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Abstract

Given the increasing popularity of e-cigarettes (ECs), it is crucial to gather research about their
impact on health in order to guide healthcare practices and policy decisions. Regulators and
health experts have expressed worries that the fine particles produced by electronic cigarettes
(ECs) may include various substances that might be harmful to respiratory health. We provide a
thorough evaluation of published data on the respiratory system, including the impact of
electronic cigarettes (ECs) on preclinical models, clinical trials involving individuals who
transitioned from tobacco cigarettes to ECs, and demographic surveys. We evaluate the research
based on the rigor of their methodology and the precision of their interpretation. It is crucial to
prioritize the rapid development of strong and practical methodological suggestions in order to
accurately evaluate the effects of EC usage on human health and solve frequent errors. The
results of this analysis suggest that electronic cigarettes, when used normally, provide much less
respiratory hazards compared to traditional tobacco cigarettes. Users of electronic cigarettes
(ECs) and those who smoke and are contemplating using ECs have the entitlement to receive
accurate information about the comparative hazards associated with EC usage. They should also
be warned that the conclusions drawn from research reported in the media may not always be
trustworthy. Increasing research substantiates the comparative safety of EC emission aerosols for
the respiratory system in comparison to tobacco smoke.
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1. Introduction

The prevalence of electronic cigarettes (ECs) has seen a substantial surge in the last decade.
These consumer products have been quickly becoming more popular than traditional cigarettes
because they are effective in reducing tobacco consumption, have a competitive price, are seen
by consumers as a less harmful alternative to smoking, and provide a smoking-like experience

AllthearticlespublishedbyChelonian Conservation and
@ @ BiologyarelicensedunderaCreativeCommonsAttribution-
NonCommercial4.0lnternationallicenseBasedonaworkathttps://www.acgpublishing.com/

4360 |Page




4361 THE IMPACT OF E-CIGARETTE USE ON LUNG FUNCTION AND RESPIRATORY HEALTH

without actually smoking [1-3]. Previous iterations have undergone significant changes over the
last ten years, resulting in the current availability of these devices in many formats and types.
Essentially, ECs are electrical devices powered by batteries that function by heating a component
(often a metal coil) to convert a solution (e-liquid) mostly composed of glycerol, propylene
glycol (PG), distilled water, and flavorings into vapor. This solution may or may not include
nicotine. Users inhale the aerosol produced by vaporizing the e-liquid, a procedure widely
known as 'vaping.' Electronic cigarettes (ECs) do not contain tobacco, do not produce smoke,
and do not need combustion to function.

The composition of EC aerosol is much less intricate compared to that of cigarette smoke [4—
10]. In contrast, cigarette smoke is known to include several toxic and possibly dangerous
substances [11]. Several primary toxins found in cigarette smoke are also found in the emissions
of electronic cigarettes (EC), albeit in far smaller quantities compared to cigarette smoke.
Furthermore, these toxins are frequently present in electronic cigarette aerosol at levels that are
no higher than what is typically found in the general environment.

2. Electronic cigarette (EC)

Electronic cigarette (EC) usage is considered to have lower levels of dangers compared to
smoking, according to the Royal College of Physicians [12], Public Health England [13], and
other sources [14, 15]. According to the RCP, electronic cigarettes (ECs) are estimated to be at
least 95% less dangerous than regular cigarettes. However, there is apprehension that prolonged
exposure to EC aerosol emissions may pose some health hazards. Due to the particle size of EC
aerosols falling within the respiratory range [16, 17], these aerosol particles are able to enter the
lungs [18], mostly affecting the airways and possibly causing adverse consequences.

Regrettably, there is a dearth of knowledge on the long-term health consequences of vaping,
which is especially worrisome for those who have never smoked and have just begun using
electronic cigarettes. Hence, it is essential to do research on the toxicological and biological
impacts of EC aerosol emissions. This may be achieved by using in vitro human airway cell
systems, animal models, and clinical investigations. The objective is to assess the possible health
hazards associated with the use of these devices. The determination of whether chronic exposure
to EC leads to lung disease can only be assessed through extensive, long-term investigations
involving daily EC users who have never smoked. Conducting such a study at present would be
difficult, as the majority of EC users have a history of prior or current cigarette smoke exposure.
It is essential to effectively discourage nicotine usage among young people, which includes not
just smoking but also vaping.

This review article critically evaluates published research that have examined the possible
harmful effects of electronic cigarettes (ECs) utilizing preclinical models, including cell culture,
animal models, and clinical trials (excluding case reports). Preclinical studies may not provide a
complete indication of how the human body will react to exposure. As a result, animal studies
are still necessary for regulatory toxicological testing. The recognition of in vitro models as
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viable alternatives is gradually increasing due to significant technical advancements. Taking into
consideration these methodological concerns, we provide a comprehensive summary of the
developing body of research on respiratory health discoveries. The narrative review commences
by providing an overview of EC aerosols, followed by an analysis of the literature categorized
according to several types of research: cell tests, animal studies, and investigations on respiratory
health.

3. Components of EC aerosols

When ECs are activated, they produce aerosols that may be inhaled and include several
substances that may have toxicological and biological effects on respiratory health. However, the
quantities of these substances are substantially lower in EC aerosols compared to cigarette
smoke. A recent extensive evaluation of EC chemical emissions revealed that out of the 150
components analyzed in the EC aerosol (which included all harmful and potentially harmful
substances found in tobacco smoke, as well as other toxic species commonly found in EC
emissions), 104 were not found, while 21 were detected as a result of laboratory background [9].

Out of the 25 aerosol ingredients that were still discovered, 9 were found at levels that were
too low to be measured accurately. The EC developed a total of 16 substances, either whole or
partially, from three sources: 1) the main components of e-liquid (nicotine, PG, and VG); ii)
known contaminants found in nicotine of Pharmacopoeia-quality; and iii) eight thermal
breakdown products of PG or VG. In comparison, almost 100 components were identified in the
smoke produced by conventional cigarettes. The EC emitted toxicants at a much reduced rate per
puff compared to tobacco cigarettes, ranging from 82 to >99% reduction. While the aerosol
produced by electronic cigarettes (EC) is less complicated in terms of composition compared to
cigarette smoke and includes lower amounts of harmful substances, a comprehensive analysis of
EC chemical emissions would need non-targeted analytical evaluations of various commercial
items.

The aerosol ingredients that have received the greatest attention include glycerol, PG, their
thermal breakdown products (carbonyl compounds), chemical flavorings, nicotine, and metals.
The US Food and Drug Administration (FDA) and the US Environmental Protection Agency
(EPA) classify vegetable glycerine (VG) and PG as Generally Recognized as Safe [19]. While
PG may also be detected in cigarette smoke, it is often found in high amounts in EC aerosol
emissions. Therefore, it is important to have a more comprehensive comprehension of the safety
of PG when inhaled. According to several research conducted on animals and humans, the
inhalation of PG does not seem to provide a substantial risk [20]. Indeed, in several animal
investigations, the levels of PG used were greater than those employed in EC and did not result
in any harmful consequences. Nevertheless, it is necessary to conduct human trials utilizing PG
concentrations comparable to those found in ECs in order to verify the safety of inhaling PG
from vaping devices.
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Although glycerol and PG aerosols have a generally benign profile, studies have shown that
they may have irritating effects [21-23]. The potential for chronic airway irritation to have
lasting effects cannot be disregarded, and more research in this field is necessary. Moreover, PG
has been linked to the development of oral allergic contact dermatitis [24], and some individuals
may have signs and symptoms consistent with contact dermatitis in the vicinity of the mouth or
in the oral mucosa [25].

4. Impact of electronic cigarette (EC) use on respiratory well-being

Human cell systems and animal models used in vitro are not reliable indications of the
possible health hazards associated with the use of ECs. The results of clinical investigations in
the majority of medical disciplines illustrate the limited efficacy of these preclinical models.
When considering the issue of health impacts caused by electronic cigarettes (ECs), human
studies are very significant, especially when examining the effects of ECs used in typical
situations. Clear conclusions on the long-term health effects of electronic cigarettes (ECs) can
only be drawn from extensive prospective studies that include a large sample size of well-defined
EC users and follow them for many years. To address the difficulty of conducting multi-year
studies, one possible approach is to detect early changes in subclinical injury in smokers who
switch to electronic cigarettes (ECs). This can be done using highly sensitive functional tests and
biomarkers that indicate lung inflammation and injury. Additionally, it may be beneficial to
modify health effect indicators in EC users who already have pre-existing diseases. Furthermore,
epidemiologic survey data may provide valuable insights into the effects of EC usage on
respiratory health.

When smokers transition from cigarettes to electronic cigarettes (EC), they may experience
temporary throat discomfort, dry cough, and other symptoms of respiratory irritation [22, 23].
The sensitive respiratory functional tests conducted by certain authors [26, 27] have revealed
acute changes in the human respiratory tract when exposed to non-specific stimuli like
hyperosmolar EC aerosols. Asthmatics, in particular, exhibit more intense and efficient reflex
responses in such situations. The potential for acute irritation to result in clinically significant
lung illness is still uncertain. However, there is no data indicating that such irritation may have
harmful consequences on the lungs that are clinically significant. The minor rise in peripheral
flow resistance observed immediately after EC use has uncertain significance for health
outcomes. This is especially true considering that standard spirometry tests conducted in the
same studies did not reveal any significant alterations immediately after EC use [26, 27].
Exposing 10 healthy persons to EC aerosols resulted in immediate alterations in the biological
reactions of the small airway epithelium, alveolar macrophages, and lung capillary endothelium
[28]. The significance of these immediate impacts on clinical lung illness is uncertain and can
only be assessed by future extensive, long-term investigations of persons who have never
smoked or currently smoke cigarettes, but have exclusively used electronic cigarettes.
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Subsequent studies have shown that there is no blockage of airflow after the use of electronic
cigarettes for a brief period of time [29-31]. In addition, a research lasting 5 days and including
105 healthy smokers found no notable alterations in pulmonary function (FVC, FEV1) in either
the group that totally or partly transitioned from regular cigarettes to electronic cigarettes, or the
group that completely stopped using tobacco and nicotine products [32]. Similarly, in a rigorous
randomized control study with 387 smokers in good health, Cravo and colleagues [33]. There
were no notable alterations in pulmonary function tests seen over a 12-week period among
individuals who transitioned to electronic cigarettes (EC) compared to those who were randomly
assigned to continue smoking. While none of the studies included here reported any significant
acute respiratory symptoms after exposure to EC aerosols, it is still possible that adverse events
might occur in persons who are susceptible to reacting to pollutants or by-products found in EC
aerosol.

Smoking cessation may lead to improvements in pulmonary function tests, however these
improvements may take a significant amount of time, perhaps months or even years, to become
clinically significant. Additionally, it is important to note that these improvements are often only
seen in smokers who already have airway blockage. The long-term effects of transitioning to
electronic cigarettes (ECs) on respiratory outcomes are uncertain and have only been examined
in a limited number of research. The 1-year randomized controlled study found no significant
alteration in pulmonary function tests among smokers with normal spirometry at baseline who
switched to electronic cigarettes (ECs). However, there were reported enhancements in
respiratory symptoms, including cough and shortness of breath. [34] This research found a
steady improvement in the function of the peripheral airways, namely the FEF 25-75%, which is
a sensitive measure of blockage in the more peripheral airways, among those who entirely quit
smoking cigarettes.

Smokers who entirely quit smoking have shown normalization of exhaled levels of nitric
oxide (NO) and carbon monoxide (CO). According to a Il-year randomized controlled
experiment [35], individuals who ceased using electronic cigarettes (ECs) or continued using
ECs showed a return to normal non-smoking levels after 3 months. This return to normal levels
was complete at 6 and 12 months for both groups. Conversely, people who did not succeed in
quitting or reducing their cigarette smoking did not show any notable improvements. Completely
refraining from smoking traditional cigarettes is known to decrease the levels of exhaled carbon
monoxide (CO) to a normal range. Similar decreases in exhaled CO have been seen in both
short-term and long-term investigations on electronic cigarettes (ECs). Considering that ECs are
battery-powered devices that do not need combustion for operation, this outcome was not
unexpected. The observed enhancements in exhaled levels of nitric oxide (NO) and carbon
monoxide (CO) were linked to reductions in composite symptom ratings, including cough,
phlegm, and shortness of breath, wheezing, tightness in the chest, nasal congestion, sinus
discomfort, and frontal headache. These benefits were most prominent in persons who quit
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smoking entirely. The results have been voluntarily disclosed by a diverse range of individuals
who use e-cigarettes in real-life situations [2, 25].

The amelioration of inflammatory alterations in the upper and lower respiratory tracts after
smoking cessation may serve as the underlying mechanism for the observed enhancements in
symptom ratings. When evaluating respiratory health, it is crucial to distinguish between the
health impacts caused by long-term exposure to EC aerosol emissions and those associated with
past smoking habits. Among a limited group of individuals who use electronic cigarettes (EC) on
a daily basis and have never smoked, no decline in spirometric indices, emergence of respiratory
symptoms, alterations in markers of lung inflammation, or indications of early lung damage on
high-resolution computed tomography (HRCT) were observed in any of the nine participants
who successfully completed the 3.5-year monitoring period [36]. Important limitations of this
research were the small sample size, absence of a control smoking group, and relatively short
length of the follow-up period.

COPD, a progressive illness, is linked to tobacco smoking. It is characterized by a chronic
inflammatory and remodeling response of the airways [37, 38]. Quitting smoking is the only
scientifically proven approach that may effectively change the progression of COPD and
decrease the risk of death [39, 40]. Switching to electronic cigarette (EC) usage may result in
significant respiratory advantages for those with chronic obstructive pulmonary disease (COPD),
leading to a reduction in cigarette use. A retrospective-prospective research on patients with
COPD discovered that there was no decline in respiratory physiology, namely in post-
bronchodilator FEV1, FVC, and %FEV1/FVC, among COPD patients who discontinued or
significantly decreased their tobacco usage by converting to electronic cigarette (EC) use [41]. It
is very uncommon for smokers with COPD and irreversible airway blockage to not see
substantial improvements in spirometric indices after quitting smoking [42, 43]. However,
individuals included in a three-year research project saw substantial reductions in annual
respiratory exacerbations, notable enhancements in general health status (evaluated using the
COPD Assessment Test [CAT]), and increased physical activity (measured using the Six-Minute
Walk Test) [41].

The positive impact on health outcomes has also been shown in an online study of
individuals with chronic obstructive pulmonary disease (COPD) who regularly use electronic
cigarettes [2]. Out of the respondents, 75.7% reported an improvement in their respiratory
problems after switching, while just 0.8% reported a deterioration. Self-reported outcomes from
general vapers also demonstrate a positive impact on respiratory symptoms [2, 25]. An important
discovery is that COPD patients who discontinued or significantly decreased their tobacco intake
by switching to ECs saw a 50% decrease in respiratory exacerbations [41]. Smoking has been
shown to enhance vulnerability to respiratory infection caused by bacterial and viral pathogens,
whereas stopping smoking seems to reduce the risk of respiratory infection [44-46]. Consistent
use of electronic cigarettes (EC) may decrease the activity of infections [47]. This is likely
because propylene glycol, found in the aerosol form of EC, has both antibacterial and antiviral
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properties [48 ,49]. Commercially accessible e-liquids have recently been shown to possess
antibacterial action [50].

5. Conclusion

Electronic cigarettes (ECs) produce fine particles that may be inhaled, known as respirable
aerosols. These aerosols include glycerol, propylene glycol (PG), and the byproducts that are
formed when these substances are heated (carbonyl compounds). They also contain chemical
flavorings and metals, but in considerably less quantity compared to cigarette smoke. The usage
of electronic cigarettes (EC) at a dosage of 5 grams per day results in a significant decrease of
79.0-96.8% in formaldehyde exposure, 99.5-99.8% reduction in acetaldehyde exposure, and
96.0-99.5% reduction in acrolein exposure when compared to smoking 20 tobacco cigarettes.
Research on the impact of inhaling PG in people has demonstrated that it does not seem to
provide a substantial danger [20]. However, it is worth mentioning that exposure to glycerol and
PG aerosols has been shown to cause some irritating effects [21-23].

Recently, there have been introductions of new technologies and innovations in EC design to
further reduce any remaining negative effects and enhance customer pleasure. Modern devices
equipped with temperature regulation features effectively avoid overheating and the occurrence
of the dry-puff phenomena, which may lead to the excessive synthesis of carbonyls.
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