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Abstract: Research has demonstrated associations between e-cigarette use and tobacco use among
youth. However, few studies have examined whether reciprocal relationships exist between e-cigarette
and tobacco use. The objective of this study was to examine whether bi-directional associations exist
between e-cigarette and tobacco use in a large longitudinal sample of Canadian youth. A longitudinal
sample of secondary students (n = 6729) attending 87 schools in Ontario and Alberta, Canada,
who completed the COMPASS student questionnaire across three waves (from 2014-2015 to 2016-2017)
was identified. Using cross-lagged models, we explored bi-directional associations between current
tobacco and e-cigarette use, adjusting for relevant covariates. Our findings showed that current
e-cigarette use predicted subsequent tobacco use between Wave 1 (W1) and Wave 2 (W5) of the study
(Wi_2: OR = 1.54, 95% CI = 1.37-1.74). Similarly, current tobacco use predicted e-cigarette use during
earlier waves of the study (Wi_p: OR = 1.43, 95% CI = 1.30-1.58). However, these relationships
dissipated in later waves, when tobacco use no longer predicted e-cigarette use (W,_3: OR =1.07,
95% CI = 0.99-1.16). This study extends prior work that focused mainly on the association between
e-cigarette and subsequent tobacco use. Specifically, our findings portray a more complex relationship,
where e-cigarette use may influence and be influenced by tobacco use.
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1. Background

Adolescent use of electronic cigarettes (e-cigarettes) has been on the rise in recent years both
globally and within Canada [1-3]. The prevalence of past 30-day e-cigarette use among Canadian
youth aged 15-19 years rose from 2.6 to 6.3 % between 2013 and 2015 [4]. The emergence of these
novel devices has sparked concerns within the public health community that e-cigarette use among
adolescents may re-normalize smoking behaviors [5,6].

Several longitudinal studies within the U.S. have demonstrated that the baseline use of e-cigarette
use among non-smoking youth is associated with subsequent smoking initiation [7-10]. The associations
between e-cigarette use and subsequent smoking initiation have also been demonstrated in studies
conducted in England, Scotland and Canada [11-14]. A recent meta-analysis that examined nine
longitudinal studies comprised of adolescents and young adults demonstrated that ever-users of
e-cigarettes were 3.63 times more likely to smoke cigarettes at follow-up, in comparison to never-users
of e-cigarettes [15]. These findings remained significant even after adjusting for numerous known risk
factors for smoking, such as sensation-seeking tendencies [15].

Despite evolving evidence supporting public health concerns that e-cigarette use is associated
with smoking behaviors among adolescents, most studies to date have focused specifically on the
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uni-directional relationship between baseline use of e-cigarettes among non-smoking youth and
subsequent smoking behaviors. To our knowledge, only two studies have examined whether
bi-directional relationships exist between e-cigarette use and smoking (i.e., whether smoking behaviors
at baseline predict subsequent e-cigarette use and vice versa). The first longitudinal study conducted
among a sample of 808 high school students in Connecticut identified a uni-directional relationship,
according to which past-month use of e-cigarettes was associated with future cigarette smoking
across three waves, but past-month cigarettes smoking was not associated with subsequent use of
e-cigarettes [16]. The second longitudinal study conducted among a sample of 1152 11-18-year-olds in
Great Britain identified a bi-directional relationship between ever use of e-cigarettes and subsequent
cigarette smoking initiation, and between ever having smoked cigarettes and subsequent e-cigarette
use [17]. In conjunction with the Addictions Hypothesis [18], exposure to nicotine during adolescence
may lead to an increased liability to experiment with other nicotine products; this may explain the
bi-directional relationships observed in previous work. To date, no studies have explored the potential
bi-directional relationship between tobacco use and e-cigarette use in Canada where there are key
distinctions in regulations surrounding the sale of e-cigarettes. In contrast to the U.S. and the U.K.,
where electronic cigarettes are widely available and nicotine-containing e-cigarettes are more accessible,
the more restrictive regulatory environment present within Canada during the time of the study may
have implications with respect to associations observed between e-cigarette and tobacco use. As such,
the objective of this study was to examine the bi-directional association between tobacco use and
e-cigarette use in a large longitudinal sample of Canadian youth.

2. Methods

2.1. Design

The COMPASS study is a 9-year (2012-2021) prospective cohort study designed to collect
longitudinal data from secondary students in grades 9-12 and the schools that they attend in Canada [19].
This study used longitudinal student-level data over three waves [Wave 1 (W1): 2014-2015; Wave 2
(Wp): 2015-2016; Wave 3 (W3): 2016-2017] of the COMPASS study [19]. A more detailed description of
the COMPASS study and its methods are available in print [19] or online (www.compass.uwaterloo.ca).
The University of Waterloo Research Ethics Board along with participating school boards approved all
procedures used, including the use of active-information passive-consent procedures.

2.2. Participants

In order to explore longitudinal changes among individuals, student-level data from W; to W3
were linked over time. Qian and colleagues described the procedure and methods used to link student
responses across multiple waves in more detail [20]. The main reasons for non-linkage included
students dropping out of school, transferring to different schools, being on spare/absent during data
collections, and the provision of inaccurate data for the linkage measures used. Overall, the linked
sample used within this study consisted of 9th- and 10th-grade students at W; who participated in
all three waves of the COMPASS study (n = 6939 students). Students who had missing data for any
covariates of interest (n = 210) were excluded, leaving a final analytic sample of 6729 students with
three waves of data.

2.3. Outcome Measures

Using a previously validated self-report measure [21], cigarette smoking behaviors were assessed
at each wave by asking students to report whether they had smoked cigarettes within the last 30 days.
Students were also asked to report whether they had used other tobacco products including cigarillos,
little cigars, cigars, smokeless tobacco, and hookah within the past 30 days. Individuals who reported
using cigarettes or other tobacco products at least once within the past 30 days were classified as
current (past 30-day) tobacco users.
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Current use of e-cigarettes was examined at each wave by asking the students to report whether
they had used e-cigarettes within the last 30 days. Individuals who reported using e-cigarettes at least
once within the last 30 days were classified as current (past 30-day) e-cigarette users.

2.4. Baseline Covariates

Students self-reported their demographic characteristics, including gender (male or female), grade
(9, 10, 11, 12) and ethnicity (Black, White, Asian, Latin-American, Aboriginal, Other) at baseline.
Since having friends that smoke, weekly spending money, current cannabis use, and binge drinking
behaviors have been shown to be correlates of smoking behavior [22,23] , they were included in the
model. Social influences for smoking were measured at each wave by asking “Your closest friends are
the friends you like to spend the most time with. How many of your closest friends smoke cigarettes?”
with response options of “None”, “1 friend”, “2 friends”, “3 friends”, “4 friends”, “5 friends or more”.
Students’” weekly spending money was also measured at each wave by asking “About how much
money do you usually get each week to spend on yourself or to save?” with response options of “zero”,
“$1-$5", “$6-$10", “$11-$20", “$21-$40", “$41-$100”, “More than $100”, and “I don’t know how much
money I get each week”. Current cannabis use was measured at each wave by asking “In the last
12 months, how often did you use marijuana or cannabis (a joint, pot, weed, hash)?” with response
options ranging from “I have never used marijuana” to “every day”. Individuals who reported using
cannabis at least once within the past month were classified as current (past 30-day) cannabis users;
otherwise, they were categorized as non-current users. Current binge drinking was assessed at each
wave by asking “In the last 12 months, how often did you have 5 or more drinks on one occasion?”
with response options ranging from “I have never done this” to “Daily or almost daily”. Individuals
who reported having 5 or more drinks at least once a month were classified as current (past 30-day)
binge drinkers; otherwise, they were classified as non-current users.

3. Analyses

Descriptive statistics were used to examine the baseline characteristics of the linked longitudinal
sample and the prevalence of current (past 30-day) e-cigarette use and tobacco use in each wave of
the study. McNemar tests were used to examine whether there were significant changes in current
e-cigarette use and tobacco use over time.

In order to answer our main research question, auto-regressive cross-lagged models simultaneously
tested: (1) the auto-regressive effects of tobacco use and e-cigarette use at each wave (i.e., the stability
of use of each product over time) and (2) the bi-directional relationships between e-cigarette use and
tobacco use at each wave (i.e., whether e-cigarette use at W1 predicted subsequent tobacco use at Wy
and vice versa). The fit of the cross-lagged models to our sample data was assessed using a range of
fit indices, including the residual mean squared error (RMSE), the comparative factor index (CFI),
and the Tucker-Lewis Index (TLI). The auto-regressive cross-lagged analysis was performed within a
structural equational modelling (SEM) framework using robust mean and variance-adjusted weighted
least-squares estimation (WLSMYV) in the Mplus software program. Current (past 30-day) tobacco use
and e-cigarette use were modelled as binary outcomes using the logit link function. Path estimates
were then exponentiated in order to obtain odds ratios (ORs). The models adjusted for baseline
characteristics, i.e., gender, grade, and ethnicity. The models also accounted for having friends that
smoke, weekly spending money, current cannabis use, and current binge drinking at each wave.
Our models also adjusted for the nested structure of the data (i.e., students nested within schools).

4. Results

Table 1 presents the baseline characteristics of the linked longitudinal sample (n = 6729). The gender
distribution of the linked sample was approximately equal (52.2% female), and there were more
9th-grade than 10th-grade students (56.1% versus 43.9%). Furthermore, the majority of the study
sample identified as White (76.1%). Table 2 presents the prevalence of current e-cigarette and tobacco
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use at each wave of the study. Unsurprisingly, our results demonstrated a significant increase in
e-cigarette and tobacco use within the linked sample over time (p < 0.001).

Table 1. Baseline characteristics of the linked longitudinal sample (n = 6729).

Student Characteristics

N (%)

Gend Female 3502 52.2%
ender Male 3207 47.8%
9 3771 56.0%
Grade 10 2058 44.0%
White 5092 76.1%
Black 210 3.1%
Latin-American 125 1.9%

Ethnicity
Asian 361 5.4%
Aboriginal 148 2.2%
Other 759 11.3%
$0 1506 26.0%
. $1-20 2253 44.1%

Weekly Spending M

cexly opending vioney $20-100 1322 22.8%
Over $100 412 7.1%
Current Yes 388 5.8%
cannabis use No 6264 94.2%
Current Yes 1999 29.7%
binge drinking No 4725 70.3%
None 5178 77.7%
Number of friends who smoke 12 1155 17.3%
3 or more 336 5.0%

Table 2. Prevalence of current (past 30-day) tobacco users and tobacco users at each wave of the study,
2014-2017 COMPASS study.

Outcome Measures Linked Sample (Grade 9 and 10 at Baseline) (n = 6729)

Wave 1 Wave 2 Wave 3
n (%) n (%) n (%)
Tobacco users 263 (3.9%) 483 (7.2%) 722 (10.7%)
E-cigarette users 382 (5.7%) 476 (7.1%) 639 (9.5%)

Figure 1 presents the results of the auto-regressive cross-lagged models. The RMSE, CFI, and TLI
indices showed adequate fit of the model to our sample data (RMSE = 0.032, CFI = 0.81, and TLI = 0.69).
Controlling for relevant covariates, we identified significant auto-regressive effects for both current
tobacco use and e-cigarette use at each wave; for example, current tobacco use at Wy predicted current
tobacco use at Wy (OR =1.91; 95% CI = 1.68-2.18). Similarly, current e-cigarette use at Wy predicted
current e-cigarette use at W, (OR= 1.63; 95% CI = 1.50-1.78). As shown in Figure 1, between W1 and
W, we identified a significant bi-directional association between current tobacco use and e-cigarette
use: current tobacco users at Wy had 1.43 times higher odds of being current e-cigarette users at Wy
(95% CI = 1.30-1.58). Similarly, current e-cigarette users at W1 had 1.54 times higher odds of being
current tobacco users at Wy (95% CI = 1.37-1.74). As indicated in Figure 1, a significant uni-directional
association was observed between current e-cigarette use and tobacco use between W, and Wj: current
e-cigarette users at W, had 1.18 times higher odds of being tobacco users at W3 (95% CI = 1.08-1.29).
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Past 30-day 1.91 (1.68-2.18)
tobacco use

Past 30-day
tobacco use

1.50 (1.39-1.62) Past 30-day

tobacco use

1.47 (1.34-1.62)

Past 30-day
e-cigarette use

1.63 (1.50-1.78) Past 30-day

e-cigarette use

Past 30-day
e-cigarette use

Wave 1

Figure 1. Relationships between current tobacco use and e-cigarette use among youth participating
in all three waves of the study (n = 6729), adjusted for gender, grade, ethnicity, having friends who
smoke, weekly spending money, cannabis use, and binge-drinking behaviors. Path estimates were
exponentiated to obtain odds ratios (ORs). Adjusted ORs and 95% confidence intervals are presented
for all pathways. The solid lines indicate significant effects (p < 0.05), while the dashed lines indicate
non-significant effects (p > 0.05). Model fit indices: residual mean squared error (RMSE) = 0.032,
comparative factor index (CFI) = 0.81, Tucker—Lewis Index (TLI) = 0.69.

5. Discussion

This is the first Canadian study to examine bi-directional associations between current e-cigarette
use and tobacco use using longitudinal data from a large sample of youth. Consistent with previous
evidence [15], our findings demonstrated that e-cigarette use was prospectively associated with
subsequent tobacco use across all three waves of the study. Importantly, we found that this risk was
bi-directional, such that current tobacco use was prospectively associated with subsequent e-cigarette
use during earlier waves of the study. However, these bi-directional relationships appeared to dissipate
in later waves, when tobacco use no longer predicted e-cigarette use. We also found that rates of
past-month tobacco use and e-cigarette use increased across the three waves examined, demonstrating
a rise in the number of students that were using tobacco products and e-cigarettes over time. These
findings are consistent with those of national studies demonstrating higher rates of tobacco and
e-cigarette use as youth progress to higher grades [4].

Several possible explanations may account for the bi-directional association between e-cigarette
use and tobacco use observed in earlier waves of the study. It is possible that early exposure to
nicotine during adolescence leads to an increased liability to experiment with other nicotine products.
Previous research has shown that youth exhibit an enhanced sensitivity to the rewarding effects of
nicotine, specifically during early adolescence [24,25]. It is important to note that though e-cigarettes
containing nicotine were not approved for sale nationally during the time of this study, previous
research has demonstrated that nicotine-containing e-cigarettes were widely available within the
Canadian market [26]. It is also possible that there are common underlying factors that predispose
youth to the use of both e-cigarettes and tobacco, as suggested by the Common Liability Theory [27].
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For instance, youth who display rebelliousness and sensation-seeking characteristics may be more
likely to experiment with both vaping and tobacco use (irrespective of the order of use). Future
research should examine potential mediators (e.g., sensation seeking, rebelliousness) to gain a deeper
understanding of the underlying mechanisms that account for the bi-directional relationships observed
in earlier waves of the study.

Interestingly, these bi-directional associations were no longer apparent in later waves; for instance,
past-month tobacco use behaviors no longer predicted subsequent e-cigarette use between waves 2 and
3 of the study. These differences may be attributable to changes in provincial legislation that prohibited
the sale of e-cigarettes to those under 19 years in Ontario beginning January 2016 (i.e., in wave 2)
(https://www.ontario.ca/page/electronic-cigarette-vape-rules#section-0). Prior to January 2016, no age
restrictions were in place within Ontario relating to the sale of e-cigarettes. It is possible that this new
policy may have reduced the accessibility of e-cigarettes to youth, thus resulting in the diminished
effects seen here. While this requires further evaluation, previous research has demonstrated that
interventions involving the disruption of tobacco sales to minors are associated with substantial declines
in youth tobacco use [28]; the same may hold true with e-cigarettes. Another possible explanation
is that the differences observed across waves are attributable to age-related effects. In other words,
the role that e-cigarettes play in tobacco use patterns may be more prominent among younger versus
older adolescents. These explanations are unlikely to be mutually exclusive, and future work should
examine these potential influences to gain a better understanding of the underlying mechanisms that
led to these observed effects.

Our study findings offer novel insight by illustrating the complexity underlying transitions in
smoking behavior that resulted in the bi-directional associations observed. In contrast to the majority
of research that has focused predominantly on the role that e-cigarettes play in smoking behavior [15],
our findings offer a more comprehensive picture by exploring associations between tobacco use and
subsequent e-cigarette use. Our findings suggest that nicotine delivery system specific intervention
efforts targeting both tobacco use and e-cigarette use, may be warranted.

Our findings hold important implications, given the recent changes in federal regulations
introduced in May 2018 that now allow for the sale of nicotine-containing e-cigarettes in Canada.
Under the new federal laws, the entry of large multi-national corporations that sell nicotine-containing
e-cigarettes, including JUUL, may result in a shift within the Canadian market [29]. Our findings
lend support to the need for policies that discourage youth from using e-cigarettes, particularly
nicotine-containing e-cigarettes, as nicotine has been seen to affect the developing adolescent
brain [24,30]. Furthermore, the Tobacco and Vaping Product Act (TVPA) now permit e-cigarette
companies to advertise their products (with the exception of lifestyle advertisements and advertisements
considered appealing to youth), with no restrictions regarding where these ads may appear [31].
Given the known associations between tobacco advertising and initiation of tobacco use among
youth [32], regulations such as ad placement restrictions may act as a potential strategy to limit youth
exposure to e-cigarette advertisements.

The study has several strengths including the use of a large longitudinal sample of youth from
two Canadian jurisdictions, Ontario and Alberta, that were followed across three consecutive waves
(2014-2017). The study also used a cross-lagged modelling approach that allowed for the examination
of the stability and directionality of relationships between tobacco use and e-cigarette use over time.
Inevitably, our study was also subject to various limitations. First, our measures of e-cigarette and
tobacco use were limited to use within the past 30 days, which precluded characterizing different
levels of consumption. Secondly, though specific characteristics of e-cigarettes may have been related
to e-cigarette use and tobacco use over time, the current study did not have any measures that could
be used to distinguish between the types of e-cigarettes being used (e.g., nicotine vs. non-nicotine,
flavored/non-flavored). These product features should be considered in future work focused on
examining associations between e-cigarette and tobacco use longitudinally. Thirdly, the presence of
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environmental factors that may have been related to e-cigarette and tobacco use (e.g., presence of
provincial restrictions on youth access to e-cigarettes) were not examined in this study.

6. Conclusions

This study extends previous work that focused predominantly on the association between
e-cigarette use and tobacco use. Specifically, our findings demonstrate a more complex association,
according to which e-cigarette use appears to influence and be influenced by tobacco use among
youth. These findings underscore the need for comprehensive interventions aimed at preventing
the use of both tobacco and e-cigarettes and indicate that such efforts need to be made early in the
education cycle, prior to patterns of use becoming established. Given how rapidly the nicotine market
has been evolving, continued monitoring and surveillance of patterns of e-cigarette and tobacco use
are warranted.
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