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Electronic cigarette (EC) use is on a steady rise, leading
to increased concerns about its efficacy with regard to
tobacco cessation goals and safety with regard to sys-
temic and oral health. Recent studies have shown that EC
flavoring agents can have adverse effects similar to those
of combustible tobacco products. Evidence is mounting
that EC use should not be considered a healthier alterna-
tive to tobacco smoking. The aerosols produced by ECs
have been associated with respiratory, cardiac, and
central nervous system disease as well as oral mucosal
alterations. In addition, ECs can affect kidney and liver
function. Their use has also resulted in EC explosions and
burn injuries, some of which have been fatal. The aim

of this article is to review the systemic and oral health
concerns associated with EC use.
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o reduce the adverse health effects of tobacco and

maintain the satisfaction of smoking, an electronic

nicotine delivery system was developed in 2003." This
product, commonly referred to as an electronic cigarette (EC), has
also been promoted as a smoking cessation device." ECs consist of
a rechargeable battery, a cartridge containing a fluid (“e-liquid”),
and an atomizer that warms and aerosolizes the e-liquid.” The
e-liquid component is available with a multitude of flavoring
agents that can be purchased in combination with various
nicotine concentrations or without nicotine. Additionally, ethanol,
tetrahydrocannabinol (THC) extracts, and other psychoactive
drugs can be inserted into the e-liquid for recreational use.”

There are several designs on the market, including tanks and
“mods” (tube- or box-shaped ECs), which are rechargeable or
disposable. Some ECs look similar to regular cigarettes, cigars,
or pipes, while others resemble pens, USB storage devices, and
other everyday items." In 2017, 2.8% of US adults were cur-
rent EC users, with sales totaling approximately $10 billion.**
There is a rise in EC use among former tobacco smokers,
current smokers, and nonsmokers.® The use of ECs by teenag-
ers increased from 1.5% in 2011 to 20.8% in 2018, surpassing
conventional cigarette use.’ In 2019, 5 million middle and high
school students reported using ECs in the past 30 days, with
greater prevalence in the lesbian, gay, bisexual, and transgender
community and in children of lower socioeconomic status.”®

The popularity of ECs can be attributed to their marketable
appeal as a healthier alternative to combustible tobacco and a
smoking cessation tool. There is an incorrect perception among
users that ECs lower the risk of oral and lung cancer as well as
respiratory and cardiovascular diseases caused by conventional
cigarette smoking.>* In fact, the efficacy with regard to tobacco
cessation goals and safety of EC are widely debated. There is
no evidence that ECs are a healthier option than combustible
tobacco. In fact, they are considered less effective in helping
patients successfully quit smoking and have been linked with the
abuse of other substances such as alcohol and marijuana.™*

The purpose of this article is to review the emerging evidence
of the oral and systemic sequelae and the risk of physical injuries
associated with EC use.

Systemic health concerns

Although the effects of tobacco smoking on oral and systemic
health are well described in the literature, additional research is
needed to clarify the systemic health risks of ECs. The increased
worldwide use of ECs necessitates examination of their bio-
logic effects on different parts of the body. There are many
brands, each with a diversity of flavors and inherent chemical
characteristics, making it difficult to analyze toxicity using
standardized methods. However, recent studies have suggested
that EC use alone or in conjunction with combustible tobacco
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is an independent risk factor for respiratory, cardiovascular, and
central nervous system disorders and can impair kidney and
liver function. These findings will be reviewed in the following
sections.

Respiratory system

In 2019, the US Centers for Disease Control and Prevention
(CDC) reported the emergence of 2300 cases of e-cigarette

or vaping product use—associated lung injury (EVALI)."” The
majority of patients were described as critically ill, and there
were 47 confirmed fatalities.” Most of the patients were younger
than 35 years, and 14% were under the age of 18 years."” As

of August 2019, 215 cases were documented in 25 US states,
including the death of an adult from Illinois." Examples of

the pulmonary diseases associated with EVALI are chemical
pneumonitis, acute eosinophilic pneumonia, acute and subacute
hypersensitivity pneumonitis, lipoid pneumonia, metal fume
fever, acute lung injury, and organizing pneumonia.”

Several components of ECs have been linked to respiratory
system impairment, principally propylene glycol and vegetable
glycerin, which increase mucin expression and reduce membrane
fluidity in airway epithelia.” Diacetyl, commonly used as a flavor-
ing agent in e-liquids, is well known for causing bronchitis oblit-
erans and pulmonary toxicity.”*® According to the CDC, vitamin
E acetate, a compound used in the fabrication of EC-related prod-
ucts that contain THC extract, was detected in 29 patients with
EVALL® For this reason, the CDC has labeled vitamin E acetate a
“chemical of concern” and strongly recommends that it should be
excluded from ECs and related products.’

Vaporized e-liquid contents contain other toxic chemicals
that, when inhaled, cause proinflammatory and immunosup-
pressive changes in the respiratory mucosa independent of nico-
tine.”” The thermal degraded products of propyl and glycol and
vegetable glycerin (formaldehyde, acetaldehyde, and acrolein)
have been detected in high concentrations in the majority of
EC vapors analyzed.”* These compounds have been implicated
as carcinogens that can cause lung cell damage (via free radical
release) and lung tissue inflammation when inhaled.”” ECs can
also induce oxidative stress (OS) and promote DNA fragmenta-
tion in human lung fibroblast and epithelial cells.”*

Nicotine is packaged in varying concentrations for EC use.
Nicotine can affect any organ where nicotinic acetylcholine
receptors (nAChRs) are expressed, alter inflammation in the
airway, and lead to dysregulated repair that can modify suscep-
tibility to infection.”® Acute exposure to nicotine-containing ECs
can lead to airway remodeling and generate airway conditions
that mimic the pathogenesis of chronic obstructive pulmonary
pathosis, such as airway hyperactivity, distal airspace enlarge-
ment, excess mucin production, and increased cytokine and
protease expression.”?

Preliminary data have shown that smokers (conventional or
EC users) infected with SARS-CoV-2 were 1.4 times more likely
than nonsmokers to exhibit more severe pulmonary manifesta-
tions of COVID-19 and nearly 2.4 times more likely to need
admission to the intensive care unit, require mechanical ventila-
tion, or die.” Similarly, smokers experienced more severe respi-
ratory disease in earlier MERS-CoV outbreaks.”*
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Cardiovascular system
The effects of long-term use of tobacco cigarettes on the cardio-
vascular system are well reported. Analogously, several studies
have found evidence that use of ECs can promote pathophysio-
logic changes in the heart.” Yan and D’Ruiz demonstrated that EC
use elevates heart rate and diastolic blood pressure in smokers but
to a lesser extent than combustible cigarettes.” The vapor from
ECs has also promoted platelet aggregation in healthy people.”
A single use of an EC increases markers of OS (NOX2-derived
peptide and 8-iso-prostaglandin F, ), decreases nitrous oxide bio-
availability, and decreases flow-mediated dilation (an established
marker of endothelial dysfunction in humans) at a level similar
to tobacco cigarettes.** Therefore, inhaling 10 puffs of EC vapor
(equivalent to smoking a cigarette) is associated with an increase
in endothelial progenitor cells and vascular changes.” The nico-
tine concentration in EC smokers is sufficiently elevated to main-
tain dependence on the addictive substance, with the result that
adolescents often shift to tobacco smoking into adulthood.®
Animal studies have also shown that exposure to formaldehyde
can decrease heart rate and blood pressure.*”*® Formaldehyde
has also been linked to OS and heart cell damage.” Acrolein, a
ubiquitous aldehyde contaminant, is implicated in myocardial
dysfunction and dilated cardiomyopathy in mice.”” Although the
detected levels of these aldehydes are low in ECs, secondhand
exposure can still pose health concerns, especially in individuals
with cardiovascular disease, children, and pregnant women.*

Central nervous system
There is evidence of increased levels of psychological distress,
including a higher incidence of depression, mania, alcohol and
illicit substance abuse, and suicidal ideation, among EC users
compared to nonusers."** Many of the compounds found in
EC vapors can trigger OS at levels similar to those of traditional
cigarettes.” The developing brain is vulnerable to damage from
smoke-induced OS, provoking alterations in the DNA repair
system and contributing to the pathogenesis of psychiatric and
neurodegenerative disorders.”* Elevated levels of OS disrupt
the development of the cerebral cortex and hippocampus,
resulting in memory impairment and cognitive decline.***
Furthermore, elevated levels of OS have been associated
with explosive disorder (abrupt episodes of violent behavior
or angry verbal outburst) and aggression.** Use of ECs has also
been linked with increased impulsivity and adolescent delin-
quency.*”* Moreover, exposure to EC vapor during periods of
rapid brain growth was found to cause persistent behavioral
changes and hyperactivity in an animal study.” Taken together,
these findings suggest that ECs can play a role in attention
deficits, impaired memory, poor learning and academic per-
formance, increased aggressive and impulsive behavior, and
increased depression and suicidal ideation in adolescents.*

Renal system

Tobacco smoking accelerates the progression of chronic kidney
disease.”’” Nicotine in tobacco induces the production of reac-
tive oxygen species and is responsible for renal injury due to OS
and altered antioxidant response.” The nephrotoxic potential
of ECs has yet to be determined. Whether e-liquids can induce
renal OS at levels similar to conventional cigarettes has yet to be



corroborated. Nevertheless, Golli et al studied the impact of EC
exposure on rat kidney and found that ECs can alter antioxidant
defense and promote minor changes in renal function, such as
blood urea, uric acid, and creatine levels.”

Hepatic system

Studies in mice have found that intraperitoneal nicotine injec-
tions in combination with a high-fat diet resulted in OS.%*%"
Hasan et al also demonstrated that e-liquid that contains nico-
tine could trigger OS, activate hepatocyte apoptosis, and result
in hepatic steatosis in a mouse model of nonalcoholic fatty liver
disease.” While there is no conclusive evidence linking EC use
with liver disease, Espinoza-Derout et al reported that EC expo-
sure increased OS in hepatic cell lines, leading to DNA damage
and possible mitochondrial dysfunction.” The health implica-
tions of these findings are not yet clearly understood.

Oral health concerns

Epidemiologic studies have shown a positive correlation between
combustible tobacco products and increased risks of periodon-
titis, oral cancer, tooth loss, and dental implant failures.” Despite
the sudden rise in recreational use of ECs in the past decade, their
effects on the oral cavity are not as well established. However,
studies have shown that EC users are more susceptible to gingivi-
tis, bone loss, and tooth fracture than nonsmokers.***” Exposure
to EC aerosols can also contribute to the pathogenesis of peri-
odontitis via inflammatory cytokine release from periodontal
fibroblasts and gingival epithelial progenitor cells.”

Aldehydes such as acrolein and formaldehyde can cause OS
and carbonyl stress, leading to impaired wound healing in the
periodontium.” The interaction of nicotine with EC flavor-
ing agents has also been correlated with impaired periodontal
wound healing due to disruption with oral myofibroblast
differentiation and consequent reduction in myofibroblast
contraction.” The use of ECs can also lead to bone loss, inflam-
mation, and higher plaque index and probing depths with dental
implants.”*”? In vivo studies have shown that the interaction of
EC flavoring agents with nicotine have resulted in increased
cytotoxicity and apoptosis of gingival fibroblasts.””

It is important to note that aerosols from flavored e-liquids have
similar rates of cariogenicity to high-sucrose, gelatinous candy and
acidic beverages.” Nicotine in e-liquids facilitates an increased
adhesion of Streptococcus mutans, doubling the production of oral
biofilms and increasing the potential for dental caries.”” Another
common adverse effect of EC use is xerostomia and an attendant
increased risk for caries, attributed to propylene glycol and glycerol
and their increased promotion of water absorption.”® There is also
evidence that chronic EC consumers have a greater prevalence of
oral mucosal lesions such as nicotine stomatitis, hairy tongue, and
angular cheilitis than do former cigarette smokers.”

The e-liquids in ECs contain a variety of carcinogens, and
preliminary studies have raised concerns about their potential
cancer risk. EC-exposed cell lines have demonstrated significantly
reduced cell viability and increased rates of apoptosis and necro-
sis, regardless of e-liquid nicotine content.”” EC vapor, both with
nicotine and without, is cytotoxic to epithelial cell lines and is a
DNA strand break-inducing agent.”® The amount of nicotine in
some ECs approaches levels comparable to tobacco cigarettes, and

in vitro studies indicate that nicotine can induce apoptosis and
dysplastic changes in keratinocytes and induce oral precancerous
lesions.””*" Investigations of the long-term use of ECs are needed
to establish whether it results in any increased risk of malignancy
in the oral cavity or other sites, particularly the lungs.

Electronic cigarette explosions

From 2015 to 2017, hospital emergency departments in the United
States recorded 2035 EC-related explosions and burn injuries.”
These hazards have been attributed to the creation of a “thermal
runaway” effect (an exothermic reaction that results from rapid
temperature increases that can potentially lead to an explosion)
when the self-contained lithium-ion batteries of ECs are exposed
to moisture or create a short circuit with other metallic objects.***
The majority of reported EC-related injuries have been severe and
include tooth fractures and avulsions, jaw fracture, ocular injuries,
thermal burns to the oral mucosa and face, and coma. To date, at
least 2 fatalities have been attributed to EC explosions. The first
death involved a 38-year-old man who received a projectile wound
to the head and experienced burns on about 80% of his body.”*"
The second death occurred when an exploding EC severed the
user’s carotid artery, causing cerebral infarction and herniation.”

Conclusion

Growing laboratory and clinical evidence has demonstrated
that the use of ECs can promote an array of systemic and oral
disorders. Dental practitioners should remain vigilant for oral
mucosal disease and dental caries susceptibility among their
patients who use these devices and discuss with them the poten-
tial health concerns regarding these products.
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