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Abstract 

Background E‑cigarette use represents a contemporary mode of nicotine product use that may be changing the risk 
profile of participating adolescents. Understanding differences in sociodemographic characteristics of adolescents 
engaging in contemporary e‑cigarette use and traditional cigarette use is important for effectively developing 
and targeting public health intervention programs. The objective of this study was to identify and compare sociode‑
mographic risk profiles for exclusive e‑cigarette use and dual‑product use among a large sample of Canadian youth.

Methods A survey of 46,666 secondary school students in the 2021‑22 wave of the COMPASS study measured fre‑
quency of past month e‑cigarette and cigarette use as well as age, sex, gender, racial or ethnic background, spending 
money, relative family affluence, and having one’s own bedroom. Rates of cigarette‑only, e‑cigarette‑only, and dual 
product use were calculated, and separate classification trees were run using the CART algorithm to identify sociode‑
mographic risk profiles for weekly dual‑product use and weekly e‑cigarette‑only use.

Results Over 13% of adolescents used only e‑cigarettes at least weekly, 3% engaged in weekly dual e‑cigarette 
and cigarette use, and less than 0.5% used only cigarettes. Available spending money was a common predictor 
of dual‑product and e‑cigarette‑only use. Gender diverse youth and youth with lower perceived family affluence were 
at higher risk for dual‑product use, while white and multiethnic adolescents were at greater risk of e‑cigarette‑only 
use. Two high‑risk profiles were identified for e‑cigarette‑only use and four high‑risk profiles were identified for dual 
product use.

Conclusions This study used a novel modelling approach (CART) to identify combinations of sociodemographic 
characteristics that profile high‑risk groups for exclusive e‑cigarette and dual‑product use. Unique risk profiles were 
identified, suggesting that e‑cigarettes are attracting new demographics of adolescents who have not previously 
been considered as high‑risk for traditional cigarette use.
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Background
E-cigarettes have overtaken cigarettes as the most pop-
ular nicotine product used by Canadian youth. Among 
a large sample of Ontario youth in grades 9-12, past 
30-day e-cigarette use increased from 7.6% in 2013-14 
to 25.7% in 2018-19, while corresponding cigarette use 
declined from 11.0% to 7.9%. [1] More recent nation-
ally representative estimates from 2021-22 showed 
that 29% of grade 7-12 students had tried e-cigarettes, 
while only 14% had ever tried smoking cigarettes. [2] 
This decrease in cigarette smoking and corresponding 
increase in e-cigarette use suggests that youth risk-tak-
ing via nicotine product use is changing. The frequency 
with which adolescents use e-cigarettes and the rates 
of dual e-cigarette and cigarette use are two concern-
ing patterns. Canadian estimates from 2019 suggest 
that 47.9% of youth aged 12-17 who use e-cigarettes do 
so at least weekly, and 23.8% do so daily. [3] The same 
study found that 5.3% of 15-17 year olds have used both 
e-cigarettes and cigarettes, with e-cigarette use preced-
ing cigarette use in two-thirds of dual users. [3] Dual-
product use is concerning because it may increase total 
nicotine exposure, leading to increased health risks and 
risk of nicotine dependence. [4, 5] Despite this, few 
Canadian studies have examined frequent dual product 
use.

As a contemporary form of nicotine product use, e-cig-
arette vaping may attract different sociodemographic 
groups than traditional cigarette smoking, which can 
have consequences for targeted public health initiatives. 
Previous studies have shown various similarities and dif-
ferences in the sociodemographic risk profiles of e-ciga-
rette and cigarette users. Prevalence of both e-cigarette 
and cigarette use has generally been higher among males 
and older adolescents [1, 3, 6]; however, recent estimates 
suggest a trend toward more similar rates of use among 
girls and boys. [2] Males are more likely to engage in 
exclusive e-cigarette use [7, 8] or poly-tobacco use [7, 
9] while females are more likely to use cigarettes exclu-
sively. [7] E-cigarette use is also more likely among youth 
of higher household income [3, 7] while dual-product use 
is more likely than exclusive e-cigarette use among youth 
of lower perceived socioeconomic status (SES). [8] Differ-
ences have also been observed by race and ethnicity, with 
e-cigarette use more common among white and Hispanic 
adolescents than among Black or Asian adolescents. [1, 
7–9] Dual-product use also appears more likely among 
white adolescents than among Black, Hispanic, or other 
minority ethnicity adolescents. [7, 9] However, there 
remains a lack of population-level research into rates of 
e-cigarette and dual-product use among certain sociode-
mographic groups, in particular gender diverse youth and 
youth of Asian and Middle Eastern minority ethnicities.

One important limitation of previous studies [7–9] 
examining sociodemographic risk factors for e-ciga-
rette and dual-product use is that the incremental risk 
of each sociodemographic characteristic is considered 
separately. In reality, various sociodemographic char-
acteristics will have intersecting influences that need to 
be accounted for to properly portray risk profiles. The 
current study addresses this limitation by examining 
risk profiles through a classification and regression tree 
(CART) approach [10] that models complex interactions 
among risk factors using a tree structure. The objective 
of the current study is to identify and compare sociode-
mographic risk profiles for exclusive e-cigarette use and 
dual-product use among a large sample of Canadian 
youth. This study focuses on a measure of at least weekly 
use to identify adolescents at highest risk for problematic 
e-cigarette and/or conventional cigarette use.

Methods
Study design and participants
The current study was completed as part of the Contem-
porary Risk-taking by Canadian Youth (RISCY) study. 
RISCY uses a youth-informed approach involving a con-
tinual feedback cycle with youth advisory committees to 
explore how adolescent risk-taking is changing over time 
and to identify those who may be inequitably affected 
by risk-taking and its health consequences. The RISCY 
study brings together two of the largest Canadian youth 
health surveys: the Health Behaviour in School-aged 
Children (HBSC) study, and the Cannabis, Obesity, Men-
tal health, Physical activity, Alcohol, Smoking, Sedentary 
behaviour (COMPASS) study, to incorporate new meas-
ures of risk-taking into Canadian surveillance initiatives. 
RISCY has received ethics clearance from Brock Univer-
sity (REB#22-315).

The COMPASS study, used here, is an ongoing, pro-
spective cohort survey study of Canadian secondary 
school students in Ontario, Alberta, British Columbia, 
and Quebec. COMPASS uses purposive sampling to 
recruit whole-school samples. Ethics approval for COM-
PASS has been obtained from the University of Waterloo 
(ORE#30118), Brock University (REB#18-099), CIUSSS 
de la Capitale-Nationale–Université Laval (#MP-13-
2017-1264), and all participating school boards. Informed 
consent was obtained from participants and from par-
ents/guardians of children. Additional details about the 
COMPASS study are available in print [11] and online 
[12].

The current study uses student-level sociodemographic 
and substance use data from the 2021-22 wave of COM-
PASS study. The sample includes 50,189 students in 
grades 9-12 (secondary 3-5 in Quebec) from 167 schools, 
corresponding to a typical age range of 13-18 years old. 
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The COMPASS student survey is an online, self-admin-
istered, anonymous questionnaire completed within a 
school-specific two-week period, with optional allocated 
class time. [13] Using active-information, passive-consent 
protocols, parents/guardians of all eligible students were 
sent study permission information via email and/or auto-
mated school phone system a minimum of two weeks 
prior to the survey start date, with the option to actively 
withdraw permission for their child(ren) to participate. 
Additionally, students could decline participation at any 
time prior to submitting survey responses. The participa-
tion rate in 2021-22 was 68.4%.

E‑cigarette and cigarette use measures
Cigarette use
Ever use of cigarettes was measured using the yes/no 
question, “Have you ever tried a cigarette, even just a 
few puffs?” and past 30-day use was measured using the 
question “On how many of the last 30 days did you smoke 
one or more cigarettes?”, with response options of “None”, 
“1 day”, “2 to 3 days”, “4 to 5 days”, “6 to 10 days”, “11 to 
20 days”, “21 to 29 days”, and “30 days (every day)”. These 
measures align with frequency measures previously used 
in the Youth Smoking Survey [14]. Cigarette smoking 
self-report has been shown to be an accurate indicator of 
cigarette use prevalence for Canadian adolescents [15].

E‑cigarette use
Ever use of e-cigarettes was measured using the yes/
no question, “Have you ever tried a vape, also known as 
an e-cigarette? (e.g., JUUL, Vype, Suorin, Smok)” and 
past 30-day use was measured using the question “On 
how many of the last 30 days did you use a vape?”, with 
response options of “None”, “1 day”, “2 to 3 days”, “4 to 5 
days”, “6 to 10 days”, “11 to 20 days”, “21 to 29 days”, and 
“30 days (every day)”. These measures were developed 
to align with frequency measures for cigarette smoking. 
E-cigarette use self-report has been shown to be a valid 
indicator of e-cigarette use in adolescents and young 
adults [16, 17].

Use frequency classifications
For e-cigarette and cigarette use separately, partici-
pants who responded “No” to the question on ever use 
were classified as “Never” users and those who indicated 
“Yes” to ever use but responded “None” to past 30-day 
use were classified as “Non-current” users. Among par-
ticipants who indicated any past 30-day use, use on 1-3 
days was classified as “Infrequent” while use on four or 
more days was classified as “Weekly”. The cut-off of four 
or more days was chosen based on sample size considera-
tions for the low number of cigarette users in this study. 
This cut-off provides a sufficient sample of cigarette users 

to ensure model stability in prediction of dual product 
use while still differentiating potentially problematic use 
from one-off or very infrequent use.

Sociodemographic measures
Age
Age was measured using the question “How old are you 
today?”, with response options of “12 years or younger”, 
“13 years”, “14 years”, “15 years”, “16 years”, “17 years”, “18 
years”, and “19 years or older”.

Gender identity
Participants were asked to indicate both their biologi-
cal sex and current gender. Sex was measured using the 
question “What sex were you assigned at birth?” with 
response options for “Female”, “Male”, and “I prefer not 
to say”. Gender was measured using the question “Which 
gender do you most identity with?” with response options 
for “Girl/Woman”, “Non-binary person”, “Two-spirit”, 
“Boy/Man”, “I describe my gender differently”, and “I pre-
fer not to say”. Missing values were assigned to partici-
pants who selected “I prefer not to say”. Gender identity 
was classified using a two-step process based on World 
Health Organization recommendations [18]. Participants 
who answered “Female” and “Girl/Woman” were clas-
sified as cisgender girl, those who answered “Male” and 
“Boy/Man” were classified as cisgender boy, and those 
who answered other combinations of sex and gender 
were classified as gender diverse.

Race/ethnicity
Participant racial/ethnic background was measured using 
the question “Which race category best describes you? 
(Mark all that apply)” with response options for “Black”, 
“East Asian”, “Latino”, “Middle Eastern”, “South Asian”, 
“Southeast Asian”, “White”, “Another category”, “I do not 
know”, and “I prefer not to say”. Participants selecting 
more than one option were classified as multiethnic. This 
measure aligns with the Canadian Institute for Health 
Information guidance on race-based data collection [19].

Available spending money
Participants were asked two questions related to the 
amount and source of individual weekly spending money. 
Amount of spending money was measured using the 
question “About how much money do you usually get 
each week to spend on yourself or to save?” with response 
options of “Zero”, “$1 to $5”, “$6 to $10”, “$11 to $20”, 
“$21 to $40”, “$41 to $100”, “More than $100”, and “I do 
not know how much money I get each week”. Participants 
who responded “I do not know” were classified as miss-
ing for analysis purposes. Source of spending money was 
measured using the question “Where do you get money 
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to spend on yourself or to save? (Mark all that apply)” 
with response options “I do not usually get any money to 
spend on myself or to save”, “My parents/guardians give 
me money (e.g., an allowance)”, “I get a paycheque from a 
job (working evenings or weekends at a restaurant, store, 
etc.)”, and “I get paid cash for occasional work (babysit-
ting, mowing lawns, shovelling snow, etc.)”. Participants 
selecting more than one source option were classified as 
having multiple sources of spending money.

Family financial affluence
Relative family financial affluence was measured using 
the question “Would you say that you and your family 
are more or less financially comfortable than the average 
student in your class?” with response options for “More 
comfortable”, “As comfortable”, and “Less comfortable”. 
Participants were also asked the yes/no question “In 
your house, do you have your own bedroom?”, which is 
a component of the Family Affluence Scale [20] and can 
indicate lower family financial affluence. This measure 
has not been validated as a standalone indicator of soci-
oeconomic status but was included in the current study 
because it is also hypothesized as a potential indicator of 
available private space to engage in substance use. The 
complete Family Affluence Scale was not available in the 
2021-22 COMPASS student survey.

Analysis
Participants with missing data on e-cigarette or ciga-
rette use (n = 3,523; 7.0% of sample) were excluded 
from the analysis, resulting in a final analytic sample of 
46,666 students from 167 schools. A contingency table 
of e-cigarette and cigarette use was calculated to assess 
dual product use. Participants were classified accord-
ing to their weekly (i.e., four or more times in the last 30 
days) product use as either dual-product users (use of 
both e-cigarettes and cigarettes), e-cigarette-only users, 
cigarette-only users, or infrequent/non-users. Sociode-
mographic characteristics were reported for the total 
sample, as well as by product use classification. Separate 
t-tests (continuous variables) and chi-square tests (cate-
gorical variables) were used to calculate the statistical sig-
nificance of difference in means and proportions between 
each user group relatively to infrequent/non-users. 
Missing values were excluded from tests. For categori-
cal variables with more than two categories, chi-square 
test residuals were examined to explore which sociode-
mographic categories most contributed to the differences 
between user groups (residual tables not presented).

Separate classification trees were constructed using 
Classification and Regression Tree (CART) analysis [10] 
to identify sociodemographic risk profiles for weekly 
dual-product use and weekly e-cigarette-only use. The 

CART algorithm divides the sample into subgroups by 
iteratively choosing the sociodemographic variables and 
cut points that provide maximum separation between 
groups with respect to probability of e-cigarette or dual 
product use. Overviews of the CART method in the 
context of public health are available [21, 22]. A stable 
classification tree for cigarette-only use could not be con-
structed due to the small number of cigarette-only users. 
Infrequent/non-users were used as the reference group 
for all tree models. All covariates were included as pre-
dictors in each classification model and missing values 
were accounted for using surrogate splitting variables. 
[23] Due to class proportion imbalance in rates of weekly 
use, a weighted loss function proportional to the class 
imbalance was used to improve model sensitivity. The 
Gini index was used to measure node impurity for split-
ting, and tree depth was capped at four levels of splits to 
avoid over-complexity. Area under the receiver operating 
characteristic curve (AUC) was used as the criterion for 
final tree selection, with pruning performed to mitigate 
overfitting using 10-fold cross-validation to select the 
smallest tree having an AUC within one standard error of 
the maximum AUC (i.e., the “1-SE” rule [10]). Terminal 
nodes with weekly use probabilities higher than the root 
node were classified as “high-risk” groups. To perform 
the CART analysis, “rpart” [24] routine within the “caret” 
[25] package was used in R software version 4.3.0 [26].

Results
Rates of e‑cigarette and cigarette use
Table  1 shows contingent rates of e-cigarette and ciga-
rette use. Examining marginal product use, 42.0% of 
adolescents had ever tried e-cigarettes with 16.2% using 
at least weekly, while 19.9% of adolescents had ever tried 
cigarettes with only 3.4% using at least weekly. Examin-
ing dual product use, nearly all adolescents who used 
cigarettes also used e-cigarettes at an equal or greater fre-
quency. Weekly use rates were 3.0% for dual-product use, 
13.2% for e-cigarette-only use, and 0.4% for cigarette-
only use.

Sample sociodemographic characteristics by weekly 
product use
Table 2 shows sample sociodemographic characteristics. 
The sample comprised 48.9% cisgender girls, 45.6% cis-
gender boys, and 5.5% gender diverse adolescents, and 
the average age was 15.5 (SD 1.1). The sample was 68.4% 
white, 21.0% had no weekly spending money, and 63.9% 
considered themselves to have average relative family 
financial comfort.

Table  2 shows sample characteristics across product 
use groups as well as statistical significance levels of dif-
ferences in sample proportions relative to the infrequent/
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non-user group. Average age was similar across groups 
of weekly product users and approximately 0.3-0.4 years 
higher than the infrequent/non-user group. A dispropor-
tionately high percentage of dual-product and cigarette-
only users were gender diverse relative to infrequent/
non-users (19.4% and 20.7% vs. 5.1%). A higher propor-
tion of e-cigarette-only users identified as white ethnicity 
(77.3% vs. 67.4%) and higher proportions of dual-product 
and cigarette-only use identified as Black, Latino, Middle 
Eastern, or multiethnic, relative to infrequent/non-users. 
Lower proportions of dual product, e-cigarette only, and 
cigarette only users identified as East Asian, South Asian, 
or Southeast Asian. A higher proportion of dual-product 
and e-cigarette only users had over $100 per week in 
available spending money (50.9% and 50.4% vs. 31.7%), 
primarily from a paycheque. A disproportionately high 
percentage of dual-product and cigarette-only users per-
ceived their family to be relatively less financially com-
fortable (19.1% and 18.7% vs. 7.1%) and did not have their 
own bedroom (13.1% and 13.4% vs. 6.4%).

Risk profiles of weekly dual‑product users
Figure  1 shows the classification tree predicting weekly 
dual use of e-cigarettes and cigarettes. Gender identity 
emerged as a key differentiator, with probability of dual-
product use four times higher in gender diverse ado-
lescents than cisgender adolescents. Individual weekly 
spending money and family financial comfort emerged 
as opposing risk factors, with higher probability of dual-
product use among those with higher individual spend-
ing money but relatively lower family financial comfort. 
Differences by race/ethnicity also emerged for some sub-
groups of cisgender adolescents, with much lower prob-
ability of dual-product use among East Asian, South 
Asian, and Southeast Asian adolescents.

Seven unique risk profiles were identified correspond-
ing to the seven terminal tree nodes, and four groups 

were classified as “high-risk”, with probability of dual 
product use higher than the root node rate of 3.4%. The 
highest-risk group comprised gender diverse adolescents, 
who had a 12.0% probability of dual-product use. The 
second high-risk group comprised cisgender adolescents 
with over $40 per week in available spending money and 
relatively less family financial comfort, who had an 8.9% 
probability of dual-product use. The third and fourth 
high-risk groups both comprised cisgender adolescents 
of Black, Latino, Middle Eastern, multiethnic, white, or 
another ethnicity. Those with spending money under $40 
per week and relatively less family financial comfort had 
a 5.6% probability of dual product use, while those with 
spending money over $40 per week but average or more 
family financial comfort had a 4.0% probability of dual-
product use.

Risk profiles of weekly e‑cigarette‑only users
Figure  2 shows the classification tree predicting weekly 
e-cigarette-only use. Available weekly spending money 
emerged as a key differentiator, with higher probability 
of e-cigarette-only use among those with over $20 per 
week in available spending money. Differences by ethnic-
ity also emerged, with much higher probability of e-cig-
arette-only use among white, multiethnic, and Latino 
adolescents. Gender identity and family financial comfort 
also emerged as differentiators of use among subgroups 
of white and multiethnic adolescents with low spending 
money, with higher probability of use among cisgender 
girls with lower family financial comfort.

Eight unique risk profiles were identified corre-
sponding to the eight terminal tree nodes, and two 
groups were classified as “high-risk” with probability 
of dual product use higher than the root node rate of 
13.8%. The highest risk group comprised cisgender 
girls of white, multiethnic, or another ethnicity who 
had spending money under $20 per week and relatively 

Table 1 Rates of e‑cigarette and cigarette use among grade 9‑12 students in the 2021‑22 COMPASS sample

* Frequency classifications based on ever and past 30-day use. Non-Current is defined as ever use but no use in past 30-days

n (%) Cigarette Use

* Never Non‑Current Infrequent
(1‑3 days)

Weekly
(4‑30 days)

Total

E‑Cigarette Use
Never 26,494 (56.8%) 439 (0.9%) 75 (0.2%) 63 (0.1%) 27,071 (58.0%)
Non‑Current 6,041 (12.9%) 2,286 (4.9%) 128 (0.3%) 80 (0.2%) 8,535 (18.3%)
Infrequent
(1‑3 days)

2,212 (4.7%) 819 (1.8%) 363 (0.8%) 83 (0.2%) 3,477 (7.5%)

Weekly
(4‑30 days)

2,624 (5.6%) 2,561 (5.5%) 1,015 (2.2%) 1,383 (3.0%) 7,583 (16.2%)

Total 37,371 (80.1%) 6,105 (13.1%) 1,581 (3.4%) 1,609 (3.4%) 46,666 (100.0%)
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low family financial comfort: the probability of e-cig-
arette-only use in this group was 19.7%. The second-
highest risk group comprised adolescents of Latino, 
white, multiethnic, or another ethnicity with over $20 
per week in spending money, who had a 19.2% prob-
ability of e-cigarette-only use.

Discussion
This study examined differences in sociodemographic 
risk profiles for adolescents engaging in contemporary 
(i.e. e-cigarette vaping) and traditional (i.e. cigarette 
smoking) forms of nicotine product use. Nearly all ciga-
rette users in this study also used e-cigarettes. Over 16% 
of youth in the sample used e-cigarettes at least weekly 
with 3% engaging in dual e-cigarette and cigarette use, 

Fig. 1 Classification tree* predicting weekly dual‑product use of e‑cigarettes and cigarettes vs. infrequent or non‑use

*Pr = within‑node probability of use; the percentage under the node refers to the percentage of the analytic sample contained within the node 

Fig. 2 Classification tree* predicting weekly e‑cigarette‑only use vs. infrequent or non‑use

*Pr = within‑node probability of use; the percentage under the node refers to the percentage of the analytic sample contained within the node
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while less than 0.5% of youth used only cigarettes. These 
findings are in line with past 30-day dual product use 
estimates of 5.3% in Canadian grade 7-12 students [3] 
and 2.7% to 8.9% (weighted average 5.3%) for grade 8-12 
students in the United States [9]. While youth with avail-
able spending money had higher probabilities of both 
dual-product and exclusive e-cigarette use, risk profiles 
differed on other characteristics, suggesting that e-cig-
arettes are attracting different demographics of adoles-
cents from those at high-risk for conventional cigarette 
use. Additionally, the sociodemographic risk factors 
identified for dual-product use but not e-cigarette-only 
use —namely, identifying as gender diverse and having 
lower family socioeconomic position— are consistent 
with risk factors traditionally associated with cigarette 
smoking [27–29], suggesting a shift among these tradi-
tional at-risk groups toward contemporary modes of use.

The largest high-risk group for exclusive e-cigarette use 
included white, Latino, and multiethnic adolescents who 
had over $20 in available weekly spending money. The 
CART analysis found higher probabilities of e-cigarette 
use among white and Hispanic adolescents compared to 
those of Black ethnicity, and this is consistent with other 
recent findings [7–9]; however, studies from the United 
States have found relatively lower rates of e-cigarette use 
among Hispanic adolescents compared to white students 
[7]. The other key differentiating factor for this risk group 
is available spending money, which has well-established 
associations to youth substance use [30–32]. Notably, 
the risk profiles differentiated on spending money rather 
than on family-level affluence. The increased risk associ-
ated with spending money could potentially be related to 
adolescents’ ability to purchase e-cigarettes rather than 
their overall socioeconomic status. Notably, this high-
risk sociodemographic group comprised over half of the 
study sample and did not differentiate on gender or age, 
suggesting that e-cigarette use is widespread across many 
demographic groups who can access vaping devices. The 
results of the current study highlight the need for broad, 
universal strategies to limit e-cigarette availability and 
access across sociodemographic groups.

Four risk profiles were identified for youth at high 
risk of dual-product use. Gender diverse youth were the 
highest risk group, with rates of weekly dual-product 
use more than four times higher than cisgender adoles-
cents. These findings are consistent with a recent review 
[27] showing higher rates of both e-cigarette and ciga-
rette use among gender diverse youth, with evidence that 
these higher rates may be attributable to experienced 
gender minority stressors (e.g., discrimination, victimiza-
tion) [27]. Gender diverse youth report stress relief and 
conforming to peer social norms as primary reasons for 
smoking and vaping [33]. Past population-level Canadian 

studies have not distinguished gender diverse youth in 
gender-stratified estimates of e-cigarette or cigarette 
use. The results of the current study highlight the need 
to represent gender diverse youth in national estimates 
that inform needs-based prevention initiatives. Notably, 
the elevated risk for gender diverse youth was specific to 
dual-product use as opposed to exclusive e-cigarette use. 
Given their unique stressors, tailored anti-tobacco cam-
paigns may be more effective for gender diverse youth 
[33]. As an important caveat, this high-risk group com-
prised only 5.5% of the current sample, and so initiatives 
that target only this group are unlikely to significantly 
reduce population-level rates of e-cigarette and cigarette 
use; inclusive programming and multi-targeted initiatives 
are likely needed.

Cisgender adolescents in high-risk groups for dual 
product use had either high levels of individual spending 
money or lower relative family affluence, with the high-
est risk group having both attributes. The opposite direc-
tionality of association for these two SES proxy measures 
seems initially paradoxical. As previously discussed as a 
driver for e-cigarette-only use, higher individual spend-
ing money may increase risk of dual-product use through 
increased access and ability to purchase substances. In 
contrast, the findings regarding lower family affluence 
align with a previous study that found increased risk 
specifically for dual-product use compared to exclusive 
e-cigarette use among adolescents with lower family 
affluence [8]. This unique association between lower fam-
ily affluence and dual-product use could suggest different 
influences behind decisions to use cigarettes and e-ciga-
rettes. For example, the association between lower fam-
ily affluence and youth cigarette use has been partially 
attributed to parents’ smoking behaviours [34]. Addition-
ally, lower SES has been associated with greater exposure 
to cigarette advertising, while higher SES was associated 
with greater exposure to e-cigarette advertising among 
youth [35]. General tobacco prevention programming 
may benefit youth of lower relative family affluence; how-
ever, a better understanding of the drivers of dual-prod-
uct use among this group is needed.

This study used a novel modelling approach to address 
a research gap in understanding adolescent risk pro-
files for problematic cigarette, e-cigarette, and dual use; 
however, several limitations are noteworthy. While this 
study included a large sample of Canadian youth, the 
sampling design was not representative and therefore 
any generalizations should be made with caution. While 
this study included a more comprehensive measure of 
gender identity than previous Canadian research, the 
sample required collapsing all gender diverse adoles-
cents into one category. Also, no absolute measure of 
family-level SES (e.g., household income) was available. 
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Not having one’s own bedroom is one indicator that can 
be associated with household material affluence [20], 
but this measure did not emerge as an important differ-
entiator of risk in this study. Additionally, the measures 
of cigarette and e-cigarette use did not assess quantity 
of consumption, and the measure of e-cigarette use did 
not distinguish between nicotine-containing and nico-
tine-free products. The chosen frequency cut-off of four 
or more days in the past 30 days was selected to repre-
sent approximately weekly use, though it is not known 
if actual use was evenly distributed across weeks. This 
measure is also less stringent than the commonly used 
criterion for frequent use of 20+ days due to limitations 
in the sample size of cigarette smokers in this study. From 
a modelling standpoint, the CART algorithm does not 
account for the clustered nature of participants within 
schools, which could influence choice of split; however, 
modelling limitations for categorical outcomes prevented 
accounting for this clustered sampling design in the deci-
sion tree models. The resulting decision tree models also 
had modest fit statistics, with AUC values ranging from 
0.63 to 0.67. CART analysis does not use statistical tests 
of determine if probabilities are statistically significantly 
different from each other, and therefore differences are 
understood as descriptive in nature rather than inferen-
tial. Thus, while the decision tree models were able to 
identify sociodemographic groups with varying probabil-
ities of use, the included sociodemographic factors don’t 
fully explain differences between users and non-users. 
Future research should examine additional behavioural, 
interpersonal, and contextual drivers of use.

Conclusions
This study used a novel modelling approach (CART) to 
identify combinations of sociodemographic characteris-
tics that profile high-risk groups for exclusive e-cigarette 
and dual-product use. Most weekly users in this study 
exclusively used e-cigarettes, and available spending 
money was a key driver of e-cigarette and dual-product 
use across several sociodemographic groups. Nearly all 
traditional cigarette users also used e-cigarettes, with 
gender diverse and less affluent adolescents in high-risk 
groups for dual product use. The unique risk profiles 
identified for exclusive e-cigarette use and dual-product 
use suggest that new demographics of adolescents are at 
risk for problematic e-cigarette use.
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