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Abstract

E-cigarettes were first introduced as smoking cessation aids and then expanded among non-smokers. E-cigarettes are relatively new and their impact on health has
not been sufficiently explored, particularly in the long-term. The aim of this study was to review the effect of e-cigarettes on general and oral health. E-cigarette
use is considered significantly less harmful than smoking though it is not deprived of health risks, which might vary depending on e-liquid and e-vapor content,
manufacturing and storage conditions and prolonged use. Flavorings, propylene glycol, glycerin, aldehydes, heavy metal traces and nicotine are some of their
hazardous compounds. E-cigarettes affect several cellular activities, such as inflammatory and apoptotic response, cellular metabolism and proliferation, commensal
microbe proliferation and virulence. They have cytotoxic, genotoxic, and carcinogenic properties. Chronic use affects mostly the respiratory and cardiovascular
systems and possibly the central nervous system. They increase heart rate, blood pressure, arterial stiffness and risks of presenting heart diseases that pave the way
for cardiac arrhythmias. Periodontal tissues presented less inflammation with e-cigarettes than smoking. Periimplant tissues presented higher proinflammatory
cytokine levels with e-cigarettes than never-smoking. Oral mucosal lesions were in total similarly prevalent for e-cigarette users and former smokers, though nicotine
stomatitis, hairy tongue and angular cheilitis were more frequent with e-cigarettes. C. albicans carriage was higher with e-cigarettes than never-smoking. Switching
from smoking to e-cigarettes may reduce oral and throat symptomatology, though several oral health consequences might be associated with e-cigarettes. Evidence
supports that chronic e-cigarette use may affect health negatively. Taking into consideration that e-cigarettes might help quit smoking, health professionals should
inform patients that smokers selecting e-cigarettes as smoking cessation aid should soon discontinue them since prolonged use entails health risks. Moreover, health
professionals should inform non-smokers that e-cigarettes are not harmless and discourage them from starting vaping.

Introduction molecules [9], vanillin and ethyl vanillin, maltol and ethyl maltol, benzyl
alcohol, ethyl butyrate and ethyl acetate [13]. E-liquid market unveils
new flavors with flavoring components that have not been tested yet.
The e-liquid might or might not contain nicotine depending on the
user’s choice [11]. In case the e-liquid contains nicotine, the nicotine
concentration is selected by the user [11]. Most e-liquid nicotine
concentrations do not exceed the 87.2 mg/ml [14].

Smoking has deleterious consequences on the general health and
the oral cavity. The consequences on health causally linked to smoking
include cancers and chronic diseases. For smokers, the inhalation of
chemical compounds originating from tobacco burning is a severe
health threat. The chronic nicotine consumption leads to nicotine
addiction. Furthermore, secondhand and thirdhand smoking entail
risks [1]. Therefore, health professionals should inform patients on E-cigarette use is considered significantly less harmful than
the detrimental effect of smoking and the beneficial effect of smoking ~ conventional smoking [15]. Nonetheless, the diversity in the
cessation on health, as well as advise, motivate and support their e-liquid and e-vapor content might affect the possible health risks.

patients to quit smoking. The health professionals’ role in the smoking Furthermore, the absence of standardized manufacturing protocol
cessation effort is of outmost importance [2]. for e-liquids does not exclude contamination with cancer-inducing

substances [16-19], while the absence of strict regulation for the storage

Several pharmacological and behavioural strategies and their — of e-cigarettes allows storage under various conditions. When stored in
combination are used in the smoking cessation effort [2]. Electronic open containers, the oxidation of nicotine is possible which leads to the
cigarettes (e-cigarettes or e-cigs or ECs) were first introduced in  ypintentional presence of degradation products [20]. Moreover, heavy
the market as smoking cessation aids. However, their use quickly  metals have been detected in e-cigarettes’ vapor (or aerosol), mainly
expanded among non-smokers as well [3]. E-cigarettes are electronic  pickel and chromium, which probably derive from the cartridge
nicotine delivery systems (ENDS), where tobacco is not necessary [21,22]. It is therefore clear that the health risks of the e-cigarettes have

for their operation [4]. With e-cigarettes with refillable tanks, the not been sufficiently explored. The aim of the present study was to
heating element vaporizes a small amount of a liquid (e-cigarette

liquid or e-liquid) in every “puff” and the user inhales an aerosol/vapor
(e-cigarette vapor or e-vapor), instead of smoke [5,6].
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Most e-liquids contain nicotine, glycerol, propylene glycol, ethylene
glycol, 1,3-propanediol, 1,2-propanodiol, thujone, ethyl vanillin [7-
10] and flavorings [9], with propylene glycol and glycerin being their
main ingredients. The main flavorings of the e-liquids are aldehydes
(formaldehyde, acetaldehyde, acrolein, crotonaldehyde, benzaldehyde) Key yords: ele'ctronic cigarettes, e-smoking, health effects, nicotine, oral health,
[9], nitrosamines (nitrosonornicotine, 4-(nitrosomethyl-amino)-1-(3- smoking cessation
pyridyl)-butanone and nitrosoanatabins) [11], acetone [12], terpenic Received: April 06, 2020; Accepted: April 17, 2020; Published: April 20, 2020
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thoroughly review the possible effect of the e-cigarettes on the general
and oral health.

Effects on general health

Heat generation

The heat generated by e-cigarettes is significantly lower (up to 160
°C, depending on the model) [23] than that generated by smoking a
conventional tobacco cigarette (approximately 1.000 °C per puff) [24].
Combustion related toxic chemicals are generated by cigarette smoking
[24], whereas they are not emitted with e-cigarettes [23].

Chemical compounds

Several chemical compounds of the e-liquids and e-vapors might be
harmful. Certain compounds of the e-vapor have cytotoxic, genotoxic,
and carcinogenic properties [25]. Generally, most studied e-liquids are
much less cytotoxic than cigarette smoke extract [26-28].

E-vapor, regardless of nicotine and flavoring content, suppresses
cellular antioxidant defenses [29] and induces carbonyl/oxidative stress
[30], oxidative DNA damage [29,30], mainly attributed to aldehydes
[31,32], inflammation and endothelial barrier dysfunction [33] leading
to reduced cell viability and clonogenic survival, along with increased
rates of apoptosis and necrosis [30] with the end result of tissue damage
[34-37]. Even short-term exposure to e-vapor may cause oxidative DNA
damage [29,30]. Moreover, the radical oxygen species increase [38] and
the expression of proteins implicated in oxidative DNA damage repair
decrease, which might raise the cancer risk [34]. However, e-vapor is
less harmful for cell viability as compared to e-liquid [39-41]. Factors
related to the chemical content, the particle size and the particle
number concentration of the e-vapor seem to affect its toxicity [42].

Glycol/ Glycerin

At two hours after e-cigarette use, nicotine, 1,2-propanediol,
aluminum, glycerin and polycyclic aromatic hydrocarbons increase
in blood to levels that they might be carcinogenic [43]. Though,
1,2-propanediol and ethylene glycol entail significantly less health risks
as compared to nicotine [44]. In terms of propylene glycol, exposure to
it irritates the eyes and lungs [45], whereas repeated inhalation affects
the central nervous system and the spleen [46].

Heavy metals

Repeated inhalation of nickel and chromium originating from the
e-vapor is toxic and might lead to the formation of carcinogens, which
then line the pulmonary alveoli [47].

Flavoring components

The flavoring components are mostly responsible for the cytotoxic
effects of the e-liquids [48]. Certain flavors are more cytotoxic than
others with cinnamon flavor being the most toxic [27,38, 39,49].
Particularly, it negatively affects the respiratory epithelial cells innate
immunity mechanisms and the neutrophil phagocytosis [50-52] and
it seems to be genotoxic for embryonic cells [53,54]. These effects
were attributed to the impairment of cellular bioenergetics [50-
52]. Furthermore, e-liquid flavors containing aromatic aldehydes
and their derivatives caused neutrophil distraction [52]. Menthol
flavored e-cigarettes generate larger particles and less nanoparticles as
compared to tobacco flavored e-cigarettes, whereas nicotine increases
the nanoparticle levels [42]. Exposure of cell lines to menthol flavored
e-liquids significantly reduced cell proliferation and viability, which
might indicate that menthol additives should be avoided [55]. Flavor
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compounds thujone and ethyl vanillin appear to be rather safe [44].
Exposure of osteoblasts to e-liquids decreased cell viability, which was
flavor-dependent irrespective of nicotine presence [56]. Moreover,
flavored e-liquids revealed collagen type I as a potential target in
osteoblasts [56]. Nevertheless, it should be taken into consideration
that most e-liquid flavors have been tested for their safety during
heating and digestion, but not during inhalation [57].

Nicotine

With cigarette smoking, nicotine reaches peak blood concentrations
within a few minutes [58,59]. The peak nicotine blood concentrations
are higher with cigarette smoking than e-cigarettes [60-62]. Cotinine
levels (the predominant metabolite of nicotine) are significantly higher
for cigarette smokers than dual users (individuals using both tobacco
cigarettes and e-cigarettes) [63]. Though, overall nicotine exposure
levels were reported to be similar for cigarette smokers and chronic
e-cigarette users [64, 27]. Larger ENDS, such as tank/modified, can
produce blood nicotine concentrations approaching those of cigarettes,
but with a slower absorption rate [65]. Higher blood nicotine levels are
more common among experienced e-cigarette users [27].

Based on the Centers for Disease Control and Prevention report
[66]. “E-cigarettes and other products containing nicotine are not safe to
use during pregnancy. Nicotine is a health danger for pregnant women
and developing babies and can damage a developing baby’s brain and
lungs. Also, some of the flavorings used in e-cigarettes may be harmful
to a developing baby.” In terms of pregnancy, a safe concentration
of nicotine use has not been reported and nicotine exposure to utero
is associated with adverse effects to respiratory, cardiovascular and
central nervous system of the fetus [67].

A recently published systematic review revealed that nicotine
at concentrations found in the plasma, the saliva and the gingival
crevicular fluid of tobacco smokers, nicotine replacement therapy users
and e-cigarette users is unlikely to be cytotoxic to human gingival and
periodontal ligament cells in vitro [68]. Inhibition of cell attachment was
observed with exposure to nanomolar (nM) concentrations of nicotine,
while cell proliferation was inhibited by higher nicotine concentrations
[68]. Antiproliferative impact of nicotine on leukocytes, as well as
inhibition of neovascularization and osteoblastic differentiation were
found in vitro [69-71].

Systems affected by e-cigarette use

Chronic e-cigarette use affects mostly the respiratory and
cardiovascular systems, whereas there are indications that it may affect
the central nervous system as well (Table 1) [63-98].

Respiratory system

E-cigarette use has adverse effects on the respiratory system.
Local (mouth/throat) irritation of the tissues, allergic reactions [63],
shortness of breath, coughing, wheezing [21] and pneumonia [4]
have been reported in e-cigarette users. Most cases are mild and
resolve, though certain cases might become serious [27]. Short-term
use of ENDS causes an increase in impedance, peripheral airway flow
resistance, and oxidative stress among healthy users [72,73], while
exposure to propylene glycol can cause upper and lower respiratory
tractirritation [45,74]. E-vapor droplets are larger during the inhalation
as compared to the exhalation phase, which indicates increased levels
of nicotine delivery during vaporization [75]. This inhaled nicotine
can lead to airway remodeling, profibrogenic and dysregulated repair
[35]. ENDS inhalation has been found to induce toxicity, oxidative
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Health effects

Eyes irritation

9)
9)

Lungs irritation/Inflammation
Pulmonary cancer

Nasopharyngeal cancer

CNS/behavior defects

Positive cognitive effects

Spleen damage

Neutrophil phagocytosis impairment

Inhibition of leukocyte proliferation

q'_;‘ Impairment of osteoblastic differentiation
AP P
@ Osseotoxicity

Increased oxidative stress and DNA damage (increased cancer risk)

E- vapor/E- liquid component

Prapylene Glycol

Prapylene Glycol, Aldehydes, Heavy Metals
Flavorants, Heavy Metals

Carbonyl Compounds

Prapylene Glycol, Heavy Metals

Nicotine

Prapylene Glycol

Flavorants

Flavorants

Nicotine

Nicotine

Increased glycated hemoglobin, inhibition of neovascularization, NO increase, cardiovascular toxicity

Glycerol

Heart rate and blood pressure increase, arterial stiffness and the heart diseases risk

Nicotine

Flavorants

Table 1. Health risks related to e-cigarette use by e-vapor/e-liquid compound [63-98]

stress, and inflammatory response in the epithelial cells of the lungs
[35,36,76], consequently increasing allergen-induced airway hyper-
responsiveness [77], altering innate immunity/host response, and
enhancing virulence of colonizing bacteria [76,78,79] and virus
infection [78], hence affecting local microbiome [80]. Asthma [21]
and bronchiolitis obliterans (popcorn lung) seem to be associated with
e-cigarette use [80]. Nasopharyngeal cancer was reported in chronic
e-cigarette users, where carbonyl compounds were mainly implicated,
such as formaldehyde and heavy metals [81-83].

Aldehydes, such as benzaldehyde and vanillin, induce respiratory
irritation [84], while other flavoring chemicals including ortho-vanillin
(vanilla), maltol (malt), cinnamaldehyde, and coumarin induce
pro-inflammatory response in lung cells in vitro [85]. Specifically,
individuals with a history of asthma might be sensitive to propylene
glycol [86]. In individuals with chronic respiratory disease, neutrophil
disarrangement due to flavors seems to decrease bacterial clearance.
Consequently, aldehyde flavored e-liquids may increase the risk of
infections or respiratory diseases [52,87].

When the contribution of nicotine in cigarette smoking or
e-cigarettes to lung endothelial injury was evaluated, it was found that
nicotine induced dose-dependent loss of endothelial barrier in cultured
cell monolayers and rapidly increased lung inflammation and oxidative
stress in mice. Nicotine-independent effects of e-cigarette liquids were
found, which might be attributed to acrolein, detected along with
propylene glycol, glycerol, and nicotine in both e-cigarette liquids
and vapors. It was suggested that soluble components of e-cigarettes,
including nicotine, cause dose-dependent loss of lung endothelial
barrier function, which is associated with oxidative stress and increase
of inflammation [33].
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In terms of heavy metals, exposure to nickel leads to chronic
inflammatory response in the lungs, which causes alveolar epithelium
hyperplasia, fibrosis, bronchiolization, alveolar proteinosis and artily of
the nasal olfactory epithelium [88,89]. Chromium has also a damaging
impact on the respiratory system by causing ulceration, chronic rhinitis
and pharyngitis, impaired lung function and emphysema [21].

Cardiovascular system

When vaping, 20 to 27% of the e-cigarette exclusive supersaturated
propylene glycol (aka I,2-propanediol) and vegetable glycerin-based
liquid particles are inhaled through the lungs and become deposited
into the circulatory system [90]. E-cigarettes were found to increase
the heart rate, the blood pressure, the arterial stiffness and the risk
of getting heart diseases that pave the way for cardiac arrhythmias
[91,92]. These cardiovascular diseases are mainly attributed to glycerol
contained in e-cigarettes, since it can turn into an irritant substance
when heated [93]. Moreover, aerosolized nicotine may increase the
release of the inflammatory signaling molecule nitric oxide (NO) and
induce cardiovascular toxicity upon inhalation [43]. Congestive heart
failure and hypotension have been reported in relation to e-cigarettes [4].

Central nervous system

There are indications that e-cigarettes have positive cognitive
effects consistent with the acute positive benefits of nicotine, such
as improved memory and mood, and positive cognitive effects in
abstinent smokers [27]. However, disorientation and epileptic seizures
following e-cigarette use have been reported [4]. Heavy metal traces,
such as nickel, chromium and lead, seem to affect neural function.
Exposure to Ni and Cr may induce lethargy and ataxia [88], while lead
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was found to cause changes in nerve velocity and encephalopathy [94-
96]. In children, exposure to lead, even in low concentrations, might
induce neurocognitive toxicity [97,98], which might lead to paralysis,
convulsions, delirium or even coma [21].

E-cigarette use and oral health

Despite the rising concern of the effects of e-cigarette use on the
general health, the evidence on their possible effect on the oral health
remains limited [99-101].

In vitro/ in vivo studies

E-cigarettes affect several cellular activities, such as inflammatory
and apoptotic response, cellular metabolism and proliferation,
commensal microbe proliferation and virulence.

Inflammatory and apoptotic response: Exposure to e-vapor,
regardless of nicotine presence, may increase oxidative/ carbonyl
stress and inflammatory cytokine release in human periodontal
ligament fibroblasts (HPdLF), human gingival epithelium progenitors
pooled cells (HGEPp), human gingival fibroblasts (HGF) and normal
human oral keratinocytes (NHOK), with greater response by flavored
e-liquids [42,101,102]. This alteration has been attributed to protein
carbonylation and to a significant decrease of intracellular glutathione
(GSH) [42,101]. Particularly, reactive aldehydes/carbonyls derived
from e-vapor can cause protein carbonylation and DNA adducts,
leading to inflammation and DNA damage [101]. DNA damage in cell
lines and in 3D models of EpiGingival tissues has been associated with
cell apoptosis via caspase-3 pathway [100], while injurious oxidative
stress may lead to significant cytotoxicity [42,102]. Moreover, protein
carbonylation results in autoantibody production, which may lead to
destruction of periodontal tissues [34,37]. Hence, it is possible that
carbonyls/aldehydes play an important role in the e-vapor-induced
oral toxicity [80]. Furthermore, increased carbonyl/oxidative stress
results in premature cellular senescence (a state of irreversible growth
arrest which amplifies chronic inflammation) due to persistent DNA
dam age via RAGE-HDAC2-depedent pathways in gingival epithelium
(80, 101].

Cellular metabolism and proliferation: Regardless of the presence
of nicotine in e-cigarettes, the metabolic activity of human gingival
fibroblasts (HGFs) seems to decrease, when exposed to e-liquids.
Pre-warming through the cartomizer increased this reduction [102].
The cell migration of human periodontal ligament fibroblasts was
statistically significantly reduced for fibroblasts exposed to menthol
flavored liquids as compared to non-exposed fibroblasts and to nicotine
treated fibroblasts [55].

Commensal microbe proliferation and virulence: Flavorless
e-vapor did not significantly affect the survival and growth of oral
commensal streptococci [103]. Though, e-liquids of high viscosity and
e-liquids with sweet flavoring components provide attachment and
additional nutrition for cariogenic bacteria, such as S. mutans [104].
This implies that e-cigarettes might be harmful for dental tissues [104].
Moreover, nicotine-rich e-vapors were found to increase C. albicans
proliferation and promote its interaction with gingival epithelial cells
[105]. Therefore, it seems that e-cigarettes may increase the risk of oral
candidiasis.

Clinical studies

Clinical studies on e-cigarette use are very limited and present
inherent difficulties and limitations. E-cigarette use has been studied
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in relation to the periodontal and peri-implant condition and the oral
mucosal lesions.

Comparisons among conventional cigarette smokers, e-cigarette
users and never-smokers found worse inflammation of the periodontal
tissues [106,107] and higher levels of proinflammatory cytokines in
the gingival crevicular fluid [107] for conventional cigarette smokers
as compared to the other groups. Higher levels of proinflammatory
cytokines were detected in the peri-implant sulcus fluid for cigarette
smokers and e-cigarette users as compared to never-smokers, which
was partly attributed to nicotine [108].

A prospective case-control study found that the total prevalence
of oral mucosal lesions was similar for e-cigarette users and former
cigarette smokers, though nicotine stomatitis, hairy tongue and
angular cheilitis were more frequent for e-cigarette users [109].
The higher prevalence of nicotine stomatitis for e-cigarette users as
compared to former cigarette smokers was partly attributed to nicotine
and partly to the chemical components of e-cigarettes [109], such
as the flavoring components with strawberry-flavor being the most
toxic [110]. Moreover, C. albicans carriage was significantly higher
for e-cigarette users than never-smokers, but it did not significantly
differ between e-cigarette users and conventional cigarette smokers
[111]. The higher C. albicans carriage for e-cigarette users than never-
smokers was attributed to the positive effect of nicotine on growth and
proliferation of oral yeasts [112] and to the nicotine-induced changes,
namely increased epithelial keratinized tissues thickness, suppressed
polymorphonuclear leukocytes function and reduced secretory
immunoglobulin A salivary levels [113-115].

A recent systematic review [25] aiming to evaluate the possible
impact of e-cigarette use on the oral health found that most of the
oral and throat symptoms experienced by the e-cigarette users were
relatively minor and transient. There was evidence that conventional
cigarette smokers who switched to e-cigarettes experienced alleviation
of these symptoms. E-cigarette use increased the risk of deteriorating
periodontal and dental health as well as changes to the oral microbiome.
The authors of this systematic review concluded that although switching
from conventional cigarette smoking to e-cigarettes may reduce oral
symptomatology, the findings suggest that a wide range of oral health
sequelae may be associated with e-cigarette use [25].

In a recent study, deregulation of very important genes and
disruption of associated molecular pathways, mostly related to
carcinogenesis, were detected in oral epithelial cells of e-cigarette
users. Interestingly, most of the deregulated transcripts were different
between conventional smokers and e-cigarette users [116].

E-cigarettes as a smoking-cessation product

A recent randomized clinical trial [117] evaluated the effectiveness
of e-cigarettes in the attempt to stop smoking as compared to that of
nicotineproductsapprovedassmoking-cessationtreatments,specifically
nicotine-replacement products. The control group individuals were
assigned to nicotine-replacement products of their choice, including
product combinations, provided for up to 3 months, and the test group
individuals were assigned to e-cigarettes, with e-liquid refills of their
choice. Both treatment groups received weekly behavioral support for
at least 4 weeks. The primary outcome was sustained abstinence for
1 year, which was validated biochemically at the final evaluation. The
secondary outcomes were participant-reported treatment usage and
respiratory symptoms. The 1-year abstinence rate from smoking was
statistically significantly higher for the e-cigarette (18.0%) than the
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nicotine-replacement group (9.9%). Among individuals with 1-year
abstinence from smoking, the e-cigarette group individuals were
more likely (80%) than those in the nicotine-replacement group (9%)
to use their assigned product at 52 weeks. Throat or mouth irritation
was reported more frequently for the e-cigarette (65.3%) than the
nicotine-replacement (51.2%) group and nausea less frequently for
the e-cigarette (31.3%) than the nicotine-replacement (37.9%) group.
The e-cigarette group reported greater declines in the incidence of
cough and phlegm production from baseline to 52 weeks than did the
nicotine-replacement group. The incidence of wheezing or shortness of
breath was similar for both treatment groups. The authors of this study
concluded that e-cigarettes were more effective for smoking cessation than
nicotine-replacement therapy, when both products were accompanied by
behavioral support [117].

A cross-sectional study conducted in a group of American adults
who visited their physician, dentist or child’s doctor during the past
12 months revealed that only a few physicians and dentists provided
information and advice on the possible harmful and beneficial effects
of e-cigarettes and dentists provided the lowest rates of advice [118].
Moreover, despite the significant differences in knowledge and
perception of e-cigarette use between dental students from two dental
schools, one of the United States and one of Spain, both populations
reported to be uncomfortable discussing about e-cigarette safety
and long-term effects on oral cavity with [119]. Most students were
willing to receive more information on e-cigarettes and the integration
of a relative program into the dental curriculum [119]. Taking into
consideration these results together with the steadily raising e-cigarette
use, it seems that it is important to increase awareness and create
evidence-based guidelines for the health professionals in order to help
the patients in the attempt to quit smoking.

The following guidelines on e-cigarette use were provided in an
editorial published on behalf of the American Heart Association.

o The most effective treatment for smoking cessation is behavioral
counseling combined with products approved by the Food and Drug
Administration (FDA) as smoking-cessation products. Although
e-cigarettes have not been approved as a smoking-cessation
product by the FDA, smokers who are unable to stop smoking with
approved FDA products may benefit from the use of e-cigarettes
as a cessation aid, despite the limited evidence. E-cigarettes are
likely to help reduce urges to smoke and ease withdrawal from
cigarettes, since they delivery nicotine. E-cigarettes are not free of
health risks, but evidence suggests that they expose the users to
much lower levels of toxins as compared to the use of combustible
tobacco cigarettes. Mouth/ throat irritation and dry cough are the
most common side effects of e-cigarettes. The long-term risks of
e-cigarettes are unknown. Upon successful cessation of combustible
tobacco cigarettes, e-cigarette use should be discontinued.

o E-cigarettes are available in different models, which differ in the
way they are used, the nicotine delivery levels and the flavors.
More advanced E-cigarette models that deliver nicotine more
efficiently seem to work best for those trying to quit smoking.
The e-cigarette user should use and care each device according to
the manufacturer’s recommendations. The e-cigarette user and/
or prospective users should retrieve information on e-cigarettes
from the FDA’s website (https: //www.fda.gov/TobaccoProducts/
Labeling/ProductsIngredientsComponents/ucm456610.htm).
E-cigarette use on a daily basis is generally more successful for
quitting smoking than on an intermittent basis. Learning to use
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the device to deliver the proper amount of nicotine to relieve the
urge to smoke might require practice. For the individual attempting
to quit smoking by using e-cigarettes, it is recommended to quit
conventional cigarette smoking the soonest possible and then
discontinue e-cigarette use as soon as he/she feels that he/she
managed to quit cigarette smoking. Dual use of conventional
tobacco cigarettes and e-cigarettes should be avoided whenever
possible. The use of e-cigarettes might be combined with the use of
FDA approved smoking-cessation products.

o Ingestion of nicotine liquids can be dangerous. E-liquids should
be kept in childproof containers and out of the reach of children.
E-cigarette devices should be protected from extreme temperatures.
Moreover, battery explosions should be prevented by: (a) using
devices with safety features such as button locks, vent holes, and
protection against overcharging; (b) keeping batteries in a case to
prevent contact with metal objects; (c) not charging the device with
a phone or tablet charger; (d) not charging the device unattended;
and (e) replacing batteries if they get damaged or wet.

o E-cigarette use indoors is not allowed in many public places. With
e-cigarettes, the risk from secondhand use is lower than that from
smoking, outdoor use is preferable and by keeping safe distances
from other individuals.

It is worthwhile to notice than nowadays e-cigarettes are used by
non-cigarette smokers as well [3]. E-cigarettes are popular among
youth and adolescents, which raises concerns as they may present a
possible gateway to future smoking [45, 120-123] or that their use may
preserve nicotine addiction [124].

Impact on the environment

The possible impact of e-cigarette use on the environment cannot be
excluded. It is important to take into consideration that e-cigarettes are
not emission-free and that vapor contains potential harmful chemicals,
hence health risks to non-smokers are possible [125]. However, the
emissions from conventional cigarettes are more toxic than those from
e-cigarettes [27,126]. Moreover, environmental tobacco smoke derives
mostly from the emission between puffs, but this emission is totally
avoided with e-cigarette use [75] and therefore e-vapor contains only
exhaled substances [125]. Smoking delivers 1,500 times more harmful
and potentially harmful constituents compared to e-vapor in the air
[127], but if all the emissions from e-cigarettes were exhaled, 25 times
more exhaled particle matter would still be created than what exists
in a typical urban environment [126]. Interestingly, nicotine-enriched
e-cigarettes produced lower particle matter levels than nicotine-free
e-cigarettes [128]. Increased particulated matter may lead to respiratory
and cardiovascular diseases [125]. Furthermore, even though nicotine
deposits and particulate matter [62] were lower in e-cigarette use
than smoking, they can still accumulate on indoor surfaces and can
be absorbed transdermally [27, 129-133]. Nevertheless, certain trace
metals are in higher concentration in the e-vapor as compared to the
cigarette smoke, such as nickel, silver and chromium [22,134]. These
compounds have been associated with organ toxicity, neurological
defects and cancer [21,125].

Concerning children’s exposure to secondhand vapor, nicotine
exposure to brain and lungs during periods of development (fetus,
childhood and adolescence) should be taken into consideration as
a subject of concern because of the susceptibility of these organs
[135]. Except for the health risks posed by secondhand smoke and
secondhand vapor, it was found that this exposure increases young
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people’s susceptibility to future tobacco use, and thus health risk is
even more increased [136].

Conclusion

In conclusion, although the data on short-and long-term effects
of e-cigarettes are inconclusive, the accumulating evidence supports
that chronic e-cigarette use may affect health negatively. E-cigarettes
seem to be implicated in defects of several systems, tissues and organs,
such as respiratory, cardiovascular, neurological and oral. However,
further long-term and large-scaled studies are required to investigate
the risks of e-cigarette use on human health. Taking into consideration
that e-cigarette use might help in the attempt to quit conventional
cigarette smoking, health professionals should inform their patients
that cigarette smokers selecting e-cigarettes as a smoking cessation aid
should discontinue the e-cigarette use as soon as they feel that they
managed to quit cigarette smoking since their prolonged use might
entail health risks. Moreover, health professionals should inform their
non-smoker patients that e-cigarettes are not harmless and discourage
them from starting vaping since this might lead to chronic e-cigarette
use or become the gateway for future cigarette smoking, especially for
younger individuals.
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