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INTRODUCTION

Diabetes mellitus (DM) is perhaps one of  the oldest diseases 
known to humankind. Egyptian manuscript reported it for 
the first time about 3000 years ago.[1] DM is a combination 
of  heterogeneous disorders commonly presenting with 
glucose intolerance as well as hyperglycemia, as a result of  
lack of  insulin, defective insulin action, or both.[2] Diabetes 

has become a common global health problem worldwide. 
It has turned out to be one of  the leading reasons of  death 
and disability.[3]

The International Diabetes Federation’s most recent 
estimates indicate that around 8.3% of  adults (382 million 
individuals) are suffering from this disease.[4]

Background: Saliva is a unique fluid, which is important for normal functioning of the oral cavity. Diabetes 
mellitus (DM) is a disease of absolute or relative insulin deficiency characterized by insufficient secretion 
of insulin by pancreatic beta-cells. The diagnosis of diabetes through blood is difficult in children, older 
adults, debilitated and chronically ill patients, so diagnosis by analysis of saliva can be potentially valuable 
as collection of saliva is noninvasive, easier and technically insensitive, unlike blood. The aim of the study 
was to correlate blood glucose level (BGL) and salivary glucose level (SGL) in DM patients.
Methodology: A cross-sectional study was conducted in 120 patients, who were categorized as 40 controlled 
diabetics, 40 uncontrolled diabetics and 40 healthy, age- and sex-matched individuals constituted the controls. 
The blood and unstimulated saliva samples were collected from the patients at the different intervals for fasting, 
random and postprandial levels. These samples were then subjected for analysis of glucose in blood and saliva 
using glucose oxidase/peroxidase reagent in HITACHI 902(R) Automatic analyzer, and the results were recorded.
Results: The mean SGLs were higher in uncontrolled and controlled diabetic groups than in nondiabetic 
group. A highly statistically significant correlation was found between fasting saliva glucose and fasting 
blood glucose in all the groups.
Conclusion: With increase in BGL, increase in SGL was observed in patients with diabetes suggesting that 
SGL can be used for monitoring glycemic level in DM.
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The main concern is that this figure is set to rise further 
by 592 million in not more than 25 years. With 175 million 
of  undiagnosed cases at present, an enormous crowd 
with diabetes are rolling in the direction of  complications 
unprepared.[4] Prevention, well‑timed diagnosis and 
management are important in patients with DM.[5]

For this reason, the investigative procedures must be 
customarily employed to diagnose and monitor diabetes. 
The most consistently employed procedures are blood 
investigations. These are invasive procedures and offer a 
great deal of  discomfort and anxiety, especially to pediatric 
and geriatric patients. Considering this, there is a critical 
need for the development of  noninvasive procedure for 
diagnosing and monitoring diabetes.[6]

Saliva is only one of  its kind and curiosity in it as a 
diagnostic media has vastly developed.[7]

The aim of our study was to evaluate the “Correlation of salivary 
glucose level with blood glucose level in diabetes mellitus.”

Source of data and sample size
The present study was conducted in the Department of  
Oral Pathology and Microbiology, Teerthanker Mahaveer 
Dental College and Research Centre, Moradabad, on 
individuals with ages ranging from 20 to 75 years.

Inclusion criteria:
1. Patients diagnosed with DM in age range 20–75 years
2. Age‑ and gender‑matched healthy individuals for control.

Exclusion criteria:
1. Patients having any other systemic diseases and on 

regular medication for the same
2. Pregnant women
3. Mentally compromised
4. Uncooperative patients.

The present study included 120 patients who were 
categorized into 3 groups, each consisting of  40 patients.
• Group A: Patients with controlled DM
• Group B: Patients with uncontrolled DM
• Group C: Age‑ and sex‑matched healthy nondiabetic 

individuals (control).

METHODOLOGY

Saliva and blood samples were collected from the patients 
at the different intervals; after 8 h of  fasting, that is, in the 
morning before 9 am; postprandial, after 2 h of  having 
food and randomly, that is, at any time of  the day.

Salivary sample collection
The unstimulated whole saliva was used for the estimation of  
salivary glucose. Unstimulated whole saliva (2 ml) was collected 
by draining method with study participants sitting straight in 
a comfortable position in a calm isolated room.

Blood sample collection
A volume of  2 ml of  peripheral venous blood was collected 
from the antecubital vein with syringe into a sterile test‑tube.

Salivary glucose and blood glucose estimation
Each unstimulated saliva sample and blood sample were 
centrifuged at 3000 rpm for 20 min. Clear supernatants 
were processed immediately for estimation of  glucose. 
Glucose was analyzed by glucose oxidase end‑point assay. 
HITACHI® 902 Automatic analyzer was used for the 
estimation of  glucose and readings were noted for both.

RESULTS

The mean fasting blood glucose (FBG), postprandial 
blood glucose (PPBG), random blood glucose (RBG) 
and fasting saliva glucose (FSG), postprandial salivary 
glucose (PPSG), random salivary glucose (RSG) was 
compared among Group C, Group B and Group A using 
the Kruskal–Wallis test. There was a significant difference 
across the 3 groups [Tables 1 and 2].

The correlation between FBG and FSG was assessed for all 
3 groups using the Pearson’s correlation test. There was a 
significant correlation between FBG and FSG [Tables 3‑5].

DISCUSSION

Diabetes is one of  the globally wide‑spread disease. Blood 
is taken as analytical body fluid for its diagnosis. A range of  
diagnostic devices is available in the market to determine 
the blood glucose level (BGL). A need arises to establish a 
noninvasive procedure to establish the glucose level without 
taking blood.[8]

Saliva has a great role in the homeostasis of  the oral 
cavity because it stabilizes the ecosystem of  the oral 
cavity; and hence, it serves as a brilliant marker to timely 
discover the disease that further leads to more successful 
treatment, risk estimation, estimation of  glucose level 
and it is a simple, noninvasive alternative to blood and 
urine tests.[9,10] Saliva is said to be the ultrafiltrate of  
blood. Glucose is one of  the blood components that 
are transferable across the salivary gland epithelium in 
proportion to its concentration in blood. Whole saliva is 
the biologic fluid that is simple to collect.[10] If  a glucose 
level measuring procedure is developed that can monitor 
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glucose level noninvasively, it will make early detection 
of  DM possible.[8]

Of  all salivary parameters, salivary glucose, appears 
to be most closely related to the oral environment in 
patients with diabetes. Normal glucose levels in saliva are 
0.5–1.00 mg/100 ml and do not considerably have an effect 
on oral health or support the growth of  microorganisms.

Biochemistry reveals that the normal value of  salivary 
glucose in a healthy nondiabetic individual is <2 mg/dl.[11]

In the present study, statistically significant correlation was 
found between salivary glucose level (SGL) and BGL in 
patients with diabetes and controls as well. Significantly 
higher mean SGL was found in group with diabetes 
compared to healthy nondiabetic group. For Group A 
Controlled Diabetic group, the mean FSG was 4.86 ± 1.37 
mg/dl, and the mean FBG was 121.53 ± 34.24 mg/dl. 
Pearson’s correlation test showed significant correlation 
at 0.01 level.

Few studies that are documented had the values in accordance 
to our study. The study by Abikshyeet et al. revealed the mean 
FSG as 4.22 ± 3.59 mg/dl for diabetic group.[12] Soares et al. 
obtained mean of  FSG of  diabetic group as 5.91 ± 2.19 
mg/dl.[13] In the study by Panchbhai et al. in 2010, the mean 
FSG was 7.64 ± 6.44 mg/dl.[14] Panchbhai again did a study 
in 2012 and found FBG as 6.83 mmol/l.[10]

Many studies are acknowledged where the values of  SGL of  
controlled diabetics did not match the values of  our study. 
Rosamund Harrison and William H. Bowen conducted a 
study and recorded the SGL as 11.0 ± 2 µg/ml for good 
controlled DM.[15] As for the study by  López  et al. the values 
recorded for diabetic group was 1.48 ± 2.15 mg/dl.[16] The 
study done by Kumar et al. had 7.4–17.8 mg/dl as SGL in 
controlled diabetic group.[17] Studies conducted by Mussavira 
et al. had 3.41 mg/dl as mean FSG in controlled diabetic 
group.[18] Ravindran et al. did a study and observed mean 
of  FSG as 6.567 ± 3.04 mg/dl for the diabetic group.[19]

In our study, controlled diabetics (Group A) mean 
PPSG was 4.26 ± 2.22 mg/dl. The mean of  PPBG was 
185.85 ± 17.15 mg/dl. Pearson’s correlation test revealed 
nonsignificant correlation (P > 0.05). A  study conducted 
previously by Panchbhai in 2012 and PPBG for controlled 
diabetics was recorded as 9.07 mmol/l, and PPSG for the 
same group was 0.42 mmol/l, which was not in accordance 
to our values.[10] Our study for Group A revealed the mean 
RSG level was 3.59 ± 1.66 mg/dl and mean RBG level was 
157.18 ± 18.14 mg/dl. Pearson’s correlation test revealed 

Table 1: Comparison of mean FBG, PPBG and RBG among 
Group C, Group B and Group A using the Kruskal-wallis test

Mean±SD Mean rank Critical value P

FBG
Group C 78.39±9.25 21.53 102.496 0.000***
Group B 283.23±68.87 100.25
Group A 121.53±34.24 59.73

PPBG
Group C 124.48±18.86 20.70 104.893 0.000***
Group B 365.60±65.12 100.35
Group A 185.85±17.14 60.45

RBG
Group C 112.28±13.41 20.50 105.452 0.000***
Group B 342.40±72.57 100.34
Group A 157.18±18.14 60.66

***Very highly significant difference (P≤0.001). SD: Standard 
deviation, FBG: Fasting blood glucose, RBG: Random blood glucose, 
PPBG: Postprandial blood glucose

Table 2: Comparison of mean FSG, PPSG and RSG among 
Group C, Group B and Group A using the Kruskal-wallis test

Mean±SD Mean rank Critical value P

FSG
Group C 0.78±0.09 20.55 102.559 0.000***
Group B 11.33±2.75 97.98
Group A 4.86±1.37 62.98

PPSG
Group C 1.40±0.83 27.41 71.734 0.000***
Group B 7.57±2.55 93.26
Group A 4.26±2.22 60.83

RSG
Group C 1.16±0.70 26.98 68.601 0.000***
Group B 6.97±3.00 91.16
Group A 3.59±1.66 63.36

***Very highly significant difference (P≤0.001). SD: Standard 
deviation, FBG: Fasting blood glucose, RBG: Random blood glucose, 
PPBG: Postprandial blood glucose

Table 3: Correlation between FBG and FSG for Group C using 
the Pearson’s Correlation test
Group C FBG

FSG 0.890
Pearson correlation
P 0.001**
n 40

**Correlation is significant at the 0.01 level. FSG: Fasting saliva glucose, 
FBG: Fasting blood glucose

Table 4: Correlation between FBG and FSG for Group B using 
the Pearson’s Correlation test
Group B FBG

FSG 0.888
Pearson’s correlation
P 0.000**
n 40

**Correlation is significant at the 0.01 level. FSG: Fasting saliva glucose, 
FBG: Fasting blood glucose

nonsignificant correlation. (P > 0.05) values obtained 
by Balan et al. had RBG 120‑200 mg/dl, and RSG was 
4.95 ± 2.479 mg/dl, which was similar to our value.[20] The 
study by Shahbaz et al. revealed mean RSG for controlled 
diabetics as 7.4–17.8 mg/dl which did not match our values 
of  the present study.[17]
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In our study for Group B that is uncontrolled diabetic group, 
the mean of  FSG Level was 11.33 ± 2.75 mg/dl. The mean 
of  FBG level was 283.23 ± 68.87. Pearson’s correlation test 
showed significant correlation at the 0.01 level.

Few studies had values in accordance to our study. The study 
by Hegde et al. revealed mean SGL as 10.46 ± 6.50 mg/dl 
for diabetic group.[21] Panchbhai et al. obtained mean of  FSG 
of  uncontrolled diabetic group as 8.09 ± 6.45 mg/dl.[14] In 
the study by Agrawal et al., the mean FBG of  the patients in 
diabetic group was 171.31 ± 54.23 mg/dl, and the mean FSG 
of  the patients in diabetic group was 10.93 ± 1.93 mg/dl.[8] 
Mirzaii‑Dizgah et al. found FBG as 134–336 mg/dl and FSG 
as 9–15 mg/dl for diabetic group.[22] FSG was 10.4–15.5 mg/
dl in the study by Kumar et al.[17] Satish et al. found FSG for 
diabetic group as 12.11 ± 6.38 mg/dl.[23]

In our study for Group B, the mean PPSG level 
was 7.57 ± 2.55 mg/dl. The mean of  PPBG was 
365.60 ± 65.12 mg/dl. Pearson’s correlation test revealed 
significant correlation at 0.01 level.

Postprandial values of  study by Panchbhai et al. did not 
match our values.[10] Our present study revealed the 
mean RSG level was 6.9 ± 3.00 mg/dl RBG level was 
342.40 ± 72.57 mg/dl. Pearson’s correlation test revealed 
significant correlation at 0.01 level. The study performed 
by Balan et al. had RBG <200 mg/dl and RSG was 
13.35 ± 6.61 mg/dl which was similar to our value.[20]

In our study for Group C healthy nondiabetic group, the 
mean of  FSG Level was 0.78 ± 0.09 mg/dl, and the mean 
of  FBG level was 78.39 ± 9.25. Pearson’s correlation test 
showed significant correlation at 0.01 level.

Few studies that are documented had the values in accordance 
to our study. Harrison and Bowen did a study and recorded 
the SGL as 5.0 ± 1.0 µg/ml for healthy subjects.[15]   López 
et al. conducted a study and revealed 0.75 ± 1.57 mg/dl 
as SGL for nondiabetics.[16] The study by Abikshyeet et al. 
revealed mean FSG as 1.23 ± 0.52 mg/dl and mean FBG 
as 86.82 ± 9.46 mg/dl for nondiabetic group.[12] Shahbaz 
et al. obtained mean of  FSG of  the healthy group as 
0.813 ± 0.077 mg/dl, and mean FBG as 82.96 ± 6.92 mg/dl 

for the same group.[24] Vagish Kumar revealed mean FSG 
for healthy individuals as 0.64 ± 1.23 mg/dl and mean FBG 
as 115.78 ± 21.04 mg/dl.[25]

Many studies have been conducted, and their values of  SGL 
for healthy group did not match the values of  our study. 
The study done by Hegde et al. the values recorded for 
healthy group was 7.41 ± 3.44 mg/dl.[21] The study done by 
Panchbhai et al. had 1.89 ± 1.44 mg/dl as SGL in nondiabetic 
group.[14] The studies conducted by Agrawal et al. had 
6.08 ± 1.16 mg/dl as mean FSG and FBG as 92.11 ± 9.39 
mg/dl in nondiabetic group.[8] Pratibha et al. in their study 
got 4.33 ± 0.29 mg/dl as mean FSG in nondiabetics.[26] 
Mirzaii‑Dizgah et al. revealed mean FBG as 74–118 mg/dl 
and mean FSG as 0–7 mg/dl.[22] Satish et al. in their study 
obtained mean FSG as 4.32 ± 0.62 mg/dl and mean FBG 
as 90.5 ± 11.19 mg/dl.[23] Gupta et al. concluded the mean 
FSG for healthy individuals as 6.58 mg/dl.[27] In a study done 
by Mussavira et al., the healthy group had mean FSG as 2.07 
mg/dl.[17] Ravindran et al. did a study and observed mean of  
FSG as 1.867 ± 0.9732 mg/dl for the nondiabetic group.[19]

In our study, for Group C, mean PPSG level was 
1.40 ± 20.83 mg/dl.  The mean of  PPBG was 
124.48 ± 18.86 mg/dl. Pearson’s correlation test revealed 
nonsignificant correlation (P > 0.05).

Our study in relation to Group C revealed the mean 
RSG level was 1.16 ± 0.70 mg/dl and mean RBG level 
was 112.28 ± 13.41 mg/dl. Pearson’s correlation test 
revealed nonsignificant correlation (P > 0.05.) The study 
performed by Balan et al. had RBG <120 mg/dl and RSG 
was 1.18 ± 0.675 mg/dl for healthy group which was 
similar to our value.[20] The study by Shahbaz et al. revealed 
mean RSG for healthy individuals as 2.2–6.8 mg/dl which 
did not match our values of  the present study.[17]

The regression coefficient presents the amount of  
increase or decrease in the serum glucose for a unit change 
in the salivary glucose. This means from a known value of  
SGL; we can calculate BGL using the regression equation.
1. FBG = 68.650 + 28.050 FSG [Graph 1]
2. PPBG = 106.086 + 27.037 PPSG [Graph 2]
3. RBG = 95.607 + 27.710 RSG [Graph 3].

Regression coefficient was formulated by few studies. 
The study conducted by Abikshyeet et al.[12] revealed the 
regression equation as serum glucose = 99.664 + 13.027 
salivary glucose.

Shahbaz et al.[24] obtained the regression equation as serum 
glucose = 94.56 salivary glucose + 13.37.

Table 5: Correlation between FBG and FSG for Group A, using 
the Pearson’s Correlation test
Group A FBG

FSG 0.901
Pearson correlation
P 0.000**
n 40

**Correlation is significant at the 0.01 level (Two‑tailed). FSG: Fasting 
saliva glucose, FBG: Fasting blood glucose
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Numerous researchers have worked in the field of  salivary 
diagnostics for DM. The present study is unique because 
the salivary as well as blood samples were obtained from 
the same patient and were subjected for estimation of  
fasting, postprandial and random glucose levels. This study 
also involved the derivation of  the equation of  regression 
coefficient for the prediction of  BGL from SGL for all 
three parameters that is for random, postprandial and 
fasting glucose levels.

CONCLUSION

This study reveals that salivary glucose is increased in 
diabetics. Significant correlation was found between FSG 
level and FBG level of  controlled diabetes, uncontrolled 
diabetes and healthy individuals. This means that saliva 
can be used as adjuvant diagnostic tool to blood in early 
diagnosis for DM. Saliva also finds great advantage over 
blood in case of  children, elderly, critically ill and debilitated 
patients.

However, further studies need to be undertaken involving 
larger sample size, using different methods of  saliva and 
blood collection, by taking glycosylated hemoglobin to 
estimate BGLs. The patients who are on medications 
show alteration in salivary secretion and its flow, and these 
criteria must be taken into consideration. The standardized 
procedure of  salivary glucose estimation for DM may 
herald a new era in noninvasive method of  diagnosis.
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