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Abstract

Introduction: Within tobacco prevention programming, it is useful to identify youth that are at 
risk for experimenting with various tobacco products and e-cigarettes. The susceptibility to smok-
ing construct is a simple method to identify never-smoking students that are less committed to 
remaining smoke-free. However, the predictive validity of this construct has not been tested within 
the Canadian context or for the use of other tobacco products and e-cigarettes.
Methods: This study used a large, longitudinal sample of secondary school students that reported 
never using tobacco cigarettes and noncurrent use of alternative tobacco products or e-cigarettes 
at baseline in Ontario, Canada. The sensitivity, specificity, and positive and negative predictive 
values of the susceptibility construct for predicting tobacco cigarette, e-cigarette, cigarillo or little 
cigar, cigar, hookah, and smokeless tobacco use 1 and 2 years after baseline measurement were 
calculated.
Results: At baseline, 29.4% of the sample was susceptible to future tobacco product or e-cigarette 
use. The sensitivity of the construct ranged from 43.2% (smokeless tobacco) to 59.5% (tobacco cig-
arettes), the specificity ranged from 70.9% (smokeless tobacco) to 75.9% (tobacco cigarettes), and 
the positive predictive value ranged from 2.6% (smokeless tobacco) to 32.2% (tobacco cigarettes). 
Similar values were calculated for each measure of the susceptibility construct.
Conclusions: A significant number of youth that did not currently use tobacco products or e-ciga-
rettes at baseline reported using tobacco products and e-cigarettes over a 2-year follow-up period. 
The predictive validity of the susceptibility construct was high and the construct can be used to 
predict other tobacco product and e-cigarette use among youth.
Implications:  This study presents the predictive validity of the susceptibility construct for the use 
of tobacco cigarettes among secondary school students in Ontario, Canada. It also presents a novel 
use of the susceptibility construct for predicting the use of e-cigarettes, cigarillos or little cigars, 
cigars, hookah, and smokeless tobacco among secondary school students in Ontario, Canada.
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Introduction

The prevalence of tobacco cigarette smoking has decreased dra-
matically within Canada since the early 2000s.1 Not only are fewer 
Canadian youth current smokers,1 but they are also less likely 
to be exposed to smoking due to strong tobacco control policies 
(eg, smoke-free spaces) and fewer adult smokers. However, there 
remains a significant number of youth that continue to experiment 
with tobacco cigarettes, alternative tobacco products (such as ciga-
rillos, little cigars, and hookah), and e-cigarettes. It is well-known 
that smoking tobacco products poses significant negative health 
effects.2–5 Furthermore, nicotine is a very addictive substance6 that 
can alter adolescent brain development.7,8 Therefore, it would be 
beneficial to identify youth that are at risk for experimenting with 
various tobacco products and e-cigarettes in order to provide tar-
geted programming to prevent smoking experimentation and nico-
tine addiction.

Simple methods that do not require biochemical validation 
have been developed to identify students that have never smoked 
tobacco cigarettes who are less committed to remaining smoke-
free.9,10 Given that intentions are a strong predictor of performing 
a behavior,11 it follows that individuals who respond positively to 
questions about their intentions to start smoking cigarettes in the 
future and to smoke cigarettes if offered by friends, may be more 
likely to experiment with tobacco products and e-cigarettes. These 
never-smoking individuals are identified as susceptible to future 
smoking using the susceptibility construct.9,10 As described else-
where, Pierce et al.9,10 use responses to three smoking-related inten-
tion measures to determine if a never smoker is classified as “not 
susceptible to future smoking” or “susceptible to future smoking.” 
In the domain of tobacco control prevention research, the ability to 
identify nonsmoking youth who are most likely to become future 
smokers is a considerable asset for being able to target prevention 
resources to where they are needed the most.12 Based on their initial 
study, a strong univariate relationship was found between posi-
tive responses to susceptibility questions and experimentation with 
and established smoking.9 A  validation study later identified the 
sensitivity (62.2%) and the specificity (49.6%) of the susceptibility 
construct.13

Since its development, the susceptibility construct has been 
widely used in cross-sectional (eg, refs.14,15) and longitudinal stud-
ies (eg, refs.16,17) to identify students susceptible to tobacco cigarette 
smoking. These studies have used the complete construct as well as 
variations that only include one or two questions from the construct 
to identify students susceptible to future tobacco cigarette smoking. 
However, given the significant changes that have occurred over the 
last 20  years to the tobacco control landscape via the implemen-
tation of prevention and cessation programs and policies and the 
expansion of the tobacco market to include other tobacco products 
and e-cigarettes, it is unknown whether the susceptibility construct 
is still valid for predicting the onset of tobacco cigarette smoking. 
Furthermore, the susceptibility construct has not been tested within 
the Canadian context where differences in policies for tobacco 
advertising, access, and taxation may affect the validity of using this 
construct. Given the variations in the number of questions used to 
assess susceptibility across studies, it would also be helpful to iden-
tify whether the full construct is needed or whether a single question 
performs adequately.

The susceptibility measures presented by Pierce et  al.9,10 have 
been extensively used to identify future tobacco cigarette smok-
ers. More recently, some studies have modified these measures to 

identify students susceptible to e-cigarettes18–20; cigars, cigarillos, or 
little cigars21; and smokeless tobacco.21,22 However, with the excep-
tion of one study,20 these studies have used a cross-sectional design, 
barring the examination of their predictive ability. It is well known 
that youth experiment with a variety of tobacco products and e-ciga-
rettes, poly-use is common, and youth that experiment with tobacco 
products and/or e-cigarettes may share many characteristics in com-
mon. As a result, the tobacco cigarette susceptibility construct may 
predict the use of various tobacco products and/or e-cigarettes and 
not strictly tobacco cigarettes. Longitudinal approaches are neces-
sary to assess the predictive ability of these measures and elucidate 
if they are reliable or whether alternative measures need to be devel-
oped for each product.

Given these gaps in the literature, this study examined the 
ability of the tobacco cigarette susceptibility construct as a whole 
and each measure of the susceptibility construct to predict ever and 
past 30  day use of tobacco cigarettes, as well as past 30  day use 
of 4 additional tobacco products (cigarillos or little cigars, cigars, 
hookah, and smokeless tobacco) and e-cigarettes, within a longitu-
dinal sample of Canadian secondary school students through cal-
culation of the sensitivity, specificity, positive predictive value, and 
negative predictive value.

Methods

COMPASS is a prospective cohort study designed to collect hierar-
chical longitudinal data from a sample of grade 9 to 12 secondary 
school students and the schools they attend in Ontario and Alberta, 
Canada.23 Data were collected annually from students in class time 
on the day of their school’s scheduled data collection using the 
COMPASS questionnaire (Cq) in purposefully sampled schools 
that provided permission to use active-information passive-consent 
parental permission protocols (as described elsewhere24). The cur-
rent study reports longitudinal student-level linked data from year 
2 (2013–2014), year 3 (2014–2015), and year 4 (2015–2016) of the 
COMPASS host study given that (1) these three waves of data have 
the largest sample size (as described by Reel et al.25), and (2) year 2 
was the first time the Cq included a measure of e-cigarette use. For 
the purpose of our objectives, data from year 2 will be considered 
“baseline,” year 3 will be “follow-up year 1,” and year 4 will be 
“follow-up year 2.” A full description of the COMPASS study and 
its methods is available online (www.compass.uwaterloo.ca) and 
in print.23 The COMPASS study received ethics approval from the 
University of Waterloo Research Ethics Board, as well as partici-
pating school board review panels.

Sample Selection
At baseline, 52 529 students in grades 9 to 12 were enrolled in the 79 
participating schools in Ontario and 41 734 of them (79.5%) com-
pleted the Cq; 11 253 of these students were in grade 9. In follow-up 
year 1, 49 773 students in grades 9 to 12 were enrolled in the 78 
participating schools in Ontario and 39 013 of them (78.7%) com-
pleted the Cq; 10 381 of these students were in grade 10. Finally, in 
follow-up year 2, 46 458 students in grades 9 to 12 were enrolled in 
the 72 participating schools in Ontario and 37 106 of them (79.9%) 
completed the Cq; 9168 of these students were in grade 11. Missing 
data were primarily a result of student absenteeism the day of the 
data collection and students on spare (N = 29 806; 20.0% of total); 
relatively few data were missing due to student or parent refusal 
(N  =  1101; 0.7% of total). Using the unique code generated by 
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each student to link their data over time,26 4651 students in grade 
9 were linked across all 3 years of study (linked sample; 41.3%); 
6602 students in grade 9 did not have data for each data collec-
tion year (unlinked sample). A comparison of demographic and be-
havioral characteristics of the linked sample to the unlinked sample 
can be found in Supplementary Table 1. Given that we were inter-
ested in identifying students that were susceptible to using tobacco 
products and e-cigarettes, grade 9 students that reported ever using 
tobacco cigarettes (even just a puff; N = 400) or another tobacco 
product or e-cigarette in the last 30 days (N = 134) were excluded 
from these analyses. An additional 250 students were excluded due 
to missing demographic (age or gender; N  =  9) or outcome vari-
ables (tobacco product use or susceptibility; N = 241), leaving a final 
linked sample of 3867 students that had never smoked, not used an 
alternative tobacco product within the last 30 days, and not used 
e-cigarettes within the last 30 days at baseline (herein called current 
nontobacco/e-cigarette users).

Measures
The Cq uses items with demonstrated reliability and validity for cur-
rent smoking27 and smoking susceptibility among never smokers.9 
Susceptibility to future tobacco cigarette smoking among current 
nontobacco/e-cigarette users was derived by three previously vali-
dated measures9 that asked respondents:

Do you think in the future you might try smoking cigarettes? 
(S1-Try)
If one of your best friends was to offer you a cigarette, would you 
smoke it? (S2-Offer)
At any time during the next year do you think you will smoke a 
cigarette? (S3-Smoke)

Students indicated the degree to which they agreed with each state-
ment on a Likert scale ranging from “definitely not” to “definitely 
yes.” Consistent with the algorithm proposed by Pierce et  al.,9,10 
current nontobacco/e-cigarette users who responded “definitely 
not” to all three questions were classified as “not susceptible to fu-
ture tobacco/e-cigarette use,” while all other response groupings 
were classified as “susceptible to future tobacco/e-cigarette use.” 
Only measures that assessed susceptibility to future tobacco cigar-
ette smoking were included in the Cq. Responses to this measure 
of susceptibility to future tobacco cigarette smoking were also used 
to identify students susceptible to future use of alternative tobacco 
products and e-cigarettes.

Experimentation with tobacco cigarettes was measured with a 
single question: “Have you ever tried cigarette smoking, even just 
a few puffs?” Similarly, experimentation with alternative tobacco 
products and e-cigarettes was measured with a single multi-item 
question. This question measured current use of each alternative 
tobacco product and e-cigarettes among respondents: “In the last 
30 days, did you use any of the following? (Mark all that apply),” 
followed by a list of products other than tobacco cigarettes: ciga-
rillos or little cigars (plain or flavored), cigars (not including ciga-
rillos or little cigars, plain or flavored), e-cigarettes (electronic 
cigarettes that look like cigarettes/cigars, but produce vapor instead 
of smoke), smokeless tobacco (chewing tobacco, pinch, snuff, or 
snus), hookah (water-pipe) to smoke tobacco, hookah (water-pipe) 
to smoke herbal sheesha/shisha. Although this measure of use 
is different from that for tobacco cigarettes (ie, use in the last 30 
days vs. ever use), it is a common measure of alternative tobacco 
product and e-cigarette use and it may measure more regular use 

rather than experimentation. A comparison of the sensitivity, speci-
ficity, positive predictive value (PPV), and negative predictive value 
(NPV) for different measures of tobacco cigarette smoking (ever 
use, past 30-day use, smoked 100 cigarettes in life) is presented in 
Supplementary Table 2. For our analyses, any respondents with all 
items missing from this question of alternative tobacco product 
and e-cigarette use had alternative tobacco product and e-cigarette 
use set to missing; additionally, respondents that indicated using 
hookah to smoke tobacco or to smoke herbal sheesha/shisha were 
combined and identified as “hookah users.”

Analysis
Given that students that smoke tend to drop out of longitudinal  
studies28 which could affect the analyses, chi-square tests com-
pared the baseline demographic and behavioral characteristics of 
the linked and unlinked samples (Supplementary Table 1). A higher 
proportion of students that were linked across all 3 years were 
female, had less spending money, were not susceptible to future 
smoking, and did not have any friends that smoked cigarettes at 
baseline. Tobacco product use was assessed at follow-up year 1 
and follow-up year 2 among students susceptible and not suscep-
tible to future tobacco/e-cigarette use at baseline. Consistent with 
a previous validation study,13 the sensitivity, specificity, PPV, and 
NPV of the tobacco cigarette susceptibility construct (as a whole, 
and each of the three measures of the construct) were calculated 
for ever and past 30 day use of tobacco cigarettes, as well as past 
30 day use of four additional tobacco products (cigarillos or little 
cigars, cigars, hookah, and smokeless tobacco) and e-cigarettes in 
follow-up year 1 and follow-up year 2. The sensitivity was defined 
as the percentage of students who reported currently using each 
tobacco product or e-cigarette at follow-up who were identified as 
susceptible to future tobacco/e-cigarette use. Similarly, the specific-
ity was defined as the percentage of students who reported not cur-
rently using each tobacco product or e-cigarette at follow-up who 
were identified as not susceptible to future tobacco/e-cigarette use. 
Finally, the PPV was defined as the percentage of students identi-
fied as susceptible to future tobacco/e-cigarette use who reported 
currently using each tobacco product or e-cigarette at follow-up, 
while the NPV was defined as the percentage of students identi-
fied as not susceptible to future tobacco/e-cigarette use who did 
not report currently using each tobacco product or e-cigarette at 
follow-up.

Results

Self-Reported Tobacco or E-Cigarette Use at Follow-up
Among current nontobacco/e-cigarette users at baseline, 29.4% were 
susceptible to future tobacco/e-cigarette use. By follow-up year 1, 
13.6% of current nontobacco/e-cigarette users at baseline reported 
using any tobacco product or e-cigarette. By follow-up year 2, the 
percentage of students that reported using any tobacco product or 
e-cigarette increased by 67% to 22.8%. Figure 1 presents the preva-
lence of tobacco product or e-cigarette use at follow-up year 1 and 
follow-up year 2. The most frequently used products in follow-up 
year 1 were tobacco cigarettes (8.7%), e-cigarettes (5.5%), and ciga-
rillos or little cigars (CLC, 2.9%). Similarly, the most frequently used 
products at follow-up year 2 were tobacco cigarettes (17.4%), e-cig-
arettes (6.7%), and CLC (5.3%). The increase in prevalence of use of 
tobacco products and e-cigarettes was not uniform across products. 
Between follow-up year 1 and follow-up year 2 the prevalence of use 
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of tobacco cigarettes doubled, the prevalence of use of CLC increased 
by 82.8%, and the prevalence of hookah use increased by 68.4%; the 
prevalence of use of e-cigarettes only increased by 21.8%.

Classification Accuracy of the Susceptibility 
Construct
Table  1 presents the sensitivity, specificity, PPV, and NPV for the 
tobacco cigarette susceptibility construct (presented by Pierce et al.) 
at follow-up year 1 and follow-up year 2 for each tobacco prod-
uct and e-cigarettes. At both follow-up year 1 and follow-up year 2, 
the sensitivity, specificity, and NPV of the construct was high (over 
50%, 70%, and 80%, respectively). At follow-up year 1, the sensi-
tivity of the construct was highest for tobacco cigarettes (59.5%), 
hookah (57.5%), and smokeless tobacco (56.6%). At follow-up year 
2, the sensitivity of the construct was highest for tobacco cigarettes 
(54.6%), e-cigarettes (51.5%), and hookah (51.2%). At follow-up 
year 1, the specificity of the construct was highest of tobacco ciga-
rettes (73.5%), e-cigarettes (72.0%), and CLC (71.3%). Similarly, 
at follow-up year 2 the specificity of the construct was highest 
for tobacco cigarettes (75.9%), e-cigarettes (72.2%), and CLC 
(71.8%). Across all products, the NPV of the susceptibility construct 
decreased between follow-up year 1 and follow-up year 2. The PPV 
of the susceptibility construct varied between products and usually 
increased between follow-up year 1 and follow-up year 2. At follow-
up year 1, the PPV of the construct was highest for tobacco ciga-
rettes (17.7%), e-cigarettes (10.0%), and CLC (5.0%). Similarly, at 

follow-up year 2, the PPV of the construct was highest for tobacco 
cigarettes (32.2%), e-cigarettes (11.8%), and CLC (9.1%). Overall, 
the susceptibility construct was able to predict 25.6% of students 
that reported using any tobacco product or e-cigarette at follow-up 
year 1 and 39.5% of students that reported using any tobacco prod-
uct or e-cigarette at follow-up year 2.

Classification Accuracy of Each Susceptibility 
Measure
Table 2 presents the sensitivity, specificity, PPV, and NPV for each 
of the three tobacco cigarette susceptibility measures (S1-Try, 
S2-Offer, S3-Smoke) at follow-up year 1 and follow-up year 2 for 
each tobacco product and e-cigarettes. At both follow-up year 1 and 
follow-up year 2 the specificity of S1-Try, S2-Offer, and S3-Smoke 
was high (over 70%); however, the sensitivity of S1-Try, S2-Offer, 
and S3-Smoke was lower than that for the overall susceptibility con-
struct. The PPV of S1-Try, S2-Offer, and S3-Smoke varied between 
products and increased between follow-up year 1 and follow-up 
year 2, while the NPV of S1-Try, S2-Offer, and S3-Smoke decreased 
between follow-up year 1 and follow-up year 2.

Discussion

This study identified that a significant number of youth that 
did not report current tobacco/e-cigarette use at baseline pro-
gressed to try smoking, use an alternative tobacco product, or use 

Table 1. Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive Value of the Susceptibility Construct at Follow-up Year 1 
and Follow-up Year 2 for Each Tobacco Product or E-Cigarette, 2013–2016 COMPASS Study

Tobacco product or e-cigarette

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Year 1 Year 2 Year 1 Year 2 Year 1 Year 2 Year 1 Year 2

Tobacco cigarettes 59.5 54.6 73.5 75.9 17.7 32.2 95.0 88.8
E-cigarettes 53.1 51.5 72.0 72.2 10.0 11.8 96.3 95.4
Cigarillos or little cigars 50.9 50.5 71.3 71.8 5.0 9.1 98.0 96.3
Cigars 56.0 49.6 71.2 71.3 4.1 5.6 98.6 97.7
Hookah 57.5 51.2 71.2 71.4 3.7 5.6 98.9 97.8
Smokeless tobacco 56.6 43.2 71.0 70.9 2.6 3.4 99.2 98.2
Any tobacco product or e-cigarette 55.2 51.1 74.7 77.0 25.6 39.5 91.4 84.3
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Figure 1. Self-reported tobacco product and e-cigarette use at follow-up year 1 and follow-up year 2 among current nontobacco/e-cigarette users at baseline, 
2013–2016 COMPASS study.
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e-cigarettes over a 2-year follow-up period. In the current sample, 
more than 1 in 10 current nonsmoking students reported using 
a tobacco product or e-cigarette within 1 year of follow-up, and 
almost one in four students reported using a tobacco product or 
e-cigarette within 2 years of follow-up. It is apparent that many 
students use tobacco products or e-cigarettes during secondary 
school, even those that would not be identified as “at risk” (ie, 
not susceptible) to future tobacco product or e-cigarette use. The 
vast majority of tobacco product or e-cigarette users were students 
that were identified as “at risk” (ie, susceptible) to future tobacco 
product or e-cigarette use, indicating that methods of measuring 
susceptibility to future smoking are still useful and could identify 
those that would benefit the most from school-based tobacco pre-
vention programming.

We found that the tobacco cigarette susceptibility construct 
predicted tobacco cigarette use among youth that did not report 
current tobacco/e-cigarette use in Ontario, Canada over a 2-year 
follow-up period, suggesting that this susceptibility construct is 
valid for identifying nonsmoking Ontario youth who are at the 
greatest risk of future tobacco cigarette use. Compared to the sen-
sitivity (62.2%) and the specificity (49.6%) of the susceptibility 
construct calculated in a previous validation study that also used 
a longitudinal design,13 the sensitivity of the construct in the cur-
rent study was lower and both the specificity and PPV were higher. 
Differences in assessing tobacco cigarette smoking between the 
current study (ever use) and the previous validation study (smoking 
100 cigarettes in life) may explain some of these differences, espe-
cially the higher PPV calculated in the current study. Alternatively, 
age differences of the sample populations at baseline and follow-up 
between the current study and the previous validation study may 
account for some of these differences; the current study identified 
smoking status 1 and 2 years later, when the sample was still in 
secondary school. In contrast, the study by Strong et al.13 identi-
fied smoking status 3 and 6 years later, when the sample was in 
young adulthood. Finally, differences in tobacco control programs 
and policies across the two jurisdictions (California, USA vs. 
Ontario, Canada) and over time (1996 vs. 2014) may explain the 
reduced sensitivity and increased specificity and PPV. Differences 
in the tobacco control policy and program environment would 
also impact the baseline prevalence of use of these products among 
youth, which would impact later experimentation among suscep-
tible and not susceptible youth. Given the potential influence of 
these differences, this construct should continue to be evaluated 
using different populations. Although the PPV of the construct 
was highest for tobacco cigarettes, it was still only able to predict 
about 17% of tobacco cigarette ever users 1 year later and 32% of 
tobacco cigarette ever users 2 years later. Additionally, the sensitiv-
ity values indicate that only about half of smokers were identified 
as “at risk” at baseline. It is evident that there is still knowledge to 
be gained about the smoking susceptibility construct and methods 
to identify those at risk of using tobacco cigarettes.

These data also illustrate that the tobacco cigarette susceptibil-
ity construct is transferrable to other products besides tobacco ciga-
rettes. The results identify that the tobacco cigarette susceptibility 
construct best predicted e-cigarette use and CLC use; although the 
PPV for both products was lower than that for tobacco cigarettes 
(due to a lower prevalence of use), the sensitivity and specificity 
were both similar to that of tobacco cigarettes. Therefore, creating 
additional susceptibility measures specific to these products may not 
be necessary. Recent studies have begun to modify the susceptibility Ta
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questions to identify students susceptible to the use of other tobacco 
products and e-cigarettes.18–22 Only one study used a longitudinal 
design to identify whether susceptibility measures specific to e-ciga-
rettes predicted future e-cigarette use among youth.20 To our knowl-
edge the sensitivity, specificity, PPV, and NPV of these measures have 
not been calculated. This study represents the first to explore the 
predictive validity of the original tobacco cigarette susceptibility 
construct for alternative tobacco products and e-cigarettes. Future 
studies should continue to compare the relative effectiveness of the 
original tobacco cigarette susceptibility construct to susceptibility 
measures that are specific to each tobacco product or e-cigarettes.

In addition to validating the tobacco cigarette susceptibility 
construct as a whole, these results illustrate that each susceptibil-
ity measure (S1-Try, S2-Offer, and S3-Smoke) was predictive of 
tobacco product and e-cigarette use. This suggests that although 
each measure asks about different situations where students could 
be tempted to try a tobacco product or e-cigarette, they all measure 
underlying intention to smoke in the future. Therefore, all three 
measures of the susceptibility construct or a single question from 
the construct could be used to measure susceptibility. This has 
important implications for survey development where the possi-
bility of using a single question to measure susceptibility would 
reduce the burden on subjects while still providing useful data. 
However, it should be noted that given the differences in the sen-
sitivity, specificity, PPV, and NPV of each measure, the choice of 
which measure to use should be considered carefully. For example, 
the sensitivity of S1-Try was always highest of all the measures, 
while the sensitivity of S3-Smoke was always the lowest of all the 
measures. Therefore, when the sensitivity of the measure is val-
ued, S1-Try should be selected rather than S2-Offer or S3-Smoke. 
In contrast, the specificity was high and relatively stable across 
tobacco products, e-cigarettes, and measures. Therefore, specificity 
is less useful in determining which measure to include. The three 
measures of susceptibility may also perform differently depending 
on the measure of frequency of tobacco product or e-cigarette use; 
based on one study of susceptibility to e-cigarette use and initiation 
and current use 6 months later, being offered an e-cigarette by a 
friend was more predictive of e-cigarette initiation, while thinking 
about using an e-cigarette in the future was more predictive of cur-
rent e-cigarette use.20 Additional evidence is needed for the reliabil-
ity and validity of each measure of tobacco cigarette susceptibility 
and the tobacco cigarette susceptibility construct overall.

This study fills a much needed research gap with respect to the 
use of the tobacco cigarette susceptibility construct in Canada. 
Despite not having been validated for use in this context, numerous 
Canadian studies have used this construct to identify students at risk 
for using tobacco cigarettes and sociodemographic and behavioral 
characteristics associated with being susceptible to using tobacco 
cigarettes.29–31 The results from this large longitudinal study indi-
cate that the tobacco cigarette susceptibility construct is valid for 
use among Canadian youth populations. The Cq collected data on 
a range of tobacco products and e-cigarettes, which allowed for the 
investigation of a novel use of the tobacco cigarette susceptibility 
construct for predicting the use of alternative tobacco products and 
e-cigarettes. Additionally, the use of passive consent procedures max-
imized the number of students that participated from each school, 
increasing the sample size available for analysis.

Although there are numerous strengths with this study, there 
are some limitations. The largest limitation rests with our measure 

of alternative tobacco product and e-cigarette use, which only 
assessed use within the last 30 days and not ever use. This meas-
ure also differed from our assessment of tobacco cigarette use 
(ever use). The more sensitive measure of tobacco cigarette use 
likely improved the positive predictive value that was calculated 
for tobacco cigarettes relative to the other products; however, the 
different measure of frequency of use did not have a noticeable 
impact on the calculated sensitivity or specificity as shown by the 
similar calculated values across tobacco products and e-cigarettes 
(also compare with Supplementary Table 2). The measure of alter-
native tobacco product and e-cigarette use also reduced our ability 
to limit the baseline sample to never tobacco/e-cigarette users. We 
excluded students that reported using an alternative tobacco prod-
uct or e-cigarette in the past 30  days from the baseline sample, 
but some students may have tried alternative tobacco products or 
e-cigarettes in the past but not within the last 30 days; this would 
increase their susceptibility to future use. We expect that keeping 
these students in the sample would have had a limited effect on 
these analyses given that prevalence rates of alternative tobacco 
product and e-cigarette use among this young population remain 
low32 and the majority of alternative tobacco product and e-ciga-
rette users also report using tobacco cigarettes.33,34 Given that our 
sample at baseline excluded students that reported ever using a 
tobacco cigarette, the vast majority of students would never have 
used a tobacco product or e-cigarette. Finally, a single question 
measured the use of each alternative tobacco product and e-ciga-
rettes within the past 30 days, which may not reflect usual use or 
initiation of each product.

Other limitations are common to longitudinal studies of to-
bacco use. Consistent with previous evidence,28,35 the linked sample 
differed significantly on all demographic and behavioral character-
istics from the unlinked sample (Supplementary Table  1). Given 
that tobacco users tend to drop-out of longitudinal studies,28 the 
current results may be an underestimate of the predictive validity 
of the tobacco cigarette susceptibility construct. This study relied 
on self-reported smoking behaviors; therefore, the validity of 
responses cannot be guaranteed. However, self-reported tobacco 
use measures have previously been demonstrated to be reliable 
and valid27,36 and students were ensured that their responses were 
confidential. Furthermore, limitations in the study design meant 
that data collections only occurred yearly, potentially missing crit-
ical developmental periods or life events that lead to smoking ex-
perimentation. Finally, the COMPASS study used a convenience 
sample of students; therefore, the results may not be generalizable 
to all youth in Ontario or Canada. However, given the longitu-
dinal nature of the study and the large school and student sample 
size, the results have important implications for current research 
and practice.

Conclusion

A significant number of youth that did not report current tobacco 
product or e-cigarette use at baseline reported using tobacco prod-
ucts and e-cigarettes over a 2-year follow-up period. Methods 
to identify youth at risk for using various tobacco products and 
e-cigarettes continue to be warranted. The predictive validity of 
the tobacco cigarette susceptibility construct for tobacco cigarette, 
alternative tobacco product, and e-cigarette use among youth cur-
rent nontobacco/e-cigarette users over a 2-year follow-up period 
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was high. Furthermore, the predictive validity of each measure of 
the tobacco cigarette susceptibility construct for tobacco cigarettes, 
alternative tobacco product, and e-cigarette use was also high for 
youth current nontobacco/e-cigarette users. The tobacco cigarette 
susceptibility construct can be used to identify students at risk of 
using various tobacco products and e-cigarettes within Ontario, 
Canada. Future studies should continue to explore methods of iden-
tifying students at risk for using various tobacco products and e-cig-
arettes to inform and tailor tobacco prevention programs.

Supplementary Material

Supplementary data are available at Nicotine and Tobacco Research 
online.
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