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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, = 385) and after this date (n, = 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

defining the interval (-y,; y,), within which
tﬁe 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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Fig. 1. Results of ROC-analysis for training set at border
value y, = 0.

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

Table 1

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

diagnosis of peptic ulcer.

Training set,

Clinical testing,

Characteristic n = 385 w = 103
Sensitivity (*/,) 88,0 (1,66) 74,4 (4,30)
False negative rate (7/,) 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 252 60

(n = 312), cases
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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.

The percentiles p,; and p,, 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.

Table 2
The results of training and clinical testing of the multilayer perceptron in predicting the age of probable
hospitalization
Characteristic T(r;iiinlgs;)et Clinicazlnai)p‘g))bation
Mean of the empiric age (M), years 47.3 50.7
Its Standard Error (m,), years 1.41 2,51
Mean of the estimated age (M,), years 47.5 49.2
Its Standard Error (m), years 1.41 2.42
Mean Error (ME), years —-0.2 1.5
Mean Squared Error (MSE), years? 4.6 4.6
Mean Absolute Error (MAE), years 1.8 1.9
Its Standard Error (m,,.), years 0.11 0.15
The error of the prognosis will exceed (percentile p,), years 1.95 2.15
The error of the prognosis will exceed (percentile p,), years 2.02 2.25
Mean Percentage Absolute Error (MPAE), % 4.3 4.1
Mean Percentage Error (MPE), % -0.6 2.4

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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OpwuruHasibHble CTaTbu

PE3IOME

eas. Paspa6orats u BepuduuupoBats crocod AMATHOCTHKY S3BEHHON GOAE3HY, OCHOBBIBAIOLIMIICS Ha Heif-
poceTeBOM aHaAM3e AAHHBIX O (pakTOpax pyucka 6OABHOTO.

Marepuarsl U MeTOABL. B cTaTbe IPMBOAATCA Pe3yAbTAaThl MCCAEAOBAHMA, IPOBEACHHOTO IO MaTepuaraM
488 60ABHBIX, OCBAILIEHHOTO U3YYEHNUIO BOSMOKHOCTY AMATHOCTHKY M NPOTHO3UPOBAHMS S3BEHHON GOAE3HN,
OCHOBBIBAIOIIEHCA Ha HEPOCETEBOM aHaAM3e AAHHBIX O (PAaKTOpax piCKa C IPUMeHeHNeM MCKYCCTBEHHOM Hell-
pOHHOI ceTn coGcTBeHHOI paspabortku (cBupereanctso Ne 2017613090).

PesyabTaThl. B x0A€ KAMHIYECKOI anpoGamyy AAHHBIA TOAXOA TPOAEMOHCTPHPOBAA YPOBHM IYBCTBUTEABHO-
ctu 74,4%, m = 4,3 u cueuuduynoctn — 93,3%, m = 2,46.

[IporxosupoBanye Bo3pacTa BepOSTHON TOCHMTAAM3ALMYM OGECHEYMAO TeHEPALMIO MACCHBA AAHHBIX, IOKa-
3aTeAb CpeAHelt abcoaoTHON omubky (mean absolute error, MAE) nporsosa koroporo cocrasua 1,8 roaa,
m = 0,11 ars obyvatowesi rpynnet u 1,9 roaa, m = 0,15 Ars rpymmsl kAMHMYecKOi anpobamun. MoayAb
omnbKy MPOTHO3a B TPYIIe KAMHKNYECKOH anpobamuu e mpesbicut 2,2 (p = 0,95) u 2,3 roaa (p = 0,99) co-
OTBETCTBEHHO.

3ararouenne. [IpearoskeH HOBBINM CIOCOO AMATHOCTHKY SI3BEHHON GOAE3HM, OCHOBBIBAIOWMIICS HA HepoceTe-
BOM aHaAM3e AAHHBIX O (hakTOpax pucka 60AbHOTO. B X0OAe KAMHIUECKON ampobamyu AAHHBII TOAXOA TPOAE-
moucrpuposaa yposun AUC, pocruratomue 0,943. IIpumenenye nCKyCCTBEHHON HENPOHHON CETH MO3BOAMAO
TaKsKe MPOTHO3UPOBATb BO3PACT BEPOATHON rocmmrarnsanmi. [IpuMeHeHne HEMPOCETH TaKKe 06AAAAAOD AO-
TIOAHUTEABHBIMU npenmymeCTBaMM, B TOM 4YMCA€ HEMHBA3UBHOCTHIO, OTCyTCTBI/IeM HeOéXOAI/IMOCTI/I IOATOTOBKM
GOABHOTO K MCCAEAOBAHUIO, BO3MOKHOCTBIO TIOAYYEHUS PE3YABTATOB CPa3y MOCAE BO3HUKHOBEHUS 3a00AeBa-
HJSI, OTCYTCTBMEM BPEMEHHOI 3aAepKKM Ha 06paBoTKy MaTepuaaa.

Karouessie caroBa: VCKYCCTBEHHAA HeﬁpOHHa}I CETh, MHOTOCAOJHBIN NepCenTpoH, AMArHoCTMKa, A3BEHHAA
60]\631—[]:, I/ICKYCCTBEHHI)IIZ JMHTEAAEKT, MIPOTHO3MPOBAHNE.

KOH®/IMKT MHTEPECOB COOTBETCTBUE
ABTOPBI A€KAQPUPYIOT OTCYTCTBME ABHBIX M MOTEHIMAAB- NMPUHUUNAM 3TUKH

HBIX KOH(DAMKTOB MHTEPECOB, CBA3AHHBIX C MyOAMKALUEN Ha-
MccaepoBanue OAOGPEHO PErMOHAABHBIM ITHYECKUM KOMMU-

CTOAMER CTATHH. retom ®TBOY BO KI'MV Munsapasa Poccun (mpororoa
UCTOYHUK PUHAHCUPOBAHMUA Ne 4 or 9.03.2018 r.).
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