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Abstract

Electronic cigarettes (ECIGSs), also referred to as electronic nicotine delivery systems (ENDS) or
‘e-cigarettes’, generally consist of a power source (usually a battery) and heating element
(commonly referred to as an atomizer) that vaporizes a solution (e-liquid). The user inhales the
resulting vapor. ECIGs have been increasing in popularity since they were introduced into the US
market in 2007. Many questions remain about these products, and limited research has been
conducted. This review will describe the available research on what ECIGs are, effects of use,
survey data on awareness and use, and the utility of ECIGs to help smokers quit using tobacco
cigarettes. This review will also describe arguments for and against ECIGs, and concludes with
steps to move research on ECIGs forward.

Keywords

electronic cigarette; review

INTRODUCTION

Electronic cigarettes (ECIGs) have been increasing in popularity since they were introduced
into the US market in 2007 (Regan, et al., 2013). Sales for 2013 are expected to be over $1
billion (Rohbemed, 2013) and use rates are increasing among youth and adults (CDC, 2013;
Pepper and Brewer, 2013). In addition, ECIGs are appearing in movies, on television, and in
advertisements (e.g., Grana et al., 2011), and media coverage is increasing in the US and
other countries (for example: in the UK and Scotland; Rooke and Amos, 2013). Popularity
can also be measured by internet search queries; searches for ECIGs, compared to other
smoking alternatives, have been increasing, most notably in the US (data from Google
collected between 2008 — 2010; Ayers et al., 2011).

Although ECIGs are increasing in popularity, many questions remain about them, and
limited research has been conducted. This paper describes the available research on ECIGs,
including what they are, what they contain, studies in humans, survey data on awareness and
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use, and their utility for quitting smoking. This paper will also describe the current
arguments for and against ECIGs, including opinions on regulation of these products.
Finally, steps for moving forward will be outlined.

WHAT ARE ELECTRONIC CIGARETTES?

ECIGs, also referred to as electronic nicotine delivery systems (ENDS) or “e-cigarettes’,
generally consist of a power source (usually a battery) and heating element (commonly
referred to as an atomizer) that vaporizes a solution (e-liquid). The user inhales the resulting
vapor. E-liquids contain humectants such as propylene glycol and/or vegetable glycerin,
flavorings and usually, but not always, nicotine (Etter, 2012a). While most ECIGs contain
the aforementioned basic components, there are a wide variety of ECIG models with
substantial differences among them, such as the way in which the solution is stored, the
method for heater activation, the electrical power flowing through (and dissipated by) the
heater, and overall device appearance (see Figure 1).

Electronic Cigarette Models

Perhaps the most well-known ECIGs are the cigarette-stylized models sometimes referred to
as ‘cig-alikes’” (Cassidy, 2011). Cigarette-stylized models are designed so that their
appearance resembles tobacco cigarettes closely. These models often are the same size and
shape of a cigarette, and have a mouthpiece that looks like a cigarette filter (Cassidy, 2011).
Cigarette-stylized models also typically have a light-emitting diode (LED) light at the non-
mouth end that glows when the heating element is activated, and the heating element is often
activated pneumatically (i.e., from the air pressure of the user’s inhalation; Etter, 2012a).
The liquid solution is stored in a cartridge that often also contains the heating element. This
solution/heater combination is referred to as a ‘cartomizer’, and cartomizers also contain
other components such as fabric-like material that surrounds the heater. After the solution is
depleted, certain cigarette-stylized models allow the user to replace or refill the cartomizer
while others require the user to dispose of the entire ECIG (Cassidy, 2011).

Other ECIG models do not resemble cigarettes (Etter, 2012a) and use either a cartomizer or
a “tank” system that stores the liquid in a reservoir (see Figure 1). Many of these models
allow for manual rather than pneumatic heater activation, usually by pressing a button
located near the mouth end of the device. In some ECIG models, users can alter the power
flowing through the heater in an effort to alter characteristics of the resulting vapor (Etter,
2012a; Shihadeh et al., 2013). In another variation, users can drip liquid directly onto the
heating element, also with the intent of altering vapor characteristics (McQueen, et al.,
2011). The variability in ECIG design and use makes clear that ECIGs are not a single
product but rather a class of products, and the rapid pace of design changes presents a
challenge to understanding ECIG effects.

ELECTRONIC CIGARETTE SOLUTIONS (E-LIQUIDS)

Nicotine Concentrations

Another challenge to understanding ECIG effects is the variability across solutions intended
for them. Solutions can be found for purchase over the internet in nicotine concentrations
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that range from 0 to 36 mg/ml, and with flavors that come in categories with labels such as

tobacco (e.g., “classic”, “sahara”, “Cuban cigar”), menthol (e.g., “menthol ice”, “peppermint
patty”), dessert (e.g., “cotton candy”, “bubble gum”, “cheesecake”), and fruit (e.g., “apple”,
“raspberry”, “watermelon”; Vaperzone Inc., 2013). To add to the complexity, the actual
nicotine concentrations may differ from the product labeling (Trehy et al., 2011). Moreover,
some solutions are labeled with ‘low’, ‘medium’, or “high’ nicotine levels, but there is not a
standard definition for these categories (Cameron, 2013). Indeed, there is even variation in
nicotine levels between identical replacement cartridges of the same brand and manufacturer
(Cheah et al., 2012). In some instances, trace amounts of nicotine have been detected in e-
liquids advertised as containing 0 mg/ml of nicotine (Westenberger, 2009; Hadwiger et al.,

2010; Trehy et al., 2011; Kubica et al., 2013).

Nicotine is a psychomotor stimulant that can cause severe side effects (Davies, 2001; CDC,
2005), including death (Corkery et al., 2010). Nicotine itself may also have cancer-
promoting effects on the user, and may make traditional cancer treatments less efficacious
(Warren and Singh, 2013). There is a health risk to adults and especially to children
associated with the availability of this drug in solutions that are labeled and flavored as
candy, dessert, or fruit and in vials that may contain toxic doses (e.g., 1,080 mg nicotine in a
30 ml bottle of 36 mg/ml “Tutti Fruti Gumball””; Vaperzone Inc., 2013). Another concern is
that some ECIG users mix their own solutions to customize flavors and/or nicotine
concentrations (Etter, 2012a). Mixing solutions in a non-sterile environment carries the risk
of contamination, and failure to use proper safety clothing and procedures could lead to
accidental nicotine poisoning.

Additionally, four attempted suicides by e-liquid ingestion have been recorded (Cervellin et
al., 2013; Christensen et al., 2013). Reportedly, one individual attempted suicide by e-liquid
ingestion on two occasions (ingesting 360 mg and 1,500 mg of nicotine respectively); both
led to nausea and vomiting. Another individual, age 13, ingested 3 ml of nicotine of an
unknown concentration and experienced similar symptoms (Christensen et al., 2013).
Another individual apparently attempted suicide by injecting approximately 3 mg of nicotine
solution mixed with liquid methadone in addition to orally ingesting roughly 34 mg of e-
liquid (Cervellin et al., 2013). One fatality due to e-liquid ingestion has been reported: a
two-year old child orally ingested an unknown quantity and concentration of e-liquid
(Eisenbud, 2013).

Other E-liquid Ingredients

In addition to nicotine, ECIG solutions contain several other potentially dangerous
ingredients, most prominent of which are the humectants (propylene glycol and/or vegetable
glycerin: Uryupin et al., 2011; Cheah et al., 2012; Pellegrino et al., 2012). When heated,
propylene glycol and vegetable glycerin produce carbonyls such as acetaldehyde,
formaldehyde, and acrolein that are toxic to the user (Uchiyama et al., 2010). Also,
inhalation of vegetable glycerin can result in lipoid pneumonia, although there have only
been two recorded cases in ECIG users (Etter, 2012a; McCauley et al., 2012). Similar to
nicotine, there is considerable variability in the concentrations of humectants in e-liquids
across brands and manufactures (Cheah et al., 2012). Unfortunately, there are no data
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concerning the effects on the human lung of hundreds of daily inhalations of these
humectants over the course of many years.

Certain ECIG solution flavorings may also be toxic (Bahl et al., 2012; Behar et al., 2013).
One study assessed the cytotoxicity of 35 different e-liquids of varying flavors (including
cinnamon, butterscotch, caramel, menthol, and bubblegum) and nicotine concentrations (0
mg — 24 mg) in human embryonic and adult cells. Embryonic cells were generally more
sensitive to the ECIG solutions, but no correlation was found between nicotine dose and
cytotoxicity for either type of cell. Alternatively, within particular flavors (such as
butterscotch and caramel) cytotoxicity was highly variable and correlated positively with
flavor concentration (Bahl et al., 2012). Cinnamon-flavored ECIG solutions were the most
cytotoxic (see also Behar et al., 2013). Propylene glycol and vegetable glycerin alone were
not cytotoxic, but the authors noted that prolonged inhalation of humectants may still pose
health risks (Bahl et al., 2012).

Tobacco-specific nitrosamines (TSNAS), potent carcinogens found in tobacco smoke, have
also been detected in ECIG solutions, again in a variety of concentrations (Laugesen et al.,
2008; Westenberger, 2009; Kim et al., 2013). Reports sponsored by ECIG manufacturers
have suggested TSNAS are only present in trace amounts, thus posing no health risk
(Laugesen, 2008). Other research has suggested TSNAS are present across a wide variety of
solutions (Kim et al., 2013), although the meaning of the levels reported is unclear.
Differences in measurement make comparisons across these studies difficult.

ELECTRONIC CIGARETTE VAPOR

Toxicants

ECIGs do not cause combustion when operated normally, and therefore do not produce
some of the toxicants (such as carbon monoxide and polycyclic aromatic hydrocarbons)
produced by tobacco cigarettes (Goniewicz et al., 2013). In fact, some research suggests
ECIG vapor is considerably less toxic than cigarette smoke. In one study, the cytotoxicity of
ECIG vapor generated from a “510 T” ECIG was investigated by exposing rodent
fibroblasts to it (Romanga et al., 2013). The vapor from only one of the 21 ECIG solutions
examined had cytotoxic effects, and all fibroblasts exposed to ECIG vapor were
significantly more viable than those exposed to cigarette smoke. Fibroblast cells are critical
for tissue healing and constructing the structural framework of animal tissues, and research
has shown that cigarette smoke decreases the efficacy of fibroblasts, which diminishes the
repair of damaged lung tissue (Carnevali et al., 1998).

However, potentially hazardous substances found in cigarette smoke have also been detected
in ECIG vapor, albeit in varying and lesser amounts (McAuley et al., 2012; Schripp et al.,
2012; Goniewicz et al., 2013). In one study, vapors were generated from 12 different brands
of e-cigarettes and analyzed for four groups of common cigarette smoke toxicants
(carbonyls, volatile organic compounds, TSNAs, and metals). All four toxicant groups were
detected in ECIG vapor, but the levels of the toxicants present ranged from nine to 450 times
lower than conventional cigarette smoke, and in many instances the toxicant levels from
ECIG vapor were comparable with trace levels generated by the nicotine inhaler (Goniewicz
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etal., 2013; Table 1). Overall, the extant data support the notion that ECIG vapor contains
fewer tobacco toxicants than does tobacco cigarette smoke while, at the same time,
containing more tobacco toxicants than air. The extent to which chronic, long-term exposure
to ECIG toxicants does or does not cause dependence, disability, disease, and death is
unknown.

Environmental Exposure

The visible vapor produced from ECIGs raises concerns about environmental exposure. One
study examined air quality after producing vapor from various ECIGs and detected traces of
volatile organic compounds (VOCs), flavoring substances (diacetin), propylene glycol,
glycerol, and nicotine (Scripp et al., 2012). However, the toxicant levels detected in the air
after ECIG use were significantly lower than the toxicant levels after conventional cigarette
use, and the different ECIGs tested produced variable toxicant levels. Other research, funded
by a pro-ECIG organization, concluded that there are toxicants in ECIG vapor that are
emitted into the air, but at far lower levels than conventional cigarettes (McAuley et al.,
2012). In addition, ECIGs emit significantly lower amounts of particulate matter relative to
tobacco cigarettes, suggesting a lower risk of environmental vapor exposure (Pellegrino et
al., 2012).

HUMAN LABORATORY STUDIES

Studies involving human participants allow for another level of understanding of ECIGs, in
terms of physiological effects on the user, tobacco abstinence symptom suppression,
smoking behavior (puff topography), cognitive effects, and abuse liability.

Physiological Effects

Pulmonary Function—The long term effects of ECIG use on lung function remain
unclear, but some research with a few ECIG models suggests that ECIGs produce short-term
adverse effects on pulmonary function similar to acute adverse effects observed from
cigarette smoking. For example,Vardavas et al. (2012) found that after five minutes of using
a Nobacco “black line” ECIG with 11 mg/ml nicotine solution, users exhibited decreases in
exhaled nitric oxide (FENO) and increases in total respiratory resistance, total respiratory
impedance, and peripheral airway resistance; all of these outcomes are common acute
effects associated with cigarette smoking. Conversely,Flouris et al. (2013) concluded that
the ECIGs used in their study did not impair lung function acutely after active or passive use
(second-hand exposure). Another study similarly concluded that active ECIG use of one
particular brand produced no acute lung deficiencies (Chorti et al., 2012). The variety of
devices and e-liquids available make generalizations difficult. Different product
combinations may induce greater or lesser acute and long-term effects.

Nicotine Delivery—Inhaled nicotine produces similar acute physiological effects on the
user (increases heart rate and blood pressure), whether it is delivered from an ECIG
(Vansickel et al., 2013) or a tobacco cigarette (Rhee et al., 2007). However, ECIGs do not
always deliver nicotine to the user with the same efficacy. Research using inexperienced
ECIG users has shown that some ECIGs do not deliver nicotine in measurable amounts
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(Vansickel et al., 2010). Alternatively, at least some brands of ECIGs can deliver nicotine to
experienced users under certain conditions (Dawkins and Cocoran, 2013; Vansickel and
Eissenberg, 2013; Farsalinos, Spyrou, Tsimopoulou, Stefapoulos, Romanga, & Voudris,
2014). In some cases, the amount of nicotine delivered to the experienced ECIG user can
reach plasma concentrations that approximate those seen after cigarette use (Vansickel and
Eissenberg, 2013; see Figure 2).

These discrepancies associated with ECIG nicotine delivery could be explained by the
apparent learning curve associated with ECIG users’ puff topography. Puff topography
commonly is used to assess nicotine self-administration in cigarette smokers, and involves
measuring variables such as puff volume, duration, number, and interpuff interval
(Puustinen et al., 1987; Breland et al., 2002; Blank et al., 2009). Specifically, the few studies
that have addressed this topic suggest that experienced ECIG users take longer puffs (about
4 seconds) whereas ECIG-naive cigarette smokers tend to take shorter puffs (about 2
seconds), similar to tobacco cigarette puff durations (Hua et al., 2011; Farsalinos et al.,
2013). In addition, ECIGs require stronger vacuums (suction from the user) relative to
conventional cigarettes (Trtchounian et al., 2010). ECIG use behavior may depend on a
variety of factors, including nicotine product design features, in a manner akin to how
smoking behavior can depend on cigarette design features (e.g., compensatory behaviors
observed when smokers of cigarettes with unventilated filters switch to those that have
ventilated filters; Benowitz, 2001). More research on this topic is needed to understand how
user behavior and device operating characteristics interact to influence delivery of nicotine
and other toxicants.

Experienced ECIG users also vary considerably in their ability to obtain nicotine from
ECIGs (Dawkins and Corcoran, 2013; Vansickel and Eissenberg, 2013). Individual
differences in nicotine yield may be due to nicotine being converted to vapor with differing
consistencies and efficacies across brands and models (Westenberger, 2009; Goniewicz et
al., 2012). Individual differences in nicotine plasma concentrations may also be due to
differences in experienced users’ puff topography. Some experienced users may never learn
to increase their puff durations and/or lower their puffing flow rates to obtain nicotine
reliably, suggesting there may be some behavioral components that are relevant (see Figure
2).

Psychological Effects

Subjective Effects—ECIGs can reduce tobacco abstinence symptoms in cigarette
smokers (e.g., Bullen et al., 2010; Vansickel et al., 2010; Dawkins et al., 2013), but the
extent to which this abstinence symptoms suppression is explained by nicotine delivery
and/or explained by the behavioral stimuli that accompany ECIG use remains unclear. For
example, some ECIGs have been shown to decrease tobacco abstinence symptoms
significantly without actually delivering nicotine to the user (Vansickel et al., 2010).
Likewise, ECIGs with and without nicotine did not differ in their ability to reduce the desire
to smoke in women, though in men nicotine-containing ECIGs were more effective at
reducing the desire to smoke (Dawkins et al., 2012).
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Commonly reported negative effects of ECIGs include throat and mouth irritation, and dry
cough (Bullen et al., 2010; Caponetto et al., 2013; Chen, 2013; Polosa et al., 2013). Other
less frequently reported side effects include nausea, dry mouth, headaches, and dizziness.
Reports of more serious adverse effects commonly associated with tobacco cessation such as
depression, insomnia, and anxiety thus far have been rare (Polosa et al., 2013). In one study,
serious adverse events in ECIG users included hypotension, seizure, chest pain, rapid
heartbeat, disorientation, and congestive heart failure but the extent to which these effects
were attributable to ECIG use was unclear. Less severe adverse events included sore throat,
abdominal pain, headache, blurry vision, cough, and nausea/vomiting (Chen, 2013).

Cognitive Effects—Deficits observed in cognition and concentration in smokers as a
result of acute smoking cessation can be improved via nicotine administration (Heishman et
al., 2010). To date, only two ECIG studies have used cognitive outcome measures. In the
first study, “White Super” “cig-alikes” containing 18 mg/ml of nicotine improved working
memory relative to placebo ECIGs of the same brand in nicotine-dependent abstinent
smokers (Dawkins et al., 2012). In another study (Dawkins et al., 2013), abstinent cigarette
smokers using 18 mg/ml “Tornado” ECIGs (which were not “cig-alikes™) showed
significant improvement in prospective memory relative to those using placebo. However,
nicotine ECIGs only improved time-based and not event-based prospective memory. More
work is needed to understand the effects of ECIGs on the cognitive function of all those who
may use them.

Abuse liability

The potential for ECIG abuse has been examined behaviorally in humans in one study that
combined subjective effects assessment with a behavioral task known as the multiple choice
procedure (Vansickel et al., 2012). In one study session, cigarette smokers sampled a “Vapor
King” “cig-alike” containing 18 mg/ml of nicotine solution, and then chose between taking
10 puffs of an ECIG and varying amounts of money. In a second session, participants
choose between 10 puffs of their own brand of cigarette and varying amounts of money. The
abuse potential of the product (i.e. ECIGs or tobacco cigarettes) was assessed by observing
the maximum value of money at which the product was chosen over money (i.e., the cross-
over value). The average crossover value for ECIGs was $1.06 as opposed to $1.50 for own
brand cigarettes, suggesting that for these smokers, their own brand of cigarettes was more
reinforcing (and had more abuse potential) relative to the particular brand/strength of ECIG
tested (Vansickel et al., 2012). This single study of the abuse liability of one ECIG brand is
hardly sufficient to address the issue. A comprehensive approach to determining ECIG
abuse liability would include a variety of assessment methods across many populations of
interest with varying experience with nicotine delivering products and the full range of
ECIG devices/liquids on the market. Thus, a program of research addressing this issue is
needed now.

In addition, other methods for misusing ECIGs as nicotine delivery devices may arise, and
learning about them will be critical for monitoring the likely individual and public health
effects of ECIGs. In terms of using ECIGs to deliver drugs other than nicotine, there have
been reports in the media regarding this phenomenon, there are sections of the internet
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devoted to the topic, and a recent press release suggests that at least on ECIG vendor is
developing a product with this goal in mind (e.g., VaporBrands International, 2014). At this
writing there are no empirical investigations of this behavior.

USE OF ELECTRONIC CIGARETTES AMONG ADULTS AND ADOLESCENTS

Survey Data on Awareness and Use of Electronic Cigarettes—US Adults

Several national surveys of US adults (including smokers and non-smokers) that assessed
ECIG use have been conducted since 2009. Although the surveys differ in items and
sampling methods, a trend toward increased awareness and use of ECIGs is clear. For
example, a national survey of US adults was conducted in 2009 and 2010; results showed
that awareness of ECIGs increased from 16% in 2009 to 32% in 2010 (Regan et al., 2011).
Furthermore, the percentage of respondents who had ever tried an ECIG increased from
0.6% in 2009 to 2.7% in 2010 (Regan et al., 2011). Similarly, a nationally representative
survey was conducted in 2010, and results indicated an ECIG awareness rate of 40%, and an
ECIG ever use rate of 3% (Pearson et al., 2012). Another nationally representative survey
(also conducted in 2010) showed that 2% of respondents had tried an ECIG (McMillen et
al., 2012). Finally, another national survey of US adults reported that awareness was 39—
40% in 2010, and increased to 58% by 2011. Ever use of ECIGs increased from 2% in 2010
to 6% in 2011 (King et al., 2013).

Most ECIG users appear to be smokers of conventional cigarettes (Regan et al., 2011;
McMuillen et al., 2012; Pearson et al., 2012; King et al., 2013). Other data shows that “dual
users” of tobacco (users of both cigarettes and cigars) are more likely to have ever used
ECIGs, compared to those who only smoke cigarettes (Richardson et al., 2012). Indeed, data
collected in 2010-2011 revealed that most current and former cigarette smokers were aware
of ECIGs (73%), and that 15% had tried them and 6% were current users (Adkison et al.,
2013). Understanding the prevalence of ECIG and other tobacco use (e.g., dual use of
ECIGs and cigarettes) is particularly important. To the extent that ECIG availability helps to
maintain smoking of cigarettes and other tobacco products (e.g., by allowing nicotine
dependent users to self-administer nicotine where combustible tobacco products are
banned), these products could maintain or increase the individual and public health threat
associated with tobacco use.

Survey Data on Awareness and Use of Electronic Cigarettes—US Adolescents and Young

Adults

A few studies have examined ECIG use among US youth and young adults. Most notably,
data from the 2011-2012 National Youth Tobacco Survey showed a large increase in ECIG
use among middle school and high school students. From 2011 to 2012, ever use among all
students (grades 6-12) increased from 3.3% to nearly 7%. In 2012, 9.3 % of students who
reported ever use of ECIGs also reported never smoking tobacco cigarettes (CDC, 2013).
Another study (done in 2011) used a small national sample of adolescent males aged 11-19.
Awareness of ECIGs was also high (67%), although ever use was low (less than 1%; Pepper
etal., 2013).
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Other studies have focused on young adults, and rates of ever use of ECIGs range from 2%
to 13%, depending on the study and year data were collected. In one nationally
representative survey, 2.5% of young adults aged 18-24 reported ever use of ECIGs
(McMillen et al., 2012). Survey data from young adults (aged 20-28) from the Midwestern
US, collected in 2010-2011, showed that most were aware of ECIGs (70%), 7% had ever
tried them, and 1% had used them in the past 30 days (Choi and Forster, 2013). Additional
data from the same survey showed that those adolescents who had beliefs that ECIGS are
less harmful than traditional cigarettes were more likely to experiment with ECIGs (Choi &
Forster, 2014). Survey data from young adults attending colleges in North Carolina in 2009
revealed that nearly 5% of students reported ever using an ECIG (Sutfin et al., 2013). In
addition, while ECIG users were most likely to be smokers of conventional cigarettes, the
authors reported a concerning finding: 12% of those who had tried ECIGs were never-
smokers of conventional cigarettes (Sutfin et al., 2013). One recent study examined the
possibility that youth who experiment with ECIGs may have a greater chance of cigarette
use (Dutra et al., 2014), but more work is needed. Finally, a survey of one class of college
students (aged 19-22) was conducted at one Colorado university. Most had heard of ECIGs
(71%), and fewer (13%) had tried them (Trumbo and Harper, 2013).

Survey Data on Awareness and Use of Electronic Cigarettes—Other Countries

A number of other studies have examined ECIG awareness and use in countries other than
the US, including: the UK, Canada, Australia, Korea, Switzerland, France, Belgium, Poland,
China, the Czech Republic, and New Zealand. For example, a nationally representative
survey from Great Britain (data collected in 2010 and 2012) showed increased use and
awareness during that period (Dockrell et al., 2013). Also, most ECIG users were current
smokers (6.7% of smokers were also current ECIG users, compared to 0.1% of never-
smokers who were current ECIG users; Dockrell et al., 2013). Survey data of young men
from Switzerland, collected between 2010 and 2013, showed that nearly 5% had ever tried
ECIGs (Douptcheva, Gmel, Studer, et al., 2013). In that study, most current users of ECIGs
were also current cigarette smokers (89.2% were current smokers; Douptcheva, Gmel,
Studer, et al., 2013).

Surveys assessing ECIG awareness and use also have been conducted internationally among
current and former cigarette smokers. For example, a nationally representative survey of
current and former cigarette smokers, conducted in the UK, Canada, Australia, and the US
revealed lower awareness of ECIGs in non-US countries (20-54%, compared to 73% in the
US), and lower ever use of ECIGs in Canada and Australia compared to the US and UK
(Adkison et al., 2013). Current and former smokers in New Zealand have also been surveyed
about ECIG use. Few (7%) reported ever purchasing an ECIG; those who were aged 18-24
were more likely to have purchased one (Li et al., 2013). Another survey of current smokers
(using a convenience sample of individuals seen smoking or purchasing cigarettes) was
conducted in the Czech Republic. Many reported ever use of an ECIG (50%) and
approximately 9% reported regular use (Kralikova et al., 2013).

Fewer ECIG-relevant surveys have been conducted with adolescents from non-US countries.
Cho et al. (2011) analyzed data collected in 2008 from middle and high school students in
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Korea (average age = 14 — 16.5 years). About 10% were aware of ECIGs, and less than 1%
had ever tried an ECIG.

DO ELECTRONIC CIGARETTES HELP PEOPLE QUIT SMOKING?

Each year, 69% of tobacco cigarette smokers say they want to quit (CDC, 2011), and 52%
make a quit attempt (CDC, 2012). However, relapse rates are very high—most smokers will
fail to quit smoking (approximately 6% are successful; CDC, 2011). Existing smoking
cessation methods can help to a certain extent: behavioral methods can increase quit rates to
11-16%, and medications, such as nicotine replacement therapy (NRT) can help increase
quit rates to 20 or 30% (Fiore et al., 2008). Clearly, more effective tobacco cessation
methods are needed.

One issue that current behavioral methods and medications techniques do not address (and
which may be a cause for low success rates; Caldwell et al., 2012) is replacement of the non-
nicotine stimuli to which smokers are accustomed, such as hand-to-mouth movement, the
feeling of nicotine/tobacco at the back of the throat, and the sight/feel/taste of smoke. These
non-nicotine stimuli suppress tobacco abstinence symptoms in cigarette smokers
(Buchhalter et al., 2005; Donny et al., 2007). ECIGs may address some of these non-nicotine
stimuli, in addition to delivering nicotine (under some conditions), and thus theoretically
could be a useful cessation method. Importantly, ECIGs currently are not marketed
explicitly in the US as smoking cessation aids. However, some individuals report using them
to quit smoking, and a few studies have examined their utility for smoking cessation.

Electronic Cigarettes and Cessation: Users’ Perceptions

Most studies on the use of ECIGs as an aid to quitting smoking have reported on ECIG
users’ perceptions. For example, ECIG users appear to believe that ECIGs can assist with
quit attempts; an online survey of Polish ECIG users reported that 41% said they had tried
ECIGs in an effort to quit smoking (Goniewicz et al., 2012). Similarly, a representative
survey in Great Britain of current smokers (over one third of whom had used ECIGs)
showed that 51% said that they believed that ECIGs could help them give up smoking
(Dockrell et al., 2013). Cigarette smokers also have favorable perceptions of ECIGs as a
method to quit smoking. Among conventional smokers and recent quitters in New Zealand,
over half reported that they would use ECIGs to quit smoking conventional cigarettes (Li et
al., 2013).

Some ECIG users report that ECIGs helped them quit or reduce smoking conventional
cigarettes. For example, an online survey of ECIG users (first-time purchasers) showed that
31% reported quitting smoking six months after purchasing an ECIG (Siegel et al., 2011).
Results from another online survey of ECIG users (recruited from ECIG websites) showed
that 74% of respondents reported quitting smoking conventional cigarettes for several weeks
or months (Dawkins et al., 2013). A study of daily cigarette smokers in Hawaii showed that
13% had used ECGs to quit smoking (Pokhrel et al., 2013). Data from several studies
(conducted in the US and in other countries) shows that many or most ECIG users (recruited
from a meeting of ECIG enthusiasts, from ECIG discussion forums, and from state tobacco
quitlines, respectively) surveyed use ECIGs to quit smoking (Foulds et al., 2011; Goniewicz
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etal., 2012; Vickerman et al., 2013) and/or to reduce use of conventional cigarettes
(Kralikova et al., 2013). One longitudinal study using an international sample (recruited
from various ECIG and smoking cessation websites) found that at one year follow-up, 46 %
of those who had initially reported daily or occasional dual use of ECIGs and cigarettes had
stopped smoking cigarettes (Etter and Bullen, 2014). However, the relevant sample size at
follow-up was small (N=35) and cessation was not verified biochemically. While these
findings are encouraging, the results must be interpreted with caution. Many of the studies
used samples recruited from ECIG websites, ECIG forums or meetings of ECIG enthusiasts.
Thus, it is possible that in some studies, respondents were biased, as individuals visiting
ECIG websites, forums, and meetings likely have favorable views of ECIGs.

Other survey data may cast some doubt on ECIGs as cessation tools. A nationally
representative survey of smokers showed that interest in ECIGs was high among those who
intended to quit, but unsuccessful quitters were more likely to have tried ECIGs, compared
to successful recent quitters (Popova and Ling, 2013). Of course, there are multiple
explanations for this finding-- unsuccessful quitters may be trying more methods (including
ECIGs). As the authors note, the study was not designed to determine if ECIGs can lead to
more quit attempts. Similarly, data collected from tobacco quitline callers in six US states
revealed that ECIG users were less likely to have actually quit using tobacco, compared to
respondents who had never used ECIGs (Vickerman et al., 2013). Again, this finding must
be interpreted with caution, as those using ECIGs may in fact be less likely to quit, or may
be individuals who are having more difficulty quitting use of conventional tobacco products
(Vickerman et al., 2013).

Electronic Cigarettes and Cessation: Case Reports and Clinical Trials

One case series and one case report on the use of ECIGs as a method to quit smoking have
been published. Caponnetto et al., (2011) described the experience of three cigarette
smokers using ECIGs to quit smoking. All were heavy smokers who previously had tried to
quit smoking. All three were able to quit smoking by using an ECIG and remain abstinent
for at least 6 months. In addition, Schneiderhan (2013) published a case report describing a
cigarette smoker who reportedly was able to quit smoking by using a combination of ECIGs
and nicotine lozenges.

Only five studies have assessed whether or not EICGs can help cigarette smokers to quit
smoking, and of those five studies, only two were randomized trials with a control condition.
First, Polosa et al., (2011) published a single-arm, uncontrolled study of 40 cigarette
smokers who did not want to quit smoking (27 completed the study), who were given a “cig-
alike” ECIG with 7.4 mg cartridges to use over six months. Six months after enrolling, about
a third were able to reduce their cigarette use by 50% or more, and 23% were able quit
smoking cigarettes completely. A second single-arm, uncontrolled study was conducted with
schizophrenic smokers who were not willing to quit smoking. Participants (N = 14) were
given a “cig-alike” ECIG with 7.4 mg cartridges to use over 1 year (Capponetto et al.,

2013). Half of the participants reduced their smoking of conventional cigarettes by 50%, and
also reduced their carbon monoxide levels. Two participants were able to quit smoking
(Capponetto et al., 2013). In another single-arm, uncontrolled trial of smokers not wanting to
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quit, the authors reported that participants were able to reduce their use of conventional
cigarettes by 44% over a 1-week period of using ECIGs (participants used several “cig-
alike” ECIG types and a variety of nicotine doses; Wagener et al., 2013). Two of these three
studies used expired air carbon monoxide to biochemically verify smoking reduction or
smoking cessation (Polosa et al., 2011; Capponetto et al., 2013).

Ideally, determining whether or not ECIGs are effective cessation devices will be done with
randomized, controlled trials, using a representative group of smokers. These trials should
use biochemical verification of cigarette abstinence (Hughes et al., 2003), biochemical
assessment of nicotine delivery during the trial (e.g., via urine analysis of the nicotine
metabolite cotinine), assessment of puffing behavior (as it may influence nicotine delivery),
adequate duration of treatment, and long-term follow-up (i.e., six months or more).

Two randomized controlled trials have been published to date. One trial randomized 657
smokers who wanted to quit smoking to one of three arms: Elusion ECIGs (a “cig-alike”
product) with 16 mg nicotine, nicotine patches, or Elusion ECIGs with no nicotine (placebo
ECIGs; Bullen et al., 2013a; Bullen et al., 2013b). Participants who were randomized to
nicotine patches were given a voucher for the patches that they needed to redeem at a
pharmacy. All participants were followed for six months. Overall, ECIGs helped 7% of the
participants to quit smoking, compared to 6% who quit smoking with the nicotine patches
and 4% with the placebo ECIG. Another trial randomized 300 cigarette smokers who did not
want to quit smoking to three arms: Categoria ECIGs (a “cig-alike” product), with 7.2 mg
nicotine for 12 weeks, Categoria ECIGs with 7.2 mg nicotine for 6 weeks and then
Categoria ECIGs with 5.4 mg nicotine for another 6 weeks, or placebo Categoria ECIGs for
12 weeks (Caponnetto et al., 2013). Participants were followed for one year in total. Results
showed that all of the ECIG groups showed a reduction in smoking, although no differences
were observed across arms in terms of quit rates. Some participants did quit smoking
completely: 11% at 12 weeks and 9% at one year (Caponnetto et al., 2013). Both studies
used expired air carbon monoxide to verify cigarette abstinence.

Obviously, a discrepancy exists between ECIG users’ reports about quitting smoking and the
evidence from the clinical trials available. As noted earlier, surveys of ECIG users may be
biased, as they recruit from websites frequented by EICG enthusiasts, and results are based
on self-report (Odum et al., 2012). Also, both of the published randomized controlled trials
used ECIGs with low to moderate doses of nicotine, which may have impacted the quit rates
reported (because low nicotine levels may not have suppressed withdrawal adequately,
leading participants to return to conventional cigarettes). In addition, neither study measured
nicotine delivery biochemically during the trial in all participants (e.g., via plasma nicotine
sampling and analysis) to determine if the devices were actually delivering nicotine to the
blood. Also, neither study assessed whether the users were puffing in a way that could
maximize nicotine delivery. Finally, some methodological issues may explain the cessation
rates observed in these studies. For example, in one of them, participants randomized to the
nicotine patch condition were required to use a voucher to obtain this treatment, and the
nicotine patch itself is a less flexible method of dosing than either ECIGs or other cessation
medications; Bullen et al., 2013a). Overall, based on the limited research available, whether
or not ECIGs can help the majority of smokers quit smoking is still unclear.
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ARGUMENTS FOR AND AGAINST ELECTRONIC CIGARETTES

ECIGs have fueled the already fiery debate on tobacco harm reduction and there are far
more opinions than there are data to support them. There are arguments in favor of ECIGs as
a revolutionary product to increase smoking cessation rates, as well as arguments against
ECIGs, for their potential to revive interest in conventional cigarettes, as well as other
concerns. Both sides are presented below.

Arguments for Electronic Cigarettes

Proponents of ECIGs argue that getting conventional tobacco smokers to switch to
alternative tobacco products, such as ECIGs, is a viable and useful harm reduction strategy
that could reduce tobacco-related morbidity and mortality significantly (e.g., Phillips, 2009;
Hajek, 2012). This reduction, if it is achieved, would be critical, as existing techniques/
medications for quitting smoking are associated with fairly low levels of success.
Proponents also argue that existing research regarding the ingredients in the ECIG solutions
and the toxicant content of the vapor is sufficient to demonstrate that toxicants in ECIGs are
orders of magnitude lower than tobacco cigarettes and ECIG toxicity is comparable to other
nicotine replacement products (Cahn and Siegel, 2011).

Arguments against Electronic Cigarettes

Opponents of ECIGs have a variety of concerns. First, opponents of ECIGS are not
convinced of their long-term safety (e.g., Cobb et al., 2010) and/or note potential harm
(Trtchounian and Talbot, 2011; Avdalovic and Murin, 2012). Second, opponents of ECIGs
argue that cigarette smokers should use current, evidence-based strategies to quit smoking
(such as nicotine replacement treatment, non-nicotine medications, and psychosocial
techniques; Cobb and Abrams, 2011). Third, opponents are concerned that ECIGs may
become popular with youth, leading to nicotine exposure and potentially, switching to
conventional cigarettes (Cobb et al., 2010; Grana, 2013). Fourth, opponents worry that
tobacco companies can’t be trusted to market ECIGs (based on their past behavior), and will
use EICGs to try to maintain conventional cigarette use among smokers (Chapman, 2013).
Also, as stated earlier, dual use of ECIGs and tobacco cigarettes allows nicotine dependent
users to self-administer nicotine where combustible tobacco products are banned, thus
possibly decreasing the likelihood of successful quit attempts and potentially allowing a
renormalization of tobacco cigarette smoking. A final concern is that ECIG use among
former smokers may lead to relapse to tobacco use (Yamin et al., 2010).

Opinions on Electronic Cigarette Regulation

ECIGS are unregulated in many countries, although, in the US, the FDA soon may begin to
regulate them as tobacco products. In Canada, nicotine-containing ECIGs are regulated like
other drugs, and sellers must obtain market authorization by the government (no nicotine-
containing ECIGs are currently legally sold). Many ECIG proponents and opponents agree
that some type of regulation is important. Some argue that ECIGs should be removed from
the market until regulated (Cobb, 2010, 2012), others argue that they should be available but
regulated closely (e.g., restricted advertising, no sales to minors; Borland, 2011; Kamerow,
2013). Foulds and Veldheer (2011) argue that some regulation is necessary, to ensure quality
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control. Others argue that some types of regulation (e.g., regulating EICGs as medical
devices, or prohibiting them altogether) would hinder the use of ECIGs as an effective harm
reduction strategy (Etter, 2013; Etter, 2012b; Wagener et al., 2012), or that overly restrictive
regulation could actually benefit the tobacco industry (Abrams, 2014).

CONCLUSION: THE ROLE OF SCIENCE IN UNDERSTANDING ELECTRONIC
CIGARETTES

The most important roles that science can play in the current ECIG debate are to identify
and then fill the substantial knowledge gaps that exist today. The review of the literature
presented here highlights clearly that very little is known about the acute and longer-term
effects of ECIG use for individuals and the public health, especially given the dramatic
variability in ECIG devices, liquids, and user behavior. For example, the few published
studies examining ECIG toxicant content, yield, delivery, and effects on users involved a
very limited set of devices and liquids; detailed analysis of user behavior (e.g., puff
topography) has been absent. Similarly, the few published clinical trials have used ECIG
device/dose combinations that likely did not deliver cigarette-like doses of nicotine to
participants, and also did not provide instructions to participants on how to extract nicotine
effectively (whatever those instructions might be). No existing studies address the extent to
which the inhalation of ECIG vapor hundreds of times every day over a period of multiple
years influences human health, particularly pulmonary function. The extent to which
tobacco cigarette smokers use ECIGs as a supplement or substitute for combustible tobacco
has been addressed only recently, and, again, the extant data do not address the variability of
products and populations. Thus, any generalizations of the small body of work reviewed
here to the entire ECIG landscape and to the long-term effects in individuals and to public
health are premature.

Given today’s inability to generalize across ECIGs, individuals, and populations, all
stakeholders in the ECIG debate (producers, users, researchers, regulators), regardless of
their opinions concerning the public health effects of ECIGs, must acknowledge that there is
much to be learned about this rapidly evolving product category. Similarly, all stakeholders
must acknowledge that generalization in the absence of data is speculation, not science. We
must all recall that the dramatic gains in individual and public health achieved over the past
two centuries have come from following some basic procedures: forming hypotheses, testing
them objectively and empirically, and drawing conclusions based on the resulting data.
Fortunately, there have been many similar calls for this scientific approach (e.g., Cobb et al.,
2010; Etter, Bullen, Flouris, Laugesen, & Eissenberg, 2011; Flouris and Oikonomou, 2010;
Henningfield and Zaatari, 2010; Yamin et al., 2010; Lee et al., 2011; Noel et al., 2011;
Hastings et al., 2012; Wagener et al., 2012; Chapman, 2013; Kamerow et al., 2013), and
resources are being devoted to this topic in the U.S. and elsewhere. Everyone is aware of the
individual and public health benefit of a product that could eliminate or at least reduce
substantially tobacco-caused disability, disease, and death. No one can say today with
scientific certainty the extent to which ECIGs are or will become that product.
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Figure 1.
Some types of electronic cigarettes.
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Figure 2.

Plasma nicotine concentrations in ECIG users. Top panel shows the mean plasma nicotine
concentration before and after thirteen experience ECIG users took 10 puffs (30 second
interpuff interval) from their preferred device using a cartomizer loaded with their preferred
liquid (for methodological detail, see Vansickel & Eissenberg, 2012). Filled symbol
indicates a significant difference in plasma nicotine after the 10 puffs [t (12) = -5.3,p<.
001]. The lower three panels show the plasma nicotine data from three individuals who
participated in this study and who each took 10 puffs using the same device and liquid
strength (26 mg/ml). These data demonstrate that ECIGs can deliver cigarette-like doses of
nicotine to their users, but that there may be considerable variability in nicotine delivery
across users of the same device/liquid.
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Toxicant levels in conventional cigarettes (Counts et al., 2005) and 12 brands of ECIGS (Goniewicz et al.,

2013).

Table 1

Toxic compound

Conventional cigarette (ug in
mainstream smoke)

Electronic cigarette (ug per 15 puffs)

Formaldehyde 1.6-52 0.20-5.61
Acetaldehyde 52-140 0.11-1.36
Acrolein 2.4-62 0.07-4.19
Toluene 8.3-70 0.02-0.63
NNN (N’-nitrosonornicotine) 0.005-0.19 0.00008-0.00043
NNK (4-methylnitrosoamino-1-3-pyridyl-1-butanone) 0.012-0.11 0.00011-0.00283
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