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E lectronic cigarettes, or E-cigarettes, are battery-
powered devices designed to inhale nicotine vapor
without fire, smoke, or ash.1 Components usually

include nicotine liquid, which is vaporized by the heating
element. Rather than tobacco combustion, nicotine and
other components such as flavors are aerosolized and
then inhaled.2 The consumer is provided a smoking
experience without carbon monoxide and the chemicals
and toxins found in traditional cigarettes. Liquid nicotine
may contain water, propylene glycol, glycerol, and/or
vegetable glycerin.1

Invented by the Chinese pharmacist Hon Lik in 2003,
e-cigarettes received an international patent in 2007. Rapid
acceptance by all ages, especially millennials, is a growing
public health concern. Acceptance of e-cigarettes is based
on the belief that e-cigarettes are safer than tobacco ciga-
rettes.3 Industry expansion and demand are hard to be-
lieve. In a recent report, analysis revealed that there were
7764 unique vaping flavors available online, with 242 new
favors added per month for 466 brands.4 Marketing, explicit
and implied, suggests the e-cigarettes can help smokers
quit or reduce smoking and are less toxic and ‘‘safe.’’2

Current cigarette smokers and former smokers who
stopped smoking in the past year are more likely to use
e-cigarettes than former smokers who quit more than
1 year and those who never smoked. Approximately
3.7% of adults use e-cigarettes every day or some days,
with use differing by age and race. Non-Hispanic white
andnon-Hispanic American Indian or Alaska Native have
a significantly higher percentage of use (4.6% and 10.7%,

respectively) comparedwithHispanics (2.1%), non-Hispanic
black (1.8%), or non-Hispanic Asian (1.5%). Men more
than women use e-cigarettes (4.1% vs 3.4%) with greatest
use in those 18 to 24 years old (5.1%) followed by 25 to
44 years old (4.7%). Persons 65 years or older use e-cigarettes
more rarely (1.4%).5 Nearly 20% of Americans aged 25 to
44 years currently use e-cigarettes.6

Health concerns for e-cigarette use have been mini-
mized by reporting that ingredients and flavoring agents
are ‘‘food grade’’ and ‘‘generally recognized as safe.’’ What
the consumer is not told is that flavoring agents, although
safe for consumption as part of food, have no evidence
for safety metrics with regard to inhalation. Results from
recent studies (in vivo and in vitro) do not support the
broad product safety claims by e-cigarette manufacturers.
In sample testing, diacetyl and/or acetyl propionyl, asso-
ciated with bronchiolitis obliterans, has been identified
in some e-liquid products. Also found are heavy metals
(mercury, cadmium, lead), known carcinogens, and terato-
genic agents. The interaction effects of heat and e-liquid
may also be problematic. Vaping e-liquid creates formalde-
hyde from degradation from heating of propylene glycol,
which also results in pulmonary stress. Emerging evidence
suggests that e-cigarette aerosols create oxidative stress in
human lung epithelial cells and trigger an inflammatory
response.3

In a recent report, exposure of human epithelial cells
(the first line of defense against infection) to electronic
vapor (EV) resulted in dose-dependent cell death. Epi-
thelial cells, alveolar macrophages, and neutrophils had
reduced antimicrobial activity against Staphylococcus
aureus (SA). Mice exposed to EV for 1 hour per day for
1 month experienced suppression of host defenses as
evidenced by increases in inflammatory markers, in-
creased SA biofilm formation, and up-regulation of viru-
lence genes. Methicillin-resistant SA exposed to EV also
had increased biofilm formation in a dose dependent man-
ner similar to those for tobacco smoking. Findings suggest
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SA becomes more virulent when exposed to EV. Finally, in
a mouse model of pneumonia, EV increased methicillin-
resistant SA virulence.6

Nicotine exposure with e-cigarettes is variable because
of aerosolization and wide variance in product dose re-
lated to lack of quality standards and regulation. Sur-
prisingly, serum cotinine levels are similar to those of
tobacco smokers. Effects of secondhand exposure are
unknown. While e-cigarette aerosol has fewer toxicants
compared with cigarette smoke, whether e-cigarettes are
less harmful is unknown. What is known is that e-cigarette
aerosols can contain propylene glycol and/or glycerol
also used in the theater industry and in aviation training
and are known upper airway irritants. Aerosolized pro-
pylene glycol and glycerol cause mouth and throat irri-
tation and dry cough and are associated with respiratory
impairments.2

Limited evidence suggests that e-cigarette use may help
in smoking cessation.2 E-cigarettes possess characteristics
that augment pharmacological and behavioral smoking-
cessation interventions. E-cigarettes providewhat nicotine
replacement therapy (NRT) cannot, the action of smoking
with nicotine replacement to mitigate withdrawal. While
the efficacy of e-cigarettes for smoking cessation is un-
known, limited evidence suggests that e-cigarettes may
help reduce the number of cigarettes smoked and may
be as effective as NRT with adverse events rates similar
to NRT. Large randomized controlled trials are needed to
establish e-cigarette use for smoking cessation.7

Millions of dollars of e-cigarette profit are in part due
to the lack of tobacco signs of use. This may explain the
sharp rise in e-cigarette use in high school and middle
school children. However, hidden in this emerging vaping
culture is an unspoken threat; e-cigarettes have great po-
tential to become a powerful gateway to cigarette smoking,
and e-cigarette use may be creating a new generation of
nicotine addicts.1,7

Lack of research and regulatory guidelines for the
manufacturing process has not been addressed over the
past decade. However, on August 8, 2016, the Food and
Drug Administration (FDA) enacted 81FR 28973, a final
rule that extended the agency’s ability to regulate all tobacco
products including e-cigarettes. As part of this regulatory
expansion, manufacturers will be required to report all
ingredients and premarket review to obtain permission
to market the product. Consumers will finally have access
to actual ingredients in e-cigarettes.1,8 In addition, the
rule makes it illegal to sell in person or online to persons
younger than 18 years.8

The final rule was published in the Federal Register
on May 10, 2016, and describes the deeming regulations
which permit the FDA to regulate any tobacco product
for human consumption including e-cigarettes, as well
as any future products that meet the legal definition of

‘‘tobacco product’’ including electronic nicotine delivery
systems such as e-cigarettes and ‘‘vape pens.’’ Product
premarket reviews will be mandatory. However, the FDA
is delaying enforcement for 12, 18, or 24 months after
August 8, 2016. Because of the limits of FDA authority
and the slow process for rulemaking, state and local gov-
ernments retain authority to implement policies to protect
community health.9,10

Some have questioned the need for tightening regula-
tions in light of so little evidence. What about adults using
e-cigarettes as a bridge to quit smoking? Are e-cigarettes a
recreational drug or a therapy? Do e-cigarettes help per-
sons reduce smoking? Uncovering the long-term effects of
e-cigarettes will be difficult related to the small numbers of
regular e-cigarette users and very low number of persons
who are regular users and never smoked.8

What to do about use of e-cigarettes for smoking ces-
sation? Probably, recommend e-cigarettes are not the
first choice. However, if available drug therapies are not
effective, and the patient desires to try e-cigarettes after
education, then support of patient cessation efforts is key
while the research continues. Recreational use and con-
comitant use with smoking tobacco should be strongly
discouraged. Pregnant women should be counseled to
avoid e-cigarettes because risks to the fetus are unknown.3,8

Tobacco consumptions is a leading cause of mortality
in the world linked to cancer, heart disease, chronic ob-
structive pulmonary disease, and numerous neurological
and neurodegenerative diseases.3 In the United Kingdom,
e-cigarettes are a widely accepted tool to quit smoking
and preferable to NRT. Limited evidence suggests that
the e-cigarette nicotine dose and pattern of use may influ-
ence quit rates.8 Regulation, monitoring, and research will
address these important issues: the safety of e-cigarettes
and if e-cigarettes are another bridge to smoking cessation.
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