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Abstract

Background: Periodontitis is a multi-factorial disease related to the formation of dental plaque. Saliva composition plays a role in
plaque formation and in the development of periodontal disease.
Objectives: This study was designed to compare the salivary concentrations of calcium and phosphate between patients with
chronic periodontitis (CP) and healthy individuals and to assess the effect of smoking status in this regard.
Patients and Methods: This case control study was conducted on 50 healthy subjects and 56 patients with CP. The two groups
were matched in terms of age, sex, and smoking status. After obtaining written informed consents from the subjects, periodontal
parameters such as calculus index (CI), plaque index (PI), bleeding index (BI) and clinical attachment loss (CAL) as well as body mass
index (BMI) were calculated and recorded. Non-stimulated saliva was collected by the spitting method, and the concentration of
calcium and phosphate was measured by spectrophotometry. Data were analyzed using independent t-test. Pearson correlation
was utilized to correlate the periodontal parameters with the salivary concentrations of calcium and phosphate in the CP group.
Confidence interval and P value were set to 95% and ≤ 0.05, respectively.
Results: The mean concentration of phosphate in the saliva of CP patients was significantly higher than that in healthy individ-
uals (P = 0.008). No significant difference was found between the two groups in the mean concentration of calcium in the saliva
(P = 0.145). The mean concentrations of calcium and phosphate were not significantly different between non-smoker CP patients
and healthy subjects. However, the concentrations of calcium and phosphate in the saliva of smoker CP patients were significantly
lower and higher, respectively, than the corresponding values in the healthy smoker group (P = 0.016 and P = 0.037, respectively). In
subjects with BMI < 25, the mean concentration of salivary phosphate in CP patients was significantly higher than that in healthy in-
dividuals (P = 0.005). Among the periodontal parameters, only CI had a significant correlation with the concentration of phosphate
in the saliva of patients with CP (P = 0.029).
Conclusions: Cigarette smoking and BMI are two main confounding factors affecting the correlation of calcium and phosphate
concentrations in the saliva and periodontal status.
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1. Background

Periodontitis is a multi-factorial disease associated
with the accumulation of plaque and calculus (1). This in-
flammatory disease is caused by a specific group of mi-
croorganisms and is associated with the progressive de-
struction of bone and the periodontium. Chronic peri-
odontitis (CP) is the most common form of periodontal dis-
ease with a higher prevalence in adults (2). The composi-
tion of saliva affects the formation of dental plaque and the
development of caries and periodontal disease (2, 3). The
saliva contains proteins and electrolytes such as calcium

and phosphate. Studies have shown that several factors,
such as age and smoking status, affect the composition of
saliva. The concentrations of calcium and phosphate in the
saliva significantly increase by aging (2, 4-7). Sah et al. (8).
showed a significant increase in the concentration of cal-
cium in the saliva of patients with periodontitis compared
with subjects with gingivitis Sewon et al. evaluated the role
of smoking in increased concentration of calcium in the
saliva and decrease in bone density (9).

The assessment of changes in the concentrations of
chemical biomarkers in the saliva can help prevent oral
and dental conditions (1).
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2. Objectives

This study aimed to assess and compare the concentra-
tions of calcium and phosphate in the saliva of smoker and
non-smoker CP patients and healthy individuals.

3. Patients andMethods

This study was designed to measure and compare the
salivary concentrations of calcium and phosphate in pa-
tients with CP and healthy individuals, and assess the ef-
fect of smoking status in this regard. This case-control
study was conducted on 56 CP patients and 50 healthy con-
trols (patient companions) presenting to the periodontol-
ogy department of school of dentistry, Zahedan University
of Medical Sciences. The subjects were selected based on
the following inclusion and exclusion criteria:

Inclusion criteria:
1) Attachment loss equal or more than 5 mm in a mini-

mum of 8 teeth,
2) No systemic disease,
3) No history of drug intake in the past one month.
Exclusion criteria:
1) History of periodontal treatment in the past 6

months,
2) Regular use of mouthwash,
3) Chemotherapy and radiotherapy,
4) Pregnancy,
5) Usage of other tobacco products such as hookah,

chewing tobacco etc.
The control subjects were selected from patient com-

panions and had no clinical sign or symptom of gingivi-
tis. They had a plaque index (PI) < 15%. All subjects were
briefed about the study protocol and objectives, and they
signed written informed consent forms voluntarily. The
two groups were matched in terms of age, sex, and smok-
ing status. Periodontal examination was conducted using
a periodontal probe with 1 mm accuracy and a periodontal
chart including bleeding index (BI), PI, clinical attachment
loss (CAL), and calculus index (CI) was completed by a pe-
riodontist for patients with CP. For the calculation of body
mass index (BMI), the subjects were weighed using a dig-
ital scale (Kg) (Beurer GS27 WHD, Germany). Their height
was measured using a portable stadiometer (cm) (Seca 213,
UK) while the subjects had no shoes on and were standing
tall looking straight ahead.

Data on the general health and smoking status of sub-
jects were collected using a questionnaire. Non-stimulated
saliva was collected between 9 a.m. and 11 a.m. using the
spitting method. The subjects were requested to refrain
from eating, drinking, and tooth brushing 90 minutes
prior to sampling. Saliva was collected when the subjects

were seated and slightly leaning forward. Saliva was spit-
ted 1 - 2 times per minute for duration of 10 minutes into
a sterile test tube (Gamma Counter) (6). After saliva collec-
tion, the test tubes were capped, coded, and immediately
transferred to a laboratory. Calcium and phosphate con-
centrations were measured by spectrophotometry using
special kits (Zist Chemi). The necessary periodontal treat-
ments were performed for patients with CP after saliva col-
lection. Data were analyzed using an independent sample
t-test.

4. Results

A total of 106 subjects, including 52 males and 54 fe-
males, were evaluated. Among the subjects, 56 had severe
CP and 50 were healthy. For statistical analysis, the pa-
tients were divided into two groups of smokers and non-
smokers. Never-smokers and non-smokers were assigned
to the non-smoking group, and the remaining subjects
were placed in the smoking group. With respect to BMI, the
subjects were divided into two groups of < 25 and ≥ 25.
The distribution of participants in each group was shown
in Table 1.

The periodontal parameters, including PI, CAL, CI and
BI, in patients with CP are presented in Table 2.

The Pearson correlation coefficient was utilized to find
the correlation of periodontal parameters with the sali-
vary concentrations of calcium and phosphate in the CP
group (Table 3). CI had a significant correlation with the
concentration of phosphate in the saliva of patients with
CP (P = 0.029). CI also had a correlation with salivary con-
centration of calcium in CP group, but this correlation was
not statistically significant (P = 0.79). The correlation of
other periodontal parameters with the salivary concentra-
tion of calcium and phosphate was not significant.

Comparison of the mean concentration of phosphate
and calcium in the saliva of the smoker and non-smoker
groups using the independent samples t-test (Table 4) re-
vealed that the mean concentration of calcium and phos-
phate in the saliva of non-smokers was not significantly
different between the two subgroups of healthy individu-
als and CP patients. However, the mean concentration of
phosphate and calcium in the saliva of smokers was sig-
nificantly different between the two subgroups of healthy
individuals and patients with CP. The concentration of cal-
cium in the saliva of smoker CP patients was lower than
that in the healthy smoker group, and the concentration of
phosphate in the saliva of smoker CP patients was higher
than that in the smoker healthy group. In other words,
smoking as a confounder affected the correlation between
salivary calcium and phosphate concentration and peri-
odontal status (Table 4).
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Table 1. Distribution of Participants in Each Groupa

Characteristics of Studied Subjects Severe CP Healthy P Value

Sex 0.84

Females 28 (50) 26 (52)

Males 28 (50) 24 (48)

Smoking status 0.71

Non-smoker 30 (53) 25 (50)

Smoker 26 (47) 25 (50)

BMI 0.17

< 25 24 (43) 25 (50)

≥ 25 32 (57) 25 (50)

aValues are expressed as No. (%).

Table 2. The Mean of Periodontal Parameters in Patients With CP

Periodontal Index Mean± SD

CAL 3.96 ± 2.18

PI (%) 77.78 ± 18.23

BI (%) 54.54 ± 9.06

CI 2.87 ± 7.70

Table 3. The Correlation of Periodontal Parameters With the Salivary Concentrations of Calcium and Phosphate in Patients With CP

Periodontal
Parameters

Salivary Concentration of Phosphate Salivary Concentration of Calcium

P R P R

CI
0.029 0.79

0.29 0.036

PI
0.244 0.217

0.15 0.167

BI
0.955 0.976

0.008 0.004

CAL
0.978 0.180

0.004 0.182

Comparison of the mean concentration of calcium and
phosphate in subjects with BMI < 25 showed that the mean
concentration of phosphate was higher in the saliva of CP
patients than in that of healthy individuals. However, the
mean concentration of calcium in the saliva of the two sub-
groups of healthy individuals and CP patients was not sig-
nificantly different. In subjects with BMI ≥ 25, the mean
concentration of calcium and phosphate in the saliva of
the two subgroups of healthy individuals and CP patients
was not significantly different. In other words, BMI as a
confounder affected the correlation between the salivary
concentrations of calcium and phosphate with CP (Table
4).

5. Discussion

The concentrations of calcium and phosphate in
the saliva are measured using atomic absorption spec-
troscopy, inductively coupled plasma-atomic emission,
molybdenum-vanadate method, cresolphthalein com-
plexone method and phosphomolybdate ultraviolet (UV)
(10-13). In this study, the concentration of calcium and
phosphate in the saliva was measured using spectropho-
tometry. The results showed that the concentration of
calcium in the saliva of patients with CP and healthy indi-
viduals was not significantly different, which is in contrast
to the results of the studies by Sah et al. (8), Manea et
al. (10), and Basima and Omar Husham (11). Manea et al.
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Table 4. The Concentration Mean of Calcium and Phosphate in the Saliva of Studied Groupsa

Study Groups Salivary Concentration of Phosphate P Value Salivary Concentration of Calcium P Value

Healthy 0.037 0.016

Smoker 10.77 ± 5.69 5.29 ± 2.92

CP 15.65 ± 9.97 3.56 ± 1.94

Healthy 0.108 0.201

Non-smoker 10.42 ± 5.29 3.52 ± 0.71

CP 13.4 ± 7.73 4.02 ± 1.81

Healthy 0.005 0.427

BMI < 25 9.09 ± 3.68 5.02 ± 3.1

CP 13.99 ± 6.64 4.38 ± 1.84

Healthy 0.095 0.092

BMI ≥ 25 11.24 ± 5.97 4.14 ± 1.82

CP 14.78 ± 10.26 3.38 ± 1.8

Healthy 0.008 0.145

Overall 10.59 ± 5.44 4.4 ± 2.28

CP 14.44 ± 8.83 3.81 ± 1.87

aValues are expressed as mean ± SD.

(10) measured the concentration of salivary cations using
atomic absorption spectroscopy and found a significant
association between the salivary concentration of calcium
and periodontitis. Basima et al. (11) showed that the
concentration of calcium in the saliva of CP patients was
significantly higher than that in healthy individuals. They
found that gingival inflammation in patients with CP
increased the gingival crevicular fluid and resulted in an
increase in salivary proteins and electrolytes, inconsistent
with the findings of our study and those of Kolte et al. (12).
In the study by Sah et al. (8), the concentration of calcium
in the saliva of patients with periodontitis was higher than
that in patients with gingivitis and healthy individuals.
The findings of Kolte et al. were in contrast to our results.
In their study, the concentration of calcium in the saliva of
patients with periodontitis was lower than that in healthy
individuals (12). Salivary concentration of calcium in their
study was measured using the cresolphthalein complex-
one method. These controversial results may be due to the
different methods used for the measurement of calcium
and their accuracy, age of participants, and sample size.

Our study showed that the salivary concentration of
phosphate in patients with CP was significantly higher
than that in healthy individuals. This result is in accor-
dance with that of Basima et al. and in contrast to that
of Kolte et al. (12). Basima et al. (11) used the molybde-
num–vanadate method, whereas Kolte et al. measured the

salivary concentration of phosphate using the phospho-
molybdate UV method.

Cigarette smoking has long been known as a risk factor
for periodontal disease. Cigarette smoking can affect the
organic and mineral composition of the saliva (2). In our
study, in contrast to many others, the number of smoker
CP patients was lower than that of non-smoker CP patients.
One reason for this finding is that some of the patients
might have hidden their smoking status as the smoking
status was determined using a questionnaire and not a di-
agnostic test for confirmation. Measuring blood nicotine
would have added more value to the results, but it was not
performed because of the high cost and the need for col-
lecting blood from the subjects.

In the current study, the association between the con-
centration of calcium and phosphate in the saliva and
CP was evaluated by eliminating the effect of smoking
as a confounder. The salivary concentration of calcium
was similar between the non-smoker CP patients and the
healthy subjects, whereas this value in smoker CP patients
was lower than that in healthy smokers. This finding is in
contrast to that of Basima et al. (11) but is in agreement with
that of Kolte et al. (12). In the study by Basima et al., the con-
centration of calcium in the saliva of smoker CP patents
was higher than that in non-smoker CP patients and non-
smoker healthy individuals. This controversy in the re-
sults may be due to the method of classification of smok-
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ers and non-smokers. In our study, the subjects who were
not currently smokers were placed in the non-smoking
group, but only the never-smokers were assigned to the
non-smoking group in the study by Basima et al. Similarly,
in the study by Kolte et al., the salivary concentration of
calcium in smoker periodontitis patients was higher than
that in non-smoker periodontitis patients; this finding re-
veals that smoking alone can increase the concentration
of calcium in the saliva. In the study by Kolte et al. (12),
similar to our study, the concentration of calcium in the
saliva in the four groups was as follows from the highest
to the lowest: smoker CP patients > non-smoker CP pa-
tients > healthy smokers > healthy non-smokers. In their
study, similar to our study, not smoking at the time of the
study was the criterion for assignment of a subject to the
non-smoking group, and the subjects who smoked more
than 10 cigarettes in the previous years were assigned to
the smoking group. Thus, in conjunction with CP, smoking
seems to affect the concentration of cations in the saliva.

In the current study, the concentration of phosphate in
the saliva of non-smoker CP patients was similar to that in
healthy non-smokers. However, the concentration of phos-
phate in the saliva of smoker patients with CP was higher
than that in healthy smokers. This result is in accordance
with that of Basima et al. (11) and in contrast to that of Kolte
et al. (12).

Obesity has always been a risk factor for periodontal
disease, and a correlation has been noted between high
BMI and increased risk of periodontitis (13-17). Thus, in the
current study, we evaluated the relationship of the concen-
tration of calcium and phosphate in the saliva with BMI.
The concentration of calcium and phosphate in the saliva
of patients with BMI ≥ 25 was not significantly different
between the CP patients and healthy subjects. The concen-
tration of calcium in the saliva of subjects with BMI < 25
was also similar in the two subgroups of CP patients and
healthy subjects. The concentration of phosphate in the
saliva of subjects with BMI < 25 was higher in CP patients
than in healthy subjects. However, Basima et al. found that
the salivary concentration of minerals was correlated with
the nutritional status of individuals.

Among the periodontal parameters in our study, CI
was correlated with the concentration of phosphate in the
saliva of subjects with CP. This result may be due to the
higher concentration of phosphate in the saliva of patients
with CP. The increased mineral content of the saliva may
enhance the mineralization of dental plaque and acceler-
ate the formation of calculus. In our study, the correlation
between the changes in phosphate and calcium concentra-
tions in the saliva and the periodontal parameters (BI, PI,
and CAL) was not significant. In the study by Basima et al.
(11), PI and calcium concentration in the saliva were corre-

lated, and CAL and the concentration of phosphate in the
saliva had an inverse correlation in smokers.

Similar studies with a larger sample size are required
to better elucidate this subject. Accurate methods such as
blood nicotine measurement must be employed in future
studies to ensure no tobacco use. Moreover, more precise
methods should be used to measure the concentrations of
calcium and phosphate in the saliva.

5.1. Conclusion

Based on the results of this study, the concentration of
calcium was not significantly different in the saliva of CP
patients and healthy individuals, but the concentration of
phosphate was higher in the saliva of CP patients. The as-
sessment of the effect of cigarette smoking revealed that
the concentration of phosphate was higher and the con-
centration of calcium was lower in the saliva of smoker
CP patients than in that of healthy smokers. Moreover, CI
was correlated with the concentration of phosphate in the
saliva.
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