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The electronic cigarette (e-cigarette) has been regarded by many as a healthier alternative to the
combustible cigarette, yet there is a lack of consensus concerning the health consequences and the health
benefits associated with e-cigarette use. We review the research on the effects of e-cigarettes on multiple
physiological systems, examine the association between e-cigarette use and combustible cigarette uptake
and cessation, and highlight research necessary to build consensus. Although the levels of known
toxicants and carcinogens tend to be significantly lower in e-cigarettes than in combustible cigarette
smoke, toxicants in e-cigarette e-liquid and those that form as part of the vaporization process may
produce adverse health consequences in their own right. Acute effects have been noted in the pulmo-
nary, cardiovascular, and immune systems, which highlight the need for research on long-term expo-
sure. The specific chemical constituents and the levels of those constituents that pose harm remain
largely uncharacterized. In addition, the efficacy of e-cigarettes for smoking cessation has yet to be
established. As the e-cigarette has evolved rapidly, so has the methodology across studies, making
cross-study comparisons more difficult to synthesize. The latest generation of e-cigarette devices deliver
nicotine and toxicants at higher levels than earlier devices, especially in experienced users. E-cigarettes
pose a risk for nicotine exposure, dependence, and combustible cigarette uptake. E-cigarettes and their
delivered toxicants appear harmful to multiple organ systems, although the current body of evidence is
limited, especially in terms of long-term effects. Further research is warranted with a focus on individual
devices, e-liquid constituents, user characteristics, and patterns of use. Any potential benefit of e-ciga-
rettes for smoking cessation must be weighed against the risks. Given the potential longer-term effects,
efforts to prevent e-cigarette use in youth are critical. Key words: e-cigarette; electronic cigarette; smoking;
vaping; cessation; health effects; addiction. [Respir Care 2019;64(3):328-336. © 2019 Daedalus Enterprises]

Introduction

The electronic cigarette (e-cigarette) was developed in
China in 2003 as an alternative to the combustible ciga-
rette, and it entered United States markets in 2006.! The
e-cigarette mimics combustible cigarette smoking by ther-
mally vaporizing a liquid for inhalation that consists of
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solvents, flavorants, and nicotine. E-cigarette sales have
continued to increase in the United States,? with 6.7% of
adults® and 11.3% of high school students* reporting cur-
rent e-cigarette use. Popularity has been fueled in part by
perceptions among adults and youth that e-cigarettes are
less harmful than combustible cigarettes.>® Indeed, the
e-cigarette has gained widespread appeal for its supposed
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Fig. 1. Types of e-cigarettes. Courtesy of the Centers for Disease Control and Prevention.

safety and for its viability as a potential smoking cessation
aid.”

While research indicates that e-cigarettes deliver lower
levels of known toxicants than combustible cigarettes,® the
unique (relative to combustible cigarettes) health risks as-
sociated with e-cigarette use are a subject of ongoing in-
vestigation. We review the pre-clinical and clinical data
regarding the effects of e-cigarettes on major organ sys-
tems and highlight important gaps in clinical data. We also
review the evidence for the efficacy of e-cigarettes in smok-
ing cessation, as many smokers have failed to quit smok-
ing with evidence-based therapies® and are increasingly
considering the e-cigarette as a smoking cessation aid. We
conclude with a review of the health consequences of e-
cigarette use among adolescents, a population among which
reduced perceptions of harm coupled with a variety of
flavors especially enhance the appeal of e-cigarettes.!?

To identify primary studies eligible for review, we que-
ried the PubMed and Cochrane Library electronic data-
bases in June 2017. Our search of the PubMed database
was conducted using the command: “Electronic Cigarettes-
”[MeSH] AND “Health”’[MeSH], yielding 85 results. To
search the Cochrane Library, we applied the following
search strategy: electronic cigarette (Title, Abstract, Key
words) AND health (Title, Abstract, Key words). We sub-
sequently limited our results to “Trials,” the only non-
review option that yielded any results (51 results). All
titles and corresponding abstracts were screened to iden-
tify eligible studies with full text availability. For addi-
tional primary studies and relevant literature reviews, we
browsed the reference lists of eligible articles.

E-cigarette Prevalence Rates

The prevalence of e-cigarette use in the United States
has risen dramatically. A survey of approximately 15,000
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adults between 2010 and 2013 revealed a roughly 7-fold
spike in ever e-cigarette use (from 1.8% to 13.0%) and an
even larger increase in current use from 0.3% to 6.8%.'!
Current traditional combustible cigarette smokers had the
highest rate of e-cigarette use (64.7%), while one third of
e-cigarette consumers were nonsmokers of traditional com-
bustibles. A nationally-representative sample of 32,320
adults surveyed between 2013 and 2014 highlighted that
adults continue to use e-cigarettes at these rates.>

E-cigarettes are the now the most commonly used tobacco
product among youth in the United States.* With an 8-fold
increase in e-cigarette use since 2011, 11.3% of high school
students report currently using e-cigarettes, exceeding the
prevalence of combustible cigarette smoking (8.0%). About
4.3% of middle school students reported currently using e-
cigarettes in 2016, reflecting a 7-fold increase from 0.6% in
2011. While many youth who use e-cigarettes also use other
tobacco products, a significant percentage of youth initiate
e-cigarette use without previous tobacco use.!?

Constituents and Their Health Implications

E-cigarettes have evolved rapidly, varying in appear-
ance as well as features that determine the e-cigarette de-
vice’s power (Fig. 1). Newer models typically employ a
lithium-ion battery, which has been cited as the cause of a
growing number of e-cigarette explosion injuries in recent
years.!3 Between 2009 and 2016, there were 195 reports of
e-cigarette explosion injuries (including flame burns, chem-
ical burns, and blast injuries) in the United States, 38 (29%)
of which were characterized as severe and required hos-
pitalization; commonly injured body parts include the face,
hands, thighs, and groin.'# In addition to the battery com-
ponent, e-cigarettes generally include a heating element
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and a container for e-liquid. The liquid that is vaporized
for inhalation consists of one or two solvents (propylene
glycol, vegetable glycerin), flavorants (fruit, dessert, mint,
tobacco), and typically nicotine.!

Solvents

Propylene glycol has been associated with upper respi-
ratory infection-like symptoms.'> It is formed by the hy-
dration of propylene oxide, which is a probable human
carcinogen.!®!7 Vegetable glycerin exposure is associated
with irritation of the eyes, lungs, and esophagus.'8 Vapor-
ization of the glycerol constituent forms the compound
acrolein, which is a potent skin, eye, and nasal irritant as
well as a potential carcinogen.!'®

The ratio of propylene glycol to vegetable glycerin in
e-liquid may induce the formation of reactive oxygen spe-
cies, which have been found in e-cigarette vapor.2° Reac-
tive oxygen species have been linked to cardiovascular
disease, neurodegenerative disorders, sensory deficits, and
psychiatric disease.?! A recent study showed that a mix-
ture of propylene glycol and vegetable glycerin produced
more reactive oxygen species than either solvent alone.?°
The e-liquid that most e-cigarette users report using is
composed of propylene glycol and vegetable glycerin.??
Ethanol also is frequently incorporated as a solvent, with
a recent study showing that 71% (30 of 42) of e-liquid
brands contained ethanol,23 which has been associated with
reduced psychomotor functioning.?*

In addition to glycols, toxicants formed during the va-
porization of e-liquid include aldehydes, metals, volatile
organic compounds, and polycyclic aromatic hydrocar-
bons.?> Exposure to volatile organic compounds, found in
emissions from thousands of different products, can elicit
health effects including eye and respiratory tract irritation,
neurological impairment, and liver damage.?® Polycyclic
aromatic hydrocarbons are a group of > 100 compounds
formed from incomplete burning of organic substances
with demonstrated carcinogenic, respiratory, immunolog-
ical, neurological, and reproductive effects.?’” Moreover,
studies of multiple e-cigarette brands have reported mea-
surable amounts of various heavy metals (with carcino-
genic, nephrotoxic, neurotoxic, and hematotoxic proper-
ties) in e-cigarette vapors and liquids; examples of these
metals are silicon, lead, and nickel.?82° Analyses of e-cig-
arette aerosols have indicated detectable air pollutant lev-
els on the basis of markers like particulate matter mass
concentration (eg, PM2.5) and particle number concentra-
tion.3%-3! Other toxicants found in e-cigarette vapor include
formalin, acetaldehyde, isoprene, acetic acid, 2-butanodi-
one, acetone, and propanol.3?> Some studies report that that
the levels of e-cigarette toxicants do not present a health
risk?833 or are lower than those present for combustible
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cigarettes,?® while other studies suggest that the levels are
concerning.32-34

Flavorants

Still other toxicants found in e-cigarette vapor include
flavoring compounds like diacetyl-like diacetin—is ap-
proved for flavoring but not inhalation. Diacetyl has been
shown to reduce lung capacity as measured by FEV,.3> An
alternative to diacetyl, 2,3-pentanedione, has been associ-
ated with airway fibrosis in rats.3> Due to limited research,
the health effects brought about by inhalation of e-ciga-
rette flavorings in humans are generally not well charac-
terized.’® However, one recent study determined that di-
acetyl, pentanedione, and multiple other flavoring
chemicals often found in e-cigarettes, including acetoin
(butter), diacetyl, maltol (malt), and ortho-vanillin (va-
nilla), elicit a significant pro-inflammatory response in
human lung epithelial cells and primary lung fibroblasts.3”
Flavoring exposure has also been shown to significantly
and rapidly (within 20 min) decrease transepithelial resis-
tance in human bronchial epithelial cells, suggesting epi-
thelial barrier dysfunction and an impaired inflammatory
response.3” Despite concerns about flavorant-induced re-
spiratory toxicity (mainly pertaining to diacetyl and its
substitutes, such as 2,3-pentanedione and 2,3-hexanedi-
one), there is minimal regulation of these chemicals.

Nicotine

Commonly available e-cigarette liquids contain nicotine
concentrations ranging from 0—36 mg/mL. An initial study
of 30 brands of e-cigarettes found that 30 puffs were re-
quired to deliver nicotine in an amount equivalent to that
provided by a combustible cigarette,?3 but subsequent re-
search has shown that variables aside from stated liquid
nicotine concentration can significantly influence nicotine
yield.3® User characteristics (eg, puff duration, combusti-
ble cigarette smoker, experienced e-cigarette user) and e-
cigarette features (eg, device voltage, resistance) can de-
termine whether a set quantity of e-cigarette puffs yield far
more (or far less) nicotine relative to a single combustible
cigarette.>®

A recent study examined 16 long-time e-cigarette users
who underwent multiple 10-puff vaping (exhale and inhale
e-cigarette vapor) sessions with varying liquid nicotine
concentrations (0, 8, 18, 36 mg/mL) while keeping char-
acteristics related to the e-cigarette device and e-liquid
constant.*® Ten puffs at 36 mg/mL were sufficient to yield
nicotine delivery that exceeded that of a typical combus-
tible cigarette. With higher-wattage output to the atomiz-
ers, the newer devices deliver nicotine more efficiently,
yielding 35-72% greater plasma nicotine levels than first-
generation devices.*! An additional concern is that nico-
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tine levels in e-liquid can deviate significantly from la-
beled amounts.?® This may increase overall nicotine
exposure, including among adolescents, whose neurologic
maturation is not yet complete, fostering nicotine depen-
dence.*?

Effects of E-cigarettes on Health: Pre-clinical and
Clinical Data

Cardiovascular

Animal studies have investigated the impact of e-ciga-
rette vapor on cardiovascular health. Farsalinos et al*3 ex-
amined the relationship between cardiac cytotoxicity and
e-cigarette vapor by comparing various concentrations of
cigarette smoke extract, e-cigarette vapor extract, and a
base liquid sample (50% glycerol and 50% propylene gly-
col without nicotine or flavorings) on rat cardiac myo-
blasts. Two e-cigarette power voltages (3.7V and 4.5V)
were also evaluated. Cigarette smoke extract was cyto-
toxic at all concentrations above 6.5%, while the base
extract was not cytotoxic at any of the concentrations.
Vapor generated with higher power output resulted in
greater cell death. Another study investigated the potential
hazards of vaping on cardiac development, using in vitro
human embryonic stem cell and in vivo zebrafish embryo
models.** Treatment of zebrafish with nicotine alone had
minimal impact on cardiac differentiation, but treatment
with either e-cigarette aerosol or cigarette smoke resulted
in a greater incidence and severity of cardiac defects. Hu-
man embryonic stem cells exposed to e-cigarette extract
showed significantly lower expression of several late-stage
contractile proteins and transcription factors. Combustible
cigarette smoke impairments were markedly more severe
and diverse.

Several clinical studies have compared the cardiovas-
cular effects of e-cigarette vaping to those of combustible
cigarette smoking. One study examined the acute effects
of both short-term cigarette smoking and vaping on left
ventricular function.*> Heavy smokers (n = 36) and e-cig-
arette users who were former smokers (n = 40) had an
echocardiogram before and after smoking 1 cigarette or
vaping for 7 min, respectively. Compared to the smoking
group, the e-cigarette group showed no adverse effects on
indices of left ventricular function. A more recent study*®
examined circulating endothelial progenitor cells and mi-
crovesicles of endothelial origin at 1 h, 4 h, and 24 h after
exposure to e-cigarette vapor, looking for elevated levels
of endothelial progenitor cells and microvesicles to indi-
cate cardiovascular insult. Occasional smokers (n = 16)
were randomized into 2 groups. One group was exposed to
10 puffs of e-cigarette vapor across 10 min, and one group
was not exposed to any vapor.#¢ The short-term vaping
resulted in elevated levels of endothelial progenitor cells
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and microvesicles. Interestingly, this increase persisted for
at least 4 h but returned to baseline by 24 h. The results
suggested that these effects were similar in magnitude to
those observed after smoking a cigarette.

In a crossover study of 40 subjects (20 smokers, 20 non-
smokers), Carnevale et al*’ investigated the vascular safety
of e-cigarettes compared to that of combustible cigarettes,
with respect to oxidative stress and endothelial dysfunc-
tion. All subjects smoked a combustible cigarette and,
1 week later, vaped an e-cigarette with the same nicotine
content. Blood samples were drawn before and after smok-
ing and vaping. The researchers found that both cigarette
types were associated with increased oxidative stress (mea-
sured by soluble NOX2-derived peptide and 8-iso-prosta-
glandin F2«), impaired antioxidant defense (measured by
reduced vitamin E), and dysfunctional endothelium (mea-
sured by reduced flow-mediated dilation and nitric oxide
bioavailability). Relative to vaping, however, combustible
smoking induced significantly greater changes in the lev-
els of certain markers (soluble NOX2-derived peptide,
8-iso-prostaglandin F2«, and nitric oxide bioavailability).
Moreover, compared with non-smokers, smokers showed
significantly higher baseline levels of these same markers.
Taken together, these studies suggest that vaping may com-
promise cardiovascular health, at least acutely. Depending
on the e-cigarette features, the effects may be less than or
comparable to those of traditional cigarette smoking.

Pulmonary

The effects of e-cigarettes on pulmonary health have
also been evaluated in multiple animal studies. McGrath-
Morrow et al*8 exposed neonatal mice daily to e-cigarette
vapor either with or without nicotine for the first 10 d of
life. Mice exposed to nicotine-containing e-cigarette vapor
exhibited significantly diminished lung growth and alve-
olar cell proliferation. In another study, bronchoalveolar
lavage fluid samples were compared between non-exposed
mice and mice exposed to e-cigarette vapor for 3 d. The
authors reported significantly greater levels of key pro-
inflammatory markers (MCP-1, IL-6, IL-8) in bronchoal-
veolar lavage fluid collected from exposed mice versus
non-exposed mice.20

Pre-clinical studies from human lung epithelial cells have
revealed that exposure to e-cigarette vapor can lead to
cytotoxicity,*>-5! pro-inflammatory cytokine release,?04°
cellular morphology,*® and oxidative stress.>! These ef-
fects, while significant, were shown to be smaller in mag-
nitude than effects due to cigarette smoke exposure.**-5! In
contrast, a study by Misra et al>2 did not observe signifi-
cant exposure effects related to cytotoxicity, mutagenicity,
genotoxicity, or cytokine release.

A handful of clinical studies have investigated the ef-
fects of e-cigarette vapor exposure on pulmonary outcomes,
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typically comparing the effects to combustible cigarette
smoking. Flouris et al>* examined the acute effects of e-
cigarettes versus combustible cigarettes on repeated mea-
sures of FEV /FVC ratios. Fifteen combustible cigarette
smokers underwent an active smoking session, a control
session, and an active e-cigarette vaping session (all 30 min
long). The smokers were compared to 15 never-smokers
who were exposed to a passive, second-hand tobacco cig-
arette smoking session, a control session, and a passive
e-cigarette vaping session (all 60 min long). FEV,/FVC
decreased significantly due to active (~7% decrease) short-
term exposure to cigarette smoking, but the results were
not significant for passive exposure (~3% decrease). While
a downward trend was also observed for e-cigarettes, nei-
ther passive nor active exposure to vaping significantly
compromised lung function.

In contrast, another study>* demonstrated that 5 min of
vaping (nicotine dose of 11 mg/mL) was sufficient to in-
duce a statistically significant increase (18%) in respira-
tory flow resistance and decrease (16%) in expired nitric
oxide. These effects resembled those brought about by
smoking combustible cigarettes. Ferrari et al>> performed
a similar experiment, but with nicotine-free e-cigarettes. In
that study, vaping led to an appreciably smaller decline in
forced expiratory flow at 25% of the pulmonary volume
and FEV, measures (relative to cigarette smoking). The
decline was nonetheless statistically significant, suggest-
ing a minor, but nontrivial, acute effect on airway con-
striction.

In a study of 25 smokers, Marini et al>® investigated the
acute effects of vaping versus smoking with respect to
changes in exhaled nitric oxide. The participants under-
went 4 smoking/vaping sessions, in order: (1) a control
session in which they vaped without the e-cigarette car-
tridge for 5 min, (2) a combustible cigarette smoking
session with their usual brand, (3) a nicotine-free e-cig-
arette vaping session for 5 min, (4) and a nicotine-
containing (18 mg/mL) e-cigarette vaping session for
5 min. Vapor analysis determined that vaping sessions,
whether with nicotine-free or nicotine-containing e-cig-
arettes, induced immediate reductions in exhaled nitric
oxide similar to those attributed to combustible ciga-
rette smoking.

These clinical studies of e-cigarette vapor exposure on
pulmonary outcomes vary in methodological features, such
as type of e-cigarette, exposure session duration, and the
measures of lung function. While such methodological and
outcome differences make comparisons across the studies
and integration of findings difficult, the results suggest
that the impact of e-cigarette aerosol on the pulmonary
system is not benign, and further research is needed, es-
pecially regarding long-term effects.
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Immune System

Components of cigarette smoke, including nicotine, have
been linked to impaired human immunity, affecting both
immuno-suppressive and immuno-activating functions, and
elevated risk of pulmonary infections and autoimmune dis-
eases. Nicotine has been shown to suppress immune response,
diminish antimicrobial defenses, and increase inflammation
in in vitro studies.>”% As such, the immunological effects of
e-cigarettes raise concerns.

Hwang et al>° demonstrated that human lung alveolar
type II epithelial cells treated with e-cigarette vapor had
greater cell death compared to air-exposed cells. In ad-
dition, antimicrobial activity was diminished in human
MRSA-infected keratinocytes after 1 h of exposure to
e-cigarette vapor. Similarly, murine alveolar macro-
phages and human neutrophils, key mediators of innate
immunity and bacterial clearance, showed attenuated
antimicrobial activity after 2 h of exposure to e-ciga-
rette vapor. These reductions in antimicrobial activity
were independent of nicotine dose. Mouse inhalation of
e-cigarette vapor for 1 h/d for 4 weeks resulted in sig-
nificant increases in inflammatory markers. Moreover,
MRSA exposed to e-cigarette vapor demonstrated in-
creased biofilm production and hydrophobicity, consis-
tent with increased adherence to human keratinocytes
relative to non-exposed MRSA.

Using a mouse model, Sussan et al>® demonstrated
that e-cigarette vapor resulted in airway inflammation
and impaired immune response to bacteria and viruses,
including defective bacterial phagocytosis. Relative to
lungs of air-exposed mice, lungs of e-cigarette vapor-
exposed mice contained significantly higher markers of
oxidative stress. Vapor exposure triggered elevated mac-
rophage levels in the airways that resembled those in-
duced by cigarette smoke exposure, thereby suggesting
a mild inflammatory airway response. Upon intranasal
infection with Streptococcus pneumoniae, vapor-
exposed mice demonstrated an impaired antibacterial
pulmonary response compared to controls. Similarly,
mice infected intranasally with HINI influenza virus
demonstrated elevated viral titers, weight loss, and death.

These initial pre-clinical studies suggest that e-ciga-
rette vapor is harmful to airway cells, suppresses im-
mune responses to bacteria and viruses, promotes in-
flammation, and may increase the virulence of bacteria.
While more research is clearly necessary, the findings
highlight the importance of evaluating potential risks of
e-cigarette use for immunologically vulnerable popula-
tions, including surgical patients and those with cancer
and HIV.
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Effects of E-cigarettes on Smoking Cessation and
Initiation

Smoking Cessation

Smokers who have failed to quit smoking with evi-
dence-based therapies® may be more inclined to use the
e-cigarette as a smoking cessation aid. Survey studies have
shown that 67% of physicians believe e-cigarettes are use-
ful smoking cessation aids,*® and 18% of smokers report
that their providers recommended e-cigarettes for smoking
cessation.®! While various studies have informed the de-
bate on the efficacy of e-cigarettes for smoking cessa-
tion,°2-% only 2 randomized clinical trials®>-°® have exam-
ined the effect of e-cigarettes on smoking cessation, and a
third smaller trial®” evaluated the effect of e-cigarettes on
smoking reduction. The results of these 2 clinical trials
indicate that the efficacy of e-cigarettes for smoking
cessation remains to be established, and it would be
premature to broadly recommend e-cigarettes to those
looking to quit smoking, given the unclear and potential
chemical/toxin risks.

One clinical trial randomized 300 smokers without any
intention to quit smoking to 1 of 3 e-cigarette conditions:
7.2 mg/mL nicotine for 12 weeks, 7.2 mg/mL nicotine for
6 weeks followed by 5.4 mg/mL for 6 weeks, or no nic-
otine for 12 weeks.°® Outcomes included smoking reduc-
tion and smoking abstinence. Given that none of the par-
ticipants intended to quit, there were no significant
differences between e-cigarette conditions. Across condi-
tions, 10.3% of participants reported smoking reduction
and 8.7% reported smoking abstinence at week 52. A sec-
ond randomized clinical trial compared the effectiveness
of e-cigarettes to that of transdermal nicotine for smoking
cessation.®® Smokers who were motivated to quit were
randomized to a nicotine-containing e-cigarette (16 mg/mL,
n = 289), a nicotine patch (n = 295), or a placebo e-cig-
arette (n = 73). Levels of smoking abstinence at the 6-month
follow-up were low, and there were no significant differ-
ences in smoking abstinence between the group that re-
ceived the nicotine-containing e-cigarette and the group
that received the nicotine patch (7.3% with nicotine e-cig-
arette, 5.8% with patches, 4.1% with placebo e-cigarettes).
The premise of these studies is that the e-cigarette, with its
ability to deliver nicotine, can potentially serve as a smok-
ing cessation aid. Various properties of the e-cigarette, in
addition to the way it is used by the smoker, can alter
nicotine yield.?® A strong evaluation of e-cigarettes as a
cessation tool will require standardization of device, lig-
uid, and training on how to use. Future research efforts
investigating the clinical benefits of e-cigarettes must con-
sider the regulatory implications of e-cigarettes as a ces-
sation medication, as well as potential harms associated
with use.
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It has been suggested that e-cigarettes may facilitate
reduction of cigarette use, offering an alternative to total
abstinence while helping avoid exposure to combustion-
related toxicants and carcinogens.®® Adriaens et al®” eval-
uated cigarette intake in 48 smokers randomized to receive
either 1 of 2 e-cigarette devices (both 18 mg/mL e-liquid)
varying in voltage and resistance or no e-cigarette. After
8 weeks, one third of the smokers who received an e-cig-
arette reported smoking reduction, compared to none of
the control group. Logically, it would seem that reduced
cigarette consumption would be associated with reduced
harm. However, a safe level of smoking has not been
identified,’9-72 and the health effects associated with the
dual use of e-cigarettes and combustible cigarettes remain
to be evaluated.

Smoking Uptake

Regardless of potential health risks or benefits for smok-
ing cessation, e-cigarettes contain nicotine. Nicotine is
harmful to the developing adolescent brain,*>73 and since
2011, there has been an 8-fold increase in adolescent e-
cigarette use.* The availability of flavors is the most im-
portant reason given by adolescents for using e-cigarettes.'?
While 27-37% of adolescents who never smoked combus-
tible cigarettes report using flavored e-liquid with nicotine,
18-34% of adolescents are unsure as to whether their
flavored e-liquid contains nicotine.’’> These studies in-
dicate that some adolescents may be unintentionally ex-
posing themselves to nicotine.

A growing body of evidence supports initial findings
that e-cigarettes are a catalyst for combustible cigarette
smoking for adolescents who may not have otherwise
smoked. 27678 Adolescents who had used e-cigarettes (but
not combustible cigarettes) were 2.7 times more likely
than adolescents who had never used e-cigarettes to initi-
ate the use of combustible cigarettes 12 months later.'?
Adolescents who used e-cigarettes more frequently had
2 times greater odds of exhibiting frequent and heavy smok-
ing patterns at their 6-month follow-up.”® This association
was stronger among adolescents who were nonsmokers at
baseline. Emerging data suggest that e-cigarette use may
also be associated with an increased risk of using other
combustible tobacco products'? and traditional drugs of
abuse.80

Summary

E-cigarette devices have evolved to be more powerful
and to more efficiently deliver nicotine. E-cigarette users
are increasingly likely to use rechargeable e-cigarettes with
higher voltage batteries and adjustable resistance,®' and
higher nicotine delivery may increase the health risks as-
sociated with e-cigarette use. It will be important to mon-
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itor the quantity of the chemical constituents in e-cigarette
vapor, as well as their associated health consequences, in
smokers and nonsmokers, over the long term. Overall, the
current data do not support the efficacy of e-cigarettes for
smoking cessation. Future research of e-cigarettes as a
cessation tool will require standardization of product (eg,
device, liquid, nicotine) and training in use (eg, how and
when to use). Any putative benefit for smoking cessation
must be weighed against short-and long-term health con-
sequences of e-cigarette use itself. Effective interventions
to prevent adolescent e-cigarette use are necessary given
the risks for nicotine exposure and subsequent develop-
ment of dependence, as well as the other risks of combus-
tible cigarette smoking.
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