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ABSTRACT

Periodontal disease is a common oral inflammatory condition, and it is attributed to specific risk
factors that negatively impact periodontal tissues. This study seeks to investigate whether there is a
significant association between the use of electronic cigarettes and the prevalence of periodontal
disease, specifically plaque-induced gingivitis, in young adults. Our key goals include assessing
how common e-cigarette usage and evaluating whether there is any correlation between vaping
and its impact on the prevalence of plaque-induced gingivitis is among young adults aged between
18 and 35. Additionally, an oral examination and the Turesky plaque index scoring scheme to
identify any existing correlation between the use of e-cigarettes and its potential relationship with
the prevalence of plague-induced gingivitis amongst young adults.
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1. INTRODUCTION

Periodontal disease is defined as an
inflammatory  disease that affects the
periodontium, which comprises the gingiva,
alveolar bone, cementum, and periodontal
ligament [1]. It is considered the most common
oral condition affecting the human population [2].
Periodontal disease is associated with several
risk factors, including modifiable factors such as
the use of nicotine, diabetes mellitus and poor
dental hygiene, as well as non-modifiable factors
such as age and heredity [2]. Periodontal
disease is caused by a dysbiosis of the
commensal oral biofilm commonly known as
dental plague, which consequently interacts with
the host's immune defenses, resulting in
inflammation. This pathophysiological state
remains during periods of activity and inactivity
until the affected tooth is removed or the
microbial biofilm is removed by a dental
professional [1,3].

Dental plaque is a complex biofiim that is
adhered to the teeth. The acquired pellicle is the
initial stage in the formation of this oral biofilm
[4]. When saliva encounters the tooth’s surface,
salivary proteins bind to create the acquired
salivary pellicle. The development of common
oral conditions such asdental caries and
periodontal disease is linked to the acquired
salivary pellicle [5]. The salivary pellicle works as
a natural barrier to protect the tooth's surface
from direct contact with acids and erosive
demineralization. It also protects the oral cavity
against periodontal disease by inhibiting the
colonization of pathogens [5].

There are around 800 types of bacteria found in
the oral cavity, making it the second-largest
microbiome in the human body. Periodontal
disease is caused by an intricate combination of
bacterial infection and host response [2,6]. The
proliferation of gram-negative organisms is
generally considered to be the major cause of
periodontal disease. These species include
Porphyromonas gingivalis, Tannerella forsythia,
Treponema denticola, and Aggregatibacter
actinomycetemcomitans. Additionally, the
etiology of periodontal disease is influenced by
gram-positive species such as Filifactor alocis,
Parvimonas micra, and Eubacterium nodatum [7-
9]. Gingivitis is the mildest and most common
form of periodontal disease [1]. Gingivitis is

commonly caused by microbial plaque deposits
that are found in or around the gingival sulcus.
The disease is limited to the gingival epithelium
and connective tissue [10,6]. The clinical signs of
gingivitis include gingival inflammation,
erythema, irritation, a glossy appearance of the
gingiva, and bleeding after moderate probing.
Since gingivitis seldom results in spontaneous
bleeding and rarely hurts, many people go
undiagnosed and without treatment [11,6].

Electronic cigarettes or e-cigarettes are battery-
powered devices that are used to vape.
Electronic cigarettes go by a variety of names.
They are also known as "e-cigarettes,” "e-
hookahs," "mods," "vape pens,” "vapes," "tank
systems," and "endless nicotine delivery systems
(ENDS)” [12]. The Centre for Disease Control
and Prevention reports that e-cigarettes are the
most popular nicotine product among young
adults. In the U.S., approximately 380,000 middle
school students, and 2.14 million high school
students use one of the above-mentioned forms
of e-cigarettes [12,13]. Vaping is a form of
smoking that does not use tobacco. The e-
cigarettes emit a mist that is breathed deeply into
the lungs, simulating the sensation of smoking
traditional cigarettes. Since the advent of e-
cigarettes in the early 2000s, they have become
increasingly popular, especially among
teenagers and young adults [14,15]. The
ingredients in e-cigarettes include tobacco-
specific nitrosamines (TSNAS), solvent carriers
(propylene glycol and glycerol), aldehydes,
metals, volatile organic compounds (VOCs),

phenolic  compounds, polycyclic aromatic
hydrocarbons (PAHs), flavourings, tobacco
alkaloids, and medicines [16-18]. Vaping

electronic cigarettes alters the oral environment
and has a significant impact on the colonization
of complex microbial species like P. gingivalis,
increasing the risk of oral inflammation and
infection [15]. This research looks at the
relationship  between  vaping and the
development of gingivitis in young adults.

2. MATERIALS AND METHODS

The use of e-cigarettes, and the incidence of
gingivitis in young adults through examination of
the oral cavity using the plaque index scoring
method and data  collection through
questionnaires. To achieve a conclusive
statement, an online questionnaire composed of
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20 questions was sent to various contacts and
they were encouraged to share the
guestionnaire.

The questionnaire collected 72 responses that
were submitted anonymously and the contact
information from persons willing to participate in
an oral examination was documented. These
persons were contacted, and appointments were
made for the persons to meet in the following
weeks. The oral examination began on
Wednesday 22" March 2022 and was completed
on Thursday 25" May 2023. The researcher met
with the participants at the University of Guyana
Campus, East La Penitence Clinic, and the
Golden Grove Clinic.

Each participant’'s oral cavity was examined
under the supervision of a trained dental
clinician. The researcher explained the nature of
the oral examination and then instructed the
participant to read through an agreement of
confidentiality before agreeing and confirming
with a signature on the document. The
participant was then presented with a plaque-
disclosing tablet and was instructed to chew the
tablet until it was fully dissolved, then spit once in
the waste bin. Once the participants completed
this, their oral cavity was examined for signs of
plaque build-up. The facial and lingual surfaces
of the lateral incisor (12), first molar (16), first
bicuspid (24), lateral incisor (32), first molar lower
right (36) and first bicuspid lower left (44). Dental
mirrors were used to efficiently view the surfaces
where a plaque was found and provide a score
for each surface [19]. A score of one means
there is no visible plaque present. A score of two
means there is a thin continuous band of plaque
with a width of approximately 1 mm, present at
the cervical margin of the tooth. A score of three
means there is a band of plaque wider than 1mm
present, but it is less than one-third of the crown
of the tooth. A score of four means that plaque is
covering at least one-third but not more than two-
thirds of the crown of the tooth. A score of five
means that plaque covers two-thirds or more of

® 1
® 2520

the crown of the tooth. The Turesky Plague Index
was calculated by dividing the total plaque score
by the number of tooth surfaces [20]. The
formula that was used is as follows: Total Index =
Total score /Number surfaces examined [21,20].
For this research, the total score was recorded
from both the facial and lingual surfaces of a
tooth [21,20].

Table 1. A qualitative value to each
participant’s plaque index

0.0-1.0 Excellent oral hygiene
1.0-15 Good oral hygiene
15-20 Fair oral hygiene

2.0 —upwards Poor oral hygiene

2.1 Data Analysis

Both qualitative and quantitative data were
collected during the research phases. The
Shapiro-Wilke test was used to examine how
closely the plague indices of e-cigarette users’
data fit a normal distribution at p=0.05 assumed
to normal distribution. The statistical software
RStudio: Integrated Development for R. RStudio
(Version 2, PBC, Boston, MA, and the Statistical
Package for Social Sciences (Version 21 for
Windows, SPSS Inc., New York, NY, USA) were
used to perform the analyses.

3. RESULTS

Out of 72 respondents, 70.8% were 18-23 years
old, 26.4% were 24-29 years old, and 2.8% were
30-35 years old. There was a total of 51 female
respondents and 21 male respondents (Fig. 1).
One significant result to note was that 56.9% of
the participants did not vape, while 43.1% of
them did. This trend can also be seen in the
number of people who participated in oral
examinations. From the minority group of vapers
(31 persons), a small percentage (6.1%) vaped
regularly, while 9.1% vaped every day and
84.8% vaped infrequently.

® Male

e

Fig. 1. Demographics of the respondents
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The most popular delivery method for vaping was
hookah (72.7% of vapers), followed by vape
pens (60.6% of vapers), and vape mods (18.2%
of vapers) (Fig. 2).

It was found that 9.4% of vapers developed their
vaping habits more than 4 years ago, while
15.6% started vaping within the last 3-4 years,
43.8% started vaping 1-2 years ago, 18.8%
started within the last year and 12.5% started
vaping within the last 6 month (Fig. 3 (a)). The
strength of the vape juice refers to the nicotine
concentration per ml. 51.7% of vapers use or
prefer the 6 mg/ml concentration in vapes.
Further, 24.1% of vapers use the 3 mg/mi
concentration, and 10.3% use the 20 mg/ml
concentration. 10.3% use the 12mg/ml
concentration, and 3.4% use the 0 mg/ml
concentration (Fig. 3 (b)). Only 11.1% of
respondents brush their teeth more than two
times daily, 11.1% brush their teeth once daily,
and 2.8% brush their teeth every other day (Fig.
3 (c). Out of 72 respondents, 11.1% never floss,
while 19.4% flossed daily, and most of the
respondents (69.4%) only floss occasionally.
Most of the respondents (76.4%) reported that
they do use mouthwash/oral rinse. Also, 23.6%
of respondents do not use mouthwash/oral rinse

(Fig. 3 (d)).

Sensitivity to hot/cold is a common symptom of
poor oral health. Only 40.3% of the respondents
experienced sensitivity to hot/cold while 59.7%
did not. Out of 27 responses, 96.3% of
respondents have not experienced sensitivity to
hot/cold since they started vaping (Figs. 4 (a)
and (b)). Only 3.7% of the respondents have
experienced sensitivity to hot/cold since they
started vaping. Out of 72 responses, 59.7% only
visit the dentist in the case of an emergency,
34.7% visit the dentist every six months, and
5.6% visit the dentist once every 3-4 months

Vape pena

Vape mods

Hookah

(Fig. 4 (c)). Out of 72 responses, 50% were
aware of the potential effects of vaping while
50% were unaware. Out of 72 responses, 0.11%
of participants had no current medical condition.
The most popular medical condition was
diabetes. Various medical conditions like
depression, hypothyroidism, asthma, polycystic
ovarian syndrome, eczema, high cholesterol, and
acid reflux were reported. 0.11% of respondents
also reported no familial history of medical
conditions. Hypertension and diabetes were the

most common historical medical conditions
reported.

The most popular reasons for dental
visits/appointments  were  cleaning, teeth

whitening, cavity filling and tooth extraction (Fig.
5). Most of the respondents were open to
discussing the potential effects of using e-
cigarettes. However, when asked if they knew
the overall effects would have a negative impact
on their oral health, most persons expressed that
they would stop using e-cigarettes, but some
individuals stated they would not as it helps them
to relieve stress and it is very addictive.

Their plaque scores from the clinical
examinations  were recorded, and an
independent t-test was used to analyze the data.
The 11 participants who did not vape (M = 1.09,
SD = 1.22) compared to the 13 participants who
did vape (M =1.94, Ss = 1.83) demonstrated
significantly lower plaque indices, t = 5.54, the
p=0.00001 (p <0.05). After analyzing the data, it
became evident that people who vaped had a
considerably higher plague index than those who
did not (p= 0.05). The findings support prior
studies in this field and add to the hypothesis that
there is a significant association between vaping
and the development of dental plaque and
plague-induced gingivitis.

20 (60 0%)

Fig. 2. Method of vaping
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Fig. 3. (a) Vaping period (b) concentrations of nicotine in vape (c) vaping frequency (d) flossing
frequency responses based on the questionnaire
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Fig. 4. (a) Sensitivity to hot/cold before vaping (b) sensitivity to hot/cold after vaping (c)
frequency of visits to the dentist

Cloaning 07 (79.2%)
Taoth Whitening 18 (26%)
Cavity Filling 19 (20.4%)
Tooth Extraction 13(18.1%)
Braces maimenance 1(1.4%)
I viait yaarly not avery six mootha 1(1.4%)
101.4%)
Bracos 1(1.4%)
Geonoral Check up 1(1.4%)
0 20 40 00

Fig. 5. Form of treatment most likely visit the dentist for
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Fig. 6. Plaque indices of users and non-users of vapes

4. DISCUSSION

With the advent of electronic cigarettes as the
newest form of recreational activity, research into
the potential effect on our health and well-being
is paramount. Ebersole et al. [22] offer important
details about the harmful chemicals generated by
electronic cigarettes and their potential influence
on oral health. Their findings underline the need
for more research into the potential negative
effects these substances may have on the tissue
inside the mouth and highlight the hazards
related to them. Similarly, Andrikopoulos et al.
[23] explore the importance of electronic nicotine
delivery systems, such as e-cigarettes, in relation
to dental health. The report highlights the
significance of comprehending the possible oral
health effects of ENDS use and urges thorough
investigation in this area. Al-Aali et al. [24] looked
at peri-implant parameters, tumour necrosis
factor-alpha, and interleukin-1 beta levels in e-
cigarette users to support the findings of
increased plaque and periodontal disorders.
Their research emphasizes the potential
involvement of inflammatory indicators and
provides more proof of the detrimental effects of
vaping on dental health. Ismail et al. [25] offer
insightful information about the gradual decline in
periodontal health among e-cigarette users over
six months. However, this study has limitations
due to the study's brief time and other
confounding variables that may not have
been sufficiently considered. To demonstrate a
clearer causal link between vaping and

further
sample

deteriorating periodontal health,
longitudinal research with bigger
numbers is required.

Jeong et al. [17] looked at the relationship
between periodontal disease and traditional and
electronic cigarette smoking in South Korean
individuals. Their findings highlight the possible
risks presented by e-cigarettes on oral health by
showing a strong association between the usage
of both forms of cigarettes and periodontal
disease. The limitations of self-reported data and
any confounding variables that might affect the
observed correlation should be considered even
if their findings add to the body of evidence. To
demonstrate a stronger causal relationship, more

research that includes objective clinical
evaluations and controls for confounders is
required.

Furthermore, Atuegwu et al. [26] investigated the
link between routine usage of electronic nicotine
products and self-reported periodontal disease
state. In contrast to non-users, frequent e-
cigarette users had a greater probability of
developing periodontal disease, indicating a
negative effect on periodontal health from long-
term e-cigarette use. Additionally, a cross-
sectional analysis of tobacco usage trends and
self-reported oral health outcomes. It revealed
that e-cigarette users were nearly three times
more likely to report gingival disease compared
to people who neither smoke nor use e-
cigarettes, adding to the mounting evidence of
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the harm e-cigarette usage causes to oral health
[27].

AlQobaly et al. [28], investigated the incidence of
self-reported periodontal disease and e-
cigarettes. Their results showed that e-cigarette
users had higher rates of self-reported
periodontal disease. Unlike the current research
project, this study had the strength of a large
population sample that can be used to represent
the study area’s entire population. However,
since the samples were from self-reported cases
of periodontal disease, the results may be
biased. Tishchenko et al. [6] highlight the
possible influence of e-cigarettes on the oral
microbiota, which is crucial for sustaining oral
health, even if it is not directly associated with
results for plaque and periodontal health. They
looked at the impact of smoking heating tobacco
products and e-cigarettes on the oral microbiota
but did not specifically address plaque and
periodontal health outcomes. However, changes
in the oral microbiota have been linked to several
oral health issues, thus more research into how
e-cigarettes affect oral microbial ecosystems is
necessary [6]. Xu [29] posited that patients with
the same stage of periodontal disease, smokers
of traditional cigarettes, and users of electronic
cigarettes all had identical oral bacterial
compositions. Smoking e-cigarettes may have a
comparable effect as smoking cigarettes over
time in terms of changing the bacterial makeup of
saliva, which might increase the relative
abundance.

5. CONCLUSION

In conclusion, the findings show a significant
relationship between vaping and an increase in
plague deposits that can lead to plaque-induced
gingivitis. While further study is needed to
confirm causation and better understand the
underlying processes, our findings highlight the
significance of educating Guyanese about the
possible oral health hazards associated with
vaping. To lessen the effects of vaping on oral
health, dental professionals, public health
officials, and researchers should work together to
create effective preventative methods and
treatments.
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