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Abstract— In the current era, the diabetes mellitus which
causes of unbalanced diet, busy schedule and standard of living.
The main reason to produce diabetes is either deficiency to
produce insulin or deficiency in use of insulin by the specific
tissues. Pre-deterministic method is to diagnose the risk
assessment of diabetes to patient. The main purpose is fuzzy set
theory used for prediction and forecasting of diabetes
diagnostic. An author has certain 6 input parameters such as
BMI, RBS, FBS, OGTT, PPBS, Hemoglobin Alc and single
output parameter such as pre-diabetic and diabetic conditions
for this diagnostic system. This diagnostic system is based on
fuzzy rules. Output defines pre-diabetes, or type 1 diabetes or
type 2 diabetes conditions helpful for diagnosis procedure in day
to day routine.
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l. INTRODUCTION

Diabetes mellitus is one of the most common diseases in
the current era[1]. An oldest disease in the world is a diabetes
disease. Diabetes is a metabolic disorder characterized by the
presence if the chronic hyperglycemia accompanied by greater
or lesser impairment in the metabolism of carbohydrates,
lipids, and proteins[2]. Pancreas is part of endocrine, produces
2 types of hormones such as insulin and glucagon for
balancing blood sugar level. Diabetes is a condition in which
either blood sugar is increases due to insufficient secretion of
insulin or blood sugar is decreases due to not use of insulin
properly. Person which have symptoms like polyuria,
polydipsia, polyphagia, vision threatening, weight loss,
impaired healing and exhaustion. People with type 1 diabetes
can’t produces insulin properly and type 2 diabetic patients
doses not produce enough insulin[3]. From this disease,
patient’s also suffering from other diseases such as
retinopathy, cardiovascular, nephropathy, and neuropathy.
Types of diabetes such as type 1, type 2, pre-diabetes,
gestational diabetes, diabetes jenuvile and diabetes
insipidus[1].

457 million people worldwide suffering from diabetes as
per the WHO states[4]. As per the WHO , in 2004, 3.4 million
people died from FBS; and in 2015, 457 million people; in
2014, 4.2 million people suffering from diabetic retinopathy.
In India, 1lakh children are suffering from diabetes because of
unbalanced diet, and living standards. In 2019, as per the
newspaper survey 1 lakh children are suffering from diabetes
in current era; 1lakh from every 10 children are suffering from

type 1 diabetes. In Chennai 26% children’s are diagnosed by
diabetes diseases in 2019. In the current era, old men, children
and young aged peoples are suffering from diabetes diseases.
If diabetic patients can’t cure properly then patient may go in
coma. If diabetic patients can give proper treatment at a time
then it has a chance to cure sometimes.

Artificial intelligence has subset of fuzzy set theory,
machine learning, data science and image processing, and
these techniques are developing in current era. It is used in
every field such as mechanical, electrical, aerospace and
medical applications[5]. For the medical field, easy and
accurate technique is fuzzy set theory.

Author has do retrospective study in Ahmedabad city.
Diabetes diagnosed in 508 people every month from that 80
people is suffering from this disease.
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Figl: Prevalence of diabetes in ahmedabad.

From the 80 people of diabetic 23people are suffering
from diabetes diseases. In 2018-2019, ratio of pre-diabetic
patients is 19%, type 1 diabetes is 50% and type 2 diabetes is
31%.
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Fig2: Ratio of prediabetes, type 1 and type 2 diabetes in Ahmedabad.

Author has study that in children, young and women find
the prediabetes, and diabetic conditions. In children because of
their living standards, unbalanced diet and inactivity in daily
routine so that it may find out the prediabetes more n more
seen and also type 1 seen more n more and if they are not
treated then type 2 diabetes is also seen. In ahmedabad,
22.08% prediabetes, 60.07% diabetes prevalence shown.

35

30

25

20 u Prediabetes

BTypel

15
Type 2
10 —

children men women

Fig3: Prevalence of dibates in children, men, and women.

Il. DIABETES DIAGNOSTIC TECHNIQUES
Person who has experience symptoms of diabetes such as
polyphagia, polydipsia, polyuria, weight loss, vision
threatening, etc. are diagnosed by different methods.

A. Blood Glucose Measuremnt

Doctor can use blood glucose level using hospital
glucometer or continuous glucometer. Diabetes and
prediabetes diagnose blood test for random blood sugar,
fasting blood sugar and postprandial blood sugar. In
laboratory test it is diagnosed. The range of random blood
sugar normal values is less than 100mg\dl. Fasting blood
sugar ranges are normal is less than 100mg\dl, prediabetes is
100 to 125mg\dl and diabetes is 126 mg\dl and above. Post
prandial blood sugar test takes after 2hours of meal. PPBS
ranges are normal is 140mg\dl, prediabetes is 180mg\dl and
diabetes is 180mg\dl and above.

In women, blood sugar level ranges are normal 70 to
140mg\dl, random blood sugar value is 70 to 140mg\dl,
normal fasting blood sugar range is 70 to 100mg\dl and PPBS
range 2hours after meal is 135 to 145mg\dl and after 1hour of
meal is 180mg\dI.

In men, blood sugar level ranges are normal 70 to
140md\dl, random blood sugar value is 70 to 125mg\dl,

fasting blood sugar range is 70 to 100mg\dl and post pardial
blood sugar value is 140mg\dl.

In children, blood sugar level normal range is 70 to
100mg\dl, low blood sugar range is below 70mg\dl, and high
blood sugar range is over 140mg\dl.

B. Haemoglobin Alc test

Hemoglobin Alc is also known as glycated Hemoglobin
or HbA1c test. Iron containing molecule in red blood cells
is hemoglobin which is responsible for transporting
oxygen around the whole body. Glucose binds
permanently with hemoglobin through a process known as
glycation. Glucose is attached with hemoglobin is known
as glycated hemoglobin, HbAlc or Alc. HbAlc is used
for measurement aid for the management of diabetes
because red blood cells have life span of 120days for
measuring the level of glucose in hemoglobin in our blood
that shows the average blood glucose level for the previous
3months or 6 to 8 weeks. From this test patient’s treatment
plan makes better using regular blood glucose monitoring
and HbA1c test. The range of HbA1c test are normal value
is below 5.6%, prediabetes is 5.7 to 6.4% and diabetes
value is 6.55% or above.

C. Glucose Tolerance Test

Oral glucose tolerance test performed in the morning after
8 to 10hours of overnight. It is measured when type 2
diabetes is presented in person. Firstly before not giving
glucose, fasting blood test is taken. Then patient’s gives
75gm glucose drinks in 250 to 300ml of water measuring
the blood glucose level. After 2hours blood glucose level
will be measured.

D. Body Mass Index
Body mass index is useful for visualizing ranges for
normal, underweight, overweight and obesity weights of a
person’s height. It is very easy tool. Body mass index
formula:
BMI (Kg/m?) = mass(Kg)/height(m?) (@))
The range of BMI are normal weight is 18.5 to 24.09,
underweight is less than 18.05, over weight is 25.0 to 29.9,
obesity is 30 to 39.9 and morbidity obesity is 40 or above.

I1l.  PATIENT DETECTION METHOD
Author has made a pre-deterministic method is to diagnose
for risk assessment of diabetes to patients. This method is
made for patient detection system of diabetes using fuzzy set
theory. Laboratory test results are used for data sheet and
fuzzy rules based system is made for the detection system.
This system diagnosed prediabetes in a person.

A. DATA

From the hospital, collections of 508 medical records are
collected for clustering. From the clustering, symptoms,
blood glucose level and previous 3months of glucose level in
the body is analyses. It results that nin children more
prediabetes and type 1 diabetes are shown and in this current
era, young people have chances of cardiovascular diseases
because of this diabetic condition, and standard of living.

B. FUZZY SET THEORY
The fuzzy set theory designed for patient detection system
for diabetic patients. It is easy to excess and gives better
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result from the non-experienced person. Author has
designs 6 input parameters such as BMI, RBS, FBS,
PPBS, HbAlc, and OGTT and single output is
prediabetes and diabetes. Fig 4 shows a design flow chart
of patient detection system using fuzzy set theory.
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Fig5: Flow chart of Patient Detection system.

Lofti A Zadeh introduced the theory of fuzzy logic in the
late 1960s[3]. Fuzzy logic look like the human decision
making approach[3]. Second step is fuzzy set theory author
named as patient detection system.

In the input data processing, 6 input parameters and single
output parameters. Input data processing with its membership
functions are as follows:

e Body Mass index
The range of body mass index membership
functions are normal weight is [18.05 20.7 22.6
24.9], over weight is [24.2 26.1 28 29.9], obesity
weight is [29 32.6 36.4 40].

e Random Blood Sugar
The ranges of random blood sugar (RBS)
membership functions are normal [50 84.32 107
140], medium [130 159 178 200], high [190 228
260 300].

e Fasting Blood Sugar
The ranges of fasting blood sugar (FBS)
membership functions are normal [50 69.87 82.6
100], medium [94.2 108 116 128.2], high [123
178 237 300].

e Post Prandial Blood Sugar

The ranges of PPBS membership functions are
normal [120 129 135 140], medium [1136 154
161 180], high [173 207 258 300].

e  Oral Glucose Tolerance Test
The ranges of OGTT membership functions are
fasting [59.9 74 84.7 100], after 2hours [96.9 113
127 145.4], 1hour [141 161 179 201].

e HbAlc
The ranges of HbAlc membership functions are
normal [3 3.72 4.587 5.47], medium [5.32 5.64
6.06 6.4], high [6.22 6.88 7.37 8.01].

Fig6: Input data processing for BMI parameters.
e Qutput
The ranges of output are prediabetes [100 140
180], type 1 [171 221 261], type 2 [249 316
400].

Fig7: Input data processing for output parameetrs.

C. Fuzzy Rules
The membership functions used trapezoid membership
functions for medical use, and it gives better result in
medical field. The mamdani is used as a fuzzy set theory
system. And operation is used for fuzzy rules.
These patient detections system have 108 fuzzy rules are
as follows:

1. If BMI is Normal and RBS is normal and FBS is
normal and OGTT is fasting and HbAlc is
normal then output is prediabeets.

2. If BMI is normal and RBS is medium and PPBS
is normal and OGTT s fasting and HbAlc is
medium then prediabetes.

3. If BMI is normal and RBS is medium and FBS is
medium and PPBS is medium and OGTT is
fasting and HbAlc is medium then output is
prediabetes.

4. If BMI is normal and FBS is medium and PPBS
is none and OGTT si fasting then output is
prediabeets.

5. If BMI is normal and RBS is medium and FBS is
high and PPBS is high and OGTT is fasting and
HbA1c is medium then output is prediabetes.

6. If BMI is normal and RBS is medium and FBS is
high and PPBS is high and OGTT is 1hour and
HbAlc is medium then output is prediabetes.
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24,

If BMI is normal and RBS is medium and FBS is
high and PPBS si high and OGTT is 2hour and
HbA1c is medium then output prediabetes.

If BMI is normal and RBS is high and FBS is
medium and PPBS is high and OGTT is fasting
and HbALc is medium then output is prediabetes.
If BMI is normal and RBS is high and FBS is
medium and PPBS is high and OGTT is 2hour
and HbALc is medium then output is prediabetes.
If BMI is normal and RBS is high and FBS is
medium and PPBS is high and OGTT is 1hour
and HbAlc is medium then output is prediabetes.
If BMI is normal and RBS is high and FBS is
medium and PPBS is high and OGTT is fasting
and HbAc is high then output is prediabetes.

If BMI is normal and RBS is high and FBS is
high and OGTT s fasting and HbA1c is high
then output is prediabetes.

If BMI is normal and RBS is high and FBS is
high and OGTT is 2hour and HbA1c is high then
output is prediabetes.

If BMI is normal and RBS is high and FBS is
high and OGTT is 1hour and HbAlc is high then
output is prediabetes.

If BMI is over and RBS is normal and FBS is
normal and PPBS is normal and OGTT is fasting
and HBALc is normal then output is prediabetes.
If BMI is over and RBS is normal and FBS is
normal and PPBS is normal and OGTT is fasting
and HbALc is medium then output is type 1.

If BMI is over and RBS is normal and FBS is
normal and PPBS is normal and OGTT is fasting
and HBAc is high then output is type 1.

If BMI is over and RBS is normal and FBS is
normal and PPBS is medium and OGTT is
fasting and HbA1c is medium then output is type
1.

If BMI is over and RBS is normal and FBS is
medium and PPBS is medium and OGTT is
fasting and HbAlc is medium then output is type
1.

If BMI is over and RBS is medium and FBS is
medium and PPBS is medium and OGTT is
fasting and HbALc is medium then output is type
1.

If BMI is over and RBS is medium and FBS is
medium and PPBS is medium and OGTT is
fasting and HbA1c is medium then output is type
1.

If BMI is over and RBS is medium and FBS is
medium and PPBS is medium and OGTT is
2hour and HbA1lc is medium then output is type
1.

If BMI is over and RBS is medium and FBS is
medium and PPBS is medium and OGTT is
lhour and HbAlc is medium then output is type
1.

If BMI is over and RBS is medium and FBS is
medium and PPBS is medium and OGTT is
fasting and HbA1c is high then output is type 1.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

If BMI is over and RBS is medium and FBS is
medium and PPBS is medium and OGTT is
lhour and HbAIc is high then output is type 1.

If BMI is over and RBS is medium and FBS is
medium and PPBS is medium and OGTT is
2hour and HbA1c is high then output is type 1.

If BMI is obesity and RBS is high and FBS is
high and PPBS is medium and OGTT is fasting
and HbAXLc is medium then output is type 2.

If BMI is obesity and RBS is high and FBS is
high and PPBS is medium and OGTT is 2hour
and HbAlc is medium then output is type 2.

If BMI is obesity and RBS is high and FBS is
high and PPBS is medium and OGTT is 1hour
and HbA1c is medium then output is type 2.

If BMI is obesity and RBS is high and FSB is
high and PPBS is high and OGTT is fasting and
HbAlc is medium then output is type 2.

If BMI is obesity and RBS is high and FSB is
high and PPBS is high and OGTT is 2hour and
HbAlc is medium then output is type 2.

If BMI is obesity and RBS is high and FSB is
high and PPBS is high and OGTT is lhour and
HbAlc is medium then output is type 2.

If BMI is obesity and RBS is high and FBS is
high and PPBS is high and OGTT is fasting and
HbA1c is high then output is type 2.

If BMI is obesity and RBS is high and FBS is
high and PPBS is high and OGTT is 1hour and
HbALc is high then output is type 2.

If BMI is obesity and RBS is high and FBS is
high and PPBS is high and OGTT is 2hour and
HbAlc is high then output is type 2.

And many more fuzzy rules.

D. Defuzzification process
Defuzzification is the process in which fuzzy sets
converts into crisp sets for understanding a human
language[1]. This patient detection system used centroid
in defuzzification process and converts in crisp sets for
the output.

IV. RESULT

This result gives the output of prediabetes or type 1
diabetes or type 2 diabetes present or not in a person is
diagnosed. This patient detection system is a diagnostic
technique for medical practitioner and doctor to diagnosed
diabetes diseases in patients. In result it shows the prediabeets
and diabetes condition in the patients from the laboratory tests.

P—
L] # 8 B H Z M N EE
YU ey ey T 1)

Fig8: RBS and BMI output.
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V. CONCLUSION
In this current era, artificial intelligence is used in
everywhere and also in medical field for diagnostic
techniques, monitoring and telemetry also. Fuzzy set theory is
used for diagnostic technique of diabetes and it is easy to
operate and accurate result comes from any manual
techniques.
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