
PRE-PREDICTION OF DIABETES AND SWEAT BASED REAL TIME GLUCOSE 

MONITORING SYSTEM 

 

SHILPA C VENUGOPAL1, SRUTHI M2 

 

Abstract 

  

     Diabetes is a chronic disease or a group of metabolic disease where a person who suffers from a high 

level of glucose in the body. Diabetes is affected by most of the people nowadays. Diabetes is disease 

that can be controlled. Diabetes patients need to check the blood daily and take corresponding insulin. 

Taking blood from the body daily leads to many complications such as cardiovascular and kidney 

problems, stroke, blindness, and nerve degeneration. Nowadays there is no proper method to check the 

chance of diabetes. Here the chance of occurrence of diabetes is tested using machine learning, whether 

there is a chance for diabetes due to food or genetically. So the necessary precaution can be taken. 

Monitoring blood glucose using sweat helps a person from painful blood-based monitoring. Here GSR 

Sensor is used to find the conductance of skin. From which the glucose level is calculated. The detail of 

the person’s diabetes level is stored in the cloud, so that the previous diabetes level can be known. This 

way of glucose measurement is said to be painless, cost-effective and easy monitoring. 

 

1. Introduction 

 

        Diabetes is a chronic disease. Diabetes is a disease which is caused due to the increase sugar level in 

blood and the circulatory system. Glucose is what the body uses for energy. Food consumed will travel 

down to stomach through esophagus. In stomach acids and enzymes break down into tiny pieces and 

glucose is released. A hormone is produced the pancreas, hormone is called insulin. Insulin helps to 

convert food which a person eats to energy. When the body does not produce insulin, or body becomes 

resistant to the insulin, then glucose does not reach cells to be used for energy. Diabetes is caused mainly 

due to the improper working of the pancreatic beta cells present in our body. Diabetes is one of the 

dangerous diseases. When diabetes is not identified and remains untreated leads to main harmful effect 

and has many complications. 

        There are basically four types of diabetes: Type 1 diabetes, type 2 diabetes, pre-diabetes, gestational 

diabetes. Type 1 diabetes occurs when the beta cells in our pancreases is destroyed by the immune 

system. Beta cells are those which develop insulin in our body. By these conditions the glucose content 

developed in our body cannot be moved through body since the insulin is not present in our body. So, 

this glucose content are buildup in our body and hence blood glucose level in increased. By this high 

sugar level, it may have many other problems like dehydration, weight loss, diabetic ketoacidosis, and 

harmful effect to many other body parts. This type of diabetes is mainly occurring in youngsters and 

grownups. Type 2 diabetes is the most common diabetes which is caused by most of the people. Type 2 

diabetes is a condition in which sugar or glucose can no longer be regulated. This type mainly occurs or 

been affected mostly to the grownups. When the glucose content in our blood increases it not only lead to 

diabetes it may affect many other parts of our body like kidney, heart, eye vision, foot, liver etc. Blood 

glucose monitoring is the method which is used to find the glucose content in blood. There are certain 

causes which lead to diabetes. Causes will be different for different type of diabetes. The general causes 

are bacterial infection leads to type 1 diabetes, toxins content in food causes type 1 diabetes, unidentified 

component causing autoimmune reaction leads to diabetes, bad habits leads to type 2 diabetes, increasing 

age leads to diabetes, family history, overweight, pancreatitis or pancreatectomy leads to diabetes, 

polycystic ovary syndrome (PCOS), crushing’s syndrome, glucagonoma, steroid induced diabetes 

(steroid diabetes). By monitoring the glucose level in blood, the glucose concentration can be calculated. 

There are invasive and non-invasive methods for monitoring the blood. Invasive methods are those 

methods which create break in skin to take blood. Invasive method is that method which creates no break 

in human body. 

The diabetes patient needs to check there glucose daily. Glucose level will be changing. So, in order 

to check their glucose level, the patient need to take a drop of blood from their body by creating wound 

in their body. Some diabetes patients also need to take insulin. Since this all is a painful task most of the 

patients refuse to create wound, so necessary medicines cannot be taken.  
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       If a method is developed to check glucose like in body by any noninvasive method it will be very 

fully too many patients and even doctors. Sweat is one of the noninvasive methods that can be used to 

monitor glucose level. Machine learning is one among the applications of artificial intelligence. 

Machine learning helps the machine to predict based on the previous experience and automatically learn. 

Machine learning is a mathematical model done based on sampled data. The main parts that are included 

in machine learning are training, algorithm, testing, and prediction. The system must be first trained then 

the algorithms are applied, then testing is done and last prediction is done. Label is defining as the 

excepted output. There are mainly 3 types of machine learning. They are supervised machine learning, 

unsupervised machine learning and reinforcement learning. Supervised learning is a machine learning 

method in which the system already knows what will the output. The system is trained with a set of data 

and predicts the output based on the trained data. There are methods in supervised learning regression 

and classification.  In unsupervised learning, training of machine uses the knowledge that's neither 

classified nor labeled. Here they are categorized according to their similarities, patterns, and 

differences. There are mainly two categories of algorithms in unsupervised learning clustering and 

association. Reinforcement learning takes suitable action to maximize reward in a particular situation. 

 

1.1 Existing Method 

 

      Doctors predict the chance of diabetes by the symptoms of diabetes. The mainly predict chance of 

diabetes by the genetic by saying there is a 50 percent chance for diabetes occurrence if one parent have 

diabetes. If both parents have diabetes there is a 75 percent chance for diabetes. Doctor prefers to have 

regular checkup for people above 30 years to know the occurrence of diabetes. So, there is no proper 

method to obtain the chance for diabetes. Not only has the family history led to diabetes there are main 

other reason for diabetes as described above. Mostly for checking blood glucose level invasive method 

are used. Glucose level is tested using an instrument called glucometers. To check glucose level small 

amount of blood is taken from fingertip. For testing glucose using glucometer a finger-prick is used to 

get blood from our finger then a drop of blood is made to drop on the meter to calculate glucose level. 

There are many risk factors that are included in monitoring blood glucose by invasive method. Since the 

level of glucose is changing the diabetes patients need to check their glucose level regularly or daily. By 

checking the glucose by invasive method, by creating break in our body it can even cause many other 

diseases, due to the daily checking and creating wound in body. 

 
Figure 1.1: Invasive glucose monitoring system 

 

1.2 Proposed System 

 

    Machine learning is used in here in-order to predict the chance of occurrence of diabetes. There are 

many classification types used to predict the chance of occurrence, from that the best accuracy is 

preferred for the prediction. A database is created for the predicting. Based on database created the 

prediction are made. Machine learning is done based on python. Invasive methods for blood glucose 

monitoring are harmful and there are many side effects. Here, one of the non-invasive methods is used 

for checking the glucose level of a person. There are many non-invasive methods like interstitial fluid, 

light-based methods, earlobe clip, smart contact lenses, sweat patches. For blood glucose monitoring 

sweat, saliva, breathe can be used. Here sweat is chosen the non-invasive method for glucose monitoring. 
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A sensor is used for monitoring the conductance of skin which can be used to obtain the voltage level. 

Based on the value obtained, the glucose level of a person can be obtained. Galvanic skin response 

sensor is the sensor used in the real time monitoring part. Creating wound and taking a drop of blood is a 

painful method which most of the patients are suffering. So here in-order to avoid it we are using sweat 

to monitor glucose level. Glucose level of a person is stored in cloud. The date and time of taking values 

are also stored in the cloud. ThingSpeak is used to store the value. Storing result in cloud helps the 

person to get the health results later for reference. 

 

2. Literature Survey 

  

     N. Sneha, Tarun Gangil [Sneha 2019] discuss about the basic definition of diabetes. It discusses about 

various survey done to know the rate of peoples suffering from diabetes. The causes, effect of diabetes is 

discussed. Various tests are discussed. There are many implementation methods like decision tree, Naive 

bayessian, support vector machine, random forest, k nearest neighbor are discussed here. The researcher 

concentrated to reduce the complication of diabetes and to improve live of people the dataset is collected 

from UCI machine repository archives and divided the dataset as training and testing set. Based on the 

problem divided it into different group and assigned it to a sequence of database attributes and calculated 

the correlation value and plotted the ROC curve. Finally found that the accuracy by each algorithm 

increases when the correlation value is calculated. Support vector machine and naive bayessian 

techniques give the accuracy of 77.73 percent and 73.48 percent respectively from the existing method 

and the proposed method improves the accuracy. Improved support vector machine accuracy is 77 and 

naive bayessian has accuracy of 82.30 percent gives the best to the data with respect to the diabetic and 

non-diabetic patients. Disease prevalence percentage is measured highest from the SVM is 45.7 percent. 

     Hyunjae Lee, Changyeong Song [Hyunjae 2017] deals with non-invasive glucose monitoring system. 

Collection of sweat is a different task. Careful multilayer patch design and miniaturization of sensor 

increases the efficiency of sweat collection and sensing process. In real time correlation based on pH, 

temperature and humidity measurements. This system maximizes the accuracy of sensing. Here a patch 

based wearable strip type disposal system for non-invasive sweat glucose monitoring. Here humidity 

sensor monitors the sweat collection procedure through impedance change. Here the glucose sensors are 

used for human sweat analysis. The wearable patch is connected to a portable electro chemical analyzer. 

Here the monitoring starts with humidity sensing to determine the optimal starting. The patch work 

reliably under different skin temperature before, during, and after physical movement. The strip type 

sensor is used here which first absorbs sweat and then connected to hardware. The amount of sweat 

should cover the pH sensor and glucose sensor. For accurate reading the correlation factor between blood 

glucose and sweat should be found for each individual subject. The reading is calculated before and after 

meals. 

     K. Nivetha, N. Ramya, R. Thendral [Ramya 2018] deals with a non-invasive blood glucose 

monitoring method. The researchers are using sweat to measure the blood glucose which contains of 

dissolved ions which contributed between two copper electrodes. The normal glucose level for diabetes 

persons is discussed. Invasive method for glucose monitoring and its effect are discussed. From studies if 

salt content is low in our body then it result in low glucose. The hardware used in this paper or 

experiment are copper electrode, arduino UNO, LCD display. Salt has high conductivity and by 

measuring the conductance salt level is measured. The output is taken and fed to arduino and displayed. 

Interpolation equation is used in-order to monitor glucose level. Here copper electrode is used as sensor. 

     Wira Hidayat bin Mohd Saad1, Muhd. Shah Jehan Abd [Shah Jehan] deals with the implementation of 

low power wearable system for continuously monitoring the glucose level in human blood by using GSR 

sensor. This project detects the GSR value and establishing a correlation between GSR and blood glucose 

level.  Basically the GSR sensor consists of voltage divider, resistor, capacitor circuit and operational 

amplifier. This resistor was placed between v- and one of the sensor electrode as the voltage value across 

it is vary based on body GSR. By using the high value of resistance, it can develop the resistance voltage 

curve linear over a wide range of skin resistance despite producing noise. The RC high pass filter was 

used to calibrate a steady baseline since the skin resistance can be varied based on individual condition. 

A low pass RC filter was used to filtering out the high frequency noise that produces from nearby. The 

operational amplifier is a function to measure the skin resistance and form one of the resistors in the 

operational amplifier feedback loop and amplify the voltage. GSR function in the way that subject body 

will act as the resistor and then the voltage output will be differing from time to time based on the 

increasing in calories burnt and glucose concentration in blood. From the result GSR is inversely 

proportionate to the value of blood glucose level. 
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3. Methodology 

 

     Block diagram of the system mainly consist of two parts, one is for the machine learning part and 

other is for the real time glucose, stress, and hydration monitoring system. In the machine learning part 

first a database is given as the input. Then it converts the string to integer by the process of 

preprocessing. The database is divided as two parts: (testing part and training part), after preprocessing. 

The training part is used for making sure that the machine recognizes patterns in the data. Data is been 

cross-validated to ensure better accuracy and efficiency of the algorithm used in the training the machine. 

Testing part is used to ensure how well the machine can predict new answers based on its training part. 

Various machine learning algorithms and classification rules are applied. Accuracy of each classification 

technique is calculated. Technique with highest accuracy is used for the prediction. This is the main 

process done in machine learning. 

      In the real time monitoring part GSR sensor is used to get the reading from sweat. A controller used 

for controlling the system. Here Arduino Uno is used as the controller. Power supply is provided to the 

controller. GSR sensor is used for monitoring the sweat. Output of GSR sensor is the skin conductance. 

Output from the sensor is analog, in-order to convert it to digital and analog to digital converter (ADC) is 

used. From the skin conductance the salt level can be measured. Skin conductance is inversely 

proportional to the salt content. Conductance is converted to voltage reading. GSR sensor is inversely 

proportional to the value of glucose level. From the voltage obtained sugar level, stress level and 

hydration level can be monitored. Salt level is directly proportional to sugar level. The voltage obtained 

is converted to the sugar level by using the equation (1) given below. The obtained results are stored in 

cloud. ThingSpeak is used here as IoT. 

 

                                         ((Out-a) / (b-a)) * (c- d) + d                   (1)   

      

Out=Acquire from sensor  

a=Minimum voltage 

b=Maximum voltage 

c=Maximum sugar value 

d=Minimum sugar 

 

      The glucose level obtained from the real time monitoring part using the above equation are applied to 

the machine learning part for prediction. GUI is used for enter the glucose value, age and family history 

of the person. After prediction a pop-up message is obtained as the output indicating chance of diabetes. 

 

 

Figure 3.1: Block diagram of proposed system 

4. Results and Discussion 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 15, Number 1, 2020 (Special Issue)
© Research India Publications.  http://www.ripublication.com

4



         

 

    Based upon the existing dataset prediction of diabetes was made. Accuracy of different classification 

type was calculated. Best accuracy was chosen for the prediction. The ROC curve was also plotted. 

Based on the output from sweat sensor the glucose level is calculated. The values are given to the 

machine learning part through GUI and predictions are made. Pop up message displayed and stored result 

in cloud. 

 

Machine Learning 

 

      Machine learning part is done using python. Installation of python was done. After the installation 

process the basic program was done. Prediction was done using virtual database and real database. For 

the proposed system real database was used. 

 

      Virtual database: 

 

    The virtual database was collected from Pima Indians Diabetes Database. Database consist of the age, 

no of pregnancies, glucose, blood pressure, skin thickness, insulin, body mass index, diabetes pedigree 

function, and outcome. The dataset is 768 rows and 9 columns. Considering the entire feature in 

database, it was divided into training and testing.  

 

      Real database: 

 

The real database was collected after doing a survey and collected details from many people. Database 

consist of age, glucose level, pressure, sodium, weight, height, body mass index, family history and 

outcome. The dataset is 50 rows and 10 columns. Considering the entire feature in database, it was 

divided into training and testing. 

 

 
Figure 4.1 Graph representing accuracy of virtual database 

 

 

      The k nearest neighbor, logistic regression, random forest, decision tree and naive bayessian was 

applied. The accuracy of each was calculated. K nearest neighbor the accuracy was 88.5 percent. For 

decision tree the accuracy was 100 percent. For random forest the accuracy was 100 percent. For naive 

bayessian the accuracy was 80 percent. For the logistic regression the accuracy was 100 percent. The 

accuracy was plotted. The ROC curve is also plotted. The random forest was taken for the prediction. 
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Figure 4.2 ROC curve of virtual database 

 

 
Figure 4.3 Graph representing accuracy 

 
 

Figure 4.4 ROC curve 
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Figure 4.5 Comparison of accuracy of virtual and real database 

 

 

 

Table 4.1 Comparison of accuracy of virtual and real database 

 

Classification type Virtual database Real database 

K nearest neighbor 84.3 88.5 

Decision tree 100 100 

Random forest 98.3 100 

Naive bayessian 76 80 

Logistic regression 77 100 

 

 

Real time part: 

 

          In the real time part the GSR sensor is used for monitoring the sweat. Based on the sweat values 

glucose, stress and hydration are plotted. The glucose value obtained from this part is applied the 

prediction part. Not only the glucose value the age and family history are applied through GUI for 

prediction. The prediction use made and obtained result as a pop up message. The results are also stored 

in a cloud ThingSpeak is used for storing. 

 

 

 
 

Figure 4.6 Real time parts 
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Figure 4.7 Graphical user interfaces and POP UP message 

 

 

Table 4.2 Sugar value for age group 20-25 using this system 

 

Person Glucose level 

A 83 

B 87 

C 88 

D 81 

E 94 

F 83 

G 88 

 

 

 

 

 
Figure 4.9 Sugar value for age group 20-25 
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 Table 4.4 Comparison of existing and proposed system 

 

No Existing system  Proposed system 

1 82 88 

2 99 92 

3 188 187 

4 176 172 

5 218 221 

6 236 238 

 

 

 
 

 Figure 4.10 Comparison of existing and proposed system 

 

 

 
Figure 4.11 IoT output of Glucose level 

 

5. Conclusion 

 

          Diabetes is a chronic disease. System is said that to prevent and cure diabetes and to improve the lives of 

people. There is no prefect method to predict the chance of diabetes. Predictions are made by doctors looking 
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person’s family history. Doctor predicts an average rate of occurrence chance. To support the lives of people 

early detection of diabetes helps a person. Machine learning is gaining more importance nowadays, due its 

advantages. These advantages include not need many human interactions much, improving accuracy, improving 

efficiency etc. Proposed system uses the concept of machine learning to predict the chance of occurrence. By 

applying various algorithms, accuracy was calculated and based on that accuracy prediction was done. The 

database consists of age, blood glucose level, family history etc. Invasive method for prediction of glucose 

creates many side effects so non-invasive methods can used for monitoring the glucose level. Stress level and 

hydration level of a person can so be calculated from sweat. Based on the concept of IoT is used for storing 

results in cloud. With the increasing improvements in machine learning technologies, IoT technologies and non-

invasive methods such projects would have more value-added and receive more attention and support. 
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