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Abstract

Currently, the debate surrounding the regulation of e-cigarettes focuses mainly on the size of
e-cigarettes’ potentially beneficial effects (i.e., adult cessation) versus their unwarranted effects
(i.e., initiation among tobacco-naive adolescents). Therefore, we investigated the relative scale of
e-cigarette use transitions in the United States. We reported cross-sectional weighted prevalence
estimates of past-month e-cigarette use by ever cigarette use from Waves 1-4 of the Population
Assessment of Tobacco and Health study (2013-2018) among youth (12-17 years) and adults (=18
years). We also examined past-month e-cigarette mono and dual transitions related to cigarette
smoking and reported the longitudinal weighted prevalence across waves. Among youth new
e-cigarette users, the proportion of never-cigarette smokers increased from 24.1% in Wave 1
(n=418) to 51.4% in Wave 4 (n=310) (p<0.0001 for trend). Of youth e-cigarette mono-users

in Wave 1 (n=151), 15.2% transitioned to cigarette mono-use and 8.2%, dual-use at Wave 2

or 3 or 4, compared to 60.2%, no tobacco use and 16.4%, e-cigarette mono-use. Among young
adult dual-users (18-24 years; n=684), 22.6% transitioned to no tobacco use, 60.1% continued
cigarette use, 11.4% dual use, and 5.9% e-cigarette mono-use. Among adult dual-users =25 years
old (n=1560), 13.6% transitioned to no tobacco use, 71.3% cigarette mono-use, 9.0% dual-use,
and 6.1% e-cigarette mono-use. Transition to cigarette mono-use and continued dual-use were
common among adult past-month e-cigarette users, while e-cigarette uptake was common among
youth never-cigarette smokers. These findings contrast with data from other countries showing
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limited evidence of e-cigarette initiation among youth never cigarette smokers. Both e-cigarette
and cigarette use should be addressed in youth and adults, given the potential for dual use in both
populations.
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Cigarettes; Dual use; E-cigarettes; Harm reduction; Longitudinal

Introduction

E-cigarettes (electronic nicotine delivery systems, ENDS) use among youth in the United
States (US) has intensified the debate about their contribution to reducing harm from
tobacco and concerns about their role in smoking initiation (National Academies of
Sciences, 2018; US Department of Health and Human Services, 2016). Documented reports
of e-cigarette use differ across studies depending on the age group. E-cigarettes have been
the commonly reported tobacco product utilized among youth in the US since 2014, with
19.6% of high school students reporting current e-cigarette use in 2020 (Wang et al., 2020)
compared to 4.6% and 5% who reported current cigarette or cigar use (Gentzke et al., 2020).
Additionally, e-cigarette sales increased by 122.2% from 2014 to 2020 (Ali et al., 2020).
Likewise, among adults, the current use of e-cigarettes ranges from 1.4% to 6.8% across
several studies (Chou et al., 2017; Coleman et al., 2017; Delnevo et al., 2016; Kasza et al.,
2017; McMillen et al., 2015; Parker & Villanti, 2019; Phillips et al., 2017; Villarroel et al.,
2020).

A central premise of e-cigarette harm reduction is that should their use continue to increase;
they will reduce smoking harms in populations by enabling cessation and reducing the
smoking frequency of combustible cigarettes. From this perspective, e-cigarette’s potential
for tobacco control promises reductions in the global burden of disease caused by smoking
(Abrams et al., 2018; Hajek et al., 2014; McNeill A et al., 2015; Warner & Mendez, 2018).
On the other hand, the increased popularity of e-cigarettes and their potential to lead to
cigarette smoking raise concerns about their role in expanding nicotine addiction among
young people and subsequent perpetuation of the tobacco epidemic (Chapman et al., 2018;
Glantz & Bareham, 2018; Soneji et al., 2017).

The debate of the impact of e-cigarettes in populations has often been marred by inferring
causal or population effects from cross-sectional, ecological studies or data obtained from
limited samples or short follow-ups (Barrington-Trimis et al., 2015; Chapman et al., 2018;
Dutra & Glantz, 2014). The 2018 report on e-cigarettes by the National Academies of
Science, Engineering and Medicine emphasized that because the e-cigarette phenomenon

is relatively recent, “majority of studies ... lack sufficient duration of follow-up to

study the naturalistic cigarette smoking progression sequence” (National Academies of
Sciences, 2018). Accordingly, what has been missing is a real-world look at the totality of
potentially positive/negative transitions of e-cigarette use in the US, based on representative
longitudinal data.
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In 2011, the National Institutes of Health (NIH) and Food and Drug Administration (FDA)
commenced the Population Assessment of Tobacco and Health (PATH) cohort study, as

the first extensive research effort since Congress gave FDA the authority to regulate
tobacco products in 2009 (US Department of Health and Human Services, 2020; Hyland
etal., 2017). Studies from PATH Waves 1 and 2 started answering some questions about
e-cigarette transition during one year among US adults (Coleman et al., 2018; Verplaetse et
al., 2018). These studies showed mixed results about e-cigarettes’ value for adult cigarette
smokers’ cessation. For example, prior research found that the majority of adult dual-users
in Wave 1 (87.8%) continued dual-use or cigarette-only smoking at one-year follow-up,
compared to 12.1% who quit cigarette smoking (7.0%) or maintained e-cigarette use only
(5.1%) (Coleman et al., 2018). Furthermore, in a systematic review and meta-analysis of
observational and clinical studies, the authors found that e-cigarette use was associated with
lower odds of cigarette smoking cessation among those who use(d) e-cigarettes compared
to those who did not use e-cigarettes (Kalkhoran and Glantz 2016). However, the authors
noted that the review’s conclusions were not sensitive to the design of the included studies;
or whether cigarette smokers were interested in quitting. In contrast, a Cochrane review
showed that using an e-cigarette with nicotine increased smoking cessation compared

to e-cigarettes without nicotine or nicotine replacement therapy with moderate-certainty
evidence. However, the included studies were randomized clinical trials and limited by
imprecision (Hartmann-Boyce et al., 2021).

Although prior studies have been conducted on e-cigarettes and cigarettes, most have been
conducted using mainly cross-sectional study designs (Mirbolouk et al., 2018); with the
evolving e-cigarette marketplace, there is a need to assess changing use patterns among

a nationally representative group of youth and adult e-cigarette users. This current study
considers four waves from the PATH study for youth and adults to provide a comparative
overview of the real-world evolution of e-cigarette use with cigarette smoking in the US
between 2013-2018. Currently, the debate surrounding the regulation of e-cigarettes focuses
mainly on the size of e-cigarettes’ potentially beneficial effects (i.e., adult cessation) vs.
their unwarranted effects (i.e., initiation among tobacco-naive adolescents) (Abrams et al.,
2018). Therefore, we aimed to examine the following outcomes based on the relative scale
of potentially positive/negative transitions of e-cigarettes in the US, including for youth

1) trends in continued never-cigarette smoking among e-cigarette users; 2) transition from
e-cigarette mono-use to cigarette smoking; and for adu/ts 3) transition of dual (e-cigarette/
cigarette) use to e-cigarette mono or no tobacco use (quitting). A comprehensive picture

of e-cigarette use with respect to cigarette use may support the development of multiple
prevention strategies that will help interrupt pathways to reduce e-cigarette and cigarette use
in the general population.

Study sample

We used data from the public use files of Waves 1 (2013-2014), 2 (2014-2015), 3
(2015-2016), and 4 (2016-2018) of the PATH study (US Department of Health and
Human Services, 2020. Detailed methodology for the PATH has been previously described
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(Hyland et al., 2017). Briefly, the PATH is a nationally representative sample of civilian,
non-institutionalized US youth and adults that examines tobacco use and its effect on
health. Youth (12-17 years) and adults (=18 years) were surveyed separately using audio
computer-assisted self-interview. The survey included a stratified address-based sample of
households that oversampled young adults aged 18-24 years, tobacco users, and African
Americans in the adult cohort. The household screener response rate was 54% and the youth
survey response rates were 78.4%, 87.3%, 83.3% and 79.5% for Waves 1-4, respectively.
The survey response rates for the adult Waves 1-4 data were 74.0%, 83.2%, 78.4% and
73.5%, respectively. The Westat Institutional Review Board provided approval for the
PATH study. Participants aged =18 years provided informed consent, and youth participants
provided assent while their parent/legal guardian provided consent. Survey responses were
weighted to adjust for nonresponse, varying selection probabilities, and oversampling to
reflect national estimates. Our analysis focused on cross-sectional trends in continued
never-cigarette smoking among e-cigarette users, as well as transitions among youth and
adults who reported past-month (past 30-day) use of e-cigarettes, alone (mono-use) or

in combination with cigarettes (dual-use) at Wave 1 (W1) and had complete follow-up
information at Wave 2 (W2) or 3 (W3) or 4 (W4). The Institutional Review Board of the
University reviewed this current study and deemed it exempt.

Study measures

Tobacco use—Past-month e-cigarette use was derived from answers to questions; “ever
used an e-cigarette” and respondents who answered “yes” were asked; “used an e-cigarette
at least once in the past 30 days” for both youth and adults at each wave (Chaffee et

al., 2018; Dai et al., 2018; Kasza et al., 2017). This definition was applied to past-month
cigarette smoking. Ever cigarette smoking was assessed from the question; “(n)ever smoked
a cigarette, even one or two puffs”for youth and adults (Chaffee et al., 2018). Those

who responded “Yes” were classified as ever users, and those who responded “No” as

never users. Because e-cigarette/cigarette use is one of the most common and important
combinations for the regulatory implications of e-cigarettes (Kasza et al., 2017), aual-use
was derived from responses of =1 or more days to past-month e-cigarette and cigarette use
as “Yes”, while 0 was classified as “No”. We used the broadened definition for e-cigarettes
from W3. The question on e-cigarette use was expanded to include other ENDS (i.e.,
e-cigarettes, e-cigars, e-hookahs, e-pipes, hookah pens, personal vaporizers, and vape pens),
with past-month use implying the use of any ENDS (US Department of Health and Human
Services, 2020). To avoid confusion and have consistent terminology, we used the term
e-cigarettes and pointed to the possible effect of the change in e-cigarette question from W3
on our analysis in the limitations.

Transitions—All transitions are for past-month tobacco use. The change in e-cigarette

use status across the waves was considered for e-cigarette mono- and dual-use (Coleman

et al., 2018). For past-month e-cigarette mono-users at W1, we considered the following
transitions from W1 to W2 or W3 or W4, 1) transition to dual-use, 2) continuing e-cigarette
mono-use, 3) transition to cigarette mono-use, 4) transition to no use of any tobacco/nicotine
(considered an indicator of quitting). For past-month aual-users at W1, we considered the
following transitions from W1 to W2 or W3 or W4; 1) continuing dual-use, 2) transition
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to e-cigarette mono-use, 3) transition cigarette mono-use, 4) transition to no use of any
tobacco/nicotine. No use of any tobacco/nicotine at W2 or W3 or W4 was defined as
participants reporting no past-month use of e-cigarettes and cigarettes, as well as other
tobacco products (OTPs).

Statistical analyses

Results

We reported cross-sectional weighted prevalence estimates for participants with complete
data for past-month e-cigarette use and cigarette smoking in the overall population in the
four waves for youth and adults separately. We summarized age-group distributions of
past-month e-cigarette use for youth and adults by ever-cigarette smoking. Furthermore, we
conducted descriptive statistics by calculating prevalence estimates for e-cigarette mono-
and dual-use among youth and adults identified from W1 and assessed change in their use
status at W2 or W3 or W4 in the longitudinal analysis (Coleman et al., 2018).

We used the individual replicate cross-sectional weights provided by the PATH study for
the four waves to obtain the prevalence estimates. For the longitudinal analysis, we used
the all-waves replicate weight for W4. The replicate weights provide unbiased variance
estimates to account for nonresponse, varying selection probabilities, and oversampling

to reflect national demographics (US Department of Health and Human Services, 2020).
Weighted percentages were reported with corresponding 95% confidence intervals (Cl).
Pearson chi-square tests were used to evaluate differences in proportions between ever- and
never-cigarette smoking by e-cigarette use. We tested the linear trend for the proportions of
overall past-month e-cigarette use, and e-cigarette use by ever- and never-cigarette smoking
against the general population of the PATH study and across the four waves using the
chi-square test for trends.

Youth identified from W1 and aged up into the adult data at W2 or W3, or W4 were
included only in the youth transition analysis. We conducted a supplemental analysis

for the transitions of never- and past-month cigarette users who had reported no use of
e-cigarettes at W1 among youth and adults (Online Resource 1). The analytic sample
included participants who provided complete data for the e-cigarette and cigarette use across
the waves. Data analyses were performed between 2018 and 2020, using STATA 14 and 16.0
(StataCorp LP, College Station, TX).

Overall e-cigarette prevalence and trends among youth and adults

The overall prevalence of past-month e-cigarette use among 13559 youth in W1 was 3.1%
(95% CI: 2.8-3.5), increasing to 3.6% (95% CI: 3.2-4.1) in W2 among 12059 youth,

4.1% (95% ClI: 3.7-4.7) in W3 among 11546 youth and 4.3% (95% CI: 3.9-4.8) in W4
among 14431 youth (p<0.0001 for trend) (Table 1). Among 32225 US adults in W1, overall
prevalence of past-month e-cigarette use was 6.7% (95% CI: 6.4-7.0), becoming 6.3% (95%
Cl: 5.9-6.6) in W2 among 27460 adults, 7.0% (95% CI: 6.7-7.3) in W3 among 27860 adults
and 6.2% (95% CI: 6.0-6.5) in W4 among 33170 adults (p=0.0001 for trend) (Table 2).
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Trends in proportions of youth never-cigarette smokers among new past-month e-cigarette

users

In W1, 24.1% (95% CI: 20.1-28.6) of past-month e-cigarette users were never-cigarette
smokers, increasing to 35.8% (95% CI: 31.1-40.7) in W2, 38.2% (95% ClI: 32.8-43.9) in
W3 and 44.3% (95% ClI: 39.8-48.9) in W4 (p<0.0001 for trend; data not showri). The
proportion of never-cigarette smokers among new past-month e-cigarette users (i.e., new
e-cigarette users in the past 30 days in the subsequent waves) rose from 24.1% in W1 to
51.4% in W4 (p<0.0001 for trends; Figure 1: Panel A).

Prevalence of e-cigarette transitions among youth

For e-cigarette mono-users in W1 (n=151), 15.2% transitioned to cigarette smoking and
8.2% to dual-use at W2 or W3 or W4, compared to 60.2% reporting no tobacco use,

or 16.4% reporting e-cigarette mono-use at W2 or W3 or W4 (p<0.0001; Table 3). This
trend differed according to ever-cigarette smoking, where among e-cigarette never-cigarette
smokers in W1, 9.1% transitioned to past-month cigarette smoking (9.1% cigarette, 0%
dual-use) at W2 or W3 or W4, compared to 51.6% transitioning to past-month cigarette
smoking (34.3% cigarette, 17.3% dual-use) among e-cigarette, ever-cigarette smokers
(p<0.0001; Figure 1: Panel B). Among youth dual-users in W1 (n=129), 61.2% maintained
cigarette smoking or dual-use at W2 or W3 or W4 (Table 3).

Trends in proportions of adult never-cigarette smokers among new past-month e-cigarette

users

In W1, 2.3% (95% ClI; 1.9-2.9) of adult past-month e-cigarette users were never-cigarette
smokers, increasing to 2.8% (95% ClI: 2.3-3.5) in W2, 6.5% (95% CI: 5.7-7.5) in W3 and
6.7% (95% CI: 5.8-7.6) in W4 (p<0.0001 for trend; data not shown). The proportion of
never-cigarette users among new past-month e-cigarette users aged 18-24 years rose from
6.7% in W1 to 22.4% in W4 (p<0.0001 for trend; Figure 2: Panel A). Among adults aged
>25 years, the proportion of never-cigarette users increased from 0.9% in W1 to 3.7% in W4
(p<0.0001 for trend; Figure 2: Panel B).

Prevalence of e-cigarette transitions among adults

For adult dual-users aged 18-24 years in W1 (n=684), 60.1% were cigarette mono-users

in W2 or W3 or W4, and 11.4% continued as dual-users (Table 3). Among those aged

=25 years (n=1560), 71.3% were cigarette mono-users, and 9.0%, dual-users. For adult
e-cigarette mono-users aged 18-24 years at W1 (n=239), 58.3% reported no use of any
tobacco at W2 or W3 or W4, compared to 36.9% who continued with e-cigarettes (17.6%)
or progressed to cigarette smoking (19.3%). This trend differed according to ever-cigarette
smoking, where among e-cigarette users aged 18-24 years who were never-cigarette
smokers in W1, 13.2% transitioned to past-month cigarette smoking at W2 or W3 or W4,
compared to 72.2% transitioning to past-month cigarette smoking (51.8% cigarette-, 10.4%
dual-use) among e-cigarette, ever-cigarette smokers (p<0.0001; Figure 2: Panel C).

Among e-cigarette mono users aged =25 years (n=340), 50.0% reported no use of any
tobacco at W2 or W3 or W4, compared to 47.4% who continued with e-cigarettes (32.7%)
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or progressed to cigarette smoking (14.7%) (Table 3). This trend differed according to ever-
cigarette smoking, where among e-cigarette users aged =25 years who were never-cigarette
smokers in W1, 26.8% transitioned to past-month cigarette smoking at W2 or W3 or W4,
compared to 69.2% transitioning to past-month cigarette smoking (61.3% cigarette-, 7.9%
dual-use) among e-cigarette, ever-cigarette smokers (p=0.0002, Figure 2: Panel D).

Discussion

Our analysis provides a comprehensive perspective of the evolution of e-cigarette use

with cigarette use among youth and adults in the US between 2013-2018. Overall, e-
cigarette use increased among youth, but not adults, and younger e-cigarette users were
more likely to be never- than ever-cigarette smokers. Adult e-cigarette users, by contrast,
were mainly cigarette smokers. Looking at e-cigarette transition to cigarette smoking in
youth showed that one in 4 e-cigarette users who were never-cigarette smokers in W1
transitioned to cigarette smoking (i.e., dual- and cigarette mono-use) at W2 or W3 or W4,
E-cigarette transitions in adults aged 18—24 years showed that among past-month dual-users
in W1, 22.6% reported no past-month use of any tobacco. In contrast, 60.1% continued

as cigarette and 11.4% as dual-users at W2 or W3 or W4. For adults aged =25 years,

among dual-users in W1, 13.6% reported no past-month use of any tobacco, while 71.3%
continued as cigarette users and 9.0% as dual-users at W2 or W3 or W4. Our estimates of
e-cigarette prevalence among youth in the PATH study were generally lower than those from
school-based national surveys of youth such as the National Youth Tobacco Survey. These
findings are comparable with literature that explain the differences in the mode of survey
administration may account for the differences in prevalence because surveys administered
in a school-based environment tend to overestimate tobacco use behaviors due to peer
influences. In contrast, youth from home-based surveys may underestimate tobacco use
behaviors due to fear of their parents/legal guardians.

Trends of never-cigarette use among youth e-cigarette users

One of the main criteria to judge e-cigarettes’ potential for harm reduction is their utility in
helping adult smokers quit without causing substantial initiation and addiction among young
never-cigarette smokers (Maziak, 2014). As the evidence of young e-cigarette smokers being
at greater risk of progressing to cigarette smoking accumulates (Berry et al., 2019; East et
al., 2018; Osibogun et al., 2020; Soneji et al., 2017), questions about youth initiation are
acquiring much importance. Our analysis offers a perspective of young e-cigarette users’
profiles in the US, where they are more likely to have never smoked cigarettes. As Figure

1: Panel A shows, the proportion of never-cigarette smokers among young e-cigarette users
more than doubled from W1 to W4 (24.1% to 51.4%). This finding contrasts with data

from other countries showing limited evidence of e-cigarette initiation among youth never-
cigarette smokers (ASH factsheet, 2014). Thus, in the US, e-cigarettes are increasingly
attracting adolescents who have never used cigarettes, who are most vulnerable to nicotine’s
effect on their developing brain (Barrington-Trimis & Leventhal, 2018; National Academies
of Sciences, 2018), and may be subject to the consequences of lifelong nicotine addiction
(US Department of Health and Human Services, 2012).
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E-cigarette transitions among youth

E-cigarettes’ potential to lead to cigarette smoking is another outcome for judging their
unwanted effects as a means of harm reduction, especially in youth (Chapman, 2013;
Chapman et al., 2018). Our analysis assessed such potential by looking at the transition of e-
cigarette mono-use among youth across the waves. This analysis showed that for every three
adolescent e-cigarette mono-users in W1 who reported no past-month use of any tobacco

in W2 or W3 or W4, there was one who became a cigarette- or dual-user. This may not
provide a firm answer to the debate on whether young e-cigarette users are predisposed to
tobacco/nicotine experimentation rather than being at an increased risk of smoking because
of their e-cigarette use (Barrington-Trimis et al., 2016; Etter, 2018; Primack et al., 2015).
Of particular interest for such debate is the evolution of e-cigarette users who have never
tried cigarettes since this can represent e-cigarettes’ potential in the real world to recruit
youth to cigarette smoking. Our analysis showed that among adolescents who had never
used cigarettes, about one in 4 past-month e-cigarette-only users ended up being past-month
cigarette smokers (including dual use), signaling the likelihood of e-cigarettes’ potential to
lead to cigarette smoking. However, one may argue that the use of e-cigarettes in youth may
be short-lived experimentation in response to a novel product, changes in how e-cigarettes
are marketed, and how the product’s evolution may influence its use over time.

Dual-use transitions among adults

Implications

E-cigarettes’ potential to aid smoking cessation at the population level has focused mostly
on whether dual-use in adults is a transitional stage towards cigarette quitting or an emerging
tobacco use pattern (Rahman et al., 2015). By looking at the totality of the dual-use
transitions between 2013-2018, our analysis shows that for every two adults aged 18-24
years who reported no past-month use of any tobacco, about five were cigarette users, and
one continued with dual use. Among adults aged =25 years, for every two who reported

no past-month use of any tobacco, about eight were cigarette users, and one continuing

with dual-use. While smoking cessation methods used in real-world conditions have varying
short- and long-term effectiveness, claims of e-cigarettes’ superiority in such settings is
repeatedly made (Benmarhnia et al., 2018; Bullen et al., 2013; Caponnetto et al., 2013;
Tseng et al., 2016). Benmarhnia et al.’s analysis of transitions between W1 and W2 in the
PATH showed that 5.6% of e-cigarette users at W1 were persistently abstinent from all
tobacco products at W2 (Benmarhnia et al., 2018). This is compared to rates of 6.1% for
nicotine replacement therapy, 10.2% for varenicline, 10.3% for bupropion and 12.5% for no
aid used (Benmarhnia et al., 2018). In contrast, one study of young adult non-daily smokers
indicated that more frequent use of ENDS six months before entry into the study predicted
more frequent cigarette use over the next year (Doran et al., 2017). Likewise, a more recent
study conducted among 3578 previous year smokers from the PATH cohort (2017-2019)
found that using e-cigarettes for cessation did not improve successful quitting or relapse in
this population (Chen et al., 2022).

According to e-cigarettes as harm reduction, hardcore smokers who cannot quit otherwise
may benefit from switching entirely to e-cigarettes or quitting all tobacco products with
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the help of e-cigarettes (Abrams et al., 2018). Some well-conducted clinical trials support a
beneficial role for e-cigarettes in helping smokers quit in a clinical cessation setting (Hajek
et al., 2019; Hartmann-Boyce et al., 2021). However, this potential needs to be balanced
with evidence from population and real-world studies showing that, if anything, e-cigarettes
can impede cessation and lead to dual-use. Also, because of heavy marketing, false claims
of safety, and the use of flavors, e-cigarettes are recruiting many young people who have
never used tobacco/nicotine into life-long nicotine addiction (Mogel et al., 2019; Vogel et
al., 2018). Based on a unique population-based longitudinal data of tobacco use in the US,
our study emphasizes the real-world negative potential of e-cigarettes on young people.
Accordingly, while we continue to assess the effectiveness of e-cigarette use for cessation
among adult cigarette smokers within clinical settings, population-wide marketing, false
safety claims, and the targeting of youth are legitimate targets for regulation and policy

to limit the negative aspects of e-cigarette promotion documented already in a plethora of
studies in the US and elsewhere (Jenssen & Boykan, 2019; Klein et al., 2016; Sapru et al.,
2020).

Our study’s main limitation is between waves; changes were made to the PATH study
questionnaire. Specifically, we used the expanded definition on questions about using any
ENDS from W3. However, this is unlikely to have affected our analysis as we focused on
the transitions of e-cigarette users at W1 in subsequent waves. The expanded definition of
e-cigarettes in W3 and W4 will not affect our outcomes classification since we started with
e-cigarette users at W1. Second, our analysis focused on e-cigarette/cigarette interaction
without entertaining OTP combinations in the US (Kasza et al., 2017). This is the primary
interaction shaping the discourse about e-cigarettes’ potential to affect cigarette smoking
morbidity and mortality (National Academies of Sciences, 2018). Third, past-month e-
cigarette/cigarette use may not indicate regular tobacco use, especially among youth, as
research shows that youth who used e-cigarettes in the past month are mostly infrequent
users (Warner, 2015). However, using any tobacco/nicotine may be detrimental to youth,
and it is necessary to see how youth transition with e-cigarettes. Future research should
examine transitions to regular tobacco use patterns, which may be crucial to understanding
overall transition patterns. Fourth, our analysis did not capture the influence of the rapid-
changing e-cigarette marketplace landscape. E-cigarette use may likely have increased in
the PATH cohort following data collection for 2016-2018, following the proliferation of
newer products such as Juul e-cigarettes. Finally, we considered transitions in past-month
use across the four waves, which may not represent prolonged use patterns.

Conclusions

The comprehensive picture from four waves of the PATH study about e-cigarette/cigarette
use evolution among youth and adults poses a concern for balancing e-cigarettes’ positive/
negative potentials. In young and adult e-cigarette users, we see continued cigarette

use, dual-use, and transition to cigarette smoking and potentially spreading nicotine
addiction among young never-smokers, rather than quitting among adult smokers. While
our assessment does not imply a direct measurement of harm differentials between these
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e-cigarette transitions, it provides much of what the policy and regulatory debate around
e-cigarettes have focused on; their relative scale in a real-world population setting. For
e-cigarettes to yield the desired public health gains by serving as alternatives to cigarettes, it
should aid quitting rather than encourage the dual-use of e-cigarettes and cigarettes. Also, it
should not aid tobacco/nicotine initiation among non-users. For policymakers, appropriate e-
cigarette use may be potentially effective in smoking cessation for adult smokers. However,
e-cigarette use in adolescents may lead to smoking initiation and regular cigarette smoking
(Barrington-Trimis et al., 2016; Osibogun et al., 2020); therefore, the sale of e-cigarettes

to minors should be prohibited. The new minimum age of 21 years for purchasing tobacco
products may help limit access to e-cigarettes among minors in the US (Liber et al., 2020).
Because there is a documented history of targeting vulnerable groups, especially youth and
young adults, by the tobacco industry, regulations to restrict e-cigarette use in the general
population are warranted. These findings indicate that both prevention and cessation efforts
are needed for both youth and adults and that both e-cigarette and cigarette use should

be addressed, given the potential for dual use. Targeted communications that emphasize

the concerns of youth e-cigarette use and separately the potential benefits of e-cigarettes

for adult smokers should be developed by government agencies and health organizations.
Accordingly, the imbalance in the scale of potentially positive/negative transitions related

to e-cigarettes in the US needs to be considered when planning regulatory actions for
e-cigarettes.
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Figure 1.

Panel A: Changes in never-cigarette smoking status among new past-month e-cigarette users
(12-17 years): PATH study, 2013-2018

Panel B: Transitions of past-month e-cigarette use among youth (12-17 years) according to
never vs. ever cigarette smoking: PATH study, 2013-2018

*p<0.001 for difference between transition categories at Wave 2/3/4 among e-cigarette never
cigarette users and e-cigarette ever cigarette users
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Panel C: Transitions of past-month e-cigarette use among youth (18-24 years) according to
never vs. ever cigarette smoking: PATH study, 2013-2018

Panel D: Transitions of past-month e-cigarette use among youth (=25 years) according to
never vs. ever cigarette smoking: PATH study, 2013-2018

*p<0.001 for difference between transition categories at Wave 2/3/4 among e-cigarette never
cigarette users and e-cigarette ever cigarette users
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Table 1:
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Prevalence of past-month e-cigarette use among US youth (12-17 years) by cigarette smoking history: PATH

study 2013-2018

Past-month E-cigarette use ~ Ever Cigarette use
n (%, 95% CI)

Never Cigarette use
n (%, 95% CI)

Total
n (%, 95% CI)

Wave 1; 2013-2014 (N=13,559)

Yes, n (%, 95% CI) 321 (2.4, 2.1-2.7) ab

97 (0.8, 0.6-0.9) °7

418 (3.1, 2.8-35) €

Age, n (%, 95% CI)

12-14 50 (64.7, 53.6-74.5)"

26 (35.3, 25.5-46.4)

76 (100.0)

15-17 271 (78.1, 72.8-82.5)

71(21.9, 17.5-27.2)

342 (100.0)

Wave 2; 2014-2015 (N=12,059)

Yes, n (%, 95% CI) 273 (2.3,2.0-2.7)

141 (1.3, 1.1-1.6)

414 (3.6, 3.2-4.1)

Age, n (%, 95% CI)

12-14 53 (60.5, 47.8-71.9)

35(39.5, 28.1-32.3)

88 (100.0)

15-17 220 (65.2, 60.0-70.3)

106 (34.8, 29.7-40.3)

326 (100.0)

Wave 3; 2015-2016 (N=11,546)

Yes, n (%, 95% CI) 273(2.5,2.2-3.0)

176 (1.6, 1.3-1.9)

449 (4.1,3.7-4.7)

Age, n (%, 95% CI)

12-14 50 (53.5, 42.4-64.4)

39 (46.5, 35.6-57.6)

89 (100.0)

15-17 223 (63.6, 57.3-69.5)

137 (36.4, 30.5-42.7)

360 (100.0)

Wave 4, 2016-2018 (N=14,431)

Yes, n (%, 95% CI) 331 (2.4, 2.1-2.7)

258 (1.9, 1.7-2.2)

589 (4.3, 3.9-4.8)

Age, n (%, 95% CI)

12-14 50 (45.5, 35.4-56.0)

54 (54.5, 44.0-64.6)

104 (100.0)

15-17 281 (57.7, 52.4-62.9)

204 (42.3, 37.1-47.6)

485 (100.0)

Abbreviations: Cl, confidence interval; PATH, Population Assessment of Tobacco and Health Study; US, United States; n, unweighted sample; %,

weighted percentages rounded up to 1 decimal place.

a . A . . . .
Indicates significant (p<0.05) difference between ever and never cigarette smoking among e-cigarette users at each wave.

Indicates significant (p<0.05) linear trend for the comparison across Waves 1-4 for the proportion of overall e-cigarette ever cigarette users among

past-month e-cigarette users.

Indicates significant (p<0.05) linear trend for the comparison across Waves 1-4 for the proportion of overall e-cigarette never cigarette users in

general population.

Indicates significant (p<0.05) linear trend for the comparison across Waves 1-4 for the proportion of overall never cigarette use among past-month

e-cigarette users.
el

population.

Indicates significant (p<0.05) difference between age-groups for ever and never cigarette smoking among e-cigarette users at Wave 1 only.
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Prevalence of past-month e-cigarette use among US adults (=18 years) by cigarette smoking history: PATH

study, 2013-2018

Past-month E-cigarette use Ever Cigarette use
n (%, 95% CI)

Never Cigarette use

n (%, 95% Cl)

Total
n (%, 95% CI)

Wave 1; 2013-2014 (N=32,225)

Yes, n (%, 95% CI)

4308 (655, 6.2-6.8) 27 119(02,01-02) ©7 4427 (6.7,6.4-7.0) €

Age, n (%, 95% CI)

18-24

1420 (93.3, 91.5-94.7) !

94 (6.7, 5.3-8.5)

1514 (100.0)

25+ 2888 (99.1, 98.6-99.4)

25 (0.9, 0.6-1.4)

2913 (100.0)

Wave 2; 2014-2015 (N=27,460)

Yes, n (%, 95% CI) 3262 (6.1, 5.8-6.5)

117 (0.2, 0.1-0.2)

3379 (6.3, 5.9-6.6)

Age, n (%, 95% CI)

18-24 1071 (90.0, 87.3-92.0)

109 (10.1, 8.0-12.7)

1180 (100.0)

25+ 2191 (99.6, 99.1-99.8)

8 (0.4, 0.2-1.0)

2199 (100.0)

Wave 3; 2015-2016 (N=27,860)

Yes, n (%, 95% CI) 3478 (6.5, 6.3-6.9)

298 (0.5, 0.4-0.5)

3776 (7.0, 6.7-7.3)

Age, n (%, 95% ClI)

18-24 1347 (82.8, 80.4-84.9)

268 (17.2, 15.1-19.6)

1615 (100.0)

25+ 2131 (98.2, 97.1-98.9)

30 (1.8, 1.1-2.9)

2161 (100.0)

Wave 4, 2016-2018 (N=33,170)

Yes, n (%,95% CI) 3662 (5.8, 5.6-5.1)

360 (0.4, 0.4-0.5)

4022 (6.2, 6.0-6.5)

18-24 1472 (82.4, 80.1-84.5)

326 (17.6, 15.5-19.9)

1798 (100.0)

25+ 2190 (98.0, 97.0-98.7)

34(2.0,1.3-3.0)

2224 (100.0)

Abbreviation: Cl, confidence interval; PATH, Population Assessment of Tobacco and Health Study; US, United States; n, unweighted sample, %,

weighted percentages rounded up to 1 decimal place.

a . R . . . .
Indicates significant (p<0.05) difference between ever and never cigarette smoking among e-cigarette users at each wave.

Indicates significant (p<0.05) linear trend for the comparison across Waves 1-4 for the proportion of overall e-cigarette ever cigarette users among

past-month e-cigarette users.

Indicates significant (p<0.05) linear trend for the comparison across Waves 1-4 for the proportion of overall e-cigarette never cigarette users in

general population.

Indicates significant (p<0.05) linear trend for the comparison across Waves 1-4 for the proportion of overall never cigarette use among past-month

e-cigarette users.

e . - . . . . .
Indicates significant (p<0.05) linear trend for the comparison across Waves 14 for the proportion of overall past month e-cigarette use in general

population.

Indicates significant (p<0.05) difference between age-groups for ever and never cigarette smoking among e-cigarette users at each wave.
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Transition of past-month e-cigarette use among the US population (=12 years): PATH study, 2013-2018

Table 3:

Wave 1

Wave 2/3/4

E-cigarette dual
n (%, 95% ClI)

E-cigarette mono
n (%, 95% ClI)

Cigarette mono
n (%, 95% ClI)

No tobacco
n (%, 95% CI)

12-17 years

Total (n=280) 32 33 82 133
(12.5,8.7-17.8) (13.9,9.9-19.2)  (27.5,21.9-33.9) (46.1, 40.4—51.8)*
E-cigarette dual use (n=129) 20 13 60 36
(18.1,11.0-28.4)  (10.7,6.0-18.4)  (43.1,32.6-54.2) (28.1,19.8-38.2)
E-cigarette mono use (n=151) 12 20 22 97
(8.2,5.6-14.3) (16.4,10.6-24.4)  (15.2,10.0-22.5)  (60.2, 51.9-68.0)
18-24 years
Total (n=923) 88 74 (9.0,7.1-11.3) 470 291
(9.6,7.8-12.0) (49.4,45.6-53.2) (32,0, 28.7-35.4) "
E-cigarette dual use (n=684) 74 35 425 150
(11.4,9.0-14.5) (5.9, 4.3-8.1) (60.1, 55.4-64.5)  (22.6, 19.3-26.3)
E-cigarette mono use (n=239) 14 39 45 141
(4.8,2.6-8.5) (17.6,12.7-23.8)  (19.3,14.2-25.8)  (58.3,49.6-66.5)
=25 years
Total (n=1900) 153 202 1175 370
(7.8, 6.6-9.2) (11.0,9.3-12.9)  (60.9, 58.0-63.9) (20.3,18.1-22.6)
E-cigarette dual use (n=1560) 142 89 1127 202
(9.0, 7.5-10.7) (6.1, 4.7-7.9) (71.3,68.1-74.4)  (13.6,11.5-16.1)
E-cigarette mono use (n=340) 11 113 48 168
(2.6, 1.5-4.5) (32.7,27.8-38.1)  (14.7,10.8-19.6)  (50.0, 44.6-55.3)

Page 19

Abbreviations: PATH, Population Assessment of Tobacco and Health; US, United States; %, weighted percentage; 95% CI, 95% confidence

interval.

Note: Frequencies are unweighted; weighted % are row %.

*
Bold face indicates differences between groups (e-cigarette dual use, e-cigarette mono use, cigarette mono use and no tobacco use) were

significant at p <0.0001.
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