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Abstract:
Introduction/Background: Periodontal diseases are long-term inflammatory diseases of the gingiva and alveolar
bone  that  can  result  in  the  loss  of  teeth  in  the  case  of  untreated  conditions.  Despite  the  fact  that  conventional
smoking is an established risk factor, the widespread adoption of electronic cigarettes (e-cigarettes) has raised new
concerns about periodontal health.

Methods and Materials: PubMed, Scopus, and Google Scholar were utilized for carrying out this narrative review.
Keywords were e-cigarettes,  vaping,  electronic  nicotine delivery  systems,  periodontal  disease,  periodontitis,  oral
microbiome, gingival inflammation, and oxidative stress. Publications up to February 2026 were considered, with
systematic  reviews  and  meta-analyses  (2023–2025)  prioritized.  Evidence  on  clinical  periodontal  parameters,
inflammatory  biomarkers,  and  changes  in  the  microbiome  was  synthesized.

Results:  E-cigarette  smoking  is  linked  to  elevated  levels  of  gingival  inflammation,  oxidative  stress,  immune
dysregulation, enrichment of inflammatory pathogens like Porphyromonas gingivalis and compromised tissue repair.
Periodontal  parameters  tend  to  be  poorer  than  in  non-smokers  but  better  than  in  traditional  smokers,  which
demonstrates a moderate risk profile.

Discussion: E-cigarettes seem to be an intermediate risk factor of periodontal disease. The mechanisms involved are
oxidative stress,  cytotoxicity,  neutrophil  dysfunction and microbial  dysbiosis,  though usually at reduced intensity
compared to traditional smoking. Nevertheless, the existing evidence is constrained by cross-sectional designs, brief
follow-ups, and confounding variables, including multiple uses or prior smoking, which makes it challenging to reach
logical conclusions regarding long-term effects.

Conclusion: Current evidence suggests that e-cigarette use is associated with adverse changes in periodontal health
and should not be assumed to be biologically inert for oral tissues. Its long-term periodontal effects are not well
understood, although it is not as harmful as combustible tobacco. More longitudinal research is required, and dental
practitioners are advised to counsel patients on the dangers of vaping and ways of quitting.

Keywords:  E-cigarettes,  Vaping,  Periodontal  diseases,  Periodontitis,  Oral  microbiome,  Inflammation,  Oxidative
stress.
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1. INTRODUCTION
Periodontal diseases, also known as gum diseases, are

long-term inflammatory disorders that are mainly caused
by bacterial  infection of  the gums and the alveolar bone
that  supports  the  teeth.  In  the  absence  of  appropriate
intervention, the progression of these infections causes a
progressive loss of periodontal tissues, which causes tooth
mobility and ultimately loss of teeth [1].

Oral  diseases  represent  a  significant  global  health
problem,  affecting  an  estimated  3.7  billion  individuals
worldwide,  according to the latest  estimates [2],  revised
based  on  the  WHO  2025  fact  sheet  and  GBD  2021
analyses. Untreated caries in permanent teeth is the most
common  of  these  conditions,  and  severe  periodontal
disease (probing pocket depth of 6 mm or more or clinical
attachment loss of 6 mm or more) occurs in more than 1
billion adults worldwide, the prevalence of which is about
12.5%  of  the  age-specific  population  [3-5].  This  is
particularly  true  of  low-  and  middle-income  nations,  as
access  to  preventive  and  curative  dental  services  is
limited,  which  adds  to  the  pain,  functional  disability,
cosmetic  issues,  and  diminished  quality  of  life.

Periodontal  diseases  are  etiologically  multifactorial,
with  dysbiotic  oral  biofilms,  genetic  predisposition,  and
environmental  and  modifiable  risk  factors  such  as  poor
oral hygiene, systemic conditions (e.g., diabetes, obesity),
and  tobacco  use  [6].  Traditional  cigarette  smoking  is  a
well-established,  significant  risk  factor,  which  enhances
the  onset,  progression,  and  severity  of  the  disease  by
affecting  the  body  via  host  immune  deficiency,  vascular
alterations, and alterations in the subgingival microbiota
[7].

Electronic  Nicotine  Delivery  Systems  (ENDS)  or  e-
cigarettes or vapes have been rapidly gaining popularity
over  the  past  few  years  as  an  apparently  less  harmful
substitute  for  conventional  tobacco  smoking,  especially
among younger demographics. Despite a body of evidence
that  ENDS  can  be  less  harmful  than  combustible
cigarettes in general, recent studies suggest that they can
have negative effects on oral health, such as gingivitis and
periodontal microbiota changes, increased probing depths,
and poorer responses to non-surgical periodontal therapy
than  non-users  [8,  9].  Systematic  reviews  and  meta-
analyses (2023–2025) consistently report that e-cigarette
users  exhibit  intermediate  periodontal  risks,  worse  than
never-smokers  but  better  than  conventional  smokers  in
some  parameters  (bleeding  on  probing,  plaque
accumulation), yet long-term data remain limited [10-12].

The  rapid  increase  in  vaping,  with  its  incentives  of
flavored products, aggressive advertising, and the belief of
harm  reduction,  raises  significant  concern  regarding
periodontal  health,  particularly  among  adolescents  and
young  adults,  whose  susceptibility  to  nicotine  addiction
and frailty of oral tissue are increased [13]. Other risks are
systemic  effects,  like  E-cigarette  or  Vaping product  use-
Associated  Lung  Injury  (EVALI),  nicotine  dependence
disrupting  brain  development  in  adolescents,  and  high
cardiovascular  parameters  [14-16].

This review seeks to critically synthesize and critique
the existing evidence on e-cigarette  use and periodontal
health,  comparing  outcomes  across  e-cigarette  users,
traditional  smokers,  and  non-smokers,  clarifying
underlying  biological  pathways,  and  identifying  gaps  to
guide future research and clinical practice.

2. REVIEW METHODOLOGY
This  study  was  developed  as  a  narrative  review.  To

identify  relevant  articles  on  the  effect  of  electronic
cigarette  (e-cigarette)  use  on  periodontal  health,  a
literature  search  was  conducted  across  electronic
databases,  including  PubMed,  Scopus,  and  Google
Scholar. The search terms were based on combinations of
the  following  terms:  e-cigarettes,  vaping,  electronic
nicotine  delivery  systems,  ENDS,  periodontal  disease,
periodontitis,  probing  depth,  clinical  attachment  loss,
bleeding  on  probing,  plaque  index,  oral  microbiome,
gingival  inflammation,  oxidative  stress,  inflammatory
biomarkers, Porphyromonas gingivalis, systematic review.
Articles  published  in  English  up  to  February  2026  were
included,  with  an  emphasis  on  systematic  reviews  and
meta-analyses published in 2023-2025 to obtain the most
recent  evidence.  Eligible  studies  included  clinical
parameters  of  periodontal  health  and  inflammatory  and
oxidative stress biomarkers of interest, adaptations in the
oral microbiome, and comparisons of individual use of e-
cigarettes, conventional smoking, and non-smoking. Case
reports,  editorials,  conference  abstracts,  non-peer-
reviewed materials, and purely animal or in vitro studies
lacking  human  clinical  correlation  were  removed.  Study
selection was conducted in two stages: titles and abstracts
were  first  screened  for  relevance,  followed  by  full-text
review of potentially eligible articles. The chosen articles
were  combined  to  give  a  general  perspective  of  the
existing  evidence  on  e-cigarette  use  and  periodontal
disease. A total of 84 articles met these criteria and were
incorporated into this review.

2.1.  Pathophysiology  and  Systemic  Risk  Factors  of
Periodontal Disease

Periodontal  disease  is  an  inflammatory  disease  with
many  factors,  which  are  systemic,  environmental,  and
genetic. Although microbial biofilm is the major etiologic
agent,  there are  several  host-related factors  that  modify
the  disease  severity  and  progression.  Chronic  alcohol
consumption has been associated with impaired neutrophil
and  immune  function,  disrupted  vitamin  K  levels,  and
reduced  bone  formation,  all  of  which  may  increase
susceptibility  to  periodontal  disease  [10,  11,  17,  18].
Diabetes  mellitus  has  a  well-established  bidirectional
relationship  with  periodontal  disease,  whereby
hyperglycemia  impairs  immune  response  and  vascular
integrity while periodontal inflammation adversely affects
glycemic  control  [13].  Obesity  has  been  linked  to
periodontal  tissue  breakdown  through  elevated  pro-
inflammatory cytokines, oxidative stress, and endothelial
dysfunction [19].  Vitamin D and calcium deficiency have
similarly been associated with impaired gingival immune
defense and increased severity of periodontal destruction
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[20,  21].  Genetic  polymorphisms  in  inflammatory  and
matrix-degrading  genes  (e.g.,  IL-1,  IL-6,  IL-10,  MMP
variants)  have  also  been  linked  to  periodontal  disease
susceptibility  [22].

3.  TRADITIONAL  SMOKING  AND  PERIODONTAL
DISEASES

One of the most modifiable risk factors of periodontal
diseases  is  tobacco  smoking,  which  has  a  tremendous
impact  on  the  onset  of  the  disease,  its  progression,
severity,  and  response  to  treatment.  Since  the  mid-20th
century, the detrimental association between smoking and
periodontal  health  has  been  well  established,  and  the
available  evidence  indicates  that  smokers  have  a  higher
disease prevalence, more severe disease (deeper pockets,
greater  attachment  loss),  and  faster  alveolar  bone  loss
than non-smokers [23].

It is dose-related, and the more cigarettes are smoked
per day and the longer the period of exposure, the worse
the  periodontal  outcome.  Sex  differences  are  also
observed,  with males are mostly  affected more severely,
which  may  be  associated  with  increased  consumption
levels,  hormonal  effects,  or  behavioral  variables  [24].
Smoking's  pathogenic  effects  are  mediated  by  several
interrelated  mechanisms.

Altered host immune-inflammatory responses: smoking
impairs  neutrophil  function  (decreased  chemotaxis,
phagocytosis,  and  oxidative  burst),  lowers  salivary  IgA
levels,  and  dysregulates  cytokine  production  (high  TNF-
alpha,  IL-1β;  low  IL-10),  resulting  in  ongoing  chronic
inflammation  and  inability  to  eliminate  infection.

Weakened  tissue  healing  and  vascular  homeostasis:
Nicotine  and  other  smoke  components  inhibit  fibroblast
growth,  collagen  production,  and  angiogenesis  and
stimulate vasoconstriction and hypoxia of gingival tissues,
retarding wound healing and increasing bone resorption.

Microbiome dysbiosis: smoking changes the microbial
composition of the subgingival area, promoting the growth
of keystone and red-complex pathogens and reducing the
growth  of  beneficial  species  [25].  P.  gingivalis,  a  black-
pigmented,  gram-negative  anaerobe  (phylum
Bacteroidetes),  is  a  pivotal  pathogen  central  to  this
dysbiosis  and  to  periodontitis  development.  As  a  low-
abundance  keystone  species,  P.  gingivalis  coordinates
community-wide changes via virulence factors,  including
gingipains (cysteine proteases that degrade host proteins
and  complement  components),  lipopolysaccharide  (LPS),
and  fimbriae,  which  facilitate  immune  evasion  and
synergistic  dysbiosis  [26-28].  In  vitro  models  have
consistently shown that cigarette smoke extract increases
P.  gingivalis  biofilm  formation,  expression  of  virulence
genes  (gingipain  upregulation),  and  host  cell  invasion,
intensifying  tissue  destruction  [29-31].

The epidemiological evidence supports the claim that
smokers have increased subgingival loads of P. gingivalis
and  Aggregatibacter  actinomycetemcomitans.  In  some
cases, the latter has threefold higher odds of occurrence
[32,  33].  Recent  systematic  reviews  and  meta-analyses

(2024-2025)  support  the  role  of  smoking  in
immunosuppression,  microbial  alterations,  and  poorer
treatment outcomes (reduced gains in probing depth and
clinical  attachment  following  scaling  and  root  planing).
These results align with traditional smoking as a leading
cause  of  periodontal  loss  and  present  a  powerful
comparator for newer nicotine delivery methods such as e-
cigarettes.

4. E-SMOKING: BACKGROUND AND USAGE TRENDS
Electronic  cigarettes  (e-cigarettes,  or  vapes)  are

battery-powered, rechargeable machines that aerosolize e-
liquids to be inhaled,  providing nicotine (or non-nicotine
versions) without burning tobacco. Fundamental elements
consist of a refillable/disposable cartridge or pod with e-
liquid  (propylene  glycol,  vegetable  glycerin,  flavorings,
and optional nicotine), an atomizer coil to heat the liquid
into  vapor,  a  lithium-ion  battery,  an  airflow  sensor  to
activate the device, and, in most cases, an LED indicator
light [34].

Chinese  pharmacist  Hon  Lik,  who  was  inspired  to
create the device by his father's death from lung cancer
caused by tobacco, invented it in 2003. Precursors became
widespread in  China  and then  in  the  UK (2005)  and  the
USA (2007) as commercially sold harm-reduction devices.
Although their use has been increasing, the World Health
Organization  (WHO)  has  repeatedly  cautioned  against
promoting e-cigarettes as a smoking-cessation aid, citing
insufficient  long-term  safety  and  efficacy  data.  It  notes,
however, that switching from combustible cigarettes to e-
cigarettes  may  still  offer  some  benefit  for  certain  adult
smokers.

The  consumption  of  nicotine  products  in  the  world
remains high, with an estimated 1.2 billion tobacco users
in 2024 (compared to 1.38 billion in 2000). The prevalence
of e-cigarette/vaping has risen sharply: the WHO gave the
first  global  estimate  (October  2025)  of  over  100  million
vapers  globally  (at  least  86  million  of  them  adults,  the
largest number in high-income countries) and 15 million
teenagers  aged  13-15.  Young  people  are
disproportionately affected, being up to nine times more
likely to vape than adults in countries with available data.
Regionally,  usage  is  highest  in  Europe  (~20–25  million
users), followed by the Americas and the Western Pacific
[35].

5. E-SMOKING HEALTH OUTCOMES
The  aerosols  of  e-cigarettes  are  formed  after  the

heating  of  e-liquids  that  include  propylene  glycol  (PG),
vegetable  glycerin  (VG),  nicotine  (variable  amounts),
flavors,  and  other  additives.  There  is  no  smoking  of
tobacco,  but  complex  forms  of  potentially  harmful
compounds  are  produced  by  thermal  degradation  in  the
vaporization  process.  Several  studies  (qualitative  and
quantitative)  have  detected  numerous  chemicals  in  e-
liquids, cartridges, and aerosols, which are usually higher
than those in the parent liquid as a result of pyrolysis and
oxidation reactions [36-38].
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Complete  analyses  (2024-2025)  report  60-113+
compounds  per  product,  such  as  nicotine  and  related
alkaloids,  solvent  carriers  PG/VG,  and  carbonyls
(formaldehyde,  acetaldehyde,  acrolein),  Volatile  Organic
Compounds (VOCs such as benzene), phenolic compounds,
and polycyclic aromatic hydrocarbons. These constituents
depend  on  the  type  of  device  (pod  vs.  mod),  power
settings,  puff  topography,  and  e-liquid  formulation,  and
higher temperatures and more complex flavors yield more
toxicants [39]. Although generally lower than in cigarette
smoke,  cumulative  exposure  is  problematic  in  terms  of
chronic  effects,  especially  in  the  oral  cavity,  as  it  is  the
main location of deposition.

5.1. Nicotine
Nicotine  delivery  has  driven  the  rise  in  e-cigarette

popularity, and high-concentration preparations (nicotine
salts  in  pods)  facilitate  quick  systemic  delivery  and
dependence, particularly in youth who have never smoked
combustible  tobacco  [40].  There  is  prenatal  and
second/third-hand  exposure  that  is  dangerous  to  the
development of the body; there are risks of neurotoxicity
in adolescents and teratogenicity with prenatal exposure.
Nicotine  exhibits  dual,  context-dependent  effects:
systemically (e.g., in models of sepsis or arthritis), it acts
as an anti-inflammatory agent via cholinergic pathways. In
contrast, in oral conditions, it is pro-inflammatory, which
increases  gingivitis  and  periodontitis  in  pathogen-rich
environments [41].  It  is  associated with vasoconstriction
(endothelium-dependent/independent),  decreasing  the
flow  of  blood  in  the  gums  and  nutrient  transfer  and
increasing  vascular  remodeling  by  the  proliferation  of
smooth muscle cells and the deposition of a matrix [42].
Gingival  perfusion  studies  have  demonstrated  transient,
situation-dependent  effects:  intra-arterial  nicotine
decreases  the  flow  in  animal  models  [43],  but  laser
Doppler  flowmetry  in  humans  demonstrates  temporary
elevation of flow in young/occasional smokers (because of
an  increase  in  blood  pressure  and  heart  rate)  but
tolerance in chronic smokers with no net effect [44, 45].
These vasodilatory effects disrupt tissue homeostasis and
conceal evidence of inflammation despite the persistence
of tissue damage [46].

Nicotine interferes with fibroblast function, increases
ROS/cytotoxins,  modulates  the  microbiota,  and
dysregulates  miRNAs,  all  of  which  contribute  to
inflammation  and  tissue  destruction  in  periodontal
contexts.  In  general,  even  though  it  is  less  than
combustible  sources,  chronic  nicotine  from  vaping
maintains  periodontal  progression  risks.

5.2. Propylene Glycol (PG)
PG,  the  primary  humectant  (typically  30–60%  of  e-

liquids),  produces  irritant  aerosols  when  heated.
Inhalation  can  result  in  mucosal  irritation  (throat/lung
symptoms in  minutes),  and productive cough,  fever,  and
dyspnea  are  reported,  similar  to  lipoid  pneumonia-like
dyspnea [47]. PG increases the risk of asthma and enters
the  mucous  membranes/skin  and  is  metabolized  in  the
liver  to  acetone/pyruvic  acid  and  overloads  the  kidneys.

High-dose  inhalation  (heavy  vaping)  causes  toxicity
through  oxidative  stress  and  organ  burden  [48].

Oral  effects  include  dry  mouth,  gingival/mucosal
irritation,  and  possible  contributions  to  dysbiosis  or
inflammation.  Recent  reviews  have  attributed  decreased
mucociliary  clearance  and  cytotoxicity  of  airway/oral
epithelium to the use of PG/VG aerosols, raising concerns
about periodontal vulnerability. Although ingestion of PG
is  GRAS,  there  is  concern  regarding  chronic  aerosol
exposure  in  oral  health.

5.3. Metals
Trace metals (coils, solders) leak into aerosols, such as

chromium, nickel, tin, cadmium, lead, aluminum, copper,
and others. These are known carcinogens/irritants that are
associated  with  lung/sinonasal  cancers  and  chronic
inflammation [49]. Oral tissue metals can build up in the
mucosa/periodontal  ligament,  potentially  contributing  to
periodontitis  through  cytotoxicity,  ROS  production,  and
immune dysregulation.

Copper  is  a  respiratory  irritant  that  facilitates
macrophage migration, eosinophilia, granulomas, fibrosis,
and pulmonary inflammation, which are more pronounced
than those observed with other transition metals [50-53].
Cadmium (even at 0.1-10 μM) suppresses IgE production,
disrupts  B-cell  activation/survival/proliferation,  and  has
immunotoxic/modulatory effects [54, 55]. Although there
is  limited  data  regarding  oral-specific  effects,  metal
exposure can increase periodontal inflammation and cause
oral carcinogenesis. The levels depend on the age/power
of  the  device  and  the  need  to  monitor  them  in  the  long
term.

Tobacco-Specific Nitrosamines (TSNAs), such as NNK
and  NNN,  are  strong  carcinogens  associated  with
pancreatic, lung, esophageal, and oral cancers in tobacco
smokers  [56].  TSNAs  occur  as  nicotine  impurities  or
thermal by-products in e-cigarettes, but in minute amounts
[57-60]. Recent systematic reviews (2025) indicate that e-
cigarette  aerosol  TSNA levels  were lower  than cigarette
smoke  (greater  than  99%  lower),  with  NNK/NNN  being
the  foremost  compounds  of  primary  concern.  Organ-
specific  carcinogenesis  (NNK:  lung/nasal/liver  tumors;
NNN:  nasal/esophageal)  is  confirmed  in  animal  models,
where these carcinogens undergo metabolic activation to
form DNA adducts [59, 60].

Although  less  than  that  of  combustible  tobacco,
chronic  low-level  exposure  increases  the  risk  of  oral
cancer, particularly with flavored/high-nicotine products.
Youth/adolescent use increases concern because there is a
lifetime exposure.

E-smoking  brings  a  variety  of  chemicals,  which  are
associated with addiction, inflammation, oxidative stress,
and  possible  carcinogenesis.  Although  aerosols  are  less
dangerous than combustible tobacco, they have oral risks
(periodontal  inflammation,  dysbiosis,  mucosal  changes).
Long-term  studies,  standardized  aerosol  testing,  and
regulation  are  crucial  in  reducing  harm,  especially  to
vulnerable  populations.
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6.  E-SMOKING  AND  PERIODONTAL  DISEASES
ASSOCIATION

6.1. Periodontal Clinical Parameters
The systemic  and oral  impacts  of  e-cigarette  use  are

harmful,  and  systematic  reviews  and  meta-analyses  of
2024-2025 invariably observed mouth and throat irritation
and periodontal  changes as  frequent  consequences [61].
Mucosal irritation is commonly reported in new users who
have never smoked before, and in those who switch from
vaping  to  combustible  cigarettes  [62].  Vaping  also  has
periodontal  repercussions,  such  as  elevated  probing
depths,  elevated  plaque  accumulation  and  gingival
inflammation, and clinical attachment loss. However, such
effects  are  typically  not  as  severe  as  those  seen  in
traditional  smokers  [63].

6.2. Oral Microbiome and Inflammatory Mechanisms
The  association  between  vaping  and  periodontal

pathology has three main mechanisms that are similar but
milder  than  those  associated  with  tobacco  smoking.  To
start with, e-cigarette aerosols have been shown to induce
cytotoxicity  and  DNA  damage  in  oral  keratinocytes  and
gingival  fibroblasts  and  chronic  inflammation  by
promoting  oxidative  stress  in  the  presence  of  Reactive
Oxygen  Species  (ROS)  and  aldehydes;  neutrophil
dysfunction;  and  increased  pro-inflammatory  cytokines
(IL-1β,  IL-6,  and  TNF-α).  Second,  vaping  contributes  to
oral  microbiome  dysbiosis  by  stimulating  the  growth  of
periodontal  pathogens  (e.g.,  P.  gingivalis  and
Aggregatibacter  actinomycetemcomitans)  and  reducing
overall  microbial  diversity,  therefore  promoting
pathogenic  biofilms;  research  shows  an  increase  in
subgingival  pathogen  loads  in  vapers  compared  to  non-
smokers  [64-66].  Third,  soft  and  hard  tissue  healing  is
compromised as a result of decreased fibroblast activity,
loss of collagen synthesis, and temporary changes in the
vascularity that change the blood flow in the gingivae and
eventually inhibit wound healing and increase bone loss.

6.3. Inflammatory and Oxidative Stress Biomarkers
These  biological  alterations  translate  into  clinical

effects:  short-term  smoke-to-vape  switchers  (over  two
weeks)  show  increased  gingival  inflammation  [67,  68].
Randomized trials have shown that harmful or potentially
harmful  constituents,  oxidative  stress,  and  inflammation
biomarkers  are  reduced  with  the  switch  to  particular
electronic  nicotine  delivery  systems  or  with  abstinence
[12].  There  are  also  lower  biomarkers  of  potential  harm
and better inflammatory and oxidative stress markers in
long-term users of products like JUUL than in those who
smoke [69].

6.4. Treatment Response
Vapers frequently exhibit clinical signs, including high

plaque index, bleeding index, probing depth, and clinical
attachment loss, that together augment the risk of tooth
loss in the absence of treatment [70-75]. Moreover, non-
surgical periodontal therapy like scaling and root planing
has  poorer  responses  in  e-cigarette  users  due  to

aggravated  host  reactions  and  sustained  changes  in  the
microbiome,  a  trend  that  resembles  that  of  smokers
[76-78].

The major inconsistencies in existing literature are due
to  the  cross-sectional  nature  of  the  study  designs,  the
presence  of  confounding  variables  such  as  previous
smoking history,  variability  of  devices and e-liquids,  and
lack  of  long-term  data.  High-quality  longitudinal  studies
are  therefore  urgently  needed  to  clarify  the  long-term
impact  of  vaping  on  periodontal  disease.

7.  LESSONS  ON  CONTROVERSIES,  GAPS  IN
RESEARCH AND FUTURE DIRECTIONS.

It is still controversial to consider e-cigarettes as harm-
reduction tools.  Health  authorities  are  divided.  The U.S.
CDC  emphasizes  the  insufficient  evidence  available  to
draw firm conclusions, whereas the U.K. NHS encourages
change  among  adult  smokers  (providing  free  devices)
according to the reduced harm profiles. Australia requires
prescriptions;  there  are  countries  that  prohibit  sales
altogether.  The  involvement  of  tobacco  industries  raises
skepticism, as there is a history of misinformation; experts
stress the need for clear, evidence-based communication
to minimize risks [79-81].

Although much work  has  been  done,  there  are  gaps:
the  majority  of  studies  are  cross-sectional/short-term,
which  restricts  causal  inference.  Longitudinal  study
designs  are  required  to  determine  chronic  periodontal
progression,  establish  causal  relationships,  and  assess
interactions with device/e-liquid factors. Vaping needs to
be  thoroughly  compared  with  smoking  in  terms  of
microbiome  changes,  inflammation,  and  treatment
response,  particularly  given  its  promotion  as  a
cessation/harm-reduction  tool.  The  roles  of  individual  e-
liquid  components  (PG/VG,  flavors,  metals)  are  under-
researched; the discovery of the harmful ones may inform
safer formulations.

Future  directions:  large-scale,  prospective  cohorts
using  standardized  vaping  measurements;  mechanistic
(aerosol exposure modeling) studies; prevention (targeting
youth) studies; policy (flavor bans) studies. The evidence-
based  regulation  will  be  informed  by  high-quality
RCTs/meta-analyses  that  will  shed  light  on  the  relative
risks.

8. RESULTS
A total of 84 human studies met the inclusion criteria

for this review and were synthesized across four outcome
domains: periodontal clinical parameters, oral microbiome
composition,  inflammatory/oxidative  stress  biomarkers,
and  treatment  response  following  periodontal  therapy.
Across  these  domains,  e-cigarette  users  consistently
demonstrated  an  intermediate  periodontal  risk  profile,
worse  than  non-smokers  but  generally  less  severe  than
conventional cigarette smokers, although the strength of
this pattern varied by outcome and study design. Studies
assessing clinical periodontal indices consistently reported
elevated  probing  depth,  plaque  index,  bleeding  on
probing,  and  clinical  attachment  loss  among  e-cigarette
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users  compared  with  non-smoking  controls  [61-63,  82].
These  differences  were  most  pronounced  in  cross-
sectional comparisons of established vapers versus never-
users,  while  studies  including  dual  users  or  recent
smoking-to-vaping  switchers  showed  more  variable
magnitudes  of  effect.  Across  the  reviewed  populations,
clinical severity among e-cigarette users did not typically
reach  the  levels  observed  in  conventional  smokers,
supporting a graded rather than binary risk relationship
[63].  Microbiome-focused  studies  demonstrated  that  e-
cigarette  use  was  associated  with  increased  subgingival
loads of periodontal pathogens, including Porphyromonas
gingivalis  and  Aggregatibacter  actinomycetemcomitans,
alongside  a  measurable  reduction  in  overall  microbial
diversity  [64-66,  83].  This  shift  toward  a  dysbiotic,
pathogen-enriched biofilm mirrors, though generally to a
lesser  degree,  the  microbial  changes  reported  in
traditional  smokers  and  appeared  consistent  across  the
populations  and  sampling  methods  used  in  the  included
studies.  Biomarker  studies  revealed  increased  pro-
inflammatory cytokines (IL-1β, IL-6, TNF-α) and oxidative
stress  markers  among  e-cigarette  users  relative  to  non-
smokers,  though  generally  at  lower  levels  than  those
observed  in  combustible-cigarette  smokers  [12,  67,  68].
Short-term smoke-to-vape switchers (over periods of two
weeks or more) showed measurable increases in gingival
inflammation  during  the  transition  period  [67,  68],

whereas longer-term users of specific products (e.g., pod-
based  systems)  exhibited  more  favorable  biomarker
profiles relative to continued smokers in comparative and
randomized designs [12, 69].

Data on periodontal treatment outcomes indicated that
e-cigarette  users  exhibited  poorer  clinical  responses  to
non-surgical  periodontal  therapy  (scaling  and  root
planing) than non-smokers, with reduced gains in clinical
attachment  and  smaller  reductions  in  probing  depth
[70-75,  84].  These  attenuated  treatment  responses  were
attributed  to  sustained  host  inflammatory  reactivity  and
persistent  microbiome  alteration  despite  therapy,  a
pattern  resembling,  though  generally  milder  than,  that
reported  among  conventional  smokers  [76-78].
Collectively, the reviewed evidence indicates a consistent,
dose-  and  duration-dependent  association  between  e-
cigarette  use  and  adverse  periodontal  outcomes  across
clinical,  microbial,  biomarker,  and  treatment-response
domains. However, this body of evidence is predominantly
cross-sectional,  drawn  from  heterogeneous  populations
and  device/e-liquid  types,  and  frequently  confounded  by
dual  use  or  prior  smoking  history,  limiting  causal
inference. Table 1  summarizes the key characteristics of
the main included human studies, including study design,
population  and  sample  size,  vaping  exposure  definition,
comparator  group,  periodontal  outcomes  measured,  key
findings, and study limitations.

Table 1. Summary of major studies on e-cigarette use and periodontal health.

Author, Year Study Design Population
Vaping

Exposure
Comparator Main Periodontal Findings Key Limitations

Thiem et al., 2023

[5]

Systematic review &

meta-analysis
Adults E-cigarette use

Smokers & non-

smokers

Increased probing depth,

clinical attachment loss (CAL),

and bleeding on probing

High heterogeneity

Charde et al.,

2024 [6]
Scoping review General population

E-cigarette

smoking
Non-users

Gingival inflammation and

plaque accumulation

Limited long-term

data

BinShabaib et al.,

2019 [48]
Cross-sectional

Smokers, e-

cigarette users, and

never-smokers

Electronic

cigarette use

Cigarette smokers

and never-smokers

Elevated inflammatory

cytokines in gingival

crevicular fluid

Small sample size

Xu et al., 2022

[49]
Microbiome analysis Periodontal sites

E-cigarette

aerosol

Non-exposed

individuals

Enrichment of periodontal

pathogens

Focused mainly on

microbiome changes

Pushalkar et al.,

2020 [52]
Experimental E-cigarette users

Aerosol

exposure
Non-users

Oral microbiome dysbiosis and

increased infection risk
Short-term exposure

Shabil et al., 2024

[12]

Systematic review &

meta-analysis
E-cigarette users E-cigarette use

Non-users and

conventional

smokers

Increased risk of periodontitis

and adverse periodontal

outcomes

Variability among

included studies

Alkattan et al.,

2025 [79]

Systematic review &

meta-analysis
Vapers E-cigarette use Non-vapers

Increased risk of periodontal

disease and poorer periodontal

health

Variable exposure

definitions
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CONCLUSION
The increased popularity  of  electronic  cigarettes  has

raised  new  issues  about  their  possible  effects  on
periodontal health. The existing evidence suggests that e-
cigarette use could be less toxic than traditional cigarette
smoking, but it is not biologically neutral. Recent clinical,
microbiological,  and  molecular  evidence  suggests  that
vaping  is  linked  to  augmented  inflammatory  reactions,
oxidative stress,  oral  microbiome dysbiosis,  and reduced
healing of periodontal tissue, consistent with the broader
recognized  association  between  periodontal  disease  and
systemic health [11]. Taken together, these results put e-
cigarette  use  as  a  possible  intermediate  risk  factor  of
periodontal disease higher than non-smoking, but overall
lower than traditional tobacco exposure. Nonetheless, the
literature  at  hand  is  constrained  by  the  prevalence  of
cross-sectional designs, limited follow-up periods, diverse
definitions  of  exposure,  and  confounding  variables,
including  dual  use  and  history  of  previous  smoking.
Therefore,  long-term  causal  associations  are  yet  to  be
determined.  Clinically  speaking,  dental  practitioners
cannot  assume  a  safe  replacement  of  e-cigarettes  as  a
periodontal health option. Patients using vaping products
should  be  informed  of  the  potential  risks,  monitored
closely  for  early  signs  of  periodontal  inflammation,  and
counseled  as  part  of  comprehensive  tobacco  cessation
programs.  Public  health  messaging  must  be  based  on  a
balanced,  evidence-based  approach  taking  into
consideration the harm-reduction controversies, as well as
the  emerging  biological  issues.  The  next  generation  of
research needs to focus more on the design of longitudinal
and  mechanistic  studies  to  help  elucidate  dose-response
connections, isolate vaping-related impacts, and evaluate
the long-term periodontal results. Until this kind of data is
made available, electronic cigarette use must be handled
carefully  within  clinical  practice,  with  clear  patient
counseling  regarding  potential  periodontal  risks.

AUTHOR’S CONTRIBUTION
This  is  a  single-author  paper.  All  contributions  were

made by WY.

LIST OF ABBREVIATIONS

PD = PERIODONTAL DISEASE
CAL = Clinical Attachment Loss
BI = Bleeding Index
PI = Plaque Index
GCF = Gingival Crevicular Fluid
ENDS = Electronic Nicotine Delivery Systems
TSNA = Tobacco-Specific Nitrosamines
NNK = Nicotine-Derived Nitrosamine Ketone
NNN = N'-Nitrosonornicotine

CONSENT FOR PUBLICATION
Not applicable.

FUNDING
None.

CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or

otherwise.

ACKNOWLEDGEMENTS
The  author  is  very  thankful  to  all  the  associated

personnel  in  any  reference  that  contributed  in/for  the
purpose  of  this  research.

REFERENCES
5  Vaping  facts  you  need  to  know.  Available  from:[1]
https://www.hopkinsmedicine.org/health/wellness-and-prevention/
5-truths-you-need-to-know-about-vaping
Oral  health.  2025.  Available  from:[2]
https://www.who.int/news-room/fact-sheets/detail/oral-health
Hashim NT, Babiker R, Padmanabhan V, et al. The global burden[3]
of  periodontal  disease:  A  narrative  review  on  unveiling
socioeconomic  and  health  challenges.  Int  J  Environ  Res  Public
Health 2025; 22(4): 624.
http://dx.doi.org/10.3390/ijerph22040624 PMID: 40283848
Taylor E, Simonavičius E, McNeill A, et al. Exposure to tobacco-[4]
specific  nitrosamines  among  people  who  vape,  smoke,  or  do
neither: A systematic review and meta-analysis. Nicotine Tob Res
2024; 26(3): 257-69.
http://dx.doi.org/10.1093/ntr/ntad156 PMID: 37619211
Thiem  DGE,  Donkiewicz  P,  Rejaey  R,  et  al.  The  impact  of[5]
electronic and conventional cigarettes on periodontal health — A
systematic  review  and  meta-analysis.  Clin  Oral  Investig  2023;
27(9): 4911-28.
http://dx.doi.org/10.1007/s00784-023-05162-4 PMID: 37526741
Charde  P,  Ali  K,  Hamdan  N.  Effects  of  e-cigarette  smoking  on[6]
periodontal  health:  A scoping review.  PLOS Glob Public  Health
2024; 4(3): e0002311.
http://dx.doi.org/10.1371/journal.pgph.0002311 PMID: 38507403
E-Cigarette  use  among  youth.  2024.  Available  from:[7]
https://www.cdc.gov/tobacco/e-cigarettes/youth.html
Diabetes  and  gum  (periodontal)  disease.  Available  from:[8]
https://www.cedars-sinai.org/health-library/diseases-and-condition
s/d/diabetes-and-gum-periodontal-disease.html
Genco  RJ,  Borgnakke  WS.  Risk  factors  for  periodontal  disease.[9]
Periodontol 2000 2013; 62(1): 59-94.
http://dx.doi.org/10.1111/j.1600-0757.2012.00457.x  PMID:
23574464
Gandhi UH, Benjamin A, Gajjar S, et al. Alcohol and periodontal[10]
disease: A narrative review. Cureus 2024; 16(6): e62270.
http://dx.doi.org/10.7759/cureus.62270 PMID: 39006719
Herrera  D,  Sanz  M,  Shapira  L,  et  al.  Association  between[11]
periodontal  diseases  and  cardiovascular  diseases,  diabetes  and
respiratory diseases: Consensus report of the Joint Workshop by
the  European  Federation  of  Periodontology  (EFP)  and  the
European  arm  of  the  World  Organization  of  Family  Doctors
(WONCA  Europe).  J  Clin  Periodontol  2023;  50(6):  819-41.
http://dx.doi.org/10.1111/jcpe.13807 PMID: 36935200
Shabil  M,  Khatib  MN,  Ballal  S,  et  al.  The  impact  of  electronic[12]
cigarette  use  on  periodontitis  and  periodontal  outcomes:  A
systematic  review  and  meta-analysis.  BMC  Oral  Health  2024;
24(1): 1197.
http://dx.doi.org/10.1186/s12903-024-05018-7 PMID: 39385155
Izquierdo-Condoy  JS,  Naranjo-Lara  P,  Morales-Lapo  E,  et  al.[13]
Direct health implications of e-cigarette use: A systematic scoping
review with evidence assessment. Front Public Health 2024; 12:
1427752.
http://dx.doi.org/10.3389/fpubh.2024.1427752 PMID: 39135931

https://www.hopkinsmedicine.org/health/wellness-and-prevention/5-truths-you-need-to-know-about-vaping
https://www.hopkinsmedicine.org/health/wellness-and-prevention/5-truths-you-need-to-know-about-vaping
https://www.who.int/news-room/fact-sheets/detail/oral-health
http://dx.doi.org/10.3390/ijerph22040624
http://www.ncbi.nlm.nih.gov/pubmed/40283848
http://dx.doi.org/10.1093/ntr/ntad156
http://www.ncbi.nlm.nih.gov/pubmed/37619211
http://dx.doi.org/10.1007/s00784-023-05162-4
http://www.ncbi.nlm.nih.gov/pubmed/37526741
http://dx.doi.org/10.1371/journal.pgph.0002311
http://www.ncbi.nlm.nih.gov/pubmed/38507403
https://www.cdc.gov/tobacco/e-cigarettes/youth.html
https://www.cedars-sinai.org/health-library/diseases-and-conditions/d/diabetes-and-gum-periodontal-disease.html
https://www.cedars-sinai.org/health-library/diseases-and-conditions/d/diabetes-and-gum-periodontal-disease.html
http://dx.doi.org/10.1111/j.1600-0757.2012.00457.x
http://www.ncbi.nlm.nih.gov/pubmed/23574464
http://dx.doi.org/10.7759/cureus.62270
http://www.ncbi.nlm.nih.gov/pubmed/39006719
http://dx.doi.org/10.1111/jcpe.13807
http://www.ncbi.nlm.nih.gov/pubmed/36935200
http://dx.doi.org/10.1186/s12903-024-05018-7
http://www.ncbi.nlm.nih.gov/pubmed/39385155
http://dx.doi.org/10.3389/fpubh.2024.1427752
http://www.ncbi.nlm.nih.gov/pubmed/39135931


8   The Open Dentistry Journal, 2026, Vol. 20 Wael Yaghmoor

Rebuli  ME,  Rose  JJ,  Noël  A,  et  al.  The  e-cigarette  or  vaping[14]
product use-associated lung injury epidemic. Ann Am Thorac Soc
2023; 20(1): 1-17.
http://dx.doi.org/10.1513/AnnalsATS.202209-796ST  PMID:
36584985
McGrath-Morrow SA, Gorzkowski J, Groner JA, et al. The effects[15]
of nicotine on development. Pediatrics 2020; 145(3): e20191346.
http://dx.doi.org/10.1542/peds.2019-1346 PMID: 32047098
Whitehead  AK,  Erwin  AP,  Yue  X.  Nicotine  and  vascular[16]
dysfunction. Acta Physiol 2021; 231(4): e13631.
http://dx.doi.org/10.1111/apha.13631 PMID: 33595878
Mohn C, Troncoso G, Ossola C, Bozzini C, Elverdin JC, Fernández-[17]
Solari J. Deleterious effect of chronic high-dose ethanol intake on
biomechanical  bone  properties  and  periodontal  status.
Odontology  2024;  112(3):  855-63.
http://dx.doi.org/10.1007/s10266-023-00872-3 PMID: 38157109
Oliveira LM, Antoniazzi RP, Demarco FF, Zanatta FB. Differences[18]
in the subgingival microbial composition associated with alcohol
intake: A systematic review. J Oral Biol Craniofac Res 2023; 13(2):
259-66.
http://dx.doi.org/10.1016/j.jobcr.2023.02.002 PMID: 36866164
Reytor-González C,  Parise-Vasco JM, González N,  et  al.  Obesity[19]
and periodontitis: A comprehensive review of their interconnected
pathophysiology and clinical  implications.  Front Nutr 2024; 11:
1440216.
http://dx.doi.org/10.3389/fnut.2024.1440216 PMID: 39171112
Lu EMC. The role of vitamin D in periodontal health and disease. J[20]
Periodontal Res 2023; 58(2): 213-24.
http://dx.doi.org/10.1111/jre.13083 PMID: 36537578
Rodríguez-Archilla  A,  Mohamed-El-Founti  N.  Association  of[21]
periodontitis with vitamin D and calcium levels: A meta-analysis.
Iberoam J Med 2022; 5(1): 36-45.
http://dx.doi.org/10.53986/ibjm.2023.0003
Zhu G, Cui X, Fan L, Pan Y, Wang L. Genome- and transcriptome-[22]
wide  association  studies  identify  susceptibility  genes  and
pathways  for  periodontitis.  Cells  2022;  12(1):  70.
http://dx.doi.org/10.3390/cells12010070 PMID: 36611863
Alwithanani  N.  Periodontal  disease  and  smoking:  Systematic[23]
review. J Pharm Bioallied Sci 2023; 15(Suppl. 1): S64-71.
http://dx.doi.org/10.4103/jpbs.jpbs_516_22 PMID: 37654319
Quadri MFA, Kamel AM, Nayeem M, et al. Smokeless tobacco and[24]
periodontitis:  A  systematic  review  with  meta‐analysis.  J
Periodontal  Res  2024;  59(6):  1062-70.
http://dx.doi.org/10.1111/jre.13274 PMID: 38757716
Apatzidou  DA.  The  role  of  cigarette  smoking  in  periodontal[25]
disease  and  treatment  outcomes  of  dental  implant  therapy.
Periodontol  2000  2022;  90(1):  45-61.
http://dx.doi.org/10.1111/prd.12449 PMID: 35950749
Curtis  MA,  Garnett  JA,  Darveau  RP.  The  keystone‐pathogen[26]
hypothesis  updated:  The  role  of  Porphyromonas  gingivalis  in
periodontitis. J Periodontal Res 2025.
http://dx.doi.org/10.1111/jre.70050 PMID: 41174353
Mattos-Graner RO, Klein MI, Alves LA. The complement system as[27]
a key modulator of the oral microbiome in health and disease. Crit
Rev Microbiol 2024; 50(2): 138-67.
http://dx.doi.org/10.1080/1040841X.2022.2163614  PMID:
36622855
Robins S, Strachan A, Salih V, Foey A. Periodontal disease and its[28]
association  with  Porphyromonas  gingivalis:  Current
understanding  of  microbial  dysbiosis,  immunopathology  and
immune  evasion.  Microorganisms  2026;  14(3):  641.
http://dx.doi.org/10.3390/microorganisms14030641  PMID:
41900400
Bagaitkar J,  Daep CA, Patel  CK, Renaud DE, Demuth DR, Scott[29]
DA.  Tobacco  smoke  augments  Porphyromonas  gingivalis-
Streptococcus gordonii biofilm formation. PLoS One 2011; 6(11):
e27386.
http://dx.doi.org/10.1371/journal.pone.0027386 PMID: 22110637
Cogo  K,  Calvi  BM,  Mariano  FS,  Franco  GCN,  Gonçalves  RB,[30]
Groppo  FC.  The  effects  of  nicotine  and  cotinine  on

Porphyromonas  gingivalis  colonisation  of  epithelial  cells.  Arch
Oral Biol 2009; 54(11): 1061-7.
http://dx.doi.org/10.1016/j.archoralbio.2009.08.001  PMID:
19712925
Silva  H.  Tobacco  use  and  periodontal  disease—the  role  of[31]
microvascular dysfunction. Biology 2021; 10(5): 441.
http://dx.doi.org/10.3390/biology10050441 PMID: 34067557
Lang  NP,  Berglundh  T,  Giannobile  WV,  Sanz  M,  Eds.  Lindhe’s[32]
clinical periodontology and implant dentistry. John Wiley & Sons
2021.
Eaton DL, Kwan LY, Stratton K, Eds. Public Health Consequences[33]
of E-Cigarettes. Washington (DC): National Academies Press (US)
2018.
http://dx.doi.org/10.17226/24952
Alshareef  HZ,  Omaye  ST.  Toxicology  of  commonly  found[34]
ingredients in e-cigarettes: A brief review. Health 2021; 13(11):
1396-409.
http://dx.doi.org/10.4236/health.2021.1311100
WHO tobacco trends report: 1 in 5 adults still addicted to tobacco.[35]
2025.  Available  from:
https://www.who.int/news/item/06-10-2025-who-tobacco-trends-re
port-1-in-5-adults-still-addicted-to-tobacco
Gaur S, Agnihotri R. Health effects of trace metals in electronic[36]
cigarette  aerosols  — A  systematic  review.  Biol  Trace  Elem Res
2019; 188(2): 295-315.
http://dx.doi.org/10.1007/s12011-018-1423-x PMID: 29974385
Famele  M,  Ferranti  C,  Abenavoli  C,  Palleschi  L,  Mancinelli  R,[37]
Draisci  R.  The  chemical  components  of  electronic  cigarette
cartridges and refill fluids: Review of analytical methods. Nicotine
Tob Res 2015; 17(3): 271-9.
http://dx.doi.org/10.1093/ntr/ntu197 PMID: 25257980
Halstead M, Gray N, Gonzalez-Jimenez N, et al. Analysis of toxic[38]
metals in electronic cigarette aerosols using a novel trap design. J
Anal Toxicol 2020; 44(2): 149-55.
http://dx.doi.org/10.1093/jat/bkz078 PMID: 31588518
Lindson N, Livingstone-Banks J, Butler AR, et al. An update of a[39]
systematic  review  and  meta‐analyses  exploring  flavours  in
intervention  studies  of  e‐cigarettes  for  smoking  cessation.
Addiction  2025;  120(4):  770-8.
http://dx.doi.org/10.1111/add.16736 PMID: 39702981
Lee SJ,  Rees VW, Yossefy N, Emmons KM, Tan ASL. Youth and[40]
young adult use of pod-based electronic cigarettes from 2015 to
2019: A systematic review. JAMA Pediatr 2020; 174(7): 714-20.
http://dx.doi.org/10.1001/jamapediatrics.2020.0259  PMID:
32478809
Ye D, Rahman I. Emerging oral nicotine products and periodontal[41]
diseases. Int J Dent 2023; 2023: 9437475.
http://dx.doi.org/10.1155/2023/9437475 PMID: 36819641
Hammond D, Reid JL, Goniewicz ML, et al. Biomarkers of toxicant[42]
exposure among youth in Canada, England, and the United States
who vape and/or smoke tobacco or do neither. Cancer Epidemiol
Biomarkers Prev 2025; 34(5): 815-24.
http://dx.doi.org/10.1158/1055-9965.EPI-24-1338  PMID:
39992176
Clarke NG, Shephard BC, Hirsch RS. The effects of intra-arterial[43]
epinephrine and nicotine on gingival circulation. Oral Surg Oral
Med Oral Pathol 1981; 52(6): 577-82.
http://dx.doi.org/10.1016/0030-4220(81)90071-2 PMID: 6947180
Li Y, Hecht SS. Metabolism and DNA adduct formation of tobacco-[44]
specific N-nitrosamines. Int J Mol Sci 2022; 23(9): 5109.
http://dx.doi.org/10.3390/ijms23095109 PMID: 35563500
Peterson LA, Stanfill SB, Hecht SS. An update on the formation in[45]
tobacco, toxicity and carcinogenicity of Nʹ-nitrosonornicotine and
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone.  Carcinogenesis
2024;  45(5):  275-87.
http://dx.doi.org/10.1093/carcin/bgae018 PMID: 38437625
Holliday  R,  Chaffee  BW,  Jakubovics  NS,  Kist  R,  Preshaw  PM.[46]
Electronic  cigarettes  and  oral  health.  J  Dent  Res  2021;  100(9):
906-13.
http://dx.doi.org/10.1177/00220345211002116 PMID: 33764176

http://dx.doi.org/10.1513/AnnalsATS.202209-796ST
http://www.ncbi.nlm.nih.gov/pubmed/36584985
http://dx.doi.org/10.1542/peds.2019-1346
http://www.ncbi.nlm.nih.gov/pubmed/32047098
http://dx.doi.org/10.1111/apha.13631
http://www.ncbi.nlm.nih.gov/pubmed/33595878
http://dx.doi.org/10.1007/s10266-023-00872-3
http://www.ncbi.nlm.nih.gov/pubmed/38157109
http://dx.doi.org/10.1016/j.jobcr.2023.02.002
http://www.ncbi.nlm.nih.gov/pubmed/36866164
http://dx.doi.org/10.3389/fnut.2024.1440216
http://www.ncbi.nlm.nih.gov/pubmed/39171112
http://dx.doi.org/10.1111/jre.13083
http://www.ncbi.nlm.nih.gov/pubmed/36537578
http://dx.doi.org/10.53986/ibjm.2023.0003
http://dx.doi.org/10.3390/cells12010070
http://www.ncbi.nlm.nih.gov/pubmed/36611863
http://dx.doi.org/10.4103/jpbs.jpbs_516_22
http://www.ncbi.nlm.nih.gov/pubmed/37654319
http://dx.doi.org/10.1111/jre.13274
http://www.ncbi.nlm.nih.gov/pubmed/38757716
http://dx.doi.org/10.1111/prd.12449
http://www.ncbi.nlm.nih.gov/pubmed/35950749
http://dx.doi.org/10.1111/jre.70050
http://www.ncbi.nlm.nih.gov/pubmed/41174353
http://dx.doi.org/10.1080/1040841X.2022.2163614
http://www.ncbi.nlm.nih.gov/pubmed/36622855
http://dx.doi.org/10.3390/microorganisms14030641
http://www.ncbi.nlm.nih.gov/pubmed/41900400
http://dx.doi.org/10.1371/journal.pone.0027386
http://www.ncbi.nlm.nih.gov/pubmed/22110637
http://dx.doi.org/10.1016/j.archoralbio.2009.08.001
http://www.ncbi.nlm.nih.gov/pubmed/19712925
http://dx.doi.org/10.3390/biology10050441
http://www.ncbi.nlm.nih.gov/pubmed/34067557
http://dx.doi.org/10.17226/24952
http://dx.doi.org/10.4236/health.2021.1311100
https://www.who.int/news/item/06-10-2025-who-tobacco-trends-report-1-in-5-adults-still-addicted-to-tobacco
https://www.who.int/news/item/06-10-2025-who-tobacco-trends-report-1-in-5-adults-still-addicted-to-tobacco
http://dx.doi.org/10.1007/s12011-018-1423-x
http://www.ncbi.nlm.nih.gov/pubmed/29974385
http://dx.doi.org/10.1093/ntr/ntu197
http://www.ncbi.nlm.nih.gov/pubmed/25257980
http://dx.doi.org/10.1093/jat/bkz078
http://www.ncbi.nlm.nih.gov/pubmed/31588518
http://dx.doi.org/10.1111/add.16736
http://www.ncbi.nlm.nih.gov/pubmed/39702981
http://dx.doi.org/10.1001/jamapediatrics.2020.0259
http://www.ncbi.nlm.nih.gov/pubmed/32478809
http://dx.doi.org/10.1155/2023/9437475
http://www.ncbi.nlm.nih.gov/pubmed/36819641
http://dx.doi.org/10.1158/1055-9965.EPI-24-1338
http://www.ncbi.nlm.nih.gov/pubmed/39992176
http://dx.doi.org/10.1016/0030-4220(81)90071-2
http://www.ncbi.nlm.nih.gov/pubmed/6947180
http://dx.doi.org/10.3390/ijms23095109
http://www.ncbi.nlm.nih.gov/pubmed/35563500
http://dx.doi.org/10.1093/carcin/bgae018
http://www.ncbi.nlm.nih.gov/pubmed/38437625
http://dx.doi.org/10.1177/00220345211002116
http://www.ncbi.nlm.nih.gov/pubmed/33764176


E-Smoking and Periodontal Diseases 9

Yang  I,  Sandeep  S,  Rodriguez  J.  The  oral  health  impact  of[47]
electronic  cigarette  use:  A  systematic  review.  Crit  Rev  Toxicol
2020; 50(2): 97-127.
http://dx.doi.org/10.1080/10408444.2020.1713726  PMID:
32043402
BinShabaib M, ALHarthi SS, Akram Z, et al. Clinical periodontal[48]
status  and  gingival  crevicular  fluid  cytokine  profile  among
cigarette-smokers, electronic-cigarette users and never-smokers.
Arch Oral Biol 2019; 102: 212-7.
http://dx.doi.org/10.1016/j.archoralbio.2019.05.001  PMID:
31078071
Xu F, Pushalkar S, Lin Z, et al. Electronic cigarette use enriches[49]
periodontal pathogens. Mol Oral Microbiol 2022; 37(2): 63-76.
http://dx.doi.org/10.1111/omi.12361 PMID: 34997976
Tamashiro  R,  Strange  L,  Schnackenberg  K,  et  al.  Smoking-[50]
induced  subgingival  dysbiosis  precedes  clinical  signs  of
periodontal  disease.  Sci  Rep  2023;  13(1):  3755.
http://dx.doi.org/10.1038/s41598-023-30203-z PMID: 36882425
Aldakheel  FM,  Alduraywish  SA,  Jhugroo  P,  Jhugroo  C,  Divakar[51]
DD. Quantification of pathogenic bacteria in the subgingival oral
biofilm  samples  collected  from  cigarette-smokers,  individuals
using electronic nicotine delivery systems and non-smokers with
and without periodontitis. Arch Oral Biol 2020; 117: 104793.
http://dx.doi.org/10.1016/j.archoralbio.2020.104793  PMID:
32544646
Pushalkar  S,  Paul  B,  Li  Q,  et  al.  Electronic  cigarette  aerosol[52]
modulates  the  oral  microbiome  and  increases  risk  of  infection.
iScience 2020; 23(3): 100884.
http://dx.doi.org/10.1016/j.isci.2020.100884 PMID: 32105635
Thomas  SC,  Xu  F,  Pushalkar  S,  et  al.  Electronic  cigarette  use[53]
promotes  a  unique  periodontal  microbiome.  MBio  2022;  13(1):
e00075-22.
http://dx.doi.org/10.1128/mbio.00075-22 PMID: 35189698
Kumari P, Nanda KP, Firdaus H. Adverse effects of cadmium on[54]
lymphoid organs, immune cells, and immunological responses. J
Appl Toxicol 2025; 45(1): 159-73.
http://dx.doi.org/10.1002/jat.4675 PMID: 39044417
Dolatabadi A, Noori F, Raee A. Effect of conventional cigarettes[55]
and e-cigarettes  on salivary  biomarkers:  A  systematic  review.  J
Adv Periodontol Implant Dent 2024; 16(1): 44-8.
http://dx.doi.org/10.34172/japid.2024.006 PMID: 39027213
Ibraheem WI, Fageeh HI, Preethanath RS, et al.  Comparison of[56]
RANKL and osteoprotegerin levels in the gingival crevicular fluid
of young cigarette- and waterpipe-smokers and individuals using
electronic  nicotine  delivery  systems.  Arch  Oral  Biol  2020;  115:
104714.
http://dx.doi.org/10.1016/j.archoralbio.2020.104714  PMID:
32442729
Vikram HPR,  Kumar  TP,  Kumar  G,  et  al.  Nitrosamines  crisis  in[57]
pharmaceuticals  −  Insights  on  toxicological  implications,  root
causes and risk assessment: A systematic review. J  Pharm Anal
2024; 14(5): 100919.
http://dx.doi.org/10.1016/j.jpha.2023.12.009 PMID: 38799236
Faridoun  A,  Sultan  AS,  Jabra-Rizk  MA,  Weikel  D,  Varlotta  S,[58]
Meiller TF. Salivary biomarker profiles in E‐cigarette users and
conventional  smokers:  A  cross‐sectional  study.  Oral  Dis  2021;
27(2): 277-9.
http://dx.doi.org/10.1111/odi.13533 PMID: 32620031
Ali  D,  Kuyunov  I,  Baskaradoss  JK,  Mikami  T.  Comparison  of[59]
periodontal status and salivary IL-15 and -18 levels in cigarette-
smokers  and  individuals  using  electronic  nicotine  delivery
systems.  BMC  Oral  Health  2022;  22(1):  655.
http://dx.doi.org/10.1186/s12903-022-02700-6 PMID: 36585711
Holt  NM,  Shiffman  S,  Black  RA,  Goldenson  NI,  Sembower  MA,[60]
Oldham  MJ.  Comparison  of  biomarkers  of  exposure  among  US
adult smokers, users of electronic nicotine delivery systems, dual
users and nonusers, 2018–2019. Sci Rep 2023; 13(1): 7297.
http://dx.doi.org/10.1038/s41598-023-34427-x PMID: 37147399
Wadia R, Booth V, Yap HF, Moyes DL. A pilot study of the gingival[61]
response when smokers switch from smoking to vaping. Br Dent J

2016; 221(11): 722-6.
http://dx.doi.org/10.1038/sj.bdj.2016.914 PMID: 27932811
Kanobe MN, Nelson PR, Brown BG, et al. Changes in biomarkers[62]
of exposure and potential harm in smokers switched to Vuse Vibe
or  Vuse  Ciro  electronic  nicotine  delivery  systems.  Toxics  2023;
11(7): 564.
http://dx.doi.org/10.3390/toxics11070564 PMID: 37505530
Shiffman S, Oliveri DR, Goldenson NI, Liang Q, Black RA, Mishra[63]
S.  Comparing  adult  smokers  who  switched  to  JUUL  versus
continuing  smokers:  Biomarkers  of  exposure  and  of  potential
harm and respiratory symptoms. Nicotine Tob Res 2024; 26(4):
494-502.
http://dx.doi.org/10.1093/ntr/ntad197 PMID: 37837438
Alshibani N, Alssum L, Basudan A, et al. Non-surgical periodontal[64]
therapy with adjunct photodynamic therapy for the management
of  periodontal  inflammation  in  adults  using  nicotine-free
electronic-cigarette:  A  randomized  control  trial.  Photodiagn
Photodyn  Ther  2022;  38:  102820.
http://dx.doi.org/10.1016/j.pdpdt.2022.102820 PMID: 35331959
Shah  C,  Holtfreter  B,  Hughes  FJ,  Nibali  L.  Retrospective[65]
exploratory  study  of  smoking  status  and  e‐cigarette  use  with
response to non‐surgical periodontal therapy. J Periodontol 2023;
94(1): 41-54.
http://dx.doi.org/10.1002/JPER.21-0702 PMID: 35781714
Alhumaidan  AA,  Al-Aali  KA,  Vohra  F,  Javed  F,  Abduljabbar  T.[66]
Comparison  of  whole  salivary  cortisol  and  interleukin  1-beta
levels in light cigarette-smokers and users of electronic nicotine
delivery  systems  before  and  after  non-surgical  periodontal
therapy. Int J Environ Res Public Health 2022; 19(18): 11290.
http://dx.doi.org/10.3390/ijerph191811290 PMID: 36141565
Yang I, Rodriguez J, Young Wright C, Hu YJ. Oral microbiome of[67]
electronic cigarette users: A cross‐sectional exploration. Oral Dis
2023; 29(4): 1875-84.
http://dx.doi.org/10.1111/odi.14186 PMID: 35285123
Shields  PG,  Ying  KL,  Brasky  TM,  et  al.  A  pilot  cross-sectional[68]
study of immunological and microbiome profiling reveals distinct
inflammatory profiles for smokers, electronic cigarette users, and
never-smokers. Microorganisms 2023; 11(6): 1405.
http://dx.doi.org/10.3390/microorganisms11061405  PMID:
37374908
Figueredo  CA,  Abdelhay  N,  Figueredo  CM,  Catunda  R,  Gibson[69]
MP. The impact of vaping on periodontitis: A systematic review.
Clin Exp Dent Res 2021; 7(3): 376-84.
http://dx.doi.org/10.1002/cre2.360 PMID: 33274850
Robson G, Lim XC, Chaudhari I, et al. Trying to clear the air: E-[70]
cigarette use and periodontal disease. Br Dent J 2025; 239(10):
687-92.
http://dx.doi.org/10.1038/s41415-025-8919-5 PMID: 41315696
Pesce P, Menini M, Ugo G, Bagnasco F, Dioguardi M, Troiano G.[71]
Evaluation  of  periodontal  indices  among non-smokers,  tobacco,
and e-cigarette smokers: A systematic review and network meta-
analysis. Clin Oral Investig 2022; 26(7): 4701-14.
http://dx.doi.org/10.1007/s00784-022-04531-9 PMID: 35556173
Tattar R, Jackson J, Holliday R. The impact of e-cigarette use on[72]
periodontal health: A systematic review and meta-analysis. Evid
Based Dent 2025; 26(2): 117-8.
http://dx.doi.org/10.1038/s41432-025-01119-6 PMID: 39948158
Al-Hamoudi  N,  Alsahhaf  A,  Al  Deeb  M,  Alrabiah  M,  Vohra  F,[73]
Abduljabbar  T.  Effect  of  scaling  and  root  planing  on  the
expression of anti-inflammatory cytokines (IL-4, IL-9, IL-10, and
IL-13) in the gingival crevicular fluid of electronic cigarette users
and  non-smokers  with  moderate  chronic  periodontitis.  J
Periodontal  Implant  Sci  2020;  50(2):  74-82.
http://dx.doi.org/10.5051/jpis.2020.50.2.74 PMID: 32395386
Herrera  D,  Sanz  M,  Shapira  L,  et  al.  Periodontal  diseases  and[74]
cardiovascular  diseases,  diabetes,  and  respiratory  diseases:
Summary of the consensus report by the European Federation of
Periodontology and WONCA Europe. Eur J Gen Pract 2024; 30(1):
2320120.
http://dx.doi.org/10.1080/13814788.2024.2320120  PMID:

http://dx.doi.org/10.1080/10408444.2020.1713726
http://www.ncbi.nlm.nih.gov/pubmed/32043402
http://dx.doi.org/10.1016/j.archoralbio.2019.05.001
http://www.ncbi.nlm.nih.gov/pubmed/31078071
http://dx.doi.org/10.1111/omi.12361
http://www.ncbi.nlm.nih.gov/pubmed/34997976
http://dx.doi.org/10.1038/s41598-023-30203-z
http://www.ncbi.nlm.nih.gov/pubmed/36882425
http://dx.doi.org/10.1016/j.archoralbio.2020.104793
http://www.ncbi.nlm.nih.gov/pubmed/32544646
http://dx.doi.org/10.1016/j.isci.2020.100884
http://www.ncbi.nlm.nih.gov/pubmed/32105635
http://dx.doi.org/10.1128/mbio.00075-22
http://www.ncbi.nlm.nih.gov/pubmed/35189698
http://dx.doi.org/10.1002/jat.4675
http://www.ncbi.nlm.nih.gov/pubmed/39044417
http://dx.doi.org/10.34172/japid.2024.006
http://www.ncbi.nlm.nih.gov/pubmed/39027213
http://dx.doi.org/10.1016/j.archoralbio.2020.104714
http://www.ncbi.nlm.nih.gov/pubmed/32442729
http://dx.doi.org/10.1016/j.jpha.2023.12.009
http://www.ncbi.nlm.nih.gov/pubmed/38799236
http://dx.doi.org/10.1111/odi.13533
http://www.ncbi.nlm.nih.gov/pubmed/32620031
http://dx.doi.org/10.1186/s12903-022-02700-6
http://www.ncbi.nlm.nih.gov/pubmed/36585711
http://dx.doi.org/10.1038/s41598-023-34427-x
http://www.ncbi.nlm.nih.gov/pubmed/37147399
http://dx.doi.org/10.1038/sj.bdj.2016.914
http://www.ncbi.nlm.nih.gov/pubmed/27932811
http://dx.doi.org/10.3390/toxics11070564
http://www.ncbi.nlm.nih.gov/pubmed/37505530
http://dx.doi.org/10.1093/ntr/ntad197
http://www.ncbi.nlm.nih.gov/pubmed/37837438
http://dx.doi.org/10.1016/j.pdpdt.2022.102820
http://www.ncbi.nlm.nih.gov/pubmed/35331959
http://dx.doi.org/10.1002/JPER.21-0702
http://www.ncbi.nlm.nih.gov/pubmed/35781714
http://dx.doi.org/10.3390/ijerph191811290
http://www.ncbi.nlm.nih.gov/pubmed/36141565
http://dx.doi.org/10.1111/odi.14186
http://www.ncbi.nlm.nih.gov/pubmed/35285123
http://dx.doi.org/10.3390/microorganisms11061405
http://www.ncbi.nlm.nih.gov/pubmed/37374908
http://dx.doi.org/10.1002/cre2.360
http://www.ncbi.nlm.nih.gov/pubmed/33274850
http://dx.doi.org/10.1038/s41415-025-8919-5
http://www.ncbi.nlm.nih.gov/pubmed/41315696
http://dx.doi.org/10.1007/s00784-022-04531-9
http://www.ncbi.nlm.nih.gov/pubmed/35556173
http://dx.doi.org/10.1038/s41432-025-01119-6
http://www.ncbi.nlm.nih.gov/pubmed/39948158
http://dx.doi.org/10.5051/jpis.2020.50.2.74
http://www.ncbi.nlm.nih.gov/pubmed/32395386
http://dx.doi.org/10.1080/13814788.2024.2320120


10   The Open Dentistry Journal, 2026, Vol. 20 Wael Yaghmoor

38511739
Aldalaeen MO, Haddad RH, Alhusamiah BK, Abuejheisheh AJ. The[75]
impact of cigarette smoking and vaping use on the development
and progression of periodontitis: A systematic review. Health Sci
Rep 2025; 8(9): e71245.
http://dx.doi.org/10.1002/hsr2.71245 PMID: 40959186
Villafuerte  KRV,  Martinez  CJH,  Palucci  Vieira  LH,  Nobre  AV.[76]
Benefits of antimicrobial photodynamic therapy as an adjunct to
non-surgical periodontal treatment in smokers with periodontitis.
Medicina 2023; 59(4): 684.
http://dx.doi.org/10.3390/medicina59040684 PMID: 37109642
Kumar S, Shlossman M. Does e-cigarette use affect response to[77]
non-surgical periodontal therapy? Evid Based Dent 2023; 24(4):
179-80.
http://dx.doi.org/10.1038/s41432-023-00947-8 PMID: 37872276
Leite FRM, López R, Møller HJ, Nascimento GG. Salivary cytokine[78]
expression after non‐surgical periodontal therapy in smokers: 12‐
month follow‐up. J Periodontol 2023; 94(7): 823-34.
http://dx.doi.org/10.1002/JPER.22-0556 PMID: 36645176
Alkattan R, Tashkandi N, Mirdad A, Ali HT, Alshibani N, Allam E.[79]
Effects  of  electronic  cigarettes  on  periodontal  health:  A
systematic  review  and  meta-analysis.  Int  Dent  J  2025;  75(3):
2014-24.

http://dx.doi.org/10.1016/j.identj.2024.12.036 PMID: 39863518
Panariello B, Dias Panariello F, Misir A, Barboza EP. An umbrella[80]
review  of  E-cigarettes’  impact  on  oral  microbiota  and  biofilm
buildup. Pathogens 2025; 14(6): 578.
http://dx.doi.org/10.3390/pathogens14060578 PMID: 40559585
Vaping  of  nicotine:  Problem,  controversy,  opportunity.  2023.[81]
Available  from:
https://www.psychiatry.org/news-room/apa-blogs/vaping-problem-
controversy-opportunity
Iacob AM, Escobedo Martínez MF, Barbeito Castro E, Junquera[82]
Olay S, Olay García S, Junquera Gutiérrez LM. Effects of vape use
on oral health: A review of the literature. Medicina 2024; 60(3):
365.
http://dx.doi.org/10.3390/medicina60030365 PMID: 38541091
Ganesan SM, Dabdoub SM, Nagaraja HN, et al. Adverse effects of[83]
electronic  cigarettes  on  the  disease-naive  oral  microbiome.  Sci
Adv 2020; 6(22): eaaz0108.
http://dx.doi.org/10.1126/sciadv.aaz0108 PMID: 32518820
Alnufaiy  B,  Alzahrani  HG,  Lambarte  RA,  et  al.  The  impact  of[84]
electronic  cigarette  smoking  on  periodontal  status  and
proinflammatory  cytokine  levels:  A  cross-sectional  study.  BMC
Oral Health 2025; 25(1): 775.
http://dx.doi.org/10.1186/s12903-025-06148-2 PMID: 40410855

DISCLAIMER: Please note that this article is currently in the 'Early view' stage and is not the final 'Version of Record'. While it has
been accepted, copy-edited, and formatted, however, it is still undergoing proofreading and corrections by the authors. Therefore,
the text may still change before the final publication. Although 'Early view' may not have all bibliographic details available, the DOI
and the year of online publication can still be used to cite them. The article title, DOI, publication year, and author(s) should all be
included in the citation format. Once the 'Final Version of Record' becomes available the 'Early view' will be replaced by that.

http://www.ncbi.nlm.nih.gov/pubmed/38511739
http://dx.doi.org/10.1002/hsr2.71245
http://www.ncbi.nlm.nih.gov/pubmed/40959186
http://dx.doi.org/10.3390/medicina59040684
http://www.ncbi.nlm.nih.gov/pubmed/37109642
http://dx.doi.org/10.1038/s41432-023-00947-8
http://www.ncbi.nlm.nih.gov/pubmed/37872276
http://dx.doi.org/10.1002/JPER.22-0556
http://www.ncbi.nlm.nih.gov/pubmed/36645176
http://dx.doi.org/10.1016/j.identj.2024.12.036
http://www.ncbi.nlm.nih.gov/pubmed/39863518
http://dx.doi.org/10.3390/pathogens14060578
http://www.ncbi.nlm.nih.gov/pubmed/40559585
https://www.psychiatry.org/news-room/apa-blogs/vaping-problem-controversy-opportunity
https://www.psychiatry.org/news-room/apa-blogs/vaping-problem-controversy-opportunity
http://dx.doi.org/10.3390/medicina60030365
http://www.ncbi.nlm.nih.gov/pubmed/38541091
http://dx.doi.org/10.1126/sciadv.aaz0108
http://www.ncbi.nlm.nih.gov/pubmed/32518820
http://dx.doi.org/10.1186/s12903-025-06148-2
http://www.ncbi.nlm.nih.gov/pubmed/40410855

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. REVIEW METHODOLOGY
	2.1. Pathophysiology and Systemic Risk Factors of Periodontal Disease

	3. TRADITIONAL SMOKING AND PERIODONTAL DISEASES
	4. E-SMOKING: BACKGROUND AND USAGE TRENDS
	5. E-SMOKING HEALTH OUTCOMES
	5.1. Nicotine
	5.2. Propylene Glycol (PG)
	5.3. Metals

	6. E-SMOKING AND PERIODONTAL DISEASES ASSOCIATION
	6.1. Periodontal Clinical Parameters
	6.2. Oral Microbiome and Inflammatory Mechanisms
	6.3. Inflammatory and Oxidative Stress Biomarkers
	6.4. Treatment Response

	7. LESSONS ON CONTROVERSIES, GAPS IN RESEARCH AND FUTURE DIRECTIONS.
	8. RESULTS
	CONCLUSION
	AUTHOR’S CONTRIBUTION
	LIST OF ABBREVIATIONS
	CONSENT FOR PUBLICATION
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


