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Abstract:
Objective: In this review, we explore the known and suspected toxicity of electronic cigarettes (e-
cigarettes) in adolescents and young adults to raise awareness of the dangers and identify issues
associated with their usage and its association with asthma.
Methods: Narrative review.
Results: E-cigarettes, sometimes known as "vaping,” are becoming increasingly popular among
children. E-cigarettes produce a vapor from a solution containing a psychoactive chemical, most often
nicotine or tetrahydrocannabinol (THC), as well as flavorings and other additives that users inhale.
According to the Monitoring the Future study, e-cigarette usage has increased dramatically among
teenagers since its debut in the early 2000s. Over 40% of high school seniors reported use in the
previous year. Adolescents are particularly exposed to the dangers of e-cigarettes because they are
targeted as new users with commercials and flavoring chemicals, and they are not using them to quit
smoking. The pulmonary dangers of vaping are quickly becoming apparent, with the most concerning
being the disease known as e-cigarette/vaping-associated lung injury (EVALI). Extrapulmonary
effects, including cardiovascular, immunologic, and neurodevelopmental impacts, have also been
documented in recent investigations. Many of these effects will almost certainly be dose-dependent.
To reduce or eliminate new e-cigarette initiation, public health activities are urgently needed to help
current e-cigarette users trying to quit.
Conclusion: While we were looking for cohort studies, such studies are not released yet but we firmly
support the prohibition of e-cigarette flavorings and advertising focused on teenagers, and we urge
doctors to be aware of the growing pandemic.
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Background:
E-cigarettes are smoking devices that have
been commercially available since 2004. The
idea behind making them is to induce a sense
of smoking while providing an intermittent
supply of nicotine without breathing the
ashes. They come in many shapes and sizes,
but their purpose is the same: to imitate other
smoking devices such as pipes, cigars, and of
course cigarettes (1-2). A vape is a device in
which a specific liquid is converted to vapor,
and a person experiences the sensation of
smoking by inhaling this vapor. Using this

device is called "vaping" (2-3). In fact, every
vape generally has a liquid that is produced
by steam heat (2). The pulmonary effects of
vaping have just recently been studied. A
mass e-cigarette/vaping-associated lung
injury (EVALI) was authorized recently in
2019 (3). Increased consumption among
middle and high school students appears to
be driven Dby advertising activities and
flavored items aimed at attracting teenagers
and young adults (4). Because many
teenagers who vape are nicotine-naive, they
are not utilizing e-cigarettes as smoking
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cessation devices. As they were initially
promoted, the risks to the pediatric
population are more significant. The general
population believes that vaping poses low
health hazards (5), which has aided in its
widespread adoption, reversing a long-term
drop in nicotine usage in the United States, a
previous public health success. The
pathologic implications of vaping are
discussed and the unique issues that this
avoidable harm poses to teenagers and youth
(1-5).

Adolescents and challenges:

Adolescents are particularly vulnerable to
the effects of vaping. Adolescents have
historically been targeted by cigarette
advertisements and have had much higher
rates of tobacco use initiation. Teenage use
of vaping devices has increased dramatically
in the last decade, with more than 40% of
high school seniors reporting use in the
previous year (1, 6).

Every year, more than 24 million adolescents
were exposed to vaping commercials (7, 8),
which commonly feature adolescents (7).
We have noticed an upsurge in adolescent
vaping as e-cigarette companies have
increased  their  advertising  budgets.
Although e-cigarettes were first introduced
as well as many contemporary commercials
for smoking cessation solutions are aimed at
youngsters who are not already using
nicotine products; for example, there are
over 1 million posts about e-cigarettes on
Instagram, with many of the ads generated
by e-cigarette manufacturers (7). A
significant majority of advertising has a vital
sexual component, with female models
posing in suggestive stances or wearing
provocative apparel (9). The FDA has cited
JUUL, the largest e-cigarette firm, for direct
marketing to adolescents (10). Adolescents
are more attracted to flavors and showy
technology. A burgeoning culture has sprung
up around developing new flavors and
varieties. This marketing tactic is similar to
the ad campaigns for "flavored cigarettes"
that target teenagers (11).

Adolescent vaping cessation has also been
linked to the flavor of e-cigarettes,
motivating the development of appealing
flavors to boost youth vaping (12). Large and
flashy devices, frequently paired with e-
liquid designed to create an impenetrable
vapor cloud, draw attention to users and can
be utilized by youths who want to stand out
and perform for others.

Electronic cigarette components

The liquid vaporized in e-cigarettes (“e-
liquid™) ingredients are as follows:
psychoactive drugs, solvents, and flavoring
compounds, all of which might pose health
hazards when used alone or in combination.
Nicotine is an addictive alkaloid and the
most prevalent psychoactive element in e-
liquids. Humans have ingested nicotine for
hundreds of years. Nicotine can be found in
one of two chemical forms in vaping liquid.
Nicotine freebase, sometimes known as
"pure nicotine," is an unprotonated form of
nicotine that may be easily inhaled and
absorbed via the lungs. High amounts of
nicotine freebase, on the other hand, are
unpleasant to ingest, prompting the
development of a new formulation, nicotine
salt. Smoking, especially smoking nicotine,
is one of the leading causes of death and
preventable diseases worldwide. Smoking
nicotine increases the risk of a variety of
health problems, some of which can be fatal.
The most important risk factor for lung
cancer is smoking. Cancers of the mouth,
throat, larynx, esophagus, intestine, bladder,
cervix, kidney, liver, stomach, and pancreas
are other cancers that are caused by smoking
(12,13). Nicotine is complexed with an acid,
generally benzoic acid, in its protonated
state. After that, the crystal is dissolved in the
vaping liquid. This benzoic acid salt allows
for significantly larger nicotine
concentrations in e-liquids, fifty milligrams
of nicotine is usually permitted dose for such
products, accompanying increases in the
nicotine dose absorbed by the user, resulting
in increased addictive potential (13). In terms
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of volume, the principal constituent in e-
liquids is a solvent made up of propylene
glycol (PG) and vegetable glycerin (VG)
(14).

The ratio between these liquids impacts
nicotine delivery by diluting the nicotine to
the appropriate concentration and allowing
for a consistency that can be readily inhaled.
There are over 7000 e-liquid flavoring
ingredients on the market, and flavoring
mixes are frequently made up of custom
blends of compounds with unknown
toxicologic characteristics (15).

Diacetyl (2,3-butanediol), a buttery taste
utilized in food flavorings and e-liquids due
to its advantageous chemical features, has
been linked to bronchiolitis obliterans in a
workplace outbreak among microwave
popcorn employees (16). Terpenes, a
naturally occurring aromatic oil derivative of
isoprene, are another flavoring ingredient
commonly employed in e-liquid (14, 17).
The formation of hazardous aldehydes
during the heating of the e-liquid has also
been a source of concern however, the
clinical significance of this has yet to be
determined (18).

To act as an e-cigarette, the e-liquid must
have specific physiochemical properties. A
tank or pod holds the e-liquid and is
connected to a coil that warms and vaporizes
the components in most e-cigarettes. Too
thick liquid can clog the heating components
or fail to evaporate properly. Vitamin E
acetate (or tocopheryl acetate) is a thickening
agent commonly used in THC-containing e-
liquids. Vitamin E acetate has been linked to
the EVALI outbreak, according to the CDC
(19). Vitamin E acetate was discovered in
numerous samples of THC-containing e-
liquid consumed by patients who later had
lung symptoms, according to the New York
State Department of Health in September
2019. (20).  Finally, unregulated and
handmade e-liquids impede understanding
the toxicity of e-liquids. Some users consider
e-cigarettes a hobby, creating their liquids
and custom-making e-cigarette machinery to

sell to members of online e-cigarette
communities via Instagram or Twitter
(Mackey et al., 2015). These e-liquid
mixtures' components are entirely unknown
and unregulated (21).

E-cigarette/vaping associated lung injury
The Centers for Disease Control and
Prevention (CDC) has received reports of
over 2800 cases of lung injury from vaping,
including over 60 confirmed deaths, since
the outbreak began in 2019. (19). EVALLI is
identified using the CDC diagnostic criteria,
which include recent vaping, lung infiltrates
on chest imaging, and the absence of
infectious pulmonary symptoms; however,
many people with EVALI also use other
inhalational medications (22).

Many questions concerning EVALI's
genesis, diagnosis, and therapy remain
unresolved. Fibrinous pneumonitis,
widespread alveolar damage, and organized
pneumonia were all seen in these cases, all of
which are indications of acute toxic lung
injury (23, 24). The damage patterns
described are consistent with lung injury
induced by poisons or chemicals. EVALI
sufferers indicate they only use nicotine-
based products, despite the fact that vitamin
E acetate and THC-containing vaping
products have been "strongly linked" to the
epidemic (19). The cause of the injury is
unknown. Patients with EVALI usually have
a variety of abnormalities on chest imaging
examinations such as X-ray and computed
tomography (CT). Widespread bilateral
ground-glass opacities, areas of
consolidation, centrilobular nodules, septal
thickening, pleural effusions, crazy paving,
and the atoll or reverse halo sign have all
been observed in the setting of EVALI (25,
26). These symptoms are not specific to any
pathogenic  condition, posing  further
diagnostic challenges in situations when
EVALLI is suspected. As a result, they must
be assessed in the context of a clinical
setting. THC or nicotine-containing e-liquids
were widely bought from unregulated
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sources by the majority of EVALI patients.
Vitamin E acetate (3, 27, and 28), a
thickening ingredient commonly seen in
THC-containing e-liquid acquired from
unregulated sources, was detected in many of
these e-liquids. Although some of these THC
e-liquids have been branded as "Dank
Vapes," numerous other black/gray market
firms have copied this branding (29). The
removal of harmful exposure is the most
critical priority, and patients should be
actively encouraged to stop vaping. With the
discontinuation of vaping, most patients see
clinical improvement (30).

Severe pulmonary dysfunction, such as
hypoxia or respiratory distress, should be
admitted to the hospital for treatment.
Corticosteroids have been shown to help
alleviate symptoms. In Wisconsin, 65% of
patients said their "respiratory improvement
was related to the use of glucocorticoids,"
although this is complicated by many
patients' concomitant discontinuation of
vaping (3).

As a result, the Centers for Disease Control
and Prevention (CDC) has issued a
recommendation to support corticosteroid
usage in most patients until other infectious
causes are investigated (22). Following up
with these individuals once they have been
diagnosed is equally crucial. Many
individuals who have developed EVALI
have continued to vape, and additional help
in quitting may be required. Patients should
see either their primary care physician or a
lung specialist regularly.

Asthma:

Despite the ongoing debate regarding the
effectiveness of e-cigarettes as smoking
cessation aids, asthmatic patients who
currently smoke are regularly advised by
their health care providers to switch to e-
cigarettes as a safer alternative (31). Polls
reveal that asthmatic children are more likely
to use e-cigarettes than their non-asthmatic
peers, which is concerning. In a recent study
of 6089 US high school students, e-cigarette

use was found to be linked to asthma on its
own (32). In asimilar study of 35,904 South
Korean high school students, researchers
observed a stronger correlation between e-
cigarette use and asthma, as well as the fact
that asthmatic vapers missed school more
frequently owing to severe asthma symptoms
(33). According to the Florida Youth
Tobacco Survey, 33% of asthmatic children
aged 11 to 17 were exposed to secondhand e-
cigarette aerosol, which has been related to
an increased risk of asthma episodes
(34). Furthermore, preliminary data from
vaping-related lung disease cases in Illinois
and Wisconsin suggests that asthmatic
individuals are affected at a greater rate than
predicted (3).

At the University of North Carolina, we
recently published two case reports of
teenage asthmatic e-cigarette users who
required Veno-venous extracorporeal
membrane oxygenation due to life-
threatening status asthmaticus (35). The
existing data suggest that vaping is frequent
among teenage asthmatic patients and that
these users may be more vulnerable to the
negative consequences of vaping. Limited
research suggests that e-cigarettes may
exacerbate  the  chronic  obstructive
pulmonary disease. According to survey data
from a population of high school students in
South Korea, Vaping was linked to an
increased risk of being diagnosed with
asthma and more missed school days due to
asthma (36, 37).

According to a study of 2086 youths, those
who had previously vaped were twice as
likely to experience bronchitis symptoms as
those who had never vaped (38). In a
laboratory setting, e-cigarette use in
asthmatic patients altered lung function and
inflammation (39). E-cigarette fluid also
increased airway hyperactivity, mucin
formation, cytokine production, protease
expression, and distal airway enlargement in
mice (40). Individuals who utilize these
products to stop smoking report that their
asthma symptoms have improved (41).
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Conclusion:

Adolescents are especially susceptible to e-
cigarette-related pulmonary  damage,
addiction, and other health issues. They're
unique in that they're largely smokers who
are attempting to quit, rather than smokers
who are trying to quit. Teens are prime
candidates for nicotine addiction, which
increases the risk of cigarette smoking. As a
result, the growing rates of nicotine addiction
are concerning. Most long-term smokers are
committed by the time they reach the age of
18, and those who have developed a nicotine
addiction find it difficult to quit (42).
Companies that manufacture and sell e-
cigarettes use sophisticated and well-
developed  marketing techniques to
specifically target teenagers. Preventing
main use in adolescents and young adults is
the most important step in decreasing the
long-term effects of nicotine exposure. It is
critical to support efforts to reduce the
initiation of nicotine and THC use among
adolescents, such as regulations limiting
advertising  directed at adolescents,
prohibiting the sale of flavored vaping
liquids, and prohibiting the sale of e-
cigarettes to minors, in order to mitigate the
effects of the adolescent vaping epidemic. To
reduce combustible cigarette smoking,
further study is needed to evaluate the long-
term safety of products on the market.
Smoking cessation e-cigarette products
should only be supplied to adults since only
a small percentage of teenagers use e-
cigarettes for that purpose. We are also
looking forward to continued research into
the toxicity of particular e-cigarette
components in terms of short- and long-term
pulmonary  consequences. As  more
knowledge regarding the toxicity and
harmful pulmonary and extrapulmonary
effects becomes known, we urgently demand
suitable content limitations.
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