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ARTICLE INFO ABSTRACT

Keywords: Objective: Cannabis markets are evolving in terms of greater diversity and potency of products. The current study
Cann.abis examined changes in cannabis use and modes of consumption among 16- to 19-year-olds in three markets with
Marijuana different regulatory frameworks: England, Canada, and the United States (US).

I;Ziat:mnon Methods: Repeat cross-sectional online surveys were conducted in 2017, 2018, and 2019, with samples of 16- to
Survey 19-year-olds recruited from commercial panels in Canada (n = 11,779), England (n = 11,117), and the US (n =

11,869). Regression models examined changes in the prevalence of any cannabis use and use of seven modes of
consumption, across the countries.

Results: Cannabis use among youth was more prevalent among respondents in Canada and the US than in England
in all years and increased to a greater extent between 2017 and 2019 (p < .001 for all contrasts). Among past 30-
day cannabis consumers, the prevalence of vaping oils/liquids and the use of cannabis extracts (oil, wax and
shatter) increased in all countries, and was significantly higher in Canada and US. For example, the prevalence of
vaping oils/liquids increased from 24.2 % in 2017 to 52.1 % in 2019 among past 30-day cannabis consumers in
the US (AOR = 3.46, 95 %CI = 2.57-4.66).

Conclusion: Prevalence is increasing for the most potent categories of cannabis products, particularly among
youth in Canada and the US. Future research should examine the potential risks of these products and whether
shifts in modes of cannabis reflect recent permissive changes to cannabis policy.

1. Introduction

Cannabis is the most widely used “illicit” substance in the world
(United Nations Office of Drugs and Crime, 2019). There is a growing
trend towards more permissive cannabis policies, particularly in North
America. In the United States (US), 33 states have legalized medical
cannabis, while 11 states and the District of Columbia (DC) have
legalized recreational cannabis for adults aged 21 years and older (Smart
and Pacula, 2019). In Canada, medical cannabis has been legally
available since 2001, and recreational cannabis was legalized in October
2018 for adults over 18 years. An increasing number of countries outside
North America have also legalized medical cannabis, although access
remains tightly controlled in many cases. For example, the United
Kingdom (UK) rescheduled previously unlicensed cannabis-based
products to be prescribed legally in November 2018; however, pre-
scriptions to date have been minimal given that national guidelines on
cannabis-based products were only released in November 2019

(Freeman et al., 2019).

To date, there is relatively little evidence regarding the impact of
cannabis legalization on youth (Smart and Pacula, 2019). Research on
medical cannabis laws in the US indicates that cannabis use is more
prevalent in states where medical cannabis is legal; however, these
differences reflect pre-existing trends, with similar trends between states
that have and have not legalized medical cannabis (Melchior et al.,
2019; Smart and Pacula, 2019). Evidence on the impact of recreational
cannabis legalization is mixed, in part due to the recency of imple-
mentation of recreational cannabis laws and the time required to
establish legal retail markets (Dilley et al., 2019; Smart and Pacula,
2019). Analyses of cannabis policies in European countries have also
found no consistent association between prevalence and policy liber-
alization (Stevens, 2019).

Cannabis policies also have the potential to influence the types of
cannabis products used by youth. Smoking dried flower remains the
most common mode of consumption across many countries: for

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; US, United States; UK, United Kingdom; THC, delta-9-tetrahydrocannabinol.
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example, more than 78 % of cannabis consumers in Canada and the US
report smoking dried flower (Goodman et al., 2020; Government of
Canada, 2017; Knapp et al., 2019). However, the manner in which
cannabis is smoked differs across markets. In England and most other
European countries, consumers typically smoke cannabis mixed with
tobacco, whereas cannabis is more likely to be smoked without tobacco
in North America (Hindocha et al., 2016). In addition, use of cannabis
extracts and concentrates is increasing in jurisdictions with legalized
medical and recreational cannabis (Borodovsky et al., 2017; Caulkins
et al., 2018; Goodman et al., 2020; Government of Canada, 2017). THC
vape oils and solid concentrates are particularly popular among youth
and young adults (Fataar and Hammond, 2019; Jones et al., 2016). The
THC concentration of these products can exceed 90 %—three to four
times that of the most potent dried flower—and they have been asso-
ciated with problematic use (Caulkins et al., 2018; Fischer et al., 2017;
Wang et al., 2016). THC oils have emerged as a particular concern in the
North American market due to the recent emergence of acute health
risks responsible for more than 60 deaths and 2700 cases of serious
pulmonary disease in the US (Centers for Disease Control and Preven-
tion, 2020). The majority of these cases are believed to be related to
contaminants in THC oils, such as vitamin E acetate (Centers for Disease
Control and Prevention, 2020); however, concerns remain about the
potential effects of inhaling constituents in the aerosols produced from
manufactured THC vape oils.

The regulatory frameworks in Canada, the US, and England provide
an opportunity to examine trends across jurisdictions with substantially
different cannabis policies. Historically, cannabis use has been much less
prevalent in England than either Canada or the US. In 2017, past 12-
month cannabis use was estimated at 15 % among 16- to 19-year-olds
in England and Wales, 28 % among 15- to 19-year-olds in Canada, and
34 % among 16- to 20-year-olds in the US (Government of Canada,
2017; Home Office, 2019; Substance Abuse and Mental Health Services
Administration, 2018). However, direct comparison of these estimates is
limited by different methodologies, including different sampling and
age ranges and different measures used to assess cannabis use.

The current study examined changes in cannabis use and modes of
consumption among 16- to 19-year-olds in three markets with different
regulatory frameworks using the same methodology. The current study
had two primary objectives: 1) to compare changes in cannabis use
among 16- to 19-year-olds between 2017 and 2019 in Canada, England,
and the US; and, 2) to examine changes in the modes of consumption for
cannabis across the three countries.

2. Methods
2.1. Data source

Data are from cross-sectional Waves 1-3 of the International Tobacco
Control Policy Evaluation Project (ITC) Youth Tobacco and Vaping
Survey, conducted in Canada, England, and the US. Online surveys were
conducted in July/August 2017 (Wave 1), August/September 2018
(Wave 2), and August/September 2019 (Wave 3). ‘New’ samples of re-
spondents were recruited at each survey wave from the Nielsen Con-
sumer Insights Global Panel, as well as their partners’ panels. Eligible
respondents included youth aged 16 through 19 at the time of recruit-
ment. Respondents were recruited either directly or through their par-
ents. Email invitations (with a unique link) were sent to panelists after
targeting for age criteria. Panelists known to be parents were also con-
tacted; those who confirmed they had one or more children aged 16-19
living in their household were asked for permission for their child to
complete the survey (if more than one child, specifically the one whose
birthday was coming up next). After eligibility screening, all potential
respondents were provided with information about the study and were
asked to provide consent before participating. Respondents received
remuneration in accordance with their panel’s usual incentive structure,
which could include points-based or monetary rewards and/or chances
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to win monthly prizes. In Waves 1 and 2, a restriction on small screen
size was applied, but all devices were permitted in Wave 3.

The response rates across the surveys were 3.7 % in Wave 1 (2017),
2.3 % in Wave 2 (2018), and 1.6 % in Wave 3 (2019). The current an-
alyses are based on the cross-sectional samples, after exclusions based on
data integrity checks and those missing or incomplete data on variables
required for calculating weights or determining smoking and/or vaping
status: n = 12,128 recruited in 2017, n = 11,753 recruited in 2018, and
n = 11,609 recruited in 2019. A full description of the study methods
and surveys are available (see http://davidhammond.ca/projects/e-c
igarettes/itc-youth-tobacco-ecig/).

This study was reviewed and received ethics clearance through a
University of Waterloo Research Ethics Committee (ORE#21847) and
the King’s College London Psychiatry, Nursing and Midwifery Research
Ethics Subcommittee.

2.2. Measures

2.2.1. Cannabis prevalence

All respondents were asked, “When was the last time you used
marijuana/cannabis?”, with the following response options: “I have
never used marijuana/cannabis”; “Earlier today”; “Not today but
sometime in the past 7 days”; “Not in the past 7 days but sometime in the
past 30 days”; “Not in the past 30 days but sometime in the past 6
months”; “Not in the past 6 months but sometime in the past 12 months”;
“1 to 4 years ago”; “5 or more years ago”; “Don’t know”; and, “Refused”.
Responses were recoded into variables for use “ever”, in the past 12
months, and in the past 30 days. Those who responded with “Don’t
Know” (n = 383) or “Refused” (n = 355) were excluded from the ana-
lytic sample.

Respondents who reported using cannabis in the past 30 days were
asked, “In the last 30 days, how often did you use marijuana/cannabis?”
with options: “Once or twice”; “Once or twice a week”; “3 or 4 times a
week”; “5 to 6 times a week”; “Every day”; “Don’t know”; and,
“Refused”. Daily smoking prevalence was recoded as youth who
responded “Every day”, or those who used less often. “Don’t Know” (n =
76) and “Refused” (n = 26) responses were treated as missing.

2.2.2. Cannabis modes

Youth who reported using cannabis in the past 30 days were asked:
“In the last 30 days, did you...”: “Smoke marijuana/cannabis WITHOUT
tobacco”; “Smoke marijuana/cannabis WITH tobacco in a joint or
blunt”; “Use a waterpipe/bong to smoke marijuana/cannabis”; “Use a
vapourizer to heat dried marijuana/cannabis leaves or herb”; “Use an e-
cigarette to vape marijuana/cannabis oil or liquid”; “Eat or drink
marijuana/cannabis in a food or beverage”; “Use marijuana/cannabis
extracts, including oil, wax or shatter”; and, “Use another form of
marijuana/cannabis”. Responses to each item were “Yes”, “No”, “Don’t
know” and “Refused”.

2.2.3. Socio-demographic measures

Socio-demographic measures included country of residence, age, sex
at birth (male/female), and race/ethnicity (recoded into ‘Wwhite’ vs.
other). Education level was not included, given the collinearity with age.
In each year, US states were coded for whether recreational cannabis
was legalized or not at the time that the survey was conducted.

2.3. Analysis

Post-stratification sample weights were constructed for each coun-
try, based on age, sex, race/ethnicity (in the US only), and geographic
region, and rescaled to the sample size. In addition, Waves 2 and 3 were
calibrated back to Wave 1 for student status (student vs. not) and grades
(<70 %, “Don’t know”, or “Refused”; 70-79 %; 80-89 %; 90-100 %),
and used the National Youth Tobacco Survey in the US and the Canadian
Student Tobacco, Alcohol and Drugs Survey in Canada to calibrate to the
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trend over time for past 30-day smoking. A full description of the
weighting procedures is available in the Technical Reports at http://da
vidhammond.ca/projects/e-cigarettes/itc-youth-tobacco-ecig/.

Separate logistic regression models were estimated to examine
prevalence and modes of cannabis use. All regression models were
adjusted for age group (16-17 vs. 18-19), sex, and race/ethnicity
(‘White’ vs. other), and included a two-way interaction between country
and wave. Simple effects were used to describe changes between waves
for each country, and differences between countries were examined by
testing the two-way interactions between country and wave. The logistic
regression models that examined specific modes of cannabis use were
estimated among past 30-day consumers of cannabis. Using US data
only, a set of parallel logistic regression models were estimated to
examine prevalence and modes of cannabis use between states that had
and had not legalized recreational cannabis.

Adjusted odds ratios (AORs), 95 % confidence intervals (95 % ClIs),
and weighted estimates are reported, unless otherwise noted. Re-
spondents who indicated “Don’t know” or “Refused” for when they last
used cannabis (ngg17 = 240; nyp1g = 208; nyp19 = 290) were excluded
from all analyses, providing an analytic sample of n = 11,888 in 2017, n
= 11,545 in 2018, and n = 11,319 in 2019. Respondents with missing
data on outcome measures or covariates were also excluded from models
on a case-wise basis, as follows: those who indicated “Don’t know” or
“Refused” to past 30-day frequency of cannabis use (ng917 = 28; nap15 =
30; nyp19 = 44) were excluded from daily cannabis use prevalence
models; those who did not provide a state of residence (ng917 = 6) were
excluded from US-only prevalence models; and, those responding
“Refused” to modes of cannabis use were excluded from models for the
respective modes. Analyses were conducted using SAS 9.4.

3. Results
3.1. Sample

Characteristics of the sample in each country and at each wave are
shown in Table 1.

3.2. Prevalence of cannabis use

Fig. 1 illustrates past 12-month, past 30-day, and daily prevalence of
cannabis use in each of the countries, from 2017 to 2019. Prevalence of
cannabis use was significantly lower in England than Canada and the US
in all years (p < 0.001 for all contrasts). Across years, cannabis use was
more prevalent in Canada and the US than England for use in the past 12
months (Canada: AOR 1.53, 95 % CI 1.43-1.65, p < 0.0001; US: AOR
1.47, 95 % CI 1.37-1.59, p < 0.0001). Prevalence was also higher in
Canada and the US compared to England for use in the past 30 days
(Canada: AOR 1.75, 95 % CI 1.60-1.92, p < 0.0001; US: AOR 1.70, 95 %
CI 1.55-1.87, p < 0.0001), and daily use (Canada: AOR 3.39, 95 % CI
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Fig. 1. Prevalence of cannabis use (weighted), by country and survey wave.
Missing values for daily use (nzo17 = 28, nag1s = 30, nap19 = 44) are excluded
(removed from the denominator).

2.61-4.41, p < 0.0001; US: AOR 3.78, 95 % CI 2.89-4.93, p < 0.0001).

Prevalence did not change significantly in England between 2017
and 2019 for past 12-month use (AOR 0.98, 95 % CI 0.86-1.11; p =
0.72), past 30-day use (AOR 1.18, 95 % CI 0.99-1.39; p = 0.063) or daily
use (AOR 1.35, 95 % CI 0.77-2.36; p = 0.29). In contrast, prevalence

Table 1
Sample characteristics (weighted), by country and survey wave.
ENGLAND CANADA us
Survey wave (unweighted 2017 n= 2018 n = 2019n = 2017 n= 2018 n = 2019n = 2017 n = 2018 n = 2019n =
n) 3914 3812 3392 3967 3762 4056 4007 3971 3871
Age 17.5 (1.02) 17.6 (1.03) 17.5 (0.95) 17.6 (1.05) 17.5(1.08) 17.5 (1.09) 17.5 (1.08) 17.5 (1.06) 17.5 (1.08)
Male 51.1 (1999) 51.0 (1944) 51.0 (1732) 51.0 (2021) 51.2 (1928) 50.9 (2063) 51.1 (2049) 51.0 (2024) 50.9 (1977)
White (only) race/ 79.7 (3115) 77.3 (2944) 76.3 (2589) 58.6 (2320) 47.4 (1785) 54.5 (2207) 73.5 (2947) 73.7 (2926) 74.1 (2878)
ethnicity”

Current student 91.8 (3588) 91.7 (3496) 91.8 (3116) 93.1 (3689) 93.2 (3510) 93.0 (3768) 91.2 (3660) 91.1 (3619) 91.3 (3548)
Past 12-month alcohol use 76.2 (2923) 74.9 (2794) 72.9 (2420) 61.7 (2378) 58.2 (2134) 55.2 (2165) 41.4 (1629) 38.5(1499) 39.4 (1495)

(any)"

Data are %(n) or mean (SD). Missing values for alcohol use (England: nsg17 = 75, nag18 = 66, N2g19 = 86; Canada: nyg17 = 154, nag1g = 101, nap19 = 134; US: npg17 = 84,

Noo1s = 84, Nyg19 = 122) are excluded (removed from the denominator).

# Wording of the Canadian source question changed slightly, from response option “White” in 2017 to “European” in 2018, to “White or European” in 2019.
b Assessed using the question, “In the last 12 months, how often did you have a drink of alcohol that was more than just a sip?”.


http://davidhammond.ca/projects/e-cigarettes/itc-youth-tobacco-ecig/
http://davidhammond.ca/projects/e-cigarettes/itc-youth-tobacco-ecig/

D. Hammond et al.

increased between 2017 and 2019 in Canada (past 12-month use AOR
1.28,95 % CI 1.15-1.43; p < 0.0001; past 30-day use AOR 1.48, 95 % CI
1.29-1.69; p < 0.0001; daily use AOR 2.49, 95 % CI 1.81-3.41; p <
0.0001). Prevalence was also higher in the US in 2017 versus 2018 for all
frequencies assessed (past 12-month use AOR 1.52, 95 % CI 1.35-1.71; p
< 0.0001; past 30-day use AOR 1.67, 95 % CI 1.44-1.93; p < 0.0001;
daily use AOR 2.48, 95 % CI 1.79-3.43; p < 0.0001).

A supplementary analysis between US states that had and had not
legalized recreational cannabis found no differences in 2019 for preva-
lence of cannabis use in the past 12 months (29.1 % vs. 28.9 %; AOR
1.00, 95 % CI 0.81-1.25; p = 0.97) or past 30 days (20.1 % vs. 17.7 %;
AOR 1.17, 95 % CI 0.92-1.48; p = 0.21). Prevalence of daily use was
lower in US states that had legalized non-medical cannabis use (2.9 % vs.
4.7 %; AOR 0.59, 95 % CI 0.38-0.92; p = 0.020). Between 2017 and
2019, in states that had legalized non-medical cannabis, there were no
significant changes in prevalence of past 12-month or daily cannabis
use, although past 30-day prevalence increased (from 14.4%-20.1%;
AOR 1.50, 95 % CI 1.10-2.04; p = 0.011). In states that had not legal-
ized, prevalence increased between 2017 and 2019 for past 12-month
(20.1%-28.9%; AOR 1.57, 95 % CI 1.38-1.79; p < 0.0001), past 30-
day (11.1%-17.7%; AOR 1.74, 95 % CI 1.47-2.04; p < 0.0001), and
daily cannabis use (1.6%-4.7%; AOR 3.06, 95 % CI 2.11-4.44; p <
0.0001).

3.3. Modes of cannabis use

Table 2 shows the prevalence of each mode of cannabis consumption
among those who used cannabis in the past 30 days.

In 2019, the prevalence of every mode of cannabis use except
smoking with tobacco was greater among past 30-day consumers in
Canada and the US compared to England (p < .01 for all contrasts). Past
30-day cannabis consumers in England were more likely to smoke
cannabis with tobacco (64.4 % in 2019) compared to Canada (34.8 % in
2019; AOR 3.45, 95 % CI 2.56-4.76; p < 0.0001) and the US (33.3 % in

Table 2
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2019; AOR 3.57, 95 % CI 2.63-5.00; p < 0.0001).

As Table 2 indicates, considering specific forms of cannabis, preva-
lence of using e-cigarettes to vape oil/liquid, and using extracts (oil,
wax, shatter) increased between 2017 and 2019 among past 30-day
cannabis consumers in all three countries. In addition, between 2017
and 2019, smoking with tobacco decreased in England (AOR 0.57, 95 %
CI 0.39-0.82, p = 0.003), and smoking dried herb decreased in the US.

In US states where recreational cannabis was NOT legal, prevalence
of using e-cigarettes to vape oil/liquid and using extracts increased
among past 30-day consumers between 2017 and 2019—see Supple-
mentary Table 1. In states where recreational cannabis was legal, using
e-cigarettes to vape oil/liquid increased among past 30-day consumers
between 2017 and 2019, and both smoking without tobacco and using a
waterpipe/bong decreased during this time.

4. Discussion

National surveys from all three countries suggest that past 12-month
cannabis use declined or remained stable among youth over the past two
decades. However, the current findings suggest that this trend may be
changing in Canada and the US. Both countries had very similar levels of
prevalence in 2019 and similar increases in use since 2017. The extent to
which the increases observed among youth in Canada are the result of
non-medical cannabis legalization is unclear, given that similar in-
creases were observed in the year prior to legalization (from 2017 to
2018), as the year following legalization (from 2018 to 2019), consistent
with other studies that also observed increased use in the lead-up to
legalization. (Government of Canada, 2019; Rotermann, 2019; Statistics
Canada, 2019; Zuckermann et al., 2019). Data on cannabis use among
Canadian youth since legalization are scarce and somewhat mixed, with
one national monitoring survey showing very modest increases (Nicksic
et al., 2020) and another survey showing increases similar in magnitude
to the current study (Government of Canada, 2019; Health Canada,
2020). In the US, monitoring surveys indicate very modest increases in

Past 30-day prevalence of specific modes of cannabis use among past 30-day cannabis consumers aged 16-19 years (weighted), and change between 2017 and 2019, by

country and survey wave.

ENGLAND CANADA us
Modes 2017(n 201(n 201(n Change from 2017(n 2018(n 2019(n Change from 201(n 2018(n 2019(n Change from
=331) =350) =331) 2017to =502) =516) =711) 2017to =474) =531) =710) 2017to
2019°AO0R (95% 2019°AO0R (95% 2019°AO0R (95%
CD CI) CI)
Smoke without 53.5 54.1 48.5 0.83(0.60, 1.15) 81.6 80.3 80.4 0.97 (0.70,1.33)  88.6 85.4 80.9 0.55 (0.39,
tobacco 177) (188) (159) p=0.27 (404) (413) (568) p<0.83 (421) (452) (574) 0.79) p <
0.0011
Smoke with 76.1 73.7 64.4 0.57 (0.39, 37.4 32.6 34.8 0.89. (0.69, 32.1 34.2 33.3 1.07 (0.81, 1.41)
tobacco (252) (256) (210) 0.82) p = (186) (168) (246) 1.15) p = 0.38 (152) (180) (236) p=0.64
0.0025
Waterpipe/bong 27.3 23.4 28.6 1.08 (0.75, 1.56) 55.1 51.5 49.2 0.81 (0.63, 1.04) 55.6 48.0 50.6 0.83 (0.63, 1.08)
(90) (81) (93) p=0.66 (273) (264) (349) p=0.10 (264) (253) (359) p=0.16
Vapourizer to 8.1 12.5 11.1 1.45(0.83,2.51) 15.9 19.3 19.1 1.27(0.92,1.78)  20.6 21.5 23.0 1.20 (0.87, 1.65)
heat dried 27) (43) (36) p=0.19 (79) 99) (134) p=0.15 97) (114) (163) p=0.28
leaves or herb
E-cigarettes to 9.0 14.6 19.0 2.39 (1.47, 12.9 18.8 25.9 2.39 (1.70, 24.2 31.0 52.1 3.46 (2.57,
vape oil or (30) (50) (62) 3.89)p = (64) (96) (182) 3.36) p < (115) (164) (369) 4.66) p <
liquid 0.0004 0.0001 0.0001
Eator drinkina  20.4 19.9 17.9 0.85(0.57,1.28)  25.8 27.9 31.5 1.30(0.99,1.71)  29.5 29.5 33.0 1.20 (0.99, 1.71)
food or (67) (69) (58) p=0.44 (128) (143) (222) p = 0.061 (140) (155) (234) p=0.21
beverage
Extracts (oil, 7.7 11.9 12.5 1.75 (1.03, 21.3 22.6 29.7 1.61 (1.20, 26.7 30.3 41.0 1.97 (1.47,
wax, shatter) (25) (41) (41) 2.97) p=10.039 (106) (115) (211) 2.15)p = (126) (159) (291) 2.64) p <
0.0014 0.0001

Data are %(n) or adjusted odds ratios (AOR) with 95 % confidence intervals (95 % CI) and associated p values. Missing values for specific modes (Smoke without
tobacco: nyp17 = 4, Noo18 = 7, Nap19 = 7; Smoke with tobacco: nag17 = 3, Napg1s = 9, Nag19 = 9; Waterpipe/bong: nag17 = 5, nog1g = 13, nog19 = 7; Vapourizer to heat dried
leaves or herb: nyp17 = 7, nag18 = 16, ng19 = 18; E-cigarettes to vape oil or liquid: npg17 = 4, nag18 = 13, nag19 = 11; Eat or drink in a food or beverage: nag17 = 6, nap18 =
17, nao19 = 16; Extracts (oil, wax, shatter): nyg17 = 4, nag18 = 17, nyg19 = 9) are excluded (removed from the denominator).

@ Simple effect of year (within country) from separate logistic regression models for each mode, which included the following variables: age group, sex, race/
ethnicity, country, survey wave, and a two-way interaction between country and wave.
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rates for past year and past month cannabis use, but increases in daily
use among high school students (Johnston et al., 2020). Both Canada
and the US had substantially higher prevalence than youth in England,
where cannabis use prevalence appears to be stable, similar to other
studies that suggest only modest increases in England over the same
period (Johnson et al., 2015; Statistics Canada, 2019).

Similar patterns of cannabis use were observed between US states
that had and had not legalized recreational cannabis: although preva-
lence of use was somewhat higher in ‘legal’ states in 2017, by 2019
youth reported similar levels of cannabis use regardless of legal status,
although somewhat greater daily use in ‘illegal’ states. The current
findings are largely consistent with other studies on youth prevalence
which have found similar trends in cannabis use among youth across
‘legal’ and ‘illegal’ jurisdictions in the US (Smart and Pacula, 2019).

Beyond changes in overall prevalence, the findings indicate a shift in
the modes of cannabis use due to marked increases in vaping THC/
cannabis oils and concentrates, particularly in North America. Preva-
lence of vaping such products was highest in the US: more than half of
past 30-day cannabis consumers reported vaping cannabis in the past
month, consistent with other studies in which cannabis vaping more
than doubled between 2017 and 2019 among US high school students
(Miech et al., 2019; Nicksic et al., 2020). The increase in cannabis vape
oils mirrors trends in the prevalence of vaping nicotine products, which
have increased in all three countries, but to a greater extent in the US
(Hammond et al., 2020). The findings add to the evidence that the ap-
peal of vaping cuts across both nicotine and cannabis products (Centers
for Disease Control and Prevention, 2020), likely due to a combination
of factors including the convenience, appealing flavours, more positive
social norms, and aesthetic qualities of vaping compared to smoking
(Romijnders et al., 2018).

Previous research suggests that more heavily “processed” cannabis
products, such as oils and extracts, are more prevalent in legal juris-
dictions; however, in the current study, similar trends were observed in
states that had and had not legalized recreational cannabis (Fataar and
Hammond, 2019). Interestingly, vape oils and solid concentrates were
not legalized in Canada until December 2019, after the current data
were collected, in the second ‘phase’ of cannabis legalization. Future
studies should examine whether the trend towards vape oils and solid
concentrates in Canada accelerates following legalization in subsequent
years, and sociodemographic correlates of use to better understand the
types of youth consumers who select these products. Future research
should also consider potential sociodemographic differences in modes of
cannabis consumption among young people. Sex differences in product
use have previously been observed: dried flower and concentrates are
more common among males, whereas cannabis edibles are more com-
mon among females (Greaves and Hemsing, 2020).

The health implications of the shifting modes of cannabis con-
sumption remain unclear. Although vaping may decrease excess risk
from smoke inhalation, manufactured vape oils are largely responsible
for more than 60 deaths and 2700 cases of serious lung disease in the US,
primarily from contaminants (Centers for Disease Control and Preven-
tion, 2020). The findings underscore the need to accelerate research on
the contents and aerosol from vape oils, including from commonly-used
additives, such as flavours and terpenes. More generally, the increasing
use of the most potent cannabis products among young people raises
questions of how these products should be regulated in legal markets.
Novel regulatory practices are beginning to emerge in some legal ju-
risdictions; for example, the Canadian province of Quebec’s government
has prohibited edible products that appeal to youth—including the most
popular products such as cookies, brownies, and confectionary
products—as well as a limit of 30 % THC concentration on all cannabis
concentrates. Future research should examine the impact of these and
other policy measures on patterns of cannabis use among people,
including potential adverse outcomes.
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4.1. Limitations

The study sample was not recruited using probability-based sam-
pling and the findings may not be nationally representative. For
example, the increases observed in the current study are somewhat
greater than those of national benchmark surveys, possibly due to a
slightly older age range, the inclusion of youth who are not in school,
and typically lower socioeconomic status profile of online survey re-
spondents in commercial panels. In addition, the survey did not ask
about all forms of cannabis use, such as topicals (although these forms
remain relatively rare among young people (Goodman et al., 2020)), nor
did the study assess authorization for medical cannabis use. Although
there are no age limits in any of the three countries for medical cannabis
authorization, extremely few persons under 18 have received approval
for medical cannabis. Finally, the results presented in this study are not
generalizable to countries outside of the study.

5. Conclusions

Although smoking dried flower remains the most common mode of
cannabis use among youth, the prevalence of vape oils and solid con-
centrates is increasing. Shifts towards these modes of use were greatest
in Canada and the US, where cannabis policies are generally more liberal
than England; however, the trends were apparent across all three
countries, and to a similar extent in US states that had and had not
legalized recreational cannabis. While much attention has focused on
the increasing potency of dried flower, the shift towards the most potent
forms of cannabis use among young people warrants closer scrutiny,
particularly with respect to potential adverse health outcomes.

Role of Funding Source

This study was funded by the US National Institutes of Health, grant
number 1P01CA200512-01. Dr. Hammond is also supported by a Ca-
nadian Institutes of Health Research (CIHR)-Public Health Agency of
Canada (PHAC) Applied Public Health Research Chair. The funding
source did not play a role in this manuscript.

Contributors

DH conceptualized and designed the study, assisted with analyses,
drafted sections of the initial manuscript, and reviewed and revised the
manuscript. EW assisted with analyses, drafted sections of the initial
manuscript, and reviewed and revised the manuscript. JLR helped
design the data collection instruments, coordinated and supervised data
collection, assisted with analyses, drafted sections of the initial manu-
script, and reviewed and revised the manuscript. RB led the data anal-
ysis, drafted sections of the initial manuscript, and reviewed and revised
the manuscript. All authors approved the final manuscript as submitted
and agree to be accountable for all aspects of the work.

Declaration of Competing Interest
The authors report no declarations of interest.
Appendix A. Supplementary data
Supplementary material related to this article can be found, in the

online version, at doi:https://doi.org/10.1016/j.drugalcdep.2020.10
8505.

References

Borodovsky, J.T., Lee, D.C., Crosier, B.S., Gabrielli, J.L., Sargent, J.D., Budney, A.J.,
2017. US cannabis legalization and use of vaping and edible products among youth.
Drug Alcohol Depend. 177, 299-306. https://doi.org/10.1016/j.
drugalcdep.2017.02.017.


https://doi.org/10.1016/j.drugalcdep.2020.108505
https://doi.org/10.1016/j.drugalcdep.2020.108505
https://doi.org/10.1016/j.drugalcdep.2017.02.017
https://doi.org/10.1016/j.drugalcdep.2017.02.017

D. Hammond et al.

Caulkins, J.P., Bao, Y., Davenport, S., Fahli, I., Guo, Y., Kinnard, K., Najewicz, M.,
Renaud, L., Kilmer, B., 2018. Big data on a big new market: insights from
Washington State’s legal cannabis market. Int. J. Drug Policy 57, 86-94. https://doi.
org/10.1016/j.drugpo.2018.03.031.

Centers for Disease Control and Prevention, 2020. Outbreak of Lung Injury Associated
With the Use of E-Cigarette, or Vaping, Products. https://www.cdc.gov/tobacco/bas
ic_information/e-cigarettes/severe-lung-disease.html.

Dilley, J.A., Richardson, S.M., Kilmer, B., Pacula, R.L., Segawa, M.B., Cerdd, M., 2019.
Prevalence of cannabis use in youths after legalization in Washington state. JAMA
Pediatr. 173, 192-193. https://doi.org/10.1001/jamapediatrics.2018.4458.

Fataar, F., Hammond, D., 2019. The prevalence of vaping and smoking as modes of
delivery for nicotine and cannabis among youth in Canada, England and the United
States. Int. J. Environ. Res. Public Health 16, 4111. https://doi.org/10.3390/
ijerph16214111.

Fischer, B., Russell, C., Sabioni, P., van den Brink, W., Le Foll, B., Hall, W., Rehm, J.,
Room, R., 2017. Lower-risk Cannabis use guidelines: a comprehensive update of
evidence and recommendations. Am. J. Pub. Health 107, el-el2. https://doi.org/
10.2105/AJPH.2017.303818.

Freeman, T.P., Hindocha, C., Green, S.F., Bloomfield, M.A.P., 2019. Medicinal use of
cannabis based products and cannabinoids. BMJ. 365, 11141. https://doi.org/
10.1136/bmj.11141 doi: 10.1136/bm;j.11141.

Goodman, S., Wadsworth, E., Leos-Toro, C., Hammond, D., 2020. Prevalence and forms
of cannabis use in legal vs. Illegal recreational cannabis markets. Int. J. Drug Policy
67, 102658. https://doi.org/10.1016/j.drugpo.2019.102658.

Government of Canada, 2017. Canadian Tobacco, Alcohol and Drugs Survey (CTADS):
Summary of Results for 2017. Government of Canada. Accessed on December 5,
2019. https://www.canada.ca/en/health-canada/services/canadian-tobacco-alcoho
I-drugs-survey/2017-summary.html.

Government of Canada, 2019. Detailed Tables for the Canadian Student Tobacco,
Alcohol and Drugs Survey 2018-2019. Government of Canada. https://www.canada.
ca/en/health-canada/services/canadian-student-tobacco-alcohol-drugs-survey/2
018-2019-detailed-tables.html.

Greaves, L., Hemsing, N., 2020. Sex and gender interactions on the use and impact of
recreational cannabis. Int. J. Env. Res. Pub. He. 17, 509. https://doi.org/10.3390/
ijerph17020509.

Hammond, D., Rynard, V., Reid, J.L., 2020. Changes in prevalence of vaping among
youth in the United States, Canada, and England, 2017 to 2019. JAMA Pediatr.
https://doi.org/10.1001/jamapediatrics.2020.0901.

Health Canada, 2020. Canadian Cannabis Survey — 2019 Summary. Government of
Canada. Accessed on May 1, 2020. https://www.canada.ca/en/health-canada/ser
vices/publications/drugs-health-products/canadian-cannabis-survey-2019-summar
y.html.

Hindocha, C., Freeman, T.P., Ferris, J.A., Lynskey, M.T., Winstock, A.R., 2016. No smoke
without tobacco: a global overview of cannabis and tobacco routes of administration
and their association with intention to quit. Front. Psychiatr 7, 104. https://doi.org/
10.3389/1fpsyt.2016.00104.

Home Office, 2019. Drugs Misuse: Findings From the 2018/19 Crime Survey for England
and Wales. Statistical Bulletin: 21/19. Home Office. https://assets.publishing.service
.gov.uk/government/uploads/system/uploads/attachment_data/file/832533/dru
g-misuse-2019-hosb2119.pdf.

Johnson, R.M., Fairman, B., Gilreath, T., Xuan, Z., Rothman, E.F., Parnham, T., Furr-
Holden, C.D.M., 2015. Past 15-year trends in adolescent marijuana use: differences
by race/ethnicity and sex. Drug Alcohol Depend. 155, 8-15. https://doi.org/
10.1016/j.drugalcdep.2015.08.025.

Johnston, L.D., Miech, R.A., O’Malley, P.M., Bachman, J.G., Schulenberg, J.E.,

Patrick, M.E., 2020. Monitoring the Future National Survey Results on Drug Use

Drug and Alcohol Dependence 219 (2021) 108505

1975-2019: Overview, Key Findings on Adolescent Drug Use. Institute for Social
Research, University of Michigan, Ann Arbor. http://monitoringthefuture.or
g//pubs/monographs/mtf-overview2019.pdf.

Jones, C.B., Hill, M.L., Pardini, D.A., Meier, M.H., 2016. Prevalence and correlates of
vaping cannabis in a sample of young adults. Psychol. Addict. Behav. 30, 915-921.
https://doi.org/10.1037/adb0000217.

Knapp, A.A., Lee, D.C., Borodovsky, J.T., Auty, S.G., Gabrielli, J., Budney, A.J., 2019.
Emerging trends in cannabis administration among adolescent cannabis users.

J. Adolescent Health. 64, 487-493. https://doi.org/10.1016/j.
jadohealth.2018.07.012.

Melchior, M., Nakamura, A., Bolze, C., et al., 2019. Does liberalisation of cannabis policy
influence levels of use in adolescents and young adults? A systematic review and
meta-analysis. BMJ Open 9, e025880. https://doi.org/10.1136/bmjopen-2018-
025880.

Miech, R.A., Patrick, M.E., O’Malley, P.M., Johnston, L.D., Bachman, J.G., 2019. Trends
in reported marijuana vaping among US adolescents, 2017-2019. JAMA 323,
475-476. https://doi.org/10.1001/jama.2019.20185.

Nicksic, N.E., Do, E.K., Barnes, A.J., 2020. Cannabis legalization, tobacco prevention
policies, and Cannabis use in E-cigarettes among youth. Drug Alcohol Depend. 206,
107730 https://doi.org/10.1016/j.drugalcdep.2019.107730.

Romijnders, K.A.G.J., van Osch, L., de Vries, H., Talhout, R., 2018. Perceptions and
reasons regarding e-cigarette use among users and non-users: a narrative literature
review. Int. J. Environ. Res. Public Health 15, 1190. https://doi.org/10.3390/
ijerph15061190.

Rotermann, M., 2019. Analysis of Trends in the Prevalence of Cannabis Use and Related
Metrics in Canada. Statistics Canada, pp. 3-13. https://doi.org/10.25318/82-003-
x201900600001-eng. Catalogue no. 82-003-X. Health Rep.30.

Smart, R., Pacula, R.L., 2019. Early evidence of the impact of cannabis legalization on
cannabis use, cannabis use disorder, and the use of other substance: findings from
state policy evaluations. Am. J. Drug Alcohol Ab. 45, 644-663. https://doi.org/
10.1080/00952990.2019.1669626.

Statistics Canada, 2019. The Daily — National Cannabis survey First Quarter 2019:
Table 1 Number and Percentage of People Reporting Cannabis Use in the Past Three
Months by Quarter, Gender, Age Group and Province, Household Population Ages 15
Years or Older, Canada, First Quarter 2018 and First Quarter 2019. Statistics Canada;
2019. https://www150.statcan.gec.ca/nl/daily-quotidien/190502/t001a-eng.htm.

Stevens, A., 2019. Is policy’ liberalization’ associated with higher odds of adolescent
cannabis use? A re-analysis of data from 38 countries. Int. J. Drug Policy 66, 94-99.
https://doi.org/10.1016/j.drugpo.2019.01.013.

Substance Abuse and Mental Health Services Administration [SAMHSA], 2018. National
Survey of Drug Use and Health (NSDUH) Releases. SAMHSA, 2019. https://www.
samhsa.gov/data/release/2018-national-survey-drug-use-and-health-nsduh-release
s. Accessed on December 5, 2019.

United Nations Office of Drugs and Crime, 2019. World Drug Report 2019. Cannabis and
Hallucinogens. United Nations Publications. Sales No. E.19.XI.8. https://wdr.unodc.
org/wdr2019/prelaunch/WDR19_Booklet 5 CANNABIS_ HALLUCINOGENS.pdf.
Accessed on December 5, 2019.

Wang, G.S., Le Lait, M.C., Deakyne, S.J., Bronstein, A.C., Bajaj, L., Roosevelt, G., 2016.
Unintentional pediatric exposures of marijuana in Colorado, 2009-2015. JAMA
Pediatr. 170, e160971 https://doi.org/10.1001/jamapediatrics.2016.0971.

Zuckermann, A.M.E., Battista, K., de Groh, M., Jiang, Y., Leatherdale, S.T., 2019.
Prelegalisation patterns and trends of cannabis use among Canadian youth: results
from the COMPASS prospective cohort study. BMJ Open 9, e026515. https://doi.
org/10.1136/bmjopen-2018-026515.


https://doi.org/10.1016/j.drugpo.2018.03.031
https://doi.org/10.1016/j.drugpo.2018.03.031
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/severe-lung-disease.html
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/severe-lung-disease.html
https://doi.org/10.1001/jamapediatrics.2018.4458
https://doi.org/10.3390/ijerph16214111
https://doi.org/10.3390/ijerph16214111
https://doi.org/10.2105/AJPH.2017.303818
https://doi.org/10.2105/AJPH.2017.303818
https://doi.org/10.1136/bmj.l1141
https://doi.org/10.1136/bmj.l1141
https://doi.org/10.1016/j.drugpo.2019.102658
https://www.canada.ca/en/health-canada/services/canadian-tobacco-alcohol-drugs-survey/2017-summary.html
https://www.canada.ca/en/health-canada/services/canadian-tobacco-alcohol-drugs-survey/2017-summary.html
https://www.canada.ca/en/health-canada/services/canadian-student-tobacco-alcohol-drugs-survey/2018-2019-detailed-tables.html
https://www.canada.ca/en/health-canada/services/canadian-student-tobacco-alcohol-drugs-survey/2018-2019-detailed-tables.html
https://www.canada.ca/en/health-canada/services/canadian-student-tobacco-alcohol-drugs-survey/2018-2019-detailed-tables.html
https://doi.org/10.3390/ijerph17020509
https://doi.org/10.3390/ijerph17020509
https://doi.org/10.1001/jamapediatrics.2020.0901
https://www.canada.ca/en/health-canada/services/publications/drugs-health-products/canadian-cannabis-survey-2019-summary.html
https://www.canada.ca/en/health-canada/services/publications/drugs-health-products/canadian-cannabis-survey-2019-summary.html
https://www.canada.ca/en/health-canada/services/publications/drugs-health-products/canadian-cannabis-survey-2019-summary.html
https://doi.org/10.3389/fpsyt.2016.00104
https://doi.org/10.3389/fpsyt.2016.00104
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/832533/drug-misuse-2019-hosb2119.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/832533/drug-misuse-2019-hosb2119.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/832533/drug-misuse-2019-hosb2119.pdf
https://doi.org/10.1016/j.drugalcdep.2015.08.025
https://doi.org/10.1016/j.drugalcdep.2015.08.025
http://monitoringthefuture.org//pubs/monographs/mtf-overview2019.pdf
http://monitoringthefuture.org//pubs/monographs/mtf-overview2019.pdf
https://doi.org/10.1037/adb0000217
https://doi.org/10.1016/j.jadohealth.2018.07.012
https://doi.org/10.1016/j.jadohealth.2018.07.012
https://doi.org/10.1136/bmjopen-2018-025880
https://doi.org/10.1136/bmjopen-2018-025880
https://doi.org/10.1001/jama.2019.20185
https://doi.org/10.1016/j.drugalcdep.2019.107730
https://doi.org/10.3390/ijerph15061190
https://doi.org/10.3390/ijerph15061190
https://doi.org/10.25318/82-003-x201900600001-eng
https://doi.org/10.25318/82-003-x201900600001-eng
https://doi.org/10.1080/00952990.2019.1669626
https://doi.org/10.1080/00952990.2019.1669626
https://www150.statcan.gc.ca/n1/daily-quotidien/190502/t001a-eng.htm
https://doi.org/10.1016/j.drugpo.2019.01.013
https://www.samhsa.gov/data/release/2018-national-survey-drug-use-and-health-nsduh-releases
https://www.samhsa.gov/data/release/2018-national-survey-drug-use-and-health-nsduh-releases
https://www.samhsa.gov/data/release/2018-national-survey-drug-use-and-health-nsduh-releases
https://wdr.unodc.org/wdr2019/prelaunch/WDR19_Booklet_5_CANNABIS_HALLUCINOGENS.pdf
https://wdr.unodc.org/wdr2019/prelaunch/WDR19_Booklet_5_CANNABIS_HALLUCINOGENS.pdf
https://doi.org/10.1001/jamapediatrics.2016.0971
https://doi.org/10.1136/bmjopen-2018-026515
https://doi.org/10.1136/bmjopen-2018-026515

	Prevalence and modes of cannabis use among youth in Canada, England, and the US, 2017 to 2019
	1 Introduction
	2 Methods
	2.1 Data source
	2.2 Measures
	2.2.1 Cannabis prevalence
	2.2.2 Cannabis modes
	2.2.3 Socio-demographic measures

	2.3 Analysis

	3 Results
	3.1 Sample
	3.2 Prevalence of cannabis use
	3.3 Modes of cannabis use

	4 Discussion
	4.1 Limitations

	5 Conclusions
	Role of Funding Source
	Contributors
	Declaration of Competing Interest
	Appendix A Supplementary data
	References


