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A B S T R A C T

Introduction: Vaping was first introduced as safe alternative to smoking and as a promising method to quit 
smoking. However, with the passage of time, cumulative adverse effects of this new device on general and dental 
health start to emerge. Xerostomia is known to be associated with cigarette smoking but this effect is not well 
explored with vaping. 
Objectives: This study aimed to investigate the association of self-reported xerostomia with vaping and ciga-
rette smoking.
Material and methods: A questionnaire was designed to collect demographic data including age, gender, 
employment status, and educational level. Smoking-related data were also collected including reason for using 
vaping devices, frequency and duration of  smoking methods. The  last part aimed to estimate xerostomia via 
a 5-point Likert scale.
Results: A total of 732 participants (25.4% cigarette smokers, 63.8% vapers, 10.8% never-smokers) were includ-
ed in the final analysis. The analysis showed that cigarette smokers had significantly higher xerostomia scores 
than the other two groups. Similarly, xerostomia scores of individuals using vaping was significantly higher than 
never-smokers. Further analysis showed that subjects in the cigarette smoker group, with high school education 
or below, had significantly higher scores than other educational levels. For vapers, increasing frequency of vap-
ing > 20 days/month significantly increased symptoms of xerostomia.
Conclusions: Xerostomia is an expected and highly perceived symptom among cigarette smokers. Vape device 
users also may experience symptoms of xerostomia more than never-smokers.
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INTRODUCTION

Smoking is a  negative behavior pattern with many 
well-documented adverse health and social consequences 
on a global scale. Indeed, smoking is an independent risk 

factor for the  development of  several systemic diseases 
and also impaired prognosis of the treatment [1, 2].

The concept of vaping was first introduced by a Chi-
nese pharmacist, Hon Lik, in the  early 21st century, as 
a safe alternative to smoking [3]. It is a battery-operated 
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device containing heating coil and a  liquid tank. The 
principle of action for vaping depends on heating liquids 
to release a  chemical-filled aerosol for inhalation [4]. 
This liquid contains nicotine and artificial flavorings, 
such as menthol and candy [4]. This smoking device 
is characterized by a  fragrant smell, good flavor and 
the production of vapor instead of smoke together with 
its exotic and trendy appearance and the claims for its 
safety for indoor use [5]. For these reasons, vape devic-
es tipped the scale against traditional smoking methods 
and there has been a dramatic increase in the popularity 
of vaping over the last decade [6, 7].

According to a  survey study from the USA [8], va-
ping was more prevalent in younger (aged 18-24 years) 
than in older individuals (65 years and older) and 
among males than females. Further, nearly 10% of never- 
cigarette smokers had vaped at least once [8]. The most 
commonly reported reasons for using vape devices were 
as an attempt to quit cigarette smoking and for social en-
tertainment [9]. Moreover, vaping is generally perceived 
as safer than tobacco smoking [10]. However; studies re-
ported that exposure of gingival epithelial cells, human 
periodontal ligament and lung fibroblasts to the  vapor 
of e-smoking devices has been associated with the pro-
duction of pro-inflammatory cytokines and upregulation 
of the receptor for advanced glycation end products [4, 10]. 
Furthermore, in vitro studies showed that aerosols gen-
erated from these devices could cause the  formation 
of reactive oxygen species, which result in DNA damage, 
decrease cell viability and promote cell apoptosis and ne-
crosis [11].

Saliva is a complex body fluid that is essential to oral 
health [12]. It is required for the protection of oral mu-
cosa, digestion, tooth remineralization, pH balance, taste 
sensation and phonation. It consists of a variety of elec-
trolytes, peptides, glycoproteins and lipids which have 
antimicrobial, antioxidant, tissue repair, and buffering 
properties [13]. Alteration in the whole-mouth salivary 
flow rate (SFR) plays an  important role in the  patho-
genesis of oral and dental diseases [14]. Reduced SFR is 
associated with xerostomia, also known as true xerosto-
mia, or it could be pseudo-xerostomia, which is defined 
as “a  subjective feeling of  oral dryness despite normal 
function of  salivary glands” [15]. Globally, the  preva-
lence of xerostomia ranges from 12 to 30% with meno-
pausal women and elderly subjects (≥ 65 years) being 
the most affected [16]. In fact, xerostomia is considered 
as a  manifestation of  other underlying pathologic or 
psychological conditions, affecting the normal function 
of  salivary glands, rather than being an  independent 
clinical entity [17]. These conditions include diabetes 
mellitus, hyperthyroidism, avitaminosis, depression, 
salivary gland disease, Sjögren syndrome, and medica-
tions [18]. It is known that long-term/heavy smoking 
results in a significant reduction of the SFR and increas-
es oral and dental disorders related to xerostomia, espe-
cially cervical caries, gingivitis, tooth mobility, calculus 

and halitosis [19]. To the best of our knowledge, limited 
studies have investigated the physiologic effect of vaping 
as a contributor to xerostomia. 

OBJECTIVES

The aim of this study was to investigate the associa-
tion of self-reported symptoms of xerostomia with vap-
ing and cigarette smoking.

MATERIAL AND METHODS

STUDY DESIGN AND POPULATION

This was a cross-sectional questionnaire-based sur-
vey study that was carried out from July 2019 to January 
2020. The questionnaire was distributed among partic-
ipants in randomly selected coffee shops and clubs in 
Baghdad city. The study was conducted after obtaining 
approval from the ethics committee in consistency with 
the Helsinki declaration for human research.

Inclusion criteria:
• age ≥ 18 years,
• both sexes,
• non-alcoholic,
• no history of  systemic conditions such as thyroid 

disease, diabetes mellitus, or renal disease,
• no salivary gland disease,
• for vapers, the vape juice should contain nicotine, 
• individuals using one smoking method, i.e., cigarette 

smoking or vaping only, together with never-smok-
ers (control).
Exclusion criteria:

• mouth-breathers,
• elderly people (age ≥ 65 years) [20],
• medication causing xerostomia as a  side-effect e.g., 

diuretics, antihypertensive, antihistamine, and anti-
depressants,

• patients currently under chemotherapy or radiother-
apy,

• not willing to participate,
• individuals using multiple smoking methods simul-

taneously,
• former smokers.

The aims of  the  study were clearly mentioned to 
the eligible participants before signing the consent form.

QUESTIONNAIRE’S ELEMENTS AND SCORING  

The questionnaire consisted of three parts. The first 
one was dedicated to collection of information regard-
ing age, sex, history of  systemic disease/condition, use 
of any medication, employment status, and education-
al level. The  second part consisted of  questions about 
smoking method, reason for using/switching to vaping, 
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duration and frequency of smoking. The last part com-
prised 9 questions and the response was based on 5-point 
Likert scale, namely “Never”, “Hardly ever”, “Occasional-
ly”, “Fairly often”, “Very often”. The latter responses were 
given scores 1, 2, 3, 4, 5 respectively. The xerostomia sen-
sation was determined by asking the participants these 
particular questions about xerostomia. The total scores 
of all questions, for each participant, were summed and 
used later for the analysis. 

The questionnaire was translated into Arabic and was 
administered to all individuals by two of  the  authors. 
Enough time was given for the participants to complete 
the  forms before they were re-collected by the  same 
authors. Components of the questionnaire used in this 
study are illustrated in Table 1.

SAMPLE SIZE

The targeted population comprised resident people 
of Baghdad city. According to the latest available statis-
tics, the population of this city is 7,144,000. Sample size 
was calculated according to the following formula:

n= z2 P (1 − P)/d2,
where n is the  sample size, z  (confidence interval 

at 95%) = 1.96, P (expected prevalence) = 0.5, d (error 
margin) = 0.05. True sample size then was calculated ac-
cording to the following formula:

True sample = (sample size × population)/ 
       /(sample size + population – 1).

Accordingly, the calculated sample size is 384. This 
number was rounded to 400 and multiplied by 3 to avoid 

TABLE 1. Components of the questionnaire

Age:  ................  Gender:  □ Male  □ Female

Do you have any systemic condition(s)? If yes, please name it/them: ................

Are you chronically using any medication(s)? If yes, please name it/them: ................

Have you received or are you currently under chemotherapy or radiotherapy?  □ Yes         □ No

Are you a former smoker?  □ Yes         □ No

Do you consume alcohol?  □ Yes         □ No

Do you have any respiratory problem that interferes with/obstructs the normal breathing e.g., enlarged adenoids, nasal septum deviation, asthma? 
□ Yes          □ No 

Do you habitually breath from your mouth? □ Yes          □ No 

Are you employed?  □ Yes          □ No 

Specify your educational level:  □ Postgraduate    □ Bachelor degree    □ High school or below

If you are a smoker, at which age did you start smoking? ................

If you are a vaper, is the vape juice supplemented with nicotine?  □ Yes          □ No 

Which of the following is your main reason for using/switching to vaping?
□ Less harmful          □ For smoking cessation          □ For indoor use          □ It is easy to obtain          □ It tastes better          □ It does not smell like tobacco 
□ Curiosity 

Please specify your main smoking type
□ Cigarettes          □ Vaping          □ More than one type          □ Never smoker

How many cigarettes have you smoked a day on average in the past 30 days? 
□ 1/day          □ 2-5/day          □ 6-9/day          □ 10-19/day          □ 20 or more/day          □ Prefer not to say

During the past 30 days, how many days have you vaped? 
□ 1-2 days/month          □ 3-5 days/month          □ 6-9 days/month          □ 10-19 days/month          □ > 20 days/month          □ Prefer not to say

The response for all of the following questions is:
□ Never          □ Hardly ever          □ Occasionally          □ Fairly often          □ Very often

My mouth feels dry  □ Yes          □ No

I have difficulty in eating dry foods  □ Yes          □ No

I get up at night to drink  □ Yes          □ No

My mouth feels dry when eating a meal  □ Yes          □ No

I sip liquids to aid in swallowing food  □ Yes          □ No

I suck sweets or cough drops to relieve a dry mouth  □ Yes          □ No

I have difficulties swallowing certain foods  □ Yes          □ No

The skin of my face feels dry  □ Yes          □ No

My lips feel dry  □ Yes          □ No
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was not performed due to the small number of females 
in cigarette and vaper groups. 

DISCUSSION

The use of vape devices is escalating specially among 
cigarette smokers trying to quit smoking [21, 22]. Grow-
ing evidence supports the general perception that vap-
ing is less harmful than traditional cigarettes [23-26]. 
The  main results showed that vaping could contribute 
to the  increased feeling of  xerostomia. Vaping is not 
completely harmless and side effects have been reported 
[27, 28]. Although the reported harmful/adverse effects 
of vaping are at a lower level than those of cigarettes [29], 

possible drop out of the participants. Therefore, a total 
of 1200 questionnaires were required to be distributed 
among eligible participants.

STATISTICAL ANALYSIS

The data were statistically analyzed using computer- 
based software (SPSS, Version 22 for Windows, IBM,  
Armonk, NY, USA). Mean, standard deviation, frequen-
cy, and percent were used as descriptive statistics. Infer-
ential analysis was performed with the c2 test for cate-
gorical variables. Continuous variables were analyzed by  
ANOVA test for parametric data while Mann-Whitney 
and Kruskal-Wallis tests were used for non-parametric 
data. Age groups and duration of  smoking/vaping were 
dichotomized according to the median of each smoking 
method. Statistical significance was considered when 
the p-value was less than 0.05 at the 95% confidence level.

RESULTS

A  total of  1200 individuals were invited to partici-
pate in the present study. Initially, 336 participants were 
excluded for different reasons. Later, another 132 par-
ticipants were excluded before the analysis as they were 
using multiple smoking methods, leaving 732 (61% re-
sponse rate) participants for the final analysis (Figure 1). 
The  participants were classified according to different 
demographic and smoking characteristics (Table 2). 
Significant differences were observed among cigarette 
smoker, vaper, and never-smoker groups in relation to 
different variables including age, duration of  smoking, 
sex, employment status, and educational level (Table 3). 

For reasons of using/switching to vaping, the major-
ity of  participants thought that vaping is less harmful 
than smoking (n = 252, 54.0%) followed by using it as 
a method to quit smoking (n = 96, 20.6%) (Table 4).

Further analysis of  total xerostomia scores indicat-
ed significant difference among all groups. In detail, 
the mean score in the cigarette smoker group was sig-
nificantly higher (p < 0.001) than in both never-smoker 
and vaper groups. In addition, total scores of individuals 
using vape device were significantly higher (p  <  0.05) 
than the never-smoker group (Table 5).

Subgroup analysis according to different indepen-
dent variables showed that no significant differences 
were observed in cigarette smokers expect for educa-
tional level where scores of  “High school and below” 
were significantly higher than the  other two subclass-
es (Table 5). For vapers, also no significant differences 
were observed except for frequency of vaping, in which 
those who vape > 20 days/month had significantly high-
er scores than those vaping ≤ 10 days/month (Table 5). 
For never-smokers, only employed individuals showed 
significantly higher xerostomia scores than unemployed 
counterparts (Table 5). Comparison according to gender 

TABLE 2. Demographic characteristics and details of the 
study population

Variables

Age (years), mean ± SD 27.3 ± 7.7

Age range; median (years) 18-55; 27

Sex, n (%)

Male 703 (96.0)

Female 29 (4.0)

Employment status, n (%)

Employed 507 (69.3)

Unemployed 225 (30.7)

Educational level, n (%)

Postgraduate 85 (11.6)

Bachelor degree 382 (52.2)

High school and below 265 (36.2)

Total 732 (100)

FIGURE 1. Flow chart of the study

Subjects received questionnaire  
(n = 1200)

Valid returned questionnaires 
(n = 864)

Final analysis Included  
(n = 732)

Excluded:  
Multiple smoking methods (n = 132)

Excluded (n = 336):
   Incomplete (n = 65)
   Not willing to participate (n = 68)
   Age < 18 years (n = 82)
   Alcohol/drug intake (n = 26)
   Systemic disease (n = 57)
   Mouth breathing (n = 38)
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potential public health benefits of  vaping should be 
weighed against possible health risks [30, 31]. 

According to the results of our study most individ-
uals used or switched to vaping because they thought it 
was less harmful than cigarettes (54.0%) and it could be 
a good approach to quit smoking (20.6%). This is con-
sistent with results from other studies [9, 10]. Those in-
dividuals are well educated and aware about the harmful 
effects of  smoking cigarettes and were inclined to use 
a less harmful alternative. This was evident in this study 
as the  prevalence of  vaping was higher among highly 
educated subjects. In fact, relapse to smoking is a com-

mon behavior of  ex-smokers who switched to vaping, 
as demonstrated by a  current longitudinal survey in 
the UK [32]. 

A number of  studies have demonstrated that smok-
ing is one of the risk factors for xerostomia [19, 33, 34]. 
It seems that smoking increases the  activity of  salivary 
glands in subjects who begin smoking, but in long-term 
use it decreases the SFR [35]. In order to study the associ-
ation between different types of smoking and symptoms 
of  mouth dryness, a  questionnaire was developed with 
questions that are indicative of  the presence of xerosto-
mia. It seems that these questions, especially the  ones 
about feeling of xerostomia during eating and swallow-
ing, are extremely important, and can correctly indicate 
xerostomia [36]. Our study has shown results comparable 
to those of the aforementioned studies. Smoker subjects 
who experienced xerostomia symptoms significantly out-
numbered vapers and never-smokers. This finding could 
be attributed to the  fact that cigarette smokers showed 
significantly longer duration of smoking than their coun-
terparts in the vaping group. This is an expected result as 
vaping is a relatively new concept that gained populari-
ty only in the  last decade [3]. This is also evident from 
the  significantly older age of  subjects consuming ciga-
rettes and those using vape devices, in agreement with 
a  previous survey indicating that younger populations 
are more attracted to vaping [8]. Therefore, subjects who 
had the habit of cigarette smoking for a longer period are 

TABLE 3. Analysis of demographic characteristics and details of the study population according to smoking/vaping 
methods 

Variables Cigarette Vaping Never-smoker p- value*

Age, mean ± SD (years)ǂ 29.7 ± 8.1 26.6 ± 7.5 27.0 ± 7.8 < 0.001

Age range, median (years) 18-58; 29 18-55; 25 18-52; 25

Sex, n (%)

Male 181 (97.3) 464 (99.4) 58 (73.4) < 0.001

Female 5 (2.7) 3 (0.6) 21 (26.6)

Employment status, n (%)

Employed 152 (81.7) 301 (64.5) 54 (68.4) < 0.001

Unemployed 34 (18.3) 166 (35.5) 25 (31.6)

Educational level, n (%)

Postgraduate 22 (11.8) 39 (8.4) 24 (30.4) < 0.001

Bachelor degree 114 (61.3) 262 (56.1) 6 (7.6)

High school and below 50 (26.9) 166 (35.5) 49 (62.0)

Smoking status§ 186 (25.4) 467 (63.8) 79 (10.8)

Frequency of smoking†

≤ 10 28 (15.1) 43 (9.2) –

11-20 80 (43.0) 48 (10.3) –

> 20 78 (41.9) 376 (80.5) –

Duration of smoking mean ± SD (years)# 11.9 ± 7.2 6.1 ± 4.7 – < 0.001
*Significance level at p < 0.05 by ANOVAǂ – t-test# and c2§. †Frequency for cigarette smoking: cigarettes/day, for vaping: days/month

TABLE 4. Reported reasons for using/switching to vape 
device

Reasons Frequency Percent

Less harmful 252 54.0

For smoking cessation 96 20.6

For indoor use 5 1.1

It is easy to obtain 3 0.6

It tastes better 51 10.9

It does not smell like tobacco 41 8.8

Curiosity 19 4.1

Total 467 100.0



193

Self-reported xerostomia and vaping 

J Stoma 2021, 74, 3

more likely to develop more severe symptoms of  xero-
stomia. Despite that, the results indicated increased sen-
sations of xerostomia among cigarette smokers as com-
pared to vapers. However, symptoms of xerostomia were 
significantly more numerous in vapers as compared to 
never-smokers. This finding is in accord with the results 
of a survey study that identified xerostomia as the most 
commonly reported side effect of vaping [29].

Employed individuals showed higher feeling of xero-
stomia than the unemployed in the never-smoker group. 
This could be explained by decreasing salivary secretion 
and increased sensation of mouth dryness due to physi-
cal and mental stress of  the  work environment [37]. 
Interestingly, this finding was not observed among ciga-
rette smokers or vapers regardless of their employment 
status. This may indicate that increased xerostomia 
symptoms due to any smoking/vaping method used ob-
scured stress-related mouth dryness, which further sup-
ports the stated hypothesis for this study. Furthermore, 
increasing frequency of using vape devices was associ-
ated with significant increase in xerostomia symptoms. 
This suggests that the  adverse effect of  vaping on SFR 
is dependent on how frequently these devices are used. 

Indeed, no subjective measure of oral dryness is in 
itself sufficient to diagnose deficiency of saliva, but these 
symptoms appear to be very revealing and subjects with 
these symptoms may require additional investigation. 
The  current study has some limitations including lack 
of  objective measurements of  salivary volume, which 
was mainly limited due to the setting of the study that 
aimed to collect the  data from public, outdoor places. 
In addition, the number of females who admitted their 
smoking habits was very low, which is related to the tra-
dition and cultural restrictions that consider smoking as 
a  shameful habit for the  females. Furthermore, the di-
versity of vaping devices, liquids used and variations in 
their design and specifications, e.g., preferred amperage, 
number of  coils, limited the  standardizations for this 
method. Although the use of questionnaires is accept-
able as reliable evaluation tools for assessment of self-re-
ported subjective well-being of individuals [38, 39], their 
outcomes depend on the  recall capabilities of  the  sub-
jects. Based on these limitations, these results should be 
interpreted with caution and further investigations are 
highly recommended.

CONCLUSIONS

The main finding of this study was that the sensation 
of xerostomia associated with cigarette smoking was well 
recognized. However, vaping also could result in percep-
tible symptoms of xerostomia. Additionally, the general 
attitude about vaping as less harmful and a  good way 
to cease smoking is not necessarily correct. Therefore, 
public health programs are needed for educating users 
of vape devices about their potential adverse effects.
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