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abstract

Background: Saliva is a biological fluid in oral cavity that plays a role in maintaining the environmental balance and oral 
commensal. Nicotine of cigarettes has been reported as a predisposing factor for changing of pH and salivary flow rate, thereby changing 
in biological salivary components. Purpose: This study aimed to analyze the correlation between salivary pH and salivary flow rate 
in smokers with nicotine levels labeled on cigarettes. Methods: Purposive sampling was conducted involving 40 male smokers. Before 
participating, they filled a questionnaire related to the history of their smoking habit. Using a spitting method for 5 minutes their saliva 
was collected. Results: Result of Pearson correlation test showed that there was a significant correlation between smoking intensity 
and salivary flow rate of those smokers (r = -0.486 and p<0.001). The results also indicated that there was a significant correlation 
between smoking intensity and salivary pH (r = -0.376 and p<0.017). On the other hand, there was no significant correlation between 
nicotine levels levels labeled on cigarettes with salivary pH of those smokers (r = -0.107, p>0.512). There was no correlation between 
nicotine levels labeled on cigarettes and salivary pH of those smokers (r = -0.216, p>0.181). Nevertheless, there was a significant 
correlation between salivary flow rate and salivary pH of those smokers (r= 0.686, p<0.00,). Conclusion: There is a strong correlation 
between the intensity of smoking with salivary flow rate and its pH. However, there is no correlation between nicotine levels labeled 
on cigarettes and both salivary flow rate as well as salivary pH.
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introduction

Smoking is one of the major health problems in the 
world, especially in developing countries.1 Based on World 
Health Organization (WHO) data in 2012, there are 1 billion 
smokers in the world with a global smoking prevalence of 
21%, 790 million of whom are from countries with low 
and middle-income economies, including Indonesia on 
the fourth rank with the largest number of smokers in the 
world after China, Russia and America.2 The age of 13-17 
is also known to be a transition period to be active smokers 
in Indonesia.3

Smoking is an attempt to burn tobacco, inhale, and suck 
back smoke containing harmful substances, such as nicotine 

using both cigarettes and cigars.4 Oral cavity is a part of 
the body mostly exposed to cigarette smoke.5 The exposure 
to cigarette smoke then can affect saliva, biological liquid, 
functioning to maintain the balance of the oral cavity.6

Nicotine in cigarette smoke will be absorbed through the 
lungs and mucous membranes, then circulated through the 
bloodstream, and distributed to the brain and tissue in all 
organs of the body.7 Nicotine circulating to the bloodstream 
can affect the blood vascularization to the salivary glands, 
resulting in decreased function and morphology of 
glandula.8 Nicotine even reaches the brain within 10-20 
seconds.9 Nicotine then can work on certain cholinergic 
receptors in the brain that affect central nervous system 
activity triggering changes in salivary secretion.10,11
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The changes in salivary secretion can affect salivary 
flow rate in the group of smokers.10 The salivary flow rate 
is a modulator of salivary acidity (pH), thus, if the salivary 
flow rate is small, a small amount of bicarbonate then will 
be produced, resulting in low salivary pH.12 Consequently, 
salivary flow rate and salivary pH can be considered as 
factors that play an important role in maintaining oral 
health.13

In addition, the changes in salivary pH and salivary 
flow rate are influenced by the duration of smoking and the 
level of nicotine labeled on the cigarette.14 The smoking 
intensity is derived from the average number of cigarettes 
smoked daily multiplied with smoking duration in a year.1 

The concentration of nicotine in the salivary gland of 
smokers is different due to both the number of cigarettes 
smoked per day as well as the level of nicotine contained 
the cigarettes.15 Therefore, this study aimed to analyze the 
pH profile and salivary flow rate in association with the 
labeled nicotine level.

materials and methods

This study has passed ethical clearance No. 031/KE/
FKG/2016 from the Faculty of Dentistry, Universitas Syiah 
Kuala, Indonesia. This study used cross-sectional design. 
In this research, risk factors were smoking frequency and 
nicotine levels labeled on cigarettes related to salivary pH 
and salivary flow rate.

There were forty subjects in this study, consisted of 
active male smokers who smoke at least one cigarette per 
day. Those research subjects were determined by using a 
purposive sampling technique.16 Data of those smokers’ 
profile were taken by using an interview approach with 
referenced questions that had been prepared by the 
researchers.

Furthermore, saliva of those smokers was collected 
without stimulation at 09.00-12.00 WIB. Those subjects 
then were asked not to eat, drink, and brush their teeth 
60 minutes before taking saliva. Those subjects were 
also asked to sit on an upright back with the head slightly 
bowed, but facing forward, and their right hand holding a 
measuring cup.11 Saliva then was collected using spitting 
method i.e saliva was collected in the mouth with closed 
lips. Afterwards, it was spitted out into the measuring cup 
every 1 minute for 5 minutes. During collecting saliva, 
those subjects were not allowed to speak, to move their 
tongue and to swallow. Salivary flow rate was calculated 
by dividing the collected salivary volume with the time 
used to collect saliva.17,18

Salivary pH then was measured using a pH meter. The 
electrode tip of the pH meter detector was washed with 
deionized water (ion free water), dried, and then calibrated 
to a standard pH value (7.0). Meanwhile, the electrode tip 
was dipped into prepared saliva. The values of the salivary 
pH tested then were displayed on the screen. Each repetition 
of another salivary pH examination, the electrode tip of the 

pH meter had to be calibrated to the standard pH.18

The correlation between salivary pH and salivary flow 
rate was analyzed using a Pearson test. The correlation 
strength analysis was interpreted as a follow: 0.00-0.199 
(very weak), 0.20-0.399 (weak), 0.40-0.5999 (medium), 
0.60-0.799 (strong), 0.80 to 1.000 (very strong).19

results

Tables 1, 2, 3, 4, and 5 generally illustrate the correlation 
between the age of the research subjects and the distribution 
of the research subjects based on nicotine levels labeled 
on cigarettes with respect to salivary pH and salivary flow 
rates. Table 1 shows the distribution of the research subjects 
by age. Table 2 describes the distribution of the research 
subjects based on nicotine levels labeled. Table 2 indicates 
that twenty-six research subjects (65%) had the highest 
nicotine levels, 1 mg/trunk. Table 3, illustrates that there 
were twenty-nine research subjects (72.5%) with a salivary 

Table 1. Distribution of the research subjects by age

Age
(years)

Number of the 
research subjects 

(n)
Percentage (%)

17-25
26-35
36-45
46-55

9
10
11
10

22.5
25.0
27.5
25.0

Total 40 100

Table 2. Distribution of the research subjects based on nicotine 
levels labeled on cigarettes 

Nicotine levels 
labeled on cigarettes 

(mg)

Number of the 
research subjects 

(n)
Percentage (%)

1
1.1
1.8
2.2
2.3
2.5

26
4
1
1
7
1

65.0
10.0
2.5
2.5
17.5
2.5

Total 40 100

Table 3. Distribution of the research subjects based on salivary 
flow rates 

Salivary flow rates
(ml/minute)

Number of the 
research subjects 

(n)
Percentage (%)

0.1-0.25
0.25-0.35

>0.35

29
11
0

72.5
27.5

0

Total 40 100
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flow rate of 0.1-0.25 ml/min (good), while eleven research 
subjects (27.5%) had a salivary flow rate of 0.25-0.35 ml/
min (medium). None of the research subjects experienced 
a salivary flow rate of > 0.35 ml/min (bad). Table 4 shows 
the distribution of the research subjects based on the 
salivary pH. In Table 4, there were twenty-seven research 
subjects (67.5%) with a salivary pH of <6.7, while eleven 
research subjects (27.5%) had a salivary pH of 6.7-7.4 and, 
none of the research subjects had a salivary pH of >7.4. 
Results of the statistical tests then showed that there was 
a significant correlation between salivary flow rate and 
salivary pH of those smokers (r= 0.686, p<0.00). Result of 
Pearson correlation test showed that there was a significant 
correlation between smoking intensity and salivary flow 
rate of those smokers (r = -0.486 and p<0.001). The results 
also indicated that there was a significant correlation 
between smoking intensity and salivary pH (r = -0.376 
and p<0.017). There was a significant correlation between 
the intensity of smoking and changes in both salivary 
flow rate and salivary pH (p<0.01) (Table 5). On the other 
hand, there was no significant correlation between nicotine 
levels levels labeled on cigarettes with salivary pH of those 
smokers (r = -0.107, p>0.512). There was no correlation 
between nicotine levels labeled on cigarettes and salivary 
pH of those smokers (r = -0.216, p>0.181). 

discussion

Oral cavity and salivary liquid are important parts 
of the mouth mostly exposed to cigarette smoke. On the 
other hand, nicotine is considered as a predispose factor 

to structural and functional changes of salivary glands 
that may interfere with salivary flow rate and salivary 
pH.20 Based on the researchers’ analysis, the prevalence of 
smoking behavior increased by age. This correlates with 
nicotine contained in cigarettes as an addictive substance 
that can cause dependence and make cigarettes as a daily 
necessity at adult age (36-45 years), reaching 27% (Table 
1). The highest prevalence of smoking behavior was in the 
age group of 35-45 years, and then decreased in the age 
group of 45-64 year due to the increased awareness of the 
danger of smoking.21

The insignificant correlation between nicotine levels 
labeled on cigarettes and salivary flow rate had very weak 
correlation strength of 1.1%. It means that 98.9% of them 
were influenced by other factors. Similarly, there was no 
significant correlation between nicotine levels labeled on 
cigarettes and salivary pH with weak correlation strength 
of 4.7%. This indicates that 95.3% of them were affected 
by other factors as well (Table 5). This is because the 
number of research subjects who consumed cigarettes with 
a variety of nicotine levels was not controlled due to the 
random sampling. Another assumption is that nicotine can 
cause stimulation and sedation in the central nervous system 
depending on the amount of exposure and the duration of 
exposure.22

Each brand of cigarettes has a different nicotine level 
that causes the different levels of nicotine consumed by 
everyone even though the number of smoked cigarettes 
is the same.23 Nicotine can work on certain cholinergic 
receptors in the brain that affect nerve activity triggering 
changes in salivary pH and salivary flow rates.10 Clove 
cigarettes have a strong role to decrease salivary pH more 
than non-clove cigarettes.24

In general, nicotine from cigarette smoke had no effect 
on salivary flow rate (Table 3). It means that the values 
of the salivary flow rate obtained were still in good and 
medium categories with a negative correlation (r) of -0.486 
(Table 5) and a correlation coefficient (R2) of 0.236. In 
other words, the correlation between smoking intensity 
and salivary flow rate was only 23.6% with a significance 
probability of <0.01. The results of this research were in 
line with a research conducted by Dyasanoor that showing 
that the more cigarettes consumed daily for long period can 
generate a greater risk of decreased salivary flow rate.25 A 

Table 4.  Distribution of the research subjects based on salivary 
pH 

Salivary pH
Number of the 

research subjects 
(n)

Percentage (%)

<6.7
6.7-7.4

>7.4

27
13
0

67.5
32.5

0

Total 40 100

Table 5. The correlation analysis between the intensity of smoking, the levels of nicotine labeled on cigarettes, salivary flow rate, 
and salivary pH 

Correlation 
Coefficient of 
correlation (r)

Coefficient of 
determination (R2)

P Values

Smoking intensity salivary flow rate -0.486* 0.236 0.001**

Smoking intensity salivary pH -0,.376* 0.142 0.017**

Nicotine levels labeled on cigarettes salivary flow rate -0.107 0.011 0.512

Nicotine levels labeled on cigarettes salivary pH -0.216 0.047 0.181

Salivary flow rate salivary pH  0.686* 0.470  0.000**

* R Significant at 0.01 level 2-tail; ** Significant (p<0.01)
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steady heat that blows continuously into the oral cavity also 
may cause changes in blood flow and a decrease in salivary 
secretion.26 This is because smoking habits, involving 
a large number of cigarette intakes per day over a long 
period of time, can lead to a decrease in sensitivity to oral 
receptors, resulting in a decrease in salivary reflex.11

Consuming 10-15 cigarettes per day for more than 6 
months may lower salivary flow rate into 0.20 ml/min (low 
category).12 A significant correlation between smoking 
duration and salivary flow rate, as a result, both stimulated 
and non-stimulated salivary flow rates decreased as the 
smoking duration increased, but the decreased salivary 
flow rates was not significant compared to the number of 
cigarettes consumed daily.27

Furthermore, Table 4 shows that there were twenty-
seven research subjects had a salivary pH of <6.7 (67.5%), 
while eleven research subjects had a salivary pH of 6.7-7.4 
(27.5%). The results also showed that there was a negative 
significant correlation between smoking intensity and 
salivary pH (r = -0.376) with a correlation coefficient (R2) 
of 0.142 and a significance correlation (p) of <0.01 (Table 
5). It suggests that 85.8% of the salivary pH detected from 
the research subjects was influenced by other factors, such 
as type of food consumed which is rich of carbohydrates. 
Consequently, the salivary pH will decrease since 
carbohydrates contained can be utilized by acidogenic 
bacteria for fermentation, and yield as the product of the 
bacterial fermentation is acidic, making the oral cavity 
become acidic.28 In addition, changes in salivary pH may 
also be affected by changes in bicarbonate structures in 
saliva and biological rhythms.29 As a result, changes in 
salivary pH in smokers is usually triggered by changes 
in electrolytes and ions in saliva, especially bicarbonate 
structures.10

In addition, smokers who consumed 10-15 cigarettes 
per day over 6 months had acidic salivary pH of 6.3.12 
The average salivary pH in smokers was lower at 6.75 (± 
0.11) than in non-smokers with an average salivary pH of 
7 (± 0.28), however, there was no significant correlation.30 
Salivary flow rate is actually considered as a modulator of 
salivary acidity (pH).10 In this research, there was a positive 
and significant correlation between salivary flow rate and 
salivary pH with a correlation strength of 47%. Generally, 
the high salivary flow rate was followed by the low salivary 
pH of 47% (Table 5). The increased salivary secretion 
can lead to an increase in the number and composition of 
salivary contents, such as bicarbonate which can increase 
salivary pH.14 Changes in salivary flow rate and salivary 
pH are actually not only influenced by smoking habits 
and nicotine levels labeled on cigarettes, but also greatly 
affected by age, drug consumption, disturbed general state, 
stress level, circadian rhythm, alcohol consumption and 
others.31

In conclusion, there is a correlation between smoking 
intensity and both salivary pH as well as salivary flow rate 
in smokers. There is also a correlation between nicotine 

levels labeled on cigarettes and salivary flow rate. However, 
there was no correlation between nicotine levels labeled on 
cigarettes and salivary pH.

references

 1.  Rad M, Kakoie S, Brojeni FN, Pourdamghan N. Effect of long-term 
smoking on whole-mouth salivary flow rate and oral health. J Dent 
Res Dent Clin Dent Prospects. 2010; 4(4): 110–4. 

 2.  Ng M, Freeman MK, Fleming TD, Robinson M, Dwyer-Lindgren 
L, Thomson B, Wollum A, Sanman E, Wulf S, Lopez AD, Murray 
CJL, Gakidou E. Smoking prevalence and cigarette consumption 
in 187 countries, 1980-2012. JAMA. 2014; 311(2): 183–92. 

 3.  Ng N, Weinehall L, Ohman A. “If I don”t smoke, I’m not a real 
man’--Indonesian teenage boys’ views about smoking. Health Educ 
Res. 2007; 22(6): 794–804. 

 4.  Audrain-McGovern J, Benowitz NL. Cigarette smoking, nicotine, 
and body weight. Clin Pharmacol Ther. 2011; 90(1): 164–8. 

 5.  Warnakulasuriya S, Dietrich T, Bornstein MM, Casals Peidró E, 
Preshaw PM, Walter C, Wennström JL, Bergström J. Oral health 
risks of tobacco use and effects of cessation. Int Dent J. 2010; 60(1): 
7–30. 

 6.  Kurku H, Kacmaz M, Kisa U, Dogan O, Caglayan O. Acute and 
chronic impact of smoking on salivary and serum total antioxidant 
capacity. J Pak Med Assoc. 2015; 65(2): 164–9. 

 7.  Naik P, Fofaria N, Prasad S, Sajja RK, Weksler B, Couraud P-O, 
Romero I a, Cucullo L. Oxidative and pro-inflammatory impact 
of regular and denicotinized cigarettes on blood brain barrier 
endothelial cells: is smoking reduced or nicotine-free products really 
safe? BMC Neurosci. 2014; 15(1): 1–14. 

 8.  Arslan E, Samanci B, Samanci SB, Caypinar B, Sengezer T, Deveci 
E, Seker U. Effects of nicotine on the submandibular gland in rats. 
Anal Quant Cytopathol Histopathol. 2015; 37(5): 317–21. 

 9.  Hukkanen J, Jacob P, Benowitz NL. Metabolism and disposition 
kinetics of nicotine. Pharmacol Rev. 2005; 57(1): 79–115. 

10.  Rudzińiski R. Effect of tobacco smoking on the course and degree 
of advancement inflammation in periodontal tissue. Ann Acad Med 
Stetin. 2010; 56(2): 97–105. 

11.  Khan GJ, Javed M, Ishaq M. Effect of smoking on salivary flow 
rate. Gomal J Med Sci. 2010; 8(2): 221–4. 

12.  Singh M, Ingle NA, Kaur N, Yadav P, Ingle E. Effect of long-term 
smoking on salivary flow rate and salivary pH. J Indian Assoc Public 
Heal Dent. 2015; 13(1): 11–3. 

13.  Gani BA, Soraya C, Sunnati S, Nasution AI, Zikri N, Rahadianur 
R. The pH changes of artificial saliva after interaction with oral of 
artificial saliva after interaction with oral micropathogen. Dent J 
(Maj Ked Gigi). 2012; 45(4): 234–8. 

14.  Rooban T, Mishra G, Elizabeth J, Ranganathan K, Saraswathi TR. 
Effect of habitual arecanut chewing on resting whole mouth salivary 
flow rate and pH. Indian J Med Sci. 2006; 60(3): 95–105. 

15.  Asha V, Dhanya M. Immunochromatographic assessment of salivary 
cotinine and its correlation with nicotine dependence in tobacco 
chewers. J cancer Prev. 2015; 20(2): 159–63. 

16.  Palinkas LA, Horwitz SM, Green CA, Wisdom JP, Duan N, 
Hoagwood K. Purposeful sampling for qualitative data collection 
and analysis in mixed method implementation research. Adm Policy 
Ment Health. 2015; 42(5): 533–44. 

17.  Wong DT. Salivary diagnostics. New Delhi: Wiley-Blackwell; 2008. 
p. 39-42. 

18.  Topkas E, Keith P, Dimeski G, Cooper-White J, Punyadeera C. 
Evaluation of saliva collection devices for the analysis of proteins. 
Clin Chim Acta. 2012; 413(13–14): 1066–70. 

19.  Islas-Granillo H, Borges-Yañez SA, Medina-Solís CE, Galan-Vidal 
CA, Navarrete-Hernández JJ, Escoffié-Ramirez M, Maupomé G. 
Salivary parameters (salivary flow, pH and buffering capacity) in 
stimulated saliva of mexican elders 60 years old and older. West 
Indian Med J. 2014; 63(7): 758–65. 

Dental Journal (Majalah Kedokteran Gigi) p-ISSN: 1978-3728; e-ISSN: 2442-9740. Accredited No. 32a/E/KPT/2017. 
Open access under CC-BY-SA license. Available at http://e-journal.unair.ac.id/index.php/MKG
DOI: 10.20473/j.djmkg.v50.i2.p61-65

http://e-journal.unair.ac.id/index.php/MKG
http://dx.doi.org/10.20473/j.djmkg.v50.i2.p61-65


6565Saputri, et al./Dent. J. (Majalah Kedokteran Gigi) 2017 June; 50(2): 61–65

20.  Greenberg MS, Glick M, Ship JA. Burket’s Oral Medicine. 11th 
ed. Sciences-New York. Hamilton: BC Decker Inc; 2008. p. 191-2, 
366-8. 

21.  Moosazadeh M. Meta-analysis of prevalence of smoking in 15-64-
year-old population of west of Iran. Int J Prev Med. 2013; 4(10): 
1108–14. 

22.  Quik M, Mallela A, Chin M, McIntosh JM, Perez XA, Bordia T. 
Nicotine-mediated improvement in l-dopa-induced dyskinesias in 
MPTP-lesioned monkeys is dependent on dopamine nerve terminal 
function. Neurobiol Dis. 2013; 50(1): 30–41. 

23.  Goniewicz ML, Hajek P, McRobbie H. Nicotine content of electronic 
cigarettes, its release in vapour and its consistency across batches: 
regulatory implications. Addiction. 2014; 109(3): 500–7. 

24.  Agnihotri R, Gaur S. Implications of tobacco smoking on the oral 
health of older adults. Geriatr Gerontol Int. 2014; 14(3): 526–40. 

25.  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 Diagnostic Res. 
2014; 8(1): 211–3. 

26.  Herawati H, Sunariani J. The effect of nicotine on the periodontal 
tissue. Indonesian J Trop Infect Dis. 2010; 1(3): 151–4. 

27.  Petrušić N, Posavac M, Sabol I, Mravak-Stipetić M. The effect of 
tobacco smoking on salivation. Acta Stomatol Croat. 2015; 49(4): 
309–15. 

28.  Khemiss M, Ben Khelifa M, Ben Saad H. Preliminary findings 
on the correlation of saliva pH, buffering capacity, flow rate and 
consistency in relation to waterpipe tobacco smoking. Libyan J Med. 
2017; 12(1): 1–7. 

29.  Rojas-Morales T, Navas R, Viera N, Alvarez CJ, Chaparro N. pH 
and salivary sodium bicarbonate in cancer patients: correlation with 
seric concentration. Med Oral Patol Oral Cir Bucal. 2008; 13(7): 
E456-9. 

30.  Grover N, Sharma J, Sengupta S, Singh S, Singh N, Kaur H. Long-
term effect of tobacco on unstimulated salivary pH. J Oral Maxillofac 
Pathol. 2016; 20(1): 16–9. 

31.  Kanwar A, Sah K, Grover N, Chandra S, Singh RR. Long-term effect 
of tobacco on resting whole mouth salivary flow rate and pH: An 
institutional based comparative study. Eur J Gen Dent. 2013; 2(3): 
296–9. 

Dental Journal (Majalah Kedokteran Gigi) p-ISSN: 1978-3728; e-ISSN: 2442-9740. Accredited No. 32a/E/KPT/2017. 
Open access under CC-BY-SA license. Available at http://e-journal.unair.ac.id/index.php/MKG
DOI: 10.20473/j.djmkg.v50.i2.p61-65

http://e-journal.unair.ac.id/index.php/MKG
http://dx.doi.org/10.20473/j.djmkg.v50.i2.p61-65



