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Abstract: Fuzzy set theory is one of the set theories in mathematics, which discusses the set that cannot be stated only in the values of 0 and 1. The 
development of the Fuzzy set theory grows more rapidly in various fields. Fuzzy set theory develops in various forms of application. The development of 
Fuzzy set theory including in the fields of education, economics, agriculture, engineering, social and health. This article is a review of the development of 
the application of the fuzzy set theory in the health field. In the field of health the fuzzy dream system has been developed as an expert system used for 
disease diagnosis. The results of reviews from various sources, the development of the theory of Fuzzy set in health including, as a tool for diagnosing 
liver disease, diabetes mellitus, dengue fever (DHF) and typhoid fever, cardiovascular disease, cord blood analysis, heart disease, thyroid disease, 
diseases teeth and mouth. The development of the Fuzzy set is very useful in the field of health as a fast and precise innovation.  
 
Index Terms: Fuzzy Set Theory, Field of Health.    

——————————      —————————— 

 

1. INTRODUCTION 
The development of the current era is more advanced, 
increasingly sophisticated technology and continues to grow 
rapidly. Technology continues to develop and increasingly 
modern, so that it is increasingly needed in everyday life. 
Everyone is increasingly enjoying the conveniences provided 
by current technological advances. Everyone is increasingly 
dependent on technology and continues to look for the 
benefits of technology to further facilitate their affairs. 
Technological developments are happening very rapidly at this 
time one of which is influenced by developments in the field of 
mathematics. Not a few technologies that develop are the 
result of the development of mathematical theories. 
Mathematical theories were developed and then applied to 
various technologies. One theory in mathematics that plays a 
role in technological advances today is the Fuzzy set theory. 
Fuzzy set theory is increasingly being applied in technologies, 
especially for tools that can be utilized in everyday human life. 
Fuzzy set theory was first discovered by Professor L. A. Zadeh 
of the University of California at Berkeley in 1965 [1]. Next Dr. 
EH Mamdani, implemented the Fuzzy set in a practical 
application for controlling an automatic steam engine in 1974 
[2]. More and more implementations of the fuzzy set theory 
have been reported since the 1980s, including applications in 
the manufacturing industry, automatic control, car production, 
banks, hospitals, libraries and academic education. Fuzzy set 
technique has been widely applied in all aspects of people's 
lives today [3]. The fuzzy set theory is increasingly developing 
in various ways and in many disciplines. Applications of this 
theory can be found, for example in artificial intelligence, 
computer science, medicine, control techniques, decision 
theory, expert systems, sets, management science, operations 
research, pattern recognition, and robotics  [4]. In addition the 
application of the Fuzzy set has been disseminated to many 
fields such as medicine and breastfeeding. Plus the Fuzzy set 
theory functions in agriculture, helping farmers make the right 
decisions for crop development, Fuzzy set theory contributes 
better to estimating the quality of economic development 

outcomes, Fuzzy set theory can be made for machine learning 
[5] [6] [7] [8]. So many benefits are obtained in applying Fuzzy 
set theory in everyday life. This is important for everyone to 
know so that the beneficiaries are more evenly distributed.  
This article is a review of the development of the application of 
the fuzzy set theory, especially in the health field. Health is a 
matter that really needs to be considered in human life. Health 
is the main factor for humans to be able to do other activities 
such as thinking, being creative, working and many others. In 
a healthy condition the body can do anything, but when the 
body is sick the activities of a person will be neglected and all 
affairs will become messy. Therefore health must always be 
maintained and treatment for dangerous diseases must 
continue to develop. To help deal with various diseases at this 
time the health sector is considered quite rapidly developing in 
the field of technology. The health sector is one field that is 
increasingly sophisticated at this time. More and more medical 
devices are increasingly modern and easy. 

 

2. HERMENEUTICS  IN EDUCATIONS  
Fuzzy set theory or also known as Fuzzy logic is an extension 
of classical set theory. A set that is explicitly defined by a truth 
function that only accepts values 0 and 1 means that the 
element fully belongs to one set or not at all, while the Fuzzy 
set is determined by a membership function that accepts all 
values between 0 and 1. The value of the membership 
function, which is called the degree of membership or 
membership value, precisely determines the extent to which 
elements are included in the Fuzzy set, that is, the concepts 
they represent [7]. The strict set contains only 0 or 1, while the 
Fuzzy set contains everything that is between 0 and 1, so it's 
not limited in number. Modern Fuzzy Logic was developed by 
Lotfi Zadeh in the 1960s to model problems where inaccurate 
data must be used or where inference rules are formulated in 
a very general way by utilizing the diffuse category. In Fuzzy 
logic, which is also sometimes called diffuse logic, there are 
not only two alternatives but a whole set of truth values for 
logical propositions [8]. There are several reasons why people 
use Fuzzy Logic, including: (1) the concept of Fuzzy Logic is 
easy to understand. The mathematical concept underlying 
fuzzy reasoning is very simple and easy to understand; (2) 
Fuzzy Logic is very flexible; (3) Fuzzy Logic has a tolerance 
for incorrect data; (4) Fuzzy Logic is able to model non-linear 
functions that are very complex; (5) Fuzzy Logic can build and 
apply the experiences of experts directly without having to go 
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through a training process; (6) Fuzzy Logic can work with 
conventional control techniques; (8) Fuzzy Logic is based on 
natural language [9].  
 

3. METHOD       
This article is a literature review on the development of the 
application of Fuzzy set theory, especially in the health field. 
Fuzzy set theory is developing very rapidly in the field of 
health, these developments will be discussed in this article. 
Sources were obtained from various articles related to the 
theory of the Fuzzy set in health and then conducted a review 
of the results of studies.  

 

4. DEVELOPMENT OF FUZZY ASSOCIATION 
THEORY APPLICATION IN THE FIELD OF 
HEALTH.  

Application of Fuzzy Theory Theory for Diagnosing 
DiseasesThe development of the application of the fuzzy set 
theory is widely used in the health sector to diagnose various 
diseases. Harmful diseases usually require a quick and 
accurate diagnosis in treatment. But often the diagnosis of the 
disease is constrained because expert doctors have 
weaknesses in services such as limited working hours and 
have to wait in line to do the service. These obstacles can be 
fatal for sufferers of dangerous diseases. To overcome this, an 
expert system has been used as a result of the development 
of the fuzzy set theory. Expert systems are formed through the 
web, so they can be more easily accessed. Expert systems 
are built to facilitate the process of diagnosing diseases, so 
that diagnostic results can be obtained more quickly and 
precisely. Here are some application results from the use of 
Fuzzy set theory to diagnose diseases. The development of 
this expert system can use certain methods in the fuzzy set 
theory. Some diseases that can be diagnosed using an expert 
system include liver disease, diabetes mellitus, dengue fever 
(DHF) and typhoid fever, cardiovascular disease, umbilical 
cord blood analysis, heart disease, thyroid disease, dental and 
oral diseases [10][11][12][13][14][15][16][17][18]. Following are 
the results of studies on the use of expert systems as a 
diagnostic tool for disease. 
 
Diagnosis of Liver Disease 
One method of the fuzy set that can be used as a disease 
diagnosis tool is the Tsukamoto method. The Tsukamoto 
method was first introduced by Tsukamoto in 1979. The 
Tsukamoto method is a decision-making method that applies 
to the rules of monotonous reasoning. The point is to use a 
system with only one rule. The implications of each rule are in 
the form of "Cause and Effect" or "Input-Output" implications 
where the antecedents and their consequences must be 
correlated. Each rule is represented using a Fuzzy 
association, with a monotonous membership function. 
Tsukamoto's Fuzzy Method has a tolerance for data and is 
very flexible, intuitive and can provide responses based on 
information that is qualitative, inaccurate, and ambiguous. In 
the Tsukamoto method, each Rule is represented by a Fuzzy 
set with a monotonous membership function called 
fuzzyfication [19]. To facilitate the diagnosis, a fuzzy control 
model was designed that helps diagnose diseases related to 
the human heart. In addition to using the Tsukamoto method, a 
fuzzy design model was developed that has four input 
variables (leukocytes, hematocrit, hemoglobin, blood platelets) 
and three output variables (infection, anemia and 

thrombocytopenia). The fuzzy design model algorithm is 
divided into four stages, namely Fuzzyfication, Inference 
Engine, Rule selector and Defuzzyfication. Each input variable 
and output variable are represented by MF and regions 
graphically [20]. Some uses of the Fuzzy Tsukamoto method, 
namely, research on the Fuzzy Tsukamoto method with the 
system used as a diagnostic tool for liver disease with the use 
of Android, the conclusions of the research conducted are as 
follows: (1) Expert system as a diagnosis of liver disease can 
be designed and implemented for use with well, (2) an expert 
system for diagnosing liver disease can be implemented using 
the Fuzzy Tsukamoto method by going through five main 
processes, namely fuzzyfication, determining the alpha-
predicate for each Rule, calculating the z value of each Rule, 
multiplying the alpha predicate by z in each Rule, then 
defuzzification by dividing the number of alpha-predicate times 
z by the number of alpha-predicate, (3) this expert system can 
help diagnose liver disease or recognize common symptoms 
of liver disease, a system that is built can be used well by the 
user [19] [21][22]. 

 
Diagnosis of Diabetes Mellitus 
Furthermore, Fuzzy Tsukamoto method was developed to 
diagnose diabetes mellitus. Research on the application of 
Expert Systems in the diagnosis of Diabetes Mellitus. This 
application can be used as a tool for decision makers by 
inputting the results of laboratory examinations and based on 
the discussion in the previous section. The results of decisions 
produced by the application of this expert system produce the 
same decision with the medical record of the expert or doctor. 
Testing of this application by entering the values listed in the 
medical record into the application input and the resulting 
decision of the application is the same as the diagnosis stated 
in the medical record [23]. In addition to using the Tsukamoto 
Fuzzy method to diagnose diabetes mellitus, there is also the 
application of the Fuzzy set for the application of 
computational intelligence using Fuzzy hierarchical models 
that have the ability to detect early diabetes mellitus. The 
process of architectural acquisition of the method is designed 
based on how a doctor concludes that there are indications 
that someone has the potential for diabetes mellitus, whose 
model has been adjusted to the data obtained from the 
authorities in the laboratory. The results of the research using 
this method show that the proposed method has fulfilled the 
need for effectiveness and efficiency in conducting early 
detection of DM and can help the community in knowing the 
potential of DM early on [12][13]. 
 
Diagnosis of DHF and Typhoid Fever 
Other diseases that can be diagnosed by using the Fuzzy 
Tsukamoto method are DHF and typhoid fever. There is an 
application built for early diagnosis of DHF (Dengue 
Hemorrhagic Fever) and Typhoid Fever by using the 
application of Fuzzy Tsukamoto logic. Based on the results of 
validation testing calculations by comparing the results of 
application calculations with manual calculations produced a 
valid level of application diagnosis of DHF (Dengue 
Hemorrhagic Fever) and Typhoid Fever by 96.875%. Thus this 
application can be used to limit deaths due to DHF and 
typhoid fever. This application is used as a tool to diagnose 
DHF and typhoid fever right [15]. 
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Cardiovascular Disease 
Furthermore there is an interval based classification system for 
Fuzzy rules which is used for medical diagnosis of 
cardiovascular disease. This system is developed for 
classifications that address the problem of determining the risk 
of patients suffering from cardiovascular disease in the next 10 
years. The system provides a diagnosis and interpretation 
model that explains a decision. This classification system is 
based on Fuzzy rules, because it provides a good 
classification level and a model that is very easy to interpret. 
The ability of classifiers to correctly differentiate patients with 
different risk categories. This system is considered as a 
suitable tool for dealing with the diagnosis of cardiovascular 
disease, because it obtains a good level of classification and 
also provides an interpretable model that can be easily 
understood by doctors [16]. 
 
Dignosa Analysis of Umbilical Cord Blood 
Next research on the use of the Fuzzy set theory expert 
system in umbilical cord blood analysis. An analysis of the 
baby's navel cord blood is carried out immediately after 
delivery. This analysis provides information about the health of 
the newborn, guidance requirements for care after birth. 
However, in practice there are often errors in interpretation, 
there are inaccurate interpretations and many clinical staff lack 
the expert knowledge needed to interpret the results. To 
reduce errors, an expert system for analyzing blood from the 
umbilical cord was developed. This expert system validates 
raw data, provides interpretation of results and archives all 
results, including quality control and calibration data, for 
permanent storage [10] [24]. 

 
Dignosa Thyroid Disease 
Thyroid disease is also diagnosed using an expert system. 
The thyroid gland as one of the most important organs in the 
body. Thyroid hormone is responsible for controlling 
metabolism. Thus, the thyroid functions in every important 
organ in the body. If the thyroid produces too much hormone, 
the body will use energy faster than it should. Seeing the 
importance of the thyroid, if the thyroid is experiencing 
problems, it must be addressed quickly. Research using expert 
systems to diagnose thyroid disease has concluded that, the 
rules of the Fuzzy set theory using the neuro fuzzy method 
can diagnose the accuracy of thyroid disease by 95.33% on 
[12]. With such results showing the use of an expert system to 
diagnose thyroid disease is nearing perfection. Seeing thyroid 
disease is difficult to diagnose because symptoms easily mix 
with other conditions so the results of the study will be very 
helpful. 
 
Diagnosis of Heart Disease 
Expert systems can also be used to diagnose heart disease. 
One of the most deadly diseases in the whole world. There are 
studies that develop expert systems to improve the ease and 
accuracy in diagnosing heart disease. The research aims at 
designing a fuzzy expert system for the diagnosis of heart 
disease. This system uses the Mamdani inference method. 
The results obtained from the designed system were 
compared with the data at the time of the database and the 
observations from the designed system were correct at 94%. 
System designed in Matlab software. This system can be seen 
as an alternative to existing methods for differentiating heart 
disease [14]. The importance of prediction and classification of 

coronary heart disease makes various parties conduct 
research to find the right tools, systems using decision making 
techniques and fuzzy logic applied to overcome problems 
related to uncertainty in the prediction of coronary heart 
disease [22] [25][26]. Several methods have been proposed to 
diagnose heart disease, such as: a system of diagnosing heart 
disease using FES (Fuzzy Expert System) proposed by Ali 
and Mehdi [46] in 2010, a decision-making system for 
predicting heart disease risk using fuzzy weighting rules. 
However, the resulting accuracy is less good proposed by 
Anooj [47 in 2011. In 2012, a diagnosis of heart disease using 
the Neuro-Fuzzy technique was proposed by P. Ephzibah and 
Dr. V. Sundarapandian [27]. In 2013 Senthil Kumar used 
Advanced Fuzzy Resolution Mechanism for the diagnosis of 
heart disease [28] 

 
Diagnosis of Chronic Obstructive Pulmonary Disease 
Chronic obstructive pulmonary disease is one of the deadliest 
diseases and if it does not die even people with this disease 
will experience disability for life. To reduce the risk, a variety of 
developments are carried out. One of them is diagnosis using 
an expert system [29]. The development of a Fuzzy decision 
support system to determine the complexity of obstructive 
pulmonary leukemia victims was also developed. Decision 
support systems are used to increase acceptance of clinical 
guidelines. Several studies were carried out to develop a 
clinical decision support system to determine the severity of 
chronic obstructive pulmonary disease in leukemia victims, the 
development of a decision support system to determine the 
severity of chronic obstructive pulmonary disease in patients. 
The Fuzzy model is implemented for system testing, the 
results obtained by the system functioning properly to help 
doctors regarding the diagnosis of chronic obstructive 
pulmonary disease and determine its severity. Conclusions 
from this study clinical decision support systems have efficient 
results and satisfactory performance [23][25][26] [30]. 

 
Diagnosis of Mouth Problems in Infants and Children 
Infants and children suffer from many oral problems with 
varying degrees of severity, and doctors usually have difficulty 
coping with this problem because of their similarities. To 
overcome this problem, an expert system is designed to help 
users correctly diagnose oral problems in infants and children 
(teething, gingivitis, impetigo, inflamed papilla, mucocele, 
thrush, allergic reactions, chicken pox, mouth-foot disease 
mouth, sore throat, cold sores, mouth sores, gingivostomatitis) 
with some information about the disease and how to treat it. 
The expert system language SL5 language is used to design 
and implement this expert system [31]. The proposed expert 
system will ask the user to answer questions about the 
patient's symptoms and end with a diagnosis. Then this expert 
system shows the user some information about the disease 
and some advice that tells him how to deal with the baby [31]. 
This expert system helps doctors and parents diagnose their c 
hild's oral problems in ways that are easier and more precise 
than before. This expert system is simple, fast and easy to use 
[31]. In addition to diagnosing oral problems in infants and 
children, the expert system can also be used to diagnose 
problems, teeth and gums, eyes, ears, skin and also austism 
in children [32][33][34][35][36]. 
 
Diagnosis of Disease in Cows 
The development of the Fuzzy set theory is not only for 
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diagnosing diseases in humans. The Fuzzy Tsukamoto 
method was also developed to diagnose diseases in cattle. 
Research on mobile expert systems uses Tsukamoto Fuzzy to 
diagnose cow disease [37]. The use of the Fuzzy set is not 
only to diagnose human diseases but also to diagnose animal 
diseases. In his research it was concluded that this mobile 
application was developed based on Android, for ease of use 
and can be used by farmers in making their own diagnoses. 
The results of the validation of this expert system show that 
this system is able to determine the level of endometritis risk 
for cow reproductive diseases [37]. 

 
Application of Fuzzy Theory Theory as a Nutritional Status 
Determination Tool 
Handling of toddler health is one thing that deserves more 
attention, so as to reduce the risk. Decision support system for 
handling toddlers' health is very appropriate to be applied for 
handling problems that require independent resolution of 
computers for toddler data processing with fast and accurate 
calculations. By using the Fuzzy Mamdani set of reasoning in 
the processing of input and output data, as well as supporting 
information in the form of graphs is very supportive in making 
decisions regarding the handling of toddlers' health in an area. 
This decision support system is used as a reference in making 
decisions about the state of children under five in an area. 
With the support of Fuzzy reasoning, it can produce accurate 
data. Research on determining nutritional status using the 
Mamdani method in the Fuzzy set, concludes that: (1) 
calculation of the nutritional value using the Mamdani method 
in the Fuzzy set consists of four stages, namely the formation 
of the Fuzzy set, the application of the function of the 
implication with the MIN function, the composition of rules with 
MAX function, and defuzzyfication with the centroid method, 
(2) the procedure for obtaining nutritional status is by adjusting 
the nutritional value that has been obtained into the Fuzzy set 
membership interval on the nutritional value variable [35]. In 
addition to using the Mamdami set method the nutritional 
status classification of toddlers can also use the Fuzzy 
inference system, the results of this study are more accurate 
than the Anthropometry Standard Assessment of Toddler 
Nutrition Status by the Ministry of Health [38][39][40][41]. 

 
Application of Fuzzy Theory Theory as Decision Support 
System 
Decision Support System is one type of information system 
that aims to provide information, guide, provide predictions 
and direct information users to be able to make decisions 
better and evidence-based. Some characteristics of decision 
support systems are: (1) designed to assist decision making in 
solving problems that are semi-structured or unstructured by 
adding human wisdom and computerized information. (2) the 
processing, combining the use of analytical models with 
conventional data entry techniques as well as information 
seeking or checking functions. (3) can be used or operated 
easily by people who do not have high basic computer 
operating capability. The approach used is usually an 
interactive model. d. Designed with emphasis on aspects of 
flexibility and high adaptability so that it is easily adapted to 
various environmental changes that occur and user needs 
[42]. Development of Fuzzy set theory in assisting decision 
support systems in health. Decision support systems for 
medical practitioners in health practice when facing 
uncertainty and computational challenges are very important. 

Integration of the standard Fuzzy additive model (SAM) with a 
genetic algorithm (GA), called GSAM, can be used to assist 
medical personnel in making decisions. The GSAM learning 
process consists of three continuous steps: initialization of 
rules by unsupervised learning using adaptive quantitative 
clusters, optimization of evolutionary rules by GA and tuning 
parameters by supervised gradient learning. Based on the 
results of research into the integration of the standard additive 
model Fuzzy (SAM) is very helpful as a decision support 
system for medical practitioners in health practice [17]. 

 
5. CONCLUSION 
Based on a review of several sources of conclusions in this 
article are. The application of Fuzzy set theory has developed 
in many parts. One of the developments in the fuzzy set theory 
is in the field of health. In the field of health, Fuzzy Theory has 
developed as a tool to diagnose various diseases. In this 
article, the types of diseases that can be diagnosed by using 
an expert system are obtained. The expert system is the result 
of the development of the theory of Fuzzy Association which is 
used as a diagnostic tool for diseases such as diagnoses of 
liver disease, diabetes mellitus, dengue fever and typhoid 
fever, cardiovascular disease, cord blood analysis, heart 
disease, thyroid disease, and dental and mouth disease. With 
this expert system, it is easier for medical staff to get 
diagnostic results more quickly and accurately. 
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