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ABSTRACT

Background: Over the recent year there has been a startling rise in the number of people suffering from diabetes
mellitus. Estimation of blood glucose levels has been an essential laboratory investigation for screening and
monitoring of diabetes. Saliva is one of the secretions in human body whose collection is easy and non-invasive.
Salivary glucose hence could serve as an easy and non-invasive tool.

Methods: Institutional review committee of NHRC gave us permission to carry out this study. 105 subjects with Type
2 diabetes mellitus who attended the OPD at Star hospital, Sanepa, Lalitpur, Nepal and 106 healthy individuals were
consented to participate in this study. Glucose was measured by the GOD-POD (Glucose oxidase peroxidase)
methods using the semi-autoanalyser and salivary glucose was compared with corresponding blood glucose levels.
Results: A significant positive correlation of fasting salivary glucose level and fasting blood glucose level was

observed in healthy (r=0.241, p=0.001) and in diabetic patients (r=0.202, p=0.001).
Conclusions: The study implies a potential for saliva in monitoring and screening of diabetes mellitus.
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INTRODUCTION

Diabetes mellitus is a metabolic disorder that interferes
with metabolism of carbohydrate leading to the condition
where glucose is not fully used.! Glucose is the
component of the blood that is exchangeable across the
salivary gland epithelial in the proportion to its
concentration in blood.?

Type 2 diabetes mellitus is described as a global
epidemic fuelled by population growth, ageing, obesity,
changing lifestyles and urbanization. The impacts of the
diabetes has been felt in both the developed and
developing countries, due to mortality and morbidity
associated with its complications in the renal, retinal and
vascular system.®> Though non-invasive in vivo
monitoring of the glucose has been an area of the active

investigation for many years, no any such technology has
been approved.

The present study was conducted to estimate glucose
level in saliva and serum sample and to find correlation
ship between salivary and serum glucose in diabetic
(case) and healthy individuals (control).

METHODS

The present study is a comparative cross-sectional study.
Ethical clearance was taken from IRC (International
Research Committee) of NHRC (Nepal Health Research
Council) before conducting the study. The total 211
participant were included in the study among which, 105
were diabetic (case group) and 106 were healthy
individuals (control group). The study was conducted for

International Journal of Community Medicine and Public Health | June 2019 | Vol 6 | Issue 6 Page 2289



Thapa K et al. Int J Community Med Public Health. 2019 Jun;6(6):2289-2294

1 year from August 2017 to August 2018. The written
consent was taken from each group of the participant
before enrolling them in the study. For case group,
sample was accepted from the patients who were
diagnosed by type-Il diabetes mellitus from the medicine
department of Star hospital, Sanepa, Lalitpur. For control
group, sample from the healthy individual from the
community of Lalitpur who were above 35 years and had
a healthy medical background were accepted. Sample
from the subject with a systemic disease, severe
complication of diabetes, recent infection like
tuberculosis, Hepatitis, oral mucosal lesions, dental wear
and also the physiological conditions like pregnancy were
excluded from the study. Convenient sampling technique
was used and sample size was calculated by using
formula for quantitative variable.*

. 7?_SD?
Sample size (n) = 12‘—2

n = (1.96)?x (5.01)/ (0.95)*
=3.84x26.01/0.9
=110

Where,

n = required sample
L = allowable errors
Z= 1.96 for 0.05 significance level (95% confidence
interval)
e  Estimated prevalence® is 19%
e Allowable error of 5% (L= 0.95)

Collection of the samples
Saliva collection

Firstly, a written consent was taken from the participant
and all the procedure were explained briefly. A structured
questionnaire was conducted and important information
of the entire participant was recorded. Detailed history of
participant revealed that most of the participants were
diagnose after 35 years. Many of them were taking oral
medication, some were taking insulin and few of them
were not taking any medication for the controlling the
blood glucose.

Fasting un-stimulated mixed saliva was collected.
Initially, the entire participant were requested and
instructed to rinse the mouth with water and split for two
times; in order to prevent the contamination by oral flora
and dilution of saliva. After that the subjects, were
allowed to sit in upright position and labeled wide mouth
sterile container was given. The participant were
instructed to keep their mouth open to pool the saliva on
the floor of mouth then the patient were asked to split in
the container gradually at the end of every 60 second for
five minutes. After the collection of saliva the container
was immediately transferred in the Ice-bag and then to

refrigerator at 2-8°C; to minimize the utilization of the
glucose by bacteria.

Blood collection

Blood was collected by the venipuncture method from the
median cubital vein; fasting blood sample (2.5 ml) was
collected in fluoride tube.

Steps of blood collection

e First the written consent was taken from each

participant

Then the subjects were allowed to seat comfortably

Tourniquet was applied to palpate the vein

The site was sterilized using the rectified spirit

At the angle of 30-40° the vein was penetrated with

skin tight by another hand

e The piston of the syringe was drawn slowly to
prevent the hemolysis of blood

e Tourniquet was removed slowly from another hand

e The needle was removed and the blood was transfer
to the vials

e The specimen was labeled properly with the patient
identification number

e And finally the needle was incinerated.

Analysis of serum and salivary glucose

The collected saliva was transferred into the sterile glass
tube and was centrifuged at 3000rpm for 10 minutes to
obtain the clear supernatant. While, the fluoride tube
containing blood was also centrifuge at 3000rpm for
5min; to obtain a serum. Then 1000pul of glucose reagent
was pipette in 3 tube followed by 10ul of standard in first
tube, 10ul of supernatant of saliva in second tube and
finally 10ul of serum in third tube. Glucose was then
estimated by the glucose oxidase - peroxidase method
using Beacon-liquizyme. The concentration of the
glucose was then measured spectrophotometically. The
glucose oxidation method was calibrated from the
solution of glucose which was prepared and diluted to
make series of standards. For serum analysis five
standards of 100 mg/dl, 200 mg/dl, 300 mg/dl, 400 mg/dl
and 500 mg/dl was taken. On the flip side, for salivary
glucose five standards of 5 mg/dl, 10 mg/dl, 15 mg/dl, 20
mg/dl and 25 mg/dl was taken to ensure the quality of test
procedure.

Statistical analysis

Data were entered in MS Excel version 2007 and was
analyze using SPSS version 20. Kolmogorov smirnov test
was applied to check the distribution of data. Descriptive
statistics was computed in the form of meanSD.
Independent t-test was applied to compare the mean of
salivary glucose and serum glucose in case and control.
Furthermore, Pearson’s coefficient test was applied to
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show the correlation between salivary glucose and serum
glucose between two groups.

RESULTS

Total 211 participants were enrolled in the study, among
which 105 were the diabetic (case) and 106 were the
healthy individual (control). The total number of the
female participant in the study was 133 and that of male
participant was 78. The mean age of the diabetic and
control group was (58.20%12.27) and (57.75+10.65)
respectively (p=0.77).

The mean fasting serum glucose in the case and control
was (142.07+43.37 mg/dl) and (87.81+16.16 mg/dl)
respectively. The difference between mean serum glucose
in case and control was statistically significant with p
value (p<0.05). The mean fasting salivary glucose in the
case was (4.88+£1.699 mg/dl) and is significantly higher
than the mean fasting salivary glucose of control
(3.369+0.765 mg/dl) (p<0.05).

Table 1: Comparison of mean of fasting salivary and serum glucose in case and control.

Diabetic
4.88+1.69

| Biochemical parameters
Mean salivary glucose

Control (n=106
3.36+0.756 0.005

142.07+43.37

Mean serum glucose

87.81+16.16 0.001

Independent-t test was applied; P value less than 0.05 is considered to be significant.

Table 2: Correlation between fasting salivary glucose and serum glucose in case and control.

| Correlations

Salivary glucose Serum glucose

Case Salivary glucose R 0.450**
P 0.001
Serum glucose R 0.450**
P 0.001
Control Salivary glucose R 0.491**
P 0.001
Serum glucose R 0.491**
P 0.001

Pearson Correlation test was applied. ** Correlation is significant at P value less than 0.05.
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Figure 1: Correlation between the fasting salivary
glucose and fasting serum glucose in case.

The correlation between the salivary glucose and serum
glucose was observed using the Pearson correlation
coefficient test. The correlation coefficient (r) between
fasting salivary glucose and fasting serum glucose in case

was statistically significant at (p=0.001, r=0.202).
Similarly, the correlation coefficient between fasting
serum glucose and fasting salivary glucose in control
group was also statistically significant at (p=0.001,
r=0.241) (Table 2).
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Figure 2: Correlation between the fasting salivary
glucose and fasting serum glucose in control.
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The linear graph shows the positive correlation between
salivary and serum glucose in diabetic and non-diabetic
group (Figure 1) (Figure 2).

DISCUSSION

Diabetes mellitus is a complex multi-system disorder
which is characterized by relative or absolute
insufficiency of insulin secretion or concomitant
resistance to the metabolic action of insulin on target
tissues. It is the most common endocrine disorder with
potentially devastating complications that affects all age
groups worldwide.?

The management of the diabetes mellitus has been the
major challenging issue in this 21% century where,
incidence of diabetes is increasing rapidly day by day at a
higher frequency. The key aspect for the management of
diabetes mellitus can be; maintaining the glucose level in
the normal range, frequently monitoring the glucose level
in the blood and finding the cost effective way for
production of insulin by recombinant technology among
which judiciously monitoring glucose is the important
aspect for management of diabetes mellitus.

The quantitative estimation of fasting salivary glucose
and fasting serum glucose collected at the same time
were proceed, the obtained value were scrutinized to find
the possibility of using saliva in reflecting glucose
concentration in blood. The result of the study confirmed
that salivary glucose is higher in diabetic group when
compared with healthy individuals, which is in
concordance to the study done by Agrawal et al, Akasapu
et al, Amer et al, Darwazeh et al.>®*®

It is possibly due to the increase permeability of the
basement membrane and leakage of the microvasculature
in the diabetes mellitus, which allows the easy access for
the glucose in the saliva. The complications of the
diabetes results due to the micro-vascular changes in
blood vessels and change in the basement membrane in
diabetic patients.® Many theories have been put forth to
explain the micro-vascular alterations. To summarize,
hyperglycemia leads to increased advance glycosylation
end products, commonly known as “AGEs”. These AGEs
crosslink proteins such as collagen and extracellular
matrix proteins, leading to alteration of basement
membrane  which inturn results to endothelial
dysfunction. This alters the microvasculature structure
and makes it more permeable. Other products such as
sorbitol, diacylglycerol, and fructose 6-phosphate, which
are formed because of the chronic hyperglycemia, also
lead to the basement membrane alterations by altering the
extracellular matrix proteins. The end result is the leaky
basement membrane, which explains the increase passage
of glucose from the blood into the saliva in diabetes
mellitus.’

Also, the study by Darwazeh et al, concluded that
individuals with diabetes who have denture wears had

higher salivary glucose level than the individuals who do
not have, which suggested that there could be the
additional contributory factors that may rise glucose in
the saliva apart from the basement membrane
permeability.? Also, Vasconcelos et al reported non-
significant difference in the mean salivary glucose level
in diabetic patients (14.03+16.76 mg/dl) and the control
group (6.35+6.02 mg/dl) with (p=0.036)."*

Although, Yamaguchi et al, suggested to use sub-
mandibular or sub-lingual salivary sample instead of
parotid saliva for estimating blood glucose level as daily
variations in the correlation between BGL and parotid
saliva glucose were too large.*?

Similar to our study, positive correlation between the
salivary glucose and serum glucose were found in the
study done by Agrawal et al, Akasapu et al, Abhikshyeet
et al 381

Conversely lack of the correlation between salivary
glucose and plasma glucose was observed by Marchetti et
al, in fasting state in both diabetic and non diabetic and
that indicates the degree of the metabolic control does not
effects the way of the salivary gland handle the glucose.*®
Also the study, Forba et al and Carda et al shows no
significant correlation between the salivary and plasma
glucose.**** In those studies old method of the glucose
estimation were used, which was not appropriate. Also
the researcher England et al expressed doubt regarding
replacement of the serum as the sample with parotid
secretion in the diagnosis of diabetic mellitus because of
the lower level of the glucose concentration in the saliva
as compared to the serum.®

The finding of our present study, proves the presence of
the glucose in the saliva of the diabetic and non diabetic
participant which is in concordance to Naik et al, Aydin
et al, Bernardi et al, Ben-Aryen et al."" % on the flip side
to our study Amer et al, did not find glucose even in a
small concentration in the saliva of the healthy subjects.’

Study by the Smriti et al who used the un-stimulated
saliva similar to our study, categorized participant into
three different group, group A includes 60 subject known
to have diabetic mellitus who were on medication, group
B includes 60 subjects known to have diabetic mellitus
who were not in medication and the group C includes 60
subjects who were healthy controls (non diabetic).? The
result demonstrated that there was a significant difference
in the mean salivary glucose level among three study
groups, the mean fasting salivary glucose was highest in
diabetic not under medication (11.68+1.97 mg/dl)
followed by diabetic on medication (9.68+2.48 mg/dl)
with least being in control (6.50+0.47 mg/dl)

Saliva is the easiest sample that can be collected
noninvasively with minimal armamentarium and is
associated with fewer compliance problems as compared
to blood.”*® Therefore the non invasive technique of
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glucose estimation by the use of saliva can be the most
valuable substitute for previously establish different
invasive test.

CONCLUSION

We wind up our study with a conclusion that, the salivary
glucose rises simultaneously with the rise of the serum
glucose in the patient with Diabetes mellitus. Our result
emphatically shows the positive statistical co-relation
between the fasting salivary glucose and the fasting
serum glucose thus, assessment of the salivary glucose
can be established as a non-invasive tool for diagnosis
and monitoring the diabetes mellitus.
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