
INFRARED THERMOMETER: A SURROGATE TOOL FOR THE UNDIAGNOSED 

DIABETES IN COMPARISON WITH THE INDIAN DIABETES RISK SCORE  
 
 

S Sivanandam1, Anushree2, B, B Sruthartha3, K Lashya4, B Anithakrithi5, P Naveena6   

2,3,4,5,6SRM University, Chennai. 
1Assistant Professor (Senior Grade), Department of Biomedical Engineering, SRM University, 

Chennai, India. 

sivanandam.s@ktr.srmuniv.ac.in1,ssnandam@gmail.com2 

 

  

Abstract: The study aims to screen the undiagnosed 

diabetes using a non-contact infrared (IR) thermometer 

in comparison with the Indian Diabetes Risk Score 

(IDRS) and the fasting blood glucose. A randomized 

study population of N=106 were included and their 

anthropometrical parameters along with the fasting 

blood glucose (FBG) level were obtained. Further, the 

skin surface temperature at the various body regions was 

obtained using the handheld IR thermometer. The study 

subjects were grouped into low risk (n=17), medium risk 

(n=57) and high risk (n=32) based on the IDRS criteria. 

The one-way ANOVA test was used to study the level 

of significance among the study group. The results 

indicate that the age (p=0.000), the non-invasively 

estimated blood glucose (NEBG) (p=0.000), waist and 

hip circumference (p=0.000), skin surface temperature 

at the forehead (p=0.006), neck (p=0.002) and the 

carotid region (p=0.021) was statistically significant 

among the study group. The receiver operating 

characteristics was studied to reveal the efficacy of the 

FBG Vs IDRS (AUC: 0.696) and the NEBG Vs IDRS 

(AUC: 0.783). The significant parameters were used to 

train the neural network using Matlab tool with NEBG 

as the target parameter. The confusion matrix for the 

trained sample and the unknown test sample resulted in 

an overall accuracy of 97.8% and 81% respectively. In 

conclusion, the infrared thermometer could be used as 

an early screening tool for diabetes to prevent the 

progression of metabolic complications.  

Keywords: Diabetes, infrared, non-invasive diagnosis, 

IDRS, thermometer, skin temperature  

1. Introduction 

    Diabetes mellitus includes a group of metabolic 

disorders. It has been characterized by the chronic 

hyperglycaemia which is caused due to the insufficient 

production of insulin by the pancreas (type 1) or due to 

the improper response of the cells to the secreted insulin 

(type 2) [1]. Relatively, a large percentage of world 

population has been affected by the diabetes mellitus, 

out of which approximately 5-10% are affected by type 

1 diabetes mellitus while remaining 90% are affected 

with type 2 diabetes mellitus. According to the Institute 

for Health Metrics & evaluation at University of 

Washington, there is an increase of 123% in rate of 

diabetes cases between 1990 and 2013 [2]. In a 

developing country like India it is the need of the hour 

to introduce a cost effective method for early screening 

and diagnosis of the diabetes mellitus. The non-invasive 

parameters like the Indian Diabetes Risk Score (IDRS), 

skin surface and core body temperature, anthropometric 

measurements like weight, height, body mass index 

(BMI), waist and hip circumference were identified as a 

potential noninvasive tool for screening the diabetes [3].   

The objectives of the study are (i) to prove the efficacy 

of the cost effective, non-contact infrared (IR) 

thermometer as an early screening tool for diabetes (ii) 

to compare and validate the test results of the clinical 

biomarker and the IR thermometer with the Indian 

Diabetes Risk Score (IDRS) (iii) to find the 

compatibility of the non-invasive blood glucose 

estimation model that was developed using IR thermal 

imaging with the IR thermometer readings.  

Methods and materials 

   The study was conducted with the subjects (n=106) 

dwelling in the apartments of the Chennai, Tamilnadu, 

India. The study subjects of male (n=51) and female 

(n=55) aged 18-70 years were included in the study. The 

exclusion criteria were fixed as those suffering from 

fever, hyperhidrosis and pregnant women were 

excluded. The study was conducted with the approval 

from the Institution ethical committee. The informed 

consent form and the completed questionnaire were 

obtained from all the study participants. The study 

participants were allowed to relax for 10 minutes in a 

constant room temperature of about 27oC to eliminate 

the short lived minor temperature variations [4]. The 

study subjects were classified into low risk, medium risk 
and high risk based on the IDRS criteria.   

Fasting blood glucose measurement 

   The blood sample extraction was performed in the 

subjects under fasting for 8 hours to study the blood 
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glucose measurement levels based on the biochemical 

hexokinase method in Hitech Diagnostic Centre, 

Chennai.  

Blood pressure measurement 

     Systolic and diastolic blood pressure measurements 

were taken using Omron (SEM-1), an automatic blood 

pressure monitoring device, with a pressure accuracy of 

±3mmHg or 2% of reading and a pulse accuracy of ±5% 

of reading. The subjects were made to sit in a resting 

position for a time period of 5 minutes before taking the 

measurements. The measurements were taken on the 

right arm of each subject. It was made sure that the 

device was kept in line with the subject’s heart, for high 

accuracy.   

Temperature measurements 

     The participants were first exposed to a constant 

room temperature for duration of 10 minutes. The 

temperature of the internal environment of the body and 

the skin surface temperature were measured using an 

infrared ear thermometer [Operon (TS-4)] and infrared 

thermometer (Rycom) respectively [5]. The core body 

temperature was measured inside the auditory canal of 

the ear and the surface temperature of the body regions 

were measured on the contra lateral sides of the body 

with an accuracy of ±0.3°C. The thermometer was 

calibrated against the standard temperature 

measurement and to maintain the uniformity in the 

readings the thermometer was aimed at 1 cm away from 

the region of interest and also to improve the level of 

accuracy the region of interest was covered with 

multiple points and the aggregate was chosen for all the 

regions.    

Anthropometric measurements 

    In order to obtain anthropometric measurements, 

height, weight, hip circumference and waist 

circumference were considered.   

Measurement of IDRS (Indian Diabetes Risk Score) 

   Factors like, age, physical activity, family history and 

the abdominal obesity are considered. There are 3 risk 

factors for IDRS. The sums of the scores of these 

parameters are taken into consideration in order to 

obtain the IDRS. An IDRS < 30 indicates low risk, 30 ≤ 

IDRS ≤ 50 indicates medium risk and IDRS ≥ 60 

indicates high risk for diabetes [6].  

Measurements and Analysis 

    The fasting blood sugar level was measured and used 

as the reference parameter. The other parameters were 

compared with FBS in order to obtain a non-invasive 

parameter for screening of diabetes. The parameters 

considered for comparison with FBS are temperature, 

anthropometric measurements, BMI, blood pressure and 

IDRS. The obtained data were computerized and 

analyzed using the SPSS statistical tool and Matlab tool 

version R2014a. The one-way ANOVA was performed 

to analyse the demography and the Pearson’s correlation 

was used to find the correlation between the obtained 

significant parameters. The data were divided in a 

random manner for training (n=62), validation (n=14), 

testing (n=14) and the additional testing (n=16) was 

carried out to test the trained network based on the scaled 

conjugate gradient back propagation network.  

Results 

      The demography of the study subjects were analyzed 

using the one-way ANOVA test by grouping the 

subjects as low risk, medium risk and high risk as per the 

IDRS criteria (table 1). The test results indicate that age 

(years) was significant (p=0.000) among study group. 

The fasting blood glucose obtained by the blood sample 

extraction method was not significant; whereas, the non-

invasively estimated blood glucose (NEBG) based on 

the linear regression model comprising parameters like 

the age of the study subject, body surface temperature at 

the knee and carotid portion at the lateral region of the 
neck was significant (p=0.000) among the study group. 

Further, the BMI, waist and hip circumference was 

significant (p=0.000) among the study group. Among 

the body regions, the skin surface temperature of the 

forehead (p=0.006), neck (p=0.002) and the carotid 

region (p=0.021) was significant among the study group.   

 The table 2 describes the Pearson correlation was 

studied among the high risk group in which the IDRS 

exhibits positive correlation with age (r=0.443, p<0.01) 

and waist circumference (WC) (r=0.397, p<0.01); 

further, IDRS indicates negative correlation with FBG 

(r=-0.366, p<0.05) and height (r=-0.351, p<0.05). The 

NEBG specifies positive correlation with age (r=0.375, 

p<0.05) and WC (r=0.316, p<0.05); whereas, NEBG 

exhibits negative correlation with the carotid (r=-0.528, 

p<0.01), forearm (r=-0.292, p<0.05), knee (r=-0.582, 

p<0.01) and the anterior part of the leg (r=-0.298, 

p<0.05).   

     The age of the subjects indicate negative correlation 

with DBP (r=-0.421, p<0.01) and weight (r=-0.306, 

p<0.05). The FBG specifies positive correlation with 

SBP (r=0.342, p<0.05) and DBP (r=0.426, p<0.01). The 

SBP has indicated negative correlation with the surface 

temperature of the knee (r=-0.299, p<0.05); weight of 

the subject indicated negative correlation with the 

forehead (r=-0.397, p<0.01) and the anterior part of the 

leg (r=-0.336, p<0.05). Further, the BMI indicated 

negative correlation with the surface temperature of the 

neck region (r=-0.386, p<0.01) and the anterior part of 

the leg (r=-0.324, p<0.05).   
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Table1. Demography of the study population 

aIDRS: Indian Diabetic Risk Score bFBS: Fasting Blood 

Glucose  
cNEBG: Non-invasively Estimated Blood Glucose  
dSBP: Systolic Blood Pressure eDBP: Diastolic 

Blood Pressure fBMI: Body Mass Index gWC: 

Waist Circumference hHC: Hip Circumference  

 

The efficacy of the FBG and the NEBG in comparison 

with the IDRS has been studied through the receiver 

operating characteristics curve (ROC) in which the area 

under the curve (AUC) for the FBG indicates AUC: 

0.696 (Fig. 1a); whereas, NEBG indicates AUC: 0.783 

(Fig.1b).  

  

  

Table 2. Pearson correlation for the high risk group 

  

   1  

            

Age (years) 
aIDRS bFBG 

(mg/dl) c 

NEBG (mg/dl) 
dSBP (mm Hg) 
eDBP (mm Hg)  

Height (cm) 

Weight (Kg) 
fBMI (Kg/m2) 
gWC (cm) 
hHC (cm) 

Forehead (oC)  

Neck (oC)  

Ear (oC)  

Carotid (oC)  

Palm (oC)  

Forearm (oC)  

Knee (oC)  

Leg (Anterior)  

(oC)  

Foot (oC)  

26±9  

16±7  

112±94  

121±28  

124±25 

76±14  

168±13  

68±14 

24±5  

76±19  

94±13  

35.35±0.43 

35.10±0.59 

36.04±0.20 

34.77±0.79 

33.63±1.73 

33.38±1.01 

32.61±0.78  

32.98±0.61  

30.67±1.33  

39±15  

42±8  

102±34  

127±28  

125±17 

80±8  

163±10  

66±14 

24±4  

86±15  

96±11  

35.03±0.71 

34.91±0.83 

35.98±0.32 

34.84±0.77 

34.93±3.32 

33.71±0.75 

32.98±0.85  

33.31±0.84  

30.71±1.51  

53±12  

72±10  

114±36  

163±45  

135±20  

81±11  

154±7  

72±12  

30±5  

102±12  

105±9  

34.67±0.82 

34.38±0.73 

35.98±0.24 

34.16±1.65 

34.46±0.81 

33.48±0.73 

33.03±1.27  

33.29±0.73  

31.92±4.32  

0.000**  
 
 

0.000**    

0.542    

0.000**  

0.050    

0.402    

0.000**  

0.132    

0.000**    

0.000**  

0.000**  
 
 

0.006** 

  

0.002**  

  

0.764  

0.021*    

0.183    

0.235  

0.340    

0.285    

0.094    

Parameters     IDRS   NEBG   Age   FBG   SBP   Weight   BMI   WC   

N E BG   
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Age  

FBG  

SBP  

DBP  

0.443**  

-0.366*  

  

  

0.375*  

  

  

  

1  

  

  

-0.421**  

  

1  

0.342*  

0.426**  

  

  

1  

0.670**  

  

  

  

  

  

  

  

  

  

  

  

  

Height  

Weight  

BMI  

WC  

HC  

Forehead  

Neck  

Carotid  

Forearm  

Knee  
Leg  

(Anterior)  

-0.351*  

  

  

0.397**  

  

  

  

  

  

  

  

  

  

  

0.316*  

  

  

  

-0.528** -

0.292*  

-0.582**  

-0.298*  

  

-0.306*  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

-0.299*  

  

  

1  

0.834** 

0.548**  

0.510**  

-0.397**  

  

  

  

  

-0.336*  

  

  

1  

0.619**  

0.662**  

  

-0.386**  

  

  

  

-0.324*  

  

  

  

1  

0.432**  

  

  

  

  

  

  

  
** Correlation is significant at the 0.01 level (2-tailed) * 

Correlation is significant at the 0.05 level (2-tailed)  
  

     

Figure 1. The ROC curve depicts the area under curve 

for FBG against IDRS (1a) and NEBG against IDRS 

(b).  

 The diagnostic efficiency has been validated by training 

the back propagation neural network with all the 

significant parameters namely, age, height, BMI, WC, 

HC, skin surface temperature at the forehead, carotid 

and the neck region as the input parameters and NEBG 

as the target parameter. The overall accuracy for the 

trained (fig.2a) and tested set (fig.2b) of samples had 

resulted as 97.8% and 81.3 % respectively.   
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Figure 3. The confusion matrix indicates the diagnostic 

accuracy with the trained set of samples as 97.8% (a) 

and with the exclusive test sample as 81.3% (b).  

   Further, the Clarke’s error grid analysis was carried 

out to study the efficacy of the NEBG against the FBG. 

The test result indicated that study samples were plotted 

in the A region (23%), B region (71%), C region (4%), 

D region (2%) and E region (0%). The results indicated 

better diagnostic efficacy as 94% of the test samples 

have been grouped under region A and B altogether (fig. 

3).  

 

  

Figure 4. The Clarke’s error grid analysis depicts the 

diagnostic efficacy of the NEBG in comparison to the 

biomarker.  

Discussion 

      The principal findings of the study are (i) the 

screening of the blood glucose could be carried out using 

the low cost, non-contact, non-ionizing infrared based 

hand held thermometer (ii) the regression model 

developed based on the thermography principle was well 

suited for the infrared thermometer as well due to the 

nature of skin temperature dependence of this metabolic 

disorder (iii) the NEBG based on the age, body surface 

temperature at the knee and the carotid artery at the 

anterior portion was found to be comparatively better 

than the FBG that has been obtained using blood sample 

extraction method..  

 The advancing age of the individual is an evitable factor 

for the onset of the metabolic disorders in the earlier 

stage of life when there were no regular physical 

activities and well controlled diet has been practiced [7].  

The NEBG has used the age and the skin temperature as 

the prime parameters to quantitatively study the blood 

glucose level of the individual; thereby, the mass rural 

screening could be conducted with the help of IDRS and 

the hand held infrared based thermometer. The 

dependence on the blood sample extraction and the 

timely processing of the sample for obtaining accurate 

results could be relaxed. Further, the NEBG method was 

completely safe and less time consuming in producing 

the results.   

     The statistical significance of the anthropometrical 

measurements like height, BMI, waist and the hip 

circumference indicate that the abdominal obesity has to 

be kept under control to in both the genders. Further, the 

results signify that the subjects who are shorter in height 

are more prone to diabetes than the comparatively taller 

subjects. As per the Deutsches Zentrum für 

Diabetesforschung (DZD) scientist Stefan N et al., the 

taller subjects have lower risk of cardiovascular disease 

and type 2 diabetes in comparison to the shorter subjects 

[8]. This could be due to the excess animal protein intake 

which has calorific value. Further, the taller subjects 

might be more sensitive to insulin action and the fat 

deposits in the liver could be lesser.   

     The skin surface temperature of the forehead, neck 

and the carotid region was significant among the study 

group which signifies that the body metabolism steadily 

decreases from the low risk group to the high risk group 

due to the increased insulin resistance and the decreased 

cellular metabolism. According to Hilarygreen, et al, 

core body temperature decreases by 0.21ºC with an 

increase in the glucose level of the body [9].   

    The positive correlation of the IDRS with age and the 

waist circumference indicates that the advancing age and 

the increased WC are the primary factors to be 

considered for the metabolic disorders [10, 11].  Further, 
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the negative correlation of IDRS with FBG among the 

study individuals could be due to that high risk subjects 

would have taken a controlled diet on the day prior to 

testing based on the prior information. The subjects who 

are shorter may have greater risk for the diabetes as the 

progression of the age, increase in the abdominal 

adiposity and genetic factors play a vital role. The 

NEBG indicates positive correlation with the age this 

could be due to the dependence on the age and WC with 

the body metabolism. The NEBG was negatively 

correlated with the skin surface temperature at the 

carotid forearm, knee and the anterior part of the leg 

region. The negative correlation between the NEBG and 

the skin surface temperature of the body regions indicate 

that the metabolism decreases due to the increase in the 

insulin resistance and obesity [12]. Further, the age was 

negatively correlated with the DBP and weight of an 

individual; this could be due to the physical and 

cognitive dysfunction that leads to increased risk for 

mortality [13]. The progression of the age leads to 

decrease in the diastolic blood pressure among the high 

risk group; this could be due to the decrease in the blood 

volume [14]. The age of the high risk group of subjects 

with less weight could be due to the decrease in the bone 

mineral density [15, 16]. The FBG indicates positive 

correlation with the SBP and the DBP; this could be due 

to the increased atherosclerosis and its dependence on 

the plasma glucose [17].  The weight of the high risk 

group of subjects was negatively correlated with skin 

surface temperature of the forehead; further, the BMI 

indicates negative correlation with skin surface 

temperature of the neck region. These could be due to 

the increased level of obesity.   

     Diabetes is a universal disease, common to many 

regions across the world. Since cure for this disease is 

very rare, it is better to diagnose it at an early stage in 

order to prevent it. For a country like India, where 

68.84% of the population lives in rural areas, it is not 

feasible for most of them to get blood tests done. Also, 

blood test is an invasive method of diagnosing diabetes. 

Keeping all this in mind, a non-invasive and cost 

efficient diagnosis of diabetes is of dire necessity. 

Various parameters like- anthropometric measurement, 

IDRS, BMI, FBS, hip circumference, waist 

circumference, surface temperature (forehead, carotid, 

auditory canal, neck, knee, palm, tibia, foot), blood 

pressure were measured. It is found that IDRS and 

surface temperature (neck, forehead) could be used for 

the diagnosis of type 2 Diabetes. Combining the 

parameter surface temperature with the IDRS and 

anthropometric parameters like waist circumference and 

BMI, shall improve the efficiency of the risk 

determination as the surface temperature is nearly 

significant too. If all the significant factors studied in this 

paper are to be combined, it would work as an optimal 

approach to the diagnosis of diabetes.   

Conclusion 

       The study results indicate that the skin surface 

temperature and the anthropometrical indices could be 

used a surrogate marker for mass screening of the type 

diabetes mellitus disorder in the rural areas.  
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