was similar across users of illicit only products (81.8%),
prescribed only products (81%), and dual users (82.1%).
Respondents who were not deterred by the presence
of RDT were almost twice as likely to engage in DUIC.
The legality of the product used may therefore have little
influence on willingness to drive with THC in one’s sys-
tem which likely reflects the fact that current laws do not
discriminate between users of prescribed and illicit prod-
ucts. It is worth noting that the population sampled here
may have excluded patients who are deterred from using
MC altogether by current driving laws.

One key question with tangible implications for policy
is whether patients who use MC as prescribed are less
impaired than individuals who use cannabis for other
reasons. Recent reviews provide little evidence of impair-
ment in those using stable doses of cannabis products to
alleviate medical conditions that themselves may cause
impairment (MacCallum et al. 2022). This adds to evi-
dence that regular cannabis users are less susceptible to
THC-induced impairment than occasional users with an
equivalent dose of THC (McCartney et al. 2021b; Bosker
et al. 2012; Ramaekers et al. 2009). At the same time, MC
patients may perceive less risk around DUIC than other
users (Wickens, et al. 2019) leading to a higher likelihood
of DUIC (Wickens et al. 2022). It remains to be seen
whether the relatively low perception of risk associated
with DUIC seen here is an accurate assessment of risk.

Our findings indicate that a significant minority (39%)
of people using MC reported driving within 3 h of con-
suming cannabis products—the time period most likely
to be associated with intoxication and driving impair-
ment based on studies of NMC users with limited toler-
ance to cannabis. The extent to which impairment occurs
in people who use MC regularly and develop tolerance
to the effects of cannabis remains unclear. Many classes
of medications (e.g., opioids, benzodiazepines, antipsy-
chotics, antihistamines, antidepressants) are known to
cause impairment, and indeed studies highlight many
such medications impair driving to a similar or greater
extent than cannabis (Arkell et al. 2021). Most countries
have driving policies recognising that such medications
can cause drowsiness and impairment, and so patients
are cautioned against driving if they are experiencing
impairment. Clinically, health care professionals cau-
tion patients about driving if impaired, particularly so
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when commencing treatment and stabilizing on their
dose, or when there are significant dose increases. It has
been argued that a similar approach should be applied to
patients prescribed MC in place of the blanket prohibi-
tion in Australia which prevents MC users from driving
altogether. Further research examining driving impair-
ment in patients prescribed MC long term would provide
critical evidence in this debate and is sorely needed.

While evidence for sex differences in acute cannabis
effects is conflicting [e.g., (Sholler et al. 2021; Arkell et al.
2022; Matheson et al. 2020)], an analysis of data from
the 2016-2017 National Survey on Drug Use and Health
in the US indicated a significantly greater probability
of DUIC among males than females for both combined
MC/NMC users and NMC-only users (Lloyd et al. 2020).
Overall, the probability of DUIC ranged from 20 to 25%
for females and from 28 to 40% for males, suggesting a
possible need for more targeted interventions (Lloyd
et al. 2020). A recent study by Wickens et al. (Wickens
et al. 2022) likewise observed a greater incidence of DUIC
among males relative to females (20.7 vs. 8%). No such
difference was observed in the present analysis, although
it is important to note that our survey only included
MC users while these other two studies included both
MC and NMC users. Further work might seek to eluci-
date whether sex differences do exist in DUIC likelihood
among broader groups of patients.

This study is not without limitations. Self-report data
are inevitably prone to inaccuracies and response bias.
The use of convenience sampling may have also intro-
duced a selection bias toward respondents who favor the
relaxation of stringent cannabis and driving laws. None-
theless, we were able to capture a wide range of responses
from individuals using a variety of products, cannabi-
noid formulations, and routes of administration. As
noted elsewhere (Lintzeris et al. 2022), demographic data
in the prescribed group here are similar to the broader
demographic data from the Australian regulator around
patients receiving MC prescriptions, suggesting that
this cohort is a good representation of the community at
large.

Conclusions

The present study captures attitudes and perceptions
toward DUIC among a diverse group of Australian MC
users. Of those who reported driving a motor vehicle in
the past 12 months, 28% reported DUIC, and 49-55%
(depending on the route of administration) reported
driving within 6 h of cannabis use. Binary logistic regres-
sion highlighted several factors that may increase the
likelihood of DUIC and should be considered when
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developing consumer education, clinical guidance, and
road safety policy. A key priority for future research is to
investigate the effects of prescribed MC on driving ability
and cognitive function in patient populations.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/542238-023-00202-y.

[ Additional file 1: Table S1. Questionnaire. }

Acknowledgements

We would like to acknowledge the important contribution of the late Associ-
ate Professor David Allsop in the creation of the original CAMS-16 question-
naire, upon which the CAMS-20 questionnaire was based. We also acknow!-
edge the contribution of Melissa Benson, Rhys Cohen, and Dilara Bahceci in
this work and the services and forums that distributed information regarding
the survey. We particularly wish to thank the participants who gave their time
to completing the survey.

Authors’ contributions

All authors contributed to the design of the study questionnaire. NL, LM, and
SA had full access to all the data in the study and take responsibility for the
integrity of the data and the accuracy of the data analysis. TA and SA drafted
the manuscript and created all tables and figures. The authors read and
approved the final manuscript.

Funding
This research received no specific grant from any funding agency in the pub-
lic, commercial, or not-for-profit sectors.

Availability of data and materials

The survey questions are available as an online supplement. The data sets
used and/or analysed during the current study are available from the cor-
responding author on request.

Declarations

Ethics approval and consent to participate

This study was approved by the Sydney University Human Research Ethics
Committee (2018/544). In order to begin the survey, participants were asked
to read a linked Participant Information Statement and to tick a check box
giving consent for their data to be used in the study.

Consent for publication
Not applicable.

Competing interests

Prof Lintzeris reports grants from the Australian National Health and Medical
Research Council (NHMRC) during the conduct of the study, and research
grants from Camurus and Indivior for unrelated work. A/Prof Arnold and Prof
McGregor report grants from NHMRC and grants from Lambert Initiative for
Cannabinoid Therapeutics during the conduct of the study for projects unre-
lated to the submitted work; Dr. McGregor has patents to WO2018107216A1,
W02017004674A1, and WO2011038451A1 issued and licensed. A/Prof Arnold
and Prof McGregor have patents to AU2017904438, AU2017904072, and
AU2018901971 pending. The other authors declare that they have no compet-
ing interests.

Received: 11 July 2023 Accepted: 10 August 2023
Published online: 06 September 2023

Page 9 of 10

References

Arkell TR, et al. Effect of cannabidiol and delta9-tetrahydrocannabi-
nol on driving performance: a randomized clinical trial. JAMA.
2020a;324(21):2177-86.

Arkell TR, et al. Driving-related behaviours, attitudes and perceptions among
Australian medical cannabis users: results from the CAMS 18-19 survey.
Accid Anal Prev. 2020b;148:105784.

Arkell TR, McCartney D, McGregor IS. Medical cannabis and driving. Aust J Gen
Pract. 2021;50(6):357-62.

Arkell TR, et al. Sex differences in acute cannabis effects revisited: results from
two randomized, controlled trials. Addict Biol. 2022;27(2):e13125.

Bosker WM, et al. Medicinal A9-tetrahydrocannabinol (dronabinol) impairs
on-the-road driving performance of occasional and heavy cannabis
users but is not detected in Standard Field Sobriety Tests. Addiction.
2012;107(10):1837-44.

Cook AC, Leung G, Smith RA. Marijuana decriminalization, medical marijuana
laws, and fatal traffic crashes in US cities, 2010-2017. Am J Public Health.
2020;110(3):363-9.

Dutra LM, et al. Cannabis legalization and driving under the influence of can-
nabis in a national U.S. sample. Prev Med Rep. 2022;27:101799.

Fink DS, et al. Medical marijuana laws and driving under the influence of
marijuana and alcohol. Addiction. 2020;115(10):1944-53.

Government of Canada. Canadian cannabis survey 2022: summary. 2022.
2022. Available from: https://www.canada.ca/en/health-canada/services/
drugs-medication/cannabis/research-data/canadian-cannabis-survey-
2022-summary.html. Cited 2023 7 March.

Hartman RL, Huestis MA. Cannabis effects on driving skills. Clin Chem.
2013;59(3):478-92.

Lintzeris N, et al. Medicinal cannabis in Australia, 2016: the Cannabis as Medi-
cine Survey (CAMS-16). Med J Aust. 2018;209(5):1.

Lintzeris N, et al. Medical cannabis use in the Australian community following
introduction of legal access: the 2018-2019 Online Cross-Sectional Can-
nabis as Medicine Survey (CAMS-18). Harm Reduct J. 2020;17(1):37.

Lintzeris N, et al. Medical cannabis use in Australia: consumer experiences
from the online cannabis as medicine survey 2020 (CAMS-20). Harm
Reduct J. 2022;19(1):88.

Lloyd SL, Lopez-Quintero C, Striley CW. Sex differences in driving under the
influence of cannabis: the role of medical and recreational cannabis use.
Addict Behav. 2020;110:106525.

MacCallum CA, et al. A clinical framework for assessing cannabis-related
impairment risk. Front Psychiatry. 2022;13:883517.

MacPhail SL, et al. Medicinal cannabis prescribing in Australia: an analysis of
trends over the first five years. Front Pharmacol. 2022;13:885655.

Marcotte TD, et al. Driving performance and Cannabis users' perception of
safety: a randomized clinical trial. JAMA Psychiat. 2022;79(3):201-9.

Matheson J, et al. Sex differences in the acute effects of smoked cannabis:
evidence from a human laboratory study of young adults. Psychophar-
macology. 2020,237(2):305-16.

McCartney D, et al. Determining the magnitude and duration of acute
A(9)-tetrahydrocannabinol (A(9)-THC)-induced driving and cognitive
impairment: a systematic and meta-analytic review. Neurosci Biobehav
Rev. 2021b;126:175-93.

McCartney D, Suraev AS, Doohan PT, et al. Effects of cannabidiol on simulated
driving and cognitive performance: a dose-ranging randomised con-
trolled trial. J Psychopharmacol. 2022;36(12):1338-49. https://doi.org/10.
1177/02698811221095356.

Ramaekers JG. Driving under the influence of Cannabis: an increasing public
health concern. JAMA. 2018:319(14):1433-4.

Ramaekers JG, Robbe H, O'Hanlon J. Marijuana, alcohol and actual driving
performance. Hum Psychopharmacol Clin Exp. 2000;15(7):551-8.

Ramaekers JG, et al. Neurocognitive performance during acute THC intoxi-
cation in heavy and occasional cannabis users. J Psychopharmacol.
2009;23(3):266-77.

Santaella-Tenorio J, et al. US traffic fatalities, 1985-2014, and their relationship
to medical marijuana laws. Am J Public Health. 2017;107(2):336-42.
Sevigny EL. The effects of medical marijuana laws on cannabis-involved driv-

ing. Accid Anal Prev. 2018;118:57-65.

Sholler DJ, et al. Sex differences in the acute effects of oral and vaporized can-
nabis among healthy adults. Addict Biol. 2021;26(4):e12968.

Therapeutic Goods Adminsitration. Medicinal cannabis special access scheme
category B data. Medicinal cannabis. 2022. Available from: https://www.


https://doi.org/10.1186/s42238-023-00202-y
https://doi.org/10.1186/s42238-023-00202-y
https://www.canada.ca/en/health-canada/services/drugs-medication/cannabis/research-data/canadian-cannabis-survey-2022-summary.html
https://www.canada.ca/en/health-canada/services/drugs-medication/cannabis/research-data/canadian-cannabis-survey-2022-summary.html
https://www.canada.ca/en/health-canada/services/drugs-medication/cannabis/research-data/canadian-cannabis-survey-2022-summary.html
https://doi.org/10.1177/02698811221095356
https://doi.org/10.1177/02698811221095356
https://www.tga.gov.au/medicinal-cannabis-special-access-scheme-category-b-data

Arkell et al. Journal of Cannabis Research (2023) 5:35

tga.gov.au/medicinal-cannabis-special-access-scheme-category-b-data.

Cited 2022 28 July.
Wickens CM, et al. Exploring perceptions among people who drive after can-

nabis use: collision risk, comparative optimism and normative influence.

Drug Alcohol Rev. 2019;38:443.

Wickens CM, et al. Driving under the influence of cannabis among recrea-
tional and medical cannabis users: a population study. J Transp Health.
2022;26:101402.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.tga.gov.au/medicinal-cannabis-special-access-scheme-category-b-data

	Driving-related behaviors, attitudes, and perceptions among Australian medical cannabis users: results from the CAMS 20 survey
	Abstract 
	Introduction
	Methods
	Driving outcome measures
	Statistical analysis

	Results
	Driving behaviors and attitudes toward DUIC
	Perceived effects of MC on driving
	Binary logistic regression

	Discussion
	Conclusions
	Anchor 13
	Acknowledgements
	References


