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Abstract. The purpose of this study was to identify a set of prognostic factors for the progression of gastro-oesophageal
reflux disease for use in the development of a mathematical model for predicting this disease based on the results
of oesophagogastroduodenoscopy. The study identified a range of prognostic factors for gastro-oesophageal reflux
disease and a statistical method was employed to determine the level of their correlation with the development of the
disease. The study found a link between certain clinical indicators and the occurrence of gastro-oesophageal reflux
disease, which led to the formation of a set of prognostic factors for the progression of gastro-oesophageal reflux
disease, including heartburn, frequent belching, regurgitation, damage to the mucous membrane of the oesophagus,
stomach, duodenum, the presence of chronic gastroduodenitis, gastrointestinal dysfunction, bile reflux. In creating
the mathematical prediction model, the logistic regression method was used to identify the correlation between the
patient’s clinical indicators and the occurrence of reflux disease and to determine the probability of its progression. To
bring the clinical information in line with the statistical formula, it was assigned the values of independent variables,
and the presence or absence of a particular indicator was coded using the binary number system. To test the developed
model, recommendations were given to assess the statistical significance of the independent variables to determine
its adequacy and to determine the predictive ability by testing on an independent sample of patients. The developed
prognostic model is of great practical significance for patients, the healthcare industry, and the further development
of the field, as it enables prompt detection of diseases and suitable prevention and treatment measures, increases the
diagnostic potential of the industry, optimises the allocation of medical resources, and leverages machine learning and
artificial intelligence capabilities based on the existing model
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INTRODUCTION

The need to develop a reliable model for predicting the
development of gastro-oesophageal reflux disease arose
due to problems associated with the late detection of the
disease and, as a result, the complexity of its treatment.
Gastro-oesophageal reflux disease (GORD) is an acute or
chronic inflammation of the oesophagus (oesophagitis)
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that develops as a result of the backflow of stomach con-
tents into the oesophagus (reflux). The disease is accompa-
nied by a range of symptoms, including heartburn, belching,
heaviness and/or pain in the oesophagus when swallowing
food or saliva, hiccups, a lump in the throat, and vomit-
ing. Depending on the stage of GORD, its clinical signs
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change - from erosive changes in certain areas of the oe-
sophagus at the first stage to the formation of ulcers, stric-
ture, stenosis, and metaplasia of the oesophageal mucosa
(degeneration of its epithelial cells) at the fourth stage.
Apart from having a considerable impact on the quality of
life (reduced ability to work, changes in the usual regime,
and dietary restrictions), the progression of GORD can be a
factor in many complications, the most serious of which is
the development of a malignant tumour of the oesophagus.

Currently, there are several major problems associat-
ed with the prediction of GORD. Thus, the high variability
of its symptoms and the lack of reliable clinical markers
considerably complicate the prognostic process and affect
its accuracy. T. Reva et al. [1], K.M. Chue et al. [2], S. Shi-
nozaki et al. [3] investigated this issue. In these studies,
the researchers found the dependence of GORD variants
and concomitant lesions on the level of reflux acidity, es-
tablished the usefulness of the Hill classification for pre-
dicting the development of this disease after laparoscopic
sleeve gastrectomy, and assessed the significance of such
prognostic factors as smoking, functional dyspepsia, hi-
atal hernia, and severe gastric atrophy. The effect of dif-
ferent types of bile on the risk of oesophageal mucosal
damage can be considered a prognostic factor for the
progression of GORD, but focusing on only one parame-
ter, without considering other clinical characteristics of
the patient, can lead to a decrease in the accuracy of the
prognosis. The Hill classification of the gastro-oesopha-
geal junction has shown a close relationship with the de-
velopment of postoperative GORD, but it is not advisable
to use it as a universal indicator for predicting the disease
in other clinical situations. The same statement applies to
smoking, functional dyspepsia, hiatal hernia, and severe
gastric atrophy, as these risk factors have been considered
in the context of predicting the progression of GORD after
successful eradication of Helicobacter pylori, while their
significance for other clinical cases has not been fully es-
tablished. E.M. Wessels et al. [4] determined the risk of
developing GORD after oral endoscopic myotomy. Thus,
oral endoscopic myotomy as a risk factor for GORD can be
considered as a prognostic factor for the progression of the
disease, but only for the group of patients who are indicat-
ed for the treatment of achalasia.

When studying ways to predict the development of
GORD, certain questions arise about the methods of clin-
ical trials of patients. D. Armstrong et al. [5], S.P. Lee et
al. [6] investigated these issues. In the study, the research-
ers used a survey to identify the differences between cli-
nicians in their approach to initial investigations to de-
tect and predict the progression of GORD - some doctors
favoured the use of upper endoscopy, while others pre-
ferred oesophageal manometry and pH monitoring; the
researchers also noted differences in the interpretation of
endoscopic images of the gastro-oesophageal junction be-
tween observers with different levels of experience (expert
endoscopists and trainees). S. Myasoyedov & S. Andreiesh-
chev [7], B. Shevchenko et al. [8] analysed the effectiveness
of morphofunctional oesophagological monitoring and
endoscopic ultrasound examination. The obtained results
demonstrate the effectiveness of imaging methods due
to their high information content and variability accord-
ing to the individual clinical picture of the patient, but the

possibility of error in the interpretation of the results due to
the subjective perception of the observer is still a problem.

The analysis of the studies revealed the lack of univer-
sal reliable prognostic factors and a single research method
for the prognosis of GORD, and therefore the purpose of
this study was to establish clinical indicators that can be
used in combination as prognostic factors for the devel-
opment of this disease. The main objectives of this study
were to develop a mathematical model for predicting the
development of GORD based on the identified prognostic
indicators obtained by oesophagogastroduodenoscopy and
to establish reliable methods for validating this model.

MATERIALS AND METHODS

The creation of a mathematical model for predicting the
progression of GORD was based on the use of clinical in-
dicators that characterise the state of the gastrointestinal
tract and have prognostic significance for the development
of the disease, and the development of the most accurate
method for identifying statistically significant correlations
between these indicators and GORD.

The prognostically significant clinical indicators were
identified by analysing the literature on the relevant topics,
including the findings of theoretical and clinical studies on
the prognosis, diagnostics, and treatment of GORD; the in-
vestigation of the profile of informativeness and reliability
of oesophagogastroduodenoscopy as a method for collect-
ing information on the clinical characteristics of the gas-
trointestinal tract of patients with GORD was based on the
analysis of the technical characteristics of this method and
the review of literature sources, including materials from
clinical trials using it. The studies were searched for in Pu-
bMed, Web of Science, Google Scholar,and Scopus databases.

After clarifying the prognostically significant clinical
indicators and determining the method of their obtaining, a
mathematical model was developed to predict the progres-
sion of GORD. The first stage in building the model involved
collecting clinical information from the patient, while the
second involved statistical processing of the collected data.
The patient’s clinical information included a history and
complaints to determine the presence of characteristic
symptoms of GORD. Statistical processing was used to iden-
tify the correlation between the patient’s clinical parame-
ters and the development of reflux disease. The statistical
method was chosen based on its ability to accommodate
all identified clinical indicators, convert them into digital
codes while maintaining clinical significance, and calculate
the level of probability of disease occurrence or non-occur-
rence with maximum accuracy. Subsequently, the collect-
ed clinical information was coded for further analysis. The
type of coding was chosen based on the statistical method
chosen - logistic regression, regression analysis. In case
of the logistic regression method, the dependent variable
was reflux disease, while the independent variables were
clinical data from the survey and endoscopic examination.

Assignment of parameters to clinical data and their
coding according to the binary numbering system was as
follows: GORD (p) — according to the results of the calcula-
tions, it would acquire one of two values: 0 - the disease is
absent, 1 — the disease is present; the presence of risk fac-
tors for the progression of GORD (x,,...,x ) — 0 — absent, 1 -
present. Considering these parameters, the development of
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a mathematical model for predicting the development of
GORD was based on the following formula:

In (1%’) = Bo + Brxs + Baxp + o+ By, @

where p - the probability of the emergence of GORD; x,,
..., X _— defined risk factors for the development of GORD;
B, — a constant indicating the log odds of the development
of reflux disease when all independent variables are equal
to zero; 5§, — coefficients reflecting the change in the log
odds of developing reflux disease when the corresponding
independent variable (x,,..., x,) changes by one, if, condi-
tionally, all other indicators stay unchanged.

To determine the statistical adequacy of the developed
mathematical model, the following indicators were con-
sidered: coefficient of determination (R-square), Akaike’s
information criterion (AIC), Bayesian information criterion
(BIC), t-test, and Wald test. To determine the effectiveness
of this model, the study employed validation methods —
checking an independent sample of patients divided into
a training and a test group, and cross-validation, which
helped to determine the parameters of accuracy, sensitivi-
ty, specificity of the created model, and calculate the error
of the developed model using ROC analysis.

The practical significance of this study was determined
by analysing aspects of the clinical relevance of the devel-
oped model. These aspects included value for the patient,
value for the healthcare industry, and value for the further
development of the field.

RESULTS

The development of a mathematical model for predicting
the progression of GORD was based on the relationship
between real clinical data obtained during the interview
and examination of the patients’ gastrointestinal tract
and the presence of GORD. Notably, it is crucial to define
a set of indicators to create a model, as this will enable a
more accurate prediction of the probability of the disease
occurring and help to avoid false results. Therefore, when
considering the degree of prognosticity of clinical data, it
is necessary to determine the type of their connection with
GORD (direct or indirect), to determine the specificity and
to pay attention to other aspects that may affect the error
in determining the prognosis.

The classic symptoms of GORD - heartburn, frequent
belching, and regurgitation — are detected during the col-
lection of complaints and anamnesis (heartburn, frequent
belching) and endoscopic examination (regurgitation).
Heartburn is directly related to the progression of GORD,
as it can lead to an increase in acid production in the stom-
ach and provoke inflammation of the mucous membrane,
which will weaken the contraction of the muscles around
the oesophagus, causing the opening of the floodgate
through which the acidic contents of the stomach will re-
turn up into the oesophagus [9]. Regurgitation is the result
of upper reflux, i.e., in the context of GORD, it is not the
cause of its development, but a consequence [10]. Heart-
burn and regurgitation as indicators of GORD are highly
sensitive, but not specific due to their association with
other gastrointestinal problems: ulcerative colitis, intes-
tinal dysfunction. Despite the high sensitivity of these
symptoms, some patients with a confirmed diagnosis of

GORD who complain of chest pain do not have symptoms
of heartburn or regurgitation.

Apart from visual examination of the oesophageal
mucosa, the examination of the stomach and duodenum is
informative. Damage to the oesophageal mucosa (erosion,
ulceration) is a direct consequence of GORD and, at the
same time, endoscopic signs of this disease [11]. Damage
to the gastric mucosa affects the development of GORD in
several ways: by increasing the production of gastric acid;
by changes in gastric motility; by the development of ulcers
or gastritis, which disrupt its protective barrier, reducing
its effectiveness in preventing acid reflux into the oesoph-
agus [12]. There are several mechanisms of influence of
duodenal mucosa lesions on the development of GORD.
The first one is triggered by inflammation, which can lead
to relaxation of the lower oesophageal sphincter, causing
acid from the stomach to enter the oesophagus (Fig. 1),
while the second one is caused by changes in the balance
of stomach acids, which can affect the motor activity of the
stomach and disrupt the normal digestive process [13].
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Figure 1. The mechanism of reflux during relaxation
of the lower oesophageal sphincter
Notes: a) — sphincter is closed (normal); b) — sphincter is
relaxed
Source: [14]

Thus, damage to the mucous membrane of the stomach
and duodenum can be considered as a factor in the progres-
sion or exacerbation of GORD. Notably, gastroduodenitis,
as an inflammatory process in the wall of the stomach and
duodenum, can trigger several of the above mechanisms of
gastric reflux, and its chronic form considerably increases
the risk of developing GORD due to the prolonged irritating
effect of bile on the oesophageal mucosa. Damage to the
oesophageal mucosa is a more specific prognostic indicator
of GORD than damage to the stomach and duodenum, but
considering the presence of other factors that can lead to
ulceration or erosion (e.g., thermal or chemical burns), the
level of specificity cannot be considered sufficient to use it
as the sole indicator of the probability of GORD progression.

Disorders of the gastrointestinal tract functioning are
not specific to the progression of GORD, but in combina-
tion with the other clinical indicators mentioned above,
they can more clearly predict the probability of progres-
sion or severity of this disease. Dysfunctions of the diges-
tive system have several ways of influencing the progres-
sion of GORD. Gastritis and peptic ulcer disease can cause
an increase in stomach acid production, which leads to
its entry into the oesophagus [15]. Oesophageal sphinc-
ter dysfunction or achalasia causes a decrease in the tone
of the sphincter, which is responsible for acid retention
in the stomach [16]. Impaired peristalsis can lead to food
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retention in the stomach, thus contributing to the devel-
opment of GORD [17]. The direct impact of bile reflux on
the progression of GORD is associated with the action of
aggressive bile components that cause irritation and, with
prolonged contact, inflammation of the oesophageal mu-
cosa. The indirect effect is exerted through the release of
bile into the stomach, which provokes an increase in the
acidity of the gastric contents and damage to the barri-
er function of the lower oesophageal sphincter [18]. The
presence of bile reflux may indicate certain problems of
the gastrointestinal tract, and therefore, despite the low
specificity of this indicator for the progression of GORD,
its use as a prognostic factor is important, especially in
combination with other clinical characteristics.

The effect of each type of bile on the development of
GORD is related to its composition. Although the main
components are bile acids, additional substances necessary
for the normal digestive process may be included at differ-
ent stages of the pathway. The principal components of bile
produced by the liver are water, bile acids, proteins, fats,
and electrolytes. When entering the biliary tract, mucus
is added to these components, which provides additional
binding of bile acids and protects the mucous membranes
from erosion. In the gallbladder, bile is stored, concentrat-
ed, and fat-soluble substances are added to its composi-
tion for effective fat digestion [19]. Thus, when bile reflux
occurs, the most aggressive irritation to the oesophageal
mucosa is caused by bile that enters it from the gallblad-
der. Therefore, it can be assumed that in case of bile reflux,
this type of bile is an additional indicator of GORD. Thus,
to create a model for predicting the progression of GORD,
indicators were selected that, in combination, allow the
most accurate prediction of the probability of the disease.
These indicators include heartburn, frequent belching, re-
gurgitation, damage to the mucous membrane of the oe-
sophagus, stomach, duodenum, chronic gastroduodenitis,
gastrointestinal tract dysfunction, bile reflux (especially if
bile enters the oesophagus from the gallbladder).

An important aspect that determines the reliabili-
ty of a prognostic model is the choice of informative and
accurate methods of patient examination. Apart from the
symptom of heartburn, which is determined by the results
of collecting complaints and patient history, other indica-
tors of GORD progression are detected using instrumental
imaging methods. The method of oesophagogastroduo-
denoscopy has shown high efficiency in the diagnosis of
lesions of the mucous membranes of the gastrointestinal
tract, which allows detecting endoscopic signs of GORD,
including the type of damage (erosion, ulcer) and its vol-
ume. The informative and reliable nature of this method
is ensured by a wide scope of its technical capabilities: the
flexible design of the endoscopic tube allows the specialist
to easily manipulate it during the passage through the in-
ternal organs; The optical system provides access to a clear
image of the throat, oesophagus, stomach, and duodenum,
which is displayed on the doctor’s screen; the presence of
channels for instruments allows for biopsies or other ma-
nipulations during the examination; the air supply function
is used when it is necessary to expand the organs to facili-
tate the examination; thanks to the built-in video camera,
images of the cavities of the examined organs in the for-
mat of photo or video materials can be saved for further

analysis of the examination data [20, 21]. When analysing
clinical trials on the factors of development, diagnosis, and
treatment of GORD, it was found that oesophagogastro-
duodenoscopy was used in many of them as a method of
detecting the key endoscopic signs of the disease [22-24].
An additional advantage of this method is to resolve the
issue of the possibility of misinterpretation of the results
of the endoscopic examination by the observer, depending
on their experience or other subjective factors, which is the
possibility of video recording the results of the procedure
and their repeated analysis with the involvement of several
specialists.

When creating a mathematical model for predicting
the progression of GORD, the principle of logistic relation-
ships between the patient’s clinical parameters and the
probability of the disease occurrence was used. The accu-
racy and validity of this model is achieved through statisti-
cal analysis methods to process real clinical data collected
from the survey and video oesophagogastroduodenoscopy.
This approach makes it possible to identify and consider
clinical characteristics and pathological changes in the di-
gestive tract that are essential for predicting the progres-
sion of GORD. The model for predicting the progression of
GORD is based on obtaining clinical information from the
patient, including the collection of complaints and patient
history, which aims to establish the presence of the char-
acteristic symptoms of GORD - heartburn and frequent
belching, and endoscopic examination results to identify
lesions of the mucous membrane of the oesophagus, stom-
ach, duodenum (erosion, ulcers), and to determine the
presence of sphincter dysfunction (regurgitation), and sta-
tistical processing of the data obtained.

To improve the understanding of the principle of de-
veloping a mathematical model for predicting GORD, it is
worth considering an example using the logistic regression
method, as its principle allows determining the correlation
between the patient’s clinical parameters and the devel-
opment of this disease. In this case, according to Equation
1, the clinical data of the survey and endoscopic examina-
tion will acquire the values of independent variables x -x,,
while their coding according to the binary counting system
will have the following form: the presence of heartburn
complaints, frequent belching (x,, x,) - 0 — complaints ab-
sent, 1 — complaints present; lesions of the mucous mem-
brane of the oesophagus, stomach, duodenum (x,, x,, x,) -
0 - lesions absent, 1 — lesions present; sphincter disorders
(regurgitation) (x,) — 0 — disorders absent, 1 - disorders
present; chronic gastroduodenitis (x,) - 0 — disease absent,
1 - disease present; gastrointestinal tract disorders (x,) -
0 - disorders absent, 1 - disorders present; bile reflux (x,) -
0 - disorders absent, 1 — disorders present. Converting the
Equation (1) in such a way as to calculate the probability of
occurrence of the disease under study (p), the mathemati-
cal model for predicting the progression of GORD based on
logistic regression will be as follows (2):

1
p= 1+e~(Bo+B1x1+B2X2++Box9)’

@)

where p - the probability of GORD emergence; x, - the
presence of heartburn complaints; x, - the presence of fre-
quent belching complaints; x, — the presence of damage to
the oesophageal mucosa; x, — the presence of damage to
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the stomach mucosa; x, - the indicator of damage to the
oesophageal mucosa; x, — the indicator of sphincter dys-
function (regurgitation); x, — the indicator of chronic gas-
troduodenitis; x, — the indicator of gastrointestinal tract
dysfunction; x, - the indicator of bile reflux; , — a constant
indicating the log odds of developing reflux disease when
all independent variables are zero; j,-f, — coefficients re-
flecting the change in log odds of developing reflux disease
when the corresponding independent variable changes
(x,-x,) per unit, if, conditionally, all other indicators stay
unchanged; e — the Euler number, approximately equal to
2.71828.

In this case, the graphical representation of the results
of assessing the probability of GORD progression using
the proposed mathematical model will be represented by a
logistic curve (Fig. 2).

p

Figure 2. Graphical representation of the probability of
GORD progression represented by a logistic curve
Notes: p is the probability of an event occurring
(progression of GORD); c is the point after which the p
function increases most rapidly (the probability of the
disease progression increases); t is time (the study period)

Source: [25]

An increase in the value of the dependent variable
means that an increase in the value of the corresponding
independent variable is correlated with an increase in the
chances of GORD progression. If, for instance, x, acquires a
value of one, then the presence of damage to the mucous
membrane of the oesophagus increases the risk of this dis-
ease. If the dependent variable decreases in response to an
increase in the independent variable, it means that there
is no association between a certain clinical indicator and
the development of the disease. However, when developing
the proposed mathematical model, clinical indicators were
selected based on their direct or indirect association with
the risk of GORD, and therefore the dependent variable is
positively correlated with all independent variables. It is
important to assess the overall adequacy of the developed
mathematical model. For this, it is necessary to pay atten-
tion to the level of dependence of the dependent variable
variation on the independent variables variation, which
is determined based on the coefficient of determination
(R-squared), the influence of out-of-sample variables on
the model error — based on the AIC, the quality of the mod-
el — based on the balance between its accuracy and com-
plexity BIC, and the statistical significance of independent
variables — based on the t-test or Wald test.

It is vital to determine the accuracy and predictive
ability of the mathematical model for predicting the pro-
gression of GORD by means of its validation. This stage is

crucial, as the created model has a concrete practical sig-
nificance and is aimed at performing a responsible task
in clinical practice. Therefore, to determine its predictive
capability, it is necessary to conduct the necessary tests
under conditions that will help to critically assess the ad-
vantages and identify possible disadvantages. For this, it
is recommended to conduct a clinical trial with an inde-
pendent sample of patients, dividing them into training
and test groups, or through cross-validation. Based on the
test sample, one can estimate the accuracy, sensitivity, and
specificity parameters of the created model and conduct a
ROC analysis by calculating the area under the error curve.
The key criterion for the development of this model was its
suitability for use in clinical practice. By defining a set of
prognostic indicators, establishing the optimised method
for their detection and applying relevant statistical meth-
ods for processing clinical information, compliance with
the set criterion was achieved and a mathematical model
was created that allows identifying patients at high risk of
GORD progression before it occurs or before the develop-
ment of a more severe degree of severity (erosive form or
Barrett’s syndrome).

First of all, this model is useful for patients, as it can
accommodate their individual clinical characteristics and
provide results promptly and with high accuracy. This helps
to expand access to the procedure, reduce diagnostic time,
and determine the treatment strategy depending on the re-
sults. Thus, the use of a mathematical model to predict the
progression of GORD can affect the effectiveness of ther-
apy for patients in different groups as follows: patients at
risk of GORD progression will be able to avoid the effects of
the disease by following the doctor’s recommendations re-
garding the adjustment of their diet and lifestyle; patients
with a promptly diagnosed disease will be able to increase
the chance of successful medical treatment, reduce the
risk of complications, and get the opportunity to regularly
monitor its course; patients with a diagnosed severe reflux
disease will be able to receive an assessment of the risks
and, according to the treatment plan developed according
to them, undergo the necessary procedures, which may
include surgical procedures. The developed mathematical
method for predicting GORD is of medical and economic
significance for the healthcare system. Based on the prin-
ciples of evidence-based and personalised medicine, this
method can increase the diagnostic potential of gastro-
enterology and improve public health by being used dur-
ing routine or unscheduled examinations of patients with
problems or even minor complaints related to the func-
tioning of the digestive tract. At the same time, improving
the diagnostic potential of the industry will help optimise
the allocation of medical and economic resources, focusing
on patients who need them most and avoiding the cost of
unnecessary procedures for patients who are not at risk of
developing reflux disease.

It is also essential to evaluate the role of the developed
model for the further development and improvement of
diagnostic systems in various healthcare sectors. The area
of modelling systems for predicting the development or
assessing the severity of various diseases or pathological
conditions, apart from its serious prospects, poses a range
of significant challenges to the medical industry. To im-
plement and use such models correctly in the healthcare
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system, the following tasks need to be addressed: techni-
cal - to ensure high quality data, legal — to protect patient
confidentiality, organisational — to develop standards and
protocols for the use and interpretation of modelling re-
sults, educational - to ensure proper training of healthcare
professionals. At the same time, the process of mathemati-
cal processing of clinical data opens wide opportunities for
machine learning and artificial intelligence, which, apart
from predicting the risks of disease progression, will allow
for diagnosis, patient classification, determining the most
effective treatment strategy and monitoring the patient’s
condition throughout the entire therapy process. Consid-
ering the above prospects and opportunities, mathematical
modelling using the most advanced information technol-
ogy systems still cannot be considered as an alternative to
the work of doctors. These technologies primarily serve as
a tool used by a specialist to achieve results more accurate-
ly, reliably, and quickly. Therefore, the mathematical mod-
el for predicting the progression of GORD was developed
to solve the problems of untimely detection of the disease
and improve the overall epidemiological situation with
gastroenterological diseases.

DISCUSSION

Analysing the findings obtained, the key aspects can be
highlighted that were important in developing a mathe-
matical model for predicting the progression of GORD. The
medical component was critical for the result, which lied
in selecting reliable prognostic factors among all clinical
indicators that could be determined during the interview
and physical, laboratory, and instrumental examinations.
In studying the level of influence of these indicators, it was
found that the close relationship between the digestive
tract organs does not allow considering a certain clinical
sign as the only indicator of predicting the progression of
GORD due to the lack of sufficient specificity. Therefore,
to improve the prognostic ability of the developed mod-
el, a set of clinical signs of the patient was formed, which
had a direct or indirect impact on the development of re-
flux disease and included symptoms (heartburn, frequent
belching, regurgitation), damage to the internal walls of
organs (mucous membranes of the oesophagus, stom-
ach, duodenum), gastrointestinal tract dysfunction (bile
reflux and other disorders), and the presence of chronic
gastroenterological diseases (chronic gastroduodenitis).
M.E. Hossain et al. [26] described an approach to finding
possible predictors of disease prognosis based on the use
of electronic health data in a comprehensive literature
review. The researchers investigated the significance of
electronic data for use in predicting the development of
diseases and found high accuracy of some modelling ap-
proaches developed based on such sources of medical in-
formation. The researchers also emphasised the viability
and informativeness of the developed models, which were
involved in the clinical process and showed promising re-
sults during operation. Considering the researchers’ find-
ings in the context of the present study, since the search
for clinical indicators for building a model for predicting
the progression of GORD was also carried out based on an
analysis of materials on the relevant subject from previ-
ously published scientific sources, the effectiveness of the
proposed approach can be confirmed.

When developing a model that contains several inde-
pendent variables (clinical signs), attention should be paid
to ways to optimise the model so that duration and re-
source consumption do not affect the overall benefit of its
operation. It was possible to optimise the model in terms
of procedure time and use of diagnostic equipment due to
the choice of the method of instrumental examination —
oesophagogastroduodenoscopy, as this procedure allows
detecting all the listed clinical signs during one session
using one device. The detection of heartburn and frequent
burping symptoms occurs when collecting complaints
and patient history during a consultation with a doc-
tor and does not require additional equipment. H. Xu et
al. [27] considered a comparable principle of optimising
the model for diagnosing coronary heart disease. Based
on a retrospective multicentre study, researchers identi-
fied eight significant risk factors, including demographic
factors, clinical signs, and laboratory markers. The model
was optimised by using standard research methods for de-
termining cardiac disorders that do not require addition-
al time or material resources. Generally, the approach of
using standardised laboratory and instrumental research
methods is most often used for optimisation in the disease
progression prediction models [28-30].

A major step in creating the model was to choose a
method of statistical processing of the collected data. The
logistic regression used as an example demonstrated the
possibility of quantifying the impact of each of the prog-
nostic factors on the risk of GORD progression. This is be-
cause, despite its versatility, this method makes it possi-
ble to encrypt medical information in such a way that the
correct results are obtained during the calculation. Thus,
the probability of the disease progression is determined
not only by the presence of a certain number of clinical
indicators (independent variables), but also by the level of
their prognostic significance (the coefficient reflecting the
change in the log odds of developing reflux disease when
the corresponding independent variable changes by one).
Thus, this method makes it possible to identify the signifi-
cance of prognostic indicators and assess the level of their
interaction with the occurrence of the disease. Y. Deng et
al. [31] employed a combination of machine learning and
logistic regression to create their model to predict the risk
of carotid plaques in adults with fatty liver disease. Based
on the analysis of data from a population-based cross-sec-
tional study, the researchers selected 5 independent prog-
nostic factors for the risk of carotid plaques from 27 clin-
ical parameters. The use of a combination of statistical
methods and advanced information technology systems
has revealed a higher predictive efficiency of the creat-
ed model compared to the use of logistic regression and
machine learning algorithms separately. In the context
of the objectives of the present study, the evidence-based
approach to the selection of predictors of prognosis and
statistical processing of the results provided a prominent
level of prognostic significance of the developed model,
which makes it possible to apply it in clinical practice.
However, to increase productivity, it is worth considering
the possibility of using machine learning or artificial intel-
ligence in combination with the statistical method, having
worked out in advance the legal, organisational, and tech-
nical support for this process.
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The final stage in the development of a predictive model
isto assess its adequacy through validation. Since this model
was created for further use in clinical practice, the proposed
method of validation included testing the statistical signif-
icance and predictive ability on an independent sample of
patients. E.W. Steyerberg & Y. Vergouwe [32] evidentially
confirmed this approach, having investigated the problem-
atic issues of models for clinical prognosis. The researchers
proposed steps to improve them, including the develop-
ment and validation process. The researchers also proved
the significance of testing the prognostic model according
to two criteria: adequacy assessment, which is to determine
the level of accuracy of the statistical method of processing
the results, and effectiveness, which is carried out directly
in clinical settings with an independent sample of patients.

Generally, when analysing the development of math-
ematical models for predicting the development or sever-
ity of diseases, the main criteria and vector followed by
developers are evidence and personalisation. That is why
research is currently underway in many areas of medicine
to revise established diagnostic procedures due to limit-
ed information content, difficulty of interpretation, risk
or discomfort for the patient, long waiting times, or other
characteristic signs of obsolescence. Thus, the expediency
of replacing some radiography methods with magnetic res-
onance imaging or computed tomography, liver function
tests with ultrasound diagnostics, computed tomography
and endoscopic retrograde cholangiopancreatography, and
the Mantoux test with photofluorography was covered [33-
35]. In the present study, when choosing a method for col-
lecting clinical information, attention was also paid to the
informativeness, accuracy, and speed of obtaining clinical
information. Therefore, among endoscopic methods, the
choice was between oesophagogastroduodenoscopy and
capsule endoscopy. The advantage of capsule endoscopy
was the absence of discomfort for the patient, but the dis-
advantages included:

the procedure duration from 8 to 10 hours, depend-
ing on the duration of the capsule’s natural movement
through the digestive tract;

limited use for patients with intestinal obstruction,
perforation of the digestive system, swallowing disorders,
motor disorders of the oesophagus or stomach.

The disadvantage of oesophagogastroduodenoscopy
was the relative discomfort for the patient associated with
the specific mechanics of the procedure, while the advan-
tages were informativeness, speed, and the possibility of
using it in cases where capsule endoscopy is contraindi-
cated. Despite the accuracy of the developed model, which
is ensured by the use of a set of clinical indicators that
have an established relationship with the development of
GORD, certain questions persist due to the fact that the in-
dices studied separately have a low level of specificity for
predicting this disease. Summarising the analysis of the
results, it can be concluded that mathematical modelling
of the risk of reflux disease progression is a reliable tool in
clinical gastroenterology for the prompt detection and ef-
fective implementation of measures for the prevention and
treatment of this disease.
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Po3po6kKa Ta Banigauis MaTeMaTU4HoOI Moaeni
A9 NPOrHo3yBaHHA po3BUTKY pedniokc-e3odarity
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AHoTauif. JlocimkeHHS Malio Ha MeTi BU3HAUUTY KOMIUIEKC TTPOTHOCTUUHMX (PaKTOPiB PO3BUTKY pedirrokc-e30darity
IUIST BUKOPVCTAHHS iX B pO3po0Ili MaTeMaTHYHOI MOJIeNi MPOTHO3YBaHHS JAHOTO 3aXBOPIOBAHHST HA OCHOBI Pe3y/IbTaTiB
Bimeoe3odaroracrpomyomeHockomii. Ilig yac #ioro mpoBefeHHsST GyJ0 BCTAHOBJIEHO HM3KY IPOTHOCTUUHMX (DAKTOPiB
peduiokc-e3odarity Ta 3a7iSTHO CTAaTUCTUYHMI METOZ, IJIS BCTAHOBJIEHHS PiBHSI iX KOpessiii i3 po3BUTKOM XBOpoOu. 3a
pesynbTaTaMu JOCTiIKEHHS OY/I0 BUSIBJIEHO 3B’S130K MiK TEBHUMM KJTiHIYHMMM ITOKa3HMKaMM Ta BUHMKHEHHSIM peITroKC-
e3odariTy, Ha OCHOBi U0T0 ChOPMOBAHO KOMITJIEKC MTPOTHOCTUYHMX (haKTOPiB PO3BUTKY racTpoe3odareasbHoi peoKcHOL
XBOPOG6U, SIKMIT BKJTIOUAB: TeYilo, YacTi BilpVsKKM, perypriTaiiiio, yIIKOIsKeHHS CIM30B0i 060JOHKY CTPaBOXOAY, IUTYHKY,
JIBaHAMLSTUIIANOT KUIIKN, HASIBHICTb XPOHIYHOTO raCTPOAYOAEHITY, MOpYyIIeHHs (PYHKIiOHYBaHHS IIUTYHKOBO-KUIIIKOBOTO
TPaKTY, JKOBYHUIT pedUTioKC. B CTBOpeHHI MaTeMaTUYHOI MOJieJTi MPOTHO3YBAHHS 6Y/I0 BUKOPUCTAHO METOJI, JIOTiCTUYHOL
perpecii, sikuii 3aCTOCOBYBaBCS [/Is1 BUSBIIEHHS KOPEJISIIii MisK KITiHIYHMMY ITOKa3HMKaMM IMallieHTa i pakToOM BUHUKHEHHS
pednokcHOI XBOpOOM Ta BU3HAUEHHS IMOBIpHOCTI i1 po3BUTKY. 17151 MpMBeeHHs KiIiHiuHOi iHopMmalii y BiamoBigHicTh
CTAaTUCTUYHI opMyIi iii HagaBasoCh 3HAUEHHST He3aJIEXKHNX 3MiHHMX, @ HASABHICTh UM BiJICYTHICTb TTEBHOTO MTOKa3HMKA
KOMIyBaJIOCh 3a ABi/IKOBOIO CMCTEMOIO YMCIEeHHS. [[Is1 TIepeBipKy po3po6iieHoi Mofesi MpUBOIMUINCh peKoMeHalii i3
OIiHKM CTATUCTUYHOI 3HAUYIIOCTi He3aIesKHUX 3MiHHMX JJ151 BUSHAUeHHS i1 afleKBaTHOCTI, Ta BU3HAYEHHS MTPeANKTUBHOL
3IATHOCTI IUIIXOM BUITPOOYBAaHHST HA He3aJIeXKHiil BUOipIli mamieHTiB. Po3pobieHa MpOTHOCTUYHA MOJIEb MA€E BasK/IMBe
MpaKTUYHEe 3HAUYEHHS [JIs1 MAlli€HTiB, Tajy3i OXOPOHM 3M0POB’Sl Ta MOJAJIbIIOr0 PO3BUTKY HAIPSIMKY, TaK SIK T03BOJISIE
BUACHO BUSIBUTY 3aXBOPIOBAHHS i BYKUTY BiJIITOBiIHMX 3aX0/iB 3 TPOQiIaKTUKY Ta JIIKYBaHHS, MiABUIIUTY AiarHOCTUYHUIA
MOTeHLia/l raay3i, ONTUMi3yBaTM PO3IMOAIT MeAUUYHUX pecypciB Ta 3aAil0BaTV MOSKJIMBOCTI MAIIMHHOTO HaBUYaHHS ¥
LITYYHOTO iHTeNeKTYy Ha OCHOBI iCHyI0UOi Mozeti
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perpecist
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