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ABSTRACT

Aim. To develop and verify a method for diagnosis of peptic ulcer based on neural network analysis of patient 
risk factors data.

Materials and methods. This article presents the results of a study based on materials on the risk factors 
of 488 patients. The data was analyzed using internally developed the artificial neural network (Certificate of 
State Registration of Program for Computers (RU) no. 2017613090). 

The results of the study. The proposed approach demonstrated levels of sensitivity of 74.4%, m = 4.3 and 
specificity of 93.3%, m = 2.46 during clinical testing.

The prediction of the age of probable hospitalization ensured the generation of an array of data for which 
the Mean Absolute Error (MAE) of the prognosis was 1.8 years, m = 0.11 in the training set and 1.9 years,  
m = 0.15 in the clinical testing set. The maximum of absolute prognosis error in the clinical testing set did not 
exceed 2.2 at p = 0.95 and 2.3 years at p = 0.99. 

Conclusion.  A new method is proposed for diagnosis of peptic ulcer based on a neural network analysis of 
data on patients’ risk factors. During clinical testing of the model, this approach demonstrated Area Under the 
Curve (AUC) levels reaching 0.943. The use of the artificial neural network also made it possible to predict the 
age of probable hospitalization. The use of the neural network demonstrated additional advantages including: 
non-invasiveness, the lack of need to prepare the patient for the study and the possibility to obtain results 
immediately after the onset of the disease without a time delay for sample processing.

Keywords: artificial neural network; neuronet; multilayer perceptron; diagnosis; diagnostics; peptic ulcer 
disease; artificial intelligence; prognosis.
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INTRODUCTION
The problem of peptic ulcer remains rele-

vant due to the high incidence, reaching 6–16% 
of the population, as well as the risk of de-
velopment of dangerous complications [1]. A 
common approach to the diagnosis of peptic 
ulcer is based on assessment of the clinical, lab-
oratory and instrumental data obtained during 
the examination of the patient. Such a strategy 
is belated for the purpose of the primary per-
sonalized preventive strategy development [2, 3] 
since it deals with a disease that has already 
developed and therefore does not meet modern 
requirements for making competent manage-
ment decisions [4–6].

At the same time, the risk factors for peptic 
ulcer are well known. Their list includes sex and 
age [7–10], heredity [11, 12], social and profes-
sional hazards [13, 14], unhealthy diet [7, 14, 
15], stresses [8] and also factors associated with 
unhealthy habits [16] and the intake of ulcero-
genic drugs [17]. All these elements act simul-
taneously before the onset of the disease and 
can in principle be detected in advance. How-
ever, their spectrum is a set of data difficult to 
structure. They act together and demonstrate 
implicit interrelations and signs of cobweb cau-
sality [18]. Data of such a kind is complex in 
processing and requires involvement of a wide 
range of IT and automated control systems [19, 
20].

The series of attempts to develop specialized 
information systems allowing the assessment 
of risk factors using conventional biostatistical 
methods had been developed. However, they 
demonstrated inability to fully solve the prob-
lem of developing a personalized preventive 
strategy because of their inherent fundamental 
mathematical limitations [21–23]. On the con-
trary, artificial neural networks (ANNs) have 
demonstrated opportunities for analyzing diffi-
cult data [24, 25], but their potential in this 
area of medicine is still to be studied.

For the reasons mentioned above, the objec-
tive of  this study was to develop and verify a 
method for diagnosis of peptic ulcer based on 
neural network analysis of data on patients’ risk 
factors.

MATERIALS AND METHODS
The study included 488 patients with pathol-

ogies of the hepatopancreatoduodenal zone (in-
cluding 117 men and 59 women with peptic ul-

cer) undergoing inpatient treatment in the city 
of Kursk. The mean age of patients with peptic 
ulcer was 48.1 (m = 1.23) years. In the course of 
the study, we internally developed the “System 
for the Intellectual Analysis and Diagnosis of 
Diseases”, based on the principle of a multilayer 
perceptron with hyperbolic tangent used as an 
activation function [26].

Patients were divided into two groups: those 
who received treatment before 01 January, 2011 
(n

1
 = 385) and after this date (n

2
 = 103). The 

first subgroup comprised 133 patients with pep-
tic ulcer and 252 patients in whom this diagnosis 
was excluded. The first subgroup was used to 
train the perceptron. This process was carried 
out with two types of outputs – qualitative and 
quantitative. The qualitative one was associated 
with the presence or absence of the diagnosis 
(as well as a possible vague outcome) and quan-
titative represented the age of hospitalization of 
patients for hepatopancreatoduodenal diseases. 
The second subgroup comprised 43 people with 
peptic ulcer and 60 patients with other pathol-
ogies (pancreatitis, cholecystitis). It was used to 
test “System” in practical healthcare field.

The following input parameters were select-
ed as input parameters of perceptron: the age 
and sex of patients, the risk factors they had: 
the  form and the extent of bad habits, the pres-
ence or absence of stress, employment, eating 
habits and the diet regime [27]. The following 
perceptron settings were used: the number of 
hidden layers – 3 and the number of neurons in 
the hidden layer – 10.

The evaluation of the ANN work quality was 
carried out using the methods of descriptive 
and inductive statistics, calculation of sensitiv-
ity, specificity, prognosis errors, and Receiver 
Operating Characteristic (ROC) analysis.

RESULTS AND DISCUSSION
Differences in sets of risk factors in patients 

with peptic ulcer on the one hand and chole-
cystitis and pancreatitis on the other allowed 
to successfully train the network for the recog-
nition of data vectors. The result of the ROC 
analysis is shown in Fig. 1. The threshold value 
y

B
, defining the interval (-y

B
; y

B
), within which 

the output (unadapted) value of the network 
was interpreted as undefined (vague), was as-
sumed to be 0. That is, all output values of 
the network were treated as true or false – the 
presence or absence of peptic ulcer [28].
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T a b l e  1

The results of training and clinical testing of the “System of Intellectual Analysis and Diagnosis of Diseases” in the 
diagnosis of peptic ulcer.

Characteristic
Training set,

n = 385
Clinical testing,

n = 103

Sensitivity (+/
+
) 88,0 (1,66) 74,4 (4,30)

False negative rate (−/
+
) 10,5 (1,56) 23,3(4,16)

Specificity (−/−) 90,1 (1,52) 93,3 (2,46)

False positive rate (+/−) 7,9 (1,38) 5,0 (2,15)

Total: 
confirmed peptic ulcer 
(n = 176), cases 133 43

excluded peptic ulcer 
(n = 312), cases

252 60
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The value of the AUC of the presented graph 
for the training set equaled to 0.966. For the 
clinical testing group, the result of ROC analysis 
is shown in Fig. 2. The AUC for this group was 
0.943. Decrease in the AUC can be explained 
by the variations of risk factors’ influence on 
the development of peptic ulcer and proves the 
necessity to dynamically update the information 
on risk factors. Nevertheless, the quality of the 
mathematical model for recognizing the data 
vectors in the training set and in the clinical 
testing group remains high.

Fig. 1. Results of ROC-analysis for training set at border 
value y

B
 = 0.

Fig. 2. Results of ROC-analysis for clinical approbation 
set at border value y

B
 = 0.

As can be seen from data presented in Ta-
ble 1, the network successfully coped with the 
task of distinguishing the disease based on an 
analysis of risk factors’ spectrum. The sensitiv-
ity and specificity indicators were at the level 
of conventional diagnostic methods. In gener-
al, the results of clinical testing are expectedly 
slightly inferior to the results shown by the 
data from the training set. This can also be 
explained by the dynamics of risk factors over 
time. The  results show no signs of network’s 
overtraining.
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The results for quality assessment of pre-
dicting the age of probable hospitalization are 
presented in Table 2. The MAE of the predict-
ed age  was calculated as the absolute of the 
difference between the estimated and empiric 
values. This indicator did not exceed 1.9 years 
for the clinical testing group. For the training 
set it was lower.

T a b l e  2

The results of training and clinical testing of the multilayer perceptron in predicting the age of probable 
hospitalization

Characteristic
Training set 
(n = 133)

Clinical approbation  
(n = 43)

Mean of the empiric age (M
y
), years 47.3 50.7

Its Standard Error (m
y
), years 1.41 2.51

Mean of the estimated age (M
f
), years 47.5 49.2

Its Standard Error (m
f
), years 1.41 2.42

Mean Error (ME), years −0.2 1.5

Mean Squared Error (MSE), years2 4.6 4.6

Mean Absolute Error (MAE), years 1.8 1.9

Its Standard Error (m
MAE

), years 0.11 0.15

The error of the prognosis will exceed (percentile p
95
), years 1.95 2.15

The error of the prognosis will exceed (percentile p
99
), years 2.02 2.25

Mean Percentage Absolute Error (MPAE), % 4.3 4.1

Mean Percentage Error (MPE), % −0.6 2.4

The percentiles p
95
 and p

99
 were determined 

for the maximum prediction error. Just like for 
diagnostic model, the forecast of the quantita-
tive indicator was more accurate for the train-
ing set. Nevertheless, during the clinical test, 
the ANN demonstrated the absolute error of 
the hospitalization age not exceeding 2.3 at 
probability level of p = 0.99.

In addition, it should be noted that the neu-
ral network could be executed on non-spe-
cialized, personal computers. The application 
has low hardware requirements at the stage of 
practical application. The use of the “System of 
Intellectual Analysis and Diagnosis of Diseases” 
could be performed by a health care provider 
having no special additional training. The use of 
ANN also demonstrated additional advantages: 
no need to prepare the patient for the study, 
the possibility of obtaining results immediately 
after the onset of the disease (and in principle 
before the moment) and the absence of time 
delay for processing the material. The investi-
gation was non-invasive.

CONCLUSIONS
1. A new method for diagnosing peptic ulcer 

is suggested. It is based on a neural network 
analysis of data on patients’ risk factors. During 
the clinical testing, this approach demonstrated 

sensitivity levels of 74.4%, m = 4.3 and specifici-
ty 93.3%, m = 2.46. The AUC indicator reached 
.943.

2. The prediction of the age of probable hos-
pitalization of patients with peptic ulcer using 
the neural network analysis demonstrated the 
MAE of the forecast equal to 1.8 years, m = 
0.11 for the training set and 1.9 years, m = 0.15 
for the clinical testing group. The absolute er-
ror of the forecast in the clinical testing group 
would or did not exceed 2.2 at p = 0.95 and 2.3 
years at p = 0.99, respectively.
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РЕЗЮМЕ 

Цель. Разработать и верифицировать способ диагностики язвенной болезни, основывающийся на ней-
росетевом анализе данных о факторах риска больного.

Материалы и методы. В статье приводятся результаты исследования, проведенного по материалам 
488 больных, посвященного изучению возможности диагностики и прогнозирования язвенной болезни, 
основывающейся на нейросетевом анализе данных о факторах риска с применением искусственной ней-
ронной сети собственной разработки (свидетельство № 2017613090).

Результаты. В ходе клинической апробации данный подход продемонстрировал уровни чувствительно-
сти 74,4%, m = 4,3 и специфичности – 93,3%, m = 2,46.

Прогнозирование возраста вероятной госпитализации обеспечило генерацию массива данных, пока-
затель средней абсолютной ошибки (mean absolute error, MAE) прогноза которого составил 1,8 года,  
m = 0,11 для обучающей группы и 1,9 года, m =  0,15 для группы клинической апробации. Модуль 
ошибки прогноза в группе клинической апробации не превысит 2,2 (p = 0,95) и 2,3 года (p = 0,99) со-
ответственно. 

Заключение. Предложен новый способ диагностики язвенной болезни, основывающийся на нейросете-
вом анализе данных о факторах риска больного. В ходе клинической апробации данный подход проде-
монстрировал уровни AUC, достигающие 0,943. Применение искусственной нейронной сети позволило 
также прогнозировать возраст вероятной госпитализации. Применение нейросети также обладало до-
полнительными преимуществами, в том числе неинвазивностью, отсутствием необходимости подготовки 
больного к исследованию, возможностью получения результатов сразу после возникновения заболева-
ния, отсутствием временно́й задержки на обработку материала.

Ключевые слова: искусственная нейронная сеть, многослойный персептрон, диагностика, язвенная 
болезнь, искусственный интеллект, прогнозирование.
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