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Introduction
Electronic cigarettes (ECs), also known as electronic
nicotine delivery systems (ENDS) and e-hookahs, are
products designed to deliver nicotine without many of the
disease — causing toxic products of conventional cigarette
(CC) tobacco combustion. Invented in the early 2000s by a
Chinese pharmacist whose father died of lung cancer,1 ECs,
upon a user’s drag, heat a nicotine — containing mixture
that produces an aerosol which is inhaled (Figure 1). They
have become widely available and have risen in popularity,
rapidly surpassing interest in many other tobacco and
nicotine products in recent years.2 Initially manufactured
by smaller companies, major tobacco companies began to
produce and market ECs in 2012 with Lorillard’s purchase
of blu eCigs, followed by Reynolds American’s production
of VUSE. Global sales of ECs in 2014 totalled $7 billion
compared to $800 billion for other tobacco products.3
There is a variety of EC designs. It has been estimated
that there are approximately 500 EC brands with more
than 7700 flavors, including tobacco, menthol, and fruitinspired flavors.5 Products have appearances that can range
from tobacco paraphernalia, like cigarettes and cigars, to
more distinctive or discrete options such as pens, bulbs
and USB flash drives. There is also great variability in
EC manufacturing techniques, chemical and mechanical
composition as well as opportunities for modification.

FDA Regulation
Tobacco is the leading cause of preventable death in America.
The U.S. Food and Drug Administration (FDA) reports that
the annual number of deaths attributable to tobacco has risen
to over 480,000. The Tobacco Control Act of 2009 empowered
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Figure 1. Diagram of electronic cigarette components.4

the FDA to regulate tobacco, though only certain forms of
nicotine are regulated, not including ECs.2 In April of 2014,
the FDA sought to extend its regulatory power; however, it
may be years before proposed rules are finalized. This is a
public health concern as new products will continue to be
marketed without regulation while popularity rises.

Smoking Cessation
In a four country survey, 79.8% of reported users of ENDS
considered them less harmful than CCs, 75% stated that using
ENDS will help them reduce smoking, and 85% reported
using ENDS to help them quit smoking.6
Studies evaluating ECs efficacy in aiding cessation have been
inconsistent.7-11 A few studies have demonstrated that current
smokers who use ECs have a greater reduction in CC use
over time than those who do not.6,7 Still, there is concern
that dual use of ECs in banned locations alongside CCs in
smoking permitted areas may prevent smoking cessation
and increase the prevalence of smokers.12 Interestingly, in
the United Kingdom, ECs have overtaken the use of nicotine
replacement therapy (NRT). This trend coincides with
increased successful quit attempts and decreased smoking
prevalence over the same time period.13
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It appears that EC use decreases CC consumption and may
contribute to smoking cessation. However, findings vary and
further studies are needed to confirm these effects, especially
in comparison to FDA approved NRT, behavioral therapy
and counseling. To address this issue a National Institute
of Health consensus conference has outlined the necessity
of and approach to future research efforts.14

Harm Reduction, Abstinence, and
Renormalization
There are two general philosophies of tobacco control:
abstinence and harm reduction. Harm reduction aims to
mitigate the harm of the nicotine consumption behavior,
especially in individuals unwilling or unable to quit
smoking.15 In theory, ECs may decrease the risk of deleterious
health effects, such as lung cancer and COPD. Although
ECs do not produce the tar and many combustion toxins
that are associated with tobacco smoke, certain types have
generated toxic carbonyl compounds, like the carcinogen
formaldehyde, yet at levels lower than CCs.16 At higher battery
voltage certain ECs have produced significant amounts of
formaldehyde hemiacetal that may release formaldehyde in
the body, although the exact effects are presently unknown.17
Notably, toxin levels have been found to vary with the
composition of the nicotine — containing solvent mixture
in addition to differences in battery voltage.16, 17 Further
investigation in this area would be of value and may inform
future regulation.
Youth are historically the target of tobacco companies as most
smokers begin using tobacco during adolescence.18 Youth
use of certain unregulated tobacco products, such as ECs
and cigars, is on the rise.2, 5 Young people who use ECs but
never used CCs jumped to 263,000 in 2013 from 79,000 in
2011.19 It is therefore feared that the use and popularity of ECs
may lead to a new generation of smokers following decades
of social movements, political work, and litigation reversing
the normalization of smoking in our culture. As such, any
possible harm reduction with EC use on a population
scale must be weighed against the increasing number of
youth smokers.
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Figure 2. Comparison of smoking, snus, and tobacco — related
mortality. 24

In 1976, Professor Michael Russell wrote that, “People smoke
for nicotine, but they die from the tar.”20 Nicotine is highly
addictive and leads to compulsive smoking behavior; smokers
often try and fail in their attempts at smoking cessation.
Proponents therefore believe that if the consumption of
nicotine is made less harmful, then cancer risk and other
adverse effects of smoking can be reduced. Swedish “snus”
is an example of the type of attempted harm reduction.
Snus is an oral form of tobacco that is placed between the
lips and gums. Swedish tobacco — related mortality is the
lowest in the world, which correlates with a higher rate of
snus use and a lower rate of smoking (Figure 2). Relative
risk for pancreatic cancer in snus users is 2.0 vs 2.8 for
cigarette smoking, likely due to decreased nitrosamines.21
Proponents argue that these findings support the theory that
while nicotine delivery with less toxins and carcinogens is
not completely safe, it is safer than CCs. They believe ECs
will have similar effects. However, the American Thoracic
Society and the Forum of International Respiratory Societies
have both underscored that neither the health risk nor the
potential benefits, including harm reduction and enhancing
smoking cessation, have been adequately studied. It has
been advised that ECs should be restricted or banned;
if allowed, they should be regulated as medicines or
tobacco products.22, 23
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Conclusion
ECs are rapidly growing in popularity and very little
is definitively known about them. Current smokers and
youth are among the groups most impacted by their rise.
For current smokers, we recognize that ECs may provide
another tool for smoking cessation, may decrease CC use and
may provide a safer option to those unwilling or unable to
stop smoking. Before clear conclusions can be drawn about
the possible benefit of ECs further research must be done to
ensure their safety and efficacy. Additionally, action must
be taken to prevent the emergence of another generation
negatively affected by nicotine addiction and associated
health problems.
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