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ABSTRACT

Objectives: Electronic nicotine delivery systems (e-cigarette, pod, and vape) are currently among the tobacco consumption of

adolescents and young adults. The aim is to show oral mucosa and saliva alterations related to vape.
Material and Methods: A vape-user patient, presenting a white plaque in the posterior region of the hard palate, underwent
clinical examination, sialometry, pH evaluation, and excisional biopsy of the white lesion. Molecular changes in saliva and vape

liquid were analyzed by vibrational spectroscopy.

Results: The histopathological analyses showed hyperparakeratosis without dysplasia. Formaldehyde, ketones, and aromatic

hydrocarbon species were identified in e-cig liquid by the FTIR.

Conclusions: The use of vape may be related to the development of hyperkeratotic lesions in the oral mucosa as well as
significantly modify the patient's salivary patterns as the vape liquid presents carcinogenic and cytotoxic components in its

composition.

1 | Introduction

The impact of tobacco use on the oral and systemic health of
individuals is already well described in the literature, as well as the
risk associated with the development of oral lesions, including oral
cancer. However, much has been discussed about the very
attractive electronic cigarettes or vapes (e-cigs), which are currently
among the tobacco consumption of adolescents and young adults
(Walley et al. 2019; World Health Organization 2023).

The use of these electronic devices has gained popularity among
young people, including those who have never smoked cigarettes

(Overbeek et al. 2020). In this context, the purpose of this
communication is to draw attention to the oral and salivary
changes observed in a vape user.

A 26-year-old male patient sought care complaining of a rough
white plaque on the hard palate that had evolved for 1 month.
He mentioned being a former smoker of industrialized
cigarettes (about 30 cig/per day, over 8 years). For 4 years, he
used vape exclusively and daily, with a nicotine concentration
of 50 mg/mL, more than 15 times a day, for about 2 continuous
minutes with about 4 mL of fruity or sweetened essence. On
average, this corresponds to 200 mg of nicotine consumption
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per day which corresponds up to five times the nicotine content
of a pack of cigarettes.

On clinical examination, chronic carious lesions were
observed on teeth 26 and 36, presence of residual root of
27 and a well-defined white plaque, with a rough surface,
measuring approximately 1 cm in the posterior region of the
palate. In the middle third of the palate, there were papules

FIGURE1 | Clinical aspects. (A) Initial clinical findings,
(B) 1-month follow up, and (C) 6 months follow-up.

with a reddish central area, compatible with nicotinic
stomatitis (Figure 1A).

During the anamnesis, our diagnostic work-up was thoroughly
directed to exclude the possibility that the white lesion was
related to any other cause. The patient was questioned about
the use of inhaled medications, sexual and parafunctional
habits, trauma, burns, or the use of any other substances, and
did not reveal anything noteworthy that could establish a
differential diagnosis. Although the patient did not undergo a
period of smoking cessation, he only observed the lesion after
he started vaping. Considering the clinical presentation and the
patient's history, the diagnostic hypothesis of reactive keratosis
versus leukoplakia was established. Thus, an excisional biopsy
of the plaque was performed, which presented a histopatholog-
ical diagnosis of hyperparakeratosis without dysplasia. In
addition, the presence of candida was not observed (Figure 2).

We additionally collected unstimulated saliva samples and
utilized flavored liquid during the assessment. Sialometry
readings and pH levels were found to be within normal ranges
(0.9 mL/min for sialometry and pH 6.9). Furthermore, the
viscosity of saliva was observed to be high, with a thread length
of 4 cm.

Fresh liquid from e-cig was collected directly from the
packaging. A similar liquid was also collected from the
corresponding reservoir of the e-cig device in use by the patient.
To verify a possible change in the flavoring components, caused
by heating the liquid or other process, the flavoring samples
were compared with each other.

The biochemical composition of the patient's saliva under
investigation was compared with standard saliva obtained from
a nonsmoker and non-vape user. One microliter of saliva
samples was spread over a platinum substrate and submitted to
Fourier-Transform Infrared Absorption Spectroscopy (FTIR)
analysis using micro Attenuated Total Reflectance (ATR) with
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FIGURE 2 | Histopathologic findings (HE staining). Hyperparakeratosis without dysplasia was observed. (A) X100 magnification and (B) x400

magnification.
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diamond crystal (60 scans). FTIR spectra presented significant
differences between e-cig and standard saliva in formaldehyde
(1750 cm ™), ketones (1644-1666 cm™*), and aromatic hydro-
carbon (3364 cm™") bands (Figure 3A). These compounds are
considered by the International Agency for Research on Cancer
(IARC) as human carcinogens (International Agency for
Research on Cancer [IARC] 2023).

In the visual analysis of the liquids, we observed that there was
a change in color, which became brownish after the heating
generated by the device. The brownish color is suggestive of
carbonization, which is also represented in the cotton and in
the resistance of the device. However, when evaluated using
FTIR, no structural alterations were observed. The liquid
sample, after being heated, maintained the peaks of the initial
sample (Figure 3B).

During the 15-day postoperative follow-up, a delay in healing
was observed. The patient was re-assessed 1 month after the
biopsy and the wound was still in the healing phase (Figure 1B).
After 6 months of follow-up, only the presence of a surgical scar
was observed (Figure 1C).

Young individuals are increasingly exposed to vaping at earlier
ages. Moreover, frequent usage and high nicotine doses
contribute to their growing dependence on these devices
(Loukas et al. 2022; Overbeek et al. 2020; Vogel et al. 2019).

E-cigarette users may experience oral alterations, including
xerostomia, hairy tongue, candidiasis, and angular cheilitis,
alongside a dysregulated inflammatory response that con-
tributes to the pathogenesis of periodontal diseases
(Bardellini et al. 2018; Javed et al. 2017; Ralho, Coelho, and
Ribeiro 2019). White lesions, such as leukoplakia, reactive
keratosis, and nicotinic stomatitis, similar to those described

in the present report, have been documented in e-cigarette
users (Bardellini et al. 2018).

White lesions in the oral cavity can originate from various
etiologies, leading to their classification into distinct groups,
including developmental changes, metabolic alterations,
reactive responses, infectious causes, immune-mediated condi-
tions, idiopathic origins, potentially malignant lesions, and
neoplastic growths. This categorization aids in establishing
diagnostic hypotheses (Woo, Grammer, and Lerman 2014).

We deem it essential to include reactional keratosis as a
diagnostic hypothesis, given the patient's use of a device that
produces substantial steam at elevated temperatures, potentially
resulting in mucosal damage.

Leukoplakia, classified as an oral potentially malignant disorder,
is primarily diagnosed through exclusionary criteria and is
notably linked to tobacco consumption (Warnakulasuriya,
Kujan, and Aguirre-Urizar 2021). Histopathologically, leuko-
plakia may manifest with or without epithelial dysplasia
(Warnakulasuriya, Kujan, and Aguirre-Urizar 2021). While this
lesion was initially considered in the diagnostic hypothesis,
current literature offers limited clinical data regarding the
association between e-cigarette use and the development of oral
potentially malignant disorders (Schwarzmeier, da Cruz, and
Ferreira 2021). Consequently, establishing a direct cause-and-
effect relationship remains challenging (Gallagher, Vargas, and
Santos-Silva 2024).

Although reviews are not conclusive regarding the use of vape
and the direct relationship with the development of oral cancer
(Wilson et al. 2022), attention should be paid to lesions that
look or have the potential to become malignant. To date, only
one case of oral cancer in association with vaping, in a young
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FIGURE 3 |

Average spectrum of the samples by FTIR spectroscopy. (A) Vibrational spectroscopy (FTIR) of saliva. Vape user (black line) and

control (blue line). (B) Vibrational spectroscopy (FTIR) of e-cig liquid before (black line) and after use (red line) in vape.
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patient, has been published (Klawinski et al. 2021). However,
vape cannot be considered harmless (Ralho, Coelho, and
Ribeiro 2019; Thiem, Donkiewicz, and Rejaey 2023).

We posit that the delay in healing experienced by the patient in
this case may be attributed, in part, to the heat generated by the
continued use of vaping post-surgery. However, we cannot
disregard the possibility that flavoring components may also
play a role in delaying healing.

Sundar et al. (2016) reported increased oxidative stress, pro-
inflammatory responses, and pro-senescence in keratinocytes
and oral fibroblasts exposed to e-cigarette vapor. Moreover, they
emphasized that these changes could disrupt the wound repair
process. Similarly, Alanazi et al. (2018) demonstrated that
exposure to vape vapor adversely affects the activity of gingival
fibroblasts, altering their morphology, proliferation rate, and
migratory capacity.

Although the present investigation presents the limitation of
having the description of only one case, we have pieces of
evidence that the use of vape may be related to the development
of hyperkeratotic lesions in the oral mucosa and that it
significantly modifies the patient's salivary patterns as the vape
liquid presents carcinogenic and cytotoxic components in its
composition.
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QUESTIONNAIRE
B13(25)
Oral Mucosa and Saliva Alterations Related to Vape

INSTRUCTIONS
®  Read through the article and answer the multiple-choice questions provided below.
®  Some questions may have more than one correct answer; in which case you must mark all the correct answers.

Question 1: Is it TRUE or FALSE that the use of electronic
nicotine delivery systems (e-cigarette, pod, and vape) have
gained popularity mostly among younger people who have
smoked cigarettes before?

A: TRUE
B: FALSE

Question 2: Which of the following is NOT TRUE about the
patient in this study?

A: He complained of a rough white plaque on the hard
palate that had evolved for 1 month

B: He had not smoked cigarettes previously

C: He used vape with a nicotine concentration of 50
mg/mL, more than 15 times a day, for about 2
continuous minutes with about 4mL of fruity or
sweetened essence

Question 3: Is it TRUE that the patient’s daily nicotine
consumption corresponded to up to five times the nicotine
content of a pack of cigarettes?

A: YES
B: NO

Question 4: Which one of the following signs / symptoms
was compatible with nicotinic stomatitis / smoker’s palate?

A: Chronic carious lesions

B: A well-defined white plaque

C: Papules with a reddish central area in the middle
third of the palate

Question 5: Fourier - Transform Infrared Absorption
Spectroscopy (FTIR) presented a significant difference of
(1644-1666 cm?)in .............. between e cigarettes and
standard saliva?

A: Formaldehyde
B: Ketones
C: Aromatic hydrocarbon

Question 6: Which of the following contribute to the
growing dependence of young individuals on vaping
devices?

A: Exposure at an earlier age

B: High frequency of use
C: High cumulative nicotine content

B13(25)

Question 7: What oral alterations may be experienced by e-
cigarette users?

Hairy tongue

Candidiasis

Angular cheilitis

Dysregulated inflammatory response

ono@®>r

Question 8: White lesions in the oral cavity can originate
from various aetiologies, leading to their classification into
which of the following groups?

A: Developmental changes
B: Immune-mediated conditions
C: Potentially malignant lesions

Question 9: Which of the following statements are TRUE
regarding leukoplakia?

A: Classified as a benign oral disorder
B: Primarily diagnosed through exclusionary criteria
C: May manifest with or without epithelial dysplasia

Question 10: The delay in healing experienced by the patient
in this case may be attributed to which of the following?

A: The heat generated by the continued use of vaping
post-surgery
B: The flavouring components

Question 11: Which ONE of the following is NOT TRUE?
Vape .o ?

A: Is notrelated to the development of hyperkeratotic
lesions in the oral mucosa

B: May significantly modify the patient's salivary
patterns

C: Contains carcinogenic and cytotoxic components in
its liquid composition

THE END
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