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Abstract
Hepatitis is a viral infection that causes inflammation of the liver. However, other factors can cause the disease, including 
secondary effects from drugs, toxins, alcohol, and autoimmune hepatitis. The autoimmune form of the disease occurs when 
the body produces antibodies against the liver tissue, and many people worldwide are affected by it. Various clinical factors 
and parameters are examined in diagnosing hepatitis disease, which is analyzed by performing various tests of these factors 
and parameters. As a result of the vastness of the parameters under examination, it is challenging and complicated for 
the experts in this field to perform the analysis process on these parameters on a large scale. Healthcare experts can now 
identify the factors influencing the death rate of patients with high speed and accuracy thanks to emerging technologies such 
as machine learning, which is a subset of artificial intelligence. In this study, KNN and SVM machine learning techniques 
were used to analyze the positive effect of clinical parameters such as LIVER BIG, LIVER FIRM, SPLEEN PALPABLE, and 
ANOREXIA on patients' survival or death rates. This study investigates and analyzes the results of the implementation in two 
parts. The first part deals with determining the positive impact of these clinical parameters on the death and survival rate 
of patients, and the second part examines the performance of machine learning techniques based on the evaluation criteria 
of accuracy (ACC), error rate (ERR), specificity (SPE), and negative prediction value (NPV).Based on the implementation 
finding of machine learning techniques on data related to hepatitis patients, it has been determined that patients with 
positive LIVER BIG, LIVER FIRM, SPLEEN PALPABLE, and ANOREXIA clinical parameters can have a high chance 
of survival. On the other side, The SVM technique outperformed the KNN technique by ACC 94.05%, ERR 16.02%, SPE 
93.07%, and NPV 85.7% in an analysis of the performance of machine learning techniques.
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1. Introduction
Using computers simultaneously with technological advances in 
various disciplines has established the foundation for creating 
digital information that can be stored as valuable data in data 
warehouses under suitable structures [1]. Data storage in the data 
warehouse can be considered the first phase of using the generat-
ed data; therefore, this stored data should be utilized. This enor-
mous volume of information is beyond the capacity of human 
beings to process and use, as it contains hidden relationships and 
patterns that can only be analyzed and used by using technolo-
gies developed explicitly for this purpose. Using these analyses 
can be considered as planning and decision for the future, which 
can lead to significant results [2]. Hence, data analysis technolo-
gy is one of the most critical and practical technologies to facil-
itate knowledge discovery. For this purpose, Machine Learning 
(ML) technology is used in information analysis [3]. The field of 
application of ML cannot be limited to one or two fields because 
this technology can be used wherever there is data, and it can 
be used for data analysis. Still, the data related to the healthcare 
field that is very sensitive and critical also can be analyzed and 

explored [4]. In the analysis of healthcare domain data, it should 
be noted that since these data pertain to human health, the results 
should be accurate and reliable if ML techniques are applied 
[5]. A ML technique applied to patient data can be used to find 
hidden patterns and information within them [6]. Finding accu-
rate results can reduce detection duration, reduce cost imposed, 
improve the treatment process, and increase patients' survival 
chances [7]. Considering the wide variety of existing ML tech-
niques, it is necessary to choose techniques that can provide re-
sults with appropriate precision and accuracy; therefore, it is es-
sential to notice a variety of factors for the choice of a technique 
that can provide information with a high degree of accuracy and 
sensitivity, along with robust analysis [8]. Hence, to apply ML 
techniques to the health field, it is necessary to use techniques 
that display the accuracy and correctness of the results at the 
highest level possible so that the results can be verified [9]. In 
light of the importance of the results obtained from applying 
ML techniques to healthcare data, it is essential to select reliable 
techniques when presenting the results [10]. Comparing these 
techniques is necessary to select a technique that will provide re-
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liable and proper performance. The comparison of techniques is 
made through measurement criteria. A technique that can show 
acceptable results using these criteria and provides a more ap-
propriate performance than other techniques can be selected as 
the superior technique. In the decision-making process, the re-
sults of that technique can be trusted [11]. This study examines 
factors and symptoms such as ANOREXIA, BIG LIVER, FIRM 
LIVER, and PALPABLE SPLEEN under ML techniques to de-
termine their effect on diagnosing hepatitis. On the other hand, 
the second aim of this research is to compare the performance 
of two K-nearest neighbor (KNN) ML techniques and Support 
vector machine (SVM) based on four criteria: accuracy (ACC), 
error rate (ERR), specificity (SPE), and negative prediction val-
ue (NPV), which, finally, a technique with a better performance 
also be selecting.

2. Related Work
In light of the advancement of science and the emergence of ad-
vanced technologies, it can be said that technology has become 
a priority in all fields due to simplifying and making problem 
solving more straightforward and accessible. Technology has 
become an integral part of every field, and this characteristic is 
not restricted to one particular field. Healthcare is one of the 
many fields in which humans have always been involved, and 
the experts in this field have always sought to improve the qual-
ity of life of their patients. To improve the quality of human life, 
these experts have always aimed to prevent, increase the speed 
of disease diagnosis, reduce the cost of diseases, and slow down 
the process and growth rate of diseases. As technology has ad-
vanced in this field, it has also led to various benefits, such as 
the developing of advanced surgical instruments and various 
diagnostic tests. Hence, this has contributed to improving the 
quality of life of patients. ML technology is one of a variety 
of technologies that, through exploring patient-related informa-
tion and discovering the relationships between the information, 
create patterns that provide experts in this field with a strategic 
perspective for achieving patterns based on the relationships 
discovered between the information. Because of these patterns, 
they can diagnose or predict diseases more quickly, reducing 
costs for the patient and improving hope that they will recover 
more quickly. Hence, it is natural that experts would benefit from 
the ability to gain information with high accuracy and precision. 
Therefore, the strategy for making models and introducing the 
best performance must be reliable. Therefore, ML experts have 
recently attempted to analyze patient data in collaboration with 
medical experts. Rajeswari and Reena [2010] proposed a new 
approach and implemented it on data on individuals with liver 
problems. They achieved a new model with the desired level of 
prediction accuracy. By implementing their proposed method on 
345 samples of data pertaining to patients with liver problems, 
they could accurately predict the causes of liver problems [12]. 
Nguyen et al. [2007] proposed a novel method by which they 
could significantly enhance the accuracy of the predicted model 
compared to other methods. They applied their proposed method 
to the dataset of patients with hepatitis disease. Based on the con-
structed prediction models, they could finally identify the factors 
influencing the incidence of hepatitis accurately. The findings of 
their study will significantly aid physicians in reducing the time 

required to diagnose diseases [13]. A study conducted by Kim et 
al. [2007] applied support vector machine (SVM) and decision 
tree ML techniques to liver disease patient data. Their under-
standing of the liver's sensitivity enabled them to anticipate the 
likelihood that this sensitivity may evolve into chronic hepatitis. 
In light of the results of this research, physicians will be able 
to detect hepatitis in susceptible patients with liver problems 
more quickly, resulting in a significantly higher chance of pa-
tient survival [14]. Radwan et al. [2013] utilized a wide variety 
of techniques for ML based on decision trees to analyze the data 
of patients with hepatitis. By creating models, they could pre-
dict the outcomes of using antiviral drugs for hepatitis and the 
complications that occurred as a result. This research can lead to 
a reduction in the costs imposed on the patient and an increase 
in the recovery process of the disease [15]. Yokoi et al. [2005], 
implementing ML techniques on the information obtained from 
the urine tests of patients with hepatitis and analyzing the re-
sults, were able to achieve a model that can assist experts in 
the field of hepatitis treatment and the treatment process of this 
disease accelerate [16]. Sato et al. [2002] accomplished patterns 
by implementing the decision tree technique on the information 
of hepatitis patients and analyzing the obtained results. Then, 
by combining the obtained patterns, these researchers were able 
to achieve a mechanism that could make the work of experts 
very easy because to obtain such results through testing, experts 
needed to perform very hard and long-term tests, so the process 
of diagnosing hepatitis can be done more quickly [17]. 

3. Implementation Process
One of the fundamental challenges in ML technology is choos-
ing a technique appropriate for the field of activity. Specifically, 
when the data is related to healthcare, the significance of the 
results is doubled as experts make decisions about how to treat 
or diagnose diseases based on this information, which can di-
rectly impact an individual's health. So it is essential to select 
techniques that can provide the highest level of confidence and 
correctness in the obtained results to combine the correct deci-
sion of the situation with the best analysis of the situation and 
to obtain the best possible result. During this research, we have 
attempted to select two k-nearest neighbor techniques and SVM 
for selecting these two techniques. The reason for this was the 
widespread use and the high quality of the analyses provided by 
these two techniques, which can be considered the reason for the 
choice. An SVM is a ML algorithm that can be applied to regres-
sion and classification problems and has a supervised approach. 
Due to its robustness, it is commonly used to solve classification 
problems. This algorithm first represents the data points in an 
n-dimensional space. Based on statistical approaches, the algo-
rithm determines the best line that distinguishes between the var-
ious classes in the data. [18]. The K-nearest neighbor technique 
divides the data into groups based on their characteristics. When 
a new sample is being examined, this sample is placed in the 
group most similar to the sample currently under examination. 
This technique provides an example of a simple data classifica-
tion technique. Hence, using the K-nearest neighbor technique, 
the accuracy of the analysis results can be enhanced by placing a 
new sample in the classification close to that of the previous data 
and using the classification information from the previous data 
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[19]. 'Hepatitis' in the dictionary refers to liver swelling, which 
can be caused by various factors, such as smoking, drinking al-
cohol, or using chemical substances. It is essential to point out 
that hepatitis can have different types, among which there are 
the following:
•	 Hepatitis type A
•	 Hepatitis type B
•	 Hepatitis type C
It is possible to distinguish different types of Hepatitis based on 
the type of virus responsible for inflaming and swelling the liver. 
People can protect themselves from contracting Hepatitis type A 
and Hepatitis type B diseases by vaccinating themselves against 
them. However, people cannot be protected against contracting 
Hepatitis type C disease through vaccination as no vaccine is 
available. As a result, a person could contract two or more types 
of Hepatitis simultaneously. The transmission of hepatitis type 
C is through blood directly or through tattoos, drug use, or tradi-
tional medicine. Hepatitis type C is considered one of the most 
dangerous types of Hepatitis [20]. The data used in this research 
are related to 150 patients with hepatitis. A prestigious university 
in the United States, the University of California at Irvine, has 
made it available on the Kaggle website. This information can 
be classified into different categories based on its content, and 
this dataset provided information about gender and the mortal-
ity rate for those individuals who have undergone these tests. A 
preliminary analysis of some important and influential factors 
has been conducted in this study to examine their impact on the 
survival and death of individuals with hepatitis disease. In this 
study, novel technologies, such as machine learning, are used 
to predict the probability of survival or death for patients with 
hepatitis while assessing the effectiveness of the proposed tech-
niques based on the defined measurement criteria. Information 
obtained from the patients includes various agents and factors 
examined during the examination. Due to the diversity of exist-
ing factors and various examinations, it has been attempted to 
focus on four factors out of the various factors available in the 
patients' information as the factors that will be analyzed in this 
study. A patient's survival or death depends on the factors select-
ed, which can also be called variables. Essentially, these factors 
are examined concerning the mortality or survival of individuals 
with hepatitis. As a result of the selection process, the following 
factors were considered: 
•	 Anorexia 
•	 Liver Big 
•	 Liver Firm (fatty liver) 
•	 Palpable Spleen
A diagram illustrating the implementation process is shown in 
Figure 1.

3.1 Primary Processing
ML techniques require formal and standardized information 
structures to function correctly and optimally. Consequently, the 
data related to hepatitis patients are not exempt from this rule. 
They should have a structure appropriate to the techniques used 

in the ML process to be effective. In light of this, modifying the 
initial raw data is necessary.

3.1.1 Standardization of Patient Information
The ML techniques selected for this research are supervised 
learning techniques based on classification approaches, so it is 
necessary to organize and display the information on hepatitis 
patients in columns and rows. However, because this informa-
tion contains a primary structure, it must be modified to obtain 
the desired result with just a small amount of modification. In 
other words, it turned them into a standard format.

3.1.2 Convert the Results into P and N
The patients' information relates to the tests that they underwent. 
After converting the data to the basic standard form, some chang-
es need to be made to the values of some features. The results 
of these tests are displayed as numbers. As these numbers have 
values of 2 and 1, the results of these tests are either positive or 
negative, according to the explanations given in connection with 
the information provided by the patient's test. In other words, 
when a value of 1 is placed in front of a variable, it indicates that 
the patient's test result for that variable was negative; on the oth-
er hand, when placed in front of a variable of value 2, it indicates 
that the patient's test result was positive. Therefore, to utilize 
optimally and increase the performance of ML techniques and to 
increase the readability and more straightforward understanding 
of the results, we have substituted the values of P and N, which 
represent positive and negative values, respectively, instead of 
the values of 2 and 1.

3.2 Feature Selection and Data Preparation
Available information on patients includes all types of exam-
inations. In order to prepare for the implementation of ML tech-
niques, due to a large number of experiments and the extent of 
clinical parameters tested, it is necessary to select some clinical 
parameters in the form of required features and factors for anal-
ysis.

3.2.1 Features Selection
A total of 20 clinical parameters have been analyzed and checked 
in the dataset of hepatitis patients. In other words, 20 clinical pa-
rameters have been analyzed and checked for hepatitis disease. 
In light of the fact that all of these clinical parameters are of 
relatively not equal importance; therefore, it is to examine them 
outside this research's scope. Hence, this research has attempted 
to select only four experimental and critical clinical parameters, 
and in the following, ML techniques are used to examine and 
analyze their effect on the death or survival of patients, and the 
results will be analyzed. The reason for choosing these four pa-
rameters, which can also be called factors or features, is that they 
have the most significant impact on the treatment process of the 
affected people in terms of their importance, frequency, and ef-
fectiveness. Table 1 illustrates the selected parameters.
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Table 1. Features selection 

Values Properties 

Death LIVE CLASS 

N(Negative) P (Positive) ANOREXIA 

N(Negative) P (Positive) LIVER BIG 

N(Negative) P (Positive) LIVER FIRM 

N(Negative) P (Positive) SPLEEN PALPABLE 

 

3.2.2 Placement of missing values 

Among the features selected as main variables, some fields in some experiments do not have 

values; therefore, the absence of these values can impact the results and analyses resulting from 

implementing ML techniques. It is possible to complete these empty fields using the methods 

provided to eliminate the effects caused by the absence of some values. Many methods have 

been proposed for filling the empty fields; however, the averaging method has been used in this 

study. The empty fields in columns are completed by averaging the values of all fields in the 

column related to the selected feature. Table 2 shows the missing values in each of the selected 

features. 

Table 2. Missing values for selected features 

Missing Values Features 

7 SPLEEN PALPABLE 

14 LIVER FIRM 

13 ANOREXIA 

9 LIVER BIG 
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3.2.2 Placement of Missing Values
Among the features selected as main variables, some fields in 
some experiments do not have values; therefore, the absence of 
these values can impact the results and analyses resulting from 
implementing ML techniques. It is possible to complete these 
empty fields using the methods provided to eliminate the effects 

caused by the absence of some values. Many methods have been 
proposed for filling the empty fields; however, the averaging 
method has been used in this study. The empty fields in columns 
are completed by averaging the values of all fields in the column 
related to the selected feature. Table 2 shows the missing values 
in each of the selected features.

Table 2: Missing Values for Selected Features

3.3 Modeling Process
After the data preparation stage, data modeling can be introduced 
as a main part of the ML implementation process. In this stage, 
ML techniques will be implemented on data whose structure is 
appropriate and standard. Modeling by ML techniques will in-
volve obtaining prior knowledge and using this prior knowledge 
to make a new model. In light of this, it is possible to say that 
there will always be two components involved in the implemen-
tation of ML techniques, which include a part of the data used to 
teach the techniques and a part of the data used to make predic-
tions based on their learning from the previous training. Hence, 
the more knowledge a ML technique has of datasets, the more 
accurate and reliable his or their predictions will be.

3.3.1 Selection and Implementation of Ml Techniques
Due to the vast number of available ML techniques, selecting 
techniques appropriate for the desired target is necessary before 
applying them to the dataset. On another side, it is necessary 
to prepare the data according to the selected techniques. In this 
research, the selected techniques are classification-based super-

vised techniques. Hence, the data should be organized based on 
these two techniques.

3.3.2 Model Creation
After preparing the data and choosing the appropriate tech-
niques, it is necessary to implement the selected techniques on 
the data for the modeling process. Hence, this is the final stage in 
the implementation process for machine learning. In this stage, 
a ML model can be obtained by implementing ML techniques 
on the prepared data, resulting in a result. An analysis of the 
obtained results will be presented in this section. The analysis of 
the obtained results consists of two parts. The first part predicts 
the impact of the selected characteristics on the mortality rate of 
hepatitis patients. The second section will evaluate the efficiency 
of the ML techniques and introduce a more efficient technique. 
As a result, evaluation criteria can be used to assess the ML tech-
niques' performance. Hence, this research has tried to use crite-
ria such as ACC, ERR, SPE, and NPV to check ML techniques' 
performance. These criteria will assess the performance of two 
KNN and SVM techniques.
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3.3.2.1 Specificity
An essential criterion in assessing the performance of ML tech-
niques is specificity. As a result, to calculate the SPE criterion, 
the number of times the model true negative cases model cor-
rectly predicted the class is divided by the total number of false 
positive and true negative cases predicted. In this case, this eval-
uation criterion is calculated according to Equation 1 [21].

3.3.2.2 Accuracy
The accuracy criterion is among a model's most essential and 
commonly used evaluation criteria. As a result, to calculate the 
ACC criterion, the number of times the model correctly predict-
ed the class is divided by the number of times the class was 
predicted .Hence, this evaluation criterion is calculated using 
Equation 2 [22].

3.3.2.3 Negative Prediction Value
NPV, or negative prediction value, is a widely known evaluation 
criterion. NPV is obtained by calculating the ratio of predicted 
true negative cases to the total of predicted true negative and 
false negative cases. This evaluation criterion is calculated ac-
cording to Equation 3 [23].

3.3.2.4 Error rate
The error rate evaluation criterion is the inverse of the correct-
ness criterion's performance. Hence, to calculate the ERR crite-
rion, the number of cases whose classes are incorrectly predicted 
is divided by the total number of cases predicted by the model. 
In other words, the ERR criterion is calculated by subtracting 
the accuracy criterion value from the numerical value of 1. This 
evaluation criterion is calculated using Equation 4 or 5 [24].

The constituent components of equations 1 through 4 represent 
predictions reached by techniques implementation on samples 
and created models. Those parameters are as follows:
•	 TP: Positive samples True identified. 
•	 TN: Negative samples True identified. 
•	 FP: Positive samples False identified. 
•	 FN: Negative samples False identified. 
•	
3.4 Results Analysis
The purpose of implementing this research is to assess the ef-
fect of the selected characteristics on the mortality rate of people 
with hepatitis. Therefore, each characteristic is analyzed individ-
ually. By using evaluation criteria, it attempted to examine and 
analyze the performance of ML techniques and to introduce a 
technique with superior performance. Therefore, at this stage, it 
is attempted to analyze the obtained results.
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4. Implementation Findings
In this section, in the beginning, has attempted to evaluate the 
results of the implementation of the two techniques of the KNN 
and the SVM on the four characteristics of ANOREXIA, LIV-
ER BIG, LIVER FIRM, and SPLEEN PALPABLE. This section 
includes two types of answers and will be analyzed. In the first 
type of answer, we examine the positive impact that each of the 
four characteristics ANOREXIA, LIVER BIG, LIVER FIRM, 
and SPLEEN PALPABLE, has on the survival of a person with 
hepatitis. As a type of the second answer, we will discuss the 
performance results of the implemented techniques, which are 
evaluated according to the four criteria of ACC, ERR, SPE, and 
NPV, and introduce a technique that has demonstrated a higher 
level of performance. Several conditional parameters are con-
sidered in this section to evaluate the effect of the selected char-
acteristics on the mortality rate due to hepatitis disease. If the 
features meet those conditional parameters, they are known as 

features with a positive impact rate. In other words, the affected 
person can survive when the examination result is positive. The 
defined condition parameters for this research are the confidence 
interval value of 80% and the support value of 50%. The rea-
son for choosing a value of 80% for the confidence interval can 
be seen because of the high sensitivity of the decision-making 
process in the field of healthcare, and considering the issue of 
human health, it is necessary to consider a high confidence inter-
val, so that the results obtained from accuracy and have enough 
confidence. The support value of 50% means that when, out of 
the 150 available samples, the desired characteristic is detected 
as positive in at least 76 cases, the individual is likely to survive 
most of the time. As a result, the person still has a chance of sur-
vival if they obtain a positive score for this characteristic in the 
tests. In Table 3, the status of the selected variables in the 150 
existing samples is presented.
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4.4 Liver Firm Feature
As a result of implementing ML techniques on the data set of 
people with hepatitis, the results indicate a high probability of 

survival for people diagnosed with a positive LIVER FIRM trait 
in their examinations following successful treatment for hepati-
tis, as shown in Figure 5.
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5. Analyzing Ml Techniques
Based on the results obtained from the implementation of ma-
chine learning techniques on the clinical parameters LIVER 
BIG, LIVER FIRM, SPLEEN PALPABLE, and ANOREXIA, 

as well as the evaluations based on ACC, ERR, SPE, and NPV, 
it can be concluded that in all implementations, the SVM tech-
nique performed better than the KNN technique in predicting the 
survival of patients with hepatitis, as shown in Figure 6.
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Figure 6: Evaluating the Performance Of Knn And Svm Techniques in Predicting Patient Survival in Cases Of Liver Big, Liver 
Firm, Spleen Palpable, and Anorexia Positivity Clinical Parameters Using Acc, Err, Spe, and Npv Evaluation Criteria.
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Based on all the evaluations conducted, it is evident that the SVM technique performs better than the KNN technique, as shown in 
Figure 7.
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6. Conclusion
Hepatitis disease has a high mortality rate, and patients must 
undergo various examinations to monitor their condition. The 
examinations conducted have a wide range of clinical parame-
ters. For scientists and health care professionals, examining the 
effects of each of these parameters on patient survival or death 
can provide valuable information and enable them to determine 
the appropriate type of treatment, treatment process, and even 
the appropriate level of care for the patient. Achieving such 
information would be an extremely difficult and time-consum-
ing task for professionals. Machine learning technology is an 
emerging technology that takes its power from artificial intel-
ligence. Hence, in sensitive areas such as healthcare, machine 
learning technology can be highly effective in the decision-mak-
ing processes of healthcare professionals. This study analyzes 
the positive effect of clinical parameters like LIVER BIG, LIV-
ER FIRM, SPLEEN PALPABLE, and ANOREXIA on patients' 
survival or death rate by SVM machine learning techniques and 
KNN. The results of the analysis of the implementations are ex-
amined in two parts. The clinical parameters are examined in 
the first part to determine their positive impact on patient sur-
vival and death rates. In the second part, machine learning tech-
niques are assessed by evaluating their performance based on 
ACC, ERR, SPE, and NPV. According to the implementation of 
machine learning methods on patient data with hepatitis, it has 
been determined patients with the LIVER BIG, LIVER FIRM, 
SPLEEN PALPABLE, and ANOREXIA clinical parameters can 
have a high chance of survival rate. Based on an analysis of the 
performance of the machine learning techniques, the SVM tech-
nique performed far more effectively than KNN in terms of ACC 
94.05%, ERR 16.02%, SPE 93.07%, and NPV 85.7%. A more 
thorough analysis of another clinical parameter and using more 
powerful techniques like neural networks can cause more accu-
rate results, and the resulting models will have more excellent 
reliability and effectiveness for healthcare professionals.
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