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ABSTRACT. Electronic cigarettes, also known as electronic nicotine delivery systems (ENDS), have emerged over the past
decade as alternatives to conventional tobacco products. Initially promoted as harm-reduction tools for adult smokers,
they have rapidly gained popularity among adolescents, creating new challenges for healthcare professionals and families.
ENDS are battery-powered devices that heat a liquid generally composed of nicotine, propylene glycol, vegetable glycerin,
and various flavorings, producing an inhaled aerosol. The aerosol contains nicotine and other potentially toxic substances,

contributing to dependence and exposing users to respiratory, cardiovascular, and systemic risks. From a public health
prevention perspective, it is essential that physicians, parents, and educators understand the appeal of these devices, which
is often associated with social trends and digital influences. Providing clear information, fostering open dialogue, and
promoting critical thinking regarding advertising messages are key strategies to support adolescents and prevent early
initiation of nicotine use. This narrative review synthesizes current evidence on the toxicological profile, usage patterns,

and health risks associated with ENDS.
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lectronic nicotine delivery technologies encompass

two main categories: electronic nicotine delivery

systems (ENDS), which aerosolize a liquid solution
that may contain nicotine, and heated tobacco products
(HTPs), which heat processed tobacco sticks without reach-
ing combustion.! From a regulatory perspective, some frame-
works further distinguish between nicotine-containing and
non-nicotine electronic delivery systems.

ENDS, commonly known as electronic cigarettes, have
become increasingly popular over the past decade as alter-
natives to conventional tobacco products. Although ini-
tially promoted as harm reduction tools for adult smokers,
their use has risen markedly among adolescents, creating
new challenges for public health and pediatric practice. Un-
derstanding their emergence and the social context that fa-
cilitates their adoption is essential for developing effective
prevention strategies aimed at avoiding early nicotine expo-
sure in adolescents.

This narrative review synthesizes current evidence on
the toxicological profile, usage patterns, and health risks
associated with ENDS.

I DISCUSSION

Device composition and functioning

Generalities. An electronic cigarette is a battery-powered de-
vice designed to generate an inhalable aerosol from a liquid
solution. Its core components include a rechargeable battery,
a power control system, a heating element (coil), a liquid
reservoir, and a mouthpiece. The liquid reservoir, often re-
ferred to as a tank or clearomizer in many second-generation
models, is typically a transparent chamber that stores the e-
liquid. Within this unit lies the heating-coil assembly. Wick-
ing materials, commonly made of silica, cotton, or similar
fibers, extend from or surround the coil and absorb the liquid.
Through capillary action, the wick continuously delivers the
e-liquid to the heating element. When the user activates the
device, electrical power from the battery is supplied to the
coil, which rapidly increases in temperature. The e-liquid in
contact with the heated surface undergoes vaporization. As
this vapor travels through the central airflow channel and
mixes with ambient air, it cools and condenses into an
aerosol. The aerosol is then inhaled through the mouthpiece.!
Fig. 1 provides an overview of the internal structure of an
electronic cigarette and its aerosol-producing components.
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Figure 1. Internal structure of an electronic cigarette and its aerosol-generating components (Al-assisted figure).

The inhaled aerosol is not water vapor but a complex
mixture of particles and gases, the composition of which
varies according to the formulation of the device liquid. Its
major constituents include humectants such as propylene
glycol and glycerin, nicotine, and flavorings. Although
ENDS do not involve combustion, unlike conventional ciga-
rettes, they nonetheless deliver nicotine, the psychoactive
substance responsible for dependence, as well as other toxic
compounds.?

When heated, humectants become aerosolized and
carry other components transferred from the vaping liquid.?
Upon inhalation, these compounds cause irritation of the
respiratory tract, which may exacerbate underlying respi-

ratory diseases and increase susceptibility to infections. In
this context, electronic cigarette use has been associated
with worsening of diseases such as asthma, cystic fibrosis,
and chronic obstructive pulmonary disease (COPD).* When
subjected to heating, these constituents can generate small
organic molecules such as formaldehyde, acetaldehyde,
and acrolein.? Some of these toxics are classified as carcino-
genic.>>¢ Metals including aluminum, chromium, iron, lead,
manganese, nickel, and tin have also been detected,®’ as well
as polycyclic aromatic hydrocarbons (PAHs) such as xylene
and benzene, and tobacco-specific nitrosamines.® Table 1
summarizes the substances identified in vaping liquids and
aerosols.168?9

TABLE 1. Constituents of electronic cigarette e-liquid and aerosol (adapted from Dinakar and O'Connor).’

E-liquid

Aerosol

Solvents Glycerol, propylene glycol

Nicotine Yes

Aldehydes, vanillin, cinnamaldehyde,

Flavoring agents among others

Other chemicals
ethanol, formaldehyde

Tobacco alkaloids Nornicotine, anabasine, myosmine

Acetone, acrolein, 1,3-butadiene, cyclohexane,
diethylene glycol (DEG), ethylene glycol (EG),

Glycerol, propylene glycol

Yes
Aldehydes, vanillin, cinnamaldehyde,
among others

Acetaldehyde, acetone, acrolein, formaldehyde,
N-nitrosonornicotine (NNN), 4-(methylnitrosamino)-
1-(3-pyridyl)-1-butanone (NNK), toluene

Trace amounts reported

Metals

Cadmium, lead, zinc, copper, aluminum,
chromium, iron, manganese, nickel, tin

Cadmium, lead, nickel, tin, copper
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The fact that many of these products are illegal makes it
difficult to determine the exact composition of the liquids.
As a result, the inhaled chemical profile is variable, posing
challenges in terms of exposure assessment and toxicity.
Nicotine. Nicotine is the psychoactive substance responsible
for dependence in both conventional cigarettes and electronic
cigarettes. As with other addictive substances, the risk of
dependence is greater with earlier initiation of use, particu-
larly when regions of the cerebral cortex such as the frontal
cortex have not yet completed their development. Inhalation
of aerosol from a nicotine-containing electronic cigarette
produces peak serum nicotine concentrations within 5 min-
utes.” This rapid systemic delivery is similar to that achieved
with conventional cigarette smoking and results in a user ex-
perience that more closely resembles smoking than nicotine
replacement therapies approved by the U.S. Food and Drug
Administration (FDA).*

Nicotine added to most electronic cigarette liquids is

isolated from the tobacco plant, although synthetic nicotine
is now also available. Tobacco-derived nicotine undergoes
purification and distillation to a high degree of chemical pu-
rity; however, it is impossible to completely eliminate trace
impurities, including nicotine-related alkaloids and tobacco-
specific nitrosamines (TSNAs). TSNAs are well-established
carcinogenic and mutagenic compounds.®8 The nicotine con-
tent of cartridges and refill solutions is highly variable and
marketed in multiple formulations. Analyses of electronic
cigarette liquids have identified nicotine concentrations rang-
ing from 0 to 87.2 mg/mL. Moreover, the actual nicotine
content frequently does not correspond to the concentrations
stated on product labels.® Higher-concentration preparations
(e.g., 3.6% nicotine) may contain more than 1 gram of nico-
tine per 30 mL bottle, thereby increasing the risk of acute
poisoning in children and pets following accidental exposure
or ingestion. Cases of both unintentional and intentional
overdose resulting from ingestion of cartridge contents have
been reported.’
Flavoring agents. Flavoring agents constitute another major
component of electronic cigarette liquids. They are added to
enhance palatability and increase product appeal, with hun-
dreds of available varieties, including fruit, candy, menthol,
beverage, and dessert flavors. These formulations substan-
tially increase attractiveness, particularly among adolescents
and young adults. Most flavoring compounds are derived
from the food industry and have been evaluated for safety in
the context of oral ingestion, but not for inhalational expo-
sure. Therefore, their respiratory safety profile remains in-
adequately characterized.

Upon heating, certain flavoring agents may generate toxic

or irritant by-products. For example, diacetyl, used to impart
a buttery or creamy flavor, has been associated with cases
of bronchiolitis obliterans.! Other compounds, including
aldehydes, vanillin, and cinnamaldehyde, have been shown to
induce oxidative stress, airway inflammation, and cellular
injury in the respiratory epithelium.!"1?

The presence of flavorings in electronic cigarettes facili-
tates their use among adolescents, as they mask the bitter or
irritant taste of nicotine, thereby promoting initiation and re-
inforcing dependence. Products with flavors such as cherry,
grape, bubble gum, and cotton candy are clearly not intended
for established adult tobacco users. Moreover, adolescents
report that flavors are a primary reason for using tobacco
products and tend to perceive flavored products as less harm-
ful. One study found that more than 80% of adolescents who
had ever used a tobacco product initiated use with a flavored
product.'3

Epidemiology and patterns of use

In the United States (US), the percentage of adults who
used electronic cigarettes increased from 4.5% in 2019 to
6.5% in 2023. In both years, men were more prone to
using electronic cigarettes than women. Young adults aged
21 to 24 showed the highest rates of use in 2023, reaching
15.5%.

A bimodal pattern of consumption can be described: on
the one hand, adult smokers who seek to quit under the
mistaken belief that electronic cigarettes are appropriate
smoking cessation tools; on the other hand—of particular
concern—their use among adolescents and young adults,
sometimes in the absence of a significant prior history of to-
bacco product use. This is especially worrisome given that
exposure occurs during a critical developmental period in
which the brain continues to mature.!

Electronic cigarettes are not approved as nicotine re-
placement therapy for smoking cessation. Although nicotine-
containing pharmacologic preparations are available and
approved for tobacco cessation, these are not delivered in
electronic cigarette form. Nicotine is an addictive substance,
and the use of electronic cigarettes among non-smokers
carries the adverse effect of promoting nicotine dependence.*

The use of ENDS among adolescents has increased in
recent years. According to the Seventh National Study on the
Consumption of Psychoactive Substances among Secondary
School Students in Argentina (2025), vaping or electronic
cigarette use in the previous year ranked as the third most
commonly used substance among adolescents, after energy
drinks and alcohol. Overall, 29% of students reported recent
vaping use.'® Appealing device designs and the addition of
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flavoring agents are key factors driving early uptake. This,
combined with perceptions of reduced harm, digital media
influence, peer pressure, and targeted marketing strate-
gies, contributes to their growing popularity. Understanding
these usage patterns is essential for developing effective,
population-specific prevention interventions tailored to ado-
lescents.

Clinical manifestations

The use of electronic cigarettes or vaping devices has
been associated with multiple clinical manifestations result-
ing from exposure to nicotine, solvents, flavoring agents, and
other potentially toxic substances present in the inhaled
aerosol, as previously described.

Respiratory complications are the most frequently re-
ported. Chronic cough, dyspnea, and wheezing have been
described, secondary to bronchial irritation and inflamma-
tion.!7!® Cases of bronchitis and chemical pneumonitis as-
sociated with aldehydes and other carbonyl compounds in
the vapor have also been reported.’” A particularly relevant
entity is acute lung injury associated with vaping or elec-
tronic devices, known as EVALI (E-cigarette or Vaping-
Associated Lung Injury). This condition is characterized by
dyspnea, cough, chest pain, fever, and hypoxemia, with bi-
lateral pulmonary infiltrates on chest imaging.?° It has been
primarily linked to liquids containing vitamin E acetate and
has been identified predominantly in individuals using prod-
ucts containing cannabis or tetrahydrocannabinol (THC).? In
Argentina, EVALI has been a mandatorily reportable disease
since 2019.%2In chronic users, functional abnormalities have
been observed, including reduced forced expiratory volume
in one second (FEV) and increased airway resistance.?!

At the cardiovascular level, vaping increases heart rate
and blood pressure due to the sympathomimetic effects of
nicotine.?? Endothelial dysfunction, oxidative stress, and in-
creased platelet aggregation have been demonstrated, poten-
tially promoting atherosclerotic processes and ischemic
events. In individuals with pre-existing cardiovascular dis-
ease, these effects may exacerbate the risk of arrhythmias and
coronary artery disease.?*?°

Nicotine exposure through vaping induces dependence
and withdrawal syndrome, characterized by irritability, anxi-
ety, insomnia, and difficulty concentrating. In adolescents, its
use has been associated with alterations in brain develop-
ment, affecting attention, memory, and impulse control.?6?

Acute electronic cigarette use may result in headache and
dizziness as manifestations of mild intoxication. Nausea,
vomiting, and abdominal pain have been described, associ-
ated with gastric irritation or nicotine toxicity.?® In more se-

vere cases, systemic toxicity may lead to persistent vomiting,
diaphoresis, and tachycardia.?

Electronic cigarette use has been associated with tooth
discoloration, dental caries, periodontal disease, and oral
mucosal lesions. Its aerosols may also adversely affect the
oral microbiome, contributing to the development of a va-
riety of oral disorders. In addition, electronic cigarettes can
alter salivary composition and properties, including reducing
its antibacterial and antioxidant capacity, which may further
promote oral disease.®

Thermal or chemical injuries due to device malfunction
or direct contact with e-liquid have also been reported, as
well as taste and smell disturbances associated with certain
flavoring agents.!? Several studies have demonstrated in-
creased oxidative stress and systemic inflammation, with
potential implications for immune function and metabolic
regulation.’!:3

Passive exposure

Although passive exposure to smoke from conventional
cigarettes carries well-established health risks, data regard-
ing secondhand exposure to aerosols generated by electronic
cigarettes remain limited. Traditional cigarettes produce
smoke composed primarily of solid and semi-solid par-
ticulate matter, whereas electronic devices generate a semi-
liquid aerosol.

Approximately 80% of passive exposure to conventional
cigarette smoke results from sidestream smoke produced
by combustion of the cigarette, whereas nearly 100% of the
aerosol generated by electronic cigarettes is directly inhaled
by the user, with little to no sidestream emission. Passive
exposure therefore derives mainly from exhaled aerosol.’

The composition of ENDS aerosol varies according to
the constituents of the e-liquid and the voltage applied to the
vaping device. Given these differences, the health effects
associated with passive exposure to electronic cigarette
aerosol are not directly comparable to those of secondhand
tobacco smoke.3?

Regulatory framework

Argentina. In 2011, Argentina’s National Administration of
Drugs, Foods, and Medical Devices (ANMAT) prohibited
the importation, distribution, sale, and advertising of elec-
tronic cigarettes, their accessories, and nicotine-containing
cartridges. In 2023, the Ministry of Health ratified this pro-
hibition through Resolution 565/2023,3* extending it to
newer devices and so-called heated tobacco products. After
a 15-year ban, in May 2026, Argentina repealed its total
prohibition on e-cigarettes and established a regulatory
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framework for their commercialization.?> Current regulations
limit sales to tobacco-flavored products and maintain the
ban on disposable devices. Furthermore, restrictions on their
use in enclosed public spaces remain in effect under the
provisions of the National Tobacco Control Law (Law No.
26,687).

European Union (EU). Regulation of e-cigarettes in the EU is
primarily based on the Tobacco Products Directive (TPD),
which entered into force in 2014 and has applied across
Member States since 2016. The sale of electronic cigarettes
to individuals under 18 years of age is prohibited, and several
countries have strengthened these restrictions or increased
the minimum age.%¢

United States (US). In the US, Tobacco 21 was enacted in
December 2019, establishing 21 years as the minimum legal
age to purchase tobacco products and e-cigarettes nation-
wide.3” In 2020, the FDA implemented an enforcement pol-
icy prioritizing action against illegally marketed ENDS,
specifically cartridge-based flavored products (excluding
tobacco- and menthol-flavored products) and any electronic
cigarettes marketed to minors or likely to promote youth
use. This policy responded to a public health concern aimed
at preventing flavored vaping products from facilitating
nicotine initiation among adolescents.?®

Prevention and support
Preventive strategies targeting ENDS use among adoles-
cents focus on educational, regulatory, and community-based

interventions. These include providing clear, evidence-based
information regarding the risks of vaping, particularly within
school settings and primary care; strengthening adolescents’
personal and social skills to resist peer influence; limiting
product availability through regulation of sales, advertising,
and youth access; promoting the involvement of families
and educators in early detection and supportive intervention;
and implementing vape-free school policies. Combined with
tailored communication campaigns directed at parents and
adolescents, these measures aim to reduce initiation and on-
going use.

I CONCLUSIONS

Current evidence indicates that electronic cigarettes serve
as a gateway to nicotine use among adolescents and are as-
sociated with acute and chronic health effects driven by in-
flammatory and oxidative mechanisms, primarily involving
the pulmonary and cardiovascular systems. Strengthening
prevention strategies, health education efforts, and regula-
tory measures governing access to and commercialization of
these products is therefore essential to mitigate their public
health impact.
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