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Abstract

Electronic Nicotine Delivery Systems (ENDSs) are a relatively new device that have been demonstrated to have toxicologic effects. Laryngeal expo-
sure to ENDSs in animals and experimental models has shown hyperplasia, metaplasia and inflammatory molecules. This was a cross-sectional study
in which volunteers were assessed both with an indirect laryngoscopy and with validated questionnaires. Volunteers answered the Reflux Symp-
toms Index (RSI), Voice Handicap Index-10 (VHI-10), and Eating Assessment Tool-10 (Eat-10). Laryngoscopies were assessed using Reflux Finding
Score (RFS). We included 11 ENDSs users, and 5 healthy volunteers. Mean use of ENDSs was 11.64 uses per day for 3.23 years. RSI was 13.82 (0-31,
SD 8.98) in the ENDSs user group, vs 0 (0-0, SD 0) in the non-user group, this finding was statistically significant (p 0.0002). EAT-10 score was 1.82
(0-10, SD 2.93) in the ENDSs users group, while it was 0 (0-0, SD 0) in the non-user group, this finding was statistically significant (p 0.033). RFS was
7.09 (2-12,SD 3.03) In the ENDSs users group, while it was 5.6 (3-9, SD 2.7) in the non-users, this finding was not statistically significant (0.179). We
can conclude there is higher prevalence of laryngeal irritation symptoms in ENDSs users, larger sample sizes and more studies with a larger follow

up will be required to establish a clear link.
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Introduction

» o«

The terms electronic-cigarettes, “e-cigs”, “vapes” or Electronic
Nicotine Delivery Systems (ENDSs) refer to products that heat a
chemical solution (that consists mainly of propylene glycol, glycerol
and nicotine), and deliver it to the user, mainly through the airways
[1]. They were marketed as a healthier alternative to tobacco, call-
ing them “cleaner”, and even featuring doctors in their marketing

(2].

However, as ENDSs’ popularity has increased, so have the pub-
lications linking them to adverse health effects. ENDSs contain
mostly propylene glycol and glycerol (80-94%), which act as sol-
vents, and which have been proven to be airway irritants. The active
ingredient is nicotine, which is often accompanied by benzoic or
citric acid. Other components include metals (nickel, manganese,

zinc, copper, iron and arsenic), flavoring agents (ethyl maltol, ethyl
vanillin menthol) and solvents (formaldehyde, acetaldehyde, acro-
lein and glycoxal) [3]. Toxicologic effects similar to smoking have
been shown with exposure to ENDSs such as disruption to epitheli-
al barriers, oxidative stress, cytotoxicity and DNA damage [4].

Literature regarding the effects of ENDS use is more limited
in the otolaryngologic area, with most publications reporting up-
per-respiratory symptoms related to its use, such as throat irrita-
tion, discomfort, cough, nasal congestion and sinusitis [5]. Basic
research has shown that exposure of human engineered vocal fold
mucosae to electronic cigarette vapor extract induced cellular dam-
age of luminal cells, disrupting homeostasis and innate immune re-
sponses [6]. Animal research has also shown that exposure to ENDS
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for 4 weeks caused hyperplasia and metaplasia of the laryngeal
mucosa of rats; however, this finding was not statistical significant
[7]. An increase in laryngeal IL-4 has been found in murine models
exposed to nicotine products [8]. Nevertheless, to our knowledge
there are no studies performed in current ENDSs user evaluating
their larynx and their symptoms.

Objective

The objective of this study is to perform indirect laryngoscop-
ic examinations in ENDSs users, to describe their findings, and to
compare them with non-users

Material and Methods

This was a cross-sectional study in which healthy volunteers in
the Guadalajara, Mexico area who admitted to using ENDSs were
recruited. Volunteers who do not use ENDSs were recruited as a
control group. After their informed consent, a questionnaire was
administered. To quantify the use of ENDSs we used the first item
of the Penn State Electronic Cigarette Dependence Index [9], which
was demonstrated to be a significant predictor of actual frequency
of e-cig puffs taken, after comparing the users’ self-reported scores
with multiple observations [10]. We utilized a translated, adapted
and validated Spanish version [11].

We also assessed ENDSs users’ self-reported symptoms regard-
ing voice, swallowing and reflux symptoms, using scales that have
been translated and validated in Spanish. Belafsky’s 9-item Reflux
Symptom Index [12] was used to assess whether the participants
experienced any reflux-associated symptom; we employed a vali-
dated Spanish translation (13). To assess the vocal quality, we em-
ployed the Voice Handicap Index-10 (VHI-10) developed by Rosen
to screen for voice alterations [14]; we utilized a validated Spanish
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translation [15]. Finally, we screened for any dysphagia symptom
using the 10-item self-administered questionnaire Eating Assess-
ment Tool-10 [16] in a Spanish translated and validated version
[17].

Afterwards, an endoscopic examination of the larynx and upper
airways was performed using a flexible fibreoptic chip-on-the-tip
endoscope. The endoscopic examinations were performed by the
same otolaryngologist (ELO). The endoscopic examinations were
analyzed and scored blindly by the same laryngologist (AGMR)
using the Reflux Finding Score, an 8-item clinical severity score,
which assigns scores to subglottic edema, ventricular obliteration,
laryngeal erythema/hyperemia, vocal fold edema, diffuse laryngeal
edema, posterior commissure hypertrophy, granulation tissue and
thick endolaryngeal mucus [18].

Results were pooled in Microsoft Excel, which was used to ob-
tain descriptive statistics. Paired t-test was performed to determine
whether a statistical significant difference was present between the
ENDSs users and the non-users. Statistical significancy at a confi-
dence interval of 95% was determined if the p value was less than
0.05. Pearson correlation coefficient was used to correlate the
ENDSs exposure (calculated by multiplying ENDSs used per year
times years used) with RSI, VHI-10, EAT-10 and RFS scores.

Results

Results are summarized in Table 1. We included 11 ENDSs us-
ers and 5 non-users to serve as controls. The mean use of ENDSs
was 11.64 uses per day with a range from 1 to 50 uses per day (each
use equals to 15 puffs or 10 minutes of use). Users have used ENDSs
on average for 3.23 years, with a range from 2 to 5 years. Every vol-
unteer was otherwise healthy and denied tobacco use.

Tablel: Results. ENDSs=Electronic Nicotine Delivery Systems; SD=Standard Deviation; RSI=Reflux Symptoms Index; VHI-10=Voice
Handicap Index 10; EAT-10=Eating Assessment Tool 10; RFS=Reflux Findigs Score; (range)

ENDSs Users (n=11) Non-Users (n=5) p-Value

Age 21.27 (18-27,SD 3.1) 24 (20-32,SD 5.33) 0.16

Sex F 54.5%, M 45.4% F 40%, M 60% -

RSI 13.82 (0-31, SD 8.98) 0 (0-0,SD 0) 0.0002
VHI-10 1.45 (0-6,SD 1.97) 1.8 (0-9, SD 4.02 0.8626
EAT-10 1.82 (0-10, SD 2.93) 0(0-0,SD0) 0.033157384

RFS 7.09 (2-12,SD 3.03) 5.6 (3-9,SD 2.7) 0.179203

The average Reflux Symptoms Index (RSI) score on ENDSs us-
ers was 13.82 (range 0-31, SD 8.98) compared to 0 on non-users
(range 0, SD 0), this result was statistically significant with a p value
0f 0.0002. The average Voice Handicap Index-10 (VHI-10) on ENDSs
users was 1.45 (range 0-6, SD 1.97), while it was 1.8 (range 0-9,
SD 4.02) on non-users; this was non-statistically significant with a
p value of 0.8626. Finally, the average Eating Assessment Tool-10
(EAT-10) score for ENDSs users was 1.82 (range 0-10, SD 2.93), the

mean score for non-users was 0 (range 0, SD 0); this difference was
statistically significant with a p value of 0.033157384. After per-
forming the laryngoscopic examinations, the average Reflux Find-
ing Score in ENDSs users was 7.09 (range 2-12, SD 3.03), while it
was 5.6 (range 3-9, SD 2.7) in non-users; p value was 0.17. Among
the ENDSs users there were two patients with moderate ventricular
band hypertrophy and one with vocal cord ectasia and a vocal cord
varix. [llustrative findings are included in Figure 1 and 2.
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Figure1: Laryngoscopic image showing a larynx with vocal cord ectasia, mild vocal cord edema, thick mucus, and mild posterior commissure
hypertrophy and a vocal cord varix..

Figure2: Laryngoscopic image showing hyperemia, abundant mucus and posterior commissure hypertrophy.

Pearson correlation coefficient was 0.2839 for RSI, 0.5627 for
VHI-10,-0.1196 for EAT-10, and -0.2387 for RFS.

Conclusions

ENDSs users presented statistically significant higher scores in
both the Reflux Symptoms Index and the Eating Assessment Tool-
10. This indicates that the exposure to the ENDSs may be associated
to laryngeal irritation symptoms such as hoarseness, excess mu-
cous, cough, throat clearing and dysphagia. ENDSs users had a high-
er RFS score after laryngeal examination. The average for ENDSs
users was 7.09, while the average for non-users was 5.6. This was
not statistically significant, which could be explained by the sample
size. Nonetheless, the ENDSs user group did have other pathologic
findings such as ventricular band hypertrophy and vocal cord ecta-
sia and vocal cord varices. Pearson correlation coefficient did not
show strong correlations between time and intensity of ENDSs use
and RSI, EAT-10 and RFS. However, it did show a slightly stronger
correlation between time and intensity of ENDSs use, and VHI-10.
This could imply that the higher the exposure to ENDSs, the worse
the self-reported voice perception.

Discussion

The larynx of the ENDSs tended to have higher RFS scores and
more inflammatory findings than their non-user counterparts. Nev-

ertheless, this finding did not achieve statistical significancy. This
could be due to a couple of factors. First of all, ENDSs are a relative-
ly new product, and users have not been exposed for a long time:
the average length of use of ENDSs was 3.23 years, with the longest
user having used them for 5 years. A longer follow-up could reveal
the long-term effects of ENDSs. Second, our study was limited to
questionnaires and a laryngologic exam. We hypothesize that a la-
ryngeal biopsy could reveal more microscopic inflammatory or dys-
plastic changes in the larynx; however, we could not justify biopsy-
ing healthy patients. Thirdly, the sample size was relatively small.

An argument could be made regarding the utilization of the re-
flux finding score and the reflux symptoms index, both scales de-
signed specifically for reflux-related laryngeal alterations. However,
those are the only validated and objective scales designed for laryn-
geal irritation. Since most of the ingredients contained in ENDSs are
known airway irritants, we hypothesized that irritation similar to
that generated by reflux would be found. Linking cigarette-smok-
ing with disease was a long process that required a multitude of
studies, and millions of patients [19]. This publication’s intention
is not to establish a link between ENDSs and adverse laryngeal ef-
fects, but to shed a light on some of the effects ENDSs may have in
the laryngeal inflammation. Ultimately more and larger studies will
be required.
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