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e-cigarettes emerged in the early 21st century as a safer health alternative to conventional cigarettes. e-cigarettes use 
e-liquids based on glycerine and propylene glycol. this results in smaller amounts of toxic substances in the aerosol they produce 
compared to traditional cigarettes. the rather short existence of such replacements does not make it clear whether they are actually 
better for smokers’ health. the increasing number and younger age of smokers has prompted researchers to expand their research on 
the subject. a review of literature has shown that e-cigarettes affect many biochemical mechanisms, affecting the health of their users. 
they cause oxidative stress and, consequently, a cytotoxic effect; an increase in the production of mucins, taking part in lung diseases; 
affect the formation of dna damage, carcinogenesis, sensitivity to chemotherapy, inflammatory response and disrupt cytokine levels 
in tissues. in addition, they cause thinning of the laryngeal mucosa, autophagy of middle ear epithelial cells, apoptosis of gingival fibro-
blasts, weakening of the tooth attachment apparatus and promote dental caries. it will take some time to test the theory of whether e-
cigarettes are a healthier substitute for classic cigarettes, but based on current knowledge, one should be aware that these substances 
can cause adverse health effects.
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Background

Interest in e-cigarettes

recently, healthier alternatives have been sought for people 
addicted to tobacco, as it has been proven that conventional 
cigarettes are highly conducive to carcinogenesis [1]. e-ciga-
rettes were invented in china in 2003. they were intended to 
provide smokers with the satisfaction of nicotine delivery with-
out harmful health effects. at the beginning of the 21st century, 
their ‘safe’ substitute – e-cigarettes – emerged  [2]. currently, 
e-cigarettes are widely available. they are promoted as a safe 
replacement for cigarettes, but the problem is their very short 
duration of use. there are a small number of studies evaluat-
ing their safety. it will take many years to determine the effect 
of e-cigarettes on the development of cancer in humans [3, 4]. 
we already know that heating e-liquids releases carcinogenic 
formaldehydes, acetylaldehyde and acrolein  [5, 6]. e-cigarettes, 
instead of fulfilling their primary function as a ‘safer substitute’, 
have begun to be used by previous non-smokers and increasing-
ly younger people. e-cigarettes are now considered the tobacco 
product most commonly used by adolescents and young adults. 
their availability is very high. the increasing use of e-cigarettes 
by the public and the unknown exact effects of smoking them 
have prompted researchers to check their safety  [7, 8]. the first 
cases of head and neck cancer among people who do not smoke 
conventional cigarettes and do not chronically consume exces-
sive amounts of alcohol, while being human papilloma virus 
negative (hPV-negative), are emerging. the only element that 

linked these cases was a history of smoking e-cigarettes. two 
cases of squamous cell carcinoma of the tongue and one case 
of squamous cell carcinoma of the lower lip have been docu-
mented in individuals with a history of e-cigarette use [9, 10]. all 
of this prompted us to carry out a literature review examining 
the health impacts of e-cigarette consumption. to the best of 
our knowledge, this is the first comprehensive narrative review 
assessing the health effects of smoking e-cigarettes. 

Composition of e-cigarettes

 e-cigarettes deliver nicotine in aerosol form. it is dissolved 
in propylene glycol (PG) and vegetable glycerine (VG) [11]. 
nicotine and these organic solvents, along with flavourings and 
other additives, form e-liquid  [4]. e-cigarettes are made up of 
a battery, a cartridge containing e-liquid and an electronic heat-
ing atomiser. according to studies, e-cigarette aerosols gener-
ally contain fewer toxic components than conventional cigarette 
smoke [2], but the effects of smoking electronic cigarettes are 
still not as well studied as classic cigarettes. 

Mechanisms of toxicity 

Oxidative stress
electronic cigarettes are poorly understood, but there is 

already scientific evidence pointing to their harmful effects on 
cells. in vitro studies have noted that e-cigarette aerosol induc-
es oxidative stress with a decrease in antioxidant glutathione in 
a dose-dependent [12]. there is activation of oxidative stress 
response pathways. secondary to an increase in the number of 
unfolded proteins in the endoplasmic reticulum is the attach-
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ment of these proteins to immunoglobulin heavy-chain bind-
ing protein (biP) with subsequent up-regulation of activating 
transcription factor 4 (atF4), c/ebP homologous protein (choP, 
a.k.a. dna-damage-inducible transcript 3), X box binding protein 
1 (XbP1) and inositol-requiring enzyme 1 alpha (ire1α). atF4 ac-
tivates oxidative stress response genes, and at the same time, 
choP promotes apoptosis by inhibiting anti-apoptotic b-cell 
lymphoma 2 (bcl-2 protein). ire1α protein also activates XbP1 
with a subsequent increase in the expression of protein disulfide 
isomerase (Pdi), which catalyses protein folding. these actions 
are designed to restore the homeostasis disrupted by the del-
eterious agent, and if this fails, there is a switch to the apoptosis 
pathway. there is activation of many other cellular pathways, i.e. 
the nuclear factor kappa-light-chain-enhancer of the activated b 
cell (nF-κb) pathway, interleukin-6 (il-6), c-X-c chemokine motif 
ligand 8 (cXcl-8), interleukin-10 (il-10) pathways, transforming 
growth factor-β (tGF-β) and the hepatocyte growth factor (hGF) 
pathway. tGF-β and hGF pathways are involved in processes re-
lated to cell growth and differentiation [13]. 

increased tGF-β activity has been shown to cause meta-
bolic dysfunction and promote epithelial-mesenchymal transi-
tion (eMt) and excessive deposition of the extracellular matrix, 
resulting in metabolic dysfunction, fibrosis and cancer [14]. 
tGF-β causes activation of the mothers against decapentaplegic 
(sMad) pathway, which includes the mothers against decapen-
taplegic homolog 2 (smad2) and mothers against decapentaple-
gic homolog 3 (smad3) proteins, which play an important role 
in tissue fibrosis and cancer formation. smad3 causes increased 
levels of thrombospondin 4 (tsP-4), which stimulates angiogen-
esis and thus facilitates tumour growth  [15, 16]. the hepatocyte 
growth factor activates the c-mesenchymal-epithelial transition 
factor (c-Met) receptor. this causes changes in cell metabolism, 
stimulating glycolysis [17]. activation of the hGF/c-Met path-
way promotes tumour progression by stimulating proliferation, 
invasiveness and angiogenesis. it is often overactivated in head 
and neck cancers, and overexpression of Met is an adverse 
prognostic factor in them [18, 19]. 

activation of the nF-κ, MaPk/erk1/2 and p38 pathways 
results in the production of mucins through the production of 
the mucin-5ac (Muc5ac) protein. the increase in mucin pro-
duction occurs independently of the presence of nicotine in 
the smoke [20, 21]. Propylene glycol in the aerosol is suspect-
ed to be responsible for these changes [22]. Mucins are pro-
duced by the airway epithelium. unlike the mucin-5b (Muc5b) 
gene, which ensures adequate ciliary transport and removal of 
inhaled particles from the body, Muc5ac expression is regu-
lated by inflammatory factors [23]. Muc5a results in a much 
more viscous secretion that becomes difficult to remove. ex-
cessive production of mucus causes it to lodge in the airways 
[23]. Mucus that is impossible to remove is the cause of airway 
constriction, inflammation and a source of recurrent infections 
[24]. Mucins are involved in the pathogenesis of lung diseases, 
which are associated with bronchitis and are characterised by 
increased sputum production and are also related to airway epi-
thelial remodelling, i.e. cup cell metaplasia, inflammation and 
mucus plugging [25]. Mucins have been proven to be increased 
in chronic obstructive pulmonary disease, cystic fibrosis and 
asthma [26–28]. 

Cytotoxic effect
a potential effect of oxidative stress is cytotoxicity. in vitro 

studies have shown that e-cigarette aerosols can cause cytotox-
icity. evidence from a study on nasopharyngeal mucosal tissue 
cultures indicates that e-liquids are cytotoxic and cause cellular 
dna damage. Moreover, fruit-flavoured e-liquids are associated 
with a stronger cytotoxic effect compared to tobacco-flavoured 
e-liquids  [12, 29]. the most likely factor for this phenomenon is 
flavouring compounds intended to mimic fruit flavours  [30, 31].

it is worth pointing out that the cytotoxic effect of elec-
tronic cigarettes is considerably lower compared to traditional 

cigarettes. anita r. iskandar et al. observed that high concentra-
tions of nicotine did not cause cell damage in buccal epithelial 
cell cultures, but there was a decrease in cell cilia motility [21]. 

however, the changes were much smaller than those obser-
ved in the group exposed to smoke from conventional cigarettes. 
low cilia mobility leads to a decrease in mucus transport, result-
ing in mucus retention. this, in turn, leads to reduced elimination 
of inhaled particles, including microorganisms from the airways. 
this is the primary defence mechanism of the upper and lower 
respiratory tracts, and insufficient elimination of microorgan-
isms results in an elevated risk of respiratory infections [32–34]. 

Inflammatory reaction
 the use of e-cigarette smoke components disrupts the cyto-

kine levels in the tissue. these components cause a statistically 
significant increase in pro-inflammatory interleukin-1α (il-1α), 
tumour necrosis factor (tnF) and strongly chemotactic cXcl-8. 
there is an increase in the concentration of chemotactic gran-
ulocyte-macrophage growth factor (GM-csF) and granulocyte 
growth factor (G-csF), which are responsible for chemotaxis 
of neutrophils and macrophages  [35]. at the same time, there 
is a decrease in interleukin-13 (il-13), which plays a significant 
role in the t helper 2 (th2) response, though with a simultane-
ous increase in interleukin-4 (il-4)  [19, 21, 36].

 th2 cells that secrete effector cytokines are mainly stimu-
lated by interleukin 4. based on the research where the influ-
ence of classic cigarettes on animals was tested, it can be con-
cluded that cigarette smoking primarily promotes the th2 type 
immune response, but nicotine may lead to the attenuation 
of the allergic reaction by reducing the th2 response [37–39]. 
Mishra et al. proved that the application of nicotine to brown 
norway rats sensitised with allergens resulted in a downregula-
tion of the expression of th2-related chemokines and cytokines 
in the lungs, as well as inhibition of eosinophil migration [39].

it is suspected that the secretion of il-1α may be a part of 
the mechanism that senses chromatin damage and promotes 
an inflammatory response, as well as a tissue repair in the tis-
sues damaged by the e-cigarette smoke  [40, 41]. within the 
gingival tissues, inflammatory processes are also activated. 
Prostaglandin-e2 and cyclooxygenase-2 levels, as well as cXcl-
8, were observed to increase [41]. cyclooxygenase 2 (coX-2) is 
an enzyme that converts arachidonic acid into prostaglandins, 
including, for example, prostaglandin e2 (PGe2). this prosta-
glandin is a key mediator of inflammation and angiogenesis. 
studies have shown that coX-2 can promote cell proliferation, 
as well as participate in cell apoptosis and the process of carci-
nogenesis [42, 43].

coX-2 overexpression also causes an increased inflamma-
tory response of human gingival epithelial cells (hGscs) and 
leads to the destruction of the connective tissue [44]. oxidative 
stress, as well as the products of this process, which are alde-
hydes and proteins with a carbonyl group, activate the raGe 
receptor (receptor for advanced glycation end products). this 
receptor is associated with immune and inflammatory diseases, 
which include, e.g., dental pulp inflammation and periodontitis. 
the increased activation of this receptor as a result of e-ciga-
rette smoke was observed. the activation of the raGe receptor 
causes an inflammatory response and dna damage. this leads 
to the development of inflammatory diseases of the oral cavity 
and the accelerated aging of epithelial cells. it has been stated 
that e-cigarette smokers, compared to non-smokers, have an 
increased expression of raGe. it was also noted that the nico-
tine metabolite (nornicotine) increases the expression of raGe 
in the gums of smokers, which contributes to the induction of 
a pro-inflammatory reaction due to the secretion of cytokines 
and reactive oxygen species. this, in turn, affects the destruc-
tion of periodontal tissues. all this may result in poorer out-
comes of periodontal treatment in smokers [45].

it was also found that e-cigarette vapour extracts induce the 
expression of cd11b and cd66b (factors affecting adhesion and 



M. Zwoliński et al. • are e-cigarettes healthy?

Fa
m

ily
 M

ed
ic

in
e 

&
 P

rim
ar

y 
Ca

re
 R

ev
ie

w
 2

02
4;

 2
6(

2)

269

migration to the site of inflammation) in neutrophils isolated 
from the peripheral blood of healthy non-smokers. Moreover, 
e-cigarette extract stimulates the neutrophil matrix to release 
neutrophil elastase and metalloproteinase-9 [46].

wu et al. proved in their research that exposure to e-liquids 
can lead to a condition of reduced immunity, and thus increased 
susceptibility to bacterial infections [47].

what is more, it was observed that exposure to e-cigarette 
vapour resulted in greater virulence of methicillin-resistant 
Staphylococcus aureus. it was concluded that e-liquids may 
contribute to the promotion of biofilm formation and cause 
changes in the surface charge of this bacterium, which may re-
sult in increased drug resistance  [48]. this may suggest that the 
growth in the frequency of e-cigarette use may contribute to 
the increased virulence of bacteria and increase their resistance 
to drugs [47]. 

Carcinogenesis
 smoking e-cigarettes causes dna damage [6]. hyun-wook 

lee et al., in a study in mice, showed that after exposure to 
e-cigarette smoke, dna-damaging agents are produced that 
induce o⁶-methy l-deoxyguanosine and, to an even greater 
extent, cyclic γ-hydroxy-1,n2-propane-deoxyguanosine (γ-oh-
PdG) in the lungs, bladder and heart [49]. Moon-shong tang et 
al. showed that nicotine can induce these in cultured human 
bronchial and bladder epithelial cells [11]. in addition, by study-
ing dna repair by excision of nucleotides (ner) and dna repair 
by excision of bases (ber) in lung tissues, they verified that the 
activity of these mechanisms is reduced in mice exposed to e-
cigarette smoke. the levels of dna repair proteins in the lungs 
are also reduced [49]. 

dna strand breaks occur, including a particularly dangerous 
double strand break (dsb). Vicky yu et al. found that in cells ex-
posed to e-cigarette smoke, there is an increased tail length and 
number of foci of the dna double-strand break marker (γ-h2aX) 
regardless of nicotine concentration [50]. attempts to repair the 
damage often result in non-homologous splicing of chromo-
some ends, which can lead to karyotype abnormalities, gene 
inactivation or fusion genes [51].

smoking e-cigarettes also promotes cancer by increasing 
the metabolism of benzo(a)pyrene to its carcinogenic metabo-
lites. it has been proven that e-cigarette aerosol can increase 
the rate of metabolism of benzo(a)pyrene to genotoxic prod-
ucts. the authors found that e-cigarette aerosol appears to in-
duce the activity of enzymes (cyP1a1 and 1b1) that contribute 
to the conversion of benzo(a)pyrene (baP) into its genotoxic 
forms. significantly, this is one of the first studies to suggest that 
e-cigarettes can affect carcinogenic processes in the context of 
the carcinogens present in tobacco [52].

the aerosol condensers of e-cigarettes (eacs) significantly 
increase the rate of metabolism of baP to genotoxic products 
and also induce the expression of cytochrome P-450s, probably 
through activation of the aryl hydrocarbon receptor (ahr). ahr 
activation leads to the transcription of cytochrome 1a1 (cyP1a1) 
and cyP1b1, which, in turn, encode proteins that convert polycy-
clic aromatic hydrocarbons into genotoxic metabolites [52]. 

in e-cigarette users, exposure to e-liquids results in no-
table gene expression changes in the affected cells. the most 
frequently altered transcripts include those of cancer-related 
genes. e-cigarette smoking impacts the activation level of vari-
ous signalling pathways within the cell. the wnt/ca2+ path-
way, a less familiar pathway than the canonical wnt/b-catenin 
pathway, is significantly suppressed under the influence of e-
cigarette use. wnt5a protein functions as a ligand binding to 
the cell surface receptor. in this pathway, ca2+ ions mediate 
instead of utilising b-catenin as an intracellular mediator. there 
is also activation of protein kinase c (Pkc), which has important 
functions in the process of development, as well as other mo-
lecular effects. it has been observed to be suppressed in several 

types of tumours. however, in tongue squamous cell tumours, 
activating the wnt/ca2+/Pkc pathway leads to an increased 
capacity of cells to migrate. tumour-associated fibroblasts and 
endothelial cells generate wnt5a, and it is probable that they 
create a concentration gradient of wnt5a through chemotaxis, 
thereby boosting tumour invasion of nearby tissues. activation 
of Pkc is hypothesised to play a larger role than an increase 
in intracellular calcium levels in head and neck cancers. while 
the role of this signalling pathway is not yet well understood, 
down-regulation of the tumour suppressor genes neurogenic 
locus notch homolog protein 1 (notch1) and hect domain and 
rcc1-like domain-containing protein 2 (herc2) occurs, while 
up-regulation of bcl2-related athianogen 3 is implicated in tu-
morigenesis [53, 54]. 

the «rho family GtPases signalling pathway» is dysregu-
lated in both traditional cigarette and e-cigarette smokers. 
this pathway comprises a cluster of GtP-binding proteins that 
govern multiple functions in the cell, including apoptosis, tran-
scriptional regulation and tumour formation while controlling 
neutrophil activation and phagocytosis. the chief function at-
tributed to this pathway is organising the actin cytoskeleton, 
although it is suspected that this protein family may also play 
a part in dna damage repair [55].

Development of cancer cell resistance to cisplatin treatment
 some of the individual components present in e-cigarette 

aerosols have been shown to reduce the sensitivity of cancer 
cells to chemotherapy; these include: nicotine and reactive oxy-
gen species [56, 57]. jimmy Manyanga et al. analysed the effect 
of e-cigarette exposure on the viability of head and neck squa-
mous cell carcinoma cells after cisplatin treatment. exposure to 
aerosol extracts from e-cigarettes led to a significant increase 
in the viability of head and neck squamous cell carcinoma cells 
after cisplatin treatment, regardless of whether the liquid con-
tained nicotine or was nicotine-free. this study also demon-
strated that the increase in viability of these cells was caused 
by an increase in cisplatin resistance induced by the presence of 
e-cigarette aerosol extracts. it was interesting to find that it was 
the non-nicotine-based mechanisms that predominated in the 
decrease in cell death [58]. 

a key role in the development of cisplatin resistance was 
played by reduced accumulation of the cytostatic in tumour 
cells. responsible for this was a decrease in the mrna expres-
sion of the copper transporter 1 (ctr1) transporter, responsible 
for cellular uptake of cisplatin, and a significant increase in the 
expression of atPase copper-transporting alpha (atP7a) and 
atP-binding cassette transporter (abc) family proteins: abcG2, 
abca1, abcc1 and abcc2 [58]. 

several studies have shown that transporters belonging to 
the abcb, abcc and abcG subfamilies, such as: abcb1 (P-gp), 
abcc1 (multidrug resistance protein 1), abcG2 (pathogenesis-
related protein), are responsible for the development of mul-
tidrug resistance (Mdr) [59–62]. these proteins often show 
increased expression within tumour-lesioned tissues. their 
mechanism of action is based on an increase in the excretion of 
cytostatic drugs from tumour cells, resulting in a reduced drug 
concentration within pathological cells, leading to a reduction 
in the effectiveness of therapy [63]. the role of abc transport-
ers in the development of Mdr is not limited to the mecha-
nism described above. Modification of the distribution of abc 
transporters to intracellular or extracellular compartments to 
enhance drug sequestration has also been observed, as well as 
their involvement in tumour cell proliferation, invasion and de-
fence against regulatory anticancer pathways [64].

in a study by Ziya salturk et al., a higher incidence of squa-
mous cell metaplasia was found in the larynx of an animal mod-
el. however, the study group was too small to reach statistical 
significance [65].
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Organ-specific effects of e-cigarette smoking

Larynx
the effects of e-cigarettes on the larynx are not well under-

stood. several studies have explored the impact of e-cigarette 
smoke on laryngeal cells. e-cigarette smoke components lead 
to damage of vocal fold fibroblasts, although to a lesser extent 
than traditional cigarettes. cell viability is reduced to cytotoxic 
levels in the presence of e-cigarette smoke [66]. histologically, 
components of e-cigarette smoke cause thinning of the mucosal 
layer. a decrease in cytokeratin 13 expression suggests damage 
to the basal layer. there is a decrease in cell adhesion, as indi-
cated by the lowered levels of e-cadherin. epithelial layers that 
come into direct contact with aerosol lose their structure and 
integrity. it has been demonstrated that exposure to e-cigarette 
smoke leads to an increase in mucin 1 (Muc1) gene expression 
and mucin production [67].

the inflammatory response to e-cigarette smoke is charac-
terised by an increase in il-4, a major component of the th2-
type inflammatory response, and a concomitant, although sta-
tistically insignificant, decrease in anti-inflammatory il-10 [19]. 
additionally, there is an upregulation of c-c motif chemokine 11 
(ccl11) and il-6, which stimulate eosinophil migration and may 
contribute to asthma exacerbations. at the same time, there is 
a decrease in the expression of the c-c motif chemokines (ccl) 
such as ccl5, ccl7, c-X3-c motif chemokine ligand 1 (cX3cl1), 
interleukin-23a (il-23a), interleukin-21 (il-21) and G-csF, which 
are responsible for recruiting monocytes and neutrophils, con-
sequently delaying the defence response to pathogens [67].

Middle ear
the middle ear is connected to the nasopharyngeal cav-

ity by the eustachian tube and is vulnerable to infection and 
contamination. e-liquids have a dose-dependent cytotoxic ef-
fect on middle ear epithelial cells [68, 69]. tobacco-flavoured 
e-liquids are suspected to induce autophagy in middle ear epi-

thelial cells by activating pathways associated with coX-2 [70] 
and Muc-5 activation. in the case of menthol flavour, cells enter 
the apoptosis pathway by activating the mucin 4 (Muc4) and 
aquaporin-4 (aQP4) gene and inactivating the epithelial sodium 
channel (enac) protein family [69]. these changes suggest an 
increased risk of developing otitis media in e-cigarette smokers. 
tobacco-flavoured e-liquid increases the expression of cyP4F3, 
interleukin 1 receptor-like 1 (il-1rl1), coX-2 and cXcl-8, associ-
ated with inflammation, as well as genes associated with cancer 
and neuronal damage. in contrast, with menthol flavour, there 
was an upregulation of interleukin-24 (il-24) and clusterin (clu), 
associated with apoptosis, and cyP4F3, ccl26 and il-1rl1, as-
sociated with inflammation. there was a down-regulation of 
the cadherin 8 (cdh8) and sidekick cell adhesion Molecule 2 
(sdk2) genes, which are involved in cell adhesion and may pro-
mote cancer, as well as the immunity-related gene iFitM1 [70].

Periodontal diseases
smoking conventional cigarettes has been linked to peri-

odontal disease [71, 72]. the effect of e-cigarettes on this area 
is not yet well understood, but new evidence is emerging that 
points to the harmful effects of e-cigarettes. the components 
of e-cigarette smoke are cytotoxic and cause apoptosis of gingi-
val fibroblasts [73, 74]. collagen i production is reduced, which 
may lead to weakening of the tooth-attachment apparatus [74]. 
there is a significant increase in the inflammatory response un-
der the influence of activation of raGe receptors and increased 
production of PGe2 and cXcl-8. under the influence of men-
thol, there is activation of transient receptor potential ankyrin 
1 (trPa1), which intensifies pro-inflammatory, pro-fibrotic and 
pro-carcinogenic reactions. significantly, liquids with added fla-
vours have a worse effect on gingival epithelial cells [45].

e-cigarettes cause dysregulation of oral bacterial flora. they 
cause inhibition of the growth of colonies of the commensal 
bacteria Streptococcus sanguinis and Streptococcus gordonii, 
while they have no inhibitory effect on Streptococcus mutans, 

Figure 1. summary of mechanisms of the action of e-cigarettes in vivo
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which are not sufficient to carry out an accurate assessment of 
the effects of e-cigarettes on the human body.

we attempted to include all important studies in this study, 
although we may have missed some studies. this is another 
limitation of the study.

Conclusions

recently, interest in e-cigarettes and the effects of smoking 
them has increased. initially, as a replacement for conventional 
cigarettes, they were seen as safer measures. currently, we do 
not have detailed studies about the consequences of their long-
term use, but reports have begun to emerge about the increas-
ing number of adverse effects of these substances. a review of 
literature has shown that e-cigarettes induce oxidative stress, 
which can result in cytotoxic effects; contribute to an increase in 
the production of mucins, which are involved in the pathogen-
esis of lung disease; disrupt cytokine levels in tissues, causing an 
inflammatory response; induce dna damage; promote tumour 
formation and metastasis; and may reduce sensitivity to che-
motherapy. a number of works have shown that for people who 
previously smoked classic cigarettes, e-cigarettes may be a bet-
ter substitute, but this theory is still being tested. it is currently 
known that for non-smokers, reaching for these substances is 
combined with significantly adverse health effects. 

the bacterium best known for causing dental caries. in addition, 
e-cigarette aerosol, regardless of nicotine content, promotes 
biofilm formation by s. mutans. these changes may lead to oral 
imbalance and secondarily promote dental caries in e-cigarette 
users [75]. there is also the development of other potentially gin-
gival pathogenic bacteria, including Veillonella and Porphyromo-
nas, and increased susceptibility to periodontal disease  [76].

Table 1. Pathophysiological effects of e-cigarettes on organs
Organ Pathophysiological change
larynx thinning of the mucous membrane
Middle ear autophagy of middle ear epithelial cells
Periodontium apoptosis of gingival fibroblasts, weakening of 

the tooth attachment apparatus, promote caries

Limitations of the study

 the main limitation of this study is the lack of studies show-
ing the long-term effects of e-cigarette use. available studies in-
clude only in vivo studies. despite thorough screening, we have 
been unable to find animal studies or human observational 
studies. this is insufficient for a full assessment of the problem. 
therefore, this national review is based only on in vivo studies, 

source of funding: this work was funded from the authors’ own resources.
conflicts of interest: the authors declare no conflicts of interest.

References

1. Zuo j-j, tao Z-Z, chen c, et al. characteristics of cigarette smoking without alcohol consumption and laryngeal cancer: overall and 
time-risk relation. a meta-analysis of observational studies. Eur Arch Otorhinolaryngol 2017; 274: 1617–1731, doi: 10.1007/s00405-
016-4390-x.

2. canistro d, Vivarelli F, cirillo s, et al. e-cigarettes induce toxicological effects that can raise the cancer risk. Sci Rep 2017; 7: 2028, doi: 
10.1038/s41598-017-02317-8.

3. Gotts je, jordt s-e, Mcconnell r, et al. what are the respiratory effects of e-cigarettes? BMJ 2019; 366: l5275, doi: 10.1136/bmj.l5275.
4. wang l, wang y, chen j, et al. a review of toxicity Mechanism studies of electronic cigarettes on respiratory system. Int J Mol Sci 2022; 

23: 5030, doi: 10.3390/ijms23095030.
5. kosmider l, sobczak a, Fik M, et al. carbonyl compounds in electronic cigarette vapors: effects of nicotine solvent and battery output 

voltage. Nicotine Tob Res 2014; 16: 1319–1326, doi: 10.1093/ntr/ntu078.
6. tellez cs, juri de, Phillips lM, et al. cytotoxicity and Genotoxicity of e-cigarette Generated aerosols containing diverse Flavoring Prod-

ucts and nicotine in oral epithelial cell lines. Toxicol Sci 2021; 179: 220–258,  doi: 10.1093/toxsci/kfaa174.
7. komura M, sato t, yoshikawa h, et al. Propylene glycol, a component of electronic cigarette liquid, damages epithelial cells in human 

small airways. Respir Res 2022; 23: 216, doi: 10.1186/s12931-022-02142-2.
8. jenssen bP, walley sc. e-cigarettes and similar devices. Pediatrics 2019; 143: e20183652, doi: 10.1542/peds.2018-3652.
9. nguyen h, kitzmiller j, nguyen k, et al. oral carcinoma associated with chronic use of electronic cigarettes. Otolaryngology 2017; 7(2): 

304, doi: 10.4172/2161-119X.1000304.
10. klawinski d, hanna i, breslin nk, et al. Vaping the Venom: oral cavity cancer in a young adult with extensive electronic cigarette use. 

Pediatrics 2021; 147: e2020022301, doi: 10.1542/peds.2020-022301.
11. tang M, lee h-w, weng M, et al. dna damage, dna repair and carcinogenicity: tobacco smoke versus electronic cigarette aerosol. 

Mutat Res Rev Mutat Res 2022; 789: 108409, doi: 10.1016/j.mrrev.2021.108409.
12. ji eh, sun b, Zhao t, et al. characterization of electronic cigarette aerosol and its induction of oxidative stress response in oral kera-

tinocytes. PLoS ONE 2016; 11: e0154447, doi: 10.1371/journal.pone.0154447.
13. ji eh, elzakra n, chen w, et al. e-cigarette aerosols induce unfolded protein response in normal human oral keratinocytes. J Cancer 

2019; 10: 6915–6924, doi: 10.7150/jca.31319.
14. liu s, ren j, ten dijke P. targeting tGFβ signal transduction for cancer therapy. Signal Transduct Target Ther 2021; 6: 8, doi: 10.1038/

s41392-020-00436-9.
15. Muppala s, Xiao r, krukovets i, et al. thrombospondin-4 mediates tGF-β-induced angiogenesis. Oncogene 2017; 36: 5189–5198, doi: 

10.1038/onc.2017.140.
16. kolliopoulos c, raja e, razmara M, et al. transforming growth factor β (tGFβ) induces nuak kinase expression to fine-tune its signaling 

output. J Biol Chem 2019; 294: 4119–4136, doi: 10.1074/jbc.ra118.004984.
17. boschert V, klenk n, abt a, et al. the influence of Met receptor level on hGF-induced Glycolytic reprogramming in head and neck 

squamous cell carcinoma. Int J Mol Sci 2020; 21: 471, doi: 10.3390/ijms21020471.
18. hartmann s, bhola ne, Grandis jr. hGF/Met signaling in head and neck cancer: impact on the tumor Microenvironment. Clin Cancer 

Res 2016; 22: 4005–4013, doi: 10.1158/1078-0432.ccr-16-0951.
19. ha t-an, Madison Mc, kheradmand F, et al. laryngeal inflammatory response to smoke and vape in a murine model. Am J Otolaryngol 

2019; 40: 89–92, doi: 10.1016/j.amjoto.2018.10.001.
20. song s-y, na hG, kwak sy, et al. changes in Mucin Production in human airway epithelial cells after exposure to electronic cigarette 

Vapor with or without nicotine. Clin Exp Otorhinolaryngol 2021; 14: 303–311, doi: 10.21053/ceo.2020.01907.



M. Zwoliński et al. • are e-cigarettes healthy?
Fa

m
ily

 M
ed

ic
in

e 
&

 P
rim

ar
y 

Ca
re

 R
ev

ie
w

 2
02

4;
 2

6(
2)

272

21. iskandar ar, Zanetti F, kondylis a, et al. a lower impact of an acute exposure to electronic cigarette aerosols than to cigarette smoke in 
human organotypic buccal and small airway cultures was demonstrated using systems toxicology assessment. Intern Emerg Med 2019; 
14: 863–883, doi: 10.1007/s11739-019-02055-x.

22. alexander dj, collins cj, coombs dw, et al. association of inhalation toxicologists (ait) working party recommendation for standard 
delivered dose calculation and expression in non-clinical aerosol inhalation toxicology studies with pharmaceuticals. Inhal Toxicol 2008; 
20: 1179–1189, doi: 10.1080/08958370802207318.

23. bonser lr, Zlock l, Finkbeiner w, et al. epithelial tethering of Muc5ac-rich mucus impairs mucociliary transport in asthma. J Clin Invest 
2016; 126: 2367–2371, doi: 10.1172/jci84910.

24. kesimer M, Ford aa, ceppe a, et al. airway Mucin concentration as a Marker of chronic bronchitis. N Engl J Med 2017; 377: 911–922, 
doi: 10.1056/nejMoa1701632.

25. livraghi-butrico a, Grubb br, wilkinson kj, et al. contribution of mucus concentration and secreted mucins Muc5ac and Muc5b to the 
pathogenesis of muco-obstructive lung disease. Mucosal Immunol 2017; 10: 395–407,  doi: 10.1038/mi.2016.63.

26. horsley a, rousseau k, ridley c, et al. reassessment of the importance of mucins in determining sputum properties in cystic fibrosis.  
J Cyst Fibros 2014; 13: 260–266, doi: 10.1016/j.jcf.2013.11.002.

27. kirkham s, kolsum u, rousseau k, et al. Muc5b is the major mucin in the gel phase of sputum in chronic obstructive pulmonary dis-
ease. Am J Respir Crit Care Med 2008; 178: 1033–1039, doi: 10.1164/rccm.200803-391oc.

28. lachowicz-scroggins Me, yuan s, kerr sc, et al. abnormalities in Muc5ac and Muc5b Protein in airway Mucus in asthma. Am J Respir 
Crit Care Med 2016; 194: 1296–1299, doi: 10.1164/rccm.201603-0526le.

29. lima jM, de, Macedo ccs, barbosa GV, et al. e-liquid alters oral epithelial cell function to promote epithelial to mesenchymal transition 
and invasiveness in preclinical oral squamous cell carcinoma. Sci Rep 2023; 13: 3330, doi: 10.1038/s41598-023-30016-0.

30. welz c, canis M, schwenk-Zieger s, et al. cytotoxic and Genotoxic effects of electronic cigarette liquids on human Mucosal tissue 
cultures of the oropharynx. J Environ Pathol Toxicol Oncol 2016; 35: 343–354, doi: 10.1615/jenvironPatholtoxicoloncol.2016016652.

31. Putzhammer r, doppler c, jakschitz t, et al. Vapours of us and eu Market leader electronic cigarette brands and liquids are cytotoxic 
for human Vascular endothelial cells. PLoS ONE 2016; 11: e0157337, doi: 10.1371/journal.pone.0157337.

32. Möller w, häußinger k, Ziegler-heitbrock l, et al. Mucociliary and long-term particle clearance in airways of patients with immotile 
cilia. Respir Res 2006; 7: 10, doi: 10.1186/1465-9921-7-10.

33. ito jt, ramos d, lima FF, et al. nasal Mucociliary clearance in subjects with coPd after smoking cessation. Respir Care 2015; 60: 
399–405, doi: 10.4187/respcare.03266.

34. Palazzolo dl, nelson jM, ely ea, et al. the effects of electronic cigarette (eciG)-Generated aerosol and conventional cigarette smoke 
on the Mucociliary transport Velocity (MtV) using the bullfrog (r. catesbiana) Palate Paradigm. Front Physiol 2017; 8: 1023, doi: 
10.3389/fphys.2017.01023.

35. cetean s, căinap c, constantin a-M, et al. the importance of the granulocyte-colony stimulating factor in oncology. Clujul Med 2015; 
88: 468–472, doi: 10.15386/cjmed-531.

36. li h, wang k, huang h, et al. a meta-analysis of anti-interleukin-13 monoclonal antibodies for uncontrolled asthma. PLoS ONE 2019; 
14: e0211790. https://doi.org/10.1371/journal.pone.0211790.

37. nakamura y, Miyata M, ohba t, et al. cigarette smoke extract induces thymic stromal lymphopoietin expression, leading to t(h)2-type 
immune responses and airway inflammation. J Allergy Clin Immunol 2008; 122: 1208–1214, doi: 10.1016/j.jaci.2008.09.022.

38. singh sP, Gundavarapu s, Peña-Philippides jc, et al. Prenatal secondhand cigarette smoke Promotes th2 polarization and impairs gob-
let cell differentiation and airway mucus formation. J Immunol 2011; 187: 4542–4552, doi: 10.4049/jimmunol.1101567.

39. Mishra nc, rir-sima-ah j, langley rj, et al. nicotine primarily suppresses lung th2 but not goblet cell and muscle cell responses to al-
lergens. J Immunol 2008; 180: 7655–7663, doi: 10.4049/jimmunol.180.11.7655.

40. lukens jr, Gross jM, kanneganti t-d. il-1 family cytokines trigger sterile inflammatory disease. Front Immunol 2012; 3: 315, doi: 
10.3389/fimmu.2012.00315.

41. idan c, Peleg r, elena V, et al. il-1α is a dna damage sensor linking genotoxic stress signaling to sterile inflammation and innate im-
munity. Sci Rep 2015; 5: 14756, doi: 10.1038/srep14756.

42. kulesza, b, Mazurek, M, kurzepa, j. can cannabidiol have an analgesic effect? Fundam Clin Pharmacol 2023; 1–9, doi: 10.1111/fcp.12947.
43. hashemi Goradel n, najafi M, salehi e, et al. cyclooxygenase-2 in cancer: a review. J Cell Physiol 2019; 234: 5683–5699, doi: 10.1002/

jcp.27411.
44. su l, liu j, yue Q, et al. evaluation of the effects of e-cigarette aerosol extracts and tobacco cigarette smoke extracts on human Gingi-

val epithelial cells. ACS Omega 2023; 8: 10919–10929, doi: 10.1021/acsomega.2c07324.
45. sundar ik, javed F, romanos Ge, et al. e-cigarettes and flavorings induce inflammatory and pro-senescence responses in oral epithelial 

cells and periodontal fibroblasts. Oncotarget 2016; 7: 77196–77204, doi: 10.18632/oncotarget.12857.
46. higham a, rattray njw, dewhurst ja, et al. electronic cigarette exposure triggers neutrophil inflammatory responses. Respir Res 2016; 

17: 56, doi: 10.1186/s12931-016-0368-x.
47. wu Q, jiang d, Minor M, et al. electronic cigarette liquid increases inflammation and virus infection in primary human airway epithelial 

cells. PLoS ONE 2014; 9: e108342, doi: 10.1371/journal.pone.0108342.
48. hwang jh, lyes M, sladewski k, et al. electronic cigarette inhalation alters innate immunity and airway cytokines while increasing the 

virulence of colonizing bacteria. J Mol Med 2016; 94: 667–679, doi: 10.1007/s00109-016-1378-3.
49. lee h-w, Park s-h, weng M, et al. e-cigarette smoke damages dna and reduces repair activity in mouse lung, heart, and bladder as well 

as in human lung and bladder cells. Proc Natl Acad Sci U S A 2018; 115: e1560–e1569, doi: 10.1073/pnas.1718185115.
50. yu V, rahimy M, korrapati a, et al. electronic cigarettes induce dna strand breaks and cell death independently of nicotine in cell lines. 

Oral Oncol 2016; 52: 58–65, doi: 10.1016/j.oraloncology.2015.10.018.
51. wood rd, doublié s. dna polymerase θ (PolQ), double-strand break repair, and cancer. DNA Repair (amst) 2016; 44: 22–32, doi: 

10.1016/j.dnarep.2016.05.003.
52. sun y-w, kosinska w, Guttenplan jb. e-cigarette aerosol condensate enhances Metabolism of benzo(a)pyrene to Genotoxic Products, 

and induces cyP1a1 and cyP1b1, likely by activation of the aryl hydrocarbon receptor. Int J Environ Res Public Health 2019; 16: 2468, 
doi: 10.3390/ijerph16142468.

53. tommasi s, caliri aw, caceres a, et al. deregulation of biologically significant Genes and associated Molecular Pathways in the oral 
epithelium of electronic cigarette users. Int J Mol Sci 2019; 20: 738, doi: 10.3390/ijms20030738.

54. Prgomet Z, axelsson l, lindberg P, et al. Migration and invasion of oral squamous carcinoma cells is promoted by wnt5a, a regulator 
of cancer progression. J Oral Pathol Med 2015; 44: 776–784, doi: 10.1111/jop.12292.

55. Fritz G, henninger c. rho GtPases: novel Players in the regulation of the dna damage response? Biomolecules 2015; 5: 2417–2434, 
doi: 10.3390/biom5042417.



M. Zwoliński et al. • are e-cigarettes healthy?

Fa
m

ily
 M

ed
ic

in
e 

&
 P

rim
ar

y 
Ca

re
 R

ev
ie

w
 2

02
4;

 2
6(

2)

273

56. Xu j, huang h, Pan c, et al. nicotine inhibits apoptosis induced by cisplatin in human oral cancer cells. Int J Oral Maxillofac Surg 2007; 
36: 739–744, doi: 10.1016/j.ijom.2007.05.016.

57. liu y, li Q, Zhou l, et al. cancer drug resistance: redox resetting renders a way. Oncotarget 2016; 7: 42740–42761,  doi: 10.18632/
oncotarget.8600.

58. Manyanga j, Ganapathy V, bouharati c, et al. electronic cigarette aerosols alter the expression of cisplatin transporters and increase 
drug resistance in oral cancer cells. Sci Rep 2021; 11: 1821, doi: 10.1038/s41598-021-81148-0.

59. smolik M, suraj j, kurpinska a, et al. transportery błonowe abc i ich wielofunkcyjny charakter. Post Hig Med Dosw 2018; 72: 606–622, 
doi: 10.5604/01.3001.0012.1966.

60. Ghosh s. cisplatin: the first metal based anticancer drug. Bioorg Chem 2019; 88: 102925, doi: 10.1016/j.bioorg.2019.102925.
61. chen s-h, chang j-y. new insights into Mechanisms of cisplatin resistance: From tumor cell to Microenvironment. Int J Mol Sci 2019; 

20: 4136, doi: 10.3390/ijms20174136.
62. dasari s, tchounwou Pb. cisplatin in cancer therapy: molecular mechanisms of action. Eur J Pharmacol 2014; 740: 364–378, doi: 

10.1016/j.ejphar.2014.07.025.
63. karvar s. the role of abc transporters in anticancer drug transport. Turk J Biol 2014; 38: 800–885, doi: 10.3906/biy-1407-3.
64. li w, Zhang h, assaraf yG, et al. overcoming abc transporter-mediated multidrug resistance: Molecular mechanisms and novel thera-

peutic drug strategies. Drug Resist Updat 2016; 27: 14–29, doi: 10.1016/j.drup.2016.05.001.
65. salturk Z, Çakır Ç, sünnetçi G, et al. effects of electronic nicotine delivery system on larynx: experimental study. J Voice 2015; 29: 

560–563, doi: 10.1016/j.jvoice.2014.10.013.
66. Martinez jd, easwaran M, ramirez d, et al. effects of electronic (e)-cigarette Vapor and cigarette smoke in cultured Vocal Fold Fibro-

blasts. Laryngoscope 2023; 133: 139–146, doi: 10.1002/lary.30073.
67. lungova V, wendt k, thibeault sl. exposure to e-cigarette vapor extract induces vocal fold epithelial injury and triggers intense mucosal 

remodeling. Dis Model Mech 2022; 15: dmm049476, doi: 10.1242/dmm.049476.
68. song j-j, Go yy, Mun jy, et al. effect of electronic cigarettes on human middle ear. Int J Pediatr Otorhinolaryngol 2018; 109: 67–71, doi: 

10.1016/j.ijporl.2018.03.028.
69. Go yy, Mun jy, chae s-w, et al. comparison between in vitro toxicities of tobacco- and menthol-flavored electronic cigarette liquids on 

human middle ear epithelial cells. Sci Rep 2020; 10: 2544, doi: 10.1038/s41598-020-59290-y.
70. song j-j, Go yy, lee jk, et al. transcriptomic analysis of tobacco-flavored e-cigarette and menthol-flavored e-cigarette exposure in the 

human middle ear. Sci Rep 2020; 10: 20799, doi: 10.1038/s41598-020-77816-2.
71. souto Mls, rovai es, Villar cc, et al. effect of smoking cessation on tooth loss: a systematic review with meta-analysis. BMC Oral Health 

2019; 19: 245, doi: 10.1186/s12903-019-0930-2.
72. Pesce P, Menini M, ugo G, et al. evaluation of periodontal indices among non-smokers, tobacco, and e-cigarette smokers: a systematic 

review and network meta-analysis. Clin Oral Investig 2022; 26: 4701–4714, doi: 10.1007/s00784-022-04531-9.
73. alanazi h, Park hj, chakir j, et al. comparative study of the effects of cigarette smoke and electronic cigarettes on human gingival fibro-

blast proliferation, migration and apoptosis. Food Chem Toxicol 2018; 118: 390–398, doi: 10.1016/j.fct.2018.05.049.
74. sancilio s, Gallorini M, cataldi a, et al. Modifications in human oral Fibroblast ultrastructure, collagen Production, and lysosomal 

compartment in response to electronic cigarette Fluids. J Periodontol 2017; 88: 673–680, doi: 10.1902/jop.2017.160629.
75. catala-Valentin a, bernard jn, caldwell M, et al. e-cigarette aerosol exposure Favors the Growth and colonization of oral streptococ-

cus mutans compared to commensal streptococci. Microbiol Spectr 2022; 10: e0242121, doi: 10.1128/spectrum.02421-21.
76. cichońska d, kusiak a, Piechowicz l, et al. a pilot investigation into the influence of electronic cigarettes on oral bacteria. Post Dermatol 

Alergol 2021; 38: 1092–1098, doi: 10.5114/ada.2020.100335.

tables: 1
Figures: 1
references: 76

received: 30.08.2023
reviewed: 19.09.2023
accepted: 04.10.2023

address for correspondence:
bartłomiej kulesza, Md, Phd
Faculty of Pharmacy
department of Medical chemistry
Medical university of lublin
4a chodźki st
20-093 lublin
Poland 
tel.: +48 508387689 
e-mail: kuleszabartek88@gmail.com


