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ABSTRACT
Urbanization is to be blamed for the rising prevalence of diabetes in India and other
developing countries. A large percentage of diabetics live without being diagnosed.2
There is a known association between diabetes mellitus and altered salivary compo-
sition and function. Diabetes is known to affect salivary composition and function.6
Type II diabetics show an increased cardiovascular morbidity and mortality. Post-
prandial blood glucose is an independent risk factor for cardiovascular events in these
subjects, with a stronger predictive power in women. This study was done to exam-
ine effects of gender on salivary and blood glucose in type II diabetics and healthy
adults. 80 adults in the age group of 30 – 50 years were included in the study and
divided into 2 groups – diabetics and healthy adults. Both groups were further divided
into 2 groups based on gender – male and female. Blood and saliva samples were ob-
tained from subjects after an overnight fast and 2 hours postprandial. Blood samples
were analysed with hexokinase enzyme (automated analyser) and saliva samples with
glucose oxidase enzyme (colorimeter). Salivary glucose levels were compared between
diabetics and healthy adults by t – test. Relationship between salivary and blood glu-
cose was assessed by correlation test. Difference in salivary and blood glucose levels
between diabetic and healthy males and females was determined by t – test. Salivary
glucose is significantly higher in diabetics (P<0.001). Correlation flanked by salivary
and blood glucose is not seen. Further studies will help in use of salivary diagnostics
for early and non – invasive diagnosis of diabetes. Blood glucose is higher in female
diabetics and salivary glucose is higher in male diabetics. Sex differences in fasting and
postprandial blood glucose and salivary glucose must be considered in the planning
of treatment to achieve better and continuous glycaemic control in type II diabetics.
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1 INTRODUCTION
Type II diabetes mellitus (DM), characterized by insulin re-
sistance (IR), impaired insulin secretion and increased glu-
cose production1 is estimated to affect 65.1 million people
in India according to IDF (International Diabetes Federa-
tion) in 2013.2 Asian countries have reported the diabetes
burden to be disproportionately high in young to middle-
aged adults3 and Asian Indians are known to be at a greater
risk of developing diabetes.4
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Urbanization is to be blamed for the rising prevalence of
diabetes in India and other developing countries.5 If diag-
nosed diabetes early, it is highly likely that complications
could be prevented3 thus emphasizing the need for primary
prevention of diabetes and its complications.

There is a known association between diabetes melli-
tus and altered salivary composition and function. Vas-
cular complications develop as a result of changes in the
metabolism of lipids and proteins.9 Glucose moves through
membranes of blood vessels, passes from the blood plasma
via gingival sulcus to the gingival fluid, and reaches the
saliva.10
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Salivary glucose levels are known to be raised in
diabetics6 and increased blood glucose may cause higher
levels of salivary glucose.4 In a certain study, a decrease in
fasting salivary glucose levels was seen in the experimental
group.8

If diabetes is left undiagnosed and untreated, it can cause
progressive microvascular and macrovascular damage and
eventually result in a lower life expectancy. Therefore, in-
novative methods of testing for the disease is essential to
overcome this disease burden.

Contradictory results have been obtained from studies
that evaluate glucose concentration in saliva, however if a
correlation exists, estimating salivary glucose levels could
be used as a non-invasive method for determining glucose
levels in diabetics.

Insulin resistance, body composition, and energy balance
have different effects on men when compared to women be-
cause adipose tissue distribution plays the main role in de-
veloping insulin resistance and other complications that de-
velop as a result of obesity.11 Type II diabetics show an in-
creased cardiovascular morbidity and mortality. It has been
seen that postprandial blood glucose is an independent risk
factor for cardiovascular events, with a stronger predictive
power in women.12 This study was done to examine effects
of gender on salivary and blood glucose in type II diabetics
and healthy adults.

2 MATERIALS AND METHODS
80 adults in the age group of 30 – 50 years were recruited for
the study from outpatients attending KIMS Hospital out-
patient department, Bangalore, to determine and compare
salivary glucose levels in diabetics and healthy adults and to
assess the relationship between blood glucose and salivary
glucose levels using the method of colorimetry. They were
divided into 2 groups – diabetics and healthy adults. Both
groups were further divided into 2 groups based on gender
– male and female.

All subjects underwent anthropometric assessment
(recording of height using a stadiometer and also weight to
the nearest 100gms). BMI was also calculated. The blood
and saliva samples were assessed in the lab in the Depart-
ment of Biochemistry, Kempegowda Institute of Medical
Sciences, Bangalore.

Blood and saliva samples were obtained from subjects
after an overnight fast and 2 hours postprandial. Blood
samples were analysed with hexokinase enzyme (automated
analyser) and saliva samples with glucose oxidase enzyme
(colorimeter).

Salivary glucose levels were compared between diabetics
and healthy adults by t – test. Relationship between salivary
and blood glucose was assessed by correlation test. Differ-
ence in salivary and blood glucose levels between diabetic
and healthy males and females was determined by t – test.

The results were presented as mean ± SD and the signif-
icance of any difference was tested with t-test and Mann-
Whitney test wherever appropriate. Differences with P val-

ues < 0.05 were considered statistically significant. Spear-
man’s rank correlation test was used to determine the cor-
relation between blood and salivary glucose values.

3 RESULTS
Salivary glucose is significantly higher in diabetics. The
mean salivary glucose concentration in the fasting state was
9.77 ± 5.34 mg/dl for the study group and 5.77 ± 2.01
mg/dl in the control group, a statistically significant dif-
ference (P <0.001), as shown in Table 2 (Figures 1 & 2).
The mean salivary glucose level in the postprandial state
for the diabetic group was 13.65 ± 5.92 mg/dl and in
healthy adults, 10.57 ± 3.07 mg/dl and this difference
was statistically significant (P <0.001).

Blood glucose is higher in female diabetics and salivary
glucose is higher in male diabetics. The mean salivary glu-
cose concentration in the fasting state in diabetic men was
10.30 ± 7.02 mg/dl and 4.71 ± 1.25 mg/dl in the
control group, a statistically significant difference (P =
0.001), as shown in Table 3 (Figure 3). The mean sali-
vary glucose level in the postprandial state in diabetic men
was 13.76 ± 7.53mg/dl and in healthy men, 9.56 ±
1.56mg/dl and this difference was statistically significant
(P = 0.015). The mean salivary glucose concentration in
the fasting state in diabetic women was 9.38 ± 3.80mg/dl
and 6.23 ± 2.12 mg/dl in the control group, a statistically
significant difference (P<0.001), as shown in Table 3 (Fig-
ure 3). The mean salivary glucose level in the postprandial
state in diabetic women was 13.57 ± 4.57mg/dl and in
healthy men, 11.01 ± 3.46 mg/dl and this difference was
statistically significant (P = 0.015).

Correlation flanked by salivary and blood glucose is not
seen.

4 DISCUSSION
The onset of diabetes mellitus, a constellation of abnormal-
ities caused by insulin resistance and deficiency, in Asia is
at lower BMI levels and younger ages when compared to the
Western population.13 However, the average BMI in Asian
populations is still relatively low. In the present study, the
mean BMI of the study group was 25.37 ± 2.57 kg/m2

and that of the control group was 24.46 ± 3.33 kg/m2

and there was no significant difference between them (P =
0.204) (Table 1).

Asians are possibly more genetically susceptible to insulin
resistance and diabetes than Whites. A few factors that
contribute to the rise in the diabetes epidemic in Asians
are “normal-weight metabolically obese” phenotype, high
prevalence of smoking, excessive alcohol intake, high intake
of refined carbohydrates and dramatically decreased physi-
cal activity levels. It has also been seen that poor nutrition
during intrauterine and in early life followed by overnutri-
tion later in life may also play a role in Asia’s diabetes
epidemic.15
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Alterations in the oral mucosa in diabetes mellitus
has been observed in experimental studies and clinical
practice.28−30 The elevated glucose levels in saliva observed
by Murrah, Crusson and Sauk also confirms the effect of di-
abetic membranopathy, which leads to an increased perco-
lation of glucose from blood to saliva, thus affecting the sali-
vary composition in these patients31 which could explain the
increased levels of salivary glucose in diabetics. The higher
level of salivary glucose in diabetics in postprandial state
suggests the effects of metabolism on simple and complex
carbohydrates which form the major portion of the diet of
South Indians.

There was no correlation seen in the relation between
blood glucose and salivary glucose. A similar result was ob-
served by Sashikumar et al24 for blood and saliva samples
collected in the fasting state and Panchbai et al.6 for post-
prandial and random blood and saliva samples. There is
no correlation probably because separate mechanisms are
involved in the metabolism of salivary and blood glucose.

Our results are supported by some studies but differ from
those obtained by other researchers probably due to diver-
sity in the selection criteria of the samples and the type of
design of each study, differences in the methods employed
in collection of saliva and variation in age of the subjects
studied, and varying levels of metabolic control in diabetic
patients. In order to prevent progression from prediabetes
to frank diabetes and its complications, early identification
of people at risk of developing type II diabetes will help
in preventing. Also if non–invasive methods are employed,
greater number of people will participate in the screening
of diseases.

Geer et al reported that for a given body mass index, men
we have more lean mass while women have higher adiposity.
Women had more peripheral or subcutaneous adipose tissue
compared to men, who, in turn, were found to have more
visceral and hepatic adipose tissue. Along with these dif-
ferences, differences in sex hormones and adipokines, may
explain a more insulin-sensitive environment in women than
in men.11

In a 5 year follow up study, Cavalot et al, observed that
postprandial blood glucose predicts the occurrence of car-
diovascular events in type 2 diabetic patients when com-
pared to fasting blood glucose, this effect being stronger
in women than in men after correction for cardiovascular
risk factors and type of therapy.12 Another study done by
Haas et al noted that fatality rates are higher for women
compared with men with diabetes even though women have
lower rates of obstructive coronary artery disease (CAD).36

In our study, blood glucose is higher in female diabetics
and salivary glucose is higher in male diabetics. The differ-
ences in fasting and postprandial blood glucose and salivary
glucose in male and female diabetics suggest that differences
in clinical signs, development of complications, preventative
approach, prognosis and gender responses to therapy should
be considered to achieve better and continuous glycaemic
control in type II diabetics. The field of gender medicine fo-
cuses on such differences and considers gender a significant
variable in research.

Limitation
The small sample size is a limitation of our study and the

study of larger populations in the future can provide more
information about the relationship between blood glucose
and salivary glucose levels.

5 CONCLUSION
Salivary glucose levels are significantly higher in diabetics
in fasting and postprandial states in our study therefore,
estimation of salivary glucose levels can be used as a mass
screening method for diabetes in large populations. Sex dif-
ferences in fasting and postprandial blood glucose and sali-
vary glucose suggest that differences in gender responses to
therapy should be considered to achieve better and contin-
uous glycaemic control in type II diabetics.
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Table 1. Characteristics of subjects

 Diabetic group     Control group
Male (n)  17  12
Female (n)  23       28
Age (year )  42.03 ± 5.77  39.95 ± 6.43 BMI 
(kg/m2)  25.37 ± 2.57  24.46 ± 3.33

Value sare expressed in mean ± SD

Table 2. Blood glucose and salivary glucose levels of the
groups

Diabetic
group

Control
group

value

Fasting blood glucose
(FBG)(mg/dl)

147.93 ±
65.50

88.00 ±
12.48

<0.001*

Postprandial blood glucose
(PPBG)(mg/dl)

224.40 ±
90.25

126.73 ±
30.85

<0.001*

Fasting salivary glucose
(FSG)(mg/dl)

9.77 ±
5.34

5.77 ±
2.01

<0.001*

Postprandial salivary
glucose (PPSG)(mg/dl)

13.65 ±
5.92

10.57 ±
3.07

0.001*

*Statistically significant difference
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men

Men in
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