Drug and Alcohol Dependence 201 (2019) 85-93

Contents lists available at ScienceDirect

Drug and Alcohol Dependence

journal homepage: www.elsevier.com/locate/drugalcdep

Review

The rise of e-cigarettes, pod mod devices, and JUUL among youth: Factors M)
influencing use, health implications, and downstream effects

updates

Matthew C. Fadus®, Tracy T. Smith, Lindsay M. Squeglia

Department of Psychiatry and Behavioral Sciences, Medical University of South Carolina, 67 President Street, Charleston, SC, 29425, USA

ARTICLE INFO ABSTRACT

Keywords: Background: Electronic cigarettes (e-cigarettes) were first introduced in the U.S. market in 2006, with the more
JUUL recent evolution of "pod-mod" e-cigarettes such as JUUL introduced in 2015. Although marketed as a smoking
E-cigarette cessation tool, e-cigarettes are rarely used for this purpose in youth. This review aims to synthesize the literature

Zzu;h regarding e-cigarette use among youth, and provides a resource for clinicians, educators, and families that helps
Ni ° sscent answer commonly asked questions about e-cigarettes.
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Pod mod Methods: PubMed, Scopus, and PsycINFO search was performed using search terms "Electronic Nicotine Delivery

"o "o "o "

Systems," "e cigarettes," "e-cigarettes," "electronic cigarettes," "vaping," "JUUL," "e-cigs," and "vape pens." Search
results were filtered to only include those related to adolescents and young adults.

Results: E-cigarette use among youth is common, with rates of use increasing from 1.5% in 2011 to 20.8% in
2018. Pod mod devices such as JUUL have gained favor among youth for their sleek design, user-friendly
function, desirable flavors, and ability to be used discreetly in places where smoking is forbidden. Adolescents
are often uninformed about the constituents of e-cigarettes, and little is known about the long-term effects of e-
cigarettes. Studies have suggested a "gateway" effect for combustible cigarettes and cannabis use.

Conclusions: E-cigarette use is becoming increasingly common among youth, leading to a myriad of questions
and concerns from providers, educators, and family members. More research is needed to determine the ultimate
public health impact of e-cigarette use. The authors provide a summary table of frequently asked questions in

order to help clarify these common concerns.

1. Introduction

Electronic cigarettes (e-cigarettes) first entered the U.S. market in
2006, acclaimed as a smoking cessation tool and a safer alternative to
smoking (Cahn and Siegel, 2011; Hon, 2013). E-cigarettes have evolved
from early generation cigarette lookalikes (cigalikes), to modifiable
tank-style e-cigarettes, to the latest, more inconspicuous device type
known as pod mods or “pods.” Among pod mods, the most well known
is JUUL, which was first introduced in 2015. JUUL is currently the most
popular retail e-cigarette brand in the USA, accounting for 76% of the
retail e-cigarette market at the end of 2018 (Craver, 2019; Huang et al.,
2019). JUUL has become so popular among youth that the term
“JUULing” has become synonymous with “vaping” among teens and
young adults (Teitell, 2017). JUUL devices are small, rechargeable,
battery-powered e-cigarettes which aerosolize liquid solutions con-
taining glycerol, propylene glycol, natural oils, extracts and flavor, ni-
cotine, and benzoic acid (JUUL, 2019). Modern e-cigarettes and pod
mod devices like JUUL have become a more socially acceptable
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alternative to combustible cigarettes among adolescents and young
adults, and have become popular among this age group as a result of (1)
sleek designs, (2) user-friendly functions, (3) less aversive smoking
experiences, (4) desirable flavors, and (5) the ability to be used dis-
creetly in places where smoking is forbidden (Allem et al., 2018;
Barrington-Trimis and Leventhal, 2018; Kavuluru et al., 2019; Kinouani
et al., 2017; McKeganey et al., 2018; Pepper et al., 2016; Ramamurthi
et al., 2018; Yingst et al., 2018).

JUUL has been described as the “iPhone of e-cigarettes” (Radding,
2015) due to its modern and user-friendly design that requires only
sliding a flavor pod (nicotine cartridge) into the device before use, a
significant improvement over previous models of e-cigarettes
(Barrington-Trimis and Leventhal, 2018). JUUL utilizes protonated ni-
cotine, which the company claims provides a more satisfying experi-
ence to the user by reducing aversive experiences of taste, smell, and
throat irritation (Barrington-Trimis and Leventhal, 2018; Bowen and
Xing, 2015). The appealing flavorings available (e.g., mango, fruit
medley, menthol) in JUUL (JUUL, 2019) can mask unwanted tastes and
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smells, and are often cited as a reason for experimentation among
young JUUL users (Ayers et al., 2017;Chen, 2018 Kavuluru et al., 2019;
Kong et al., 2015). The size of JUUL and its resemblance to a USB flash
drive allow it to be easily concealed from authority figures and dis-
creetly used in places where smoking is forbidden, also known as
“stealth vaping” (Allem et al., 2018; Kavuluru et al., 2019; Ramamurthi
et al., 2018; Yingst et al., 2018). Given the novel user experience, ap-
pealing flavors, and product design of JUUL and other pod mod devices,
they may be more appealing to youth than prior e-cigarette products. In
one recent report, 80% of 15-24 year olds who reported that they had
ever tried JUUL were also past 30-day users (Willett et al., 2019),
suggesting that youth who try JUUL are highly likely to continue using
it.

This review examines the rise of use in e-cigarettes and pod mod
devices such as JUUL, and discusses factors which are implicated in
their initiation and sustainment of use. The perception of these products
among adolescents and young adults will also be examined, as well as
current research available regarding the potential benefits of e-cigar-
ettes and pod mod devices as a harm reduction model for those who use
combustible cigarettes. Alternatively, this review will also examine the
risk of e-cigarette use as a “gateway” to combustible cigarette use and
cannabis use. This review is meant to serve as an updated, meaningful
summary of adolescent e-cigarette and pod mod use from a clinical
perspective, with Table 1 as a general reference to commonly asked
questions that many researchers, providers, educators, and families
often have regarding e-cigarettes.

2. Methods

Pubmed, Scopus, and PsycINFO search was performed using search
terms "Electronic Nicotine Delivery Systems," "e cigarettes," "e-cigar-
ettes," “vaping,” “electronic cigarettes,” “JUUL,” “e-cigs,” and “vape
pens.” Search results were filtered to only include those related to
adolescents and young adults. Review of peer-reviewed articles in-
cluded original research articles and review articles pertinent to ado-
lescent e-cigarette, vaping, and pod mod use.
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3. Epidemiology and rising prevalence of use

Although there recently has been a significant decline in youth
combustible cigarette use, the overall use of nicotine products among
youth has increased as a result of e-cigarettes and pod mod devices such
as JUUL (Miech et al., 2018; Mirbolouk et al., 2018). In the United
States, past 30-day vaping among high school students has risen from
1.5% in 2011 to 11.7% in 2017 to 20.8% in 2018 (Cullen et al., 2018),
whereas 30-day prevalence rates of combustible cigarette use among
high school seniors decreased over the same time period (18.7% in
2011, 9.7% in 2017, 7.6% in 2018) (Miech et al., 2018). In 2018,
Monitoring the Future data found a ten percentage point increase in
high school seniors who reported vaping in 2017, the largest one-year
increase in any substance use over the 44 years that Monitoring the
Future has been tracking adolescent substance use (Miech et al., 2018).
E-cigarette use is also increasing among middle school students, as
prevalence of past 30-day use increased from 0.6% in 2011 to 4.9% in
2018 (Cullen et al., 2018).

Outside of the United States, e-cigarette use among youth varies; for
example, a 2017 study found 3.6% of university students in France were
users of e-cigarettes (Kinouani et al., 2017), whereas a 2015 study in
Switzerland of 8 grade and high school students found a rate of 24%
(Suris et al., 2015). Prevalence of ever using e-cigarette use varies
widely across European countries (Filippidis et al., 2017; Goniewicz
et al., 2014a,; Kinnunen et al., 2015), as well as other countries such as
South Korea (Cho et al., 2018) and Taiwan (Chen, 2018). Prevalence
varies for many reasons including regulation, access, and perceived
norms (Cho et al., 2018). For example, in Switzerland, e-cigarettes were
sold without nicotine until as recently as 2018, indicating why previous
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studies of Swiss youth may have found higher high rates of e-cigarette
use compared to other countries (Suris et al., 2015; Swissinfo.ch, 2018).

4. Health concerns related to E-cigarettes and JUUL

Combustible cigarette smoking is the leading cause of preventable
death (Courtney, 2015), and e-cigarettes are largely viewed as a safer
alternative to combustible cigarettes (Cahn and Siegel, 2011). Unlike
traditional cigarettes, e-cigarettes are free from the process of com-
bustion, which releases pulmonary carcinogens including polycyclic
aromatic hydrocarbons, N-nitrosamines, and other cytotoxic com-
pounds that are inhaled by the user (Courtney, 2015; Hecht, 1999). An
emerging product also free of combustion, IQOS (FDA approved as of
April 2019), heats tobacco rather than burns it; IQOS is similar to an e-
cigarette in that it confers the benefit of limiting the harm from com-
bustible tobacco (IQOS; PMI, 2019).

Studies have found that the vapor in e-cigarettes has a significantly
reduced level (between 9-450 times reduced) of toxic substances
compared to combustible cigarettes (Goniewicz et al. 2014b), although
there is still concern regarding carcinogens that are present in e-ci-
garette vapors (Rubinstein et al., 2018). Given that e-cigarette vapor is
generally safer, there is an opportunity for potential harm reduction
models among smokers unwilling to quit or looking to transition away
from combustible cigarettes.

However, there is a growing body of evidence suggesting that e-
cigarettes are not without health risks. Propylene glycol and vegetable
glycerin, the primary constituents of e-liquid, form toxic aldehydes
when heated and little is known about the long-term effects of their
inhalation as well as the inhalation of flavoring chemicals (Chun et al.,
2017; Sleiman et al., 2016). Although e-cigarette manufacturers may
advertise that constituents such as propylene glycol or vegetable gly-
cerin are “FDA approved” or “generally recognized as safe,” this des-
ignation only applies to consumption, not aerosolization and inhalation
(Chun et al., 2017). The long-term effects of these constituents when
inhaled is unknown.

As a result of the nicotine salt formulation, pod mod vapors are able
to deliver high concentrations of nicotine in a formulation that is less
aversive than it would be if it were delivered in a free-base formulation
(Bowen and Xing, 2015). Although patent research is not peer-re-
viewed, Pax labs (makers of JUUL) found peak concentrations of ni-
cotine in the blood and total amount of nicotine delivered to be com-
parable to a traditional cigarette (Bowen and Xing, 2015). Additionally,
nicotine exposure among youth who use pod mod e-cigarettes is higher
than among those who exclusively smoke combustible cigarettes
(Goniewicz et al., 2018).

The most frequently reported short term adverse events associated
with the use of e-cigarettes are mild and include throat and mouth ir-
ritation, headache, dry cough, and nausea; however, these side effects
are often self-limited and resolve over time (Courtney, 2015). E-cigar-
ette use has cardiovascular effects as well, elevating heart rate and
diastolic blood pressure, but less so than combustible cigarettes (Yan
and Ruiz, 2015). E-cigarettes are also associated with development of
respiratory symptoms in adolescents (Cho and Palik, 2016; Wang et al.,
2016), and reduced pulmonary immune function (Hwang et al., 2016).

In addition to health effects of inhalation, the appeal of the flavoring
pods to very young children may lead them to ingest the liquid, and
reports of accidental e-cigarette ingestions in young children are
common, with the majority of cases in those under the age of five
(Gummin et al., 2018; Seo et al., 2016). This is concerning given that a
standard e-cigarette liquid container can contain several times the le-
thal dose of nicotine in children (Normandin and Benotti, 2015).

The most serious concern regarding adolescent e-cigarette use is the
potential for long-term effects on brain development and behavior
(Yuan et al., 2015; Squeglia and Gray, 2016). Nicotinic acetylcholine
receptors regulate critical aspects of brain development, and low doses
of nicotine exposure can adversely affect brain development, leading to
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Table 1
Frequently Asked Questions from Families and Clinicians.
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“I'have heard that e-cigarettes like JUUL are really popular at my child’s school,
but I don’t know if my child has tried them. Should I talk to him/her about
this? What should I say?”

“How much nicotine does a JUUL pod usually contain?”
“My son is in high school, how many other kids his age are using e-cigarettes?
Are more kids using e-cigarettes than regular cigarettes?”

“Are devices like JUUL technically a tobacco product?”

“Why are so many kids using e-cigarettes like JUUL?”

“I have a friend at work who uses their e-cigarette to help reduce their cigarette
use, but this doesn’t seem to be what my son or daughter is using it for,
right?”

“My daughter has been using her JUUL daily for the last six months. Is this a
gateway drug to cigarettes and other substances?”

“My son said that other kids at school were using JUUL to smoke marijuana, is
this true?”

“Do most high school students and young adults know what exactly is in the
JUUL they are using?”

“Are e-cigarettes like JUUL safer than combustible cigarettes?”

“What are some of the health concerns related to using e-cigarettes like JUUL?
What about the nicotine?”

“Since JUUL is an electronic cigarette, does that mean that they have less
nicotine than regular cigarettes?”

“My daughter uses JUUL and regular cigarettes. She says that she is using JUUL

to stop cigarette smoking. What should I do?”

“My son uses JUUL because he says it is the only thing that can help with his
stress and anxiety. It seems to help. What should I do?”

Some families will be hesitant to discuss talking about e-cigarettes like JUUL out of concern
that they may inadvertently encourage their child to start using the product, which is very
unlikely to be true. You should talk with your child about why his or her peers may use e-
cigarettes, the known and unknown health risks of e-cigarettes, and their association with an
increased risk of cannabis and combustible cigarette smoking. Tell your child that cigarettes
are still the most harmful tobacco product available, but that e-cigarettes are not safe. E-
cigarettes like JUUL contain nicotine and can lead to addiction, meaning that it will be hard to
stop using these products once they start.

Although combustible cigarettes and JUUL pods vary in nicotine content, JUUL reports that
each JUUL pod contains a similar amount of nicotine as a pack of cigarettes (JUULpod Basics
2019).

E-cigarettes are now more popular than cigarettes. In 2018, a nationwide study found that
21% percent of US high school seniors reported vaping in the past month, while 8% of high
school seniors reported combustible cigarette use in the past month (Miech et al., 2018).
Yes. The nicotine in e-cigarettes is derived from tobacco, and the FDA finalized a rule in 2016
which deemed e-cigarettes to be tobacco products under their control (United States Food and
Drug Administration, 2016).

For many reasons; specifically for JUUL, it has a sleek, iPhone-like design, user-friendly
functions, desirable flavors, and can be used discreetly in places where smoking is forbidden
(such as schools). The social pressures and peer influence of use with e-cigarettes are
significant.

Less than 8% of adolescents who use e-cigarettes do so for combustible cigarette cessation
(Tsai et al., 2018), in contrast to 85% of adults who do (Patel et al., 2016). Adolescents may
use pod mod devices like JUUL as a result of evolving social norms, peer influences, appealing
flavors, and decreased perceptions of risk, but less commonly for cigarette cessation.

We don’t know if e-cigarette and pod mod devices like JUUL directly lead to cigarette or other
substance use, but we do know that youth who use e-cigarettes are three times more likely to
try cigarettes (Soneji et al., 2017), and four times more likely to try cannabis (Audrain-
McGovern et al., 2018).

Pod mod devices like JUUL provide a new method of inhaling cannabinoids or other
psychoactive drugs (Giroud et al., 2015). In 2018, almost one in ten high school seniors vaped
cannabis (Miech et al., 2018). Preparing cannabis in a JUUL or pod mod device can allow
youth to smoke discreetly without the characteristic smell of cannabis that would otherwise
lead them to be detected (Giroud et al., 2015; Hayes, 2018). However, vaping marijuana does
appear to be a safer alternative to smoking it (Earleywine and Barnwell, 2007; Giroud et al.,
2015).

Most adolescents and young adults do not. In a recent survey, 63% did not know that nicotine
is present in JUUL products (Willet et al., 2019), 19% believed that smoke from e-cigarettes
was only water (Gorukanti et al., 2017), and 23% believed that e-cigarettes were not a tobacco
product (Gorukanti et al., 2017).

Yes, unlike traditional cigarettes, e-cigarettes are not combusted, which makes them
substantially less harmful than traditional cigarettes (Courtney, 2015; Hecht, 1999). Studies
have found that the vapor in e-cigarettes has a significantly reduced level (between 9-450
times) of toxic substances compared to combustible cigarettes (Goniewicz et al., 2014a).
Little is known about long-term effects (including those on brain development) as these are
such new products (Chun et al., 2017; Sleiman et al., 2016). Nicotine receptors in the brain
regulate critical aspects of brain development, and low doses of nicotine exposure can
adversely affect brain development, leading to cognitive issues and development of more
problematic levels of use (Dwyer et al., 2009; England et al., 2015; Goriounova and
Mansvelder, 2012; Yuan et al., 2015). The most frequently reported short term adverse events
associated with the use of e-cigarettes include throat and mouth irritation, headache, dry
cough, and nausea, however these side effects are often self-limited and resolve over time
(Courtney, 2015).

As a result of the nicotine salt formulation, JUUL can deliver high concentrations of nicotine
by increasing the amount and rate of nicotine uptake (Bowen and Xing, 2015). Studies have
found that nicotine exposure among youth who use e-cigarettes is just as high or higher than
those who smoke combustible cigarettes (Goniewicz et al., 2018). Although nicotine exposure
may be higher in JUUL, they are regarded as safer than traditional cigarettes since they are
free from combustion.

Using both e-cigarettes and cigarettes is common, as 75% of adolescent e-cigarette users
reported concurrent use of other forms of tobacco (Anand et al., 2015). However in youth,
using both e-cigarettes and cigarettes is not often a temporary state, indicating that e-
cigarettes may not be facilitating smoking cessation in the way that they are advertised among
this age group (Barrington-Trimis et al., 2018). Youth who use e-cigarettes and cigarettes are
more likely to continue using traditional cigarettes than to transition away from their use
(Barrington-Trimis et al., 2018), and are more likely to develop a dependence on nicotine (Lee
et al., 2013). There is limited data for treatments of tobacco use disorder (particularly e-
cigarettes) among youth, but it is something that should be discussed with your child’s
healthcare provider.

Although nicotine use may have favorable short-term effects in stress reduction and alleviating
anxiety, exposure to nicotine during adolescence is associated with an increased risk of mood
and attention symptoms (National Academies of Sciences, Engineering, and Medicine 2018).
Outpatient follow-up with a mental health provider should be encouraged to help explore
healthier and more appropriate ways to manage stress.
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cognitive issues and development of more problematic levels of use
(Dwyer et al., 2009; England et al., 2015; Goriounova and Mansvelder,
2012; Yuan et al., 2015). Vulnerability to nicotine in earlier stages of
adolescence may help explain why the age of a first cigarette is clini-
cally indicative of the severity of nicotine use later in life, as well as
predictive of future cessation success (Cengelli et al., 2012; Kendler
et al., 2014). Youth who initiate and quickly progress in tobacco
smoking are at a higher risk of becoming chronic smokers later in
adulthood (Courtney, 2015), and symptoms of tobacco dependence are
evident among adolescents who used a single tobacco product on as few
as one to two days during the previous month (Apelberg et al., 2014).
Exposure to nicotine during adolescence is also associated with an in-
creased risk of mood and attention symptoms (National Academies of
Sciences, Engineering, and Medicine, 2018).

5. Influences of E-cigarette use among adolescents and young
adults

5.1. Cognitive influences: attitudes, knowledge, and misperceptions

Overall, youth are very open to using non-cigarette tobacco pro-
ducts such as e-cigarettes (Mays et al., 2015), and studies have in-
dicated that perceptions of e-cigarettes as less risky, more popular, and
more socially acceptable than combustible cigarettes have contributed
to their increased use among youth (Ambrose et al., 2014; Anand et al.,
2015; Berg et al., 2015; Chaffee et al., 2015; Choi and Forster, 2014;
Copeland et al., 2017; Gorukanti et al., 2017; Kong et al., 2015; Mays
et al., 2015; Pokhrel et al., 2014; Roditis et al., 2016; Saddleson et al.,
2015, 2016; Sutfin et al., 2013; Trumbo and Harper, 2013). Youth not
only endorse views that e-cigarettes are safer alternatives to cigarettes,
but report higher acceptance levels for public and indoor e-cigarette use
(Carroll Chapman and Wu, 2014; Gorukanti et al., 2017; Latimer et al.,
2014; Trumbo and Harper, 2013). Additionally, adolescents also be-
lieve that fruit-flavored e-cigarettes are less harmful to health than
tobacco flavored e-cigarettes (Pepper et al., 2016).

In addition to perceptions of social norms, expectancies influence
attitudes and decisions related to e-cigarette use. Expectancies refer to
the outcomes that are expected from engaging in certain behaviors. One
cross-sectional study found that positive expectancies of e-cigarette use
were associated with increased likelihood of current use (Pokhrel et al.,
2014). Positive expectancies among youth included social enhancement
(gaining respect of friends, increasing chances of being liked, improving
social status and popularity), affect regulation (feeling calm, reducing
stress or boredom), and sensory experiences (enjoying taste and smell).
Negative expectancy factors such as health concerns, addiction, and an
aversive sensory experience were reported as deterrents toward in-
itiating e-cigarette use (Pokhrel et al., 2014). Among current e-cigarette
users, nearly half believed that e-cigarettes were not bad for their
health, but the same belief was held among only 7.5% of those who had
never used them before (Barrington-Trimis et al., 2015), suggesting that
perceived health risks may be a determinant of whether youth experi-
ment with e-cigarettes.

Youth commonly hold misperceptions about e-cigarettes, particu-
larly regarding overall safety profile, nicotine content, and efficacy for
smoking cessation, which may lead to an increased likelihood of use
(Gorukanti et al., 2017; Pepper et al., 2016, 2018). Among high
schoolers and young adults, 60% believed e-cigarettes to be safe or to
have minimal health hazards (Anand et al., 2015), 19% believed that
smoke from e-cigarettes was only water (Gorukanti et al., 2017), 63%
did not know that nicotine is present in JUUL products (Willet et al.,
2019), and 23% believed that e-cigarettes were not a tobacco product
(Gorukanti et al., 2017). Although 40% of adolescents believe that e-
cigarettes are used for smoking cessation (Gorukanti et al., 2017), the
majority of them do not use them for that purpose, as the most common
reasons for use include enjoyment and novelty (Ayers et al., 2017; Bold
et al., 2016; Choi and Forster, 2014; Gorukanti et al., 2017; Kinouani
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et al., 2017; Patrick et al., 2016; Saddleson et al., 2016; Suris et al.,
2015; Sutfin et al., 2013). In fact, less than 8% of adolescents who use e-
cigarettes do so for combustible cigarette cessation (Tsai et al., 2018),
in contrast to the 85% adults who do (Patel et al., 2016).

5.2. Social and peer influences

Among youth and young adults, the social environment for e-ci-
garettes is much more favorable than for combustible cigarettes
(Barrington-Trimis et al., 2015). Much like how combustible cigarettes
gained popularity among youth (Maxwell, 2002), peer influences are
among the most common reasons for e-cigarette experimentation
among high school and college students. Perceptions of e-cigarettes as
“cool” are often cited as a reason for experimentation (Bold et al., 2016;
Kong et al., 2015), and the social transmission and modeling effects of
e-cigarettes are significant, as e-cigarette use is strongly associated with
having family members (3-fold increase) and friends (7-fold increase)
who use e-cigarettes (Khoury et al., 2016). Studies examining Twitter
posts have found that e-cigarettes are portrayed in light of a positive
social image (Ayers et al., 2017), and that youth who believed that their
friends would have a “friendly” or “very friendly” response to e-cigar-
ette use were significantly more likely to use e-cigarettes than peers
who believed that their friends would have an “unfriendly” or “very
unfriendly” response (Barrington-Trimis et al., 2015). Adolescents may
harbor misperceptions of peer substance use rates, and their percep-
tions are often biased in the direction of their own use or non-use,
known as the false consensus effect (Henry et al., 2011). As a result,
adolescents may overestimate the number of their peers who use var-
ious tobacco products (Noland et al., 2016), and these perceptions of
perceived norms can influence behaviors and decision-making (Rajiv
and Kevin, 2005).

5.3. Environmental influences: advertising and social media

By the end of 2018, JUUL accounted for 76% of the retail e-cigarette
market (Craver, 2019), however its share of the overall market is still
unclear, as vape shops and online sales account for significant portion
of e-cigarette sales but are not included in retail statistics. The rapid
growth of e-cigarettes and pod mod devices such as JUUL appears to be
related to the millions of youth who were exposed to their advertising
and social media campaigns, as these led to a significant impact on the
increase in appeal, experimentation, and initiation of e-cigarettes
(Center for Disease Control and Prevention, 2019; Huang et al., 2019).

Much of the information that adolescents receive regarding pod
mod devices and e-cigarettes does not appear to be evidence-based, but
instead is delivered through claims of peers and social media. Social
media has been scrutinized as a prominent source of exposure to e-
cigarettes and pod mod devices among vulnerable adolescents who are
at risk for tobacco use (Hébert et al., 2017), and has been found to
influence perceptions of reduced harm among tobacco products
(Petrescu et al., 2017). Among youth, social media and peer-based in-
formation are so influential because they not only are highly accessible,
but they also convey the use of e-cigarettes as more socially acceptable
and do not often encourage e-cigarette use solely for smoking cessation
(Anand et al., 2015; Luo et al., 2014). For example, one study found
that less than 1% of posts on twitter were related to smoking cessation
(Allem et al., 2018).

Specifically, JUUL’s marketing campaigns have come under criti-
cism for directly targeting advertisements toward youth (Harty, 2015;
Kavuluru et al., 2019; Stanbrook, 2016; Trumbo and Kim, 2015). Ex-
amination of the official Instagram account of JUUL, JUULvapor (prior
to its deactivation November 2018, see below), found that over 90% of
posts were related to lifestyle appeal, displaying pictures and videos
meant to evoke feelings of relaxation, freedom, and sex appeal in the
context of the JUUL product and flavor images (Huang et al., 2019).
Online, users of JUUL will often post images related to blowing large
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clouds of aerosol, in addition to discussing preferred devices and flavors
(Chu et al., 2016). The digital influence and social transmission of JUUL
is common, as JUUL-related posts on social media discuss bonding and
sharing experiences of JUUL with others, or notifying a friend about
purchasing a JUUL (Allem et al., 2018). In response to regulations from
the FDA in November 2018 (Office of the Commissioner, Center for
Tobacco Products, 2018), JUUL deactivated their U.S.-based social
media accounts on Facebook and Instagram, and their YouTube account
is now only used for posting testimonials of former adult smokers who
switched to the JUUL system (Burns, 2018).

6. E-cigarettes may lead to combustible cigarette use among youth

The ultimate impact of e-cigarettes on public health will depend on
their influence on the overall prevalence of cigarette smoking (National
Academies of Sciences, Engineering, and Medicine, 2018). In contrast
to adult e-cigarette users who are almost exclusively current and former
cigarette smokers, many youth and young adult users had never used a
tobacco product before initiating e-cigarette use (Barnett et al., 2015;
Barrington-Trimis et al., 2015; Barrington-Trimis et al.; 2016; Camenga
et al., 2014; Hamilton et al., 2015; Ireland et al., 2015; Lee et al., 2013;
Moore et al., 2016; Suris et al., 2015). Almost 90% of adult smokers
started before the age of 18 (Substance Abuse and Mental Health
Services Administration, 2011), and those who do not initiate smoking
during adolescence are unlikely to ever do so (Sussman, 2003). Meta-
analyses and other studies have suggested that e-cigarette use predicts
combustible cigarette use (Aleyan et al., 2018; Barrington-Trimis et al.,
2016, 2018; Bold et al., 2017, 2018; Chaffee et al., 2018; East et al.,
2018; Hammond et al., 2017;Leventhal et al., 2016 Leventhal et al.,
2015; Loukas et al., 2018; Primack et al., 2018; Spindle et al., 2017;
Wills et al., 2017;Wise, 2016), with an estimated threefold increase in
the risk of subsequent cigarette initiation with e-cigarette use (Soneji
et al., 2017).

The “gateway” hypothesis of e-cigarettes suggests that many youth
who use tobacco products such as combustible cigarettes would have
been unlikely to use tobacco products in the first place if e-cigarettes
were not made available (Barrington-Trimis et al., 2016; Dutra and
Glantz, 2017). Additionally, other non-cigarette forms of tobacco use
are becoming particularly common, and the increasing use of multiple
types of tobacco products such as hookah, smokeless tobacco, and snus
heightens the concern about e-cigarettes as a gateway to further to-
bacco use (Lee et al., 2014).

JUUL and other e-cigarettes can deliver higher concentrations of
nicotine than some combustible cigarettes, and evidence suggests that
higher nicotine concentrations may heighten the risk of transitioning
from e-cigarette use to combustible cigarette use (Daynard,
2018;Leventhal et al., 2016). There is also concern that an increase in e-
cigarette use may renormalize a smoking culture among young people,
subverting decades of anti-smoking efforts (Barrington-Trimis et al.,
2015; Bell and Keane, 2014; Franck et al., 2016; Kandel and Kandel,
2015; Stanwick, 2015). The public use of e-cigarettes may contribute to
this renormalization, as 60% of United States e-cigarette users reported
using e-cigarettes in public areas where combustible cigarette smoking
was disallowed (Shi et al., 2017; Stanwick, 2015).

Despite strong evidence which points toward e-cigarettes as a
gateway to combustible cigarette use, time-trend analyses have in-
dicated a decline in past 30-day smoking prevalence among US youth
and young adults, which decreased more rapidly as vaping started to
increase in popularity (Levy et al., 2018). Although combustible ci-
garette use among youth has been decreasing over the last twenty years
(Miech et al., 2018), these findings support the diversion hypothesis,
which suggests that at a population level, e-cigarette use partially re-
places and/or substitutes completely for combustible cigarette smoking,
mitigating some of the concerns of widespread e-cigarette use (Levy
et al.,, 2018). Proponents of the diversion hypothesis have suggested
that the concern surrounding a gateway hypothesis may be premature,
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because many of these studies include smoking a single cigarette as the
primary outcome, and e-cigarette users may be only temporarily ex-
perimenting with cigarettes and unlikely to progress to more frequent
smoking. Researchers supportive of this hypothesis have suggested that
e-cigarettes have not been available and popular for a long enough time
period to determine whether if they lead to long-term cigarette use
(Audrain-Mcgovern et al., 2004; Colder et al., 2001; Levy et al., 2018;
Riggs et al., 2007).

7. E-cigarettes and Cannabis use

The relationship between combustible cigarette use and the initia-
tion, maintenance, and escalation of cannabis use is well-established
(Agrawal et al., 2013; Peters et al., 2012), and research suggests that e-
cigarettes may confer a similar risk (Azagba, 2018; Dai et al., 2018).

E-cigarette use at 14 years of age was associated with almost a four-
fold increase in the odds of initiating and consistently using cannabis
two years later (Audrain-McGovern et al., 2018). Nicotine exposure in
adolescence may prime the brain’s reward system to increase the
pleasure that is experienced from using cannabis, setting up potential
for a more rapid progression of use (Agrawal et al., 2013; Huang et al.,
2013; Levine et al., 2011; Yuan et al., 2015). As a result of e-cigarette
smoking, physiologic changes occur within the respiratory tract that
can facilitate a transition to future cannabis use, as smoking can result
in reduced sensitivity to the irritation caused by inhalation of smoke
(Audrain-McGovern et al., 2018).

The emergence of e-cigarettes may provide adolescents an addi-
tional method of inhaling cannabinoids or other psychoactive drugs
(Eggers et al., 2017; Kenne et al., 2017), and there are a significant
number of websites which provide instructions on how to prepare
cannabis-derived liquids for use in e-cigarettes such as JUUL (Giroud
et al., 2015). As of 2018, 7.5% of US high school seniors report vaping
cannabis, an increase from 4.9% in 2017 (Miech et al., 2018). Preparing
cannabis in an e-cigarette such as JUUL can allow youth to smoke
discreetly without the characteristic smell of cannabis that would
otherwise lead them to be detected (Giroud et al., 2015; Hayes, 2018).
Although there are concerns related to e-cigarettes and cannabis use,
puffing on cannabis vapors generated at lower temperatures through an
e-cigarette may be less risky than inhaling smoke formed in a com-
bustible cannabis joint (Earleywine and Barnwell, 2007; Giroud et al.,
2015).

8. E-cigarettes, pod mod devices, and smoking cessation

More than half of youth who smoke combustible cigarettes are in-
terested in quitting, and many adults who endorse e-cigarette use utilize
the devices to quit smoking (Babb et al., 2017). Despite the urge to quit
smoking, U.S. smokers report significant difficulty abstaining from ni-
cotine use; within a given year, 34% of smokers will attempt to quit, but
only 1% will remain tobacco free for at least one year (Stratton et al.,
2001). In addition to the physiological addiction that occurs as a result
of nicotine exposure, the behavioral cues of smoking are one of the
strongest habit-forming properties of traditional combustible cigarettes
(Caponnetto et al., 2011; Frances, 2011). The regular hand-to-mouth
action and the production of smoke are behavioral cues that make e-
cigarettes a viable option to treat both the physiological effects of ni-
cotine while replicating some of the behavioral cues as well.

Several studies have demonstrated a potential for e-cigarettes to be
used for smoking cessation in adults and young adults (Hartmann-
Boyce et al., 2018; Kalkhoran and Glantz, 2016; Kinouani et al., 2017;
Kulik et al., 2018), however there is little evidence for their efficacy
among youth (Conner et al., 2018; Doran et al., 2017; Farsalinos et al.,
2016; Gmel et al., 2016; Park et al., 2016; Wang et al., 2017; Wills
et al.,, 2017). A 2016 systematic review found that the evidence for e-
cigarettes as smoking cessation agents for all ages remains inconclusive
due to low quality published research, and evidence is currently
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assessed as very low or low (Malas et al., 2016). Specifically, the analysis
revealed little to no evidence regarding cessation efficacy among ado-
lescents and young adults.

Dual-use of combustible cigarettes and e-cigarettes could indicate
that adolescents are using e-cigarettes to help reduce combustible ci-
garette smoking or to transition away from combustible cigarettes al-
together. Dual-product use is common, as 75% of adolescent e-cigarette
users reported concurrent use of other forms of tobacco (Anand et al.,
2015). However dual-use is often not a temporary state, indicating that
e-cigarettes may not be facilitating smoking cessation in the way that
they are advertised. One study found that 51% of adolescent dual-users
were still using both products at a six-month to two-year follow-up, and
an additional 16% were smoking combustible -cigarettes only
(Barrington-Trimis et al., 2018). Dual-product users were more likely to
continue using cigarettes rather than transitioning toward exclusive e-
cigarette use or smoking cessation altogether (Barrington-Trimis et al.,
2018). Dual-product users were also more likely to smoke cigarettes
daily and more heavily than students who smoked only combustible
cigarettes (Goniewicz et al., 2016). These findings indicate evidence to
the contrary of adult studies that suggest e-cigarettes may promote
smoking cessation (Glantz and Bareham, 2018; Kalkorhan and Glantz,
2016; Kulik et al., 2018).

9. E-cigarette regulation in the United States

Although e-cigarettes were not initially included in the Family
Smoking Prevention and Tobacco Control of 2009, the FDA finalized a
rule in 2016 that extended its regulatory authority to all tobacco pro-
ducts, including e-cigarettes (United States Food and Drug
Administration, 2016). As a result, the new law required health warn-
ings on e-cigarettes, and e-cigarettes were held to public health stan-
dards set by the law. Additionally, mounting pressure from the FDA and
other public-health related agencies led JUUL to suspend the retail sale
of most of its flavored e-cigarettes in an attempt to reduce the acces-
sibility to youth (Kaplan and Hoffman, 2018).

New FDA rules as of November 2018 are requiring stronger age
verification for online sales

of e-cigarettes, as well as the removal of e-cigarette products that
are marketed to children or are appealing to youth, such as those with
names of products favored by youth such as bubble gum or cotton
candy (Office of the Commissioner, Center for Tobacco Products, 2018).
In response, JUUL has developed an action plan to reduce the accessi-
bility of nicotine products to youth by limiting retail sales, using so-
phisticated age verification measures for online purchases, increasing
secret shopper programs to ensure retail store adherence, and deacti-
vating their own U.S.-based social media accounts (Burns, 2018).

10. Conclusion

Youth are using e-cigarettes and pod mod devices such as JUUL now
more than ever. Given the increasing prevalence of use among im-
pressionable and vulnerable adolescent populations, there is concern
that electronic cigarettes may be exposing a significant number of youth
to nicotine who would have not otherwise be using tobacco. Although
the use of e-cigarettes is generally considered safer in comparison to
combustible cigarettes, concerns remain. The developing adolescent
brain is susceptible to the harmful effects of nicotine, and earlier use of
nicotine predicts concerning patterns of future nicotine use. Among
youth, e-cigarettes have little to no evidence as a smoking cessation
tool, and very few report using it for such purposes. Recent FDA reg-
ulations have aimed to reduce access to these appealing nicotine pro-
ducts among youth as a result of the potential harms that they are
thought to introduce, and further research is warranted to definitively
determine if e-cigarettes such as JUUL predict combustible cigarette
use. If research continues to suggest that e-cigarette use predicts com-
bustible cigarette use among other substances, e-cigarettes pose a
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significant public health concern and the potential to renormalize a
social environment of smoking among young people.

In regards to e-cigarette use, providers, educators, and families have
questions that often go unanswered, particularly those related to the
potential gateway effects of vaping to combustible cigarettes and can-
nabis use. Table 1 provides a list of questions commonly asked of
clinicians about e-cigarettes and pod mod devices such as JUUL. Based
on the information in this review, brief answers to these common
questions are included in the hopes of informing clinicians, educators,
researchers, and families.

Contributors

Matthew C. Fadus formulated and wrote the manuscript. Tracy T.
Smith provided significant guidance and helped edit and write the
manuscript. Lindsay M, Squeglia provided significant guidance and
helped edit and write the manuscript. All authors agree to the final
submitted version of the manuscript.

Role of funding source

This study was supported by the National Institute on Drug Abuse
R25 DA020537 (Back and Brady), KO1 DA047433 (Smith), and UO1
DA041093 (Squeglia and Gray); and the National Institute on Alcohol
Abuse and Alcoholism RO1AA027399 (Gray and Squeglia) and K23
AA025399 (Squeglia).

Conflict of interest
No conflict declared
Acknowledgements

The authors would like to thank Teri Lynn Herbert of the Medical
University of South Carolina for her expertise and assistance with the
literature search for this review.

References

Agrawal, A., Madden, P., Martin, N., Lynskey, M., 2013. Do early experiences with can-
nabis vary in cigarette smokers? Drug Alcohol Depend. 128, 255-259.

Aleyan, S., Cole, A., Qian, W., Leatherdale, S., 2018. Risky business: a longitudinal study
examining cigarette smoking initiation among susceptible and non-susceptible e-ci-
garette users in canada. BMJ Open 8, e021080.

Allem, J., Dharmapuri, L., Unger, J., Cruz, T., 2018. Characterizing juul-related posts on
twitter. Drug Alcohol Depend. 190, 1-5.

Ambrose, B., Rostron, B., Johnson, S., Portnoy, D., Apelberg, B., Kaufman, A., Choiniere,
C., 2014. Perceptions of the relative harm of cigarettes and e-cigarettes among U.S.
Youth. Am. J. Prev. Med. 47, 60.

Anand, V., Mcginty, K.L., Obrien, K., Guenthner, G., Hahn, E., Martin, C.A., 2015. E-
cigarette use and beliefs among urban public high school students in North Carolina.
J. Adolesc. Health 57, 46-51.

Apelberg, B., Corey, C., Hoffman, A., Schroeder, M., Husten, C., Caraballo, R., Backinger,
C., 2014. Symptoms of tobacco dependence among middle and high school tobacco
users: results from the 2012 National Youth Tobacco Survey. Am. J. Prev. Med.

47, 14.

Audrain-Mcgovern, J., Rodriguez, D., Tercyak, K.P., Epstein, L.H., Goldman, P., Wileyto,
E.P., 2004. Applying a behavioral economic framework to understanding adolescent
smoking. Psychol. Addict. Behav. 18, 64-73.

Audrain-McGovern, J., Stone, M., Barrington-Trimis, J., Unger, J., Leventhal, A.M., 2018.
Adolescent e-cigarette, hookah, and conventional cigarette use and subsequent
marijuana use. Pediatrics 142, 19.

Ayers, J.W., Leas, E.C., Allem, J.P., Benton, A., Dredze, M., Althouse, B.M., Cruz, T.B.,
Unger, J.B., 2017. Why do people use electronic nicotine delivery systems (electronic
cigarettes)? a content analysis of Twitter, 2012-2015. PLoS One 12, 0170702.

Azagba, S., 2018. E-cigarette use, dual use of e-cigarettes and tobacco cigarettes, and
frequency of cannabis use among high school students. Addict. Behav. 79, 166-170.

Babb, S., Malarcher, A., Schauer, G., Asman, K., Jamal, A., 2017. Quitting smoking among
adults - United States, 2000-2015. MMWR Morb. Mortal. Wkly. Rep. 65, 1457-1464.

Barnett, T., Soule, E., Forrest, J., Porter, L., Tomar, S., 2015. Adolescent electronic ci-
garette use: associations with conventional cigarette and hookah smoking. Am. J.
Prev. Med. 49, 199-206.

Barrington-Trimis, J.L., Leventhal, A.M., 2018. Adolescents’ use of "pod mod" e-cigarettes
- urgent concerns. N. Engl. J. Med. 379, 1099-1102.


http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0005
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0005
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0010
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0010
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0010
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0015
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0015
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0020
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0020
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0020
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0025
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0025
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0025
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0030
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0030
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0030
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0030
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0035
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0035
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0035
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0040
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0040
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0040
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0045
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0045
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0045
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0050
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0050
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0055
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0055
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0060
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0060
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0060
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0065
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0065

M.C. Fadus, et al.

Barrington-Trimis, J.L., Kong, G., Leventhal, A.M., Liu, F., Mayer, M., Cruz, T.B.,
Krishnan-Sarin, S., McConnell, R., 2018. E-cigarette use and subsequent smoking
frequency among adolescents. Pediatrics 142.

Barrington-Trimis, J.L., Urman, R., Leventhal, A.M., Gauderman, W.J., Cruz, T.B.,
Gilreath, T.D., Howland, S., Unger, J.B., Berhane, K., Samet, J.M., McConnell, R.,
2016. E-cigarettes, cigarettes, and the prevalence of adolescent tobacco use.
Pediatrics 138, 11.

Barrington-Trimis, J.L., Berhane, K., Unger, J.B., Cruz, T.B., Huh, J., Leventhal, A.M.,
Urman, R., Wang, K., Howland, S., Gilreath, T.K., Chou, C., Pentz, M., McConnell, R.,
2015. Psychosocial factors associated with adolescent electronic cigarette and ci-
garette use. Pediatrics 136, 308-317.

Bell, K., Keane, H., 2014. All gates lead to smoking: the’ gateway theory’, e-cigarettes and
the remaking of nicotine. Soc. Sci. Med. 119, 45-52.

Berg, C., Stratton, E., Schauer, G., Lewis, M., Wang, Y., Windle, M., Kegler, M., 2015.
Perceived harm, addictiveness, and social acceptability of tobacco products and
marijuana among young adults: marijuana, hookah, and electronic cigarettes win.
Subst. Use Misuse 50, 79-89.

Bold, K., Kong, G., Cavallo, D., Camenga, D., Krishnan-Sarin, S., 2016. Reasons for trying
e-cigarettes and risk of continued use. Pediatrics 138.

Bold, K., Kong, G., Camenga, D., Simon, P., Cavallo, D., Morean, M., Krishnan-Sarin, S.,
2018. Trajectories of e-cigarette and conventional cigarette use among youth.
Pediatrics 141.

Bold, K., Kong, G., Cavallo, D., Camenga, D., Krishnan-Sarin, S., 2017. E-cigarette sus-
ceptibility as a predictor of youth initiation of e-cigarettes. Nicotine Tob. Res. 20,
140-144.

Bowen A. and Xing C., 2015. US Patent No 9215895: Nicotine Salt Formations for Aerosol
Devices and Methods Thereof.

Burns, K., 2018. JUUL Labs Action Plan. Retrieved at Accessed 5/7/19. https://
newsroom.juul.com/2018/11/13/juul-labs-action-plan/.

Cahn, Z., Siegel, M., 2011. Electronic cigarettes as a harm reduction strategy for tobacco
control: A step forward or a repeat of past mistakes? J. Public Health Policy 32,
16-31.

Camenga, D., Delmerico, J., Kong, G., Cavallo, D., Hyland, A., Cummings, K., Krishnan-
Sarin, S., 2014. Trends in use of electronic nicotine delivery systems by adolescents.
Addict. Behav. 39, 338-340.

Caponnetto, P., Cibella, F., Mancuso, S., Campagna, D., Arcidiacono, G., Polosa, R., 2011.
Effect of a nicotine-free inhalator as part of a smoking-cessation programme. Eur.
Respir. J. 38, 1005-1011.

Carroll Chapman, S., Wu, L., 2014. E-cigarette prevalence and correlates of use among
adolescents versus adults: a review and comparison. J. Psychiatr. Res. 54, 43-54.

Cengelli, S., O’Loughlin, J., Lauzon, B., Cornuz, J., 2012. A systematic review of long-
itudinal population-based studies on the predictors of smoking cessation in adoles-
cent and young adult smokers. Tob. Control 21, 355.

Center for Disease Control and Prevention, 2019. E-cigarette Ads and Youth. Retrieved
from Accessed 5/7/19. https://www.cdc.gov/vitalsigns/ecigarette-ads/index.html.

Chaffee, B.W., Gansky, S., Halpern-Felsher, B., Couch, E., Essex, G., Walsh, M., 2015.
Conditional risk assessment of adolescents’ electronic cigarette perceptions. Am. J.
Health Behav. 39, 421-432.

Chaffee, B.W., Watkins, S.L., Glantz, S.A., 2018. Electronic cigarette use and progression
from experimentation to established smoking. Pediatrics 141.

Chen, J.C., 2018. Flavored e-cigarette use and cigarette smoking reduction and cessa-
tion—a large national study among young adult smokers. Subst. Use Misuse 53,
2017-2031.

Cho, H., Dutra, L., Glantz, S., 2018. Differences in adolescent e-cigarette and cigarette
prevalence in two policy environments: south Korea and the United States. Nicotine
Tob. Res. 20, 949-953.

Cho, J., Paik, S., 2016. Association between electronic cigarette use and asthma among
high school students in south korea. PLoS One 11, 0151022.

Choi, K., Forster, J., 2014. Beliefs and experimentation with electronic cigarettes: a
prospective analysis among young adults. Am. J. Prev. Med. 46, 175-178.

Chu, K., Allem, J., Cruz, T.B., Unger, J.B., 2016. Vaping on Instagram: cloud chasing,
hand checks and product placement. Tob. Control 26, 575-578.

Chun, L., Moazed, F., Calfee, C., Matthay, M., Gotts, J., 2017. Pulmonary toxicity of e-
cigarettes. Am. J. Physiol. 313, 193.

Colder, C.R., Mehta, P., Balanda, K., Campbell, R.T., Mayhew, K.P., Stanton, W.R., Pentz,
M.A., Flay, B.R., 2001. Identifying trajectories of adolescent smoking: an application
of latent growth mixture modeling. Health Psychol. 20, 127-135.

Conner, M., Grogan, S., Simms-Ellis, R., Flett, K., Sykes-Muskett, B., Cowap, L., Lawton,
R., Armitage, C.J., Meads, D., Torgerson, C., West, R., Siddiqi, K., 2018. Do electronic
cigarettes increase cigarette smoking in uk adolescents? Evidence from a 12-month
prospective study. Tob. Control 27, 365-372.

Copeland, A., Peltier, M., Waldo, K., 2017. Perceived risk and benefits of e-cigarette use
among college students. Addict. Behav. 71, 31-37.

Courtney, R., 2015. The health consequences of smoking—50 years of progress: a report
of the surgeon general. Drug Alcohol Rev. 34, 694-695.

Craver, R., 2019. Juul Ends 2018 With 76 Percent Market Share. Retrieved from Accessed
5/7/19. https://www.journalnow.com/business/juul-ends-with-percent-market-
share/article_6f50f427-19ec-50be-8b0c-d3df18d08759.html.

Cullen, K.A., Ambrose, B.K., Gentzke, A.S., Apelberg, B.J., Jamal, A., King, B.A., 2018.
Notes from the field: use of electronic cigarettes and any tobacco product among
middle and high school students - United States, 2011-2018. MMWR Morb. Mortal.
WKly. Rep. 67, 1276-1277.

Dai, H., Catley, D., Richter, K.P., Goggin, K., Ellerbeck, E.F., 2018. Electronic cigarettes
and future marijuana use: a longitudinal study. Pediatrics 141, 1-10.

Daynard, R., 2018. Public health consequences of e-cigarettes: a consensus study report of
the national academies of sciences, engineering, and medicine. J. Public Health

91

Drug and Alcohol Dependence 201 (2019) 85-93

Policy 39, 379-381.

Doran, N., Brikmanis, K., Petersen, A., Delucchi, K., Al-Delaimy, W., Luczak, S., Myers,
M., Strong, D., 2017. Does e-cigarette use predict cigarette escalation? A longitudinal
study of young adult non-daily smokers. Prev. Med. 100, 279-284.

Dutra, L., Glantz, S., 2017. E-cigarettes and national adolescent cigarette use: 2004-2014.
Pediatrics 139.

Dwyer, J., McQuown, S., Leslie, F., 2009. The dynamic effects of nicotine on the devel-
oping brain. Pharmacol. Ther. 122, 125-139.

Earleywine, M., Barnwell, S., 2007. Decreased respiratory symptoms in cannabis users
who vaporize. Harm Reduct. J. 4, 11.

East, K., Hitchman, S.C., Bakolis, I., Williams, S., Cheeseman, H., Arnott, D., McNeill, A.,
2018. The association between smoking and electronic cigarette use in a cohort of
young people. J. Adolesc. Health 62, 539-547.

Eggers, M.E., Lee, Y.O., Jackson, K., Wiley, J.L., Porter, L., Nonnemaker, J.M., 2017.
Youth use of electronic vapor products and blunts for administering cannabis. Addict.
Behav. 70, 79-82.

England, L., Bunnell, R., Pechacek, T., Tong, V., McAfee, T., 2015. Nicotine and the de-
veloping human: a neglected element in the electronic cigarette debate. Am. J. Prev.
Med. 49, 286-293.

Farsalinos, K., Poulas, K., Voudris, V., Le, H., 2016. Electronic cigarette use in the
European union: analysis of a representative sample of 27 460 Europeans from 28
countries. Addiction 111, 2032-2040.

Filippidis, F., Laverty, A., Gerovasili, V., Vardavas, C., 2017. Two-year trends and pre-
dictors of e-cigarette use in 27 European union member states. Tob. Control 26,
98-104.

Frances, R., 2011. Addiction essentials: the go-to guide for clinicians and patients. J.
Psychiatr. Pract. 17, 449-450.

Franck, C., Filion, K., Eisenberg, M., Kimmelman, J., Grad, R., 2016. Ethical considera-
tions of e-cigarette use for tobacco harm reduction. Respir. Res. 17, 53.

Giroud, C., De, C., Berthet, A., Varlet, V., Concha-Lozano, N., Favrat, B., 2015. E-cigar-
ettes: a review of new trends in cannabis use. Int. J. Environ. Res. Public Health 12,
9988-10008.

Glantz, S., Bareham, D., 2018. E-cigarettes: use, effects on smoking, risks, and policy
implications. Annu. Rev. Public Health 39, 215-235.

Gmel, G., Baggio, S., Mohler-Kuo, M., Daeppen, J., Studer, J., 2016. E-cigarette use in
young swiss men: is vaping an effective way of reducing or quitting smoking? Swiss
Med. 146, 14271.

Goniewicz, M.L., Gawron, M., Nadolska, J., Balwicki, L., Sobczak, A., 2014a. Rise in
electronic cigarette use among adolescents in Poland. J. Adolesc. Health 55, 713-715.

Goniewicz, M.L., Knysak, J., Gawron, M., Kosmider, L., Sobczak, A., Kurek, J.,
Prokopowicz, A., Jablonska-Czapla, M., Rosik-Dulewska, C., Havel, C., Jacob, P.,
Benowitz, N., 2014b. Levels of selected carcinogens and toxicants in vapour from
electronic cigarettes. Tob. Control 23, 133.

Goniewicz, M.L., Leigh, N., Gawron, M., Nadolska, J., Balwicki, L., McGuire, C., Sobczak,
A., 2016. Dual use of electronic and tobacco cigarettes among adolescents: a cross-
sectional study in poland. Int. J. Public Health 61, 189-197.

Goniewicz, M.L., Boykan, R., Eliscu, A., Messina, C., Tolentino, J., 2018. High exposure to
nicotine among adolescents who use JUUL and other vape pod systems (’pods’). Tob.
Control. https://doi.org/10.1136/tobaccocontrol-2018-054565. [Epub ahead of
print].

Goriounova, N.A., Mansvelder, H.D., 2012. Short- and long-term consequences of nicotine
exposure during adolescence for prefrontal cortex neuronal network function. Cold
Spring Harb. Perspect. Med. 2, a012120.

Gorukanti, A., Delucchi, K., Ling, P., Fisher-Travis, R., Halpern-Felsher, B., 2017.
Adolescents’ attitudes towards e-cigarette ingredients, safety, addictive properties,
social norms, and regulation. Prev. Med. 94, 65-71.

Gummin, D., Mowry, J., Spyker, D., Brooks, D., Osterthaler, K., Banner, W., 2018. 2017
annual report of the american association of poison control centers’ national poison
data system. Clin. Toxicol. 56, 1213-1415.

Hamilton, H., Ferrence, R., Boak, A., Schwartz, R., Mann, R., O’Connor, S., Adlaf, E.,
2015. Ever use of nicotine and nonnicotine electronic cigarettes among high school
students in Ontario, Canada. Nicotine Tob. Res. 17, 1212-1218.

Hammond, D., Reid, J., Cole, A., Leatherdale, S., 2017. Electronic cigarette use and
smoking initiation among youth: a longitudinal cohort study. CMAJ 189, 1336.
Hartmann-Boyce, J., Begh, R., Aveyard, P., 2018. Electronic cigarettes for smoking ces-

sation. BMJ 2018 (360), j5543.

Harty, D., 2015. Juul Hopes to Reinvent e-cigarette Ads With’ vaporized’ Campaign.
Retrieved from Accessed 5/7/19. https://adage.com/article/cmo-strategy/juul-
hopes-reinvent-e-cigarette-ads-campaign/299142/.

Hayes, T., 2018. Parents Concerned Over Kids Vaping Marijuana Undetected. Retrieved
from Accessed 5/7/19. https://www.wbaltv.com/article/parents-concerned-over-
kids-vaping-marijuana-undetected/23303746.

Hébert, E.T., Case, K.R., Kelder, S.H., Delk, J., Perry, C.L., Harrell, M.B., 2017. Exposure
and engagement with tobacco- and e-cigarette-related social media. J. Adolesc.
Health 61, 371-377.

Hecht, S., 1999. Tobacco smoke carcinogens and lung cancer. J. Natl. Cancer Inst. 91,
1194-1210.

Henry, D.B., Kobus, K., Schoeny, M.E., 2011. Accuracy and bias in adolescents’ percep-
tions of friends’ substance use. Psychol. Addict. Behav. 25, 80-89.

Hon, L., 2013. Electronic Atomization Cigarette. US 8, 490, 628 B2. United States Patent
and Trademark Office, Alexandria, VA.

Huang, J., Duan, Z., Kwok, J., Binns, S., Vera, L., Kim, Y., Szczypka, G., Emery, S.L., 2019.
Vaping versus JUULing: how the extraordinary growth and marketing of juul trans-
formed the us retail e-cigarette market. Tob. Control 28, 146-151.

Huang, Y., Kandel, D., Kandel, E., Levine, A., 2013. Nicotine primes the effect of cocaine
on the induction of Itp in the amygdala. Neuropharmacology 74, 126-134.


http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0070
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0070
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0070
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0075
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0075
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0075
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0075
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0080
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0080
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0080
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0080
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0085
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0085
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0090
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0090
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0090
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0090
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0095
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0095
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0100
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0100
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0100
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0105
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0105
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0105
https://newsroom.juul.com/2018/11/13/juul-labs-action-plan/
https://newsroom.juul.com/2018/11/13/juul-labs-action-plan/
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0120
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0120
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0120
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0125
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0125
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0125
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0130
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0130
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0130
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0135
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0135
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0140
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0140
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0140
https://www.cdc.gov/vitalsigns/ecigarette-ads/index.html
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0150
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0150
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0150
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0155
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0155
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0160
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0160
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0160
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0165
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0165
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0165
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0170
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0170
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0175
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0175
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0180
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0180
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0185
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0185
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0190
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0190
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0190
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0195
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0195
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0195
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0195
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0200
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0200
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0205
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0205
https://www.journalnow.com/business/juul-ends-with-percent-market-share/article_6f50f427-19ec-50be-8b0c-d3df18d08759.html
https://www.journalnow.com/business/juul-ends-with-percent-market-share/article_6f50f427-19ec-50be-8b0c-d3df18d08759.html
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0215
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0215
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0215
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0215
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0220
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0220
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0225
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0225
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0225
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0230
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0230
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0230
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0235
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0235
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0240
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0240
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0245
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0245
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0250
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0250
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0250
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0255
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0255
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0255
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0260
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0260
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0260
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0265
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0265
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0265
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0270
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0270
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0270
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0275
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0275
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0280
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0280
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0285
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0285
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0285
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0290
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0290
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0295
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0295
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0295
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0300
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0300
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0305
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0305
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0305
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0305
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0310
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0310
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0310
https://doi.org/10.1136/tobaccocontrol-2018-054565
https://doi.org/10.1136/tobaccocontrol-2018-054565
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0320
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0320
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0320
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0325
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0325
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0325
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0330
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0330
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0330
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0335
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0335
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0335
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0340
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0340
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0345
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0345
https://adage.com/article/cmo-strategy/juul-hopes-reinvent-e-cigarette-ads-campaign/299142/
https://adage.com/article/cmo-strategy/juul-hopes-reinvent-e-cigarette-ads-campaign/299142/
https://www.wbaltv.com/article/parents-concerned-over-kids-vaping-marijuana-undetected/23303746
https://www.wbaltv.com/article/parents-concerned-over-kids-vaping-marijuana-undetected/23303746
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0360
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0360
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0360
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0365
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0365
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0370
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0370
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0375
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0375
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0380
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0380
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0380
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0385
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0385

M.C. Fadus, et al.

Hwang, J.H., Lyes, M., Sladewski, K., Enany, S., McEachern, E., Mathew, D.P., Das, S.,
Moshensky, A., Bapat, S., Pride, D.T., Ongkeko, W.M., Crotty Alexander, L.E., 2016.
Electronic cigarette inhalation alters innate immunity and airway cytokines while
increasing the virulence of colonizing bacteria. J. Mol. Med. 94, 667-679.

1QOS Phillip Morris International. Accessed 3/12/19. Retrieved at. https://www.pmi.
com/smoke-free-products/igos-our-tobacco-heating-system.

Ireland, R., Hughes, K., Bennett, A., Hardcastle, K., Bellis, M., Pike, K., McHale, P., 2015.
Associations between e-cigarette access and smoking and drinking behaviours in
teenagers. BMC Public Health 15, 1-9.

JUULPod, 2019. JUULPod Basics: FAQ. Accessed 5/7/19. Retrieved from:. https://
support.juul.com/home/learn/fags/juulpod-basics.

Kalkhoran, S., Glantz, S., 2016. E-cigarettes and smoking cessation in real-world and
clinical settings: a systematic review and meta-analysis. Lancet Respir. Med. 4,
116-128.

Kandel, D., Kandel, E., 2015. The gateway hypothesis of substance abuse: developmental,
biological and societal perspectives. Acta Paediatr. 104, 130-137.

Kaplan, S., Hoffman, J., 2018. Juul Suspends Selling Most E-Cigarette Flavors in Stores.
Accessed 5/7/19. Retrieved from. https://www.nytimes.com/2018/11/13/health/
juul-ecigarettes-vaping-teenagers.html.

Kavuluru, R., Han, S., Hahn, E., 2019. On the popularity of the usb flash drive-shaped
electronic cigarette juul. Tob. Control 28, 110-112.

Kendler, K.S., Myers, J., Damaj, M.I., Chen, X., 2014. Early smoking onset and risk for
subsequent nicotine dependence: a monozygotic co-twin control study. Am. J.
Psychiatry 170, 408-413.

Kenne, D.R., Fischbein, R.L., Tan, A.S.L., Banks, M., 2017. The use of substances other
than nicotine in electronic cigarettes among college students. Subst. Abuse 11,
1178221817733736.

Khoury, M., Manlhiot, C., Fan, C., Gibson, D., Stearne, K., Chahal, N., Dobbin, S.,
McCrindle, B., 2016. Reported electronic cigarette use among adolescents in the
Niagara region of Ontario. CMAJ 188, 794-800.

Kinnunen, J., Ollila, H., El-Amin, S., Pere, L., Lindfors, P., Rimpel4, A., 2015. Awareness
and determinants of electronic cigarette use among Finnish adolescents in 2013: a
population-based study. Tob. Control 24, 270.

Kinouani, S., Pereira, E., Tzourio, C., 2017. Electronic cigarette use in students and its
relation with tobacco-smoking: a cross-sectional analysis of the i-share study. Int. J.
Environ. Res. Public Health 14, 1345.

Kong, G., Morean, M., Cavallo, D., Camenga, D., Krishnan-Sarin, S., 2015. Reasons for
electronic cigarette experimentation and discontinuation among adolescents and
young adults. Nicotine Tob. Res. 17, 847-854.

Kulik, M., Lisha, N., Glantz, S., 2018. E-cigarettes associated with depressed smoking
cessation: a cross-sectional study of 28 european union countries. Am. J. Prev. Med.
54, 603-609.

Latimer, L., Batanova, M., Loukas, A., 2014. Prevalence and harm perceptions of various
tobacco products among college students. Nicotine Tob. Res. 16, 519-526.

Lee, S., Grana, R.A., Glantz, S.A., 2013. Electronic cigarette use among Korean adoles-
cents: a cross-sectional study of market penetration, dual use, and relationship to quit
attempts and former smoking. J. Adolesc. Health 54, 684-690.

Lee, Y., Hebert, C., Nonnemaker, J., Kim, A., 2014. Multiple tobacco product use among
adults in the United States: cigarettes, cigars, electronic cigarettes, hookah, smokeless
tobacco, and snus. Prev. Med. 62, 14-19.

Levine, A., Huang, Y., Drisaldi, B., Griffin, E.A., Pollak, D.D., Xu, S., Yin, D., Schaffran,
D.B., Kandel, E.R., 2011. Molecular mechanism for a gateway drug: epigenetic
changes initiated by nicotine prime gene expression by cocaine. Sci. Transl. Med. 3,
107-109.

Levy, D.T., Warner, K.E., Cummings, K.M., Hammond, D., Kuo, C., Fong, G., Thrasher,
J.F., Goniewicz, M.L., Borland, R., 2018. Examining the relationship of vaping to
smoking initiation among us youth and young adults: a reality check. Tob. Control [E-
pub ahead of print].

Leventhal, A.M., Strong, D.R., Kirkpatrick, M.G., Unger, J.B., Sussman, S., Stone, M.D.,
Khoddam, R., Samet, J.M., Audrain-McGovern, J., 2015. Association of electronic
cigarette use with initiation of combustible tobacco product smoking in early ado-
lescence. JAMA 314, 700-707.

Leventhal, A.M., Stone, M.D., Rabi, N., Barrington-Trimis, J., Strong, D.R., Sussman, S.,
Audrain-McGovern, J., 2016. Association of e-cigarette vaping and progression to
heavier patterns of cigarette smoking. JAMA 316, 1918.

Loukas, A., Marti, C., Cooper, M., Pasch, K., Perry, C., 2018. Exclusive e-cigarette use
predicts cigarette initiation among college students. Addict. Behav. 76, 343-347.

Luo, C., Zheng, X., Zeng, D., Leischow, S., 2014. Portrayal of electronic cigarettes on
youtube. BMC Public Health 14, 1028.

Malas, M., Van der Tempel, J., Schwartz, R., Minichiello, A., Lightfoot, C., Noormohamed,
A., Andrews, J., Zawertailo, L., Ferrence, R., 2016. Electronic cigarettes for smoking
cessation: a systematic review. Nicotine Tob. Res. 18, 1926-1936.

Mays, D., Arrazola, R., Rolle, I., Neff, L., Tworek, C., Portnoy, D., 2015. Openness to using
non-cigarette tobacco products among u.s. Young adults. Am. J. Prev. Med. 50,
528-534.

Maxwell, K., 2002. Friends: the role of peer influence across adolescent risk behaviors. J.
Youth Adolesc. 31, 267-277.

McKeganey, N., Barnard, M., Russell, C., 2018. Vapers and vaping: E-cigarettes users
views of vaping and smoking. Drugs 25, 13-20.

Miech, R.A., Schulenberg, J.E., Johnston, L.D., Bachman, J.G., O’'Malley, P.M., Patrick,
M.E., 2018. National Adolescent Drug Trends in 2018: Monitoring the Future.
Accessed 5/7/19. Retrieved from. http://www.monitoringthefuture.org.

Mirbolouk, M., Charkhchi, P., Kianoush, S., Uddin, S., Orimoloye, O., Jaber, R.,
Bhatnagar, A., Benjamin, E.J., Hall, M.E., DeFilippis, A.P., Maziak, W., Nasir, K.,
Blaha, M.J., 2018. Prevalence and distribution of e-cigarette use among u.s. adults:
behavioral risk factor surveillance system, 2016. Ann. Intern. Med. 169, 429-438.

92

Drug and Alcohol Dependence 201 (2019) 85-93

Moore, G., Littlecott, H., Moore, L., Ahmed, N., Holliday, J., 2016. E-cigarette use and
intentions to smoke among 10-11-year-old never-smokers in wales. Tob. Control 25,
147-152.

National Academies of Sciences, Engineering, and Medicine, 2018. Public Health
Consequences of e-cigarettes. National Academies Press, Washington, DC.

Noland, M., Ickes, M., Rayens, M., Butler, K., Wiggins, A., Hahn, E., 2016. Social influ-
ences on use of cigarettes, e-cigarettes, and hookah by college students. J. Am. Coll.
Health 64, 319-328.

Normandin, P., Benotti, S., 2015. Pediatric emergency update: lethality of liquid nicotine
in e-cigarettes. J. Emerg. Nurs. 41, 357-359.

Office of the Commissioner, Center for Tobacco Products, 2018. Press Announcements -
Statement From FDA Commissioner Scott Gottlieb, M.D., on Proposed New Steps to
Protect Youth by Preventing Access to Flavored Tobacco Products and Banning
Menthol in Cigarettes. Accessed 5/7/19. Retrieved from. https://www.fda.gov/
NewsEvents/Newsroom/PressAnnouncements/ucm625884.htm.

Park, J.Y., Seo, D.C., Lin, H.C., 2016. E-cigarette use and intention to initiate or quit
smoking among US youths. Am. J. Public Health 106, 672-678.

Patel, D., Davis, K.C., Cox, S., Bradfield, B., King, B.A., Shafer, P., Caraballo, R., Bunnell,
R., 2016. Reasons for current e-cigarette use among u.s. Adults. Prev. Med. 93, 14-20.

Patrick, M.E., Miech, R.A., Carlier, C., O’Malley, P.M., Johnston, L.D., Schulenberg, J.E.,
2016. Self-reported reasons for vaping among 8th, 10th, and 12th graders in the US:
nationally-representative results. Drug Alcohol Depend. 165, 275-278.

Pepper, J.K., Ribisl, K.M., Brewer, N.T., 2016. Adolescents’ interest in trying flavoured e-
cigarettes. Tob. Control 25, 62-66.

Pepper, J.K., Farrelly, M.C., Watson, K.A., 2018. Adolescents’ understanding and use of
nicotine in e-cigarettes. Addict. Behav. 82, 109-113.

Peters, E., Budney, A., Carroll, K., 2012. Clinical correlates of co-occurring cannabis and
tobacco use: a systematic review. Addiction 107, 1404-1417.

Petrescu, D.C., Vasiljevic, M., Pepper, J.K., Ribisl, K.M., Marteau, T.M., 2017. What is the
impact of e-cigarette adverts on children’s perceptions of tobacco smoking? An ex-
perimental study. Tob. Control 26, 421-427.

Pokhrel, P., Little, M., Fagan, P., Muranaka, N., Herzog, T., 2014. Electronic cigarette use
outcome expectancies among college students. Addict. Behav. 39, 1062-1065.

Primack, B.A., Shensa, A., Sidani, J.E., Hoffman, B.L., Soneji, S., Sargent, J.D., Hoffman,
R.M., Fine, M.J., 2018. Initiation of traditional cigarette smoking after electronic
cigarette use among tobacco-naive US young adults. Am. J. Med. 131,
443.e1-443.€9.

Ramamurthi, D., Chau, C., Jackler, R., 2018. Juul and other stealth vaporisers: hiding the
habit from parents and teachers. Tob. Control. https://doi.org/10.1136/
tobaccocontrol-2018-054455. [Epub ahead of print].

Radding, B., 2015. Pax Juul New E-Cigarette: The iPhone of e-cigs. Accessed 5/7/19.
Retrieved from. https://www.mensjournal.com/gear/pax-juul-iphone-e-cigs/.

Rajiv, N., Kevin, R., 2005. How behaviors are influenced by perceived norms: a test of the
theory of normative social behavior. Communic. Res. 32, 389-414.

Riggs, N., Chou, C,, Li, C., Pentz, M., 2007. Adolescent to emerging adulthood smoking
trajectories: when do smoking trajectories diverge, and do they predict early adult-
hood nicotine dependence? Nicotine Tob. Res. 9, 1147-1154.

Roditis, M., Delucchi, K., Cash, D., Halpern-Felsher, B., 2016. Adolescents perceptions of
health risks, social risks, and benefits differ across tobacco products. J. Adolesc.
Health 58, 558-566.

Rubinstein, M., Delucchi, K., Benowitz, N., Ramo, D., 2018. Adolescent exposure to toxic
volatile organic chemicals from e-cigarettes. Pediatrics 14.

Saddleson, M.L., Kozlowski, L.T., Giovino, G.A., Goniewicz, M.L., Mahoney, M., Homish,
G., Arora, A., 2016. Enjoyment and other reasons for electronic cigarette use: results
from college students in new york. Addict. Behav. 54, 33-39.

Saddleson, M.L., Kozlowski, L.T., Giovino, G.A., Hawk, L.W., Murphy, J.M., MacLean,
M.G., Goniewicz, M.L., Homish, G.G., Wrotniak, B.H., Mahoney, M.C., 2015. Risky
behaviors, e-cigarette use and susceptibility of use among college students. Drug
Alcohol Depend. 149, 25-30.

Seo, A.D., Kim, D.C., Yu, H.J., Kang, M.J., 2016. Accidental ingestion of E-cigarette liquid
nicotine in a 15-month-old child: an infant mortality case of nicotine intoxication.
Korean J. Pediatr. 59, 490-493.

Shi, Y., Cummins, S., Zhu, S., 2017. Use of electronic cigarettes in smoke-free environ-
ments. Tob. Control 26, e19-e22. https://doi.org/10.1136/tobaccocontrol-2016-
053118.

Sleiman, M., Logue, J.M., Montesinos, V.N., Russell, M.L., Litter, M.I., Gundel, L.A.,
Destaillats, H., 2016. Emissions from electronic cigarettes: key parameters affecting
the release of harmful chemicals. Environ. Sci. Technol. 50, 9644-9651.

Soneji, S., Barrington-Trimis, J.L., Wills, T.A., Leventhal, A.M., Unger, J.B., Gibson, L.A.,
Yang, J., Primack, B.A., Rews, J.A., Miech, R.A., Spindle, T.R., Dick, D.M., Eissenberg,
T., Hornik, R.C., Dang, R., Sargent, J.D., 2017. Association between initial use of e-
cigarettes and subsequent cigarette smoking among adolescents and young adults: a
systematic review and meta-analysis. JAMA Pediatr. 171, 788.

Spindle, T., Hiler, M., Cooke, M., Eissenberg, T., Kendler, K., Dick, D., 2017. Electronic
cigarette use and uptake of cigarette smoking: a longitudinal examination of u.s.
College students. Addict. Behav. 67, 66-72.

Squeglia, L.M., Gray, K.M., 2016. Alcohol and drug use and the developing brain. Curr.
Psychiatry Rep. 18, 46.

Stanbrook, M., 2016. Electronic cigarettes and youth: a gateway that must be shut. CMAJ
188, 785.

Stanwick, R., 2015. E-cigarettes: are we renormalizing public smoking? Reversing five
decades of tobacco control and revitalizing nicotine dependency in children and
youth in Canada. Paediatr. Child Health 20, 101-105.

Stratton, K., Shetty, P., Wallace, R., Bondurant, S., 2001. Clearing the smoke: the science
base for tobacco harm reduction—executive summary. Tob. Control 10, 189-195.

Substance Abuse and Mental Health Services Administration, 2011. Results From the


http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0390
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0390
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0390
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0390
https://www.pmi.com/smoke-free-products/iqos-our-tobacco-heating-system
https://www.pmi.com/smoke-free-products/iqos-our-tobacco-heating-system
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0400
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0400
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0400
https://support.juul.com/home/learn/faqs/juulpod-basics
https://support.juul.com/home/learn/faqs/juulpod-basics
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0410
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0410
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0410
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0415
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0415
https://www.nytimes.com/2018/11/13/health/juul-ecigarettes-vaping-teenagers.html
https://www.nytimes.com/2018/11/13/health/juul-ecigarettes-vaping-teenagers.html
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0425
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0425
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0430
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0430
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0430
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0435
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0435
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0435
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0440
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0440
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0440
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0445
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0445
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0445
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0450
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0450
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0450
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0455
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0455
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0455
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0460
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0460
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0460
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0465
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0465
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0470
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0470
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0470
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0475
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0475
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0475
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0480
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0480
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0480
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0480
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0485
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0485
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0485
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0485
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0490
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0490
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0490
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0490
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0495
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0495
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0495
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0500
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0500
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0505
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0505
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0510
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0510
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0510
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0515
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0515
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0515
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0520
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0520
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0525
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0525
http://www.monitoringthefuture.org
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0535
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0535
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0535
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0535
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0540
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0540
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0540
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0545
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0545
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0550
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0550
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0550
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0555
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0555
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm625884.htm
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm625884.htm
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0565
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0565
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0570
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0570
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0575
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0575
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0575
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0580
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0580
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0585
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0585
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0590
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0590
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0595
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0595
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0595
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0600
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0600
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0605
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0605
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0605
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0605
https://doi.org/10.1136/tobaccocontrol-2018-054455
https://doi.org/10.1136/tobaccocontrol-2018-054455
https://www.mensjournal.com/gear/pax-juul-iphone-e-cigs/
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0620
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0620
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0625
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0625
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0625
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0630
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0630
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0630
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0635
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0635
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0640
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0640
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0640
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0645
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0645
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0645
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0645
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0650
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0650
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0650
https://doi.org/10.1136/tobaccocontrol-2016-053118
https://doi.org/10.1136/tobaccocontrol-2016-053118
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0660
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0660
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0660
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0665
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0665
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0665
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0665
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0665
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0670
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0670
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0670
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0675
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0675
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0680
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0680
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0685
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0685
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0685
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0690
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0690
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0695

M.C. Fadus, et al.

2010 National Survey on Drug Use and Health: Summary of National Findings.
NSDUH Series H-41. HHS Publication No. (SMA) 11-4658. Substance Abuse and
Mental Health Services Administration, Rockville, MD.

Suris, J., Berchtold, A., Akre, C., 2015. Reasons to use e-cigarettes and associations with
other substances among adolescents in Switzerland. Drug Alcohol Depend. 153,
140-144.

Sussman, S., 2003. Effects of sixty six adolescent tobacco use cessation trials and seven-
teen prospective studies of self-initiated quitting. Tob. Induc. Dis. 1, 5.

Sutfin, E., McCoy, T., Morrell, H., Hoeppner, B., Wolfson, M., 2013. Electronic cigarette
use by college students. Drug Alcohol Depend. 131, 214-221.

Swissinfo.ch, 2018. Court Overturns Swiss Ban on E-cigarettes. Accessed 3/12/19.
Retrieved from. https://www.swissinfo.ch/eng/business/immediate-effect_court-
overturns-swiss-ban-on-e-cigarettes/44082174.

Teitell, B., 2017. "Juuling’: the Most Widespread Phenomenon You’ve Never Heard of - the
Boston Globe. Accessed 5/7/19. Retrieved from. https://www.bostonglobe.com/
metro/2017/11/15/where-teenagers-are-high-school-bathrooms-vaping/
1J6xYWWIOTKqsUGTTIw4UO/story.html.

Trumbo, C., Harper, R., 2013. Use and perception of electronic cigarettes among college
students. J. Am. Coll. Health 61, 149-155.

Trumbo, C., Kim, S., 2015. The effect of electronic cigarette advertising on intended use
among college students. Addict. Behav. 46, 77-81.

Tsai, J., Walton, K., Coleman, B., Sharapova, S., Johnson, S., Kennedy, S., Caraballo, R.,
2018. Reasons for electronic cigarette use among middle and high school students -
national youth tobacco survey, united states, 2016. MMWR Morb. Mortal. Wkly. Rep.
67, 196-200.

93

Drug and Alcohol Dependence 201 (2019) 85-93

United States Food and Drug Administration, 2016. The Facts on the FDA’s New Tobacco
Rule. Accessed 5/7/19. Retrieved at:. https://www.fda.gov/ForConsumers/
ConsumerUpdates/ucm506676.htm.

Wang, M., Ho, S., Leung, L., Lam, T., 2016. Electronic cigarette use and respiratory
symptoms in chinese adolescents in hong kong. JAMA Pediatr. 170, 89-91.

Wang, M.P., Li, W.H., Wu, Y., Lam, T.H., Chan, S.S., 2017. Electronic cigarette use is not
associated with quitting of conventional cigarettes in youth smokers. Pediatric Res.
82, 14-18.

Willett, J.G., Bennett, M., Hair, E.C., Xiao, H., Greenberg, M.S., Harvey, E., Cantrell, J.,
Vallone, D., 2019. Recognition, use and perceptions of juul among youth and young
adults. Tob. Control 28, 115.

Wills, T., Knight, R., Sargent, J., Gibbons, F., Pagano, 1., Williams, R., 2017. Longitudinal
study of e-cigarette use and onset of cigarette smoking among high school students in
Hawaii. Tob. Control 26, 34-39.

Wise, J., 2016. Teen vaping is linked to higher odds of heavy cigarette smoking. BMJ 355.
https://doi.org/10.1136/bmj.i6025.

Yan, X., D’Ruiz, C., 2015. Effects of using electronic cigarettes on nicotine delivery and
cardiovascular function in comparison with regular cigarettes. Regul. Toxicol.
Pharmacol. 71, 24-34.

Yingst, J., Lester, C., Veldheer, S., Allen, S., Du, P., Foulds, J., 2018. E-cigarette users
commonly stealth vape in places where e-cigarette use is prohibited. Tob. Control
tobaccocontrol-2018-054432. [Epub ahead of print].

Yuan, M., Cross, S., Loughlin, S., Leslie, F., 2015. Nicotine and the adolescent brain. J.
Physiol. (Paris) 593, 3397-3412.


http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0695
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0695
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0695
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0700
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0700
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0700
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0705
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0705
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0710
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0710
https://www.swissinfo.ch/eng/business/immediate-effect_court-overturns-swiss-ban-on-e-cigarettes/44082174
https://www.swissinfo.ch/eng/business/immediate-effect_court-overturns-swiss-ban-on-e-cigarettes/44082174
https://www.bostonglobe.com/metro/2017/11/15/where-teenagers-are-high-school-bathrooms-vaping/IJ6xYWWlOTKqsUGTTlw4UO/story.html
https://www.bostonglobe.com/metro/2017/11/15/where-teenagers-are-high-school-bathrooms-vaping/IJ6xYWWlOTKqsUGTTlw4UO/story.html
https://www.bostonglobe.com/metro/2017/11/15/where-teenagers-are-high-school-bathrooms-vaping/IJ6xYWWlOTKqsUGTTlw4UO/story.html
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0725
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0725
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0730
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0730
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0735
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0735
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0735
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0735
https://www.fda.gov/ForConsumers/ConsumerUpdates/ucm506676.htm
https://www.fda.gov/ForConsumers/ConsumerUpdates/ucm506676.htm
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0745
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0745
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0750
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0750
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0750
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0755
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0755
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0755
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0760
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0760
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0760
https://doi.org/10.1136/bmj.i6025
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0770
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0770
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0770
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0775
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0775
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0775
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0780
http://refhub.elsevier.com/S0376-8716(19)30155-3/sbref0780

	The rise of e-cigarettes, pod mod devices, and JUUL among youth: Factors influencing use, health implications, and downstream effects
	Introduction
	Methods
	Epidemiology and rising prevalence of use
	Health concerns related to E-cigarettes and JUUL
	Influences of E-cigarette use among adolescents and young adults
	Cognitive influences: attitudes, knowledge, and misperceptions
	Social and peer influences
	Environmental influences: advertising and social media

	E-cigarettes may lead to combustible cigarette use among youth
	E-cigarettes and Cannabis use
	E-cigarettes, pod mod devices, and smoking cessation
	E-cigarette regulation in the United States
	Conclusion
	Contributors
	Role of funding source
	Conflict of interest
	Acknowledgements
	References




