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ORAL HEALTH

Whole Salivary Cotinine Levels and Interleukin 1-p Levels
among Young Adults Involuntarily Exposed to Vapor from
Electronic Nicotine Delivery Systems

Abdulrahman M. AlMubarak?@ / Montaser N. AlqutubP / Fawad Javed¢ / Fahim Vohrad / Tarig Abduljabbare

Purpose: To the assess whole salivary cotinine and interleukin 1 (IL-18) levels among individuals involuntarily exposed
to vapor from electronic nicotine delivery systems (ENDS) (test group) and unexposed individuals (control group).

Materials and Methods: Demographic data and information related to ENDS vapor exposure were collected using a
questionnaire. Unstimulated whole saliva samples were collected, unstimulated whole-saliva flow rate (UWSFR)
was calculated, and cotinine and IL-1f levels were determined using enzyme-linked immunosorbent assay. Sample-
size estimation and statistical analysis were performed. Regression analysis was performed to determine the cor-
relation between whole salivary cotinine and IL-1f levels. Statistical significance was set at p < 0.05.

Results: Forty-eight individuals (24 and 24 in test and control groups, respectively) were included. Mean ages of in-
dividuals in the test and control groups were comparable. In the test group, the mean duration for which the individ-
uals inhaled vapor from ENDS in each session was 22.3 + 9.5 min and they were exposed to ENDS vapor
12.2 + 2.4 times daily. There was no difference in the UWSFR between patients in the test (0.21 £ 0.02 ml/min)
and control (0.22 = 0.04 ml/min) groups. Whole salivary cotinine (p < 0.001) and IL-18 (p < 0.001) levels were
significantly higher in the test than control group

Conclusion: Young adults involuntarily exposed to vapor from ENDS express elevated whole salivary cotinine and
IL-1p levels. Long-term exposure to ENDS vapor may potentially predispose vulnerable populations to oral and sys-

temic inflammatory diseases.
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n the past, it was assumed that non-smokers were not
subject to the deleterious health effects of smoking.
Meanwhile, however, much scientific evidence has shown
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that involuntary tobacco smoke inhalation (ITSI) or passive
smoking increases the risk of diseases such as cardiopul-
monary disorders, colorectal carcinoma and respiratory dis-
eases in vulnerable populations.20.26.31 With respect to oral
health, ITSI disrupts the equilibrium between the host and
environment,”:28 |t is also associated with an increased ex-
pression of proinflammatory cytokines such as interleukin-1
beta (IL-1p) and IL-37 in unstimulated whole saliva
(UWS),14.19.25 which contributes increased bone loss
around teeth.17

Nicotine is a major addictive component in combustible
and non-combustible tobacco products, such as cigarettes
and snuff. Despite being aware of the negative effects of
tobacco intake on overall health, it is often challenging for
tobacco smokers to quit the habit, as abrupt nicotine with-
drawal elicits unpleasant symptoms such as anxiety, consti-
pation, and headache.811,18 Therefore, tobacco smokers
frequently use alternatives such as electronic nicotine deliv-
ery systems (ENDS) to satisfy their bodily demand for nico-
tine.27 There is a perception that ENDS are a rather safe
replacement for conventional tobacco smoking; however,
studies have shown ENDS users are at a higher risk of de-
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veloping oral and systemic diseases such as periodontitis
and cardiovascular diseases compared with individuals not
using any form of nicotinic products.6.15.22,32 |t has been
shown in vitro that inhalation of vapor produced by ENDS
damages fibroblasts and results in the formation of alde-
hydes, reactive oxygen species and carbonyls that damage
DNA and cause carbonylation of the extracellular matrix.15

Whole salivary cotinine levels (CL) are usually measured
to verify self-reported tobacco-smoking habits. According to
Mokeem et al,24 whole salivary CL are statistically signifi-
cantly higher among ENDS users than in individuals not
using tobacco in any form. However, that study reported no
statistically significant difference in whole salivary IL-1p be-
tween ENDS users and control subjects.24 The authors sug-
gested that this lack of statistical significance could be as-
sociated with the possibly short duration of vaping in the
respective group. Moreover, involuntary exposure of ENDS
vapor has been associated with an increased risk of cardio-
pulmonary disorders in children and adults.29 It is hypoth-
esised that whole salivary cotinine and IL-1p levels are
higher among individuals involuntarily exposed of ENDS
vapor compared with unexposed individuals. The aim of the
present study was to assess whole salivary cotinine and
IL-18 levels among young adults involuntarily exposed to
vapor from ENDS vs unexposed individuals.

MATERIALS AND METHODS

Ethics Guidelines

The present study was performed following guidelines rec-
ognised by the Declaration of Helsinki as revised in 2013
for experiments involving human patients. All participants
were informed that they could withdraw their participation at
any stage of the investigation without consequences. The
study was performed at a specialist dental center and ethi-
cal approval was acquired by the specialist research review
board.

Study Design

This is a cross-sectional observational study which as-
sessed CL and IL-1p levels in unstimulated WS samples
collected from individuals who were or were not routinely
exposed to environmental vapor emitted by ENDS.

Exclusion Criteria

Pregnant and/or lactating females as well as individuals
using combustible or non-combustible tobacco products
were not asked to participate. Individuals with oral dis-
eases such as periodontitis and systemic diseases, includ-
ing but not limited to self-reported prediabetes, diabetes
mellitus, respiratory diseases, acquired immune deficiency
syndrome, respiratory diseases, hepatic and renal disor-
ders, and cardiovascular diseases, were excluded. Individu-
als currently using or those who reported to have used
medications such as probiotics, steroids, non-steroidal anti-
inflammatory drugs, bisphosphonates or antibiotics were
also excluded.
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Study Groups

Individuals in the test group had daily exposure to vapor
from ENDS for at least 5 continuous minutes for at least
the past 12 months. The control group comprised individu-
als who reported to have never consumed any form of to-
bacco product and/or had exposure to ITSI and ENDS vapor.

Questionnaire

Information about age, sex, daily frequency (number of
times per day) of exposure to ENDS vapor and duration (in
minutes) per exposure was collected using a questionnaire.
Patients in the test group were also asked whether a rela-
tionship (such as parents, guardians, husband, wife,
brother, sister, and/or boy-/girlfriend) existed between them
and individuals using ENDS. The questionnaire was admin-
istered to all participants by the principal investigator (TA).

Collection of Unstimulated WS

The unstimulated WS samples were collected using a stan-
dard technique as described in previous studies.13.24 All
unstimulated WS samples were collected for 5 min by a
calibrated investigator (MNA; Kappa score 0.88) who was
blinded to the study groups. The whole-saliva flow rate
(WSFR) was determined and recorded in ml/min. All sam-
ples were immediately centrifuged at 8000 rpm for 5 min in
a cold room at 4°C, and the collected supernatant was fro-
zen at -80°C. All samples were assessed for whole salivary
cotinine and IL-1p levels within 48 h of collection.

Assessment of Whole Salivary Cotinine and IL-1
Levels

Whole salivary CLs were determined using ELISA as a com-
mercially available kit (Sigma-Aldrich Chemical; St Louis, MO,
USA), according to the manufacturer’s instructions. The as-
says were performed at room temperature. Twenty pl of the
standard and supernatants from unstimulated WS samples
from the test and control groups were added in duplicates to
the 96-well plate with 180 ul of cotinine-HRP conjugate solu-
tion. The plates were incubated for 60 min and washed with
0.01 M phosphate buffer (pH 7.4, with 0.05% Tween-201).
The substrate, 150 of pl tetramethylbenzidine, was then
added to each well and the plates were re-incubated for 1 h.
The optical density (OD) of each well was read at 650 nm
using a microplate reader (Microplate-reader, NB-Bio-Tek Instru-
ments; Winooski, VT, USA). Whole salivary IL-1§ levels were
assessed in duplicate using a commercially-available ELISA kit
(Quantikinel High Sensitivity Kit, R&D Systems; Minneapolis,
MN, USA) in accordance with the manufacturer’s guidelines.
Samples were diluted to 1:100 in a calibrator-diluent provided
in the kit. The samples were then incubated at room tempera-
ture for 20 h. Fifty mm of stop solution (2N H>SO4) was added
to each well and OD was read at 490 nm with wavelength cor-
rection to 630 nm after placing the plate in a microplate
reader (Microplate-reader, NB-Bio-Tek Instruments).

Sample-size Estimation and Statistical Evaluation

Sample-size estimation was performed on data obtained
from a pilot study using a software package (G*Power ver-
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Table 1 Demographic characteristics of the study groups

Parameters Test group Control group
Number of participants 24
Gender (male:female) 13:11

Age in years 25.2 + 3.2 years 23.6 + 1.5 years
Duration of exposure to vapor in minutes 22.3 + 9.5 minutes NA
Daily frequency of exposure to ENDS vapor 10.2 £ 2.4 times daily NA

ENDS: electronic nicotine delivery systems; NA: not applicable.

Table 2 Whole-saliva flow rate, cotinine and IL-13 levels

Parameters

Test group

Control group

Saliva flow rate (ml/min)

0.21 £+ 0.02 ml/min

0.22 + 0.04 ml/min

Cotinine levels (ng/ml)

17.5 + 3.1 ng/ml*

0.17 + 0.006 ng/ml

Interleukin-1 beta (pg/ml)

26.2 + 6.4 pg/ml*

0.12 + 0.005 pg/ml

*Compared with the control group (p < 0.001).

sion 3.1.5., University of Kiel; Kiel, Germany).® The results
indicated that inclusion of at least 23 individuals each in
the test and control groups was required to attain a power
of 80% at a 0.40 ftype effect size with a type-1 error of 5%.
The collected data were statistically analysed using a com-
puter-based software package (SPSS 15.01; Chicago, IL,
USA). Data normality was tested using the Shapiro-Wilk test.
Group comparisons were done using the paired t-test. Logis-
tic regression analysis was performed to determine whether
a correlation existed between whole salivary cotinine and
IL-1p levels. p-values < 0.05 indicated a statistically signifi-
cant difference between the test and control groups.

RESULTS

General Characteristics

A total of 48 participants were divided into two groups (n=24
each), test and control. There were 15 males and 9 females
in the test group and 13 males and 11 females in the con-
trol group. The mean age in the test group was 25.2 +
3.2 years, and in the control group 23.6 + 1.5 years. In the
test group, the mean duration for which the individuals in-
haled vapor from ENDS in each session was 22.3 + 9.5 min.
These individuals were exposed to ENDS vapor 10.2 £ 2.4
times daily (Table 1).

Whole-Saliva Flow Rate and Cotinine and IL-1p Levels
There was no statistically significant difference in the WSFR

doi: 10.3290/j.0hpd.b2805483

between patients in the test (0.21 £ 0.02 ml/min) and con-
trol (0.22 £ 0.04 ml/min) groups. Whole salivary cotinine
(p < 0.001) and IL-1B (p < 0.001) levels were statistically
significantly higher among patients in the test than in the
control group (Table 2).

Correlation of Whole Salivary Cotinine and IL-1p
Levels with Duration of Exposure and Daily Frequency
of Exposure

Whole salivary CL (p < 0.001) and IL-1f (p < 0.01) were sta-
tistically significantly correlated with duration of exposure
(in minutes) and daily frequency of exposure to vapor from
ENDS (Fig 1). In the test group, there was a statistically
significant correlation between the expression of whole sal-
ivary CL and IL-1p (Fig 2) compared with the control group.

DISCUSSION

To our knowledge, this is the first study that assessed CL
and whole salivary IL-1p levels among young individuals
who were exposed daily to vapor emitted from ENDS. The
present results support the test hypothesis, as whole sali-
vary IL-1 and CL were statistically significantly higher in
the test (exposed to vapor from ENDS) than in the control
participants (never exposed to second-hand/passive smok-
ing and/or ENDS vapor).

It has been reported that nicotine induces pathological
alterations in tissues, including those of the oral cavity.30
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Fig 1 Correlation of whole salivary cotinine and IL-1p levels with the duration of exposure (in minutes) and daily frequency of exposure to
emissions from electronic nicotine delivery systems.
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Fig 2 Correlation between the expression of whole salivary CL and IL-1f in the test and control groups

According to an in vitro study,30 nicotine up-regulates the
production of IL-1f in human periodontal ligament cells.
Mahabee-Gittens et al21 showed that whole salivary CL >5
ng/ml are statistically significantly associated with higher

130

whole salivary IL-1f levels. It is worth mentioning that in the
present study, whole salivary CL were nearly 3x higher than

those reported in the study by Mahabee-

Gittens et al.2

Moreover, results from regression analysis showed a statis-
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tically significant association between CL and whole sali-
vary IL-1p levels.25 The authors of the present study sup-
port these studies,21.25 as the current regression analysis
confirmed a direct association between whole salivary CL
and IL-1p levels, as shown in Fig 2. Moreover, our results
also showed a significant association between duration of
exposure to ENDS and expression of whole salivary CL and
IL-18 levels (Fig 1).

Here, it is worth mentioning that all individuals using
ENDS were former combustible-tobacco smokers who had
quit traditional smoking and were using ENDS daily. These
individuals were direct blood relatives (fathers and/or
brothers) of patients in the test group. It is most probable
that these individuals were using e-liquids or e-juices con-
taining nicotine, as cotinine was identified in all unstimu-
lated WS samples collected and assessed from patients in
the test group. It is likely that ENDS users did not perceive
vaping to be hazardous to their health or that of individuals
around them, which allowed them to use ENDS ad libidum
even in the presence of others. The results of recent stud-
ies showed that ENDS users considered vaping to be not
as hazardous to health as traditional tobaccosmok-
ing.2:12,23 However, abundant evidence from clinical and in
vitro studies have shown that use of ENDS is not hazard-
free and may have damaging effects on vital organs, includ-
ing cardiovascular and respiratory systems and oral tis-
sues.35 This suggests that there is a dire need to inform
and educate the public that ENDS are by no means a safe
alternate to smoking, and that environmental exposure to
vapor from ENDS may induce inflammation in the long
term. Community-based health awareness programs may
be helpful in this regard.

There are a number of limitations inherent in the present
study. Firstly, the objectives were set to determine the as-
sociation between salivary IL-1f3 and CL in subjects involun-
tarily exposed to ENDS vapor. In other words, clinical oral
examinations (such as periodontal status assessment) and
microbiological evaluations were not performed. It has been
reported that individuals exposed to ITSI present with
higher probing depths and loss of clinical attachment; how-
ever, there was no statistically significant difference in clini-
cal periodontal parameters between such individuals and
non-smokers.16 However, ITSI has been associated with in-
creased oral colonisation by microbes such as Treponema
denticola, Candida and Porphyromonas gingivalis.1:10 This
suggests that clinical periodontal parameters are poor and
oral colonisation of periodontopathogenic microbes is in-
creased among individuals involuntarily exposed to ENDS
vapor. In this context, it cannot be maintained that expo-
sure to ENDS vapor is safe or hazard-free. Further studies
are needed in this regard. Another major obstacle in the
present study was to reach consensus regarding a precise
definition for patients in the test group (individuals who
were exposed to and inhaled ENDS vapor on a daily basis).
To our knowledge, there is no globally standardised defini-
tion for “passive vaper” or “passive smoker”. The authors
suggest that further studies should be performed to reach
a consensus on this.

doi: 10.3290/j.0hpd.b2805483

CONCLUSION

Young adults involuntarily exposed to vapor from ENDS ex-
hibit raised whole salivary CL and IL-1p levels. Long-term
exposure to ENDS vapor may potentially predispose vulner-
able populations to oral and systemic diseases.
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