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Abstract

Introduction—Vaping has recently increased in popularity among adolescents. Little is known
about heterogeneity of vapers, particularly in terms of why they vape. Identifying major subgroups
of adolescent vapers by reasons for vaping is important to understand adolescent vaping behavior
and to identify those most at risk for other substance use.

Methods—Monitoring Future data from 2015 and 2016 were used in a latent class analysis to
identify subgroups of 12t graders based on their endorsement of 10 potential reasons for vaping.
Multinomial regression with a latent class outcome was used to predict class membership.

Results—Three distinct classes of vapers were identified: adolescents who were (1) Vaping to
Experiment (29.4%), (2) Vaping to Replace Cigarettes (7.3%), and (3) Vaping for Taste +
Entertainment (63.4%). Vaping only flavors was associated with lower odds of membership and
cigarette use was associated with higher odds of membership in the Vaping to Replace Cigarettes
subgroup, and marijuana was associated with lower odds of membership in the Vaping to
Experiment subgroup, compared to the Vaping for Taste + Entertainment subgroup.

Conclusions—This study identified multiple subgroups of vapers based on reasons for vaping.
While a small subgroup vaped for reasons related to cigarette use, most adolescent vapers reported
vaping for reasons unrelated to cigarette use. There were considerable differences in primary
reasons for vaping and risk for traditional cigarette and other substance use, suggesting different
intervention strategies may be needed for different subgroups of vapers.
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INTRODUCTION

The prevalence of vaping among adolescents has skyrocketed over the past five years,
increasing from 1.5% in 2011 to 16.0% in 2015 among US high school students,! and has
recently surpassed rates of cigarette use.2:3 Vaping is the inhalation of an aerosol or vapor,
which may or may not contain nicotine, produced by a device such as an electronic cigarette.
Spending on vaping advertising has greatly increased (from $6.4 million in 2011 to $115
million in 2014) and targets youth specifically.* More than 18 million US middle and high
school students were exposed to ads in 2014. A recent review of e-cigarette research
suggests that awareness of vaping is rapidly increasing among teens,® potentially leading to
even greater increases in vaping in the future.

Understanding why adolescents are vaping becomes an important research endeavor given
the fast rise to popularity and the potentially harmful consequences of vaping for youth, such
as escalation to cigarette smoking.8 Experimentation,’ curiosity,8 flavoring or taste,”10 and
enjoyment!! top the list of reasons for vaping among adolescents. Less than 10% of middle
and high school students report vaping to help facilitate smoking cessation’ and a slightly
higher percentage in a sample of college students (14-19%) endorsed vaping to replace or
stop cigarette smoking.11 Somewhat larger percentages of youth and young adults (up to
80% of vapers) report vaping because they believe it is safer and more convenient than
smoking cigarettes.8:10

To date studies have examined individual reasons for vaping among adolescents, with each
reason explored separately. This approach provides the reasons teens give for vaping;
however, it does not tell us how these reasons cluster together among vapers. We do not
know the extent to which subgroups of adolescent vapers are motivated by a single reason
for use or, alternatively, by a set of inter-related reasons. Given that distinct subgroups of
users have been found for other substances (including alcohol, 22 marijuana,!® and non-
medical prescription drug usel4) based on their reasons for use, we expect to find that
reasons for use may also distinguish vapers into meaningful subgroups. Documenting
heterogeneity in patterns of reasons for adolescent vaping may be particularly informative
for adolescent vaping given the current debate over whether adolescent vapers do so to aid in
smoking cessation, as a supplement to smoking, or for reasons unrelated to cigarette
smoking.18:9.15 |t js likely that more than one of these groups exist among adolescent
vapers.

Understanding what individual characteristics, such as socio-demographics and other
substance use, are associated with subgroups of vapers will further shed light on the
heterogeneity of vapers and why they vape. It may also help to identify which vapers are at
risk for heavier vaping and other substance use, including current and future use of
traditional cigarettes. Overall, vaping is associated with and prospectively predictive of other
risk behaviors such as traditional cigarette use and other substance use.%16-20 Most high
school vapers report relatively infrequent vaping® and a majority (65% of 12 graders)
report vaping only flavors without nicotine, marijuana, or other substances.?! These
potentially lower risk behaviors may be associated with a specific pattern of reasons for
vaping while those vaping nicotine or other substances (e.g., marijuana) may vape for a
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different pattern of reasons. Understanding how these characteristics relate to different
patterns of reasons for use would inform our understanding of what sets of reasons for
vaping may be riskier than others. This would also inform intervention strategies as different
types of interventions may be effective for different types of adolescents who vape.
Interventions addressing higher-risk reasons for vaping as well as their other risk behaviors
may be best suited to a higher-risk subgroup of vapers, while this type of intervention would
be ill-suited for those who vape primarily for experimentation and may not be using other
substances. The current study, using national samples of 12" graders who have vaped, has
two aims:

1. To identify subgroups (or “classes™) of adolescents based on their self-reported
reasons for vaping. Given that recent studies have found considerable
heterogeneity among vapers,2223 we hypothesize there will be heterogeneity in
adolescents’ patterns of reasons for vaping with the majority of adolescents
vaping for experimental reasons only’ rather than social, enhancement, or
cigarette use-related reasons.

2. To identify characteristics associated with the classes identified in Aim 1. We
hypothesize that adolescents who do not report use of other substances will be
more likely to vape for experimental reasons only; further, we hypothesize that
those who report other substance use and report vaping substances (other than
just flavoring) will be more likely to vape for social reasons and cigarette-related
reasons.

METHODS

Participants/Sample

Measures

Data are from the Monitoring the Future (MTF) study which since 1975 has conducted
annual cross-sectional surveys of nationally representative samples of 12t grade students in
public and private schools across the contiguous United States.24 The survey was
administered using optically scanned paper-and-pencil questionnaires administered in
classrooms during normal school hours. The MTF study was approved by the University of
Michigan Institutional Review Board.

This study focuses on 12t graders who completed the 2015 and 2016 surveys when
questions regarding reasons for vaping were included in the survey. In the MTF study,
students are randomly assigned to one of six different questionnaire forms in order to
increase the number of topics covered and reduce respondent burden. Questions regarding
reasons for vaping were included on two forms, thereby including one-third of students;
among these students, only those who reported any lifetime vaping (34.7% of the original
sample) were asked about their reasons for vaping (N=2,664; 43% female and 63% White).

Reasons for vaping—Students who reported ever vaping were asked about potential
reasons for vaping with the question: “What have been the most important reasons for your
using an electronic vaporizer such as an e-cigarette? (Mark all that apply).”” Ten potential
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reasons were given: “to experiment—to see what it’s like,” “because it tastes good,”
“because of boredom, nothing else to do,” “to have a good time with my friends,” “to relax
or relieve tension,” “because it looks cool,” “to help me quit regular cigarettes,” “because
regular cigarette use is not permitted,” “to get high,” and “because | am ‘hooked’—I have to
have it.” These ten reasons were included as dichotomous (marked vs. not marked)
indicators in the latent class analysis.

Covariates—We assessed whether vaping characteristics and other substance use were
related to latent class membership. Vaping characteristics included recency of vaping (any
past 30-day vaping vs. not) and whether the participant reported vaping only flavorings vs.
vaping a substance (nicotine, marijuana, other substance) the last time they vaped. Other
substance use included past 30-aay cigarette use (any vs. none), past 30-day alcohol use (any
Vs. none), and past 30-day marijuana use (any vs. none). We also controlled for
sociodemographic characteristics in multivariable regression models which included sex,
race/ethnicity (white non-Hispanic, Black non-Hispanic, Hispanic, Other), and parent
educatfon (parent(s) with a college degree vs. no parent with a college degree).

Statistical Analyses

RESULTS

Analyses were conducted in two stages. First, latent class analysis (LCA) was used to
characterize subgroups of students based on their profiles of ten reasons for vaping. LCA is
a person-centered modeling technique that divides a population into mutually exclusive and
exhaustive subgroups. These subgroups are unobserved (or latent) and are identified using
multiple observed indicators. We estimated latent class models specifying two to eight
classes and assessed identification of each model using multiple starting values. Information
criteria (AIC, BIC, aBIC) along with interpretability and empirical and theoretical
knowledge were used to determine the best-fitting model.2> Lower values on these fit
statistics indicate models with a better fit. After selecting the final model, we included
covariates in the latent class model to examine predictors of class membership28. For each
predictor, this provides odds ratios corresponding to the increase in odds of membership in
each latent class relative to a reference class. First, bivariate multinomial regression models
were estimated for each predictor to estimate the overall associations with class
membership. Second, a multivariable model was estimated including all predictors and
controlling for sex, race/ethnicity, and parent(s) education. All analyses accounted for the
complex multistage sampling design with the use of sample weights and adjusted for
standard errors due to clustering. PROC LCA was used in SAS 9.4 for both steps of LCA
modeling.27:28

Table 1 provides weighted prevalences of reasons for vaping and all covariates in the
analyses including sociodemographic characteristics, vaping characteristics, and other
substance use behaviors among 12" graders who reported ever vaping. As in previous
reports,” experimenting was the most prevalent reason for vaping and the only reason
endorsed by more than half of the sample. Vaping because it tastes good was also fairly
common, endorsed by over one-third of the sample. Cigarette-related reasons (i.e., to help
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me quit regular cigarettes, because regular cigarette use is not permitted, hooked) had low
endorsement, each endorsed by less than 10% of the sample. To get high was also endorsed
by less than 10% of the sample. The majority of vapers were male, White and had at least
one parent with a college degree. Almost two-thirds reported vaping only flavors the last
time they vaped and about 40% vaped in the past 30 days, as reported previously.2! Other
substance use was reported, including past 30-day prevalence of cigarette use (28%), alcohol
use (58%), and marijuana use (39%).

Latent classes of self-reported reasons for vaping

Latent class models were estimated using ten dichotomous indicators of reasons for vaping.
Models with two to eight latent classes were examined. We selected a three-class model
based on several factors. The model fit information (shown in Table 2) indicated up to an
eight-class solution; however, consideration of the class structures, class interpretation, and
previous empirical and theoretical research indicated that including more than three classes
did not offer substantially more information about reason-based subgroups (see
Supplemental Table A for latent class solutions with 2 to 8 classes). Across the 2- through 8-
class models, we consistently found a class dominated by vaping to experiment and one
identified by vaping to replace cigarettes, suggesting robustness of these two subgroups. In
the 3-class model, a third large and somewhat heterogeneous class emerged; subsequent
models further divided this third class into multiple smaller classes but they did not provide
meaningful interpretations. Furthermore, with larger numbers of classes, model
identification became problematic. Across 2- to 4-class models, the percentage of starting
values associated with the best-fitted model were 50% or higher, suggesting good model
identification.2® In the 5-class model this percentage dropped to 13% and remained low
through an 8-class model. Therefore, favoring parsimony and model stability, we selected a
model with three classes. The prevalence of the three classes and the probabilities of
reporting each reason given class membership are presented in Table 3.

Nearly one-third (29.36%) of the sample was characterized by vaping only for experimental
reasons (Vaping to Experiment class). Among adolescents in this class, nearly 100%
endorsed experimenting as a reason and only 5% or fewer endorsed each other reason. A
second, much smaller class (7.29%) was characterized by vaping primarily to help quit
regular cigarettes and because regular cigarette use was not permitted; adolescents in this
class also had an elevated probability of vaping to get high and a somewhat elevated
probability of reporting vaping to relax (Vaping to Replace Cigarettes class). The third and
largest class was characterized primarily by vaping because it tastes good ( Vaping for Taste
+ Entertainment class; 63.35% of the sample); vaping because it tastes good had the highest
probability, with more than 50% of adolescents in this class endorsing this reason. Vaping to
experiment, because of boredom, and to have a good time were also relatively high in this
class, with more than 30% of adolescents in this class endorsing each of these reasons. The
heterogeneity among adolescents in this class indicates the wide variety of reasons reported
for vaping once adolescents who are vaping specifically to experiment or to replace
cigarettes are accounted for.
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Predictors of latent class membership

Bivariate associations with vaping classes—Table 4 provides the bivariate and
multivariable multinomial regression analysis results for models that examined predictors of
latent class membership; the largest class, Vaping for Taste + Entertainment, was specified
as the reference class for all analyses. Thus the following findings from bivariate analyses all
hold in comparison to the Vaping for Taste + Entertainment class. Adolescents who vaped
only flavors were significantly more likely to be in the Vaping to Experiment class
(OR=1.80; 95% CI [1.35, 2.39]). Those who vaped in the past 30 days, used cigarettes,
alcohol, or marijuana in the past 30 days were less likely to be in the Vaping to Experiment
class (OR ranged from 0.16 for past 30-day vaping to 0.61 for past 30-day alcohol use).
Adolescents who vaped only flavors were significantly less likely to be in the Vaping to
Replace Cigarettes class (OR=0.21 [0.13, 0.33]). Those who reported cigarette use and
marijuana use in the past 30-days were more likely to be in the Vaping to Replace Cigarettes
class (OR=20.39 [12.18, 34.13] and OR=2.00 [1.32, 3.01], respectively). Finally, with regard
to sociodemographic characteristics, girls were more likely than boys to be in the Vaping to
Experiment class (OR=1.61 [1.27, 2.06]) and less likely to be in the Vaping to Replace
Cigarettes class (OR=0.62 [0.40, 0.95]). Adolescents whose parent(s) had a college degree
were less likely than those whose parents did not have a degree to be in the Vaping to
Experiment class (OR=0.76 [0.60, 0.96]).

Multivariable associations with vaping classes—In the multivariable model, in
which all covariates were entered simultaneously, four significant associations remained.
Adolescents who reported past 30-day vaping and marijuana use were significantly less
likely to be in the Vaping to Experiment class compared to the Vaping for Taste +
Entertainment class (OR = 0.19 and OR = 0.66, respectively). Adolescents vaping only
flavors were less likely to be in the Vaping to Replace Cigarettes class (OR = 0.38) and those
using cigarettes in the past 30 days were more likely to be in the Vaping to Replace
Cigarettes class (OR = 17.60) compared to the Vaping for Taste + Entertainment class.

DISCUSSION

Based on simultaneous consideration of multiple self-reported reasons for vaping, this study
found three distinct subgroups of adolescent vapers. The three classes provide important
information on who is using for what primary reasons, constellation of reasons, and
exclusion of other reasons. This information sheds new light on the phenomenon of vaping
and its popularity among adolescents in the US. While a small subgroup of adolescents
vaped primarily for cigarette-related reasons, most adolescents vaped for reasons unrelated
to cigarettes. In addition, a third of the sample vaped exclusively to experiment and did not
endorse social, enjoyment, or cigarette-related reasons for vaping.

A small, unique group reported vaping to replace their cigarette use, either as a means to quit
smoking or because of the inconvenience of cigarette smoking. This class may suggest an
important minority of adolescents who can benefit from vaping if it acts as a cigarette
smoking cessation aid. However, while individuals of the cigarette replacement subgroup
reported vaping at least in part to help them quit cigarettes, this group also had the highest
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probability by far of reporting vaping because cigarettes were not permitted, suggesting this
group may also vape to supplement their cigarette smoking. Moreover, recent (past-30 day)
cigarette smoking was a very strong predictor of belonging to the vaping to replace
cigarettes subgroup, further suggesting that vaping may not actually be reducing or
eliminating smoking. This is consistent with the recent Surgeon General’s report warning
that vaping may only be beneficial if it leads to complete cigarette smoking cessation.
Further, any amount of nicotine may still pose significant negative health consequences for
adolescents.? Another concern for those in the cigarette replacement subgroup is their high
probability of vaping to get high, which may indicate a longer-term risk. Other studies have
found that using marijuana to get high is associated with continued, though not problematic,
use.13 Interestingly, the cigarette replacement subgroup did not have a high probability of
vaping because of taste. This suggests that flavors may not be an important cessation tool for
this subgroup interested in smoking cessation, unlike links between flavors and cessation
suggested in previous work.28 This group may be a particularly good target for adolescent
smoking cessation programs because of interest in quitting smoking. Members of this group
are young, likely early in their smoking career, and interested in smoking cessation, but have
so far been unsuccessful in quitting. Future research regarding the relative health risks and
benefits of vaping among adolescent cigarette users is needed.

We expected that other risk behaviors such as use of cigarettes, alcohol, and marijuana
would be associated with lower odds of being in the Vaping to Experiment subgroup, based
on research on other substance use showing that using to experiment is associated with
lower risk behaviors.2%-31 However, in the multivariable model, only marijuana use remained
significantly negatively associated with Vaping to Experiment. Vaping to Replace Cigarettes
was strongly positively associated with cigarette use. These findings suggest there is some
variation in risk for other substance use among vapers. Those vaping exclusively to
experiment have a potentially lower risk for other substance use but perhaps not as
uniformly across substances as we had expected.

Experimentation was an important motivator for vaping among many adolescents, similar to
findings in research on reasons for other substance use.13 More than half of all 12" grade
vapers reported vaping to experiment, including a large subgroup (29%) vaping exclusively
for experimental reasons, and very low probabilities (2% or less) of vaping for social reasons
or enjoyment from the product itself such as its taste.

Vaping because it tastes good stood out as a primary reason in a large subgroup of vapers
(Vaping for Taste and Entertainment subgroup) — a subgroup that seems to be unique
among vapers compared to other substance users. This may suggest that marketing
campaigns promoting flavorings are effective for a large portion of adolescent vapers and
that concerns about the lack of regulation around vaping flavorings are warranted.!

We failed to find a subgroup of individuals who used primarily to relax or a subgroup that
was primarily characterized by using for social and pleasurable reasons other than taste, a
result different from what has been found in other studies examining patterns of reasons for
alcohol, marijuana, and non-medical prescription drug use.12:13:31 \iaping out of boredom, to
have a good time, and to relax all had at least a 25% probability in the subgroup of
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adolescents who reported vaping for taste and entertainment; vaping for taste and relaxation
had a greater than 30% probability of endorsement among those vaping for cigarette-related
reasons. Thus, while there are some similarities between patterns of adolescents’ reasons for
vaping and for other substance use, the nature of vaping among adolescents also appears to
include reasons quite different from reasons for other substance use. Vaping may currently
be seen by many adolescents more as a novelty than as something to do for a social or
psychological effect, although even experimental use may still pose longer-term risks.32

This study had many strengths including a nationally representative sample of US 12t
graders and use of a methodology that allowed us to examine the heterogeneity among
adolescent vapers. However, it is important to point out some limitations. First, this study is
limited to US 12t graders and does not include those who drop out of school before 12th
grade or absentees, a small but potentially important segment of the adolescent population.
Individuals who drop out prior to 12t grade typically use substances at higher rates than
those who do not33; to our knowledge, there is no similar information with regard to vaping.
Second, this study relies on self-reports which may be subject to misclassification or
underreporting of substance use behaviors including vaping. Third, the measure of reasons
had a “Mark all that apply” answer with a set that may not have included all of the most
important reasons. Qualitative research on reasons for vaping may be helpful in gaining an
even more nuanced understanding of reasons for adolescent vaping.

This study adds to the growing literature examining adolescent vaping by documenting the
heterogeneity in why adolescents are vaping, and the relationship of patterns of reasons for
vaping with cigarette smoking and other substance use. While only a minority of adolescents
vape for cigarette-related reasons, this subgroup consumes nicotine through multiple
mechanisms and deserves particular attention from the public health community.
Adolescents who vape to experiment have lower risk of engaging in other substance use and
thus are less in need of intervention, but they may also be at risk for escalation of vaping and
other substance use in the future. It is not known if these vaping subgroups represent
different stages along a vaping trajectory or if these subgroups remain stable over time. A
prospective study examining how reasons for vaping change over time is needed to examine
the evolution of vaping reasons and prospective associations with substance use behavior.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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IMPLICATIONS AND CONTRIBUTIONS

This study identifies patterns of why adolescents vape and how these reasons relate to
cigarette smoking and other substance use. A minority of adolescents vape for cigarette-
related reasons, consuming nicotine through multiple mechanisms. Adolescents who vape
to experiment have lower risks, but may be at risk for escalation of vaping or other
substance use.
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Table 1

Characteristics of 12th graders with a history of vaping

% (weighted)

Reasons for vaping

Experiment 54.59
Tastes good 36.66
Boredom 21.83
Good time 20.27
Relax 18.88
Looks cool 13.34
Get high 6.81
Help quit cig 8.55
Cig not permitted 5.16
Hooked 0.92
Covariates

Female 46.68
White 63.46
Parent(s) with college degree 53.69
Vaping only flavors 64.14
Past 30-day vaping 39.86
30-day cigarette use 28.24
Past 30-day alcohol use 58.21
Past 30-day marijuana use 39.02
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Probabilities of reasons for vaping by latent class

Table 3

Experiment Replace Cigarettes = Taste+Entertainment

Latent class membership probabilities 0.294 0.073 0.634
Reasons

Experiment 0.999 0.151 0.372
Tastes good 0.051 0.358 0.521
Boredom 0.010 0.166 0.326
Good time 0.010 0.075 0.312
Relax 0.022 0.337 0.253
Looks cool 0.024 0.054 0.196
Get high 0.000 0.700 0.101
Help quit cigarettes 0.010 0.945 0.025
Cigarettes not permitted 0.010 0.516 0.021
Hooked 0.000 0.039 0.010
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