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Abstract

Background—Cannabis use is more common among hicotine users than non-users. This study
characterized concurrent use of nicotine and cannabis (*“co-use”) among 12,064 youth aged 16-19
residing in Canada, the United States, and England in 2017.

Methods—Data were from the ITC Youth Tobacco & Vaping Survey (Wave 1). Seven modes

of cannabis delivery (MOD) were characterized by country of residence and past 30-day use of
combusted tobacco and electronic cigarettes. Weighted multivariable regression models were fitted
to assess correlates of co-use and each cannabis MOD.

Results—Seventy-percent of cannabis users reported nicotine use. Co-users exhibited behavioral
and demographic differences compared to exclusive users of either substance. “Smoking cannabis
without tobacco” was the most popular form of use (78%). Use of nicotine-containing e-cigarettes
was associated with “using an e-cigarette to vape cannabis oil/liquid” (aOR:4.96, 95%Cl: 2.23—
11.06). Combustible tobacco use was associated with “smoking cannabis with tobacco in a joint/
blunt” (aOR:2.93, 95%CI: 1.89-4.56). Country-level differences were detected.

Conclusions—Nicotine use is substantial among cannabis users, and associations exist between
modes of delivery for both drugs. Results underscore the importance of studying cannabis

and nicotine use concurrently, and the need to address use of both substances in developing
interventions for youth users.
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Introduction

Use of cannabis and nicotine among youth presents a substantial global public health

burden, with an estimated 13.8 million youth aged 15-16 years reporting past-year use of
cannabis in 2016, and approximately 25 million youth reporting current use of cigarettes

or smokeless tobacco.! Youth commonly experiment with these substances, which may
present elevated health harms related to brain development and risks of developing substance
use disorders.2:3 In many high-income countries, rates of youth cigarette smoking are
declining, while youth trial and use of electronic cigarettes (“e-cigarettes”) and electronic
vapor products is increasing.*-8 In tandem, changes in cannabis policies have contributed to
considerable expansion of the cannabis market in recent years, with a greater diversity of
products and modes of delivery in both ‘illegal’ and ‘legal’ markets.”

Use of cannabis and nicotine are often studied in isolation with respect to the other
substance. However, concurrent use (“co-use”) of cannabis and nicotine is common, with
estimates showing 5.4% of youth reporting co-use in the United States, compared with
2.2% reporting exclusive cannabis use, and 3.9% reporting exclusive nicotine use.8 Prior
research suggests there are a number of problems related to co-use, including heavier
nicotine and cannabis use, greater dependence on both substances, difficulty in quitting
cannabis use, linkage to problematic use of alcohol and other illicit drugs, increased
likelihood of experiencing psychotic symptoms later in life, and elevated exposure risks for
smoke-related toxicants.®-13 Commonalities in the primary route of administration for both
substances (i.e., inhalation) have been posited as reinforcing mechanisms of co-use, which
may serve to further compound related health harms.14 The significant overlap between

the modes of delivery used to administer cannabis and nicotine may also contribute to
emerging co-use patterns. Many tobacco products can be used for cannabis administration
(i.e., flavored rolling papers, blunts),12:16 and vaporized modes of delivery are available for
both substances.17:18

Cross-national differences in cannabis and nicotine modes of delivery exist, yet often remain
unexamined through the lens of co-use. Smoking remains the predominant form of cannabis
delivery, but specific practices related to cannabis smoking are regionally and culturally
determined.1® For example, mixing cannabis and tobacco in “spliffs”/”mulled cigarettes”
(i.e., joints that mix tobacco with cannabis) or “blunts” (i.e., cigars that have been hollowed
out and filled with cannabis) are common co-administration practices, with spliff use being
far more common in Western European countries, and blunt use occurring more frequently
in North American countries.19-21 Further, countries with different regulatory treatment

of e-cigarettes and vaping products display differences in public perceptions of these
products, and their subsequent adoption and use.22 For example, in England, authorities
place substantial restrictions on e-cigarette advertising, promotion, and allowable nicotine
content in the products, which have been largely normalized for the purpose of tobacco
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smoking cessation.23 A recent cross-national study showed that past 30-day nicotine vaping
was less common among youth in England compared to youth in the United States and
Canada.?* It is possible that cultural contexts specific to nicotine products could influence
cannabis use behaviors, and vice versa.

Characterizations of co-use in light of diversifying modes of delivery remain sparse,25:26
and have not been examined in a cross-national context. The primary objective of this study
was to characterize cannabis and nicotine co-use patterns among youth aged 16-19 years in
three countries, based on their past-30 day use of different modes of cannabis and nicotine
delivery. Secondary objectives aimed to assess correlates of co-use, and specific cannabis
modes of delivery.

Methods

Data source

Data are from Wave 1 of the International Tobacco Control Policy Evaluation Youth
Tobacco and Vaping Survey, conducted in July/August 2017 among 12,064 youth aged
16-19 years, in Canada (CA; n=4,008), England (EN; n= 3,970), and the United

States (US; n=4,086). Participants were recruited through Nielsen’s Consumer Insights
Global Panel and affiliated partners using a blend of probability and non-probability-

based sampling strategies. After eligibility screening, and obtaining parental consent and
youth assent (where applicable), participants completed a 15-minute survey consisting of
sociodemographic measures, questions on e-cigarette and tobacco use, and questions on
other health behaviors, including cannabis use. Participants were compensated according

to their panel’s standard incentive structure (e.g., points or cash remuneration, inclusion

in prize raffles.) Additional data on recruitment and data collection methods are available
elsewhere.27:28 Institutional review boards at the University of Waterloo and King’s College
London provided ethics approval for the project, which was sufficient to allow the study

to be undertaken at all sites. At the time of data collection, non-medical use of cannabis
was prohibited by all three nations at the Federal/national level. Participants’ identifying
information (i.e., names, addresses, and/or telephone numbers) were unavailable to the
research team. Data ascertained during the survey was kept anonymous and used exclusively
in aggregate form during analyses.2?

Measures

Cannabis use & modes of delivery—Cannabis use was assessed using the following
question: “When was the last time you used marijuana/cannabis?” (response options: “I have
never used cannabis”; “Earlier today”; “Not today but sometime in the past week”; “Not in
the past week but sometime in the past month”; “Not in the past month but sometime in the
past 6 months”; “Not in the past 6 months but sometime in the past year”; “1 to 4 years
ago”; “5 or more years ago™). Participants who responded “earlier today”; “not today but
sometime in the past week™; or “not in the past week but sometime in the past month” were
classified as past 30-day cannabis users. Past 30-day cannabis users were asked to report on
their use of seven different modes of delivery: “In the last 30 days, did you...”: (a) “smoke
cannabis without tobacco”; (b) “smoke cannabis with tobacco in a joint or blunt”; (c) “use
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a waterpipe or bong to smoke cannabis”; (d) “use a vaporizer to heat dried cannabis leaves
or herb”; (€) “use an e-cigarette to vape cannabis oil or liquid”; () “eat or drink cannabis
in a food or beverage”; (g) “use cannabis extracts, including oil, wax or shatter” (response
options for each: Yes, No).

Nicotine use & modes of delivery—All respondents answered the following questions:
“Have you ever tried a cigarette, even one or two puffs?”; “Have you ever tried an
e-cigarette, even one or two puffs?”. Participants who responded “Yes” were successively
asked: “When was the last time you used a... [cigarette/ e-cigarette]?”. Youth selected from
the following answers: (a) “Earlier today”; (b) “Not today but sometime in the past 7 days”;
(c) “Not in the past 7 days but sometime in the past 30 days”; (d) “Not in the past 30 days
but sometime in the past 6 months”; (e) “Not in the past 6 months but sometime in the

past year”; (f) “1 to 4 years ago”; and (g) “5 or more years ago”. Additionally, participants
responded to a yes/no checklist pertaining to past 30-day use of other tobacco products (“In
the past 30 days, have you used any of the following?”: (a) little cigars or cigarillos; (b)
cigars; (c) bidis; (d) smokeless tobacco; (€) nicotine patches/ gum/ lozenges; (f) waterpipe to
smoke shisha).

Mutually exclusive categories were developed in accordance with combustible tobacco

and nicotine e-cigarette use: (a) respondents who reported no past 30-day use of nicotine
products were defined as non-nicotine users; (b) participants reporting past 30-day use of

a single combustible product (cigarette, little cigar/cigarillo, cigar, bidis, waterpipe/shisha)
and no past 30-day e-cigarette were designated as exclusive single-combustible nicotine
users; (c) past 30-day e-cigarette users who were not past 30-day combustible tobacco users
were designated as exclusive nicotine e-cigarette users; (d) simultaneous past 30-day use

of multiple nicotine products (combusted tobacco and/or e-cigarettes) were designated as
dual/poly-nicotine users.

Other covariates—Socio-demographic measures assessed at baseline included sex, age,
race-ethnicity (White vs. Non-white), and country of residence (CA, US, EN). Household
income was approximated by assessing the number of computers in a participant’s
home.30:31 Additional psychosocial control variables included past month measures of
depression and anxiety (range: 0 “not at all” to 9 “severe”), alcohol use (never vs. ever),
and harm perceptions regarding smoked cannabis use (“How much do you think people
harm themselves when they smoke marijuana/cannabis?”: (a) “No harm”; (b) “Little harm”;
(c) “Some harm”; (d) “A lot of harm”).

Statistical Analysis—Analyses were approached using available-case methods and

were conducted using PROCSURVEY commands in SAS v.9.4. All analyses were
weighted. Survey weights were constructed using a raking algorithm (details available at:
http://davidhammond.ca/projects/tobacco-control/itc-youth-tobacco-ecig/). Univariate and
bivariate analyses were conducted to assess the distributions and initial associations between
variables of interest. Differences across sample subgroups were initially assessed with Rao-
Scott Xz tests of independence (categorical variables) and one-way analysis of variance
(continuous variables). Multivariable logistic regression models were employed to examine
correlates of exclusive nicotine or cannabis use versus co-use, and correlates of reporting
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use of each cannabis mode of delivery within the past 30 days. Exploratory analyses were
conducted to test whether country of residence moderated associations between nicotine
modes of delivery and cannabis modes of delivery among past 30-day users; cross-product
interaction terms were included in secondary models examining cannabis mode of delivery
outcomes. Statistical significance was determined based on p-values < 0.05.

Prevalence of cannabis and nicotine use

Demographic characteristics and prevalence of past 30-day cannabis use among Wave 1

ITC Tobacco and Youth Vaping Survey respondents have been reported elsewhere 27:28
Respondents from each country primarily identified as white (US: 79.2%; CA: 63.9%; EN:
79.0%), had a mean age of 17.5 years, and were slightly more often male than female (US:
53.3%; CA: 51.6%; EN: 55.3%). Prevalence of past 30-day cannabis use was highest in the
US (14.4%), followed by CA (12.7%) and EN (10.3%). Among past 30-day cannabis users,
82.4% reported still being enrolled in school, versus 90.6% of the overall sample. Estimates
of nicotine and cannabis co-use are presented in Table 1. Overall, 74.5% of respondents
reported no use of nicotine or cannabis products, 13.1% reported only nicotine use, 3.8%
reported only cannabis use, and 8.7% reported co-use of nicotine and cannabis. These
proportions differed according to country of residence (XZ p < 0.001); the prevalence of
nicotine and cannabis co-use was 8.8% in CA, 9.7% in the US, and 7.6% in EN. Among past
30-day nicotine users, 39.9% reported past 30-day cannabis use (CA: 49.8%; US: 41.6%;
EN: 31.0% [X2 p < 0.001]), while 69.7% of past 30-day cannabis users reported past 30-day
nicotine use (CA: 69.1%; US: 67.3%; EN: 73.8% [x2 p < 0.001]).

Correlates of co-use

Multivariable adjusted odds of engaging in past 30-day co-use of nicotine and cannabis can
be viewed in Table 2. Among all past 30-day nicotine product users, co-use was positively
associated with ever use of alcohol, use of multiple nicotine products, and with residing in
CA. Additionally, co-use was associated with lower harm perceptions of smoked cannabis,
and was about half as likely to occur among exclusive nicotine e-cigarette users versus
exclusive users of a single combusted tobacco product. Among all past 30-day cannabis
users, co-users had greater odds of identifying as White, residing in EN, and reporting
symptoms of depression; past 30-day co-users had lower odds of residing in a home with
multiple computers present.

Modes of cannabis delivery

Among all past 30-day cannabis users, “smoking cannabis without tobacco” was the
dominant mode of delivery (77.6%), followed by “using a waterpipe or bong to smoke
cannabis” (51.7%), “smoking cannabis with tobacco in a joint or blunt” (49.8%), “eating

or drinking cannabis in a food or beverage” (26.7%), “using cannabis extracts, including
oil, wax, or shatter” (20.7%), “using an e-cigarette to vape cannabis oil or liquid” (17.1%),
and “using a vaporizer to heat dried cannabis leaves or herb” (16.6%). Nearly three-quarters
(73%) of past 30-day cannabis users reported using more than one cannabis mode of
delivery within the past month (Mean = 2.7, SE = 0.07). Among youth reporting multiple
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modes of cannabis use, the top three cannabis use combinations were: (a) “smoking
cannabis without tobacco” + “using a waterpipe or bong to smoke cannabis” (44.1%); (b)
“smoking cannabis without tobacco” + “smoking cannabis with tobacco in a joint or blunt”
(32.3%); and (c) “smoking cannabis with tobacco in a joint or blunt” + “using a waterpipe or
bong to smoke cannabis” (27.3%).

Differences in the prevalence of each cannabis MOD according to (a) country of residence
and (b) past 30-day nicotine use are further detailed in Figure 1. “Smoking cannabis without
tobacco” was most prevalent among youth cannabis users in CA and the US (x2 p < 0.001),
while youth cannabis users residing in EN more frequently reported “smoking cannabis
with tobacco” (XZ p < 0.001). “Smoking cannabis with tobacco” was most prevalent among
exclusive single-combustible nicotine users and dual/poly-tobacco users, while “using an
e-cigarette to vape cannabis oil or liquid” was most frequently reported by past 30-day
exclusive e-cigarette users and by dual/poly-tobacco users (XZ p < 0.001).

Correlates of modes of cannabis delivery

Findings from multivariable logistic regression models suggested differences in the
associations between select cannabis modes of delivery and country of residence, and by
past 30-day nicotine use (Table 3). Compared to youth in the US, youth in CA and EN had
lower odds of reporting “smoking cannabis without tobacco”, and “using an e-cigarette to
vape cannabis oil or liquid”. Youth in EN also exhibited reduced odds of “using a waterpipe
or bong to smoke cannabis”, “using a vaporizer to heat dried cannabis leaves or herb”, and
“using cannabis extracts, including oil, wax, or shatter”. Conversely, EN youth had 10.6

fold greater odds, and youth in CA had 1.7 fold greater odds of “smoking cannabis with
tobacco in a joint or blunt” compared to US youth. Odds of “smoking cannabis with tobacco
in a joint or blunt” and “using a waterpipe or bong to smoke cannabis” were significantly
higher among past 30-day exclusive single combustible nicotine users and dual/poly-nicotine
users relative to non-nicotine users. Past 30-day exclusive nicotine e-cigarette users had
approximately five-fold greater odds of “using an e-cigarette to vape cannabis oil or liquid”;
a similar association was observed among dual/poly-nicotine users. Dual/poly-nicotine users
also exhibited greater odds of “using a vaporizer to heat dried cannabis leaves or herb”,
“eating or drinking cannabis in a food or beverage”, and “using cannabis extracts including
oil, wax, or shatter” compared to past 30-day cannabis users that did not use any nicotine
products. Results from models including cross-product terms for country of residence and
past 30-day nicotine use revealed no statistically significant results.

Discussion

Our results indicate that a majority of youth cannabis users also co-use nicotine, and co-
users of both substances differ from exclusive users on important risk-related variables, such
as use of alcohol and multiple nicotine-containing products. Modes of cannabis delivery
used by youth were diverse, though smoked forms of cannabis were the most common.
Co-users’ affinity for certain modes of delivery differed according to country of residence
and their nicotine use, and associations were detected between smoked and vaped forms of
cannabis and nicotine delivery. These findings emphasize the need to consider concurrent
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cannabis and nicotine use in developing interventions for youth, particularly youth at greater
risk for substance-use related harms.

Findings imply youth who report use of cannabis are very likely to use nicotine in some
form, which is linked to other risky health-related behaviors among co-using youth. As
depicted in Table 1, almost three-quarters of past 30-day youth cannabis users reported past
30-day use of nicotine, and about 40% of nicotine users reported past 30-day cannabis use.
This is important to consider in light of recent information from other studies stating that
youth cannabis use exceeds use of nicotine.32 While all youth use of nicotine and cannabis
is illegal, this asymmetrical distribution of co-use may be indicative of a subset of nicotine
users who are more willing to engage in illicit behaviors. This is in line with our finding that
co-using youth exhibited several additional markers of risky behavior, including alcohol use
and poly- nicotine use, lower socioeconomic status, and reporting symptoms of depression.
As cannabis use becomes increasingly permitted in these nations, high rates of co-use
should be considered in developing salient prevention and harm reduction interventions for
youth substance use. This consideration may prove to be beneficial in targeting youth who
engage in higher-risk health behaviors, and are more challenging to reach through traditional
youth-prevention approaches.33

Our findings displayed in Figure 1 also point toward substantial variability in the ways
youth use cannabis within different countries, which was associated with certain forms of
nicotine use. This indicates that the regulatory and cultural contexts under which these
behaviors take place are important to consider when addressing prevention needs related

to youth nicotine use, and vice versa. For example, youth in England were more likely to
“smoke cannabis with tobacco” and were less likely to report using other MODs than youth
in other nations; while youth in North America exhibited more variability in their chosen
cannabis MODs. Mulling (i.e., adding tobacco to cannabis smoked as joints) is a traditional
cannabis consumption practice among adults in Western Europe, even among those who do
not identify as tobacco users; this use practice appears to translate to youth.1%-21 Conversely,
youth in the U.S. and Canada reside in countries with some of the highest cannabis use
rates in the world, which correlate with liberalized cannabis policies.3* Liberalization of
cannabis is linked to greater use of non-smoked modes of use.3> Additionally, vaping
cannabis oil in an e-cigarette was more commonly reported among U.S. youth compared
with youth in England and Canada. This is important to consider in light of recent reports
by the U.S. Surgeon General and others noting increases in past 30-day vaping among

U.S. high school students,*3% as well as recent outbreaks of acute vaping-related respiratory
ilinesses occurring in this population.37:38 In combination with existing information on
cross-national differences in youth use of nicotine in e-cigarettes,24 our findings suggest
there is a factor unique to the U.S. sociocultural environment that could be underlying youth
vaping behaviors relative to other countries. While we did not detect statistically significant
interactions examining respondent nicotine e-cigarette use by country of residence, small
samples sizes resulting from these stratifications may have contributed to a lack of statistical
power to detect such effects. Cross-national differences in co-use practices should continue
to be monitored in order to provide accurate and effective information that can target
problematic co-use behaviors among youth.
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The results from this study also point to the need for concurrent study of youth use of
nicotine and cannabis, which can ensure accurate measurement related to individual and
concurrent use of these substances moving forward. We found that 34% of cannabis users
reported smoking cannabis with tobacco, but did not self-report current tobacco or nicotine
use. The phenomenon of misclassification in tobacco use based on mulling practices (i.e.,
mulled cigarette users often identify as “non-smokers”) has been found in other studies, and
should be monitored in the context of youth substance use.2! Along these same lines, many
common measures of youth vaping behavior do not differentiate between vaping nicotine
or vaping cannabis, which may introduce error into estimates of youth “vaping”.3940 While
many national surveys are beginning to address this issue,*17:32 researchers working within
these domains should be aware of the need to specify the substances being smoked and/or
vaped by youth, and be aware of common co-use practices that could result in misclassified
estimates to obtain accurate estimates in their own assessments.

This study benefits from a large sample size spanning three countries with different policies
and norms related to cannabis and nicotine use. While the sample was not obtained using

a strict probability-based sampling method, the findings are consistent with those from
similar studies,8-1841 which lend credibility to both the results and the data collection
approach. Limitations of the present work include the cross-sectional design and potential
underreporting of cannabis use by youth, due to its illicit status.#2 Further, an absence of
measurements for nicotine product and cannabis use quantity and frequency specific to
each mode of delivery, and other product-level measures (i.e., use of flavored cannabis

oils, method of concentrate use, cannabis product potency) may further influence specific
patterns of co-use, which should be explored in future studies. For instance, examinations
of daily/near daily use, versus past 30-day use can provide useful information on co-use
patterns that pose more or less risk to youth users, especially considering the links

between daily/near-daily nicotine and cannabis use, and risks of dependence.? Additionally,
frequency of use will also vary across modes of cannabis that contain different cannabis
product formulations (i.e., cannabis flower, oils, concentrates), which have a wide range of
potencies that can lead to increased risk of cannabis dependence.? Despite these limitations,
the findings provide important contributions to understanding youth who use both nicotine
products and cannabis, and international differences in co-use.

Conclusions

This study demonstrates that youth use cannabis through a diverse range of modes of
delivery, which are most commonly delivered through smoking. Further, the majority of
youth cannabis users also co-use nicotine products, and associations between modes of
delivery for administering cannabis and nicotine exist. Given the existing literature on the
health effects stemming from co-use, %13 studies are needed to bi-directionally examine
initiation into co-use, evaluate potential co-use behavioral reinforcement as it pertains to
vaping and e-cigarette use, and the impact of these issues on use escalation, heaviness of
nicotine product use, and cessation among youth users. Results underscore the importance
of studying cannabis and nicotine use concurrently, and the need to address use of both
substances in developing interventions for youth users.
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A Prevalence by country of residence (n=1,310)
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Figure 1:
Modes of cannabis delivery (MOD) used by past 30-day youth cannabis users aged 16-19,

according to (A) country of residence, and (B) past 30-day nicotine use.

Error bars note 95% confidence intervals for estimates. A-values denote statistically
significant associations between endorsed cannabis mode of delivery and (A) country of
residence, or (B) past 30-day tobacco use status (Rao-Scott x 2 test, p<0.05). Percentages
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indicate endorsement of cannabis MOD within each group, users were allowed to endorse
multiple modes of delivery. Therefore, percentages may add up to more than 100%.
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Table 2.

Correlates of exclusive versus concurrent past 30-day nicotine and cannabis use among youth aged 16-19
residing in the United States, Canada, and England

Odds of concurrent use vs. exclusive nicotine Odds of concurrent use vs. exclusive

use n=1,928

cannabis use n=1,080

*

aOR (95% CI)

aOR (95% cNyf

Age 1.10 (0.96-1.27) 1.04 (0.89-1.23)
Sex
Female 1.00 (ref) 1.00 (ref)
Male 0.90 (0.68-1.19) 1.34 (0.97-1.86)

Race-ethnicity
Non-white
White

Country of residence
USA
Canada
England

No. of computers

1.00 (ref)
0.81 (0.59-1.11)

1.00 (ref)
1.68 (1.16-2.44)
0.84 (0.60-1.17)
0.99 (0.90-1.09)

1.00 (ref)
1.49 (1.07-2.09)

1.00 (ref)
1.01 (0.70-1.46)
1.68 (1.12-2.51)
0.86 (0.78-0.95)

Depression 1.03 (0.95-1.11) 1.10 (1.01-1.19)
Anxiety 1.04 (0.96-1.12) 0.99 (0.91-1.08)
Alcohol use
Never 1.00 (ref) 1.00 (ref)
Ever 2.71 (1.73-4.26) 1.42 (0.81-2.48)
Harm perception of smoked cannabis 0.52 (0.45-0.60) 0.84 (0.70-1.02)
Past 30-day nicotine use
Exclusive single-combustible use 1.00 (ref)
Exclusive nicotine e-cigarette use 0.55 (0.37-0.83)
Dual/poly nicotine use 1.89 (1.38-2.58)

Bold values denote statistically significant findings (p<0.05).

*
Adjusted for age, sex, race-ethnicity, country of residence, number of computers, depression, anxiety, alcohol use, harm perceptions of smoked
cannabis, & past 30-day nicotine use.

fAdjusted for age, sex, race-ethnicity, country of residence, number of computers, depression, anxiety, alcohol use, & harm perceptions of smoked
cannabis.

Age, no. of computers, depression, anxiety and harm perceptions of smoked cannabis were modeled as continuous variables.
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