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Aim: Saliva is one of the most abundant secretions in the human body and its collection is
easy and noninvasive. The aim of this study was to find a medium that can be used to diagnose
and monitor diabetes. In this, saliva could play a major role. To substantiate the role of saliva
as a diagnostic tool, we compared saliva samples with blood glucose and glycated hemoglobin
(HbA,) in healthy and diabetic subjects.

Materials and methods: Included in the study were 106 patients, newly diagnosed with
type 2 diabetes mellitus and 15 healthy control subjects. The patients and control subjects
were asked to come to the clinic in the morning, after an 8-hour fast. At that time, 5 mL of
venous blood was collected, 2 mL of which was collected in an ethylenediaminetetraacetic
acid (EDTA)-containing blood collection tube and sent for HbA  estimation. Unstimulated
saliva was collected from both groups as well. The saliva and sera from the blood samples were
subjected to glucose estimation.

Results: The correlation coefficient between serum glucose and salivary glucose in the control
group was calculated and the » value was found to be 0.5216, which was statistically significant
(P < 0.05). The correlation coefficient between serum glucose and salivary glucose in the
patient group was also calculated and the » value was found to be 0.7686, which was highly
significant (P < 0.01). Finally, the correlation coefficient between HbA  level and salivary
glucose in the patient group was calculated and the » value was found to be 0.5662, which was
also highly significant (P < 0.01).
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Introduction

Diabetes mellitus is a massive, growing, silent epidemic that has the potential to
cripple health services in all parts of the world. Diabetes mellitus is a group of chronic
diseases characterized by insulin deficiency, cellular resistance to insulin action, or
both, resulting in hyperglycemia and other related metabolic disturbances. The disease
is associated with serious complications of the eyes, kidneys, heart and blood vessels,
and other organ systems, which may markedly impair quality of life and shorten the
patient’s lifespan.! Many people are affected by diabetes worldwide and the number
is climbing steeply.> Currently, a diagnosis of diabetes is achieved by evaluating
blood glucose levels. However, monitoring of glycated hemoglobin (HbA ) levels
has become more common and frequent, providing an accurate measure of average
glycemic control over the past three months.** Monitoring blood glucose at frequent
intervals causes unnecessary discomfort and mental trauma to patients; therefore, a
much simpler and noninvasive technique for the diagnosis and monitoring of diabetes
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is very desirable.’ The present study was conducted to
determine the role of saliva as a diagnostic tool by correlating
preprandial serum glucose and salivary glucose in the patient
and control groups. To corroborate the glycemic control level
with salivary glucose level, correlations between HbA | and
salivary glucose in the patient group were also determined.

Materials and methods

Included in the study were 106 patients (52 males and
54 females) aged 36—65 years, who were newly diagnosed
with non-insulin-dependent (type 2) diabetes mellitus and
attended the diabetic clinic and the outpatient department of
Mahatma Gandhi Postgraduate Institute of Dental Sciences, as
well as 15 healthy control volunteer subjects (nine males and
six females), aged 3665 years. The patients were grouped
into three age groups: 31 in group 1 (aged 3645 years),
52 in group 2 (aged 46-55 years), and 23 in group 3 (aged
56-65 years). Subjects currently under treatment for diabetes,
diagnosed with type 1 diabetes mellitus, with any other
systemic diseases, or with tobacco or alcohol habits were
excluded from the study. Written consent was obtained from
each individual taking part in the study and a data sheet was
completed detailing the person’s name, age, sex, and relevant
medical history. The patients and control subjects were asked
to come into the clinic in the morning, on an empty stomach,
after 8 hours of fasting; 5 mL venous blood was collected,
2 mL of which was collected in an ethylenediaminetetraacetic
acid (EDTA)-containing blood collection tube and stored.
The rest of the blood was collected in a sterilized glass test
tube. The patients were asked to wash their mouths with tap
water and to spit two or three times, after which they were
told to spit the saliva pooled in their mouths for the following
10 minutes into the sterile sample collection container. The
saliva and blood samples were centrifuged and glucose was
estimated in the serum and supernatant saliva by the glucose
oxidase-peroxidase method. Ninety-six patients were selected
at random from the study group and their collected blood in
the EDTA tubes was subjected to HbA  -level estimation,
using the ion exchange resin method.

Statistical analysis of the obtained data was conducted
using WinSTAT® statistical software (v. 2007.1; R Fitch
Software, Chicago, IL). Means and standard deviations
(SDs) were calculated for the individual groups. These
were then compared using Pearson’s correlation coefficient,
independent Student’s z-test, Fisher’s test, and regression
coefficient. A P value <0.05 was accepted as significant and
a value <0.01 was considered highly significant.

Results

In the control group, the serum glucose levels ranged from
73.91 to 101.0 mg/dL, with a mean of 86.82 mg/dL and SD
of 9.46. The salivary glucose levels ranged from 0.51 to
2.32 mg/dL, with a mean of 1.23 mg/dL and SD of 0.52. The
correlation coefficient between serum glucose and salivary
glucose was calculated and the » value was found to be
0.5216, which was statistically significant (P < 0.05).

In the patient group, the serum glucose ranged from 66.31
to 326.8 mg/dL, with a mean of 154.70 mg/dL and SD of
60.85. The salivary glucose ranged from 0.31 to 18.16 mg/dL,
with a mean of 4.22 mg/dL and SD of 3.59. The correlation
coefficient between serum glucose and salivary glucose was
calculated and the r value was found to be 0.7686, which
was highly significant (P < 0.01). It is worth noting that the
significance of the study group was much greater than that
of the control group.

The HbA  level ranged from 5.5% to 14.1%, with a
mean of 7.81% and SD of 1.65. The correlation coefficient
between HbA,  level and salivary glucose was calculated
and the r value was found to be 0.5662, which was highly
significant (P < 0.01).

Comparisons of salivary glucose levels between
the control and patient groups were performed with an
independent #-test; a f-value of 3.21 was obtained and the
difference was highly significant (P < 0.01), as shown in
Table 1.

The patient group was divided into three subgroups
depending upon their serum glucose level, as shown in
Table 2. The salivary glucose levels of the three subgroups
were compared using an f-test, and the difference was found
to be highly significant (P < 0.01).

Similarly, the patient group was divided into three
subgroups according to their HbA | percentage, as shown in
Table. 3. The salivary glucose levels of the three subgroups
were again compared using an f~test and the difference found
was highly significant (P < 0.01).

No significant differences were found (P > 0.05)
in comparing salivary glucose levels across different

Table | Comparison of preprandial salivary glucose between
control and patient groups

Group Mean SD t-value
Control 1.23 mg/dL 0.52 3.21%*
Patient 4.22 mg/dL 3.59 (P<o0.01l)

Note: **t-value shows statistically significant difference between patient and control.
Abbreviation: SD, standard deviation.
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Table 2 Comparison of preprandial salivary glucose by serum
glucose (patients)

Serum glucose Mean of SD f-value
range salivary glucose

Below 130 mg/dL 2.18 mg/dL 1.29 4213+
130-200 mg/dL 4.05 mg/dL 2.56 (P<o0.0l)
Above 200 mg/dL 8.74 mg/dL 4.50

Note: **f-value shows statistically significant difference between serum glucose and
salivary glucose.
Abbreviation: SD, standard deviation.

age groups of patients. Similarly, no significant differ-
ences were found when salivary glucose was compared
between male and female patients, using an independent
t-test (P > 0.05).

Discussion

Diabetes mellitus is a group of metabolic disorders that share
the common underlying feature of hyperglycemia. Hyperg-
lycemia in diabetes results from defects in insulin secretion,
insulin action, or, most commonly, both. Chronic hyperg-
lycemia and the attendant metabolic dysregulation may be
associated with secondary damage in multiple organ systems,
especially the kidneys, eyes, nerves, and blood vessels.®

Data indicates that in 2011, 366 million people worldwide
were affected by diabetes and the number is continuing to
climb steeply.” By 2030, predictions suggest that the number
of people with diabetes will reach 552 million. Currently,
India is in the second position in the chart, after the People’s
Republic of China.’

Currently, a diagnosis of diabetes is achieved only
by analyzing blood glucose levels (random, fasting, and
postprandial),® which are invasive methods that are physically
and psychologically traumatic to the patient. Therefore, a
noninvasive, simple, and painless procedure, such as salivary
glucose estimation, is very desirable.

In our study, we found that fasting salivary glucose
values were higher among diabetics than in the controls; the
difference was statistically highly significant (P < 0.01).
Fleckseder and Carlson and Ryan’ reported the presence

Table 3 Comparison of preprandial salivary glucose by glycated
hemoglobin (HbA, )

HBA . range Mean SD f-value
Up to 7% 2.30 mg/dL 1.34 15.80%*
7%—8% 3.81 mg/dL 3.12 (P <0.0l)
Over 8% 6.72 mg/dL 4.64

Note: **f-value shows statistically significant difference between preprandial salivary
glucose and glycated hemoglobin.
Abbreviation: SD, standard deviation.

of sugar in the saliva of diabetic patients and other authors
have reported increases in salivary glucose levels in diabetes
mellitus patients in comparison to nondiabetics.!*?! However,
Forbat et al*? concluded that salivary glucose levels did not
reflect blood glucose levels. Similarly, Carda et al** concluded
that the salivary glucose levels of 76.4% of diabetic patients
were in the normal range.

In the present study, there was a positive correlation
between salivary and serum glucose in diabetic patients.
A correlation between salivary and serum glucose was found
in the controls as well. These correlations were found to be
statistically significant. Hence, salivary glucose appears to
be an indicator of serum glucose concentration in diabetic
patients. Similar to our study, five studies!!5!7202! found
a positive correlation between salivary glucose and serum
glucose. However, in contrast to our study, three other
trials'>?22 could not establish a correlation between salivary
and serum glucose. Even Englander et al'® expressed doubt
regarding replacement of plasma with parotid secretion
in the diagnosis of diabetes mellitus, because of its lower
levels of glucose concentration. However, Mitsumori et al’
manufactured a saliva analyzing system using a glucose
sensor and performed in vivo evaluations, concluding that
their salivary glucose level measurement system could be
used as an indicator of blood glucose level.

We also estimated the HbA | _levels in diabetic patients
and found a positive correlation between HbA _percentage
and salivary glucose level. The value was statistically
significant. In contrast to our study, Lopez et al'® did not
find any correlation between salivary glucose level and
HbA  percentage. We divided the patient group into three
subgroups based on their serum glucose level and compared
the salivary glucose levels of those three groups. We found
a statistically significant difference among the three groups,
and the salivary glucose levels were found to increase
as serum glucose levels increased. We found that patients
with serum glucose levels below 130 mg/dL showed a mean
salivary glucose level of 2.18 mg/dL. Patients with serum
glucose levels between 130 and 200 mg/dL showed a mean
salivary glucose level of 4.05 mg/dL and patients with serum
glucose levels above 200 mg/dL reflected a mean salivary
glucose level of 8.74 mg/dL. As such, we are tempted to say
that patients with salivary glucose levels above 4 mg/dL have
a very high chance of having serum glucose levels above
130 mg/dL.

Similarly, we divided the patient group into three subgroups
based on their HbA | percentage. Patients with HbA| = 7%
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were considered ideal control level, 7%—8% were considered
reasonable control, and >8% were considered poor control.>*
When we compared salivary glucose levels across the three
subgroups, we found a statistically significant difference
between them. Here, also, an increase in the salivary glucose
level was noticed with an increase in HbA | percentage. The
ideal level control showed a mean salivary glucose level of
2.30 mg/dL, the reasonable control showed 3.81 mg/dL, and
the poor control showed 6.72 mg/dL. We found that poor
glycemic control leads to a high salivary glucose level, hence,
this points toward the poor glycemic control achieved in the
patient. These results were similar to our earlier results based
on serum glucose levels.

We know that glucose is present in the saliva of normal
individuals; however, the mechanism of its secretion is still
obscure. Both paracellular and intercellular pathways have
been proposed,” but this is still an hypothesis rather than
an established theory. Many authors have tried to explain
the increased glucose content in the salivary secretion of
diabetic patients. Lopez et al'® tried to show that the sali-
vary glands act as filters of blood glucose that are altered by
hormonal or neural regulation. According to Qureshi et al*
persistent hyperglycemia leads to microvascular changes in
the blood vessels, as well as basement membrane alteration
in the salivary glands. This leads to increased leakage of
glucose from the ductal cells of the salivary gland, thereby
increasing the glucose content in saliva. Sreedevi et al?®
quoting the works of Harrison, commented that glucose is
a small molecule that easily diffuses through semiperme-
able membranes. Thus, large amounts of glucose become

available to saliva when blood glucose levels are elevated, as
in diabetes. Alterations in the permeability, occurring as a
result of basement membrane changes in diabetes, may be
an additional explanation for the increased concentration of
glucose in saliva.

It is well-established that the complications of diabetes are
due to microvascular changes.® Many theories have been put
forth to explain the microvascular alterations. To summarize,
hyperglycemia leads to increased advanced glycosylation
end products, commonly known as “AGEs”. These AGEs
crosslink proteins such as collagen and extracellular matrix
proteins, leading to basement membrane alteration and, hence,
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 chronic hyperglycemia, also lead to
basement membrane alteration by altering the extracellular
matrix proteins. The end result is a leaky microvasculature
and a leaky basement membrane,® which explains the
increased passage of glucose from the blood into the saliva
in diabetes mellitus.

Belazi et al'® proposed that the increased permeability of
basement membrane in insulin-dependent diabetes mellitus
may lead to enhanced leakage of serum-derived components
into whole saliva via gingival crevices. The small glucose
molecule can easily diffuse via the semipermeable basement
membrane. They blamed the gingival crevicular fluid as the
culprit for increased glucose levels in salivary secretion. This
shows that the presence of glucose in saliva is multifactorial
and no single mechanism can be blamed.

Serum glucose = 99.664 + 13.027 salivary glucose
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Figure | Correlation between preprandial salivary and serum glucose levels in the study group.
Note: Regression coefficient was calculated and a formula (shown) was derived for the prediction of serum glucose from salivary glucose in the study group.
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HbA, . = 6.762 + 0.249 salivary glucose
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Figure 2 Correlation between preprandial salivary glucose levels and glycated hemoglobin (HbA, ) percentages in the study group.
Note: Regression coefficient was calculated, and a formula (shown) was derived for the prediction of HbA, _from salivary glucose in the study group.

We found a highly significant correlation coefficient
between salivary glucose level and serum glucose level, as
well as between salivary glucose level and HbA | percentage,
and a regression coefficient was calculated. The regression
coefficient gives the amount of increase or decrease in the
serum glucose or HbA for a unit change in the salivary
glucose. Hence, from a given value of salivary glucose, we
can predict serum glucose level and HbA  percentage by
using the regression equation (Figures 1 and 2).

The respective formulas are:

Serum glucose = 99.664 + 13.027 salivary glucose (patient)
HbA | =6.762 + 0.249 salivary glucose (patient)

We found increased fasting salivary glucose levels in
patients suffering from diabetes mellitus. We also formulated
equations to predict the fasting serum glucose level and
HbA  percentage when the fasting salivary glucose level is
known. Therefore, it can be concluded that fasting salivary
glucose level can be used as a noninvasive diagnostic, as well
as a monitoring tool to assess the glycemic status of diabetes
mellitus patients. Nevertheless, further studies on larger
populations and in different geographic areas are needed to
establish salivary glucose estimation as a diagnostic as well
as a monitoring tool for diabetes mellitus.
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