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Abstract

This research paper presents an approach for resolving the monitoring task for early diagnosis
process of patient’s health. The problem of the monitoring task for different sphere of life is
considered. The model of the monitoring process has been developed in the form of an activity
diagram. The analysis of existing medical information system for clinical monitoring is
conducted. The analytical review of mathematical methods for resolving the monitoring task
in medicine has been made. The BPMN-model of the monitoring for early diagnosis process
has been formalized. Experimental studies were carried out on the example of determining the
presence or absence of diabetes mellitus in a patient. The list of risk factors and set of symptoms
of type 2 of diabetes mellitus have formed. The quality criteria have been chosen. The integral
quality factor is proposed. The assessment process of the quality of the monitoring task for
early diagnosis process indicates that developed method would determine the improving of the
medical decision process.
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1. Introduction

Monitoring is the process of observing an object or phenomenon in order to collect, store and process
information about the object of research to support decision-making. There are many cases of using the
monitoring process for different domain areas:

e environmental monitoring: it allows to assess the state of environmental pollution in order to

identify factors and sources of anthropogenic impact on the environment [1];

e social monitoring or monitoring of public opinion: it allows to highlight the most acute

problems of the population, to receive feedback and from the initiatives of the authorities, to evaluate

the activities of any object based on the opinion of the target audience [2];

e monitoring for nuclear power plants: it is needed to prevent emergencies [3];

e  business monitoring: it is a systematic observation of the state of the market in order to assess

it, study trends and competitors [4];

e medical monitoring: it is used to assess the quality of the work of medical institutions, to assess

the effectiveness of the medical services and medical information systems (MIS), to prove

hypotheses in evidence based medicine [5].

Usually medical monitoring is used for continuous monitoring of the patient’s health based on an
assessment of the system of diagnostic indicators in order to identify deviations from the standard in
the course of treatment. This is clinical monitoring. It is exploited for inpatients and outpatients, the

IDDM’2021: 4th International Conference on Informatics & Data-Driven Medicine, November 19-21, 2021, Valencia, Spain

EMAIL: Karina.v.melnyk@gmail.com (K. Melnyk); Borysova.n.v@gmail.com (N. Borysova); Spaspal2@yahoo.com (P. Smolin);
Dirja@i.ua (I. Dehtiarova); Juliagasan2013@gmail.com (l. Gasan); Alpatova83alla@gmail.com (A. Voida)

ORCID: 0000-0001-9642-5414 (K. Melnyk); 0000-0002-8834-2536 (N. Borysova); 0000-0002-1290-9698 (P. Smolin); 0000-0001-5144-

7636 (l. Dehtiarova); 0000-0003-1643-3153 (l. Gasan); 0000-0003-3226-6455 (A. Voida)
@ @ © 2020 Copyright for this paper by its authors.
Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).

- CEUR Workshop Proceedings (CEUR-WS.org)




elderly people and pregnant women, and chronic patients. There is a large number of successful
implementations of MIS for clinical monitoring and diagnosis of critical states in medicine based on
the results obtained from instrumental-computer studies [6-8]. Such studies can be carried out using
special hardware and software systems. They can register, store and process the patient’s biological
signals using various medical devices: infrared non-contact thermometer, pulse oximeter, glucose
meter, blood pressure monitors, etc. There are many scientific researches dedicated to medical
monitoring process [9-11]. Many works have appeared related to monitoring the health status of patients
with COVID-19 in connection with the coronavirus pandemic [12, 13]. A separate area of research is
the development of various mobile applications for monitoring the health status of patients [14, 15].
For instance, the platform [15] contains information about a huge number of mobile applications for
medical purposes with the ability to search of the required application by category: Bones and Muscles;
Breathing and Lungs; Heart, Circulation and Blood etc. Mobile apps can differ according to platform
(Android, Apple, Blackberry, Nokia, and Windows) and interface’s language. Certain apps are part of
the National Health Service, which means they are used by government health services. For example,
the My Inhealthcare application developed by Inhealthcare is used on the state level in the UK.
Registered patients of the app can send information about their health status directly to their therapist,
receive feedback from the doctor, and analyze their health indicators over time, set various reminders,
for example, about taking medications or about the need to upload information to the application.
Despite on such a wide range of MIS for solving the monitoring task and existing research, the problem
of early diagnosis of the patient in dynamics remains not completely solved.

Thus, the purpose of this study is to improve the quality of the monitoring process of patients’ health
with solving the early diagnosis task.

2. Formal problem statement

Let’s consider the medical monitoring task for early diagnosis process of concrete disease. Every
disease is characterize of set of chosen indicators Y = {y,, ... y,}. Let designate X = {x, ... x,} as a set
of possible states of patients for concrete disease. Then the task of the monitoring process for early
diagnosis of patients’ health is a mapping of one set to another f:Y — X.

The given issue can be divided to following subtasks:

o formalize monitoring process;
develop the model of the early diagnosis process;
conduct review of approaches for resolving the monitoring task;
choose suitable method for given domain area;
assess the quality of the monitoring process of patient’s health.

3. An analytical review of existing mathematical methods

To solve the issue of monitoring and predicting the patient’s health state according to medical
indicators, the various mathematical methods can be applied. Each method has advantages and
disadvantages. Let’s take a look at some of them.

An example of numbered list is as following.

1. Neural networks (NN)

Neural networks are widely used in medical research to solve the problems of diagnosing diseases,
processing medical images, monitoring the health of patients, predicting the results of using different
methods of treatment, predicting the state of health of patients, evaluating the effectiveness of treatment
methods [16-17]. Neural networks needs to be trained on a special dataset. Usually, the larger the
dataset, the better results the NN shows in solving a particular problem. However, it is difficult to create
datasets with medical data of the required volume, with the necessary characteristics. Only medical
professionals have access to such data, since they belong to the category of personal data of a person
and are protected by the laws of all countries of the world, and are also medical secrets. Moreover, the
physiology of people is different, so it is difficult to train a NN to distinguish between normal and
abnormal data. It means that some patients have such normal values of medical indicators that are



abnormal for healthy people. Nevertheless, there is a huge amount of research of the usage of NN that
show high efficiency in solving various medical problems.

2. Computational Logic

The mathematical apparatus of predicate and propositional logic can also be used to solve medical
issues [18, 19]. Researched medical objects should be represent in the form of a set of n-place
predicates. For example, the indicator of patient’s health “elevated body temperature” can be represent
by the double predicate . It means in natural language, “the patient’s body temperature is greater than
36.6”. Alternatively, the double predicate in natural language means “the average volume of red blood
cells is 83.9”. Any case can be described with such predicates. Then the values of these predicates are
compared with the values of a set of n-place predicates representing the researched object. The
comparison findings can show the presence of a certain disease, determine the choice of a particular
treatment plan, etc. The values of predicates are 1 or 0, so they can be linked by logical operations, the
generality quantifier and the existential quantifier. However, the logic of predicates has such drawbacks
as an excessive level of formalization of knowledge representation, difficulty of reading them, and not
very good performance of computer processing.

3. Fuzzy logic

A more effective mathematical approach for solving medical issue is the apparatus of fuzzy logic,
since a decision is made in the face of uncertainty often. On the one hand, sometimes the patient cannot
clearly describe own symptoms, on the other hand, the medical expert can interpret the information
received from the patient in different ways. There are such situations when a certain set of symptoms
describes several diseases, or the course of the illness is atypical, or some disease is disguised as another
etc. Therefore, the advantages of this method are the similarity with human decision making and the
ability to use fuzzy data for decision making. The basis of the fuzzy logic is the base of fuzzy expert
rules, where each rule defines a cause-and-effect pattern in the form of “if-then”. The fuzzy inference
would determine belonging of researched object to a particular class. Each rule is associated with the
values of the membership function of the corresponding linguistic terms. Various membership functions
can be used, for example, the Gaussian function. The logical conclusion is made using some special
algorithm of logic inference [20, 21]. Comparing the aforementioned methods, one can conclude that
the fuzzy logic can be used for tracking the patient’s health.

4. Monitoring model for early diagnosis

The monitoring task in general terms is to observation of the object of research based on the set of
selected indicators for checking the achievement of the given goals. The aims in its capacity as the
following tasks: assessing the state of the object of research, monitoring and managing the behavior of
the object, early warning of possible situations, modeling and predicting behavior of the object, studying
both individual properties of the object and the whole one. It is possible to assess the degree of
achievement of the goal based on the selected criteria. Thus, the monitoring model of the research object
is presented in the form of the following scheme (Fig. 1).

The first stage is the analysis of the domain area. The obtained results is a base for the selection a
system of indicators that allow assessing whether the goal has been achieved or not. The second stage
provides data collection and evaluation or diagnostics of the current state of domain. These findings are
compared with standard, which can be collected from various sources: special literature, previous
research, knowledge bases about the subject area etc. The comparison results are the framework for
decision making at the fourth stage. They allow forming a set of management decisions. Depending on
the degree of achievement of the given goal, the monitoring process can continue with insufficient data
or a final report of the research is formed.
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The monitoring process may differ depending on the subject area. Let’s consider the monitoring in
solving the issue of early diagnosis of patient’s health. This task is a systematic diagnosis of the patient’s
state with a certain frequency based on the use of a system of chosen indicators (Fig. 2).

Figure 1: Monitoring process model
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Figure 2: BPMN-model of the early diagnosis process

There are two events, which can initiate monitoring process: a patient attendance with certain
complaints or an annual medical examination. In the first case, a preliminary assessment of the patient’s
health is carried out on the basis of the initial examination, history and existing complaints. Next, the
doctor determines a set of indicators and markers for monitoring. The next stage provides conducting
of the medical procedures in accordance with medical protocols of treatment and diagnostics [22].
These procedures would determine the values of the selected indicators. Further, the task of early
diagnosis of the patient’s health is solved. The findings are compared with standard. The standard on



the first cycle of evaluating of patient’s data is based on average data for particular indicators. On
subsequent cycles of checking the medical values, the data are compared not only with the average
values, but also with the results of previous examination. The period of medical research depends on
the complexity of the case, on the magnitude of the discrepancy with the standard, etc. The doctor in
each case determines this rate separately. When the period of observation expires, the doctor draws up
a conclusion about patient’s health.

The second reason for starting the monitoring process is the annual physical examination. The
patient can come by himself or at the request of the HR-department. In this situation, the patient has a
certain list of examinations according to medical protocols [22]. Then the doctor forms a conclusion
about the confirmation of the health group. If the results of the examination revealed critical or
guestionable values of some indicators, then after a while the patient is sent for repeated examinations
to clarify the diagnosis.

To improve the quality of monitoring for solving the problem of early diagnosis, the aforementioned
model of the business process provides usage of mathematical methods of information processing. The
review of the methods showed the feasibility of using the apparatus of fuzzy logic as a monitoring
method in solving the early diagnosis task of patient’s health.

To make decisions regarding the dynamics of changes in the patient’s health state, it is necessary to
form a base of fuzzy rules in the form: “if ... , then ...”. It is proposed to convert input data to linguistic
variables. A linguistic variable takes values from a variety of words or phrases in a natural or artificial
language. Each linguistic variable is a term-set consisting of a set of fuzzy variables defined on the
same range of variation as the linguistic variable itself. Let’s consider the indicator “Sore throat”. It is
a qualitative indicator, which contain term set with different values: weak sore throat, moderate sore
throat and strong sore throat. Every variable from term set has to be assessed with the help of chosen
membership function. Membership functions show graphical view of the fuzzy set. The X axis
represents the universe of discourse: the level of sore throat. The y axis represents the degrees of
membership in the [0,1] interval. There are many different forms of membership functions. The most
used functions are following: Gaussian, Triangular, Singleton, Trapezoidal etc. The linguistic variable
“Sore throat” is shown below (Fig. 3).
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Figure 3: Defining of a linguistic variable

Next stage is selecting the method of fuzzy inference. The most common methods are the algorithms
of Mamdani, Suggeno, Tsukamoto, Larson. The usage of the fuzzy rule base consists of the following
steps: fuzzification (fuzziness introduction), inference, composition and defuzzification. A distinctive
feature of inference methods is the use of different formulas for bringing to clarity.

5. Experimental part

Let’s consider the usage of developed model for resolving the monitoring task on the example of the
diabetes mellitus. According to the International Diabetes Federation (IDF), about 578 million people
with diabetes will be registered in 2030, and 700 million people in 2045. The IDF report for 2019
indicates that the number of patients with diabetes in the world has reached 463 million people, and



from 85 to 95% of patients suffer from type 2 diabetes mellitus and big number of the disease remains
undiagnosed [23]. It means that the problem of medical monitoring of patients with a high risk of
diabetes mellitus for the purpose of early diagnosis is an extremely urgent task. The first priority is to
determine the patient’s risk. Table 1 presents a list of risk factors for diabetes mellitus of type 2 over
the next 10 years according to the Finnish Diabetes Risk Score (FINDRISC) [24].

Table 1
List of medical indicators for type 2 diabetes mellitus according to the Finnish Diabetes Risk Score

Name of indicator Term set of indicator

Y, age (years) {yf =less than 45, y? =from 45 to 54,
y3 =from 55 to 64, y}* =more or equal 65}

Y, body mass index, BMI (kg/m2) {y3 =less than 25, yZ? =from 25 to 30,
y3 =more than 30}

Y3 sex {y} =female, y7 =male}

Y, waist circumference for women (cm) {y1 =less than 80, y? =from 80 to 88,
y2 =more than 88}

Ys waist circumference for men (cm) {y2 =less than 94, y52 =from 94 to 102,
y3 =more than 102}

Ys daily consumption of vegetables, fruits, or {y¢ =yes, y2 =no}

berries
Y;  history of physical activity for 30 minutes {y} =yes, y? =no}
every day or 3 hours during the week

Ys use of blood pressure medications {y& =no, yZ =yes}

Yy history of high blood glucose {yd =no, y3 =yes}

Yio family history of type 1 diabetes {y1o =no, vy, =yes (grandparents,

uncle/aunt, cousins), y130 =yes (parents,
sibling, child)}
Yi1 family history of type 2 diabetes {y1, =no, y#, =vyes (grandparents,

uncle/aunt, cousins), yf1 =yes (parents,
sibling, child)}

The fuzzy rule base was compiled based on the indicators in Table 1. Here are some examples of
rules:

Ry: ifY,=y{andY, =yl andY; = ylandY, = yi and ¥y = y2 and ¥, = y} and Y,
=ydandYy = yd and ¥}, = yi, and ¥;; = yi;,thenx = S,

R,:ifY, =yfandY, =ytandY; = ylandY, = y?and Y, = y2and ¥, = yl and Y
=ydandYy = yd and ¥}, = y%{, and ¥;; = yi;,thenx = S,

Ry:ifY; =y?andY, =y?andY; = yZ2andYs = y2and Yy = y2 and ¥, = y and Y
=ytandYy = ydand Yy, = y3, and ¥;; = yi,, thenx = S;

R,:ifY; =ytandY, =y3andY; = yZ2andYs = y2and Yy = y2 and ¥, = y2 and Y
=ylandYy =yl andV,, = y3,and Y;; = vy, thenx = S,

The values of the variable x € {S;},i = 1,5 show the patient’s risk of type 2 diabetes mellitus over
the next 10 years, where S; means very low risk, S, — low risk, S; — moderate risk, S, — high risk, Ss —
very high risk.

Depending on the value of x obtained at the previous stage, the patient is provided with
recommendations for further monitoring of health. Patients with very low and low risk are encouraged
to monitor their blood glucose levels once every three years. Group of patients with moderate, high and
very high risk is checked for symptoms of type 2 diabetes. Table 2 provides a list of informative signs
of diabetes.



Table 2
Symptoms of diabetes mellitus

Name of indicator Term set of indicator
t excessive thirst {t1 =yes, t? =no}
t, increased urination {t3 =yes, t2 =no}
t3 weight change {t3 =yes, t2 =no}
ty sweating, especially after eating {t} =yes, t2 =no}
ts weakness, tiredness {t =yes, tZ =no}
te itching of skin {t =yes, t2 =no}
t, nausea, vomiting {t3 =yes, t2 =no}
tg slow-healing sores or cuts {té =yes, té =no}
to fasting blood glucose level {té =more or equal 7 mmol/I, té =more
than 5 and less than 7 mmol/I, tg’ =less or
equal 5 mmol/I}
tio hyperinsulinemia {t%o =yes, t120 =no}
t;1  compensatory hyperplasia of pancreatic {t1, =ves, t121 =no}
b-cells

The fuzzy rule base was compiled based on the indicators in Table 2. Here are some examples of

rules:
Ry7g:

R379:
R3g0:
R3g1:
Rygs:
Rg3:

Ryg4:

ifty=t?andt, =tZandt; = t7andt, = t? andts = tZ and t; = t? and t;, = tZ and tg
=téandty = t3 and t;, = t{;and t;; = t?;,thenz = D,

ifty =t?andt, =tZandt; = tiandt, =t andts = tZ and ty = tZ2 and t; = tZ and tg
=téandty = t3 and t;, = t{; and t;; = t?;, thenz = D,

ift; =t?andt, =tZandt; = tdandt, =t7andtg = tZ and t, = t2 and t; = t7 and tg
=tZandty =tZandt,, = t};and t;; = t?,thenz = D,

ifty=t?andt, =tZandt; = t5andt, = t? andts = tZ and t, = tZ? and t; = tZ and tg
=tZandty =tandt,, = t¥andt;; = t?,thenz = D,

ifty =tfandt, =tZandt; = tlandt, =tZandts =t andty = tZ2 and t, = tZ and tg
=téandty = ts and t;y = ti;and t;; = t#;,thenz = Dy

ift; =t} andt, =t)andt; = tiandt, =t} andts = t2 andty = tZ and t, = tZ and tg
=tZandty = tland t;, = t};and t;; = t?;,thenz = D,

ift; =t{andt, =tlandt; = tiandt, =tZandts = tlandt, =tZandt, = t? and tg
=tfandty = tJ and t;y = t};and t;; = t};,thenz = Dy

The values of the variable z € {Dj}, j = 1,3 show the absence or presence of prediabetes or type 2
diabetes mellitus, where D; means patient doesn’t have prediabetes or type 2 diabetes, D, means that
patient has prediabetes, D; means that patient has type 2 diabetes.

6. Discussion

To assess the quality of the monitoring process of patient’s health in dealing with the solving the
problem of early diagnosis, it is necessary to form a set of criterion that help to determine the degree of
achievement of certain goals. Analysis of domain area and experience of experts allow choosing the
following criteria for quality measurement process:

c; — time expenditure for processing of medical information;
¢, — level of complexity of medical data processing;

c3 — level of patient satisfaction;

c, — level of emergency room visits;

cs — level of readmissions.



For this study, experts have proposed to use for evaluation of each criterion a 5-point scale. Then
the obtained values are normalized. The criterion can be positive, or it can make a negative contribution
to the overall assessment. In the latter case, the reciprocal is taken [26]:

C; Cj S
ctorm =§l or¢™M=1- EJ' Lje{15} i+
where c; — are positive criteria; c; — are negative criteria.

Then the aggregation of particular criteria is performed according to the formula proposed in [25,
26]:

o ZEad " m
where w; — is the weight of ¢;-th criterion.

In order to assess the dynamics of changes in the quality of the monitoring process for early
diagnosis, the features of the process can be measured in two ways. First case is conducted in the
classical way with the help of experts. Second way indicates how the developed model can help to
resolve the monitoring task. Experts evaluate both ways according to the proposed scale (Table 3). The
conducted researches have shown that the only c3-rd criterion has positive influence onto overall value
of the quality measurement. When the values of others criteria are increased, the quality of the
monitoring process of patient’s health is decreased.

Table 3
The quality assessment
Number of Classical Proposed Weight Results of assessment

criterion way model of Classical Proposed
criterion way model
C1 5 2 0,9 0,74 0,82
Cy 4 1 0,7 0,79 0,91
C3 2 4 0,6 0,11 0,36
Cy 4 2 0,7 0,79 0,82
Cs 4 2 0,4 0,79 0,82
Q 0,65 0,75

The Table 3 demonstrates that the quality of the early diagnosis process for solving the monitoring
problem has increased by 10%. It proved the feasibility of proposed approach for resolving the given
task.

7. Conclusion

Solving the monitoring problem for early diagnosis improves not only the quality of patient care,
but also the level of satisfaction of patients and doctors. The proposed approach showed that the use of
fuzzy logic in decision-making generates additional medical information for the doctors. In addition,
studies and analyses have showed the possibility of using of the proposed monitoring model in clinics
to improve the management of medical decisions.
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