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Abstract 

Diabetes is a major cause of mortality and morbidity. However, a large percentage of diabetics live 

without being diagnosed.
9
 The early diagnosis of diabetes can prevent early, long - term complications that 

are responsible for the high morbidity of diabetics. This major global risk is predicted to cause substantial 

financial loss due to increased health care expenditure and lost productivity.
10

 This makes the primary 

prevention of diabetes and its complications, of paramount importance. It is known that diabetes affects 

salivary composition and function.
8
This study was done to examine the effect of age on salivary and blood 

glucose levels in type II diabetics. Salivary and blood glucose levels were estimated and compared in both 

groups. The eighty adults included in our study belonged to the age group of 30 - 50 years and were 

divided into 2 groups - diabetics and healthy adults. Both groups were further divided into 4 groups based 

on age (30-35, 36-40, 41-45, 46-50 years). Blood samples were obtained from subjects after an overnight 

fast and 2 hours postprandial and analysed with hexokinase enzyme using an automated analyser. Saliva 

samples obtained from subjects after an overnight fast and 2 hours postprandial were assessed with 

glucose oxidase enzyme using a 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. 

Difference in salivary and blood glucose levels between age groups was determined by Kruskal-Wallis 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 highest in 36-40 years and salivary glucose in 46-50 years age 

group. There is a temporal shift in the age of diagnosis of diabetes.  

Keywords: Diabetes mellitus; age; blood glucose; salivary glucose. 

 

Introduction 

Diabetes mellitus (DM), a major cause of 

morbidity and mortality, is characterized by 

insulin resistance (IR), impaired insulin secretion 

and increased glucose production.
11

 According to 

IDF (International Diabetes Federation), in 2017, 
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around 425 million adults were living with 

diabetes.
9
 The diabetes burden in Asian countries 

is disproportionately high in young to middle-

aged adults.
13 

The prevalence of diabetes in adults 

in India was estimated at 8.8% with the majority 

lying in the range of 40 – 59 years of age.
9 

It has 

been seen that there is a greater risk of developing 

this disorder among Asian Indians.
14 

There is a 

rising prevalence of diabetes in India for which 

urbanization is to be blamed and it has even 

affected the rural areas.
15

 
 

Saliva is an organic fluid and is made up of many 

constituents like glucose and amylase
16

 and is the 

first biological fluid to be affected by any change 

in eating habits or any environmental or physical 

changes.
17

 Glucose moves through membranes of 

blood vessels as it is a small molecule and then 

passes from the blood plasma via gingival sulcus 

to the gingival fluid, and reaches the saliva.
18 

Diabetes mellitus is known to alter salivary 

composition and function which disrupts the 

homeostasis of the oral cavity and makes it more 

prone for oral diseases.
16

 IR is a prominent feature 

of DM and secondary pathophysiological changes 

in multiple organ systems occur as a consequence 

of this disorder. Vascular complications develop 

due to changes in the metabolism of lipids and 

proteins.
19

  

Previous research has shown that salivary glucose 

levels are raised in diabetics.
16

 While increased 

blood glucose may lead to higher levels of 

salivary glucose,
12

 a decrease in mean glucose 

concentration is seen in the saliva of fasting 

subjects when compared to the control group.
17 

A 

significant correlation was seen between 

postprandial serum and salivary glucose levels in 

both diabetics and nondiabetics (P < .001) in the 

study conducted by Gupta et al.
21

  

Self monitoring of blood glucose has made the 

task of monitoring diabetes less burdensome. 

However, it’s many disadvantages (painful, 

inconvenient, messy, embarrassing, expensive) 

cause patients to find the testing distressing.
21

 

The limited number of studies that evaluate 

glucose concentration in saliva, contradictory 

results obtained from these studies and the fact 

that very few studies have been done to study the 

relationship between salivary and blood glucose in 

fasting and postprandial states in India, prompted 

us to carry out this study. In case, a correlation is 

determined between salivary and blood glucose, 

estimating salivary glucose levels could be used as 

a non-invasive method for determining glucose 

levels in diabetics.  

According to IDF, 1 in 2 people with diabetes 

have gone undiagnosed worldwide in 2017.
9
 

Undiagnosed diabetes can cause progressive 

microvascular and macrovascular damage and if 

left undiagnosed and untreated, it will result in a 

lower life expectancy. In 2017, diabetes caused 4 

million deaths worldwide and at least 727 billion 

US dollars was spent on health expenditure.
9
 

Therefore, it is crucial to develop innovative and 

improved methods of testing for diabetes to lower 

the disease burden.  

There is a shift in age of onset of diabetes to a 

younger age in the recent years in India.
22

 This 

calls for a need for early identification of 

individuals at risk which would contribute 

towards prevention of or delay in the onset of 

diabetes. This would reduce the disease burden on 

the nation. 

 

Materials and Methods 

This study was done to estimate and compare 

salivary glucose levels in diabetics and healthy 

adults. The method of colorimetry was used to 

study this relationship and also to assess the 

relationship between blood glucose and salivary 

glucose levels.  

Our study included 40 type II diabetics and 40 

healthy controls (n=80) in the age group of 30 – 

50 years. They were recruited from outpatients 

attending KIMS Hospital outpatient department, 

Bangalore. Type II diabetics of both genders 

formed part of the experimental group. Age and 

sex matched, non – diabetic, healthy individuals 

were included in the control group. These groups 

were again divided into 4 age – based groups, 30-

35 years, 36-40 years, 41-45 years and 46-50 
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years. All subjects submitted written informed 

consent. The Ethics Review Committee of the 

Institution approved our study. 

The exclusion criteria were severe diabetic 

complications, other systemic illnesses, intake of 

medications other than those for Diabetes 

mellitus, smokers, tobacco users, edentulous 

individuals, history of prior surgery of salivary 

glands, on radiotherapy of head and neck region, 

Sjogren’s syndrome, rheumatoid arthritis or SLE 

and secondary diabetes. 

Blood and saliva samples were assessed and 

glucose levels estimated in the lab in the 

Department of Biochemistry, Kempegowda 

Institute of Medical Sciences, Bangalore. BMI 

was calculated from data obtained (height was 

recorded using a stadiometer and weight to the 

nearest 100gms using a digital weighing scale) 

using the formula weight divided by square of 

height (kilograms per square meter).  

In order to measure fasting and postprandial 

salivary glucose levels, samples of saliva were 

collected on an empty stomach (after 12 hours of 

fasting) and 2 hours postprandial. Spitting method 

was employed to collect saliva samples between 

8am and 11 am. It was ensured that subjects did 

not have any meal or had not practised any oral 

hygiene 90 minutes before the time of collection. 

The subjects were required to gargle their mouths 

with about 5 ml of distilled water for about 2 

minutes and un-stimulated whole saliva samples 

(5 ml) were collected in clean, dry sterile tubes. 

These samples were then frozen at -20ºC and later 

thawed. Following this, samples were centrifuged 

at 3000rpm for 20 minutes and the supernatant 

was stored at –18°C until it was used for 

determining glucose levels. The analysis was done 

within 48-72 hours of collection and each assay 

was repeated three times. All data calculated were 

presented as mean ± SD (Standard deviation) of 

the three values.  

The estimation of salivary glucose was done using 

the Glucose Oxidase kit (Agappe Diagnostics 

Limited, Kerala, India) by the enzymatic 

colorimetric method in colorimeter (CL157) (basis 

of this method – oxidation of glucose by glucose 

oxidase (GOD) followed by determination of 

resulting H2O2 in the presence of peroxidase 

(POD)). 

Blood samples for glucose estimation were 

collected on an empty stomach (after 12 hours of 

fasting) and 2 hours postprandial. An automated 

analyser (cobas e501) was used for blood glucose 

estimation by enzymatic colorimetric test method 

using the Hexokinase Kit (Agappe Diagnostics 

Limited, Kerala, India).  

Results were expressed as mean ± SD and the 

significance of any difference was tested using t-

test and Mann-Whitney test wherever applicable. 

Differences with P values < 0.05 were considered 

statistically significant. Spearman’s rank 

correlation test was used to assess the correlation 

between blood and salivary glucose values. 

 

Results 

While the mean age of the experimental group 

was 42.03 ± 5.77 years, the mean age of the 

control group was 39.95 ± 6.43 years (Table 1). 

The mean BMI of the diabetic group was 25.37 ± 

2.57 kg/m
2
 and that of the control group was 

24.46 ± 3.33 kg/m
2
 (Table 1).  

Salivary glucose is significantly higher in 

diabetics (P<0.001). Table 2 (Figures 1 & 2) 

shows that the mean salivary glucose 

concentration in the fasting state was significantly 

greater than that of the study group (P <0.001) 

and similar results are seen for the mean salivary 

glucose level in the postprandial state. Correlation 

flanked by salivary and blood glucose is not seen 

in both fasting and postprandial states.  

Blood glucose is highest in 36-40 years and 

salivary glucose in 46-50 years age group. (Table 

3, Figures 3,4,5,6) 

Table 1: Characteristics of subjects 

                            Diabetic group           Control group 

Males (n)                   17                                   12 

Females (n)                23                                   28 

Age (years)          42.03 ± 5.77                  39.95 ± 6.43 

BMI (kg/m
2
)         25.37 ± 2.57                 24.46 ± 3.33                                                                  

 Values are expressed in mean ± SD 
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Table 2: Blood glucose and salivary glucose levels of the groups  

 Diabetic group Control group P 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 

 

Table 3: Blood glucose and salivary glucose levels of the groups  

Age Group Fasting blood glucose 

(FBG)(mg/dl) 

Postprandial blood 

glucose (PPBG)(mg/dl) 

Fasting salivary 

glucose (FSG)(mg/dl) 

Postprandial salivary 

glucose (PPSG)(mg/dl) 

30-35 years  113.94 162.12 6.80 10.23 

36-40 years 129.14 192.82 7.26 12.62 

41-45 years 109.32 153.16 7.25 11.48 

46-50 years 117.36 188.05 9.48 13.60 

    Values are expressed in mean 
 

Figure 1: Mean Fasting blood glucose (FBG) and Fasting salivary glucose (FSG) in the groups 

 
 

Figure 2: Mean Postprandial blood glucose (PPBG) and Postprandial salivary glucose (PPSG) in the groups 
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Figure 3: Mean Fasting blood glucose (FBG) in different age groups 

 
 

Figure 4: Mean Postprandial blood glucose (FBG) in different age groups 

 
 

Figure 5: Mean Fasting salivary glucose (FSG) in different age groups 
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Figure 6: Mean Postprandial salivary glucose (PPSG) in different age groups 

 
 

Discussion 

Type II diabetes is caused by the dysregulation of 

insulin release from B cells and insulin resistance 

in peripheral tissues. It is characterised by 

polyuria, polydypsia and weight loss inspite of 

polyphagia, hyperglycemia, glucosuria, ketosis, 

acidosis and coma.
25

 

Asians are possibly more genetically susceptible 

to insulin resistance and diabetes than Whites,
23

 

although, the onset of diabetes is at lower BMI 

levels. All subjects in our study were age-, sex- 

and BMI-matched. There was no significant 

difference between the mean BMI of our study 

group and that of our control group (P=0.204) 

(Table 1).   

In Asia, the onset of diabetes is at younger ages 

when compared to the Western population which 

could be explained by the “normal-weight 

metabolically obese” phenotype, increased 

prevalence of smoking, high alcohol intake, 

excessive intake of refined carbohydrates and 

greatly decreased physical activity levels. A role 

may be played in the diabetes epidemic in Asia by 

the fact that poor nutrition during intrauterine and 

early life is followed by overnutrition later in 

life.
24

 

In developing countries, diabetes is more common 

in the 45-64 year age range.
15

 This was 

corroborated by our study where a greater number 

of people affected by DM were in the age group 

of 46-50 years. The finding of CURES (Chennai 

Urban Rural Epidemiology Study) was supported 

by the temporal shift in the age of diagnosis of 

diabetes in the present study.
16

 Studies showing 

similar results have also reported a very high 

prevalence of undiagnosed diabetes in the 

community.
17 

Lifestyle changes (alterations in the diet or 

increased exercise) can often delay symptoms but 

most diabetics are unable to follow these strictly.
25

 

Hyperglycaemia, a predominant consequence of 

DM, in due course, causes widespread 

multisystem damage. Thus, though glycaemic 

control is important in the management of type II 

DM, care must be taken to detect or manage DM 

related complications early.
11

 It is possible to 

identify at-risk individuals early using simple 

screening methods like the Indian Diabetes Risk 

Score (IDRS). This would greatly contribute 

towards preventing or postponing the onset of 

diabetes and thus reducing the burden on the 

nation.
18,19

  

Sulphonylureas and biguanides the oral 

hypoglycemic agents commonly used in the 

management of DM.
20

 All diabetics in our study 

were on these hypoglycemic agents. 

Patients depend on constant monitoring to 

maintain normal blood glucose levels since no 



 

Sharon M.P. et al JMSCR Volume 07 Issue 07 July 2019 Page 463 
 

JMSCR Vol||07||Issue||07||Page 457-466||July 2019 

cure is known for diabetes. Investigations done 

conventionally include assessments of plasma 

glucose concentrations, glycated haemoglobin 

(HbA1c) and urine testing.  

Amongst non invasive devices being researched to 

provide diabetics an alternative, saliva is currently 

being researched for use in diagnosis of a myriad 

of conditions, for e.g. Sjogren’s syndrome, 

carcinomas and others. Saliva analysis also 

provides important information about the 

functioning of various organs in the body
21 

and 

offers superior advantages over currently 

developed innovative NI techniques because it can 

be collected by individuals with modest training. 

Furthermore, large populations can be screened by 

a cost effective approach.  

In this study, FBG levels in diabetics were 

significantly higher than the non – diabetic group 

where highest value was 114 mg/dl (P<0.001). 

The mean FSG (Fasting salivary glucose) was 

found to be higher when compared to healthy 

adults and this was a statistically significant 

difference (P<0.001) (Table 2) (Figure 1). Of 

many saliva studies done, Thorstensson et al.
22

 

observed a similar finding for FPG levels in 

diabetics whereas Sashikumar et al.
23

 reported that 

FSG was greater in the experimental group.  

The increase in mean PPBG (Postprandial blood 

glucose) in diabetics when compared to non – 

diabetic group in our study was statistically 

significant (P<0.001). The mean PPSG 

(Postprandial salivary glucose) was found to be 

significantly higher in the study group (P=0.001) 

(Table 2) (Figure 2). Amongst similar studies that 

have been conducted, Vasconcelos et al.
10

 found 

that diabetics exhibited a statistically significant 

higher blood glucose levels than the non – 

diabetic group (P= 0.000) and also found that the 

concentration of salivary glucose in diabetic 

patients was significantly higher (P=0.036).  

Normal glucose levels do not affect oral health 

significantly but higher salivary glucose levels 

favour the proliferation of micro organisms.
26 

Murrah, Crusson and Sauk
27

 found changes in the 

basement membrane of the parotid gland of 

diabetic patients and diabetic membranopathy was 

confirmed by elevated glucose levels in saliva. 

Diabetic membranopathy, in turn, causes an 

increased percolation of glucose from blood to 

saliva and thus affects the salivary composition in 

these patients which could explain the increased 

levels of salivary glucose in diabetics. 

The mean PPSG was significantly higher than the 

mean FSG in diabetics and healthy adults 

(P<0.001, P<0.001) (Table 2). Higher 

postprandial salivary glucose in diabetics implies 

that metabolism in the study subjects increases the 

basal levels of salivary glucose (effects of 

metabolism on simple and complex carbohydrates 

which form the major portion of the diet of South 

Indians).  

Correlation flanked by salivary and blood glucose 

was not seen. Several studies corroborated our 

finding.
6,23,26

 This finding suggests that separate 

mechanisms are involved in the metabolism of 

salivary and blood glucose but the exact 

mechanism is yet to be known. Also, the insulin’s 

role in salivary glucose regulation needs to be 

studied. This correlation cannot be validated until 

the salivary glucose estimation is standardised.   

The reasons we acquired findings different from 

studies by other researchers could be the diversity 

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.  

Blood glucose was highest in the age range of 36 

– 40 years and salivary glucose in the 46 – 50 year 

age group. A temporal shift in the age of diagnosis 

was seen in this study. When young adults 

develop diabetes, the longer duration of exposure 

to hyperglycaemia leads to early development of 

complications. Ahmed et al found that 50 percent 

of the subjects in their study were diagnosed at 

≤45 years of age.
35

 This trend could be due to 

unhealthy lifestyle habits and stress of modern 

living.
36

  



 

Sharon M.P. et al JMSCR Volume 07 Issue 07 July 2019 Page 464 
 

JMSCR Vol||07||Issue||07||Page 457-466||July 2019 

All subjects in our study were age and BMI 

matched. Ahmed et al further observed that age of 

diabetes diagnosis was positively associated with 

higher age and systolic blood pressure but not 

associated with HbA1c, cholesterol levels or BMI 

(important cardiovascular risk factors).
 
The rise in 

prevalence of type II DM in young adults has been 

seen to follow the epidemic of childhood obesity 

over the past two decades. Obesity in youth, 

family history, ethnicity and improper prenatal 

conditions are some the predisposing factors of 

diabetes in youth.
35 

The higher prevalence of 

diabetes has also led to a rise in the number of 

people with Metabolic Syndrome (MetS).
38

  
 

Our study, thus, shows that levels of salivary 

glucose were higher in fasting state, as well as, 

postprandial state and both increases were 

statistically significant. No correlation was 

established between blood and salivary glucose 

levels which means that saliva can be used as a 

screening method because salivary glucose levels 

were found to be significantly higher in diabetics.  

Subjects in the age group of 36 – 40 years were 

observed to have the highest blood glucose levels 

while those in the 46 – 50 year age range were 

seen to have the highest salivary glucose levels. 

Since diabetes is now being diagnosed in younger 

age groups, it is of high importance that people at 

risk of developing type II diabetes are identified 

early and lifestyle modifications introduced to 

prevent the transition of prediabetes to frank 

diabetes.  

High birth weight caused by maternal gestational 

diabetes mellitus (GDM) is later associated with 

DM. This could be because foetal over nutrition 

permanently ‘programmes’ organ structure and 

metabolism. After birth, obesity, smoking, 

unhealthy diets and sedentary behaviour interacts 

with foetal exposures and increase disease risk. 

These metabolic effects in offspring have been 

observed after alteration of maternal diet in early 

and postnatal periods in animal studies. Evidence 

in humans, though, is limited.
37

 

 

 

Limitation 

Small sample size was our main limitation. By 

studying larger populations, we can develop a 

better understanding of the effect of age on blood 

glucose and salivary glucose levels. 

 

Conclusion 

Salivary glucose levels are significantly higher in 

diabetics in both, fasting and postprandial states in 

this study which means that salivary glucose 

estimation can be used as a mass screening 

method for diabetes in large populations. 

However, no correlation was seen between blood 

and salivary glucose levels. Further studies with 

greater sample size which help prove a correlation 

would open up opportunities for salivary 

diagnostics in diabetics and help reduce the 

number of undiagnosed cases especially if these 

methods are non – invasive. Juvenile diabetics and 

patients with gestational diabetes mellitus would 

be most benefitted as multiple pricks will not be 

required for drawing blood and multiple sampling 

is possible. Diagnosis of DM in young adults 

shows a temporal shift in the age of diagnosis of 

DM. This calls for early diagnosis and 

management to prevent the dreaded complications 

of this disease. 
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