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Abstract

Use of e-cigarettes is displacing the smoking of traditional cigarettes among adolescents and young
adults. The dangers resulting from this habit are becoming even graver as the awareness of the grow-
ing scale of the problem is still neither widespread nor sufficient. Due to their attractive taste and
smell as well as the accompanying high nicotine concentration, the above-mentioned products consti-
tute an easy path to the development of addiction. Purpose of the study: The purpose of this publica-
tion is to present potential negative health effects associated with the use of e-cigarettes, as well as to
organize and supplement existing knowledge with the latest research findings. Research methods:
Epidemiological studies showing adverse health effects have been reviewed. Bibliometrics covering the
years 2020-2024 has been used. The literature review has been conducted by searching PubMed,
Scopus and Google Scholar databases. The criterion of selected subject classification entries has been
applied to analyze bibliographic data. Results: The use of e-cigarettes has been found to have adverse
effects primarily due to the highly addictive substance, nicotine. However, there are also numerous
other substances present in e-cigarettes that may not be harmful at room temperature, but when
heated, can form a toxic mixture. This can lead to direct damage to the respiratory system, including
structures such as the bronchi and blood vessels. Additionally, the heating process also generates oxi-
dative stress, resulting in the formation of large amounts of free radicals that can damage tissues and
potentially contribute to the development of diseases, such as neoplasms and chronic obstructive pulmo-
nary disease. Conclusions: It is concerning to note that the use of e-cigarette among young individuals
is rising. Thorough research that takes into account the wide-ranging effects of e-cigarettes on the
human body with a particular focus on minors is necessary.
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INTRODUCTION

Undertaking risky behaviour is usually attributed to adolescents.
The negative consequences of these behaviours take their toll on both
an individual and his or her environment. Risky behaviours are of a more
serious nature in adolescents and occur more quickly than in adults due
to the unfinished biological, emotional, intellectual and social development.
Examples of anti-health behaviours include the use of e-cigarettes (ECs) and
electronic nicotine delivery systems (ENDs).

Data shows that smoking cigarettes among adolescents is a serious prob-
lem in many countries, including Poland. As adolescents grow up, there
1s a significant increase in the percentage of cigarette users. In all age
groups, regardless of gender, the percentage of young people who have ever
smoked e-cigarettes, as well as those who have smoked them in the last
30 days, is higher than the percentage of traditional cigarette users. Accor-
ding to representative epidemiological surveys, in 2022, 28.8% of Polish
adults (27.1% of women and 30.8% of men) smoked tobacco (cigarettes) every
day. Additionally, 4.8% of Polish adults (4% of women and 5.6% of men)
reported using e-cigarettes every day, and 4% used electronic nicotine deli-
very systems daily (5.1% of women and 2.9% of men). In 2016, the preva-
lence of e-cigarette use among students in Poland ranged from 3.5% to 8.3%.
However, in 2019-2020, 50% of high school students had tried e-cigarettes
at least once, 29.5% had used them in the past 30 days, and 10.6% used
them daily. Shockingly, for about 30% of adolescents in Poland, their first
exposure to nicotine was through the use of e-cigarettes. The phenomenon
of dual use, also known as the simultaneous use of a cigarette and an
e-cigarette or tobacco warmer, has become a cause for concern in recent
years among users of nicotine products (Zarobkiewicz et al. 2016, Brozek
et al. 2017, Jankowski et al. 2022, Stoklosa et al. 2022, Swiatkowska et al.
2024, Kaleta et al. 2024). Dynamics of sales of disposable, flavoured e-ciga-
rettes in Poland from 2019 to 2022 is presented in Table 1 (IPAG 2024).

Tobacco smoke contains approximately 7,000 different chemicals, inclu-
ding nicotine. Among these chemicals, 93 have the potential to cause harm
to the body through inhalation, ingestion, or absorption. These toxic sub-

Table 1
Dynamics of sales of disposable, flavoured e-cigarettes in Poland in the years 2019-2022
2019 2020 2021 2022
Number of pieces
114 355 55 550 1 941 050 14 663 879
-51%
Pacer/(if(?;l)a nee Pandemic +3394% +655%
’ COVID-19

The source: Compilation by the Institute for Economic Forecasting and Analysis based on data
from the Ministry of Health (IPAG 2024)
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stances can lead to life-threatening conditions that affect the cardiovascular,
respiratory, and digestive systems. E-cigarettes or electronic nicotine delivery
systems are battery-powered devices designed to vapourize a nicotine-con-
taining solution (known as an e-liquid) for a relatively fast and efficient
nicotine delivery system to the brain, which is more comparable to traditio-
nal cigarettes. However, e-liquids also contain propylene glycol (PG) and/or
vegetable glycerin (VG), as well as potential additives, such as nicotine and
flavors. These e-liquids may also contain small amounts of volatile organic
compounds (VOCs), which have been linked to adverse health effects
(Chmielewski 2020, Alshareef, Omaye 2021, Effah et al. 2022, Kim et al. 2022).

Contrary to the claims of manufacturers of e-cigarettes or electronic
nicotine delivery systems, vaping exposes consumers to harmful substances.
While these substances may be present in smaller amounts and lower con-
centrations compared to traditional tobacco smoking, they can still have
negative health effects in the future. These substances include tobacco-spe-
cific nitrosamines (TSNAs), metals, polycyclic aromatic hydrocarbons (PAHs),
volatile organic compounds (VOCs), carbonyl compounds and aldehydes.
Even nicotine-free vapourizers contain potentially harmful substances, such
as lead, nickel, propylene glycol, and vegetable glycerin, which are the main
components of e-liquid. When heated, these substances can form aldehydes
that have possible acute toxic effects (Lin et al. 2019, Alshareef, Omaye
2021, Vivarelli et al. 2022, Goel et al. 2024). Studies have quantified the
presence of metallic contaminants in e-liquids and e-cigarette aerosols,
including lead, cadmium, chromium, cobalt, arsenic, antimony, manganese,
tin, nickel, zinc, copper, aluminum, iron, tungsten and barium (Kamilari
et al. 2018, Olmedo et al. 2018, Gaur et al. 2019, Zhao et al. 2019). Analysis
of the chemical composition of 166 e-cigarette products, including disposable
products, revealed 119 flavouring chemicals. Flavouring chemicals have been
detected in at least 5% of products. The most commonly detected aromatics
included 1-methylnaphthalene, 2-methylnaphthalene and isoquinoline.
Detected aromatic chemicals with potential inhalation toxicity were benzyl
alcohol (19.9%), benzaldehyde (21.7%) and vanillin (21.7%). Several additio-
nal potentially harmful chemicals were detected. For example, acrolein
is toxic to the respiratory system, toxic to the skin and an eye irritant. Other
pharmacologically active chemicals detected included nicotine N-oxide, myos-
mine and caffeine. Tobacco-specific nitrosamines (TSNA) were detected
in 70% of the tested products (Czoli et al. 2019). The presence and amounts
of identified e-cigarette components are shown in Table 2, while Table 3
presents substances identified in e-cigarette liquid samples (Chmielewski 2020).

Public perception of the use of e-cigarettes and electronic nicotine delivery
systems as a safe alternative or substitute for traditional cigarette smoking
has led to an increase in their popularity in the recent years, in particular
among never-smokers. Data on the use of e-cigarettes and electronic nicotine
delivery systems by country are very limited, especially for countries outside
the EU. E-cigarettes are the most widely used tobacco product as of 2014
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Table 2
The presence of tobacco-specific chemical compounds in e-cigarette aerosol, ug/intake (modified)
Identified chemicals Electronic cigarette (aerosol)
Carbon monoxide (IT) <0.1
Total carbonyl compounds 0.5-0.9
Acetaldehyde 0.32
Acrolein 0-0.15
Total phenolic compounds 0.01-0.03
Phenol 0.0017
Total volatile compounds 0.004-0.08
Metals 0.0004-0.0006
Polycyclic aromatic amines 0.00004-0.00014
Polycyclic aromatic hydrocarbons 0.0004-0.002
The source: Chmielewski 2020
Table 3
Substances identified in EC fluid samples
RT Name of substance (systematic and commercial) CAS
12.35 propylene glycol 57-55-6
11.35 acetic acid 64-19-7
8.11 toluene 108-88-3
26.46 4-hydroxy-3-methoxybenzaldehyde (vanillin) 121-33-5
10.58 1-hexanol 111-27-3
10.06 1-hexyl acetate 142-92-7
8.74 isoamyl acetate 123-92-2
13.59 benzyl acetate 140-11-4
10.87 3-octanol 589-98-0
14.06 heptanoic acid 111-14-8
8.26 n-Butyl acetate 123-86-4
16.64 3-phenyl-2-propenal (cinnamaldehyde) 104-55-2
22.49 ethyl citrate 077-93-0
29.23 benzyl benzoate 120-51-4
8.81 1-butanol 71-36-3
13.24 ethyl benzoate 93-89-0

The source: Chmielewski 2020, RT — retention time of a chromatographic peak, CAS — the nu-
merical designation assigned to a chemical substance by the U.S. Chemical Abstracts Service

among youths in the US, while electronic nicotine delivery systems are par-
ticularly appealing to adolescents and young adults. According to the National
Youth Tobacco Survey (NYTS) data from the 2011-2018 U.S. survey, a signi-
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ficant increase in the use of electronic nicotine delivery system products
among high school students was observed; their use increased from 1.5%
in 2011 to 20.8% in 2018 (estimated at 3.1 million students). In contrast,
current e-cigarette use among high school students increased from 0.6%
in 2011 to 4.9% in 2018 (estimated at 570,000 students). Data from the 2019
NYTS show that 27.5% of high school students (estimated at 4.1 million)
admit to using e-cigarettes (Cullen et al. 2019, Gentzke et al. 2019, Wang
et al. 2020). As the data show, the current use of e-cigarettes among high
school students in the US declined between 2022 and 2023 (from 14.1% to
10.0%), while there was no statistically significant change among high school
students (from 3.3% in 2022 to 4.6% in 2023). Despite the decline in the use
of e-cigarettes among high school students, nearly 40% of high school stu-
dents using e-cigarettes reported frequent use and 29.9% reported daily use.
Furthermore, 550,000 high school students currently use e-cigarettes, with
20.7% reporting frequent use. Among students who reported current use
of e-cigarettes, disposable ones were the most common type of the device
used. Disposable e-cigarettes are gaining a larger market share; they
are relatively inexpensive, have a high nicotine content and are available
in flavours that appeal to the youth e.g. fruit and candy (Birdsey et al. 2023).

The Brazilian Institute of Geography and Statistics reports that accor-
ding to a national survey of school-age children’s health involving 159,245
Brazilian students, 16.8% of individuals aged 13 to 17 have experimented
with e-cigarettes at some point, and 3.6% have used them in the past 30
days. The use of any tobacco-related products, including traditional ciga-
rettes, vapourizers, and others, has increased among adolescents from 9%
in 2015 to 12% in 2019 (Scholz et al. 2024).

There has been a noticeable rise in the use of e-cigarettes among adoles-
cents in Canada, the United Kingdom, and Eastern and Central Europe
(Brozek et al. 2019, Hammond et al. 2019, Jackson et al. 2024).

Data from the European School Survey Project on Alcohol and Other
Drugs (ESPAD) indicate an increase in use of e-cigarettes in the recent
years. The Health Behaviour Survey of School-Age Children (HBSC) and the
Global Youth Tobacco Survey (GYTS) also confim similar trends, highlighting
the increasing prevalence of the use of e-cigarettes among the youth world-
wide (Mokinaro et al. 2020).

The current state of knowledge does not support the notion that e-ciga-
rettes/electronic nicotine delivery systems are completely safe for health.
There has been a significant rise in their use among both adolescents and
adults worldwide. However, as most of these devices contain nicotine, they
may contribute to addiction and potentially lead to smoking traditional ciga-
rettes in the future. The use of e-cigarettes/electronic nicotine delivery sys-
tems carries a risk of toxicity, making it crucial that thorough research on
their health effects will be conducted, providing relevant medical informa-
tion.
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MATERIAL AND METHODS

We analyzed a range of scientific content taken from PubMed, the English-
language online database of the National Library of Medicine, National
Institutes of Health, Bethesda, MD, USA (http:/www.ncbi.nlm.nih.gov/
PubMed), SCOPUS, Google Scholar, covering articles in the field of medicine,
including adverse health effects of the use of e-cigarettes/electronic nicotine
delivery systems. We reviewed literature published in various scientific data-
bases between 2019 and 2024, assuming this time frame for analysis
in order to include the most recent reports on this topic. Advanced search
options based on keywords or combinations of keywords (Step 1, Table 3)
were applied in the search process for scientific articles. Reviews, conference
proceedings, letters to the editor, book chapters as well as conference and
training notes have not been included in the review, and they have been
excluded from the analysis.

The search was limited to literature in the English language and pub-
lished with a link to full free text access.

Table 3

Step one of the analysis of the literature trends on the basis of key words

Key words | e-cigarettes, electronic nicotine delivery systems, nicotine, health, health effects

RESULTS

The conducted analysis has revealed that there are 3,106 publications
in the scientific database PubMed (as of 12 December 2024) related to the
use of e-cigarettes/electronic nicotine delivery systems and their health
effects for the period 2019-2024. Table 4 presents a quantitative list of publi-
cations related to e-cigarettes/electronic nicotine delivery systems and their
health effects for the analyzed period. A total of twenty-five papers directly
related to potential health effects associated with the use of e-cigarettes/
electronic nicotine delivery systems have been thoroughly analyzed, as shown
in Table 5.

HEALTH RISKS

The World Health Organization (WHO) has stated that the use of e-ciga-
rettes or electronic nicotine delivery systems is detrimental to health. They
have specifically highlighted the potential for these devices to cause lung
injury. A common additive in electronic nicotine delivery systems that con-
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Table 4

Publications on the use of e-cigarettes/electronic nicotine delivery systems and their impact
on consumer health 2019-2024

Year of Number of publications based on searching by key words
publication e-cigarettes, electronic nicotine delivery systems, nicotine, health, health

effects

2019 393

2020 591

2021 561

2022 578

2023 493

2024 490

Results in total 3106

The source: the authors, on the basis of PubMed database (http://www.ncbi.nlm.nih.gov/PubMed)

tains cannabis (or THC) is thought to have played a significant role in these
cases of lung injury (WHO 2024).

Cigarette smoking is associated with chronic obstructive pulmonary
disease and chronic bronchitis. Acquired ion transport abnormalities, inclu-
ding dysfunction of the cystic fibrosis transmembrane conductance regulator
(CFTR) caused by cigarette smoking, have been identified as potential
mechanisms of mucous obstruction in chronic bronchitis. E-cigarettes may
induce dysfunction of ion channels in airway epithelial cells. The above
is due to acrolein exposure, which is related to the onset and progression
of chronic bronchitis as well as severity of chronic obstructive pulmonary
disease (Lin et al. 2019).

ENDS products contain chemicals, some of which have been linked to
respiratory irritation or damage, such as menthol, benzyl alcohol and corylon
(Czoli et al. 2019). The heating elements and tanks of ENDS devices consist
of metals that can be released into e-liquid and aerosol during use, with
chromium and nickel being major contributors to cancer risk (Olmedo et al.
2018, Fowles et al. 2020). E-cigarettes emit volatile carbonyls, reactive oxy-
gen species, furans and metals (nickel, lead, chromium), many of which are
toxic to the lungs (Gotts et al. 2019). The literature reveals that e-cigarettes
are associated with increased risk of cardiovascular and other diseases and
mortality (Skotsimara et al. 2019, Raja et al. 2021, Zhou et al. 2024). As of
2019, there is an increase in cases of severe acute lung injury associated
with the use of e-cigarettes/electronic nicotine delivery systems (Skotsimara
et al. 2019, Buchanan et al. 2020).

A growing body of preclinical evidence suggests that the use of e-ciga-
rettes/electronic nicotine delivery systems may be a risk factor for several
chronic pathologies, including cancer, e-cigarettes/electronic nicotine delivery
system contain the toxic metals Cd, Ni, Pb and Cr. Exposure to these metals
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Table 5

Characteristics of the studies according to the prevalence of health consequences associated with the use of e-cigarettes/

electronic nicotine delivery systems

Authors of the study

Health consequences

Lin et al. 2019

Airway surface dehydration and/or inhibition of CFTR ion transport

Chung et al. 2019

Inhalation of e-cig vapour causes airway mucociliary dysfunction in vitro and in vivo

Lee et al. 2019

Flavored e-liquids and commonly used flavoring additives have been shown to impair endo-

thelial cell function in vitro

Gaur et al. 2019

Lung, nasal and paranasal cancer

Abafalvi et al. 2019

Dry or sore mouth, tongue or throat

Abafalvi et al. 2019

Tachycardia (increased heart rate) and palpitations

Chadi et al. 2019

Jitteriness, anxiety, irritability, headache

Lack of concentration and sleeping difficulties

Contact dermatitis

Vindhyal et al. 2019

E-cigarette users have an over 50% higher risk of developing MI

Md Isa et al. 2019

Prominent ocular surface dryness and poor tear film quality

Gathright et al. 2020

E-cigarettes can worsen heart failure

Layden et al. 2020

Hemoptysis (coughing blood)

Mild, nonspecific inflammation, acute diffuse alveolar damage, foamy macrophages as well

as interstitial and peribronchiolar granulomatous pneumonitis

Nausea, vomiting, diarrhea, abdominal pain

Acute renal insufficiency

Jabba et al. 2020

Solvent adducts of reactive flavor aldehydes are cytotoxic to pulmonary epithelial cells and

inhibit their mitochondrial

Kuntic et al. 2020

Oxidative stress, inflammation, increased blood pressure

Osei et al. 2020

Risk of developing symptoms of chronic obstructive pulmonary disease (COPD)

Stokes et al. 2021

Tender inflammatory response; oxidative stress

Li et al. 2021

Progression in atherosclerosis

Kligerman et al. 2021

Diffuse alveolar damage/acute lung injury

Acute eosinophilic-like pneumonia

Diffuse alveolar hemorrhage

Chaffee et al. 2021

Respiratory disorders, including coughing, wheezing, breathlessness, asthma and bronchitis

Rebuli et al. 2023

Lung damage

Zhang, Wen 2023

The chemicals in ENDS increase the susceptibility to tooth decay, increase the risk of perio-
dontal disease, peri-implant, and oral mucosal lesions. Nicotine aerosols from ENDS can be

a potential risk factor for oral cancer due to the presence of carcinogenic components

Soto et al. 2023

Dyspnea, cough, pleuritic chest pain, hemoptysis, nausea, vomiting, diarrhoea, abdominal

pain, constitutional symptoms included headache, malaise, weight loss, fevers, chills

Lyytinen et al. 2023

The nicotine in e-cigarettes mainly impacts arterial stiffness and endothelial dysfunction
markers, such as platelet activation, thrombus formation (T-TAS) and extracellular microve-

sicles

Siddiqi et al. 2023

Adverse cardiovascular effects, including heart rate, blood pressure and arterial stiffness

Nguyen et al. 2023

Ocular discomfort, including pain, burning, itching, redness, dryness, glare, blurriness, stra-

in and headaches

Shehata et al. 2023

Usage of EC/ENDS contributes to lung cancer
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is associated with an increased risk of malignancies (Granata et al. 2024).
More than 500 chemicals have been detected in tested vapourization car-
tridges, and most of them have been classified as carcinogens or probable
carcinogens, including formaldehyde, acrolein, acetaldehyde, metallic
nanoparticles, benzene, toluene, ethylbenzene and xylene (Muthumalage
et al. 2020). The health effects of exposure to Cd, Ni, Pb and Cr have been
described in the literature (Boron et al. 2018, Chmielewski et al. 2020a-c,
Fowles et al. 2020, Mahmoud et al. 2023).

Scientific reports indicate that exposure to e-cigarettes causes a number
of stress and inflammatory reactions in the pulmonary system, including
shortness of breath, coughing, wheezing, bronchial and pulmonary irritation
and impaired lung function. In the oral and gastrointestinal tract, e-cigarette
users reported health problems related to gingivitis, sore throat, nausea,
vomiting and diarrhoea. Among e-cigarette users, reactions were reported
in the cardiovascular system; increased tachycardia and blood pressure were
noted. In the neurological system, headaches, irritability, anxiety, depen-
dence and insomnia were observed. Other effects included eye irritation,
contact dermatitis, acute renal failure, toxicity and potential carcinogenicity
(Seiler-Ramadas et al. 2021).

Health consequences associated with the use of e-cigarettes/electronic
nicotine delivery systems are shown in Table 5.

CONCLUSIONS

The rapid growth of sales of e-cigarettes/electronic nicotine delivery sys-
tems is making these products an increasingly significant public health and
educational challenge. The risks involved are greater as the awareness of the
growing scale of the problem is still neither widespread nor sufficient.

Based on the cited studies, contrary to advertisers’ claims, it is clear that
e-cigarettes/electronic nicotine delivery systems are not safe products.
Available scientific evidence confirms that the use of e-cigarettes/electronic
nicotine delivery systems is not without risk of harm. A dramatic increase
in prevalence of e-cigarettes/electronic nicotine delivery systems worldwide
among both adolescents and adults is evident. E-cigarettes/electronic nicotine
delivery systems attract consumers with their modern design and wide range
of flavourings and fragrances. Flavours in e-liquids as well as substances
created during the use of e-cigarettes/electronic nicotine delivery systems can
cause adverse health effects.

The most important aim of the education of e-cigarette/electronic nico-
tine delivery system users about the harms of nicotine addiction is to
strengthen their motivation to stop using nicotine products. Stricter public
health policies are required to reduce the exposure of adolescents and young
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adults to the use of e-cigarettes/electronic nicotine delivery systems. Educa-
tional campaigns are necessary in the public space regarding the effects of
nicotine addiction and the use of nicotine products, with a focus on e-ciga-
rettes/electronic nicotine delivery systems. To build awareness of the harm-
fulness of the use of e-cigarettes/electronic nicotine delivery systems, schools
at the primary and secondary levels should be involved. Intensifying
the educational impact on young people for building pro-healthy behaviour
and at the same time pro-healthy lifestyles is becoming a serious scientific
challenge. Thus, there is a need to conduct an in-depth analysis of individual
factors (sociodemographic, social and cultural ones) conducive to the use
of e-cigarettes/electronic nicotine delivery systems, which will provide a basis
for determination of the support and assistance in building health-promoting
behaviour.
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