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ABSTRACT

Background: Xerostomia, or dry mouth, often intensifies oral health problems like dental caries and
periodontitis. Smoking is a key factor influencing salivary flow, potentially leading to these issues. This
study assesses the prevalence of xerostomia and reduced salivary flow (hyposalivation) among smokers.

Materials and Methods: As case and control groups, the study groups include 150 smokers and 150
healthy non-smokers. A detailed questionnaire was used to collect data on smoking behaviors and
symptoms associated with xerostomia. A modified Schirmer test was conducted at 1, 2, and 3-minute
intervals to measure unstimulated salivary flow. Descriptive statistics were calculated for age, sex, type,
frequency, and duration of smoking. The Mann—Whitney test was done to compare the salivary flow
between smokers and non-smokers and to compare smoking parameters with salivary flow. Correlation was
also determined for salivary flow with age and smoking parameters.

Results: All the smokers were males, and most were cigarette smokers (86%). Xerostomia symptoms were
reported by 19% of smokers and none by non-smokers, which was statistically significant (P<0.000).
Salivary flow rates at 1, 2, and 3 minutes were significantly lower in smokers than in non-smokers. A
comparison between the frequency and duration of smoking and salivary flow yielded statistically
significant P values of 0.005 and 0.043, respectively. There was a weak negative correlation between age,
frequency of smoking, duration of smoking, and salivary flow.

Abbreviations: CSICDSR/IEC, CSI College of Dental Sciences and Research/Institutional Ethical Committee; MST,
modified Shirmer test.
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Association Between Smoking and Hyposalivation

Conclusion: This study found a clear association between long-term smoking and xerostomia, with a
notable decrease in unstimulated salivary flow. This highlights the adverse effect of smoking on oral health,
which could be used in effective counseling for tobacco cessation.
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INTRODUCTION

Saliva is a vital and complex biological fluid that
plays a crucial role in maintaining the health and
stability of the oral cavity, aiding in the digestive
process, and providing antimicrobial protection. A
decreased salivary flow can significantly increase the
risk of oral diseases such as periodontitis, dental
caries, and infections like candidiasis.-3

Xerostomia, or dry mouth, is a subjective condi-
tion where the mouth feels persistently dry due to a
lack of saliva. This can occur due to several reasons,
such as ingesting certain medications, radiation
therapy, having medical conditions like diabetes or
Sjogren’s syndrome, or simply being dehydrated.
Beyond oral health, xerostomia can make everyday
activities like eating, speaking, swallowing, and
tasting more difficult and uncomfortable.4-6

Patients with xerostomia may or may not show
objective signs of hyposalivation, and these two
terms are used independently, with very poor cor-
relation between them.

The salivary flow rate is influenced by several
factors, including smoking, a known risk factor that
reduces saliva production. Tobacco smoke’s compo-
nents can cause structural and functional changes in
saliva, negatively impacting its protective properties
and overall effectiveness in maintaining oral health.6

Diagnosing xerostomia and hyposalivation re-
quires using simple diagnostic procedures and elic-
iting a thorough medical history. Various tests are
available to assess the qualitative and quantitative
salivary secretion. The modified Schirmer test (MST)
is areliable and effective tool for measuring salivary
flow within the oral cavity, providing an objective
assessment of dry mouth.47 The present study aims
to investigate the prevalence of xerostomia and
hyposalivation in smokers and non-smokers, using
the MST as a diagnostic tool.
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MATERIALS AND METHODS

Subjects for this cross-sectional observational study
were drawn from patients referring to the Depart-
ment of Oral Medicine and Radiology for routine
dental care. Institutional ethical clearance was ob-
tained before the onset of the study (CSICDSR/IEC/
0220/2022). A convenience sampling method was
employed. The sample size was calculated as 300
according to the following formula: n=N/(1+Ne?2),
where n=number of samples, N=total population,
and e=confidence level. A 95% confidence interval
was considered. The study population was split
equally into two groups: healthy smokers and healthy
non-smokers. The study group was composed of
apparently healthy individuals who had smoked
tobacco at least three times a day for a minimum of
six months.

The exclusion criteria were alcohol consumption,
use of dentures, a history of radiotherapy, systemic
or salivary gland diseases, and those under any drug
therapy. These factors were excluded to avoid
confounding variables that could affect the results.

Evaluation of Xerostomia

Six binary questions (Yes/No) adapted from the
questionnaires by Fox et al.5 and Pai et al.8 were
used to evaluate patients’ feelings of mouth dryness
(Table 1). Patients who responded positively to any
one of the questions were classified as having xero-
stomia. The type of questions receiving a “Yes” deter-
mined xerostomic severity (mild, moderate, or se-
vere) and were expected to be an indication of
symptom severity. If questions in more than one
category received a “Yes,” the higher severity level
was recorded for that patient.

Evaluation of Hyposalivation using the
MST Procedure

The MST assessed unstimulated whole saliva.
Following the protocol described by Fontana et al.,
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Table 1. Binary Questions Used for Determining Severity of Xerostomia.

# Question Asked

Xerostomia Grade Based on
“Yes” Answers

1 Do you feel your mouth is dry?

Do you feel thirsty very frequently?

o U AW N

Do you have difficulties swallowing any food?

Does your mouth feel dry throughout the day?

Mild xerostomia

Do you sip liquids to aid in swallowing dry food?

Moderate xerostomia

Severe xerostomia

Do you chew gum/hard candies daily to relieve oral dryness?

If multiple questions were answered “Yes,” the most severe grade was applied (Severe > Moderate >

Mild).

the test was administered between 10 a.m. and 12
p.m. Participants were instructed to abstain from
eating or drinking for 2 hours before the test.9 After
a short relaxation period, subjects were seated up-
right in a dental chair. To ensure accurate results,
participants were asked to swallow once to clear any
excess saliva and then to avoid swallowing during the
test. They were also instructed to lift their tongues
while the test strip was carefully positioned to
prevent accidental wetting. Using cotton pliers, the
strip was held vertically with its rounded end placed
on the floor of the mouth, either on the right or left
side of the lingual frenum. The strip’s color changed
to brown upon contact with saliva. Measurements
were recorded immediately at 1, 2, and 3-minute
intervals. A reading of less than 25 mm at the 3-
minute mark was interpreted as indicative of hypo-
salivation.

Statistical Analysis

The Mann—Whitney test was used to analyze differ-
ences in xerostomia, hyposalivation, and mean sali-
vary flow between smokers and non-smokers. The
chi-square test assessed the association between
xerostomia and hyposalivation. Descriptive statistics,
including means and standard deviations, were cal-
culated. Statistical analysis was performed using the
SPSS 13 software. A P value of less than 0.05 was
deemed statistically significant. Correlations be-
tween salivary flow, age, and smoking parameters
were also evaluated.

RESULTS

The study included 150 healthy smokers and 150
healthy non-smokers, who were age-matched, repre-
senting the case and control groups, respectively.
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The total number of participants, mean age of the
smokers, and mean salivary flow in both groups are
given in detail in Table 2.

Cigarette smoking was the predominant form of
tobacco use among smokers (86%), whereas 16
participants smoked both cigarettes and bidis (a
traditional form of cigarette consisting of sun-dried
tobacco flakes rolled in a tendu leaf); 11 cigarette
smokers also used smokeless tobacco products
occasionally. The mean frequency of smoking per
day was 6.43 times, and the duration of smoking was
around 12.95 years in the study group. Additionally,
smokers with higher mean smoking frequency and
longer duration of smoking habit experienced xero-
stomia more than did other smokers (Table 3).

When comparing salivary flow between the smok-
ing and non-smoking groups at three different time
points (1, 2, and 3 minutes), smokers showed a sig-
nificantly lower salivary flow (P<0.000) at all three
points (Table 2).

A weak negative correlation was found between
age, smoking frequency, duration of smoking, and
salivary flow at all time points in the smokers and
non-smokers groups, which was statistically signifi-
cant (P<0.05) (Table 4, Table 5).

Sex-based correlation analysis was not feasible
due to the very small number of female participants
(5 non-smokers out of 300), hence it could not be
reliably assessed.

DISCUSSION

Saliva is considered a principal defense factor of the
oral cavity, which is vital in maintaining oral health.
Salivary secretion is closely linked to the state of
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Table 2. Baseline Characteristics of Smokers and Non-smokers.

Parameter Total Smokers Non-smokers P Value
(n=300) (n=150) (n=150)

Age in years, mean (SD) 36.3 (13.6)  38.8 (13.7) 33.9 (13.0) Not calculated*
Male sex, number (%) 295 (98.3) 150 (100) 145 (96.7) Not calculated’
Female sex, number (%) 5(1.7) 0 (0) 5(3.3)
Mean salivary flow, mL (SD)*

At 1 minute 13.1 21.8 <0.001

At 2 minutes 19.3 29.0 <0.001

At 3 minutes 25.1 32.9 <0.001

* Both groups fell within the accepted frequency distribution; hence, P values were not calculated.

TDue to the low number of female participants, sex was not correlated with salivary flow and hence

no P value was calculated.

* The Spearman Rank Correlation was used for salivary flow and assessment of the relationship

between variables.

Table 3. Age, Frequency, and Duration of Smoking in Smokers
With and Without Xerostomia.

Parameters Xerostomia | No xerostomia P value
Distribution, n 29 121 0.713
Age in years, mean (SD) 39.7 (12.8) 38.8 (14.0) 0.710
Frequency of smoking per day, mean (SD) 7.6 (3.5) 6.1 (4.7) 0.005
Duration of smoking in years, mean (SD) 15.1 (10.4) 12.5 (11.1) 0.043

Values calculated using the Mann-Whitney U test

SD, standard deviation.

hydration and is influenced by systemic diseases,
medications, and lifestyle habits.lo Among these,
smoking is known to affect the sensitivity of taste
receptors, potentially reducing the salivary reflex. In
the present study, subjective sensation of xerosto-
mia was observed in 19% of smokers, while none of
the non-smokers exhibited symptoms. These find-
ings align with previous research, such as Dyasanoor
and Saddu, who reported a xerostomia prevalence of
37% among smokers and 13% among non-smokers.3

The MST, used to measure unstimulated salivary
flow, demonstrated its reliability as a practical and
non-invasive tool in clinical settings. Consistent with
the current findings, other studies have reported
MST values below 25 mm at 3 minutes, indicative of
hyposalivation, and values below 15 mm suggestive
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of severe xerostomia. This aligns with Chen et al.’s
findings that MST is a valuable diagnostic tool for
detecting reduced salivary function.”

The average salivary flow, measured using the
MST, was significantly lower in smokers than in
non-smokers at all time points. At 3 minutes, the
difference in mean MST values among smokers and
non-smokers was around 7.6 mm, indicating a sig-
nificant reduction in salivary flow due to smoking
(P<0.000). This highlights the negative impact of
tobacco use on salivary gland function, supporting
the notion that smoking is a substantial risk factor
for xerostomia and hyposalivation. This study also
accounted for age-related variations, as salivary
function can decline with aging due to parenchymal
atrophy. In addition to the age-related degenerative
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Table 4. Correlation of Age with Salivary Flow
in Smokers and Non-smokers.

Salivary Flow Time Point

Smokers (n=150)

r (P)

Non-smokers (n=150)
r (P)

1 minute
2 minutes

3 minutes

-0.188 (0.021)
-0.223 (0.005)
-0.163 (0.046)

-0.279 (<0.001)
-0.352 (<0.001)
-0.330 (<0.001)

The Spearman rank correlation was used for salivary flow.

P, P values; r, Pearson correlation coefficients.

Table 5. Correlation of Smoking Frequency and
Duration with Salivary Flow in Smokers.

Variable

Salivary Flow

Smokers (n=150)

Time Point r (P)
Smoking frequency/day 1 minute -0.199 (0.015)
2 minutes -0.289 (<0.001)
3 minutes -0.258 (0.001)
Smoking duration (years) 1 minute -0.153 (0.062)
2 minutes -0.262 (0.001)
3 minutes -0.235 (0.004)

P, P values; r, Pearson correlation coefficients.

The Spearman Rank Correlation was used for salivary flow.

changes, smoking also negatively influences saliva-
tion, which was seen in our study. The correlation
between age and salivary flow revealed a weak but
significant negative association in both groups, with
older participants exhibiting lower flow rates.

Furthermore, smoking frequency and duration
were found to exacerbate reductions in salivary flow.
Participants with xerostomia smoked more than
those without xerostomia, which was statistically
significant.

Studies have suggested that smoking not only
reduces salivary flow but also affects the composi-
tion of saliva, potentially increasing the risk for oral
conditions such as cervical caries and periodontal
disease.!* The direct exposure of oral tissues to to-
bacco components may result in long-term degener-
ative changes in salivary glands, further decreasing
secretion over time. While some initial increases in
salivary flow may occur as a reflex response to nico-
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tine, prolonged smoking often leads to desensitiza-
tion of taste receptors, thereby depressing salivary
reflexes. This effect may explain the lower MST val-
ues observed among smokers in the present study.3:12

Since salivary flow assessments can help identify
at-risk individuals, regular screening for xerostomia
and hyposalivation in smokers is recommended,
especially for those reporting dry mouth symptoms.

Limitations of the study included a convenience
sampling method, and a small sample size. Further-
more, the association between smoking-induced oral
conditions and salivary secretion was not evaluated.

CONCLUSION

The study’s findings emphasize the need for early
intervention in individuals with smoking-related
salivary gland dysfunction to prevent complications
associated with dry mouth. Hyposalivation in smok-
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ers can be considered as one of the harmful effects
of smoking, and its negative clinical indicators on
oral health can be effectively used in tobacco
cessation. Consequently, dental practitioners should
consider comprehensive salivary evaluations and
incorporate preventive strategies to manage dry
mouth symptoms in smokers.

REFERENCES

1.

Sreebny LM. Saliva in health and disease: an
appraisal and update. Int Dent J 2000;50:140—61.
CrossRef

Nozad-Mojaver Y, Mirazee M, Jafarzadeh A.
Synergistic effects of cigarette smoke and saliva. Med
Oral Patol Oral Cir Bucal 2009;14:217—21. PMID:
19218903

Dyasanoor S, Saddu SC. Association of xerostomia
and assessment of salivary flow using Modified
Schirmer Test among smokers and healthy
individuals: a preliminutesary study. J Clin Diagn Res
2014;8:211—13. CrossRef

Fenoll-Palomares C, Muhoz Montagud JV, Sanchiz V,
et al. Unstimulated salivary flow rate, pH, and buffer
capacity of saliva in healthy volunteers. Rev Esp
Enferm Dig 2004;96:773—83. CrossRef

Fox PC, Busch KA, Baum BJ. Subjective reports of
xerostomia and objective measures of salivary gland
performance. J Dent Assoc 1987;115:581—4. CrossRef

Rambam Maimonides Medical Journal

10.

11.

12,

Jong SS, Sung CC, Hong SK, et al. Dry mouth among
older people in Korea: a survey of prevalence,
severity, and associated factors. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 2010;110:475—-83.
CrossRef

Chen A, Wai Y, Lee L, et al. Using the modified
Schirmer test to measure mouth dryness: a
preliminary study. J Am Dent Assoc 2005;136:164—
70. CrossRef

Pai S, Ghezzi EM, Ship JA. Development of a visual
analogue scale questionnaire for subjective
assessment of salivary dysfunction. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2001;3:311-16.
CrossRef

Fontana M, Zunt S, Eckert GJ, Zero D. A screening
test for unstimulated salivary flow measurement.
Oper Dent 2005;30:3—8. PMID: 15765951

Dodds MW, Johnson DA, Yeh CK. Health benefits of
saliva: a review. J Dent 2005;33:223—33. CrossRef

Ghulam JK, Muhammad J, Muhammad I. Effect of
smoking on salivary flow rate. Gomal J Med Sci
2010;8:221—4.

Ameer S, Mamatha B, Chikte D, Damera A, Kumar
YP, Shreya Reddy CS. Comparative assessment of
salivary flow rates among reverse smokers and
smokers using modified Schirmer test: a randomized
prospective trial. J Indian Acad Oral Med Radiol
2022;34:203—7. CrossRef

October 2025 ¢ Volume 16 ¢ Issue 4 ¢ e0021


https://doi.org/10.1111/j.1875-595x.2000.tb00554.x
https://pubmed.ncbi.nlm.nih.gov/19218903/
https://pubmed.ncbi.nlm.nih.gov/19218903/
https://doi.org/10.7860/jcdr/2014/6650.3846
https://doi.org/10.4321/s1130-01082004001100005
https://doi.org/10.1016/s0002-8177(87)54012-0
https://doi.org/10.1016/j.tripleo.2010.05.004
https://doi.org/10.14219/jada.archive.2005.0137
https://doi.org/10.1067/moe.2001.111551
https://pubmed.ncbi.nlm.nih.gov/15765951/
https://doi.org/10.1016/j.jdent.2004.10.009
https://doi.org/10.4103/jiaomr.jiaomr_13_22

