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Do the Benefits of Electronic Cigarettes
Outweigh the Risks?

Smoking is a dangerous lifestyle choice that results in increased
risk of premature death or serious morbidities, such as cancer and
coronary heart disease for the smoker and adverse health outcomes
for the unborn children of pregnant women who smoke.1 Passive
smoking also has serious health implications for both children and
adults. The corollary of this situation is that smoking cessation is one
of the most important, effective, and efficient health care interventions
that can be undertaken. Within a year of quitting smoking, a former
smoker’s chance of developing heart disease drops to half that of a
continuing smoker.2 Between 5 and 15 years after quitting, the chance
of lung cancer decreases by almost half, and the risk of dying from
cancer becomes similar to that of a nonsmoker.3 However, smoking
is a particularly addictive behaviour, and stopping is not easy. While
it is possible to stop smoking with just a behavioural intervention,
the introduction of complementary pharmacological treatments, such
as nicotine replacement therapy and varenicline, has increased rates
of smoking cessation. The pharmacy profession has played its part by
providing behavioural support and supplying therapies. Societal
recognition of the dangers of smoking and support for a smoke-free
environment have also contributed to the overall reduction of
smoking prevalence in the Western world. For example, in Canada
the prevalence of smoking has declined from about 26% in 2001 to
20% in 20114 and to 13% in 2015.5
Despite these developments, quitting is still not possible for
many current smokers, and alternative approaches are required.
The introduction of e-cigarettes is one such alternative approach.
The e-cigarette was first developed by a pharmacist in China in
the early 2000s. It is a device that produces a nicotine aerosol by
using a battery to heat a solution (typically based on propylene
glycol or glycerol) of nicotine and flavouring agents. The device
is cylindrical and has a mouthpiece for inhaling the vapour. In
contrast to other forms of nicotine replacement, e-cigarettes allow
the user to mimic the hand-to-mouth ritual of smoking a cigarette
but deliver the vapourized nicotine to the lungs without the toxic
by-products that accompany the smoking of tobacco. Thus, they
intuitively feel more natural and acceptable to the habituated
smoker.
A recent Cochrane review of the evidence for the effectiveness
of e-cigarettes6 has suggested that e-cigarettes may increase the

chance of a long-term quit. The review included 24 completed
studies: 21 cohort studies; 2 RCTs comparing e-cigarettes with
placebo e-cigarettes (i.e., without nicotine), with a combined
sample of 662 participants, in which the 6-month quit rates were
9% with e-cigarettes and 5% with the placebo device; and a third
RCT, which compared e-cigarettes with a nicotine patch and
found no difference in quit rates at 6 months. None of the
included studies reported serious adverse effects from e-cigarettes,
although it was acknowledged that the quality of the evidence was
weak because of the small number of trials, the low event rates,
and the wide confidence intervals around the estimates; furthermore, there is limited evidence of the long-term safety of
e-cigarettes for either the user or those exposed passively to
the vapours.7 Concerns have been expressed repeatedly that
e-cigarettes represent a gateway to smoking cigarettes for young
people, that they have toxic effects, and that they produce
carcinogens. It is unclear the extent to which e-cigarettes are being
used as aids to smoking cessation, for smoking reduction, or just
as a new nicotine-related habit. It is generally acknowledged that
all of this deserves thorough exploration.
Internationally, there is great variation in the extent to which
countries support or restrict the use of e-cigarettes. A survey
of different countries’ regulatory approaches reported that 26
countries have banned all use of e-cigarettes and 21 have imposed
restrictions on their sale.8 In Canada, e-cigarettes containing
nicotine cannot be legally manufactured, sold, or imported, yet
despite these prohibitions, the devices are available online and in
some retail outlets. In the United States, an increasing number of
states are banning indoor use of e-cigarettes.9 Among countries of
the Western world, England has adopted a more liberal approach
to e-cigarettes, prioritizing the importance of helping people to
quit smoking over any safety concerns. Public Health England
has claimed that e-cigarettes are 95% safer than smoked tobacco
and has expressed concern that increasing numbers of people
think e-cigarettes are more harmful than smoking.10 In a recent
commissioned report, the same agency presented data confirming
that the vast majority of e-cigarette users are current or ex-smokers
and that the number of people using e-cigarettes who have never
smoked is very small.11 The report also suggested that nicotine
release into the environment is negligible and that there is no
indication that e-cigarette users are exposed to dangerous levels
of toxic chemicals, such as aldehydes. A recently published crosssectional survey involving 5863 adults who smoked concluded
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that continued abstinence was more likely for those using
e-cigarettes than for those who bought over-the-counter nicotine
replacement therapy.12 In a later analysis, the same authors
estimated that in 2015 e-cigarettes helped about 18 000 people
to give up smoking in England, and suggested that these data
justify use of these devices.13 There are also indications that the
UK National Institute for Health and Care Excellence will soon
endorse use of e-cigarettes as a smoking cessation aid.
No medicine is completely safe, and the decision on whether
or not to use a medicine must balance the risks and the benefits.
Although e-cigarettes are not classified as a medicine, similar
principles should arguably be adopted when deciding on whether
to support their use. This is the basis upon which Public Health
England strongly supports the use of e-cigarettes, justifying this
stance by highlighting the known negative health implications
of smoked tobacco relative to the lesser risks of e-cigarettes.
At present, e-cigarettes are largely unregulated, and there is little
quality control over different components of e-cigarettes (the
solvent, the additives such as flavour enhancers, or even the concentration of active ingredient). This lack of quality control is a
valid cause for concern that needs to be addressed if e-cigarettes
are to become an established part of the health care professional’s
armamentarium. However, recent European guidance, effective
from 2017, has introduced rules to ensure minimum safety
standards for the safety and quality of e-cigarettes,14 thus removing
some of the potential for harm. Guidance on the product information leaflet and restrictions on advertising are also included in
the European document. Supporting the wider adoption of such
standards and recommending only licensed products for smoking
cessation should allow patients to experience the benefits of
e-cigarettes while minimizing the risks.
In summary, a quality-controlled e-cigarette, used as part of
a structured smoking cessation program, could provide an
effective additional option for smokers for whom other
approaches have failed.
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The 21st century has given rise to a novel method of commercializing public nicotine dependence, in the form of electronic
nicotine delivery systems (ENDS), such as electronic cigarettes
(e-cigarettes). Smoking combustible tobacco is now passé, and
“vaping”, as it is termed, has become the latest popular trend among
the fashionable, including A-listers such as Leonardo DiCaprio and
Katy Perry. If history has taught us anything, it is not to rely on celebrities for sound health advice. The vapour trail is nothing more than a
smokescreen.
E-cigarettes use a battery to heat a solution that is vapourized
and inhaled.1 This “e-liquid” typically comprises propylene glycol (i.e.,
antifreeze) and/or glycerol, nicotine, and flavours (e.g., tobacco,
menthol, fruit, candy).2 To be blunt, using an e-cigarette is not unlike
inhaling vapourized, berry-flavoured aircraft de-icing fluid. As of this
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writing (in late 2017), Health Canada does not permit or regulate
the sale of ENDS. In other words, none of the currently available
forms of nicotine-containing e-cigarettes are legal in Canada, and this
lack of oversight means that an e-liquid could contain pretty much
anything. Furthermore, e-liquids are available in various strengths of
nicotine, ranging from 6 to 36 mg/mL,3 which could result in toxic
effects if the specified concentration is misinterpreted or the amount
is incorrectly measured. Additionally, some bottles of flavoured
e-liquid are adorned with brightly coloured pictures of fruit, which
means they could be mistaken for juice or candy. Accidental ingestion
of e-liquid by children is particularly concerning—a nicotine dose of
about 1 mg/kg could be lethal, and this amount could be delivered
in a few drops of a concentrated solution.4
No data are available regarding the long-term safety of ENDS,
but there is rapidly evolving evidence that links vaping with
pulmonary toxicity.5 Use of an ENDS has been associated with
respiratory symptoms (e.g., wheezing, coughing), increased airway
hypersensitivity, increased airway resistance, decreased host immunity,
and increased alveolar cytotoxicity.5,6 Furthermore, ENDS may
produce a variety of carcinogenic compounds, such as formaldehyde,
acetaldehyde, and acrolein.7,8 Exposure to diacetyl, a common
e-cigarette flavouring with a buttery or creamy taste, has been associated with acute-onset bronchiolitis obliterans or “popcorn lung”,
a severe and irreversible obstructive pulmonary condition.9 A new
study estimated that a frequent user of an e-cigarette (defined by the
authors as ≥ 250 puffs/day) would be exposed to levels of formaldehyde, acrolein, and diacetyl that exceed occupational limits in the
United States.7 As well, ENDS may produce heavy metals, such as
chromium, lead, and nickel.10 Nicotine itself is not without risk:
a retrospective cohort study conducted in Sweden showed that
individuals who continued to use smokeless tobacco after myocardial
infarction, as opposed to those who quit smoking, had an approximately 2-fold higher mortality rate over 2 years.11 Finally, the safety
of exposure to the ostentatious plume of vapour created by an
e-cigarette user (“second-hand vape”) is completely unknown.
Other hazards are becoming known. Traditional cigarettes may
burn your fingers, but ENDS may explode. This rare but serious
occurrence, caused by overheating of the battery, should give pause
to even the most fervent e-cigarette advocate. A series of images of
ENDS explosion injuries was recently published; these included flame
and chemical burns, tooth loss, and extensive soft-tissue damage.12
Dramatic visuals can be useful prompts; for example, images of
diseased lungs on cigarette packages may motivate some individuals
to quit smoking. Perhaps ENDS packages should feature pictures of
explosion injuries.
I concede that, at present, ENDS appear to be safer than
traditional cigarettes, and they may have a role in harm reduction.2
However, cessation of both smoking and vaping is preferred. Evidence
for using e-cigarettes for smoking cessation, though promising, is not
sufficiently robust to recommend them for this indication,13 a position
that is supported by a policy statement from the American Heart
Association.3

The ENDS industry has employed aggressive marketing to
normalize vaping and subvert the social stigma associated with
smoking.14 Such marketing is particularly concerning when directed
toward adolescents, especially those who would not have otherwise
tried smoking but who may start using e-cigarettes as a result. A report
from the US Centers for Disease Control and Prevention (CDC)
estimated that approximately 70% of middle and high school
students were exposed to ENDS advertisements in 2014.15
E-cigarettes are perceived as safer than traditional cigarettes (particularly among youth) and are portrayed as more socially acceptable in
popular culture. Advertisements depict e-cigarettes as sexy, rebellious,
independent, and trendy—I would even venture to say that if the
film Rebel Without a Cause were remade today, the poster would
feature James Dean’s character with an e-cigarette. ENDS may also
be more accessible for young people and easier to hide from authority
figures.
To be pragmatic, e-liquid flavouring is an unequivocally blatant
strategy to target youth. Candy flavours, such as cotton candy, gummy
bears, Skittles, and Froot Loops (all of which exist), are created largely
to appeal to young people.16 A survey of US adolescents aged 13–17
years found that they were more likely to try an e-cigarette offered by
a friend if it were fruit-flavoured than if it were tobacco-flavoured.17
As well, respondents believed that fruit-flavoured e-cigarettes were less
harmful than those flavoured like tobacco, and about one-fifth stated
that they believed e-cigarettes did not contain nicotine or they were
uncertain about nicotine content. A CDC report using data from the
2016 National Youth Tobacco Survey showed that e-cigarettes were
the most commonly used tobacco product among teenaged
students—4.3% and 11.3% of middle and high school students,
respectively, had used an e-cigarette within the past 30 days.18 There
is also evidence that ENDS may be a gateway to smoking traditional
cigarettes.19,20 A recent meta-analysis demonstrated that ever
e-cigarette users had 3.6-fold greater adjusted odds of becoming a
smoker relative to never-users.20
E-cigarettes may prove useful as a harm reduction strategy, but
they are far from safe, and at this point the overall potential benefits
do not outweigh the risks. This conclusion is affirmed by emerging
evidence of ENDS-associated pulmonary toxicity and exposure to
carcinogens, and the lack of long-term data. Oh, and they may
explode. Meanwhile, industry is unabashedly recruiting a whole new
generation of nicotine-addicted youth with little to no regulatory
oversight. They say hindsight is 20/20, which is of particular relevance
in medicine. Seventy years ago, tobacco cigarettes were not only
considered safe, but were also purported to have positive health effects,
and we all know how that turned out.
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