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Abstract---Diabetes Mellitus is a most common metabolic disease
globally. According to World health organization diabetes is one of the
leading causes of deaths in world, and with an estimate of 415 million
people suffering from it. According to the studies it is said that by the
year 2030 India will have around 1 million patients suffering from
Type-II diabetes. Diabetes has several complications related to itself.
The impact of the diabetes over the various organs such as heart,
kidney, eyes, peripheral nerves, blood vessels leads to coronary heart
disease, ischemic problems, renal diseases, diabetic foot, and nerve
damage. Diabetic complications such as heart and strokes account for
65% of diabetic deaths. More than 30% of the diabetic population
suffers from diabetic nephropathy. Prediction of these diabetic
complications at an earlier stage would help with the disease
management, prevention of prognosis of the disease and help reduce
the economic burden. This can be done using the data analysis
method. In this paper a novel method to find out the diabetic diseases
using the blood parameters of the patients such as HbA1C, serum
cholesterol, serum albumin and others is done. The data of 140
patients was used for the predictive analysis and the KNN classifier
was used for the analysis. The accuracy was found to be 71.42% using
this classifier.
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Introduction

Diabetes Mellitus is a non-communicable and most common metabolic disease,
with an estimate of 415 million people suffering from it worldwide. A peptide
hormone called insulin produced bythe pancreas helps our body in the absorption
of glucose from carbohydrates which are taken in the form of food. When the body
loses its ability to produce enough insulin it results in a metabolic disease known
as Diabetes mellitus popularly known as Diabetes. Diabetes is of three types,
Type-1, Type-2, and Gestational diabetes. Type-1 diabetes is a chronic
condition, where the beta cells that produce insulin is destroyed by the body’s
immune system and affect insulin secretion. Type-2 diabetes is a progressive
condition that prevents the usage of insulin in thebody, due to this cell cannot
utilize insulin efficiently. Gestational diabetes is a condition where a high glucose
level in the blood is developed during pregnancy and disappears after giving birth.

For the year 2016, Diabetes was the 7th biggest cause of death, according to the
World Health Organization. By 2017, the number of Americans living with
diabetes had grown from 108 million in 1980 to 425 million. Typel diabetes is
expected to account for 5 percent to 10 percent of all cases by 2045, while type2
diabetes would account for 80 percent to 90 percent of all cases. There has been a
dramatic increase in the percentage of persons over the age of 18 diagnosed with
diabetes from 4.7% in 1980 to 8.8% in 2017. According to the study, India is
expected to have roughly 1 million Type-II diabetics by 2030. Pre-diabetes affects
an estimated 86 million people in the United States. More than 20- 40% of
diabetics suffer from diabetes illnesses including diabetic nephropathy. More over
60% of people with type-2 diabetes have diabetic retinopathy, making it one of the
most common causes of blindness. Heart disease and stroke claim the lives of
diabetics at a rate of 68%. More than half of diabetic patients in India die from
heart-related causes. Diabetes has its own complications related to it. The impact
of the blood glucose or diabetes over the various organs such as heart, kidney,
eyes, peripheral nerves, blood vessels would lead to coronary heart disease,
ischemic problems, renal diseases, diabetic foot, and nerve damage. These
complications are difficult to predict at an earlier stage and symptoms are seen at
the final stage which increases the risk of a patient’s life. Prior to the
manifestations of the symptoms at a later stage, many of the bodily parameters
change conversely over time. However, due to many factors identification and
prediction of diabetic complications at an early stage becomes difficult. In this
project our main goal is to predict the diseases that are caused due to the high
sugar levelin the blood in diabetic patients by collecting their blood parameters
and constructing a computer aided diagnostic model which will help predict the
onset of diabetic diseases at an earlier stage. This will help improve the quality of
the patient’s life and hence reduce the economic burden Therefore; the
implementation of a method to predict the complications can be an important step
to control the disease. Data analysis is a technique used to inspect, clean,
transform and obtain data model from largeset of data to discover the hidden
pattern and to draw out useful information.

Data analysis is attained in detection and diagnosis of the complications faced by
diabetic patients in future. Increased accuracy, cost reduction, and reduction of
human resources are the benefits of data analysis in medical environments.
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Clinical data mining could provide the practitioners with a newmethod for finding
patterns in health data. Diabetics and related complications are diagnosed based
on the attributes such as age, fasting blood sugar (fbs), postprandial blood sugar
(ppbs), HbAlc, average glucose, serum cholesterol, monocytes, albumin and
creatinine. This study is mainly focused on the prediction of diabetic heart and
kidney risks. The current system on diabetes disease prediction works on a small
dataset.

Literature Review

Saeed Farzi et.al [1], in the year 2017 proposed a method in the paper titled
“Predicting serious diabetic complications using hidden pattern detection”. In this
paper they have predicted the complications of type-2 diabetes such as heart
diseases, diabetic retinopathy, and diabetic kidney diseases. They have used a
data set which contains the data of type-2 diabetic patients. They have used
several algorithms and trained and tested them for detecting diabetic
complications. They have done this over a data set of 1000’s of patients. They
found out that Random Forestalgorithm is the best to predict the complications
and is useful in healthcare as a decision making

S. Ananthi and V. Bhuvaneswari [2], presented a paper in the year 2017 titled
"Prediction of heart and kidney risks in diabetic prone population using fuzzy
classification," in this paper they have predicted the risk factors of diabetes. Data
mining techniques were applied on patient data. They aimed to develop a fuzzy
classifier model to predict heart and kidney complications. The results showed
that the risk complication of heart and kidney is high for the diabetic population.

In the year 2017 Dheraj. Shetty, K. Rit, S. Shaikh and N. Patil [3], proposed the
study titled "Diabetes illness prediction using data mining" offered an approach.
Using Bayesian and KNN (K-Nearest Neighbor) algorithms, they've created a
network that can assist doctors forecast diabetes disorders. Specifically, they used
the diabetic patient's database and evaluated it using various aspects of diabetes
to predict the condition.

B. Shivakumar and S. Alby [4] in the year 2014 presented a paper titled “A survey
on data- mining technologies for prediction and diagnosis of diabetes”. In this
paper they have carried out a survey on different data mining techniques that
have been used for prediction of diabetes disease and diabetes data analysis.

T. Jayalakshmi and A. Santhakumaran [5] in the year 2010 proposed a method in
the paper titled “A novel classification method for diagnosis of diabetes mellitus
using artificial neural networks”. This paper aims at various techniques to find
missing values to improve the accuracy of classification. It also talks about the
preprocessing during the classification. They used Pima Indian Diabetes Dataset
and applied the classifier. They found that the results were very much improved
when using certain combination of preprocessing techniques. The classification
accuracy was found to be 99%.

In the year 2008 J. Han, J. C. Rodriguez and M. Beheshti [6] proposed "Diabetes
Data Analysis and Prediction Model Discovery using RapidMiner," in this
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research, they collected data on people with and without diabetes. The data
mining was carried out with the aid of RapidMinier. Pre-processing of data, such
as identifying and removing outliers, standardising data and numerically
discretizing the data sets, visual data analysis and discovering hidden linkages, is
carried out in this section finally, a model for predicting the onset of diabetes has
been developed. Predicting diabetic patients was made easier by this model.

Chien-Lung Chan et.al [7], in the year 2008 proposed a method in the paper titled
“Investigation of diabetic microvascular complications using data mining
techniques”. In this they use two data mining techniques such as C5.0 and neural
networks to analyse and explore the relationship diabetic complication such as
diabetic retinopathy, diabetic nephropathy and diabetic foot problem. They made
the analyses on 8736 patients. They found out that creatinine is the most
important predictor for diabetic retinopathy. If creatinine is more and other
parameters are normal still the patient will suffer from diabetic retinopathy.
Diabetic foot problem will occur when the medical parameters of the patient are
worse than target values. For diabetic nephropathy for females with high BMI,
HDbA1C, and AC sugar and males with most uncontrolled blood pressure causes
the diabetic kidney diseases.

Methods

The blood parameters of the diabetic patients are collected. A data bank is created
where the collected parameters are stored. Data analysis is done of the acquired
data. Pattern recognition is obtained by using the KNN classifier algorithm. Based
on the output of the algorithm a decision rule is made.

Methodology

This study was proposed to predict the diabetic diseases using data analysis by
making use of the blood parameters such as age, fasting blood sugar (FBS),
postprandial blood sugar (PPBS), HbAlc, average glucose, serum cholesterol,
monocytes, albumin and creatinine which were collected from diabetic patients.

A repository of information obtained from the subjects was organized and a data
bank was created to facilitate information retrieval and to process many continual
queries over a long period of time. The process of Data analysis is done using
python programming which is focused more on detecting diabetic diseases such
as heart diseases and diabetic kidney related complications.

Blood Create Data Data Pattern Decision Findings
parameter Bank Analysis Identification Rule
Collection — —] —

Figure 1. Flow chart of the methodology.

Fig [1] shows the flow chart of the process in predicting heart and kidney risks in
diabetic patients. Primarily, a data bank was created by collecting the blood
parameters of around 140 patients from the laboratory with the permission of
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legal authorities. There are two kinds of data set called continuous and categorical
data set, here the data we collected is of continuous type. Data analysis of the
obtained set of data was classified into two types, training and testing data set.
70% of the data was used to train the software, whereas 30% of the data was
subjected for testing. Pattern recognition was procured by building an algorithm
to predict heart and kidney risks, K Neighbor classifier was used to predict the
diabetic kidney diseases. The below figure [2] shows the flow chart of the steps in
the algorithm used to predict diabetic complications using KNN classifier. Firstly
required blood parameters from the patients are collected and stored in a data
base, and then KNN classifying algorithm is applied to the stored data set. Later a
threshold value is set for the parameters which were taken by consulting health
experts.

Table in figure [3] shows the normal values and abnormal values of each blood
parameter chosen for this project and their respective complications. These
threshold values are necessary for the algorithm to give an accurate prediction of
the complications.
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Figure 2. Flow diagram of the algorithm

If the patient is found to be diabetic, then the algorithm detects it as abnormal
and later the complications are found out. The other parameters of heart and
kidney diseases are checked by the algorithm, if the values of those parameters
are above the threshold level or normal level the algorithm classifies the patient
into respective diseases they will be suffering from.
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Figure 3
Table showing the normal and abnormal values for each parameter and their
complications
Tests Normal values Mid-range| High values Complications
HbA1C 4-6 7-9 10-13 Heart diseases,stroke
Serum 0.7-1.3 mg/dL - Greater than1.3 Diabetic kidney diseases
creatinine
Serum 3.4-5.4 g/dL - Lower than 3.4 Mild kidney disease
albumin
Serum Less than - Higher than Heart diseasesor stroke
cholestrol 200mg/dL 200mg/dL
Monocytes 2-8% - Greater than8% Arterogenisis (heart
diseases)
Data Analysis

Data analysis is a method used to find out hidden patterns from the set of data
that can provide useful information. This paper deals with predictive analysis,
where blood parameters of diabetic patients are collected to predict heart and
kidney related complications. The two prominent methods in data analysis are
quantitative research and qualitative research with their own technique. Data
bank is formed from the collected data which is organized and then processed for
data cleaning. Once the data is cleaned, it ready to be analyzed by applying a
technique referred as exploratory data analysis. We have coded for the KNN
classifier algorithm to make sure the accuracy of prediction, and thus obtain the
desired results. Decision is made based on the output.

Results and Discussions

After the data was collected and stored in a data base, as shown in figure (4) the
predictive analysis on the collected data was done using the KNN classifier for 140
instances. KNN algorithms perform classification using the new data points based
on similarity measurements. The algorithm grouped the data set into 20 set
neighbour with 5 subjects each. Classification is done by a majority vote to its
neighbors. The data is assigned to the nearest neighbours, if we increase the
number of neighbours the accuracy of the model increases. By using the KNN
classifier we got an accuracy of 71.42%. The data set was grouped into 20 set
neighbour with 5 subjects’ data each. The accuracy was found at the 5th
neighbour as shown in the graph in figure (5). A threshold value for each
parameter was set by consulting health experts, the algorithm made use of the
threshold values and prediction of the diabetic complications was made.
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Figure 4. Pre-processed data set used for analysis
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Figure 5. Graph showing KNN classifier scores for different values of K
Conclusion

In this paper, KNN classifier is used to analyze and predict the diabetic
complications such as heart and kidney diseases. Generally this model uses the
medical parameters such as blood glucose levels, HbA1C, serum albumin, serum
creatinine and so on. In the selected population of patients that was used to
predict the diabetic diseases the model’s performance accuracy was 71.42%. The
experimental results showed that around 40% of the patients suffer from heart
diseases, about 50% patients suffer from both heart and diabetic kidney diseases
and only 5% suffer only from diabetic nephropathy and others are non-diabetic
and didn’t suffer from any complications. This model can be helpful in the field of
health care as a decision support system for health worker and physicians. The
accuracy of the prediction of risk complications can be increased by using a large
set of data and using different more attributes.
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Limitations and Future Studies

Our study has some limitations. This study reports data from single source,
therefore, our findings was established with small set of data. Furthermore, this
technique can be used with larger set of data to obtain more accuracy.
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