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Abstract
Purpose Studies have shown consistent associations between youth e-cigarette use and subsequent smoking uptake. How-
ever, it remains unclear why, as limited evidence exists regarding the mechanisms underlying these associations. Our study 
investigated whether having one or more smoking friends mediated the association between e-cigarette use and cigarette 
smoking onset among a longitudinal sample of Canadian youth who were never smokers at baseline.
Methods A longitudinal sample of youth that participated in three waves of the COMPASS study (2015–2016 to 2017–2018) 
was identified (N = 5,535). The product of coefficients method was used to assess whether having one or more smoking 
friends mediated the association between: (1) past 30-day e-cigarette use and cigarette smoking onset and (2) past 30-day 
e-cigarette use and subsequent dual use of e-cigarettes and cigarettes.
Results Having one or more smoking friends did not mediate the association between (1) past 30-day e-cigarette use and 
cigarette smoking onset (β = 0.38, 95% CI − 0.12, 0.89) or (2) past 30-day e-cigarette use and subsequent dual use (β = 0.46, 
95% CI − 0.16, 1.07). Post hoc tests indicated that smoking friends significantly predicted past 30-day e-cigarette use and 
cigarette smoking at wave 3 (aOR 1.68 and 2.29, respectively).
Conclusion Having smoking friends did not explain the association between e-cigarette use and smoking uptake despite 
being a common risk factor for both e-cigarette use and cigarette smoking. Prevention efforts should consider how best to 
incorporate effective programming to address these social influences.
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Introduction

Tobacco smoking is a major preventable cause of many 
chronic conditions, including several types of cancer, car-
diovascular disease, and respiratory illnesses [1]. Despite 

steady declines in cigarette smoking observed in Canada, 
the tobacco and nicotine product market has been evolving, 
with an increase in the number and use of alternative prod-
ucts [2]. Specifically, the emergence of electronic cigarettes 
(e-cigarettes) has proliferated among youth, internationally 
and within Canada [3–6]. National data indicate that among 
Canadian students in grades 10 to 12, e-cigarette use in the 
past 30 days has doubled from 14.6% in 2017 to 29.4% in 
2019 [2, 7]. The use of e-cigarettes among youth has raised 
concerns regarding the potential public health implications 
of this behavior.

Our previous work has demonstrated an association 
between e-cigarette use and cigarette smoking uptake among 
Canadian youth [8, 9]. Using longitudinal data from the 
COMPASS study, our first study found that non-smoking 
youth who used e-cigarettes in the past 30 days were twice 
as likely to report trying cigarettes one year later [8]. Our 
second study showed similar findings: among a sample of 
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youth never smokers, e-cigarette users were at a greater 
risk of smoking uptake after a two-year follow-up [9]. This 
association was also observed among low-risk youth who 
were not susceptible to smoking in the future [10]. Overall, 
these studies contribute to a growing evidence base showing 
a consistent association between youth e-cigarette use and 
smoking uptake [8–17].

Currently, it remains unclear why youth e-cigarette use is 
associated with smoking uptake, as there is limited evidence 
on possible mechanisms underlying this association. To date, 
only two studies have investigated possible mediating factors 
between e-cigarette use and smoking uptake [13, 18]. The 
first study conducted among a sample of 1,152 English youth 
found that escalation of e-cigarette use did not explain the 
association between e-cigarette use and subsequent smok-
ing behaviors [13]. The second study conducted among 
2,238 students in Hawaii found that the association between 
e-cigarette use and smoking onset was partly attributable 
to changes in smoking-related expectancies and affiliations 
with smoking friends [18].

There are several possible explanations for the associa-
tions between youth e-cigarette use and subsequent smok-
ing uptake. Some have argued that exposure to nicotine 
via e-cigarettes may result in nicotine dependence and an 
increased liability to use other nicotine products [19, 20]. In 
contrast, the Common Liability Theory argues that associa-
tions between e-cigarette use and smoking may be a result of 
unmeasured common risk factors (e.g., risk-taking tenden-
cies) that increase an individual’s likelihood of using both 
e-cigarettes and smoking [21].

Other theories have drawn attention to the role of social 
contexts (e.g., peer circles) in influencing e-cigarette use 
and smoking behaviors [22]. Having friends who smoke 
has been shown to be a strong predictor of smoking uptake 
[23, 24]. Furthermore, a large proportion of youth who use 
e-cigarettes also smoke cigarettes, and e-cigarette users 
tend to have friends that also use e-cigarettes [3, 25]. It may 
be that non-smoking youth who use e-cigarettes are more 
likely to have smoking friends. E-cigarette users with smok-
ing friends may be a greater risk of taking up smoking due 
to increased contact and exposure to smokers who model 
smoking behaviors and provide access to cigarettes [22, 26, 
27].

Building off our initial work that demonstrated an asso-
ciation between initial e-cigarette use and smoking uptake 
among a sample of Canadian youth [8, 9], this follow-up 
aimed to investigate potential mediating factors linking these 
two behaviors. Thus, using three waves of longitudinal data 
from a sample of Canadian youth never smokers, we exam-
ined whether having smoking friends mediated the associa-
tion between (1) past 30-day e-cigarette use and cigarette 
smoking onset and (2) past 30-day e-cigarette use and sub-
sequent dual use (e-cigarette use and cigarette smoking). We 

hypothesized that the association between (1) past 30-day 
e-cigarette use and cigarette smoking onset and (2) past 
30-day e-cigarette use and subsequent dual use would be 
mediated by having friends who smoke.

Methods

Design

COMPASS is a prospective cohort study designed to follow 
a sample of grade 9–12 students attending Canadian sec-
ondary schools, aged approximately 13–18 years old [28]. 
Specifically, COMPASS collects data on how changes in 
the school environment (policies, programs, built environ-
ment) influence student health behaviors [28]. Data regard-
ing student health behaviors are gathered during class-time 
using the COMPASS questionnaire [28]. The questionnaire 
was created to gather data from students relating to demo-
graphics and various health behaviors, including tobacco 
and e-cigarette use [28]. Additional details on COMPASS 
methodology can be found here [28] (www.compa ss.uwate 
rloo.ca).

Study sample

This study used data from Ontario and Alberta schools 
in Year 4 (2015–2016), Year 5 (2016–2017), and Year 6 
(2017–2018) of COMPASS. Year 4 will be referred to as 
‘wave 1,’ Year 5 as ‘wave 2,’ and Year 6 as ‘wave 3.’ The 
sample consisted of students attending schools in Ontario 
and Alberta who participated in waves 1 to 3. Details regard-
ing the procedures used to form the longitudinal sample can 
be found elsewhere [29]. Students who reported ever having 
smoked a cigarette at wave 1 were excluded from the sam-
ple (n = 655), resulting a final longitudinal sample of 5,535 
students who were never smokers at wave 1.

With respect to missing data, non-response rates for out-
come measures including past 30-day cigarette smoking and 
dual use were low: 0.5% and 0.9%, respectively. Similarly, 
non-response rates for baseline demographic and behavioral 
covariates were also quite low (< 1%).

Measures

Past 30‑day e‑cigarette use

“On how many of the last 30 days did you use an e-ciga-
rette?” Students who reported using e-cigarettes within the 
past month were classified as past 30-day e-cigarette users; 
otherwise, they were categorized as non-past 30-day users.

http://www.compass.uwaterloo.ca
http://www.compass.uwaterloo.ca
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Past 30‑day cigarette smoking

“On how many of the last 30 days did you smoke one or 
more cigarettes?” Students who reported smoking cigarettes 
within the past month were classified as past 30-day smok-
ers; otherwise, they were categorized as non-past 30-day 
smokers.

Past 30‑day dual use

A derived variable for dual use was created based on meas-
ures of past 30-day e-cigarette use and cigarette smoking. 
Students who reported smoking cigarettes and using e-cig-
arettes were classified as past 30-day dual users; otherwise, 
they were classified as ‘other.’

Smoking friends

“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 ranging from ‘None’ to 
‘5 or more friends’. Response options were dichotomized 
as: ‘having at least one friend’ versus ‘none’, given the low 
proportion of students who reported having more than one 
close friend who smoked.

Demographic covariates

Gender (male, female), grade (9, 10, 11, 12), ethnicity 
(White, Black, Asian, Latin American, Other) and weekly 
spending money ($0, $1–20, $20–100, over $100, I don’t 
know), and province (Ontario, Alberta).

Behavioral covariates

Students were asked how often they used cannabis in the 
past year. Those who had used cannabis within the past 
month were classified as past 30-day cannabis users; oth-
erwise, they were classified as non-past 30-day cannabis 
users. Students were also asked how often they had 5 or 
more drinks of alcohol on one occasion in the past year. 
Those who had had 5 or more drinks of alcohol on one occa-
sion in the past month were classified as past 30-day binge 
drinkers; otherwise, they were classified as non-past 30-day 
binge drinkers.

Analysis

Descriptive statistics were used to examine the sociode-
mographic and behavioral characteristics of the sample at 
wave 1. To address our main research objectives, a series of 
multi-level logistic regression models were used to examine 

whether having smoking friends at wave 2 mediates the 
association between: (a) past 30-day e-cigarette use at wave 
1 and past 30-day cigarette smoking at wave 3 and; (b) past 
30-day e-cigarette use at wave 1 and past 30-day dual use 
at wave 3 (Refer to Fig. 1a, b). Specifically, the products 
of coefficient method were used to estimate the potential 
mediating effect of smoking friends [30]. This approach is 
based on the rationale that mediation depends on the extent 
to which e-cigarette use leads to having smoking friends, 
â , and the extent to which having smoking friends leads to 
cigarette smoking, b̂ . The products of coefficients approach 
involves estimating the product of â and b̂ , âb̂ , to form the 
mediated effect [30]. To estimate the standard error of the 
mediated effect, the Sobel test was used [31]. In order to 
evaluate the statistical significance of the mediated effect, 
the estimate of the mediated effect was divided by the 
standard error of the mediated effect; this value was then 
compared with the normal distribution [30]. All mediation 
models adjusted for demographic and behavioral covari-
ates are described above. Students with missing data for the 
outcome or any covariates were excluded from regression 
models using listwise deletion.

Given the absence of significant mediating effects 
(described below), post hoc analyses were also conducted 
to test whether having smoking friends was a confounding 
variable in the association between e-cigarette use and sub-
sequent smoking uptake. Specifically, the Change-in-Esti-
mate criterion was used to statistically test the potential con-
founding influence of smoking friends [32]. Using the CIE 
criterion, a change of ≥ 10% in the effect of e-cigarette use 
on smoking onset between unadjusted regression models and 
regression models adjusted for having smoking friends was 
used as a cut-off for identifying whether smoking friends 
was a confounding variable [32]. We also examined whether 
having smoking friends met the two criteria to qualify as a 
confounding variable: (1) it is associated with the exposure 
(i.e., past 30-day e-cigarette use) and (2) it is a predictor of 
the outcome of interest (i.e., past 30-day cigarette smoking/
dual use). All analyses were conducted using SAS 9.4.

Results

Table 1 reports the demographic and behavioral character-
istics of the sample of never smokers at wave 1. Within our 
study sample, 53.4% of students were females and 73% were 
identified as White. 95.1% of students within the sample 
were from Ontario and 27.1% reported having at least twenty 
dollars in weekly spending money.

As shown in Table 2, the direct effect of being a past 
30-day e-cigarette user at wave 1 significantly predicted past 
30-day cigarette smoking and dual use at wave 3 (p < 0.05 
for both). However, the effect of past 30-day e-cigarette use 
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on subsequent past 30-day cigarette smoking was not medi-
ated by having friends who smoke at wave 2 (β = 0.38, 95% 
CI − 0.12, 0.89, z = 1.48. Similarly, the effect of past 30-day 
e-cigarette use on subsequent dual use was not mediated 
by having friends who smoke at wave 2 (β = 0.46, 95% CI 
− 0.16, 1.07, z = 1.45).

Post hoc tests that were conducted to investigate the 
role of smoking friends in the association between e-cig-
arette use and subsequent smoking showed that having 

friends who smoke was a confounding factor: a change 
of ≥ 10% was observed in parameter estimates between 
unadjusted models and models adjusting for having friends 
who smoke (Table 3). These findings were reinforced by 
post hoc tests showing that having friends who smoke 
at wave 1 was significantly associated with past 30-day 
e-cigarette use (i.e., exposure of interest) and predictive 
of past 30-day cigarette smoking (i.e., outcome of interest; 
Supplementary Table S1).

Fig. 1  Hypothesized mediation models examining associations between past 30-day e-cigarette use, having one or more smoking friends and (a) 
past 30-day cigarette smoking, and (b) past 30-day dual use, among the sample of never smokers at wave 1 (N = 5,535)
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Discussion

This is the first study to investigate what role having one 
or more smoking friends has on the association between 
e-cigarette use and subsequent cigarette smoking onset using 
three waves of data from a large, longitudinal sample of 
youth. Our findings showed that past 30-day e-cigarette use 
was significantly associated with cigarette smoking onset. 
However, contrary to our initial hypotheses, having one 
or more smoking friends did not mediate the association 
between past 30-day e-cigarette use and cigarette smoking 
onset. Rather, the study findings indicated that having one 

or more friends who smoked was a significant predictor of 
both past 30-day e-cigarette use and past 30-day cigarette 
smoking. Overall, these findings suggest that having smok-
ing friends represents a confounding factor in the e-cigarette 
use-cigarette smoking pathway.

The associations observed between past 30-day e-cig-
arette use and subsequent smoking onset in our study are 
consistent with recent systematic reviews and meta-analyses 
[17, 33]. Our findings regarding the role of smoking friends 
in the e-cigarette use-smoking pathway are inconsistent with 
earlier evidence [18], but align with more recent work [34]. 
Overall, our findings are in line with the Common Liabil-
ity Theory that argues that there are common underlying 
risk factors (e.g., shared social or environmental factors) 
that increase an individual’s propensity to use nicotine [21]; 
having one or more close friends who smoke appears to rep-
resent a common risk factor that is associated with using 
both e-cigarettes and cigarettes according to our findings. 
It is possible that having smoking friends may provide a 
shared access point for both products (i.e., e-cigarettes and 
cigarettes); in this way, the presence of smoking friends may 
offer increased opportunities for youth to use both products.

The study findings did not support the role of smoking 
friends as a mediating factor in the association between past 
30-day e-cigarette use and subsequent past 30-day dual use. 
However, a significant association between having one or 
more close friends who smoke and subsequent past 30-day 
dual use was observed among never smokers. This is note-
worthy as it may be the case that having at least one close 
friend who smokes represents a proxy/marker for which 
youth will eventually go on to engage in multiple risky 
behaviors. The clustering of risky behaviors has been widely 
documented in various youth-based studies [5, 35–37].

Implications for programming and research

Our findings indicate that having one or more close friends 
who smoke represents a key social factor that is linked to 
both past 30-day e-cigarette use and past 30-day cigarette 
smoking. Our findings suggest the need to consider the role 
of social influences within the design of future interven-
tions focused on preventing youth uptake of e-cigarettes and 
cigarettes. Prevention programs combining social compe-
tence (i.e., teaching problem-solving and cognitive skills to 
resist personal and media influences) and social influence 
curricula (i.e., teaching skills to resist offers of tobacco/
deal with peer pressure) have been shown to be effective 
in preventing youth smoking uptake [38]. Involvement of 
influential student leaders within the design of prevention 
initiatives has also been shown to be a key component of 
effective tobacco programming [39, 40]. Specifically, pre-
vious evaluations have shown that student-led interven-
tions aimed at de-normalizing smoking behaviors can be 

Table 1  Characteristics of the Wave 1 (2015–2016) sample of 
never smokers in the COMPASS study, Ontario, Alberta, Canada 
(N = 5,535)

Variables N %

Gender
 Female 2,940 53.4
 Male 2,570 46.6

Grade
 9 3,160 57.1
 10 2,227 40.3
 11 140 2.5
 12 4 0.1

Ethnicity
 White 4,029 73.0
 Black 241 4.4
 Asian 447 8.1
 Latin American 181 3.3
 Other 615 11.2

Province
 Ontario 5,266 95.1
 Alberta 269 4.9

Weekly spending money
 $0 1,245 22.6
 $1–20 2,020 36.7
 $20–100 1,143 20.8
 Over $100 344 6.3
 I don’t know 756 13.6

Having 1 or more smoking friends
 Yes 811 14.7
 No 4,693 85.3

Past 30-day e-cigarette use
 Yes 124 2.3
 No 5,308 97.7

Past 30-day cannabis use
 Yes 97 1.8
 No 5,385 98.2

Past 30-day binge drinking
 Yes 241 4.4
 No 5,281 95.6
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effective in reducing smoking uptake [39, 40]. Future pre-
vention efforts should consider how best to incorporate key 
components of evidence-based tobacco programming noted 
above. Given the currently limited evidence base to inform 
the design of e-cigarette prevention programs, future work 
would also benefit from identifying key components of 
effective e-cigarette programming moving forward.

Study strengths and limitations

The strengths of our study include the use of a large, three-
year longitudinal sample of youth from two Canadian prov-
inces: Ontario and Alberta. Furthermore, our study makes 
use of an under-utilized analytic approach within applied 
health research to investigate mediating factors that may 
explain the association between youth e-cigarette use and 
smoking uptake. Our study also had some limitations. First, 
we did not have measures to assess whether students were 

using nicotine or non-nicotine containing e-cigarettes. As 
such, we could not examine whether there were poten-
tial differences in these associations among subgroups of 
e-cigarette users. We also did not have access to other social 
norm measures that may have played a role in the e-cigarette 
use-cigarette smoking pathway (e.g., having friends who 
use e-cigarettes, having a sibling/family member who uses 
e-cigarettes/smokes). Lastly, the study relied on non-prob-
ability sampling methods; as such, the results may not be 
representative of all Ontario and Alberta secondary schools.

Conclusions

Our findings indicate that having one or more smoking 
friends does not explain the association between past 30-day 
e-cigarette use and cigarette smoking onset. Rather, it rep-
resents a common risk factor that is linked to past 30-day 

Table 2  Regression coefficient estimates and standard errors of the a, 
b, c′ and indirect (ab) effects of past 30-day cigarette smoking and 
past 30-day dual use among past 30-day e-cigarette users, via hav-

ing one or more close friends who smoke, COMPASS study (2015–
2018), Ontario, Alberta, Canada

*p < 0.05, **p < 0.01, ***p < 0.001; – not applicable
a Refer to the mediation model shown in Fig. 1a
b Refer to the mediation model shown in Fig. 1b
c Values shown above adjust for gender, ethnicity, weekly spending money, province, past 30-day binge drinking and past 30-day cannabis use
d z-statistic > 1.96 indicates that the mediated effect is statistically significant

Model Effect Estimate (SE) c 95% CI z-statisticd

Model  1a E-cigarette use → Having ≥ 1 smoking friends (a) 0.36 (0.24) [− 0.11, 0.83] –
Having ≥ 1 smoking friends → Cigarette smoking (b) 1.06 (0.10) *** [0.86, 1.27] –-
E-cigarette use → Cigarette smoking (c′) 1.06 (0.28) *** [0.52, 1.60] –-
Indirect effect (ab) 0.38 (0.26) [− 0.12, 0.89] 1.48

Model  2b E-cigarette use → Having ≥ 1 smoking friends (a) 0.36 (0.24) [− 0.11, 0.83] –
Having ≥ 1 smoking friends → Dual use (b) 1.29 (0.13) *** [1.03, 1.56] –
E-cigarette use → Dual use (c′) 1.31 (0.24) *** [0.84, 1.79] –
Indirect effect (ab) 0.46 (0.31) [− 0.16, 1.07] 1.45

Table 3  Unadjusted and adjusted regression coefficient estimates (β) in the association between e-cigarette use and cigarette smoking/dual use 
among youth in the COMPASS study (2015–2018), Ontario, Alberta, Canada

Δ%: percentage change in β-coefficients, when adjusting for having one or more close friends who smoke in modeling procedures
a Adjusted for having one or more close friends who smoke at wave 1
b Adjusted for having one or more close friends who smoke at wave 2

Past 30-day Cigarette Smoking at wave 3 Past 30-day Dual Use at wave 3

Unadjusted Adjusteda Δ % Unadjusted Adjusteda Δ %

Past 30-day e-cigarette use at wave 1 1.80 1.63 10.4 2.13 1.96 8.5

Past 30-day Cigarette Smoking at wave 3 Past 30-day Dual Use at wave 3

Unadjusted Adjustedb Δ % Unadjusted Adjustedb Δ %

Past 30-day e-cigarette use at wave 2 2.03 1.64 23.8 2.34 1.94 20.0
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use of both products. These findings suggest the need to 
consider the role of social influences within the design of 
future prevention intervention efforts.
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