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Abstract
Objectives: The aim of this study was to assess the impact of smoking on the whole salivary flow rate (SFR), IgA levels and clinical oral dryness 
(COD) among active and passive smokers. Material and Methods: The participants were categorized as active smokers (N = 54) or passive smokers 
(N = 163). Saliva was collected in tubes and placed in ice storage at –70°C. Salivary IgA levels were assessed in duplication using the enzyme linked 
immunosorbent assay (ELISA) method. Following the saliva sample collection, the subjects were assessed for COD using the COD score, SFR and 
caries. Chi-square test, the t-test and ANOVA were employed to compare the clinical impact of the smoking status associated with specific variables 
(smoking status, number of cigarettes, active caries, gender, age, COD score, IgA level and SFR). A p-value of <0.05 was considered significant. 
Results: Two hundred and seventeen subjects with the mean age of 32.86±6.30 years, with 145 males (66.8%) and 72 females (33.2%), were in-
cluded in the study. Among the active smokers, 88.8% were males compared to 11.2% females. The active smokers had the mean age of 32.52 years, 
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internal factors such as smoking and the hypofunction 
of glands [4,6].
In addition, IgA is a  major component of saliva, which 
protects the oral cavity. It has been reported that active 
smoking alters the protective components such as IgA in 
saliva, thereby decreasing its resistance to oral pathogens 
and upsurging periodontal structure destruction  [7,8]. 
Currently, a new tool is designed to facilitate an assess-
ment of oral dryness alongside SFR measurement  [9]. 
The clinical oral dryness (COD) score is an effective in-
strument to determine hyposalivation and reduced oral 
mucosal wetness, indicating a  physiological basis for 
the  feeling of dryness  [10]. Thus, studies have marked 
the COD score as an authentic tool for measuring the se-
verity of hyposalivation [9,10].
It has been found that new smokers often report increased 
salivary flow due to constant stimulation by nicotine but 
with reduced oral protective constituents. However, some 
prospective studies have suggested that chronic smok-
ing damages secretory cells, which results in lowered 
SFR [11,12]. Interestingly, a similar outcome has been ob-
served in passive smokers indicating that the presence of 
nicotine is a potent trigger. Nonetheless, the effect of smok-
ing is controversial as studies have shown weak to no corre-
lation between oral dryness and SFR [13,14]. It is hypothe-
sized that passive smokers will show a similar influence on 
the unstimulated whole SFR, IgA levels and COD as those 
reported by active smokers. Thus, to explore the effect of 
smoking, the present study aimed to assess the impact of 
smoking habits on the unstimulated whole SFR, IgA levels 
and COD among active and passive smokers.

INTRODUCTION
Smoking tobacco is a  public health hazard that affects 
nearly 1 billion people worldwide  [1]. It  is established 
that cigarette smoking is one of the critical risk factors for 
triggering oral disorders. Smokers are exposed to more 
than 7000 chemicals in a puff, which alters the salivary 
component, resulting in impaired oral protection  [2]. 
Many clinical and epidemiological studies revealed that 
passive smokers (i.e., people who are exposed to environ-
mental smoke) presented with detrimental oral health 
alterations comparable to those observed in active smok-
ers [1,2]. The harmful substances contained in cigarettes 
create health risks for both groups equally; however, 
the risk remains higher for active smokers compared to 
passive smokers, due to direct deposits and breakdown of 
toxic substances in the blood.
Saliva provides an innate defense system, which con-
tinuously baths the  oral tissue. The  presence of saliva 
is essential to promote the  remineralization of teeth 
against caries and to continuously wash debris to dis-
turb the  pathogenic bacterial activity  [3]. The  salivary 
flow rate (SFR) plays an important role in facilitating 
oral haemostasis and protects oral mucosa against dry-
ness [4]. Currently, 46% of the population has reported 
the subjective feeling of dry mouth [5]. Moreover, flow 
reduction or dryness compromise oral health, result-
ing in some associated problems such as caries, calcu-
lus, distraught speech and swallowing difficulty (dys-
phagia). The  normal SFR ranges 0.3–0.65  ml/min to 
1.5–6 ml/min under stimulation; thus a SFR of <0.2 ml/min  
is suggestive of hyposalivation due to some external and 

a COD score of 1.43, an IgA level of 1.39 g/l, and a SFR of 0.37 ml/min. Among the passive smokers, 59.5% were males and 40.5% were females, with 
the mean age of 32.97 years, a COD score of 0.87 g/l, an IgA level of 1.47, and a SFR of 0.42 ml/min. Active caries showed a positive correlation 
with the number of cigarettes, with significance in the >35 years age group (p < 0.05). Conclusions: The study demonstrated significant differences 
in SFR, IgA and COD scores among the active and passive smokers. The number of cigarettes had a negative impact on saliva production, IgA levels, 
the oral health status, and the progression of caries with respect to age and gender. Smoking potentially leads to xerostomia associated with active 
caries. Int J Occup Med Environ Health. 2022;35(1):39 – 51
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(age, gender, and educational status), smoking (number 
of cigarettes, type of smoker, duration and frequency of 
smoking) and the self-perceived oral health status (sensa-
tion of unlikable taste or halitosis, saliva production, oral 
dryness, swallowing, caries, oral lesions and other asso-
ciated symptoms). The  questionnaire was administered 
following the saliva sample collection.

Unstimulated whole SFR assessment
The saliva sample collection procedure was conducted 
between 8:00 a.m. and 12:00 p.m. to reduce the fluctua-
tions associated with the circadian rhythm of salivary se-
cretion. After getting the consent from the participants, 
the unstimulated whole saliva was collected in a standard-
ized manner. Each participant was instructed to avoid 
eating, drinking, smoking and any oral hygiene process 
for 60 min prior to and during the saliva sampling collec-
tion procedure. Subsequently, each subject’s oral health 
status was assessed and the presence of a number of unre-
stored active caries on the tooth surface was noted.
Saliva was collected by 2 operators, and each patient 
was seated in a dental chair in an upright position with 
his/her head prone forward in order to collect the saliva 
from the floor of the mouth. The patients were instructed 
to minimize lips and tongue movement and to refrain 
from swallowing during the  saliva sample collection. 
The patients were further instructed to accumulate saliva 
in the mouth for 5 min (unstimulated) and expectorate 
into a  graduated measuring cylinder through a  funnel. 
The  patient’s SFR was measured in ml/min. The  saliva 
samples were immediately stored in disposable centri-
fuge tubes and placed in ice. The samples were then ali-
quoted, stored at –70°C and used within 6 months.

Assessment of CODs
Following the saliva sample collection, the subjects were 
assessed for the  level of oral dryness. The patients were 
ranked on a scale of 10 pts, each level being a dryness at-

MATERIAL AND METHODS
Ethical consideration
The study was conducted as per the  ethical standards 
of the  Helsinki declaration (modified in 2003) and ap-
proved by the institutional review board in AIDM/ EC/ 01/ 
2019/03. All participants completed an informed consent 
form regarding their voluntary participation and had 
the  right to withdraw from the  study without any con-
sequences.

Study design and participants
A cross-sectional study was conducted in the outpatient 
department of the Altamash Institute of Dental Medicine, 
Karachi, Pakistan, in the period of June–December 2019. 
The study enrolled a  total of 217 patients from the out-
patient department. The  participants were categorized 
into 2 groups based on their smoking habits, i.e., active 
vs. passive smokers.

Inclusion and exclusion criteria
Active smokers were individuals smoking 10 cigarettes/day 
in the  past 12 months  [15,16] and passive smokers were 
those who did not smoke tobacco but were exposed to sec-
ondhand smoke or environmental tobacco smoke every day, 
via their smoking friends, family or colleagues in the past 
12  months. Any participant with a  pre-existing medical 
condition, severe head or neck injury, xerostomia, under-
going radiotherapy, wearing dentures and suffering from 
chronic infections were excluded from the study to avoid in-
terference with the outcome. In addition, individuals taking 
medication, such as β-blockers, steroids, anti-psychotics, 
anti-depressants and oral contraceptives were also excluded 
(due to interference with SFR).

Questionnaire
An oral examination was performed for all subjects. 
The questionnaire administered by a dental surgeon in-
cluded questions regarding the  patient’s demographics 
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An independent t-test and χ2 test were used to compare 
SFR, COD and IgA levels, as well as active caries among 
the  active vs. passive smokers. Confounding variables 
such as age and gender were addressed through stratifica-
tion. Post-stratification ANOVA was employed to measure 
the clinical impact of the smoking status associated with 
enlisted variables (smoking status, number of cigarettes, 
active caries, gender, age, CODS, IgA level and SFR). A p-
value of <0.05 was considered significant.

RESULTS
Patient characteristics in the study
The study included 217 subjects with the  mean age of 
32.86±6.30 years (a range of 22–55 years) (Table  1), 
of whom 145 were males (66.8%) and 72 were females 
(33.2%). The patients were classified based on their smok-
ing status; 163 were passive smokers (75.1%) whereas 
54 were active smokers (24.9%) with 5.09 average ciga-
rettes per day (a range of 1–11) (Table 1). Among these 
patients, 45.6% (N  =  99) had 1 unrestored caries and 
32.3% (N = 70) showed ≥2 unrestored caries. However, 
22.1% (N = 48) of the patients were caries free.
The oral health status was evaluated and scored according 
to COD with a mean ranging 0–4. This was followed by 
the salivary assessment, which revealed the following av-
erage values of IgA, SFR and COD: M±SD 1.45±0.15 g/l,  

tribute in the  mouth. Each characteristic observed was 
scored as 1 pt and the  total score indicated the  level of 
severity (Appendices 1 and 2).

Measurement of IgA
Salivary IgA levels were assessed in duplication using 
the  enzyme linked immunosorbent assay (ELISA) 
method. The  testing was performed at the  department 
of pathology of the  Institute of Dental Medicine for 
the assay. The centrifugation of the samples was done for 
15 min at 12 000 g and 4°C to settle the salivary debris 
and mucin. To measure the IgA levels, the instructions by 
Bethyllaboratories Inc. (Montgomery, TX, USA), catalog 
No. E80-102, were followed for standardized analysis. 
The  standard ELISA method was adopted from the  au-
thors’ previous study [17]. The concentration of IgA was 
measured in g/l.

Statistical analysis
Data were analyzed using the statistical software for social 
sciences (SPSS v. 22, Chicago, IL, USA). The quantitative 
analysis was reported as mean (M) ± standard devia-
tion (SD). The variables assessed included age, the number 
of cigarettes, COD, the  IgA level and SFR. Descriptive 
analysis was reported as frequencies and percentages of 
variables including gender, smoking and carious lesions. 

Table 1. General characteristics of the study groups (active and passive smokers) from the outpatient department of the Altamash Institute of Dental Medicine, 
Karachi, Pakistan, June–December 2019

Variable

Participants
(N = 217)

active smokers
(N = 54)

passive smokers
(N = 163)

total

Age [years] (M±SD) 32.52±5.87 32.97±6.45 32.86±6.304

Gender [n (%)]

male 48 (88.88) 97 (59.50) 145 (66.8)

female 6 (11.11) 66 (30.41) 72 (33.2)

Cigarettes [n] (M±SD) 5.09±2.421 – 5.09±2.421
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(>35 and ≤35 years) showed a significant difference (p < 0.05) 
(Table  3). The  passive smokers displayed a  higher mean 
value of IgA in the <35 years age group (M±SD 1.48±0.13) 
whereas the lowest value was reported in the active smok-
ers in the  >35 years age group (M±SD 1.08±0.17). Like-
wise, for SFR, a  higher mean value was observed among 
the  passive smokers aged <35 years (M±SD 0.43±0.09) 
compared to the  active smokers (M±SD 0.38±0.14), 

M±SD 0.416±0.11 ml/min and M±SD 1.25±1.13, respec-
tively (Table 2 and Figure 1).

Assessment of active vs. passive smokers
Among the active smokers, 88.8% (N = 48) were males 
compared to 11.2% females (N = 6). The active smokers 
had the mean age of 32.52 years, a COD score of 1.43, an 
IgA level of 1.39 g/l, and a SFR of 0.37 ml/min (Table 2 
and Figure 1). Among the  active smokers, the  majority 
had ≥1 unrestored caries (N  = 21, 38.9%), followed by 
≥2 unrestored caries (N = 27), and only 6 (11.1%) sub-
jects were caries free.
Among the passive smokers, 59.5% (N = 97) were males 
and 40.5% (N = 66) were females, with the mean age of 
32.97 years, a COD score of 0.87, an IgA level of 1.47 g/l, 
and a SFR of 0.42 ml/min. Among the passive smokers, 
the majority had ≥1 unrestored caries (N = 78, 47.9%), 
43  patients had ≥2 unrestored surfaces, and 42 partici-
pants had no caries (25.8%).

Impact of associated variables  
on the oral health status
With respect to age, a  significant difference was observed 
between the active and passive smokers. As regards the IgA 
levels, SFR and COD, the majority of the participants were 
aged ≤35 years (N  = 200) with only 17 subjects in the  
>35 years age group. Nevertheless, both age categories  

Table 2. Comparison of salivary flow rate (SFR), IgA levels and clinical oral dryness (COD) scores between active and passive smokers  
from the outpatient department of the Altamash Institute of Dental Medicine, Karachi, Pakistan, June 2019

Variable

Participants
(N = 217)

p*
active smokers

(N = 54)
passive smokers

(N = 163)

SFR [ml/min] (M±SD) 0.374±0.13 0.429±0.08 0.001

IgA [g/l] (M±SD) 1.392±0.17 1.470±0.13 0.001

COD score (M±SD) 1.43±1.22 0.87±1.05 0.001

* In the t-test, p < 0.05 displays a significant difference between the 2 study groups.
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Figure 1. Comparison of salivary flow rate (SFR), IgA levels  
and clinical oral dryness (COD) scores among active and passive smokers  
in the outpatient department of the Altamash Institute of Dental Medicine, 
Karachi, Pakistan, in June–December 2019
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compared to the male active smokers (M±SD 0.35±0.06) 
for whom it was the  lowest. Thus, the  study outcome 
reflected a  lower IgA level among the  active smokers 
compared to the passive smokers; however, a significant 
difference was only observed in the males compared to 
the females (p = 0.01).
The COD scores among the active smokers were higher 
as compared to the  passive smokers. The  highest mean 
COD score was recorded in the male (M±SD 1.52±1.22) 
in contrast to female active smokers, in the  latter case 
displaying the  lowest mean value (M±SD 0.67±1.03). 
Likewise, the  >35 years age group showed the  highest 

whereas the  lowest mean value of SFR was reported in 
the  active smokers aged >35 years (M±SD 0.25±0.06) 
(Table  3). Thus, the  study reported that the  mean IgA le- 
vels and SFR among the active smokers were lower as com-
pared to the passive smokers, with the >35 years age group 
presenting a greater adverse influence.
With respect to gender, the highest mean value for IgA 
was observed in the  female passive smokers (M±SD 
1.55±0.03), whereas the  lowest one was observed in 
the  male active smokers (M±SD 1.38±0.18) (Table  3). 
Similarly, for SFR, the  maximum mean value was ob-
tained for the female active smokers (M±SD 0.57±0.34) 

Table 3. Comparison between active and passive smokers in terms of age in the outpatient department of the Altamash Institute of Dental Medicine,  
Karachi, Pakistan, June 2019

Variable

Participants
(N = 217)

p*
active smokers

(N = 54)
passive smokers

(N = 163)

Age group

<35 years

IgA 1.42 (0.15) 1.48 (0.13) 0.001

SFR 0.38 (0.14) 0.43 (0.09) 0.001

COD 1.22 (1.02) 0.75 (0.97) 0.007

>35 years

IgA 1.08 (0.17) 1.41 (0.08) 0.012

SFR 0.25 (0.06) 0.38 (0.04) 0.004

COD 4 2.15 (1.14) 0.004

Gender

female

IgA 1.5 (0.06) 1.55 (0.03) 0.001

SFR 0.57 (0.34) 0.46 (0.11) 0.076

COD 0.67 (1.03) 0.73 (1.09) 0.896

male

IgA 1.38 (0.18) 1.42 (0.15) 0.204

SFR 0.35 (0.06) 0.41 (0.06) 0.001

COD 1.52 (1.22) 0.96 (1.02) 0.004

COD – clinical oral dryness; SFR – salivary flow rate.
* In the t-test, p < 0.05 displays a significant difference between the 2 study groups.
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come revealed that the  majority of the  active smokers 
who smoked ≤5 cigarettes a day had ≥1 unrestored caries 
(N = 21). Both genders presented a significant difference 
between the active and passive smokers with the highest 
number of the  latter with ≥1 unrestored caries surface 
(N = 68, p = 0.05). Active caries showed a positive corre-
lation with the number of cigarettes, with higher signifi-
cance in the >35 years age group (p < 0.05).
It was observed that the  IgA levels (M±SD 1.46±0.09) 
and SFR (M±SD 0.40±0.16) of the active smokers smok-
ing ≤5  cigarettes a  day were greatly affected; however, 
the highest COD scores were observed only in those smok-
ers who smoked >5 cigarettes a day (M±SD 2.17±0.92) 

mean COD scores (4±0) whereas the lowest value was re-
ported in the female passive smokers (M±SD 2.15±1.14) 
(Table  3). A  significant impact was noted in the  males 
for COD scores (p = 0.004). Thus, the outcome indicates 
a  negative impact of smoking on saliva production and 
salivary protective function with the highest probability 
of occurrence in males (low COD and SFR outcomes) ir-
respective of age.
Furthermore, the relationship between the frequency of 
unrestored caries and the smoking status was statistically 
significant (p < 0.05) with the  majority of active caries 
observed among the  passive smokers (N  = 121) com-
pared to the active smokers (N = 48) (Table 4). The out-

Table 4. Comparison between active and passive smokers in terms of active caries, age and gender in the outpatient department  
of the Altamash Institute of Dental Medicine, Karachi, Pakistan, June 2019

Variable
Active caries  

score

Participants
(N = 217)

p*

Participants
(N = 72)

p*
active smokers

(N = 200)
passive smokers

(N = 17)
active smokers

(N = 6)
passive smokers

(N = 66)

Age

<35 years 0 6 41 0.052

1 19 68

2 15 32

3 10 9

>35 years 0 0 1 0.004

1 2 10

2 0 2

3 2 0

Gender

females 0 0 14 0.006

1 5 49

2 1

3 0 3

males 0 6 28 6 28 0.004

1 16 29 16 29

2 14 34 14 34

3 12 6 12 6

* In ANOVA, p < 0.05 displays a significant difference between the 2 study groups.
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with low protective substances and acts as an agent for 
carcinogenesis [20].
Coinciding with previous studies  [11,21], the  present 
study has reported that, irrespective of the exact smok-
ing habits, exposure to smoke is a critical factor in stimu-
lating saliva production and influencing its constituents. 
The literature presents contradictory outcomes of nico-
tine stimulation among smokers. The presence of nico-
tine in tobacco smoke directly interacts with areas of 
the oral cavity, mainly those of the parotid glands, and 
therefore has an immediate effect on saliva production. 
Benedetti et al. [7] reported that SFR initially increased 
drastically under nicotine stimulation; however, with 
time it was reduced due to long-term exposure to nico-
tine and other toxic components that damage the  sali-
vary gland tissues in various patterns causing dry mouth. 
However, Petrusic et  al.  [11] explained that chronic 
smoking did not adversely affect the salivary reflex and 
salivation as nicotine and cytisine are often used as a si-
alogogue to treat xerostomia. Therefore, it is suggested 
that smoking alone cannot influence a long-term change 
in the saliva.
Similarly, the IgA levels were reported to be significant-
ly lower in the  active smokers compared to the  passive 
smokers. Literature has reported that the constant pres-
ence of nicotine in blood levels alters the production of 
immunoglobulins, the  innate defense line against the 
pathogens  [22]. These toxic products change the T-cell 
im muno regulation and B-cell differentiation, which forti-
fy the oral mucosa against periodontal pathogenic bacte-
ria. Thus, active cigarette smokers generally present with 
a  higher susceptibility of diminished immunoglobulin 
levels and decreased phagocytic activity of neutrophils, in 
contrast to passive smokers [20,23]. Moreover, a reduced 
level of immunoglobulins is known to directly correlate 
with periodontal inflammation, which was also observed 
in almost all of the smokers involved in the present study. 
Thus, the  lack of proper oral hygiene maintenance and 

(Table 4). Nonetheless, cigarette smoking intensity only 
influenced the  IgA levels and COD scores (p = 0.01) to 
a significant extent, but not SFR (p = 0.08). This suggests 
that a long smoking history leads to the chronic condition 
of xerostomia associated with active caries progress.

DISCUSSION
This study was based on the  hypothesis that passive 
smoking would show a similar influence on the unstim-
ulated whole SFR, IgA levels and COD as that reported 
for active smoking. However, the  outcome revealed 
that the  difference in the  smoking status has a  signifi-
cant impact on saliva production and its constituents 
(p = 0.01). The active smokers showed higher COD scores 
with lower IgA levels and SFR compared to the  passive 
smokers, irrespective of age. Moreover, the  number of 
cigarettes smoked showed a  significant influence on 
caries progression mainly in the  active smokers repre-
senting older age groups. Thus, the  smoking status was 
identified as the  main factor for triggering oral health 
problems; however, age and gender played an important 
role as confounding factors. Therefore, the initial hypoth-
esis was rejected.
The present study identified that the  active smokers 
showed higher oral dryness due to low SFR and low oral 
protection (decreased IgA levels) compared to the passive 
smokers. According to Uneo et  al.  [18], tobacco smoke 
contains numerous detrimental constituents, such as 
oxidant and pro-oxidant compounds, which trigger free 
radical formation and contribute to oxidative stress. 
The  effect of these deleterious constituents is not influ-
enced by smoking habits; however, the negative impact is 
evidently present in the passive smokers due to exposure 
to the  toxins in smoke. Studies have reported that pro-
longed smoking with toxin deposition destroys salivary 
cells, mainly those of the parotid glands [11,19]. Hence, 
saliva production is compensated by the submandibular 
and sublingual gland, which produces thick mucus saliva 
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The personal habit of tobacco chewing or smoking is a po-
tential cause of impaired oral health and saliva produc-
tion. Various studies have provided supporting evidence 
that, after initial stimulation, the  long-term exposure 
eventually reduces SFR, which initiates associated oral 
health problems such as dry mouth and caries  [18,20]. 
However, one of the limitations of the study was the dif-
ference in exposure time to tobacco smoke between 
the passive and active smokers. In addition, the study was 
single-centered with no equal distribution of age, gender 
and types of smokers, which might have influenced 
the  correlation and introduced bias. Moreover, the  ab-
sence of non-smokers in the present study is a limitation. 
Therefore, it is recommended to conduct future studies 
that include the tobacco smoke exposure period estimat-
ed through routine biochemical assessments and com-
pare outcomes with non-smokers. These studies would 
assist healthcare professionals in promoting smoking 
education, to determine passive smoke risks and to plan 
prevention policies with a view to lowering the risk re-
lated to passive smoking.

CONCLUSIONS
The study demonstrated a significant difference in SFR, 
IgA levels and COD scores among the  active and pas-
sive smokers. However, the  outcomes indicated that 
the number of cigarettes had a negative impact on saliva 
production, salivary IgA, the  oral health status, and 
the  progression of active caries with respect to age and 
gender. This suggested that a long smoking history leads 
to the chronic condition of xerostomia, which facilitates 
active caries progress.
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the number of cigarettes were identified as risk factors for 
periodontal disease among smokers.
Furthermore, the present study revealed that the major-
ity of the  passive smokers had >1 unrestored caries in 
contrast to the active smokers. This indicated that nico-
tine stimulation led to a periodic increase in SFR, which 
disturbed the pathogenic activity and the presence of tar 
prevented caries progression [23]. However, the continu-
ous stimulation of the taste receptor diminishes SFR and 
minimizes the  protective effect on the  periodontal tis-
sues [18,24]. Therefore, the active smokers in the present 
study displayed poor oral hygiene and mild to moderate 
gingival recession, irrespective of their gender and age. 
Moreover, pigmentation of oral mucosa, calculus de-
posits and active caries was common in the majority of 
the active smokers involved in the study. Hence, suggest-
ing the critical importance of oral hygiene maintenance 
in the  oral health, independent of nicotine exposure 
through smoking.
Gender and age play a critical role in instigating changes 
in saliva production and associated disorders [25,26]. 
The  present study highlighted similar outcomes to 
the  previous findings, showing higher COD scores, 
and lower SFR and IgA levels, in the >35  years age 
group, suggesting an evident impact of age on saliva 
production  [25,26]. However, the  findings were sug-
gestive that smoking affected both genders differently; 
the females displayed a significant impact of smoking 
on the IgA levels, whereas SFR and COD scores were 
greatly affected in the males included in both smoker 
groups. The  increased SFR in females, as compared 
to males, defines a direct relation to the difference in 
the hormonal status [27]. On the contrary, some stud-
ies further explained that with age the female hormon-
al flow reduces (post-menopausal estrogen levels), 
which often leads to the reduction of salivary flow in 
old age  [28]. Thus, the  impact of age and gender are 
interrelated.
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Appendix 1. Characteristics of the clinical oral dryness score

1) Mirror sticks to the tongue
2) Mirror sticks to the buccal mucosa
3) Frothy saliva
4) Tongue shows a loss of papillae
5) No saliva pooling in the floor of the mouth
6) Glassy appearance of other oral mucosae, especially the palate
7) Altered/smooth gingival architecture
8) Active or recently restored (within the past 6 months) cervical caries (2 teeth)
9) Tongue is lobulated/fissured
10) Debris on the palate (excluding under dentures)

Appendix 2. Oral examination questionnaire

Q.1. Name: _____________________________________________
Q.2. Age (in years): _____________________________________________
Q.3. Gender: male female
Q.4. Educational qualification:
a) matric b) intermediate
c) graduation d) postgraduate
Q.5. Does anyone smoke at your home?
a) yes b) no
Q.6. How many cigarettes do you smoke a day?
a) 5 b) 10
c) 15 d) 1 packet
Q.7. How often do you smoke?
a) after every meal b) before going to bed
c) every morning d) at no particular time
Q.8. Have you noticed a discernible change in saliva production? Is it reduced, exaggerated, or you cannot tell?
a) yes b) no
c) cannot tell
Q.9. Have you noticed any significant change in taste?
a) yes b) no
Q.10. Does your mouth feel dry at any given time; if yes, is it during the night or upon awakening?
a) yes, in the morning b) yes, at night
c) no
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Q.11. Do you face any difficulty while swallowing any type of food?
a) yes b) no
Q.12. Do you use the assistance of liquids to help with the swallowing of solid food?
a) yes b) no

Clinical oral dryness (COD) score
Mirror sticks to the buccal mucosa: yes/no
Mirror sticks to the tongue: yes/no
Tongue lobulated/fissured: yes/no
Tongue shows a loss of papillae: yes/no
Frothy saliva: yes/no
No saliva pooling in the floor of the mouth: yes/no
Glassy appearance of oral mucosa, especially the palate: yes/no
Debris on the palate (excluding debris under dentures): yes/no
Altered/smooth gingival architecture: yes/no
Active or recently restored cervical caries (>2 teeth): yes/no
Total score: _________________________________

Oral examination Tooth No.
Cervical carries

Occlusal carries

Tooth mobility

Calculus

Bleeding on probing

Are any oral lesions present and visible? yes/no
Location of the oral lesion
☐ buccal
☐ tongue
☐ gingival
☐ lip
☐ palate


