
e 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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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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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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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.

e 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 (x1, …, xn) – 0 – absent, 1 – 
present. Considering these parameters, the development of 

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  
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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].

a mathematical model for predicting the development of 
GORD was based on the following formula:

,              (1)

where p – the probability of the emergence of GORD; x1, 
…, xn – defined risk factors for the development of GORD; 
β0 – a constant indicating the log odds of the development 
of reflux disease when all independent variables are equal 
to zero; β1βn – coefficients reflecting the change in the log 
odds of developing reflux disease when the corresponding 
independent variable (x1,…, xn) 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.

e 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 
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a) b)

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 x1–x9, 
while their coding according to the binary counting system 
will have the following form: the presence of heartburn 
complaints, frequent belching (x1, x2) – 0 – complaints ab-
sent, 1 – complaints present; lesions of the mucous mem-
brane of the oesophagus, stomach, duodenum (x3, x4, x5) – 
0 – lesions absent, 1 – lesions present; sphincter disorders 
(regurgitation) (x6)  – 0  – disorders absent, 1  – disorders 
present; chronic gastroduodenitis (x7) – 0 – disease absent, 
1 – disease present; gastrointestinal tract disorders (x8) – 
0 – disorders absent, 1 – disorders present; bile reflux (x9) – 
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):

𝑝𝑝𝑝𝑝 = 1
1+𝑒𝑒𝑒𝑒−(𝛽𝛽𝛽𝛽0+𝛽𝛽𝛽𝛽1𝑥𝑥𝑥𝑥1+𝛽𝛽𝛽𝛽2𝑥𝑥𝑥𝑥2+⋯+𝛽𝛽𝛽𝛽9𝑥𝑥𝑥𝑥9),                       (2)

where p  – the probability of GORD emergence; x1  – the 
presence of heartburn complaints; x2 – the presence of fre-
quent belching complaints; x3 – the presence of damage to 
the oesophageal mucosa; x4 – the presence of damage to 
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the stomach mucosa; x5 – the indicator of damage to the 
oesophageal mucosa; x6 – the indicator of sphincter dys-
function (regurgitation); x7 – the indicator of chronic gas-
troduodenitis; x8 – the indicator of gastrointestinal tract 
dysfunction; x9 – the indicator of bile reflux; β0 – a constant 
indicating the log odds of developing reflux disease when 
all independent variables are zero; β1-β9 – coefficients re-
flecting the change in log odds of developing reflux disease 
when the corresponding independent variable changes 
(x1-x9) 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).

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 

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, x3 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 

p

c

t
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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.

e 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 
is to 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.

e CONCLUSIONS
The creation of a mathematical model for predicting the 
progression of GORD was based on the identification of 
clinical indicators that can be used as prognostic factors, 
the substantiation of the choice of clinical research meth-
od for identifying these indicators, and the choice of the 
optimised method for processing clinical information.

A review of the relevant literature revealed links be-
tween certain clinical signs and the progression of GORD. 
The analysis of these relationships helped to identify 
prognostic factors for the development of the disease, in-
cluding heartburn, frequent belching, regurgitation, dam-
age to the mucous membrane of the oesophagus, stomach, 
duodenum, chronic gastroduodenitis, gastrointestinal 
dysfunction, and bile reflux. Oesophagogastroduoden-
oscopy proved to be the most informative method of de-
tecting these risk factors, the technical characteristics of 
which allow for the informativeness and speed of obtain-
ing the necessary clinical parameters. The logistic regres-
sion method was used to identify the correlation between 
the patient’s clinical parameters and the development of 
reflux disease. Its principle was to encode clinical informa-
tion for the mathematical calculation of the probability of 
a disease occurring. According to the criteria of the logistic 
equation, all clinical parameters were assigned the values 
of the corresponding variables: the dependent variable is 
the probability of GORD progression, independent varia-
bles are prognostic factors for the progression of GORD 
coded in binary.

Recommendations for model validation include as-
sessment of the overall model adequacy – statistical sig-
nificance, and validation – predictive ability determined 
based on a clinical trial with an independent sample. The 
developed prognostic model is of practical significance for 
patients, as it allows them to identify the risks of devel-
oping the disease in time and take relevant preventive or 
therapeutic measures to thwart the consequences of the 
disease; for the healthcare system, increasing the diag-
nostic potential of gastroenterology and optimising the 
allocation of labour and economic resources; for further 
development and improvement of the diagnostic area, 
using the capabilities of the most advanced information 
technology systems – machine learning and artificial in-
telligence. The practical significance of the developed 
model allows recommending its use in the clinical practice 
of gastroenterologists.

One of the limitations of the present study was the 
low level of specificity of the identified prognostic factors 
separately from each other, which may slightly affect the 
accuracy of the developed model. Therefore, the key vector 
for further research in this area may be the search for indi-
cators with a higher level of specificity, e.g., laboratory or 
genetic markers of GORD.
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Анотація. Дослідження мало на меті визначити комплекс прогностичних факторів розвитку рефлюкс-езофагіту 
для використання їх в розробці математичної моделі прогнозування даного захворювання на основі результатів 
відеоезофагогастродуоденоскопії. Під час його проведення було встановлено низку прогностичних факторів 
рефлюкс-езофагіту та задіяно статистичний метод для встановлення рівня їх кореляції із розвитком хвороби. За 
результатами дослідження було виявлено зв’язок між певними клінічними показниками та виникненням рефлюкс-
езофагіту, на основі чого сформовано комплекс прогностичних факторів розвитку гастроезофагеальної рефлюксної 
хвороби, який включав: печію, часті відрижки, регургітацію, ушкодження слизової оболонки стравоходу, шлунку, 
дванадцятипалої кишки, наявність хронічного гастродуоденіту, порушення функціонування шлунково-кишкового 
тракту, жовчний рефлюкс. В створенні математичної моделі прогнозування було використано метод логістичної 
регресії, який застосовувався для виявлення кореляції між клінічними показниками пацієнта й фактом виникнення 
рефлюксної хвороби та визначення ймовірності її розвитку. Для приведення клінічної інформації у відповідність 
статистичній формулі їй надавалось значення незалежних змінних, а наявність чи відсутність певного показника 
кодувалось за двійковою системою числення. Для перевірки розробленої моделі приводились рекомендації із 
оцінки статистичної значущості незалежних змінних для визначення її адекватності, та визначення предиктивної 
здатності шляхом випробування на незалежній вибірці пацієнтів. Розроблена прогностична модель має важливе 
практичне значення для пацієнтів, галузі охорони здоров’я та подальшого розвитку напрямку, так як дозволяє 
вчасно виявити захворювання і вжити відповідних заходів з профілактики та лікування, підвищити діагностичний 
потенціал галузі, оптимізувати розподіл медичних ресурсів та задіювати можливості машинного навчання й 
штучного інтелекту на основі існуючої моделі
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