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ABSTRACT

The utilization of electronic cigarettes (e-cigarettes) as a tool for quitting smoking presents a scenario marked by a blend of benefits and possible drawbacks. Since
their introduction in 2007, the surge in e-cigarette usage emphasizes their widespread acceptance among smokers, yet research indicates a possible rise in individuals
dependent on nicotine and those using traditional combustible cigarettes. By switching to e-cigarettes, traditional smokers may no longer use tobacco cigarettes;
instead, they will use e-cigarettes as a smoking assist. Despite claims of being a safer alternative, studies suggest an overall detriment to the general population.
Proposed strategies to address the complexities of tobacco use involve implementing tobacco-free environments and increasing public awareness. The efficacy of
e-cigarettes is subject to conflicting research findings; while certain studies advocate for their superiority over traditional methods, others raise doubts about their
safety. This ongoing discourse centers on the specific constituents of e-cigarettes, including nicotine and flavorings. Issues regarding respiratory and cardiovascular
consequences, fluctuations in mood, and effects on fertility and oral health are emphasized, underscoring the necessity for a comprehensive and equitable evaluation
of the potential advantages and drawbacks linked to their usage. This review examines information sourced from various databases, assessing systematic reviews
and clinical trials related to the utilization of e-cigarettes for smoking cessation. Despite the acknowledged health advantages of quitting tobacco, debates persist
regarding the effectiveness of e-cigarettes in facilitating cessation.
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l. Introduction

In accordance with the World Health Organization (2023) report, the alarming threat of the tobacco epidemic to public health claimed the lives of 8
million individuals annually [1]. Approximately 7 million of these fatalities are associated with the use of tobacco, with an additional 1.3 million resulting
from the exposure of nonsmokers to secondhand smoke [1]. This predicament stands as a significant contributor to premature mortality and disability [2].

Nicotine, a constituent of tobacco, is recognized as an addictive agent [3]. Its primary action involves interaction with specific nicotinic acetylcholine
receptors in the brain, increasing acetylcholine release and metabolism [4]. Simultaneously, nicotine stimulates the dopaminergic system, causing an
increase in dopamine at the nucleus accumbens [4]. The adverse influence of tobacco on both overall and oral well-being is noteworthy, ultimately playing
a role in the onset of non-communicable conditions like oral cancer and chronic heart disease [5]. Despite a thorough understanding of its adverse impacts
on the human body, it persists as a significant issue within public health [6].

Ceasing tobacco smoking positively impacts health improvement and significantly diminishes the likelihood of diseases and mortality [7]. The discussion
surrounding tobacco cessation includes the utilization of electronic cigarettes. These battery-operated devices distribute nicotine and additional additives
to the respiratory tract through vapor instead of conventional smoke (10). The aerosol generated by e-cigarettes generally contains fewer harmful
substances compared to the injurious mixture of thousands of chemicals present in regular cigarette smoke (11). Advocates of e-cigarettes often present
them as a reliable option, emphasizing the significant difference arising from the lack of tobacco combustion (10).

There is a strong likelihood that the utilization of nicotine replacement therapy starting from the quit day enhances smoking cessation rates [8]. Additional
approaches targeting the challenges posed by tobacco consumption include creating smoke-free environments, increasing public awareness of the risks
linked to tobacco addiction, and implementing higher taxes on tobacco products. These elements constitute essential components of a comprehensive
strategy designed to address the complexities associated with tobacco use [9].
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2. Methods

In conducting this article review, diverse databases, such as the National Library of Medicine, Oxford Academic, JAMA Network, ScienceDirect, AHA
Journals, ResearchGate, and Google Scholar, were employed to access systematic reviews and clinical trials on the subject of electronic cigarettes for
tobacco cessation. The abstracts of the identified articles were scrutinized using search algorithms to determine their alignment with the inclusion criteria
of this article. The review was executed meticulously to offer a comprehensive evaluation encompassing both the effectiveness and potential harm
associated with the utilization of electronic cigarettes in tobacco cessation.

3. E-Cigarettes: Does it help in Tobacco Cessation?

After being initially brought to the American market in 2007, electronic cigarettes, or "e-cigarettes," gained popularity among American smokers as a
tool for quitting between 2014 and 2016. In the US, e-cigarette sales almost quadrupled between 2013 and 2017. a surge among young individuals linked
to quick adoption. The number of people who successfully quit smoking should rise in response to a comparable rise when using e-cigarettes (either in
addition to or instead of nicotine), provided that their efficacy is verified [12].

E-cigarette usage was reported by a considerable percentage of ex-smokers who gave up smoking (7.6%), with the highest incidence of daily e-cigarette
use among ex-smokers. Certainly, it makes sense that the general rise of traditional combustible cigarette smokers and nicotine-dependent users is being
aided by the accessibility of e-cigarettes. In the United States, simulation models reveal that, despite the somewhat implausible and unsupported
assumption that e-cigarettes are 95% safer than traditional smoking, the net population-level harm causes a loss of 1.5 million years of lifespan. According
to some, e-cigarettes can assist long-term smokers in giving up traditional cigarettes and possibly other tobacco products. This is another argument in
favor of e-cigarette use [12].

According to the 2014 Eurobarometer survey, which included 28 European nations, using e-cigarettes is more likely to impede than to aid in quitting
smoking. Similarly, using e-cigarettes was shown to be much less probable than trying to quit without using e-cigarettes in a study of 1,357 adult smokers
who were hospitalized and wanted to quit and got hospital counseling. It was demonstrated that there was a low smoking cessation rate after six months.
E-cigarette proponents contend that extensive e-cigarette usage may aid in quitting smoking and lessen the health risks connected to smoking combustible
cigarettes [13].

4. Clinical Findings on the Effectiveness of E-Cigarettes for Tobacco Cessation

4.1 The Effectiveness of E-Cigarettes for Smoking Cessation: A Comparison With Nicotine Replacement Therapy and No Use of Evidence-
Based Cessation Aids in the German Population (Kotz, D. et. al, 2022) [14]

In an extensive survey conducted in households across Germany, individuals striving to cease smoking with the aid of electronic cigarettes exhibited a
twofold likelihood of achieving smoking abstinence, in contrast to individuals trying to stop without any scientifically grounded assistance. Specifically,
consumers of electronic cigarettes containing nicotine were beyond as likely to report sobriety. Conversely, the effectiveness comparison between
electronic cigarettes without nicotine and unaided attempts yielded inconclusive results, with no statistically significant effect estimate.

The findings strongly suggest that electronic cigarettes exhibit greater efficacy when used with nicotine, as the nicotine in ECs acts as a substitute for that
in cigarettes, alleviating withdrawal symptoms. Additionally, a Cochrane review corroborates this, indicating that electronic cigarettes with nicotine
surpass NRT in effectiveness. Notably, the research findings indicated that 65% of individuals who successfully maintained long-term abstinence (= six
months) through the use of electronic cigarettes were still using the device throughout the survey. Nevertheless, the potential influence of prolonged
electronic cigarette usage on long-term relapse to smoking remains insufficiently investigated. Although the prolonged use of electronic cigarettes is
deemed safer than traditional smoking, it is not devoid of potential health risks.

Consequently, this research adds to the expanding mass of knowledge indicating that incorporating electronic cigarettes into efforts to quit smoking,
especially those containing nicotine, is linked to higher rates of success compared to unassisted attempts. There is a pressing demand for research studies
to scrutinize the effectiveness of electronic cigarettes in a German setting, examining the masses and specific situations such as patient care, especially
for individuals with chronic tobacco-related illnesses.

4.2 Efficacy and Safety of E-Cigarette Use for Smoking Cessation: A Systematic Review and Meta-Analysis of Randomized Controlled Trials
(Levett, JY. et. al, 2023) [15]

This study sought to analyze how effective and safe electronic cigarettes are in facilitating smoking cessation, relative to traditional methods. Despite a
growing interest among smokers in having another option or replacement through the use of e-cigarette, the effectiveness and safety of this approach are
still a topic of debate. The study involved a systematic review in combination with meta-analysis of randomized controlled trials (RCTSs) that includes a
follow-up duration with a minimum duration of six months, focusing on biochemically validated abstinence. The comparison was between e-cigarettes
that contain nicotine and any other aids in the application of smoking cessation therapy.
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The analysis of data from five RCTs, involving 3253 participants, revealed that abstinence rates witnessed a notable decrease with traditional smoking
cessation methods, in stark contrast to the notable increase observed with nicotine e-cigarettes. This was established through the rigorous standard of
biochemically confirmed abstinence during the extended follow-up period. Moreover, nicotine e-cigarettes demonstrated greater efficacy in encouraging
refraining from smoking when contrasted with non-nicotine e-cigarettes. Notably, during the maximum observational period or follow-up session, the
reported occurrence of severe complications such as critical adverse events was minimal in the trials conducted which suggests a positive safety profile
for employing e-cigarettes in initiatives to quit smoking.

In conclusion, individuals striving to quit smoking may discover that conventional methods are less effective than nicotine e-cigarettes in promoting
cessation like the standard behavioral smoking cessation therapies or application of nicotine replacement. The findings hint at a potential benefit of using
e-cigarettes in reducing health risks linked to smoking. However, due to the continued dispute surrounding the utilization of e-cigarettes in replacement
of traditional cigarettes, continued scrutiny to further research is essential to thoroughly examine the extended effects and potential risks connected with
this method.

4.3 A Randomized Trial of E-Cigarettes versus Nicotine-Replacement Therapy (Hajek, P., et. al, 2019) [16]

In a clinical trial contrasting the benefits of e-cigarettes and nicotine replacement therapy for smoking cessation, e-cigarettes emerged as more effective.
This is particularly noteworthy since nicotine replacement therapy was administered under expert supervision, participants had access to a broad range
of nicotine replacement medications, and 88.1% employed combination therapies. Significantly, e-cigarettes had a more pronounced impact in this study
compared to previous research, attributed to factors like smokers actively seeking assistance to quit, receiving face-to-face support, and using refillable
e-cigarettes with a varied selection of e-liquids. On the contrary, earlier studies generally lacked face-to-face support and utilized first-generation cartridge
technologies, which are less proficient in delivering nicotine.

The research clarified the factors contributing to the superior effectiveness of e-cigarettes compared to nicotine replacement therapies. E-cigarettes
demonstrated greater efficacy in alleviating tobacco withdrawal symptoms, surpassing the benefits of nicotine replacement therapy. Moreover, the
utilization of refillable devices allowed for better customization of nicotine doses according to individual requirements. However, concerns have been
raised regarding the relatively high prevalence of persistent e-cigarette usage, potentially harboring undisclosed health risks. On a positive note, prolonged
use of e-cigarettes might assist in mitigating withdrawal symptoms and providing some of the enjoyable subjective experiences associated with smoking.

The investigators found that both e-cigarettes and nicotine replacement therapy exhibited modest side effects, with e-cigarettes leading to more throat or
oral irritation, while nicotine replacement induced a higher incidence of nausea. There were varied results regarding the impact of e-cigarettes on the
respiratory system. Although more e-cigarette users reported severe respiratory adverse effects, the difference was not statistically significant, and some
afflicted users did not vape at all. Positive effects on respiratory outcomes have also been recorded, with antibacterial properties of propylene glycol and
glycerin proposed as possible causes.

The study acknowledged some limitations, such as the challenge of blinding product allocations and potential biases resulting from participant
expectations. The results may not apply to smokers who are less addicted or to those who are using less efficient first-generation e-cigarettes, but they
are probably relevant to addicted smokers who are looking for treatment. More studies are needed to verify these findings outside of the UK. services, as
well as to compare various degrees of assistance in e-cigarette research. In conclusion, refillable e-cigarettes outperformed nicotine replacement treatment
in this large-scale experiment, providing important insights into smoking cessation tactics.

4.4 UK Clinical Trial Compares E-cigarettes, Nicotine-Replacement Products for Smoking Cessation (National Cancer Institute, 2019) [17]

A recent investigation revealed that individuals using electronic cigarettes exhibit a greater likelihood of quitting smoking compared to those opting for
tobacco cessation aids. In the United Kingdom, the study disclosed an 18% success rate in smoking cessation within one year for electronic cigarette
users, contrasting with a 9.9% success rate for NRT users. Study participants were randomly assigned to either the electronic cigarette or NRT group,
and underwent four weeks of counseling with a local clinician. Despite both groups rating their assigned product as less satisfying than cigarettes, those
in the electronic cigarette group reported higher satisfaction and found electronic cigarettes more beneficial in abstaining from smoking than those in the
NRT group. The study authors acknowledged the unspecified prolonged health effects of electronic cigarette use but underscored the importance of
weighing the benefits of electronic cigarettes for smoking cessation against potential risks.

The randomized controlled trials (RCTs) within the study indicated that electronic cigarettes surpassed tobacco cessation aid in achieving continuous
abstinence for =6 months and 7-day point abstinence rates. However, conclusive evidence supporting the superiority of electronic cigarettes over NRT
for achieving <6 months of continuous abstinence and 7-day point abstinence rates was not established. The trial also observed that electronic cigarettes
containing nicotine yielded higher quit rates compared to both NRT and nicotine-free electronic cigarettes. Concerning safety, adverse events were
comparable between electronic cigarettes and NRT, but the electronic cigarette group experienced a lower incidence of low birth weight. While the trial
suggests that electronic cigarettes could serve as a viable option for smoking cessation, further research is imperative to validate their effectiveness and
safety.
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4.5 Associations Between E-cigarette Use and E-Cigarette Flavors with Cigarette Smoking Quit and Quit Success: Evidence From a U.S.
Large, Nationally Representative 2018-2019 Survey (Mok, Y. et. al, 2019) [18]

Multiple studies examined the relationship between electronic cigarettes (e-cigarettes) to smoking cessation, however, e-cigarettes flavors on smoking
cessation have often been overlooked. The paper shows that people who use e-cigarettes that are non-tobacco flavored were more probable to stop
smoking, when compared to those who use alternative tobacco-flavored or unflavored e-cigarettes. Of the different flavors, peppermint or menthol e-
cigarettes are the most likely to motivate you to quit smoking and succeed. Users of flavored e-cigarettes for more than 20 days is linked to an even higher
chance of quitting and success in quitting smoking.

Studies indicate that individuals who regularly utilize e-cigarettes, particularly those opting for flavored varieties, make attempts to quit smoking and
achieve success. Specifically, those presently using menthol or peppermint-flavored e-cigarettes showed greater odds of quitting smoking successfully,
when compared to users who used other non-tobacco flavors, however, when further examined these variances showed to be statistically insignificant.
These findings align with prior research on the efficacy as an aid of smoking cessation of e-cigarettes, underscoring their capacity to assist individuals in
quitting smoking. Despite the absence of a significant distinction between flavors such as non-tobacco, menthol, and mint-flavored e-cigarettes research
indicates that maintaining availability of menthol or mint-flavored alternatives can contribute to preserving their potential role in smoking cessation
efforts.

Consequently, the utilization of electronic cigarettes is linked to an increased chance of smoking cessation. Individuals opting for flavored electronic
cigarettes have a greater chance of achieving successful smoking cessation. Notably, there is no statistically significant distinction in the efficacy between
non-tobacco-flavored products and menthol or mint flavored e-cigarettes. This implies that there is a potential of electronic cigarettes to assist current
smokers in quitting could be upheld if menthol or peppermint-flavored alternatives remain accessible.

4.6 Comparative clinical effectiveness and safety of tobacco cessation pharmacotherapies and electronic cigarettes: a systematic review and
network meta-analysis of randomized controlled trials (Thomas, K., et. al, 2022) [19]

The use of tobacco contributes significantly to disease and early mortality worldwide and has a large financial cost. The Institute of Health and Healthcare
Excellence (NICE) in the UK has approved varenicline, bupropion, and nicotine replacement therapy (NRT) as three medication therapies for smoking
cessation. Electronic cigarettes, or e-cigarettes, are safe for smokers who are unable to quit using other medications, even though they are not regarded
as a smoking cessation medication in the US. The safety of smoking cessation drugs, particularly varenicline, bupropion, and e-cigarettes, has come under
scrutiny.

To compare any two medicines, network meta-analysis combines implicit and explicit evidence from randomized controlled trials (RCTs). This study
has limitations even though it is the most thorough analysis of smoking cessation drugs to date. The literature search was conducted over two years ago,
which may have excluded more recent findings, particularly those pertaining to e-cigarettes. A sizable fraction of the research lacked safety information
from industry-sponsored trials conducted by pharmaceutical firms in implementing products, showed high risk or unexplained bias, and had trouble
identifying bias. Another drawback is the presumption that counseling and medication are complementary when used together.

This study supports the use of varenicline and NRT monotherapy as first-line treatment for smoking cessation, in accordance with NICE guidelines. It
has been shown that the combination of counseling and pharmaceutical treatment can boost the rate of smoking cessation. Nevertheless, additional
investigation is required to confirm the efficacy of these treatments.

4.7 Effectiveness of e-Cigarettes as Aids for Smoking Cessation: Evidence from the PATH Study Cohort, 2017-2019 (Chen, R., et. al, 2022)
[20]

A nationally representative cohort study conducted in the US is called PATH. A stratified sample of homes based on address was obtained through the
use of a screening survey; the sample comprised people of African heritage, young adults between the ages of 18 and 24, and tobacco smokers. The study
employed questions on current usage of various products, such as e-cigarettes, cigarillos, and cigars, to identify foregoing smokers who had substituted
for alternate sources of nicotine. Filtered chicken, smokeless items, hookah, pipes, and snus. When questioned about their typical nicotine content, e-
cigarette users were given eight response options, ranging from 0% to 4+, in addition to the option to "don't know."

The PATH study's findings demonstrated that, in comparison to non-smokers using alternative medications, e-cigarette users that utilize a smoking
cessation aid had a lower chance of effectively quitting, abstaining, or using e-cigarettes. Less than 7 out of every 100 attempts to quit smoking are
successful when using e-cigarettes, and changing to e-cigarettes does not lower the chance of relapsing when compared to people who recently quit using
other ways. Because of JUUL Labs' successful launch and promotion of high-nicotine e-cigarettes, there was a notable increase in e-cigarette product
sales and usage from 2013 to 2018. As a result, from 17.4% to 12.4% of people, e-cigarette users were able to quit smoking. percentage of current 2019
quit attempts. The usefulness of high-nicotine e-cigarettes in reducing relapse has to be further investigated in the PATH cohort. This study contains
limitations as well as strengths, such as a sizable cohort that is typical of the US population and a wide range of potential confounders.

There was static data on the usage of e-cigarettes to help people quit smoking in 2017, despite a period of tremendous growth in e-cigarette sales and
rising nicotine content. High-nicotine e-cigarettes like JUUL, which are widely seen to closely match the sensation of smoking, have not been quickly
adopted by smokers wanting to stop or switch to other nicotine delivery methods. The study found no benefits to giving up e-cigarettes as a support
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system for stopping smoking or as a replacement for smoking. For all that, there is proof that smokers started using high-nicotine e-cigarettes in 2019.
As a result, the PATH study needs to be followed up on in order to ascertain whether or not these modifications will have a positive impact on future
health.

5. Ingredients of E-Cigarettes

Electronic cigarettes, battery-powered devices, operate by heating a liquid called e-liquid, producing an aerosol that users inhale [21]. Despite their
frequent promotion as smoking cessation tools, there is ongoing debate about the effectiveness and safety of e-cigarettes, mainly due to a lack of
comprehensive research on their long-term health effects [22]. Generally, e-cigarettes contain the following:

5.1 Nicotine

The main ingredient in e-cigarettes that contributes to their potential effectiveness for smoking cessation is nicotine [23]. The presence of this addictive
substance in e-cigarettes aids in alleviating cravings and withdrawal symptoms linked to the cessation of smoking [24]. Nicotine functions as the
predominant addictive element in both tobacco and electronic cigarettes, exerting its impact on the brain's reward system, thereby eliciting pleasurable
sensations and fortifying persistent use [25, 26]. Research findings indicate the potential efficacy of e-cigarettes in facilitating smoking cessation, and
there is some empirical support suggesting their potential superiority to nicotine replacement therapy (NRT) within specific demographic subsets. These
observations underscore the multifaceted nature of nicotine addiction and the nuanced effectiveness of various cessation methods [27].

5.2 Prevalent Additives

Certain components identified in e-cigarettes, such as Propylene Glycol (PG) and Glycerol, commonly serve as additives in electronic cigarettes, acting
as solvents for flavorings and nicotine [28]. Propylene Glycol (PG) and Vegetable Glycerin (VG) constitute the primary ingredients in e-cigarette liquids,
playing a key role in vapor production when heated [29]. While they are both generally considered safe for inhalation, they have different properties and
effects on the vaping experience [30]. The efficacy of both is to deliver a stronger "throat hit," similar to the feeling of smoking a traditional cigarette
[31]. They carry flavors more effectively, resulting in a more intense flavor experience [32]. It creates a thinner vapor, making it easier to inhale and draw
more frequently [33] E-cigarettes often contain various flavorings, including fruit, candy, and dessert flavors. These flavors can make e-cigarettes
appealing, particularly to young people, and may contribute to addiction [34].

5.3 Humectants

Electronic cigarettes employ humectants as solvent carriers within e-liquids to generate aerosols simulating the smoke produced by combustible tobacco
cigarettes. A humectant is a substance with the capacity to attract and retain moisture [35]. In the context of electronic cigarettes, humectants, like PG
and VG, play a vital role in preventing the drying out of e-liquid and improving the overall vaping experience [36]. Additionally, less commonly employed
humectants in e-cigarettes encompass ethyl alcohol, utilized to reduce e-liquid viscosity, albeit associated with irritant properties and addictive potential
[37]. Another alternative is Polyethylene Glycol (PEG), a group of synthetic polymers serving as both a thickening agent and humectant in e-liquids [38].
While generally considered safe, there exists apprehension regarding the potential breakdown of PEG into harmful substances under elevated temperatures
[39]. The composition of PG and VG in the e-liquid is pivotal, influencing both flavor and vapor production [40]. A higher PG concentration imparts a
more pronounced throat hit and yields thinner vapor, whereas an increased VG ratio results in a sweeter taste and denser vapor [41].

In addition to these humectants, water is a prevalent constituent of e-liquids [42]. Water is used in various ways to improve the smoking quality of
cigarettes and electronic cigarettes (e-cigarettes), in one study, ionized water was used as a solvent or diluent in cigarette flavors to reduce cigarette
stimulus and enhance moistening feeling and softness taste without affecting odor characteristics [43].

Humectants and water are commonly used in e-cigarettes to improve the smoking experience and reduce toxicant exposure [44]. These humectants have
been shown to improve the satisfaction, liking, and enjoyment of waterpipe tobacco (WT) smoking, increasing the likelihood of continued use [45].
Additionally, the use of humectants in cigarettes has been found to effectively improve the dry sensation of smoke, making the smoking experience more
enjoyable [46].

6. The Hazards of E-Cigarettes

The e-cigarette, frequently viewed as a less harmful alternative to conventional cigarettes, has led to a significant shift in the tobacco market and industry
in recent decades (Marques et al., 2021). The sudden escalation of e-cigarette usage among the youth can be associated with the widespread belief that e-
cigarettes are less detrimental given their absence of tobacco smoke and minimal nicotine content [47]. Although these tools are regarded as a safer
alternative than conventional cigarettes, it should be emphasized that this does not signify that e-cigarettes are completely risk-free. [48]. The mist
produced by electronic cigarettes commonly comprises a lower concentration of harmful chemicals compared to the complex blend of chemicals found
in the smoke from traditional cigarettes [49]. These chemicals include acetaldehyde, acrolein, and formaldehyde, which have the potential to induce
respiratory conditions and cardiovascular disorders [50].
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6.1 Respiratory System

As of 2022, electronic cigarettes in the United States have not undergone a comprehensive evaluation and approval by the FDA as a means for quitting
smoking [51]. While the extended health effects of these products remain unclear, there is notable apprehension voiced by the American Lung Association
(2020) about emerging evidence concerning the influence of e-cigarettes on respiratory health [52].

Michele Hart (2022), a pulmonary nurse clinician at Baystate Pulmonary Rehabilitation, highlights that vaping not only covers the lungs with vapor but
also exposes them to harmful chemicals [53]. Typically, e-liquid formulations consist of taste additives, aromatic supplements, and either nicotine or
tetrahydrocannabinol (THC) liquefied in a slick liquid substrate [54]. Broderick (2021) suggests that specific oil components may penetrate the lungs,
triggering an inflammatory response [55]. The vapors containing glycol and glycerol induce irritation in the higher respiratory tract. Additionally, the
nicotine intake through inhalation can result in symptoms such as nausea and vomiting, as indicated by Sapru et al. (2020) [23].

Ghosh et al. (2018) reported that healthy electronic cigarette customers showed inflamed and sensitive respiratory mucosa [56]. Gotts (2012) also
highlighted the vulnerability of the lungs, emphasizing that even mild inflammation can have detrimental effects [57]. Researchers conducted a 5-year
longitudinal survey analysis with around 10,00 subjects to explore the potential extended repercussions of using electronic cigarettes on the development
of COPD. Among individuals currently smoking conventional cigarettes afflicted with or susceptible to COPD, using e-cigarettes was linked to worsened
health outcomes related to the lungs, according to Bowler et al. (2017) [58]. Additionally, Wang et al. (2022) discovered that cytokine expression is
activated by nicotine present in electronic cigarettes [59]. The substance also intensifies bronchial hypersensitivity, and causes destruction of pulmonary
parenchyma. In the investigation undertaken by Callahan-Lyon et al. (2014), an evaluation of aerosol particles from both electronic cigarettes and
traditional cigarettes was undertaken [60]. The results suggested that while the emissions from electronic cigarettes somewhat exceeded the atmospheric
health standards set by the WHO, they were notably lower, being a couple times lower than the mist produced by conventional cigarettes.

6.2 Cardiovascular System

As tobacco is increasingly being replaced by e-cigarettes, which have distinct chemical compositions, manufacturers assert that the utilization of electronic
cigarettes will not lead to lung or cardiovascular disorders commonly associated with traditional cigarette consumption [61]. Nonetheless, recent research
has demonstrated that prolonged utilization of electronic cigarettes, commonly known as vaping products, can significantly alter the regular functioning
of the arterial network, thereby elevating the susceptibility to diseases linked with cardiopathy [62]. Research suggests a correlation between the usage
of electronic cigarettes and a heightened chance of having a myocardial infarction, with the probability of such occurrences escalating in tandem with the
frequency of daily e-cigarette use [63]. According to a cross-sectional case-control study, it was determined that frequent use of electronic cigarettes was
correlated with a change in the equilibrium of cardiac autonomic function, leading to an increase in sympathetic activity and heightened oxidative stress,
both known factors correlated with an escalated risk of cardiovascular issues [64]. E-cigarettes generate heightened reactive oxygen species (ROS) in
both laboratory (in-vitro) and living organisms (in vivo), particularly in endothelial cells. This results in lipid peroxidation, as well as mutations and
worse, DNA damage all of which signifies oxidative stress and cellular harm mediated by ROS. [65]. Additionally, a study on prolonged contact of mice
to electronic cigarette vapor has demonstrated notable impairment of aortic endothelial function, potentially resulting in compromised cardiac function
and underscores the clinical implication that prolonged use of e-cigarettes, even at relatively low exposure levels, can lead to cardiovascular dysfunction
[66]. Prolonged use and exposure of e-cigarettes can lead to cardiovascular disease comparable to traditional cigarette smoking, as well as the intensity
of this harmful effect rises with the duration of exposure and the nicotine content [67].

The cardiovascular effects observed in humans due to electronic cigarettes are in line with the recognized effects of nicotine as of date [68]. Notedly, e-
cigarettes operate by generating an aerosol of ultrafine particle mist that delivers chemicals through the respiratory system. The mist or particularly these
particles that are inhaled deeply into the lungs, similar in size to or smaller than those in traditional cigarettes, exhibit biological activity, triggering
inflammation, and are directly linked to the development of heart-related conditions such as acute cardiovascular events. [69, 70]. A study involving 70
current smokers attending a smoking cessation unit randomly assigned them to use nicotine-free or nicotine-containing e-cigarettes during an acute-phase
protocol, followed by a month of replacing traditional cigarettes with nicotine-containing e-cigarettes in a chronic phase. The findings indicated that both
conventional methods of smoking tobacco and the proposed alternative e-cigarettes elevated arterial stiffness or known as the increased rigidity of arteries,
and oxidative stress which occurs when there is an uneven ratio from antioxidants to free radicals in the body, leading to cellular damage. Differences
were observed between nicotine-free and nicotine-containing e-cigarettes, implying that the rise in these indicators is more significant after using nicotine-
containing e-cigarette compared to those that contain without, as compared to the baseline [71]. In a randomized crossover study involving 25 tobacco
smokers, the impact of using a vape that contains nicotine in contrast to the ones that are nicotine-free, as well as sham vaping which is defined as
simulated or imitation vaping without actual inhalation of substances, was assessed on cardiovascular parameters and oxidative stress. The results revealed
that sham vaping or nicotine-free vaping did not cause changes in the parameters mentioned. The utilization of nicotine-containing vape on the other
hand has resulted in increased arterial stiffness with impaired vasodilation, incidence of hypertension, accelerated cardiac rate, and raised plasma
myeloperoxidase which indicates that these effects are mainly associated with main ingredient which is nicotine. [72].

6.3 Nervous System

Electronic cigarettes (e-cigarettes) house nicotine, a material that induces mood irregularities and enduring impairment of impulse regulation. The
presence of nicotine alters the synaptic formation process, posing a threat to the brain regions responsible for attention and learning [112]. Given that the
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brain undergoes growth until approximately the age of 25, the establishment of stronger connections or synapses between brain cells occurs with each
instance of memory creation or skill acquisition [108]. Young individuals are more prone to developing addiction in contrast to adults, given that addiction
essentially involves a form of learning [109]. The inclusion of nicotine in e-cigarettes and various tobacco items can additionally predispose the adolescent
brain to a heightened susceptibility to other substance dependencies. Being exposed to e-cigarette aerosols and liquids might play a role in causing delays
in development, alterations in neurobehavior, and disruptions in cognitive function, suggesting potential neurotoxic consequences [110].

According to research, using e-cigarettes has adverse effects on anxiety, sadness, focus, and learning, especially in adolescents whose brains are still
developing. E-cigarette usage has the potential to cause brain dysregulation, leading to illnesses such as stroke and seizure, a process linked to oxidative
stress. E-cigarette aerosol is not harmless and may contain compounds that are both dangerous and possibly hazardous, such as nicotine, ultrafine particles
capable of reaching the deep recesses of the lungs, and flavoring ingredients. According to recent research, the metals found in e-cigarette aerosol, often
known as vape clouds, have the potential to disrupt the central nervous system [110]. The utilization of e-cigarettes has been associated with the emergence
of neurological conditions like seizures, syncope, and tremors. Additionally, it undermines the integrity of the blood-brain barrier, elevating the likelihood
of experiencing neurodegenerative disorders [111].

6.4 Immune System

According to research findings, the emissions from e-cigarettes possess the potential to directly compromise and impede the functionality of immune
cells crucial to pulmonary well-being, particularly macrophages and alveolar epithelial cells [73]. These cells play a fundamental role in shielding the
lungs against inflammation and infectious agents [74]. Recent investigations propose that e-cigarettes may impede the body's defenses against infection
by disrupting neutrophils, a subtype of white blood cell [75]. Constituents within e-cigarette vapor, such as propylene glycol, vegetable glycerin, and
flavorings, are identified as potential triggers for airway inflammation, compromising immunity and heightening susceptibility to respiratory infections
[76]. The act of vaping electronic cigarettes is hypothesized to modify the body's inherent immunological response, thereby increasing the risk of illness
[76]. Notably, users of fourth-generation e-cigarettes display the most pronounced alterations in immune markers, indicating a deviation from immune
homeostasis [77].

Electronic cigarettes have been shown to elicit injurious effects on the immune system. Exposure to e-cigarette aerosol can trigger antigenic responses
and enhance the production of modulatory immune system proteins [78]. Prolonged exposure to e-cigarettes leads to the disrupted immune gene control
and the initiation of subclinical inflammation [79]. E-cigarette exposure negatively impacts specific cell types within the innate immune system, including
the airway epithelium and neutrophils [80]. Moreover, it disrupts the innate immunity of the lungs by inducing irregular mucus makeup, undermining
epithelial protective function, hindering phagocytic activity, and heightening systemic inflammatory signals [81]. The utilization of e-cigarettes disrupts
pulmonary homeostasis, reduces lung function, increases airway inflammation and oxidative stress, suppresses immunity, and heightens susceptibility to
respiratory infections [82]. Exposure to e-cigarette aerosol upregulates genes associated with reactive oxygen species, lipid peroxidation, and carcinogen
metabolism, while simultaneously downregulating key genes in the innate immune system, underscoring the potential harm of e-cigarettes on the immune
system and respiratory health [83].

6.5 Reproductive System

E-cigarettes are seen as a better alternative for individuals looking to quit cigarette smoking. However, e-cigarettes still have nicotine as its constituents,
although at lower amounts compared to conventional cigarettes, it still generates toxic vapors, and can potentially cause adverse effects on the fertility of
male and females [84]. Nevertheless, comprehensive exploration on e-cigarettes' effects on the reproductive system is limited, as research focuses on the
use of animal models. Despite this, the information derived from them remains pertinent in understanding e-cigarettes' effects on the human reproductive
system [85].

Male reproductive function is affected by the use of e-cigarettes by inducing abnormalities in sperm morphology by promoting vascularization of the
seminiferous epithelium, resulting in reduced production and heightened sperm death [86]. Findings from the studies expressed that exposure to e-
cigarettes caused an increased DNA damage in the testis and sperm of males. These outcomes suggest a potential for e-cigarettes to induce mutagenic
effects on sperm [87]. Regarding female reproduction, impaired ovarian function is caused due to exposure to e-cigarettes. This is attributed to e-liquids
in e-cigarettes, which hinder the development of ovarian follicles and lead to a reduction in estrogen release [88]. Delayed implantation in the embryo is
also associated with exposure to e-cigarettes, indicating that these devices may hinder initiation of pregnancy and compromise fetal health [89]. Although
these studies were not directly conducted on test human subjects, the outcomes of these studies should be considered as information that might possibly
affect the reproductive system of an individual [84].

6.6 Oral Health

An increasing number of research studies have been carried out recently to investigate their effects on oral health. According to microbiological research,
e-cigarette users have unique microbiomes, and there is some suggestion that this could make them more susceptible to disease than non-users. The
benefits of stopping smoking for smokers who use e-cigarettes may exceed the drawbacks of using them, particularly in the short term, in terms of dental
health [90]. It is possible to mitigate the detrimental effects of smoking on oral health to some degree by adopting healthy oral hygiene practices, quitting
smoking, and abstaining from drugs. The best method for ensuring long-term dental health is with e-foils. Many e-cigarette users reported better
physiological functions, including respiration, mood, taste, physical state, and memory, as compared to tobacco users and non-smokers [91].



International Journal of Research Publication and Reviews, Vol 4, no 12, pp 3705-3719 December 2023 3712

According to a different cross-sectional study done in the US, utilizing e-cigarettes on a regular basis raised the chance of tooth loss from gum disease or
decay [92]. They established that cells exposed to e-cigarettes had substantially reduced rates of cellular vitality and colony-forming potential as well as
increased rates of cell death and tissue decay, regardless of the amount of nicotine in the vapor.

According to research by Wisniewski and colleagues, oral dysplastic keratinocytes exposed to liquid nicotine exhibit a migratory phenotype as a result
of the nicotine's activation of EGFR signaling, which leads to an increase in EGFR expression and mouth cancer [93]. The cytotoxicity of vaped or
inhaled e-liquids, with or without nicotine, was investigated in HGF to assess the safety of these novel electronic devices in the oral cavity [94]. According
to a test-tube study, there may be a higher chance of tooth decay if specific compounds that taste sweet are combined with e-liquid viscosity. Since
separate research employed different brands of e-cigarettes, which can have significantly different chemicals, the findings that are now available should
be evaluated very cautiously [95].

7. Untoward Health Impact of E-Cigarettes to the Surrounding People

E-cigarettes pose risks for youth, young adults, pregnant individuals, and non-tobacco-using adults. While e-cigarettes may have benefits for some
individuals and drawbacks for others, there is still a lot that scientists need to uncover about their efficacy in helping adults quit smoking, particularly in
terms of their impact on those in close proximity [48]. Much like exposure to tobacco smoke, individuals near to e-cigarette use can breathe in secondhand
emissions that consist of chemical-containing tiny droplets combined with gaseous mixtures. Aerosols from e-cigarettes are reported to contribute to
particulate matter pollution (PM), consist of fine particles (PM2.5) with a diameter less than 2.5 mm that can penetrate deeply into the lung's areas
involved in gas exchange, posing a potential risk of lung damage and entry into the bloodstream to adversely affect other organs, contributing to the
global mortality risk and being linked to respiratory and cardiovascular events [96, 97] Several studies have identified the presence of nicotine in the
secondhand aerosols that was emitted from electronic cigarettes, and a review in 2018 by the National Academies of Sciences, Engineering, and Medicine
definitively established that the utilization of these devices significantly increases levels of airborne particles of nicotine in indoor settings compared to
the normal outdoor concentrations [98]. Biomarker investigations indicate that individuals exposed to passive inhalation of e-cigarette vapors can take in
chemicals, including nicotine, as shown by a study using cotinine—a biomarker indicating exposure to the chemical—that revealed heightened levels of
this substance in the urine, serum and in the blood of non-smokers following exposure to involuntary passive e-cigarette intake. [99, 100]

According to a cross-sectional study, secondhand aerosols (SHA) and its consistent exposure to them within household vicinity was independently linked
to increased rates of asthma symptoms, indicating an adverse effect on respiratory health in adolescents [101]. Another prospective study carried out on
a cohort of young adults (n=2097) from 2014 to 2019 in Southern California found that exposure to secondhand nicotine-containing e-cigarette was also
linked with a greater frequency of records of bronchitis symptoms [102]. It has been reported that significant proportion of young adults develop a nicotine
addiction by using e-cigarette nicotine delivery systems, which may increase vulnerability of the influence on the population to addiction with other
nicotine products, thereby contributing to the emergence of vaping-related pulmonary injury outbreaks, compounded by a growing body of evidence
highlighting potential adverse effects regarding the usage of vape [103, 104].

The threat does not end there, as there is a potential of thirdhand exposure as well through chemical remnants that remain on surfaces and fabrics of
clothing after e-cigarette smoking sessions that may serve as a source of indirect contact or exposure when unsuspecting individuals come into contact
with or inhale the off-gassing from these contaminated areas, a facet often overlooked by many [105]. Findings from a study utilizing a mouse model
indicate that the vapor from third-hand exposure to e-cigarette nicotine delivery systems resulted in decreased lung inflammatory responses, suppressed
macrophage infiltration into airways, reduced airway resistance, and alterations in the weights of the spleen and brain. Consequently, acute exposure to
third-hand e-cigarette emissions led to modifications in both immune responses and organ development [106].

Considering the rise of evidence suggesting potential hazards and adverse effects associated with e-cigarettes, it is crucial not to overlook the potential
efficacy of these devices in assisting with the cessation of tobacco smoke. However, further research of all dimensions of vaping exposure is critical,
especially regarding the impact on individuals in close proximity who may indirectly deal with the effects of this health-hazardous behavior.

8. Discussion

The influence of electronic cigarettes on tobacco cessation is a subject of debate, marked by conflicting evidence. Some studies propose that such devices
can serve as effective tools for encouraging smoking cessation, while others argue the opposite. A meta-analysis of five controlled clinical trials discovered
that, in comparison to nicotine replacement therapy or a placebo, electronic cigarettes demonstrated superiority in promoting smoking cessation. However,
the level of confidence in this evidence was regarded as being relatively low. Notably, the potential of electronic cigarettes as quit-smoking tools hinges
on specific ingredients in their composition, with nicotine [14] and non-tobacco flavorings [18] being highlighted in several studies. Nicotine in electronic
cigarettes serves as an alternative for that in conventional cigarettes, alleviating withdrawal symptoms. Additionally, maintaining access to menthol or
mint-flavored e-cigarettes was identified as a factor supporting their role in smoking cessation.

Curiously, three studies contrasted the efficacy of electronic cigarettes to nicotine cessation aids that is approved by the FDA [107], raising questions
considering the confirmed position of the latter. Despite lacking FDA approval as smoking cessation tools, some studies assert the safety of e-cigarettes
for smokers unable to quit using other medications like Varenicline and Bupropion [19] . Conversely, a study within the PATH Study cohort discovered
that among those attempting to quit, individuals utilizing electronic cigarettes exhibited a reduced rate of cigarette abstinence lasting 12 months or more
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compared to non-users. Another review determined that the proof supporting the effectiveness of electronic cigarettes for quitting smoking or their safety
as alternatives is insufficient and may pose harm.

Considering the positive outcomes of electronic cigarettes in aiding tobacco cessation, it remains a concern due to its adverse effects on the respiratory
system, particularly the lungs, where vapor deposition and exposure to harmful chemicals occur (Hart, 2022). Notably, detrimental consequences such as
inflammation and irritation in the upper respiratory tract, nausea, and vomiting have been highlighted by Sapru et al. (2020). These effects compromise
the immune system [76], increasing vulnerability to respiratory infections. Prolonged e-cigarette use can significantly impact normal vascular function
[62], with studies suggesting potential impairment of aortic endothelial function, leading to cardiovascular dysfunction (Olfert et al., 2017). Mood
irregularities, impaired impulse regulation, and the risk of stroke and seizure are additional concerns, influencing synaptic formation and affecting
attention and learning. Research indicates adverse effects on anxiety, depression, and concentration, particularly in adolescents with developing brains
[21]. Furthermore, e-cigarettes may adversely affect fertility, causing reduced sperm production and increased sperm death in males [86], and a decrease
in estrogen release and ovarian follicle development in females [88]. Oral health is also at risk, with research linking electronic cigarette use to increase
likelihood of self-reported dental attrition due to oral infections [92]. Despite potential oral health impacts, individuals attempting to quit tobacco smoking
may find the benefits of e-cigarettes outweighing the short-term risks [90]. Overall, the dual nature of electronic cigarettes, offering both advantages and
drawbacks, emphasizes the importance of considering an individual's health status to ascertain the proportion between probable advantages and hazards.

9. Conclusion

To conclude, the impact of electronic cigarettes on tobacco cessation remains a contentious topic marked by contradictory evidence, with numerous
studies presenting conflicting and inconclusive findings. While using e-cigarettes as a means to quit smoking is a viable option, it is crucial to take into
account the drawbacks linked to their usage, given the associated risks. Consequently, when opting for an electronic cigarette as a tool to overcome
tobacco dependence, careful consideration of an individual's health becomes paramount.
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