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Abstract: The diagnosis of diseases in their early stages can assist us in preventing life-threatening
infections and caring for them better than in the last phase because prevention is better than cure.
The death rate can be very high due to the unapproachability of diagnosed patients at an early
point. Expert systems help us to defeat the problem mentioned above and enable us to automatically
diagnose diseases in their early phases. Expert systems use a fuzzy, rule-based inference engine to
provide forward-chain methods for diagnosing the patient. In this research, data have been gathered
from different sources, such as a hospital, by performing the test on the patients’ age, gender, blood
sugar, heart rate, and ECG to calculate the values. The proposed expert system for medical diagnosis
can be used to find minimum disease levels and demonstrate the predominant method for curing
different medical diseases, such as heart diseases. In the next step, the diagnostic test at the hospital
with the novel expert system, the crisp, fuzzy value is generated for input into the expert system.
After taking the crisp input, the expert system starts working on fuzzification and compares it with
the knowledge base processed by the inference engine. After the fuzzification, the next step starts
with the expert system in the defuzzification process converting the fuzzy sets’ value into a crisp
value that is efficient for human readability. Later, the expert physician system’s diagnosis calculates
the value by using fuzzy sets, and gives an output to determine the patient’s heart disease. In one
case, the diagnosis step was accomplished, and the expert system provided the yield with the heart
disease risk level as “low”, “high”, or “risky”. After the expert system’s responsibilities have been
completed, the physician decides on the treatment and recommends a proper dose of medicine
according to the level the expert system provided after the diagnosis step. The findings indicate that
this research achieves better performance in finding appropriate heart disease risk levels, while also
fulfilling heart disease patient treatment due to the physicians shortfalls.

Keywords: expert system; fuzzy logic; ECG; heart disease; blood sugar; cholesterol

1. Introduction

Fuzzy logic is the most widely used technique for the detection of minimum levels of
a disease through analysis of the patient’s lab tests. Using this expert system, the doctor
can accurately and efficiently diagnose the heart patient, saving both time and the patient’s
patience. After the systematic diagnosis, the doctor advises the proper medicine to the
patient to cure the disease. The authors’ study [1] describes an online system for the
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diagnosis of diabetes. They have focused on the causes of diabetes’ ability to cause a stroke
to affect different diseases in the human body.

The focus of this study is to identify five significant complications from a diabetes
attack. The proposed model contains the fuzzy-based model, which has been used to
classify the five most significant risks of diabetes, such as blindness, kidney damage, heart
attack, stroke disease, and other heart problems. Using an online system, the correct
prediction rate is 92.5%. The patients can enter their symptoms of a diabetes attack online;
their models are then matched with the database, and the required action is accurately
recommended against the submission of a diabetes sample.

The research in [2] investigated an expert system for automatically diagnosing the
disease in humans. They have used an automatic fuzzy, rules-based inference engine for the
detection of the symptoms of the disease. The expert system has examined the diagnosis
by getting the user’s knowledgebase information from an expert system through the
rules formed for the inference engine and from the databases used worldwide for disease
diagnosis and treatment [3,4]. The authors of [5] defined a well-known and informative
system for the well-known phases of heart disease in humans. Everyone is well-aware that
coronary heart disease is spreading among humans due to their lavish lifestyle and desire
not to work. The authors of [6] investigated the claim that Parkinson’s disease is the most
critical problem worldwide. The proposed genetic algorithm is an extreme learning expert
system for use in treating Parkinson’s disease and more generally across the healthcare
system [7–11]. The machine learning database collected data. For studying neurons, they
used genetic algorithms, and, to calculate the performance, they used statistical methods
such as classification, accuracy, sensitivity, etc.

Authors in [12] discovered a technique to diagnose heart disease using a genetic
algorithm and fuzzy logic. They have designed a hybrid genetic fuzzy system to diagnose
heart disease. Many features have been selected from the dataset, which helps to diagnose
and classify the system using a fuzzy inference system. These rules have been chosen
by using the genetic algorithm. They can select features such as serum, sex, cholesterol,
maximum heart rate, etc.

Furthermore, ref. [13] encouraged the researchers to build mathematical data models
using data mining rules. These rules assist them in making clinical decisions. The primary
purpose of their research is to find disease from a minimal level by comparing the set
of attributes made by the clinical dataset, and they used the Back Propagation Neural
Network (BPNN).

The primary purpose of this research is to determine the current working expert
system’s accuracy level and to improve the efficiency level of the existing expert system
using fuzzy logic with full control and support. The proposed system has increased the
performance of the expert system and can be used for multiple medical disease diagnoses
with full control of fuzzy logic. Before, this doctor used manual methods for diagnosis and
treatment, and many mistakes can happen with these methods. Fuzzy logic is used for
approximation values for diagnosis and the best result of the disease at a minor level.

2. Related Work

The authors’ study [1] described an online system for diabetes diagnosis. They have
focused on the causes of how diabetes and a stroke can affect different diseases in the
human body. The focus of this study is to identify five major complications that arise from
a diabetes attack. The proposed model contains the fuzzy-based model, which has been
used to classify the five most significant risks due to diabetes, such as blindness, kidney
damage, heart attack, stroke disease, and other heart problems. The correct prediction rate
performed by the system is 92.5%. The patients can enter their symptoms of diabetes attack
online; their models are then matched with the database and required action is accurately
recommended against the submission of a diabetes sample.

The authors of [14] found that a multi-layered Mamdani fuzzy inference system
(MI-MFIS) can be used to diagnose different stages of hepatitis B, such as no hepatitis,
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acute HBV or chronic HBV. This system has II input variables in stage 1 and VII input
variables in stage 2. In the first layer, they examined the condition of the liver to be healthy
or infectious. Intier 2, multiple variables were used to determine no hepatitis, acute HBV,
or chronic HBV due to enzyme vaccination. All the data sets have been collected by the
pathology department, which must be examined in this research paper.

Moreover, ref. [15] provided a method for practical applications and clinical sugges-
tions regarding which type of decision should be considered for the study of the research
regarding therapy. RCTs are the foremost important factor to consider in the clinical de-
cision about treatment. However, the doctor should also know how to use this study
adequately. The main work of RCTs is in the aspects of validity, results, and applications.
Clinicians can use these practices for the best results in their practices and experience.

The authors of [16] proposed three main stages: pre-processing, feature extraction, and
feature reduction with PCA and best classification. The experimental results and analysis
show that the described method is best for elucidating the disease. The fuzzy-based expert
system has some advantages of automation; it is speedy, cheap, and easy to diagnose the
disease in the clinical application. The system is best for the early survey of the population.

The authors of [17] investigated some problems in creating fuzzy logic rules, such as
speed and accuracy. They proposed a precise and fast fuzzy rule expert system to minimize
these issues. In this system, rules are made from numeric data using an agreed approach
based upon a selection–reduction method. Lastly, they created a redundancy index method
for making rules for the expert system.

Similarly, authors in [2] investigated an expert system for the automatic diagnosis of
diseases in humans. They used an automatic, fuzzy, rules-based inference engine for the
detection of the symptoms of the disease. The expert system has examined the diagnosis
by getting the user’s knowledgebase information from an expert system through the
rules formed for the inference engine and from the databases used worldwide for disease
diagnosis and treatment. The fuzzy-based expert system increases the system’s work by
reducing the physician’s workload. After diagnosing the disease, the investigated system
recommended that the doctor prescribe the medicine for the detected disease. In addition,
a variety of approaches related to Alzheimer’s disease using neuroimaging are presented
by the researchers to investigate such diseases [18–20].

The researchers of [21] encourage us through their work to detect disease using
Enzyme-Linked Immune-Sorbent Assay (ELISA). As time goes on, medical research ad-
vances. Many bio marks have been used to detect different conditions at a different level,
but many have no practical applications. The authors developed a technique to measure
the glucose level in humans by using an Enzyme-Linked Immune-Sorbent Assay (ELISA).
This includes the biological conversion of analyses into inverts, after which the glucose
level can be examined. An ELISA kit produces quicker and more efficient results than other
methods used for this purpose.

Authors in [22] described that they could manage diabetes by adding glucose and data
of insulin pumping. They found that many variables have been defined for data collection,
such as hours of sleep, heartbeat rate, daily walking routine, etc. This can be helpful for
a doctor to make the right decision as regards the patient. A system has been developed
using an AI scenario to assist the doctor in making decisions for the patient.

Similarly, authors in [23] concluded that about 45 million people all around the world
have diabetes. Many applications of artificial intelligence (AI) and cognitive computing
have been developed for disease cures. These systems have been helpful for persons with
diabetes (PWDs), their families and their caregivers. These systems have been divided
into four main areas: automated retinal screening, clinical decision support, predictive
population risk stratification, and patient self-management tools.

3. Materials and Methods

This research has proposed an expert system for medical diagnosis to find accurate and
a minimum disease level, and present the paramount system for different medical diseases,
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such as heart diseases. The proposed system obtains crisp input by asking questions about
the patient, and fuzzy rules have been built based on blood symptoms and compared with
the knowledge base, processed by the inference engine. The proposed system takes input
and matches it with knowledge base rules; then, the rule is “fire.” Otherwise, the input can
be refused by the system. In the case of rule fire, the system obtains the heart disease level
from the available knowledge database diagnosis of heart disease.

Then, the system can be recommended to physicians to find the level of the disease
after the proper diagnosis from the user given input. As the diagnosis ends, the physician
prescribes an appropriate dose of the medicine to the patient. Now, the physician can
recommend medication according to the medical expert system’s suggestion.

The expert system has taken the following steps for the implementation of the rules

1. The system asks for input by asking the patient a question and obtains a crisp set;
2. The inference engine compares the given input with the knowledge base expert sys-

tem;
3. Diagnosis of the disease from the expert system rules, such heart disease;
4. Then the level of the disease after diagnosis is selected;
5. Now the expert system recommends a proper dose of medicine for the patient.

The following tools and language have been used for the evaluation:

1. Visual studio 2013;
2. MATLAB;
3. C/C++/C# language;
4. Electrocardiogram (ECG);
5. Holter monitoring;
6. Echocardiogram;
7. Angiography.

The proposed system describes the system workflow, as shown in Figure 1. How
the system would work for getting input from the user after diagnosis on given medical
diseases symptoms and suggest the physician take necessary action against the disease
is depicted in Figure 1. This study examines the expert system working for heart disease
diagnosis and treatment.
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3.1. Input Parameters
3.1.1. Cholesterol

It is present in all the cells of the human body and, as such, cholesterol has a significant
role in the digestion process of food. Moreover, it produces vitamin D and other hormones,
and the human body produces it naturally. In appearance, it looks wary and fatty [24].

Types of Cholesterol

There are two types of cholesterol

1. Low-density lipoproteins (LDL)
2. High-density lipoproteins (HDL)

Cholesterol is an oil-based liquid or substance that cannot mix in the blood. Low-
density lipoproteins (LDL) are unhealthy for humans and are called “bad” cholesterol,
while high-density lipoproteins (HDL) are healthy for the human body and are called
“good” cholesterol.

Function of Cholesterol

1. It has four main functions.
2. It helps to construct a cell wall;
3. It helps in the production of digestive bile acid;
4. It produces vitamin D;
5. It helps to produce hormones in the body.

Causes of High Cholesterol

High cholesterol is a major risk factor for heart disease, as it may cause a heart attack.
When the cholesterol level exceeds the standard level, it narrows the heart’s arteries and
may impede blood flow. A high level of cholesterol shows no signs or symptoms. Regular
tests and treatments can reduce this risk factor [25].

Level of Cholesterol

• Normal = 100–129 mg/dL
• High = 130–159 mg/dL
• Very high = 160–189 mg/dL

Remedies to reduce cholesterol level may follow the following:

1. Proper heart-healthy diet;
2. Proper exercise;
3. Reducing weight;
4. Avoiding smoking.

Treatment of Cholesterol

There are many ways to treat high cholesterol levels, such as:

• Lipid-lowering therapy;
• Statin safety.

3.1.2. Blood Pressure

The human heart is the main organ that supplies blood to all body organs. Our heart
pumps the blood with every heartbeat, which circulates through the entire body through
blood vessels. When it flows in the body, it puts pressure on the blood vessels’ walls.

Blood pressure values can be measured by the following [14]:

1. Systolic blood pressure;
2. Diastolic blood pressure;
3. To check those things which are abnormal.

Its basic unit is millimeters of mercury (mmHg).
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Ranges of Blood Pressure

Standard blood pressure assortments are determined if the reading lies between
140/mmHg systolic and 90 mmHg diastolic. High blood pressure assortments are deter-
mined if the reading is over 140/mmHg systolic and 90/mmHg diastolic. Blood pressure
should be measured throughout the day because it fluctuates due to stress or physical
exertion. Today, digital blood pressure monitors are used. However, whenever someone
wants to measure blood pressure using a digital monitor, their arm should be straight;
otherwise, the reading may be disturbed [26].

3.1.3. Chest pain

It is also called acute abdominal pain. If abdominal pain is severe, it must be treated
on a priority basis because it is a symptom of a heart issue. There are many causes of
abdominal pain, such as infection, inflammation, rupture of organs or any blockage in the
flow of blood [27].

Symptoms

1. Low blood pressure;
2. Constant pain increases over time;
3. The abdomen may be swelling out;
4. Extreme pain in the abdomen;
5. Difficulty when taking a breath.
6. Sudden vomiting;
7. Pain in the centre of the abdomen, burning or tightness;
8. Hot or cold sweat.

3.1.4. Blood Sugar

The amount of sugar in human blood is called the blood sugar level. It may vary due
to diet, food, or exercise. It can be measured in millimeters per deciliter of blood after
digestion of food. Sugar takes between 15 and 30 min to mix with blood. Still, liquids mix
with blood more quickly. Sugar in our body is converted into glucose, a source of energy.
However, when the glucose level exceeds the required standard, it may cause diabetes [28].

3.1.5. Heart Rate

Humans can determine their health or fitness levels through their heart rate, which is
the number of heart beats per minute. It varies from person to person, and one can find
one’s heart rate through their wrist or the side of the neck. It can also be helpful to learn
about different health problems as some other factors also affect the heart rate, such as
body weight, body size, air pressure, temperature, etc., [14].

3.1.6. Electrocardiogram

An electrocardiogram (ECG) is a test that determines the heart’s function to show
whether it is working properly. This test has been used to determine heart disease, and it
can find the following results [29]:

1. Heartbeat motion;
2. Diagnosis of a heart attack.

3.1.7. Glucose Meter

A medical device is used to determine the level of glucose in the blood. Nowadays, a
strip of glucose paper is dipped in a substance to measure glucose level. A drop of blood is
used on the strip to find the sugar level in [30].
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3.1.8. Lipid Plus Device

The Lipid Plus device is used to measure the exact cholesterol level in the human body.
A test strip is used to measure the level of cholesterol. It is a cheap testing device, which
may also be used at home. It is a user-friendly device and easy to operate [31].

3.1.9. Holter Monitor

It is a small device used to identify the heart’s rhythm. It may vary throughout the
day to monitor the heart’s rhythm for 24 h. This test is done after (ECG) reports. If the
(ECG) report is not satisfying, then the Holter monitor must be used to identify the heart’s
rhythm [32,33].

3.1.10. Blood Pressure Monitor

A sphygmomanometer is also known as a blood pressure monitor. This device is used
to measure blood pressure. A simple sphygmomanometer consists of an inflatable cuff, a
measuring unit, and a mechanism for inflation. It can be operated manually by a bulb and
value [34].

3.2. Proposed System Flow

The flow of the proposed expert system is given and described in the following steps.

Step 1: Input chest pain level and heart electrical signal in the body;
Step 2: Input the blood sugar level;
Step 2: Input the heart rate;
Step 5: Input blood pressure;
Step 6: Input the gender and age of the patient;
Step 7: Input the cholesterol value;
Step 8: The doctor starts the diagnosis on the fuzzy-based expert system;
Step 9: Diagnosis report is generated;
Step 10: The doctor advises the patient on the proper dose of medicine to cure heart disease;
Step 11: Then, the system is terminated.

3.2.1. Fuzzy Rules Member Functions

Fuzzy rules have been developed by applying the following formula for all fuzzy set’s
member functions

Formula = mn

M is the membership function, and n are input
For ECG: there are 3 membership (m) functions, and input (n) is 1
31 = 3
For Chest Pain: there are 3 membership (m) functions, and input (n) is 1
31 = 3
For Blood Sugar: there are 4 membership (m) functions, and input (n) is 1
41 = 4
For Cholesterol: there are 3 membership (m) functions, and input (n) is 1
31 = 3
For Blood Pressure: there are 3 membership (m) functions, and input (n) is 1
31 = 3
For Heart Rate: there are 3 membership (m) functions, and input (n) is 1
31 = 3
For AGE: there are 4 membership (m) functions and input (n) are 1
41 = 4
Thus, it has calculated the total number of fuzzy rules by multiplying all the outputs

of the fuzzy set member function by applying the above-cited formula = mn

= mn × mn

= 31 × 31 × 41 × 31 × 31 × 31 × 41

= 35 × 42
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= 3888
Total number of 3888 rules by given input

3.2.2. Fuzzy Inputs and Output

The fuzzy inputs and outputs are presented in Table 1.

Table 1. The fuzzy input/output rule.

ECG Chest Pain Blood Sugar Cholesterol Blood Pressure Age Heart Rate Disease Level

Medium Typical
Angina Normal Medium High Young Medium High

Normal Normal Medium Medium Medium Young Medium Medium
Medium Normal Medium Medium Medium Young Medium Medium
Normal Normal Normal Normal High Young Medium Low

Medium A Typical
Angina Normal Medium High Aged Medium High

High A Typical
Angina Normal Medium High Aged Medium High

Medium Normal Medium Medium High Aged Medium Medium

3.2.3. Fuzzy-Based Expert System Workflow

1. Set the result to false;
2. Input the ECG Value;
3. Input Chest pain level;
4. Input the Blood Sugar level;
5. Input the Cholesterol value;
6. Input the Blood Pressure level;
7. Input the Age of the patient;
8. Input the Heart Rate of the patient;
9. Then, the system will start the diagnosis of the given values, such as blood pressure

and sugar levels;
10. Then select the Recommendation level;
11. And recommend the proper dose to the patient;
12. Setup 2 is complete;
13. Display true;
14. Exit.

3.3. Dataset

The dataset has been obtained from THQ Tehsil Based Hospital Yazman under the
supervision of Expert Doctors. It has utilized Visual Studio and MATLAB tools to imple-
ment the thesis’ research. It has already made 3888 rules by fuzzy logic; now, it is time
for implementation. Thus, an application with the help of C# language has designed and
applied 3888 rules and got the desired output by giving values.

4. Simulation and Results

The fuzzy logic makes all rules, then rules are made by the MATLAB to take results.
Finally, the rules are implemented using the Visual Studio Ultimate 2013 version from
Microsoft. C# visual language is used for suggestions and recommendations for the
patient and the doctor. Data have been collected from different sources, such hospitals, by
performing tests on the patients’ age, gender, blood sugar, heart rate, and ECG to calculate
the value after the test process is completed. In the next step, diagnosis tests at the hospital
by the expert system, the crisp, fuzzy value is generated for input into the expert system.
After taking the crisp input, the expert system starts working on fuzzification. The next step
starts with the expert system in the defuzzification process converting fuzzy sets’ values
to a crisp value that is efficient for human readability. After receiving the diagnosis from



Electronics 2022, 11, 3989 9 of 16

the expert, the physician’s expert system calculates the value using fuzzy sets and gives
an output to determine the patient’s heart disease. Once the diagnosis step is complete,
the expert system gives the output as the level of heart disease risk: low, high, or risky.
After the expert system’s responsibilities have been completed, the physician decides on
treatment and recommends a proper dose of medicine according to the level the expert
system provided after the diagnosis step. Simulation and results show that this research
achieves better performance in determining proper heart disease risk levels, while the other
fulfills the needs of heart disease patient treatment. Simulation results follow to show heart
disease risk levels.

Figure 2 shows the ECG levels. The system shows the output after taking the values
of ECG as input and presents the levels of ECG, which are normal, high, and very high.
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Figure 5 presents the patients’ cholesterol levels. It shows the risk factors by output,
which describes normal, high, or very high cholesterol levels. Figure 6 presents the blood
pressure levels by taking input from the physician and helping him find out the level of the
blood pressure.

Electronics 2022, 11, x FOR PEER REVIEW 11 of 17 
 

 

Figure 5 presents the patients’ cholesterol levels. It shows the risk factors by output, 
which describes normal, high, or very high cholesterol levels. Figure 6 presents the blood 
pressure levels by taking input from the physician and helping him find out the level of 
the blood pressure. 

 
Figure 5. Cholesterol levels. 

 
Figure 6. Blood pressure levels. 

An expert system for heart diseases diagnosis and treatment, showing the patients’ 
age levels by taking input from the user is presented in Figure 7. The user inputs the pa-
tient’s age, and the system will produce a level of disease according to the age factor. 
Figure 8 shows the heart rate levels of the patients using results from different medical 
apparatus and using these results as input to produce a level of the heart rate. 

 
Figure 7. Levels of the patients’ age. 

Figure 5. Cholesterol levels.

Electronics 2022, 11, x FOR PEER REVIEW 11 of 17 
 

 

Figure 5 presents the patients’ cholesterol levels. It shows the risk factors by output, 
which describes normal, high, or very high cholesterol levels. Figure 6 presents the blood 
pressure levels by taking input from the physician and helping him find out the level of 
the blood pressure. 

 
Figure 5. Cholesterol levels. 

 
Figure 6. Blood pressure levels. 

An expert system for heart diseases diagnosis and treatment, showing the patients’ 
age levels by taking input from the user is presented in Figure 7. The user inputs the pa-
tient’s age, and the system will produce a level of disease according to the age factor. 
Figure 8 shows the heart rate levels of the patients using results from different medical 
apparatus and using these results as input to produce a level of the heart rate. 

 
Figure 7. Levels of the patients’ age. 

Figure 6. Blood pressure levels.



Electronics 2022, 11, 3989 11 of 16

An expert system for heart diseases diagnosis and treatment, showing the patients’ age
levels by taking input from the user is presented in Figure 7. The user inputs the patient’s
age, and the system will produce a level of disease according to the age factor. Figure 8
shows the heart rate levels of the patients using results from different medical apparatus
and using these results as input to produce a level of the heart rate.
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4.1. Patient Selected for Diagnosis and Treatment

At the Tehsil headquarters hospital Yazman District Bahawalpur, ten patients were
randomly selected under the supervision of expert doctors for diagnosis and treatment.
These patients kept in touch daily for routine checkups; random inputs from these were
fed into the implemented system and results were taken according to the fuzzy rules that
are implemented in the system using MATLAB, and then implemented into the application
in visual C# language, after which results were taken again. All results of the diagnosis of
the patient and the fuzzy rules member function follow (Figures 10–13).
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4.2. Accuracy Level of Expert System

An expert opinion has been formed according to the multiple test results conductedby
the patients. The average accuracy level of the system after test results and expert opinion is
95.5%, which is above all the percentages of expert systems that have already been created
for finding different diseases. Table 2 shows the test results and expert opinion. It also
describes the accuracy level of the expert system.

Table 2. Test results and expert opinion.
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1 1.2 1.1 96 160 110 33 131 Normal Low 0.95 0.0541
2 1 1 102 130 115 30 136 Normal Low 0.96 0.0463
3 1.5 2 140 140 140 40 140 Heart Disease found Medium 0.94 0.0612
4 2.2 2.4 200 170 160 48 160 Heart Disease found High 0.97 0.0313
5 1.3 1.2 110 133 125 25 131 Normal Low 0.95 0.0541
6 1.4 1 109 117 126 23 127 Normal Low 0.96 0.0433
7 1.9 2.2 118 170 149 36 137 Heart Disease found Medium 0.94 0.0612
8 2.3 2.4 190 160 150 38 180 Heart Disease found High 0.97 0.0312
9 1.1 1.1 112 120 131 29 128 Normal Low 0.95 0.0543

10 1.3 1 115 109 121 35 119 Normal Low 0.96 0.0416

5. Conclusions

In the proposed research, all input is taken from the patient and then evaluated by the
expert doctor at THQ Tehsil Level Hospital, who verified all the test results. The evaluation
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of the system is designed very effectively, and the system is more reliable and beneficial for
the doctor and the patient, reducing the rush at the hospital to avoid continuous patient
monitoring. A fuzzy expert system is helpful and useful for all patients and doctors to
diagnose heart disease patients. Fuzzy member functions and fuzzy rules have been made
by fuzzy logic. 3888 rules were made, and used. After that, the results were implemented
using the C# application, which is specially designed for the expert system for heart disease
diagnosis and treatment, and all the results were put together.
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