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B S T R A C T

bjective: To provide an evidence-based review of common safety concerns and emerging potential benefits
eriving from the regular use of electronic cigarettes (ECs) and thus improve counseling between physicians
nd their patients with asthma and allergy using or intending to use ECs.
ata Sources: Peer-reviewed articles from the National Center for Biotechnology Information’s PubMed

about ECs, risk reduction, and harm reversal were appraised.
Study Selection: Keywords used in the search were smoking cessation, electronic cigarette, counseling,
asthma, allergy, nicotine, tobacco harm reduction, and harm reversal.
Results: Vapor toxicology is far less problematic compared with combustible cigarettes, with exclusive EC
users having substantial lower risk of exposure to tobacco smoke toxicants and carcinogens compared with
cigarette smokers. Moreover, there is emerging evidence that switching to regular EC use could produce
significant respiratory health gains.
Conclusion: Inaccurate and inconsistent information about EC safety and efficacy, tobacco harm reduction,
and nicotine toxicity is being offered to smokers and EC users. In particular, most health care professionals
cannot communicate a clear and consistent message to their patients with respiratory problems and allergy
who use or intend to use ECs. Therefore, it is important for the medical community to take an active role in
considering all the pathways available to a smoking patient and recommend those that provide the greatest
probability of eliminating exposure to tobacco smoke, including ECs.
� 2015 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
91
92

93
Introduction lung cancer and COPD, inhalation of tobacco smoke has been
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Cigarette smoke contains a mixture of more than 7,000
chemicals, many of which harm the human body, thus causing
a broad range of diseases.1 Smoking is the leading cause of
preventable premature mortality in the world; total tobacco-
attributable deaths are projected to increase from approximately 5
million per year in 2015 to more than 8 million annually by 2030.2

Death is caused mainly by ischemic heart disease, stroke, lung
cancer, and the catastrophic complications of advanced-stage
chronic obstructive pulmonary disease (COPD).1e3 In addition to
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recognized to play a negative role in asthma and allergic diseases.4e6

Quitting lowers the risk of lung cancer, ischemic heart disease,
COPD, stroke, and other cancers.1e3 Moreover, abstaining from
smoking can produce significant health gains in patients who smoke
and have COPD7 and asthma.8

Irrespective of their specific respiratory condition, most
smokers want to quit andmanymake attempts to do so, butmost of
these attempts fail largely because of the powerful addictive
qualities of nicotine and non-nicotine sensory and behavioral
cues.9,10 For those willing to quit, a combination of pharmaco-
therapy and intensive behavioral intervention for smoking cessa-
tion can support quit attempts and double or triple quit rates.11,12

However, outside the context of rigorous randomized controlled
trials, efficacy rates are disappointingly low; estimated annual
population cessation rates are approximately 4% to 5%.13e15

Puffing on an electronic cigarette (EC) activates a battery that
heats an element (the coil within the atomizer) that vaporizes a
solution (e-liquid) consisting mainly of propylene glycol (PG),
lsevier Inc. All rights reserved.
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vegetable glycerin (VG), distilledwater, and flavorings thatmight or
might not contain liquid nicotine. Vaporization produces an aerosol
similar in appearance to but substantially different in substance
from conventional cigarette smoke and allows for inhalation of
vapor (referred to as “vaping”) by the user. ECs do not contain to-
bacco, do not create smoke, and do not rely on combustion. ECs are
an attractive possible long-term alternative nicotine source to
conventional cigarettes because of their many similarities to
smoking behavior.16,17 ECs come in a large variety of designs,
shapes, and sizes. Some resemble tobacco cigarettes (“ciga-like
ECs”) with a mouthpiece resembling a cigarette filter combining
the e-liquidecontaining tank and the vaporizing system, a low-
capacity disposable or rechargeable battery, and a light-emitting
diode that glows when the user inhales on the device. Others
often ECs that resemble a pen (“pen-like ECs”) that are equipped
with high-capacity lithium batteries and a more efficient vapor-
izing systemwith a tank that can be refilled with awide selection of
e-liquid flavors and nicotine levels. Most experienced users prefer
to customize their own devices (“MODs”) to get the most of the
vaping experience by assembling larger-capacity batteries with
personalized adjustable and programmable power delivery and
customizing specific heating coils and wick configurations in their
the vaporizing system. By exploring diversities and similarities in
the fast-growing EC portfolio, researchers are beginning to learn
that the extent of smoking abstinence is intimately connected with
the level of satisfaction in the vaping experience, where smoking
cessation might be considered an important “collateral benefit” for
many smokers switching to regular EC use.17 The growing popu-
larity of ECs appears to be driven by different factors: they can be
used to decrease cigarette consumption or to quit smoking; they
are perceived by users as a much less harmful smoking alternative;
their prices are competitive compared with conventional ciga-
rettes; and they mimic the “smoking experience without
smoking.”18e20 Despite their increase in popularity, there is a great
degree of public misunderstanding about the relative risk of ECs.
Kiviniemi and Kozlowksi21 recently reviewed results from a US
survey that showed a significant discrepancy between evidence
and public perception of tobacco harm relative to smoking
replacement options including ECs. Only 3.5% of those responding
to the survey matched perceived risk with scientific evidence.

Miscommunication of scientific findings about EC safety and
efficacy is generating confusion and concern,22 and more and more
patients with respiratory problems using or intending to use ECs
will be seeking professional medical advice about these products.
Because many health care professionals might not be accurately
informed about ECs,23 their personal beliefs could conflict with the
evidence base and adversely influence their patients’ behavior.24,25

For example, previous research has shown that health care pro-
fessionals hold inaccurate views about nicotine and decreasing
tobacco harm in general, and that these beliefs are associated with
the type of advice offered to smokers.26,27 Similarly, many scientific
societies have adopted statements that seem at odds with the
available evidence. For example, the recent position statement of
the Forum of International Respiratory Societies recommends that
EC use should be restricted or banned based on the precautionary
principle (not scientific evidence).28

In agreement with recent commentaries,29,30 it is important for
the medical community to take an active role in learning about ECs
to inform their patients correctly. The authors of the present review
intend to provide health care professionals with an evidence-based
interpretation of common safety concerns and with the emerging
findings about potential benefits deriving from the regular use of
ECs. The literature search included peer-reviewed literature from the
National Center for Biotechnology Information’s PubMed Web site
and official reports and/or monographs from reputable govern-
mental organizations that the authors have recently appraised
REV 5.4.0 DTD � ANAI1660_proof �
because of major ongoing interest in ECs, risk reduction, and harm
reversal. Keywords used in the search were smoking cessation, elec-
tronic cigarette, counseling, asthma, allergy, nicotine, tobacco harm
reduction, and harm reversal.

The reviewers hope this evidence-based guide will improve
counseling between physicians and their patients with asthma and
allergy using or intending to use ECs.
What about Potential Harm?

The World Health Organization has labeled the EC a threat to
public health and urged policy makers to limit their use by prohi-
bition or strict regulation.31 This and other negative campaigns are
starting to have an alarming effect of persuading smokers that ECs
are as harmful as cigarettes32 and discouraging them from making
the switch.20 This approach does not weigh the potential benefit of
ECs against their potential harm. There is a sufficient body of evi-
dence to conclude that health care professionals and public health
authorities should encourage smokers who cannot stop smoking or
do not want to do so to switch to ECs.33,34 Nonetheless, the con-
troversy is spreading fear and confusion in the public by adversely
changing the relative risk perception of smoking and vaping,
possibly deterring smokers from making a switch that could save
their lives.20,34 British and American surveys have indicated that
misperceptions have increased in recent years. A large survey of
adults sponsored by the British group Action on Smoking and
Health found that the share of respondents who incorrectly
described ECs as “more harmful” than tobacco cigarettes increased
from 1.4% in 2013 to 2.3% in 2015, and those describing them as
“equally harmful” increased from approximately 6% in 2013 to
19.8% in 2014.35 According to a Reuters poll completed on June
2015,36 only 35% of 5,679 Americans understood that “e-smoking is
healthier than traditional cigarettes.” The remaining respondents,
nearly two thirds, disagreed with that statement or did not know.
These large and swift changes confirm that the public is confused
about the relative risk perception of ECs.21

Therefore, it is likely that more and more patients with asthma
and allergy using or intending to use ECs will be seeking profes-
sional medical advice for reassurance.

Nicotine is perceived as a primary source of concern by many
users. Health professionals should explain that the damage done by
conventional cigarettes comes not from the nicotine, but from the
process of burning tobacco and inhaling thousands of toxic chem-
icals in the smoke. As Michael Russel, the father of tobacco harm
reduction and the developer of nicotine gum, put it in 1976: “People
smoke for nicotine but they die from the tar.”37 Because the de-
livery of nicotinewithout combustion is anticipated to substantially
lower the harm associated with tobacco smoking (ie, tar), the ECs
have a theoretical advantage in decreasing health risks compared
with conventional cigarettes.38

Smoking-related diseases are pathophysiologically attributed to
oxidative stress, activation of inflammatory pathways, and direct
toxic effect of thousands of chemicals and carcinogens present in
tobacco smoke.39 These chemicals are emitted mostly during the
combustion process, which is absent in ECs. Nicotine does not
contribute to smoking-related diseases and is not classified as a
carcinogen by the International Agency for Research on Cancer.40

Up to 5 years of nicotine gum use in the Lung Health Study was
unrelated to cardiovascular diseases or other serious side effects.41

A meta-analysis of 35 clinical trials found no evidence of cardio-
vascular or other life-threatening adverse effects caused by nicotine
intake.42 Even in patients with established cardiovascular disease,
nicotine use in the form of nicotine replacement therapies did not
increase cardiovascular risk.43,44 The latest US Surgeon General’s
report examined the harm caused by nicotine and concluded that
although it can adversely affect fetal and adolescent brain
22 October 2015 � 10:11 pm � ce
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development, it does not contribute to smoking-related diseases.1

In theory, EC use might promote people to introduce higher nico-
tine doses than available in tobacco (ie, nicotine overdosing), thus
becoming a potential source of harm to the cardiovascular system.
However, there is no evidence to suggest that ECs promote higher
nicotine consumption and no adverse cardiovascular events have
been reported with their use. In fact, the opposite is true because
ECs are generallymuch less efficient than conventional cigarettes at
delivering nicotine to the body.45e47 Although compensatory
puffing behaviors can contribute to higher nicotine intake in
exclusive EC users and those who engage in smoking and vaping,
the overall level of plasma nicotine and cotinine (a stable metab-
olite of nicotine) is comparable (not higher) to that of smoking
cigarettes.48,49

Nonetheless, nicotine is a powerful psychoactive substance and
there is concern that EC use can perpetuate or promote an addictive
behavior. However, there is increasing evidence that ECs might
decrease measures of nicotine dependence.50,51 Moreover, it is a
common trend in EC users to decrease the nicotine strength of
e-liquid over time,52e54 suggesting that regular EC use might
decrease nicotine dependence in the long term. A possible expla-
nation for the lower addictive potential of ECs is that these products
are much less efficient than conventional cigarettes at delivering
nicotine to the body.45e47

Another area of concern is heavymetals being released in the EC
aerosols. It is not unusual to detect some contamination with
metals because these products have several metal parts in direct
contact with the e-liquid. Goniewicz et al55 examined 12 samples
for the presence of metals and found only trace levels of nickel,
cadmium, and lead in the vapor (a few nanograms per 150 puffs). In
another study of an early first-generation EC, several metals were
detected in the aerosol, which in some cases were similar or slightly
higher compared with conventional cigarettes.56 However, these
levels were generated under extreme experimental conditions that
bear little relevance to routine use. Moreover, it is unlikely that
these levels pose a serious threat to users’ health. Even if all the
aerosol were absorbed by the consumer, the average user would be
exposed to 4 to 40 times lower amounts for most metals than the
maximum daily dose allowance from impurities in medicinal
products.57

Propylene glycol and VG are considered GRAS (Generally
Recognized As Safe) by the US Food and Drug Administration (FDA)
and the US Environmental Protection Agency. Despite the good
safety profile of PG and VG,30 a hypersensitivity response to
components in the vapor can occur in predisposed individuals. PG
is a common but often unrecognized cause of allergic contact
dermatitis58 and direct exposure to PG has been reported to cause
signs and symptoms compatible with contact dermatitis around
the mouth or in the oral mucosa of EC users.59 In this regard, it is
noteworthy that a hypersensitivity response to VG has never been
reported, and for a hypersensitivity response to PG, it is advised to
switch to PG-free e-liquids. However, it is reasonable to suspect
that the presence of unknown, potentially irritating or allergy-
producing contaminants or by-products in the EC vapor should
be suspected in hypersensitivity responses developing during or
immediately after EC use.

More recently, thermal degradation of the PG and VG in the
course of vaporization has been raising concern in consumers.
There are limited data on long-term exposure of these chemicals to
humans by inhalation, although the emerging evidence from
cytotoxicity and toxicologic animal studies is reassuring (reviewed
by Farsalinos and Polosa33). Nonetheless, concern about thermal
degradation of PG and VG is legitimate, because toxic aldehydes
(including formaldehyde, acetaldehyde, and acrolein) can be
generated when vaping. Studies evaluating ciga-like ECs found that
formaldehyde, acetaldehyde, and acrolein are found at much lower
REV 5.4.0 DTD � ANAI1660_proof �
levels compared with cigarette smoke.55,60 Nevertheless, a recent
study examining aerosol generated from more advanced products
at high power levels reported that levels of aldehydes could
approach or even exceed levels found in cigarette smoke.61 This
report has generated concerns that EC use at high power levels is
associated with significant exposure to harmful toxic chemicals.
However, high aldehyde levels are generated during overheating of
these devices in the course of certain standardized experimental
protocols that bear little relevance to normal use.62 Moreover,
under these extreme conditions, the excess in aldehyde release is
associated with the perception of a strong unpleasant taste by the
user (“dry puff phenomenon”).63 At dry puff conditions, EC users
are not expected to be exposed to such high levels of aldehydes,
because in practice it is impossible to tolerate the taste of such
unpleasant aerosol. In any case, at normal vaping conditions, the
aldehyde emission levels are far lower than in cigarette smoke.
Moreover, newer models being introduced to themarket have been
fitted with an automatic temperature control feature. For the US
population, anticipated FDA regulation of devices would advance
safety and potentially allay concerns in this area.
Informing about Potential Benefits

Although the FDA’s Center for Tobacco Product has repeatedly
claimed that it is intending to regulate ECs based on results of
scientific research, a close examination of the Center for Tobacco
Product’s research portfolio shows that the agency is heavily
funding research on the potential risks of ECs, but does not have a
single long-term clinical trial to evaluate their potential benefits.64

There is emerging evidence that abstaining from smoking can
produce significant respiratory health gains in “healthy” smokers
and smokers with asthma who switch to regular EC use.65 ECs are
becoming increasingly popular in smokers and ex-smokers with
asthma; in a recent international survey of approximately 19,000
regular EC users, 6.1% reported physician-diagnosed asthma.19

Although these products have been shown to be effective
conventional cigarette substitutes in clinical trials of healthy
smokers,66e68 only limited data are available regarding the health
effects of EC use in patients with pre-existing asthma. In particular,
it is unknown whether regular EC use could result in improved or
worsened respiratory-related outcomes or in hypersensitivity. The
very few studies on respiratory health outcomes in EC users have
shown minor acute effects on lung function.69,70 The results of
these small studies are consistent with the notion that a prompt
defensive response against irritants from e-vapor inhalation can
cause immediate physiologic changes detected with highly sensi-
tive respiratory functional tests. The question of whether such an
irritation could translate into a clinically meaningful problem for
the “twitchy” airways of patients with asthma remains unan-
swered. To date there is no evidence to suggest that there are any
clinically significant adverse lung effects, at least acutely. Long-
term improvement has been described in a large group of
“healthy” smokers who were invited to quit or decrease their
tobacco consumption by switching to a first-generation EC. Sig-
nificant early positive changes from baseline of a sensitive mea-
surement of obstruction in more peripheral airways (ie, forced
expiratory flow measured between 25% and 75% of forced vital
capacity) were detected at 3 months after switching in those who
completely gave up tobacco smoking, with steady progressive
improvements being observed at 6 and 12 months (R. Polosa,
unpublished observation). Moreover, self-reported high prevalence
of cough or phlegm (43.1%) and shortness of breath (34.8%) at
baseline virtually disappeared when study participants were
invited to quit or decrease their cigarette consumption by switching
to ECs. Longer (multiyear) safety studies are still needed to fully
address these important issues.
22 October 2015 � 10:11 pm � ce
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As mentioned earlier, only limited data are available regarding
the health effects of EC use in users with pre-existing pulmonary
diseases. A recent retrospective clinical survey conducted to
ascertain the efficacy and safety of regular EC use in mild to mod-
erate asthma failed to detect deterioration in respiratory physi-
ology and subjective asthma outcomes.71 Smokers with asthma
who quit or substantially decreased tobacco consumption by
switching to regular ECs showed progressive significant improve-
ment in the Juniper’s Asthma Control Questionnaire (ACQ), forced
expiratory flow in 1 second, forced vital capacity, forced expiratory
flow measured between 25% and 75% of forced vital capacity, and
airway hyperresponsiveness (AHR) to inhaled methacholine
throughout the 1-year reporting period. EC use was very well
tolerated and exposure to e-vapor in this vulnerable population did
not trigger any asthma attacks. However, standard issues associated
with retrospective studies do not allow establishing a causal
relation. Subsequently, this group of EC users with asthma was
followed prospectively for an additional year at the authors’
outpatient clinic to document longitudinal changes in asthma
outcomes; it was confirmed that regular EC use ameliorated lung
dysfunction, AHR, and ACQ, with beneficial effects persisting in the
long term.72 Moreover, consistent improvements in subjective and
objective asthma outcomeswere observed in dual users (ie, users of
ECs and conventional cigarettes), with no real difference in dual
compared with single users by the end of the follow-up. This could
be due to the fact that dual users in this study substantially
decreased their daily tobacco consumption by at least 70% to 80%
(ie, “heavy reducers”). These confirmatory findings are in agree-
ment with the positive results of prospective studies examining the
effect of stopping smoking on lung function in asthma.73,74 Taken
together, the evidence suggests that the harmful effects of smoking
on asthmatic airways can be reversed with abstinence. The atten-
uation in the proinflammatory effects of cigarette smoke on the
airways after decreasing smoking consumption by switching to ECs
might have caused overall improvement in lung function.4

Given the close relation between airway inflammation and AHR
in asthma,75 it is not surprising to observe significant and persistent
improvements to the provocative concentration of inhaled meth-
acholine causing a decrease in forced expiratory volume in 1 second
of 20% in smokers with asthma who had been abstinent or
decreased their tobacco consumption. This also is consistent with
the results of prospective studies in smokers with allergy for whom
an objective proof of cessation was documented.76 The observed
improvement in AHR could have important clinical implications
because it is a risk factor for asthma symptoms and attenuated
pulmonary function levels.77,78 Thus, improvement in AHR is likely
to confer some clinical benefit as documented by the early and
stable decrease in asthma symptoms (ie, ACQ scores). In support of
this view, deterioration in the provocation concentration of meth-
acholine causing a decrease in forced expiratory volume in 1 second
of 20%, lung function, and ACQ scores was noted in the 2 patients
who relapsed to exclusive tobacco smoking.

The observed positive findings in patients with asthma who
have become regular EC users are consistent with the results from
an Internet survey of approximately 2,500 regular EC users with
asthma and COPD.19 An improvement in symptoms of asthma after
switching to ECs was reported in 65.4% of respondents. Although
alleviated asthma symptomswere notedmore often in exclusive EC
users, improvement was reported in dual users. Worsening after
switching was reported in only 1.1% of respondents with asthma.
Taken together, these findings provide emerging evidence that
harm reversal from tobacco smoking can be achieved in patients
with asthma who switch to exclusive EC use and in those who
substantially decrease their level of cigarette consumption by
vaping (ie, heavy reducers). Although only large prospective studies
will provide a definite answer regarding the long-term impact on
REV 5.4.0 DTD � ANAI1660_proof �
lung health, the current evidence is generally supportive of a
beneficial effect of EC use in patients with asthma.

Conclusion

Smoking cessation should be strongly encouraged in patients
with asthma who smoke, and they should be offered effective
personalized strategies.8 In addition to pharmacotherapy and
behavioral support, other options should be made available to
manage smokers who frequently relapse and for those who are
unable or unwilling to quit. A realistic alternative is to encourage
these smokers to switch to ECs, a much less harmful source
of nicotine.33,38 The growing popularity of ECs proves that many
adult smokers are ready for new alternative technologic forms of
smoking. ECs and vaping are used in contexts of cigarette substi-
tution or as an activity independent of combustible tobacco use.
The argument for ECs must be framed within the correct context.
ECs represent an option for harm reduction in existing smokers.
With any emerging behavior associated with exposure to inhala-
tional agents, there is legitimate cause for concern and a need for
study of potential harm. However, this potential risk must be taken
in the context of the known harm of cigarette smoking in pop-
ulations with and without asthma. Indeed, under normal condi-
tions of use, vapor toxicology is far less problematic than that of
conventional cigarettes,33 e-vapor products are at least 96% less
harmful comparedwith combustible cigarettes,79 and exclusive ECs
users have significantly lower urine levels of tobacco smoke toxi-
cants and carcinogens compared with cigarette smokers.80 In
future, larger and longer-term studies will better define any
residual risks from EC use; this knowledge will guide the estab-
lishment of appropriate quality control and safety standards
and decrease any residual risks to as low as possible. In the
meantime, expected regulatory measures should primarily address
manufacturing quality standards, child-proof caps on liquid con-
tainers, verification of accurate nicotine levels and product
ingredients, complete and accurate package labeling, safety
warnings, and postmarketing surveillance addressing any potential
unintended consequences of any proposed actions that policy
makers might overlook.81 With this in mind, clinicians can more
objectively and responsibly respond to inquiries from their patients
with allergy about use of ECs and related products.
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