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SCIENTIFIC AND THEORETICAL QUESTIONS OF CLINICAL
DECISION SUPPORT TECHNOLOGY BASED ON DIFFERENTIAL DIAGNOSIS
OF CLINICAL AND HEMATOLOGICAL SYNDROMES

KNMHUKANbIK XXOHE TEMATONOIMMANbIK CAHAPOMAOAPAObIH AN®DEPEHLUUANADBI
AONATHOCTUKACDBIHA HET3AENTEH KNMHUKANDbIK LWWELWWIMAEPOI KONOAY
TEXHONOIMMNACbIHbIH FbINIbIMUA-TEOPUATBIK MOCEJENEPI

HAYYHO-TEOPETUYECKMWE BOMPOCHLI TEXHONOIMU NOAAEPXKN
NPUHATUA KNUWHNYECKUX PELLEHUX HA OCHOBE AU®PEPEHLUUAIIBHOIO
AUWATHOCTUPOBAHUA KITMHUKO-TEMATONTOMMYECKUX CUHAPOMOB

Abstract. This study is aimed at developing a software package for diagnosing clinical and hematological
syndromes for an electronic passport, which makes it possible to automate the process of clinical decision
support based on differential diagnosis algorithms and medical data mining models. The purpose of the
study is to develop a software package for an electronic health passport based on the information technology
of differential diagnosis and computational-analytical models of the morphological classification of clinical
and hematological syndromes. The scientific foundations of the information technology for monitoring clinical
and hematological syndromes integrate mathematical models for evaluating, pre-processing and ensemble
methods of machine learning of biochemical blood test indicators, as well as methods that improve the
efficiency of business processes for remote monitoring of hemoglobin synthesis disorders as a result of iron
deficiency developing against the background of various pathological (physiological) conditions and
manifested by signs of anemia and sideropenia.

Keywords: clinical decision support technology, differential diagnosis, clinical and hematological
syndromes, scientific and theoretical base, medical monitoring, information technology, electronic health
passport.

AHOamna. byn sepmmey OuggpepeHyuandsl OuasHocmuka anzopummoepi MeH MeOUYUHasbIK
Oepexkmepdi 3ussimkepsriik manday modesnbOepi Hezi3iHOe KrnuHUKanbIK wewimoepdi Kkabbindayobl Konday
npouyeciH asmomammaHObIpyra MyMKiHOIK 6epemiH 371eKmpOHObIK Macropmka apHasiraH KiuHUKarbiK-
eemamorioeusnblK cuHOpomOapObl duazHocmukanayobiH bGardapnamarblk KeweHiH asipneyze 6arbim-
marnfaH. 3epmmeydiH mMakcambi-OughgepeHyuandbl GuacHOCMUKaHbIH akrnapammbiK MeXHO02usiCbiHa
JKOHE KITUHUKalIbIK-2eMamoJsioausisibiKk CUHOpoMOapObiH MOPGhOI02usifIbIK KnaccuguKkayusiCbIHbIH ecenmey-
aHanumukarnbiK modenbdepiHe HezisoernzeH 371eKmpoHObIK OeHcayrnblK rnacrnopmsbiHbiH b6arFdaprnamarsik
KeWweHiH oa3ipney. KnuHukasbIK-eeMamornoausiiiblK  CUHOpoMOap  MOHUMOPUHRIHIH — aknapammbiK
MEeXHOO2USICbIHbIH  FbIIbIMU ~ Hezi30epi  KaHHbIH  GUOXUMUSTIbIK — mardayblHbiH — KepcemkilwmepiH
baranayobiH, andbiH ana eHOeyOiH XoHe MawuHalblK 0KbimyObliH aHcambribOik adicmepiHiH Mamemamu-
KarnblK molenblepiH, coHOal-aK apmypni namonocusnbel (¢husuonocusnbik) xardalinap asicbiHOa
OamumbiH XXoHe aHemusi berneinepimeH KepiHemiH memip manuwbifbifbl HeMUXeciHoe eemo2r10buH
CUHME3iHIH 6y3blnyblH KalbiKmbikmaH 6akbinayObiH bu3Hec-rpouecmepiHid muimoinieiH apmmabipyra
MyMKiHOiKk 6epemiH adicmepdi bipikmipedi xeHe cudeporneHu.

Tylin ce3dep: knuHukanbiK wewimoepdi Konday mexHoroausickl, ughghepeHyuandbl duasHOCMUKa,
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KIUHUKaIbIK X9HEe 2eMamorio2usifiblK CUHOpomOap, fbiribiIMU-meopusinibiK 6asa, mMeduyuHarsbiK MOHUMO-
PUHe, aKrmapammblK MexHO102usinap, 31eKmpoHObIK OeHcaysibIK nacropmei.

AHHOmMauus. [aHHoe uccriedosaHue HarnpaeneHo Ha paspabomky npoespaMMHO20 KOMIfieKca
OuacHOCMUKU KIUHUKO-2eMamosio2u4yeckux CUHOpOMoe8 Orsi 3f1eKmMpPOHHO20 nacriopma, rno3eossouuli
asmomamu3suposams Mpouecc no0depXKU MPUHAMUS KIMUHUYECKUX peweHul Ha OCHO8E aii2opummos
OuppepeHyuanbHol OuasHocmuKku U Modenel UHmesneKkmyanbHo20 aHanu3a MeOUUUHCKUX OaHHbIX.
Uenb uccnedosaHusi — paspabomampb npoz2pamMMHbIU KOMIIIIEKC 3MEKMPOHHO20 rnacriopma 300p08bs,
OCHOBaHHbIU Ha UHGOPMaUyUOHHOU mexHosoeuu OughgepeHyuanbHol Oua2HOCMUKU U 8bI4UCTUMEsIbHO-
aHanumuyeckux mMooesnsx Mopghonoaudyeckol Krnaccugukayuu KIuHUKO-2eMamornoaudyecKux CUHOPOMOS.
HayuHbie ocHO8bI UHGhOpMaUUOHHOU MeXHOI02uu MOHUMOPUH2a KITUHUKO-2emMamorioauyecKux CUHOpoOMO8
UHMeezpupyrom Mamemamu4yeckue MoOeNU OUEHKU, rpe-npoueccuHea U aHcambriesbix mMemodo8
MawuHHo20 obyyeHus rokasamersel bUOXUMUYECKO20 aHaru3a Kposu, a makxe mMemoodkl, o3eornsowue
rnosbicums 3¢hghekmusHocmb bu3Hec-rnpoyecco8 OUCMaHUUOHHO20 MOHUMOPUH2a HapyweHUs cuHmesa
2emoenobuHa 6 pesdynbmame Oechuyuma xesnesa, pa3guearu,e2ocs Ha ¢hoHe passiuyYyHbIX rnamosoau-
yecKux (¢husuonoauyecKux) cocmosiHUl U nposiensiowulics npusHakamu aHemuu u cudeporeHu.

Knrodeenlie croea: mexHosnnozusi o00epXKU MPpUHAMUS KITUHUYECKUX peweHul, duggbepeHyuansHoe
OuazHocmuposaHue, KIUHUKO-2eMamosio2udeckue CUHOPOMbI, Hay4YHO-meopemuyeckas 6a3a, MeOuyuH-
CKUU MOHUMOPUHE, UHGhOPMAaUUOHHAasi MEeXHOM02US, 3/IEKMPOHHbIU Macrnopm 300p08bsi.

Introduction. Considering all the recent unfavorable events in the world, including the global
pandemic, quarantine restrictions, and economic shocks, the development of the healthcare sector
is one of the top priorities of any country.

In this regard, Kazakhstan, like any other country, needs to improve the efficiency of the health
sector and the availability of medical care for the entire population, which in turn can be achieved
only through digitalization, namely the integration of the main activities of the health sector with
information systems, the use of mobile digital applications, the introduction of electronic health
passports and the transition to "paperless"” hospitals.

For this task, the Ministry of Health, together with experts and representatives of the business
community, has developed new approaches to the digitalization of healthcare.

The central element of e-health should be an electronic health passport of every citizen of our
country. It is a summary of human health information, including demographic data; information
about past and/or existing diseases; biometric data; allergological and immune status.

As part of the digitalization of Kazakhstan's healthcare since 2020, almost all (more precisely
94.69%) Kazakhstanis have received an electronic health passport that stores their medical history
and is available to the polyclinic, ambulance, hospital. Passport data is updated on a weekly basis
with data from all medical institutions.

This study is aimed at the development of a software package for the diagnosis of clinical and
hematological syndromes for an electronic passport, which allows automating the process of
supporting clinical decision-making based on differential diagnosis algorithms and models of
intelligent analysis of medical data. The aim of the study is to develop a software package of an
electronic health passport based on information technology of differential diagnosis and
computational and analytical models of morphological classification of clinical and hematological
syndromes (CHS). The scientific foundations of the information technology for monitoring
clinical and hematological syndromes integrate mathematical models for evaluating, pre-
processing and ensemble methods of machine learning of biochemical blood test indicators, as
well as methods that improve the efficiency of business processes for remote monitoring of
hemoglobin synthesis disorders as a result of iron deficiency developing against the background
of various pathological (physiological) conditions and manifested by signs of anemia and
sideropenia.

The scientific novelty of the study lies in the fact that for the first time the technology of
supporting clinical decision-making will be developed for differential diagnosis of CHS based on
the use of ensemble machine learning methods. The relevance of the study is enhanced due to the
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importance of applying the results of such studies for the East Kazakhstan region, since there is
an increased level of radiation and exposure to chemicals in this region, which is why the
prevalence of anemia among the population is increased.

Literature review

According to the classification of the World Health Organization (WHO), anemia is defined
as a decrease in hemoglobin levels less than 120 g/l in women and less than 130 g/l in men. If we
consider the threshold value proposed by WHO, it turns out that 22% of healthy people would be
anemic [1].

Anemiais also widespread in Kazakhstan, as evidenced by the results of the National Nutrition
Surveys conducted by the Kazakh Academy of Nutrition. The results of the study showed that
more than 40% of school-age children suffer from anemia. The prevalence of anemia is especially
high (49,4%) among children aged 12-14 years, as well as among women of reproductive age
(48,2%) and among children aged 6-59 months (47,4%). It turned out that in Kazakhstan, almost
every third man (28,1%) also suffers from anemia. Based on the entire population, the prevalence
of anemia is 41,9%. This means that 6,5 million people in Kazakhstan suffer from anemia [2].

The processes of creating an electronic medical record and an electronic health passport are
devoted to the works of many researchers who prove its effectiveness in the field of healthcare
for various segments of the population. According to the definition, a health passport is a trusted
document confirming the status of the owner in relation to certain diseases. [3].

In most studies, a cross-sectional study on the use of the passport was conducted among older
people and their medical staff. A lot of controversy arises about the content of the health passport.
The authors of [4], based on the results of studies that involved both patients (58%) and medical
staff (42%), state that for a health passport to be most effective, its content should include the
preferred elements of all stakeholders. As the content of the health passport, the authors used
information of a different nature: on the progression of the disease; on the time scale of the
disease; on a brief description of the visit to the doctor; on the results of the blood test; on the
physical condition of the patient; on the dosages of medications taken .

In work [5], an attempt was made to create a scientific and methodological model for collecting
and evaluating data on the physical health of schoolchildren, mental health, and physical fitness.
The data is presented in the form of a digital health passport. These data were used as the basis
for the computer program "Health Passport", which allows the user to receive information about
the general state of health and differentiated aspects of the health of school-age children.

There are quite a few electronic resources dedicated to the use of medical data in the form of
digital medical passes, which have become relevant during the pandemic. [6], [7]

The authors of [8] have developed a health passport aimed at involving students in controlling
their own health levels according to various criteria of physical and mental development.

Despite significant advances in the use of technology in clinical medicine, the state of medical
records remains fragmented and uneven due to a lack of standardized methods, structures, and
standards. One of the challenges facing health information systems around the world is figuring
out how to share medical records with multiple stakeholders for a wide range of purposes without
compromising privacy and integrity [9].

In the modern world, it has become necessary to create a digital model of the patient, using
various measurements that accumulate over a long period of observation. This task requires a
consistent solution of such sequential tasks as: collection of patient data in the framework of
digital medical devices (digital doctor's tools); storage of all data in uniform standards, the
possibility of anonymous access to this data for the development of new methods and technologies
for the treatment/diagnosis of patients; creation of methods for automatic processing of patient
medical data to identify disease biomarkers [10].
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To date, there is a large amount of hematological medical data collected because of medical
tests. A lot of research is being done to gain knowledge from this data using data mining
techniques. For example, the authors of [11] conducted three experiments with the test blood
dataset using three classifiers: a decision tree, rule induction, and a naive Bayesian approach. The
results showed that the naive Bayes classifier has a greater ability to predict blood disease than
the other two classifiers. The method, called "naive Bayes", even though it is based on very simple
assumptions, turns out to be quite competitive in some cases compared to more complex
algorithms. This is especially common in the problems of medical diagnostics [12].

Deep machine learning for CHS indicators will improve the efficiency of differential diagnosis
and apply it to develop algorithmic and software for an intelligent clinical decision support system
[13, 14].

Thus, machine learning technology becomes an important tool in the development of new
high-tech and personalized approaches to managing and monitoring CHS [15].

Research methods

The main scientific issues of the research are related to the development of the technology of
differential diagnosis of CHS for an electronic passport, integrating mathematical models of
evaluation, pre-processing, and ensemble methods of machine learning of indicators, biochemical
blood analysis.

The main hypothesis of the study is the development and application of the technology of
differential diagnosis of CHS for an electronic passport, based on algorithms of ensemble machine
learning methods, which will increase the efficiency of technological processes for remote
monitoring of hemoglobin synthesis disorders because of iron deficiency developing against the
background of various pathological (physiological) conditions and manifested by signs of anemia
and sideropenia.

For the implementation of scientific research, technologies based on interdisciplinarity will be
applied, since the application of machine learning methods (the field of information technology)
for business processes of monitoring indicators of biochemical blood analysis (medical sciences)
is provided. Thus, a comprehensive application of differential diagnosis technology and machine
learning algorithms is being implemented to improve the effectiveness of remote monitoring of
clinical and hematological syndromes. Thus, to achieve the goal, it is necessary to consistently
implement the main four stages of the study.

Stage one. For a comprehensive analysis of the problem and modeling of technological
processes in the subject area, an information model of business processes will be developed and
a conceptual design of a software package for the diagnosis of clinical and hematological
syndromes for an electronic health passport will be implemented. At this stage, a descriptive
approach will be initially applied: an intensive information and patent search will be conducted,
a comparative analysis of the advantages and disadvantages of existing modern solutions will be
performed, the choice of informative features for machine learning will be justified, a detailed
experimental plan will be thought out, a literary review will be written. Also at this first stage,
special research methods will be developed and applied, which are presented in Figure 1.

Stage two. To create a computational software and hardware complex, a set of mathematical
evaluation models and ensembles of methods for data mining of clinical research indicators will
be developed to support medical decision-making in the differential diagnosis of clinical and
hematological syndromes. Within the framework of this second research task, the scientific issues
presented in Figure 2 will be solved.
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[ study of educational and scientific-methodical literature, detailed market analysis of h
existing solutions for biomedical systems for differential diagnosis of clinical and
hematological syndromes and functional support of electronic health passport
L modules; y
4 N
formation of the scientific and theoretical base of the project, development of a
functional model for supporting clinical decision-making based on the differential
diagnosis of clinical and hematological syndromes;

\ J
e \
development of a conceptual model of the IT infrastructure for the technology of
differential diagnosis of clinical and hematological syndromes;

\, J
4 N
development of methods and algorithms for collecting and integrating indicators of
clinical and hematological syndromes (clinical studies) from primary converters;

\. J
4 N
development of an information model for ensuring the information security of the
software package, as required by the current legislation ensuring the protection of
personal data
\ J

Figure 1. Scientific and technical issues of the first stage of the study

development of a model for
preprocessing these indicators
of clinical and hematological
syndromes based on ETL
technology

development of a mathematical
model for assessing the
indicators of clinical and
hematological syndromes

development of an algorithm
for the morphological
classification of clinical and
hematological syndromes

development of models and
algorithms for differential
diagnostics based on ensemble
methods of machine learning

designing a database and a rule
base for the differential
diagnosis of clinical and
hematological syndromes
based on the morphological
classification algorithm

development of technical
specifications for the structural
and functional components of
the complex

Figure 2. Scientific and technical issues of the second stage of the study
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Models and algorithms of differential diagnosis will be based on such ensemble methods of
machine learning as Backing and adaptive Boosting.

The Boosting algorithm implements the integration of machine learning algorithms
(classifiers) to train the entire sample without splitting. When implementing the Boosting learning
process, the algorithm allows you to change the weights of neurons, where analysis objects with
incorrect classifications will have more weight and vice versa. Here, machine learning models
aim to improve accuracy by analyzing the previous epoch (learning from errors).

The Backing algorithm allows you to implement 3 stages of classification: the stage of splitting
the initial data into groups of bootstrap samples, building a classifier for each group, and
implementing the final classifier.

Stage three. In accordance with the experimental research plan, architectural and software
solutions for the implementation of the methods and algorithms developed (at the second stage of
the study) will be developed, since the third stage is the development of an architectural and
software solution for the diagnosis of clinical and hematological syndromes for an electronic
health passport in a Web application that meets the requirements of information security and
equipped with artificial intelligence functions and preventive analytics. Within the framework of
this third research task, the scientific and technical issues presented in Figure 3 will be solved.

software implementation of the DataAsQuisition module of the health passport software
package;

)

software implementation of the Data Preprocessing module of the health passport
software package;

software implementation of the computational module MathematicalEvaluation of
the health passport software package;

software implementation of the computational module Morphological Classification
of the health passport software package;

software implementation of the Ensembling analytical module of the health passport
software package;

)

development of an optimal architecture of a software and hardware complex with
computational and analytical modules for monitoring indicators of clinical and hematological
syndromes.

Figure 3. Scientific and technical issues of the third stage of the study

For the construction and software implementation of the proposed algorithms, the Python
programming language will be used using the classes of the Scikit-learn library. Computational
experiments with algorithms of ensemble machine learning methods will be based on the
separation of the initial data on informative signs of human health and vital activity indicators
into a training and test sample in the proportion of 70 to 30.

An optimal architectural model based on the use of components with the following properties:
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reusability; substitutability; context independence; extensibility; encapsulation; independence.

Stage four. In accordance with the experimental research plan, experimental operation of the
software and formalization of functionality based on experimental data will be carried out. Within
the framework of this fourth research task, the scientific and technical issues presented in Figure
4 will be solved.

experimental study of computational and analytical modules of the health passport software complex
in a pilot version in key areas

\Z

processing the results of an experimental study of computational and analytical modules of the
software package

\Z

development of a preliminary draft of technical and methodological documentation of the health
passport software package

\Z

system integration of computational and analytical modules of the software complex

\Z

conducting trial operation of the health passport software package

\Z

analysis of the results of trial operation and adjustment of the architecture of the complex based on the
results of trial operation

\Z

correction and updating of the package of technical and methodological documentation

N\

expert evaluation of the application effectiveness of the developed health passport software package
for the tasks of clinical and hematological syndromes differential diagnosis

Figure 4. Scientific and technical issues of the fourth stage of the study

Thus, within the framework of this fourth task, computational and analytical modules will be
tested and a preliminary draft of technical and methodological documentation of the software
package will be developed.

The results of the study will make a significant contribution to the development of digital
technologies for the transformation of administrative and medical processes of healthcare, aimed
at improving the efficiency, quality, accessibility, and safety of medical care. In particular, the
risk of medical errors will be reduced and the accuracy of classification of the data of differential
diagnosis of anemia will be increased.

It is planned to carry out experimental work on approbation of practical developments in
medical institutions of the East Kazakhstan region. The region has increased levels of radiation
and exposure to chemicals, resulting in an increased prevalence of anemia among the population.
Thus, the strategic task of the study is to increase the efficiency of diagnosing clinical and
hematological syndromes by developing a comprehensive technology for differential diagnosis
based on machine learning.

Conclusion

The scientific and technical effect of the study is to develop a new technology for monitoring
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indicators of clinical and hematological syndromes based on differential diagnostics algorithms,
integrating mathematical models for evaluation, pre-processing, and ensemble methods of
machine learning for medical data. During the implementation of the project, new scientific
results of medical data processing will be created by using ensemble methods of machine learning
such as Backing and adaptive Boosting, designed to improve the accuracy of classifying clinical
and hematological differential diagnosis data.

The creation of the software package will contribute to improving the level of the health
protection and life safety of the Kazakhstan citizens , training specialists in the development of
domestic medical systems and consolidation of medical data, strengthening digital culture,
integration into existing medical information systems, introduction of innovative technologies,
implementation of domestic platforms for professional development and retraining of specialists.
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