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CpaBHUTENIbHas OLeHKa JIOrMCTUNYECKO perpeccunm

M flepeBa peLleHnii B NPOrHo3mpoBaHum peunamea

Yy 60/1bHbIX TY6EpKYy/IE30M OPraHoB AblIXaHUs

C MHO>XeCTBEHHOW NeKapCTBEHHOI YCTOMUYMBOCTbLIO BO30yaAUTENSA

A.C. Annnnyes], O.B. dunuHtok2 C.B. AkceHoBZ23 E.E. WHangepl A.E. PnnnHiok3
FO.A. JlornHosa2

‘OrAY3 «TOMCKMIA (h TM31OMYIbMOHOSTOMNMYECKMIA MEOVNLIMHCKUIA LIEHTP», TOMCK, Poccus
2bI'BOY BO «CubupcKuii rocyaapc TBEHHbI MeAVLIHCKNA YHUBepcTeT>» MuHsgpasa Poccumn, Tomck, Poccnst

3IPrAOYBO «HaumoHasbHbIM nccneaoBaTeNbCKUA TOMCKUA NONNTEXHNYECKUM YHMBEPCUTET», TOMCK, Poccus

AHHOTALUWMA

BBepgeHune YactoTa peungmneos Tybepkynesa (Tb) opraHoB fbIxaHWA ABNSAETCSA OQHUM U3 NoKa3aTeseli, xapakTe-
pusyrowmnx aHeKTUBHOCTb NPOBOAUMbBIX MPOTUBOTYO6EPKYNE3HbIX MeponpuaTuii. CBoeBpemMeHHOe BblaBieHNe 60Mb-
HbIX C peynanBamMuy ABAAETCA O4HUM U3 MPUOPUTETHBLIX MOAXOA0B B pelleHNN 3ToN npobnembl. B HacToAwee BpeMs ¢
BHEAPEHNEM TeXHONOrn 06paboTKM 60NbLINX MAaCCUBOB aHHbIX, @a UMEHHO UCKYCCTBEHHOMO UHTeNNeKTa, MPUMEHAT
pas/InyHble KfaccuuKatopbl, yYuTbiBalolMe COBOKYMHOCTb BbISAB/AISEMbIX Yy MaLMeHTOB MNPU3HAKOB. ANTOPUTM
«/lepeBO pelleHMli» 4OCTATOYHO XOPOLIO 3apeKoMeHAo0BaN cebss B MeULMHCKON aHannTuke. C ero NoMoOL b0 MOXHO
KnaccmpuumposaTb COCTOAHME 340POBbA O6CMEAYEMbIX U BbIABAATbL MepBble NMPU3HAKM peunamnsBa Ty6epKyne3HoOro
npouecca.

Llenb uccnepgoBaHWUA Pa3paboTaTb U NPOBECTUN CPABHUTENbHYIO OLEHKY MOoJeneli NPOrHO3MpPoOBaHNA peLn-
ouBa y 60/1bHbIX Ty6epKyne3oM SIerKUX ¢ MHOXECTBEHHO NneKapCcTBeHHOW ycToliunBocTbio Bo3byautens (MNY-TB) c
NPMMeHeHNeM MaTeMaTUUYEeCKUX TEXHOMOTUI - NOTUCTUYECKO perpeccumn 1 gepesa peLieHuni.

MaTepuans U MeTofabl .B nccnegosaHne BKAOYEHbI KIVMHUKO-3NUAEMMNONOTMYECKNE, BO3PaCTHO-NOM0BbIE,
coumanbHble, MeAMKO-6MONOrmMyeckne aaHHble 346 nayneHToB MJ1Y-TB, kKoTopble 3 (heKTUBHO 3aBEPLUNAN KYPC XUMM-
oTepanun. Bbelnn chopmMmnpoBaHbl gBe Tpynnbl HabNOAEHNA B 3aBUCMMOCTM OT HAcTynjeHUsa y naumeHTOB peunmsa
3ab0neBaHNA B TeHeHNe KaK MUHUMYM NATUMETHEro cpoka HabnogeHns - ocHoBHasn (35 ven., peunans Tb) U KOHTPONb-
Has (311 yen., 6e3 peynamsa) COOTBETCTBEHHO. CTaTucTuYeckas o6paboTKa laHHbIX 418 MOJesin NOrMCTUYECKON perpec-
cumn nposoaunach B nporpamme IBM SPSS Statistics 23.0; gna knaccundunkatopa Ha OCHOBe fepeBa pelweHnn - B 6u6nmno-
Teke Scikit-learn 0.24.2 B NHTepaKTUBHOW 06/1a4HON cpeAe ¢ NnporpamMHblM Kogom Google Colaboratory ¢ ncnonb3oBa-
Huem K-6104HOl cTpatuduumnposaHHoOW nposepkn. KonnyecTseHHas MHTepnpeTaumnsa pe3ynbTaToB MPOrHo3npoBaHus
nposoaunacb No ROC-KpMBbLIM C OL,eHKON nokasatend AUC 1 cTaTUCTMUeECKMX NoKasaTenen AnarHocTUYecKoro Tecrta -
YYBCTBUTENbHOCTU N CNELUDUNYHOCTH.

PesynbTarthbl YyBCTBUTENILHOCTb U CreunPUUYHOCTb MOJeNnn IOTUCTUYECKOW perpeccumn M Knaccudukaropa Ha
OCHOBe AepeBa pelleHWR AN NPOrHo3npoBaHna peunamsa Tybepkynesa coctasmnum 98.7, 88.6 n 74.0, 97.0 % cooTBeT-
CTBEHHO.
3aknwouyeHune
HbIX MTY-TB.
KnioyeBble cnoBa: TybepKynes, MHOXeCTBEHHAs NeKapCcTBeHHas yCTOWUYMBOCTb, UCXOA, peunanBs, MallMHHOe obyye-
HWe, flepeBO peLlleHN, NornucTnyecKas perpeccus.
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Comparative evaluation oflogistic regression and decision tree
in predicting multidrug-resistant tuberculosis recurrence
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ABSTRACT

Introduction. Therate of recurrence of respiratory tuberculosis is one of the indicators characterizing the effec-
tiveness of anti-tuberculosis measures. Timely detection of patients with relapses is one of the priority approaches in solv-
ing the problem. Currently, with the introduction ofbig data processing technologies, namely artificial intelligence, various
classifiers are used that take into account the totality of signs identified in patients. The decision tree algorithm has proven
itselfwidely in medical analytics. By analyzing these data, it is possible to classify the state of health and identify the first
signs of tuberculosis recurrence.

Aim. To develop and evaluate models for predicting a recurrence in patients with pulmonary tuberculosis caused by
multidrug-resistant pathogen (MDR-TB), using logistic regression and decision tree.

Materials and methods. The study included clinical and epidemiological, age, sex, social, medical and
biological data of 346 patients with MDR-TB who successfully completed chemotherapy. Two observation groups were
formed depending on the onset of recurrence of the disease in patients at least in the five-year follow-up period. The first
group consisted of 35 patients with relapse, and the second one had 311 patients with no relapse. Statistical data processing
for logistic regression was performed by IBM SPSS Statistics 23.0, the decision tree classifier was designed in the Scikit-
learn 0.24.2 library in an interactive cloud environment with the Google Colaboratory code, using K-fold stratified valida-
tion. The quantitative interpretation of the prediction results was carried out according to the ROC-curves (receiver operat-

ing characteristic) with the assessment of the AUC indicator (the area under the ROC-curve).

Results. The sensitivity and specificity of the logistic regression model and the decision tree classifier for predicting
tuberculosis recurrence were 98.7%, 88.6% and 74.0%, 97.0%, respectively.

Conclusion. Thecreated models can become a tool for predicting the recurrence of MDR-TB in cured patients
Keywords: tuberculosis, multidrug resistance, outcome, relapse, machine learning, decision tree, logistic regression.
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BBEAEHWE

MwupoBOI KpM3UC 34paBoOOXpaHEHUs], CBA3aHHbIN
¢ naHgemuen COVID-19, BHeC n3MeHeHUs B cTpare-
rmio No Ankemgauum Tybepkynesa. B 2020 r. Bnep-
Bble 60/1ee UeM 3a AecATb nocnegHUX net BcemmpHoii
opraHusaumei 3gpaBooxpaHeHns 6bi1 OTMeYeEH pocT
ymncna cnydyaeB cmMepTu oT Tybepkynesa [1]. Camas
aKTyasibHas npo6nema PTn3vaTpun - 3T0 Pe3NCTeHT-
HbI Ty6epkyne3. B P® npofonykaeT yBeiMunBaThCs
perucTpaumnsa cnyyaes Tybepkynesa ¢ MHOXECTBEH-
HOW NeKapCcTBEHHO ycTonumeocTeto (MJTY-TB), npn
KOTOPOM BO36yauTeNb Pe3nCTEHTEH KaK MUHUMYM K
pucaMnuumMHy 1 M30HMA3nAy, a Takxke Cy4aes
peunamsa 3abonesaHus. Tak, No gaHHbIM LleHTpasib-
Horo H/W opraHusaumu n nHpopmatnsaumm sgpa-
BoOXpaHeHnss MwuH3gpaBa Poccuun cpegu BriepBble
BbISIBNIEHHbIX OaKTepuoBblAennTenein ¢ Tybepkyne-
30M opraHoB AbixaHus (TOL) peructpupyemas

100

INTRODUCTION

The global health crisis related to the COVID-19
pandemic has made changes to the strategy for
elimination of tuberculosis. In 2020, for the first
time in more than ten years, the World Health
Organization has noted an increase in the number
of deaths from tuberculosis [1]. The most urgent
problem of phthisiology is resistant tuberculosis.
In the Russian Federation, the registration of cases
of multidrug-resistant tuberculosis (MDR-TB)
continues to increase, in which the pathogen is
resistant to at least rifampicin and isoniazid, as
well as cases of recurrence of the disease. Thus,
according to the Russian Research Institute of
Health, among subjects with new onset respiratory
tuberculosis (RT), the recorded frequency of MDR-
TB in 2019 and 2020 was 30.1% and 31.6%, among
the contingents - 56.7% and 61.0%, respectively.
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yactota MJ1Y-TB B 2019 1 2020 rr. coctasuia 30.1 n
31.6 %, cpeam KOHTUHIeHTOB - 56.7 1 61.0 % cooTBeT-
cTBEHHO. NMpu aTom B Poccum B 2020 r. gons apek-
TUBHOrO JfleyeHUs 60nbHbIX MJ1Y-TB coctasuna
ToNbKo 55 %, a B uenom gonsa peungmsos Ha 100
BMepBble BbISABIEHHbIX 60/bHbIX - 23 % [2]. YacToTa
peunamBoB Tyb6epKyrie3a OpraHoB [bIXaHUSA ABNSETCA
O4HUM M3 NOKasaTesieil, xapaKTepumayowmnx apdek-
TUBHOCTb  MPOBOAUMBIX  MPOTUBOTYOEPKY/E3HbIX
MeponpusaTuin [3-5]. YunTbiBasi BbICOKUI YPOBEHb
3a60/1€BaEMOCTM N HU3KWUIA YPOBEHb W3NEYEHUS,
afleKBaTHOCTb BefeHUsA 60/bHbLIX ¢ MJTY B0O36yau-
Tensa TpebyeT BCECTOPOHHENO U3YYeHUs, TakK Kak Cry-
yan peumauea TOJ NOMOSHAKT pe3epByap pe3n-
CTEHTHOW Ty6epKyne3Hoi WHpekunn. JleyeHune
nauueHToB ¢ peungmsamun TO/ oka3biBaeTca 60siee
ONUTENbHbIM N AOPOrOCTOSALWMM, TaKXKe BbICOK YpO-
BEHb TSXKENbIX PacrnpoCTPaHEHHbIX K/ANMHUYECKNX
thopm, ropasfio pexke HacTynaeT NMosiHOe n3neyeHue
60/bHbIX OT Ty6epkKyne3a 6e3 OCTaTOYHbIX U3MEeHe-
HW, Yalle - MHBa/IMAHOCTb M3-3a pPa3BUBalOLLMXCA
MOPO/IOrMYecknx N PYHKUUOHaNbHbIX  pac-
cTponcTB. CBOEBPEeMEHHOe BbIsiBeHUE 60/bHbIX C
peungmBamn TO/L, ABASETCA OAHUM U3 NPUOPUTET-
HbIX NOAX0AO0B B peLleHnn JaHHOW NpPo6ieMbl.

[0 HefaBHero BpeMeHn B MeAULMHe 415 Kaccu-
(hrkaunm 06bLEKTOB UCCef0BaHUA NPU NOCTPOEHUN
OANAarHOCTUYECKNX W MNPOrHOCTUYECKUX Mojene
MCMNO0Nb30BaINCh AUCKPUMMUHAHTHBLIA W perpeccu-
OHHbIA aHann3 [6]. B HaCTOSALWMI MOMEHT C BHegpe-
HMEM TeXHOMOrMU WCKYCCTBEHHOr0 WHTe1eKTa
NPUMEHSIOT pPa3/InYHbIe KacCUPUKaTopbl, O4HO-
BPeMEHHO Yy4YMUThbIBaloLL e He OANH, a COBOKYMHOCTb
n3yyaembIX y nNauuMeHTOB MPU3HaKoB. OAHUM U3
anroputTMoB  MalUMHHOIO 06y4YeHUs ABNSeTCA
[epeBO pelleHW, KOTOpPbIA A0CTAaTOYHO XOPOLUO
3apekoMeHoBan cebs B MeAULMNHCKON aHaNUTUKe,
KaKk MeTof, MOAENUPYIOLWNA NOTNKY MNPUHATUSA
peLleHni. ANropnTM NOCTPOEHUSA AepeBa peLlueHui
co3gaeT OWHaApHYK cucTeMy  Knaccmdukauum
NocpeAcTBOM PEKYPCUBHOM0O padbreHns npnu3HaKkos
Ha oJHOpoAHble noarpynnbl. Ha Kaxaom artane
paboTbl KnaccuunKaTop Bbl6MpaeT 06bACHAOLLYIO
nepeMeHHyo (NpeanKTop) 1 3HaYeHUe pasgeneHus
B 06/1acTy nNpocTpaHcTBa NPU3HaKOB, KOTOpble 06e-
cneymBaloT HanbonblWMm NPUPOCT NHGPOPMALMOH-
HOro KpUTEpPUSA, YTO BefeT K Hauydllemy pasnnye-
HUIO MeX Yy ABYMS Knaccamum pesynbtaTos [7]. Anro-
puUTM 006aBNAET YC/I0BUSA pacllieneHns npocTpaH-
cTBa MPU3HAKOB [0 Tex Mop, Moka nosly4YeHHble
pPervoHbl He CTaHYT O4HOPOAHBLIMWU WUNU He 6yayT
cofep>XaTb MMHUMYM HabnwogeHui (>5). B HacTos-
LLLee BPEMS C MOMOLLbIO AaHHOM TEXHO/I0T U MOXXHO
KnaccnpunumposaTb y 06ciefyemMbiX COCTOSIHME 3[0-
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At the same time, in Russia in 2020, the propor-
tion of effective treatment of MDR-TB patients was
only 55%, and in general, the proportion of recur-
rences per 100 newly diagnosed patients was 23%
[2]. The rate of respiratory tuberculosis recurrence
is one of the indicators characterizing the effective-
ness of anti-tuberculosis measures [3-5]. Given
the high incidence and low level of cure, the ade-
guacy of the management of patients with MDR-
TB requires a comprehensive study, since cases of
RT recurrence replenish the reservoir of resistant
tuberculosis infection. Treatment of patients with
RT recurrence turns out to be longer and more
expensive, also the level of severe general clinical
forms is high, complete recovery in patients with
tuberculosis without residual changes occurs much
less often, disability due to developing morpholog-
ical and functional disorders is more common.
Timely identification of patients with RT recur-
rence is one of the priority approaches in solving
this problem.

Until recently, discriminant and regression
analysis were used in medicine to classify research
objects when constructing diagnostic and prognos-
tic models [6]. At the moment, with the introduc-
tion of artificial intelligence technologies, various
classifiers are used, simultaneously taking into
account not one, but a set of signs studied in
patients. One of the machine learning algorithms is
a decision tree, which has proven itself quite well in
medical analytics as a method that models the logic
of decision-making. The decision tree algorithm
creates a binary classification system by recursively
dividing features into homogeneous subgroups. At
each stage of the work, the classifier selects an
explanatory variable (predictor) and the separation
value in the area of the feature space that provide
the greatest increase in the information criterion,
which leads to the best distinction between the two
classes of results [7]. The algorithm adds conditions
for splitting the feature space until the resulting
regions become homogeneous or contain a mini-
mum of observations (>5). Currently, using this
technology, it is possible to classify a health status
and identify the first signs of tuberculosis (screen-
ing), risk factors and determine significant clinical,
radiological, laboratory predictors of the disease
[8-12].

AIM OF THE RESEARCH

To develop and conduct a comparative assess-
ment of models for predicting recurrence in patients
with respiratory multidrug-resistant tuberculosis
using logistic regression and decision tree.
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poBbs U BbISIBNATL NepBble NMPU3HaKN TybepKyes-
HOro npouecca (CKPMHWHI), ycTaHaBAuBaTb (hak-
TOpbl puUcKa W ONpefensitb 3HauyuMMble KAWHUKO-
peHTreHonorn4veckme, naboparopHble, UHCTPYMEH-
TasbHble NpegnKTOpbl 3a6onesaHnsa [8-12].

LLE/Tb MCCNEOOBAHUNA

Pa3paboTaTb 1 MPOBECTU CPABHUTENbHYH OLIEHKY
Mogesneil MPorHo3MpoBaHUA peunanBa y 60MbHbIX
Ty6epKy/ne30M JIerKUX C MHOXEeCTBEHHOI nekap-
CTBEHHOI yCTOMYMBOCTLIO BO36yanTensa (MJ1Y-TB) ¢
NPUMEHEHNEM MaTemMaTUYeCcKMX TeXHONOrnm -
NIOTUCTUYECKOW perpeccumn 1 fepeBa peLleHnii.

MATEPUVAJbI N METO/4bI

B nccnegosaHue 6b11Y BKIKOYEHbI AaHHbIe (COLU-
anbHble,  KJWHUYeCKUe, 3ANULEMUOSIOTUYECKUE,
peHTreHosiorM4eckue, MukKpobumonornyeckme) 346
60/1bHbIX MJ1Y-TB, KoTOpble 3h(DEKTUBHO 3aBeEpP-
LWMAM KypC XMMUoTepanum B TOMCKOM (DTU3NONY b-
MOHOJ/I0rMYeCKOM MeULMHCKOM LEeHTPe B Nepmnog ¢
01.01.2009 no 31.12.2011. KpuTepusmm UCKOYe-
HUA ABUNUCL: BO3pacT nauuneHToB mnaglwe 18 ner,
BHENEroyHble ¢hopMbl Tybepkynesa, HeapeKTmB-
HbIi KypC XMMoTepanuu, npepbiBaHne KypcaXxnmMm-
oTepanuu, BblGbITUE C aAMUHUCTPATUBHOM TEPPUTO-
pvn L0 3aBepLUeHUs AMCNAaHCEPHOro HabnaeHus,
CMepTb OT TybepKynesa v OT Apyrux nNpuyumH. Ans
BbISIB/IEHNS (PaKTOPOB pucKa pa3BuTUA peuunamnsa
TO/J, peTpocneKTUBHO O6bIIN CHOPMUPOBAHbLI [Be
rpynnbl HabnogeHns. Mepeasa (OCHOBHaA) - NMua, y
KOTOpbIX HacTynui peunans 3abonesaHus mnocne
adhhekTMBHON xumunoTepanum MJIY-TB (n = 35),
BTOpas (KOHTpo/bHasa) - Auua 6e3 peunamsa 3a6o-
neaHusa (n = 311), cpok HabnwoaeHus - 5 net. Peyu-
OVBOM Tyb6epKysie3a cumTasica MOBTOPHbIV Criyyan
BO3HMKHOBeHUSA 3a60/1eBaHNSA MOC/e KIIMHUYECKOro
n3neyeHVs naymeHTa.

Bbasa gaHHbIX NnayneHToB ¢ TO/L hopmMupoBanach
B Microsoft Office Excel. [na nonyvyeHns ypaBHeHUS
M OLEHKW BK/1afa (hakToOpOoB pUCKa B pa3suTme peyn-
anea MJ1Y-TB wmcnonb3oBasicd MHOro)akTOpPHbIA
aHanus3 B Moayne 6MHapHON NTIOFMCTUYECKOI perpec-
cmun nporpammbl IBM SPSS Statistics 23.0. B perpec-
CMOHHOM aHanu3e paccMmaTpuBainCb MapameTpsbl,
NpeanKTOpPHasA poJib KOTOPbIX B BO3HUKHOBEHWUU
peunamBay nsnedeHHbIX NauneHTos ¢ MJ1Y-Th 6bina
[JOKa3zaHa C MOMOLLb OA4HO(aKTOPHOro aHannsa
npuv ypoBHe 3Hauynmmoctm p < 0.05. C uenbo Ucko-
YeHN MYNbTUKOIMHEAPHOCTU MNPU MNOCTPOEHUN
6MHAapPHOW /TOFMCTUYECKON perpeccun n3 nepemeH-
HbIX, XapaKTepu3yloLKnX CX0XK1e napameTpbl, 6b11mn
oTO6paHbl (hakTopbl C 60/1ee BLICOKMM 3HAYEHUEM
OTHOLWeHuA waHcoB (OLU) 1 ypoBHEM 3HAUMMOCTN,
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MATERIALS AND METHODS

The study included data (social, clinical, epide-
miological, radiological, microbiological) of 346
MDR-TB patients who effectively completed a
course of chemotherapy at the Tomsk Tuberculo-
sis Medical Center from 01.01.2009 to 31.12.2011.
The exclusion criteria: age under 18 years, extra-
pulmonary tuberculosis, ineffective chemother-
apy, chemotherapy interruption, departure from
the administrative territory before the follow-up
completion, death from tuberculosis and other
causes. Two observation groups were formed ret-
rospectively to identify risk factors for the devel-
opment of RT recurrence. The first (main) included
individuals with a recurrence after effective MDR-
TB chemotherapy (n = 35), the second (control)
included individuals without a recurrence of the
disease (n = 311), the follow-up period was 5 years.
Tuberculosis recurrence was considered to be a
repeated case of the disease after the clinical cure
of a patient.

The database of patients with RT was formed
in Microsoft Office Excel. To obtain an equation
and assess the contribution of risk factors to the
development of MDR-TB recurrence, multivariate
analysis was used in the binary logistic regression
module of the IBM SPSS Statistics 23.0 software.
The regression analysis considered parameters
that were proven to be predictive of TB recurrence
in cured MDR-TB patients using univariate regres-
sion analysis at a significance level ofp < 0.05. In
order to exclude multicollinearity in the construc-
tion of binary logistic regression from variables
characterizing similar parameters, factors with a
higher odds ratio (OR) and a significance level
tending to zero were selected. Such variables in
the study were: smoking, retirement age, disabi-
lity, HIV infection, mental illness, destruction
cavity in lung tissue at the beginning of treatment,
residual changes, the number of courses of anti-
tuberculosis therapy (ATT), development of drug
resistance amplification during treatment, drug
sensitivity of Mycobacterium tuberculosis (MBT)
in the last sputum culture test before cure, as well
as the type of tuberculosis process (first diag-
nosed, recurrence, chronic course), the total dura-
tion of treatment of the patient and time (in
months) when cultural conversion associated with
chemotherapy did not occur. To make the model,
a stepwise selection of the inclusion of variables in
the equation of a straight line was used. The
dependent variable was the relapse occurrence
and relapse-free cure.

Journal homepage: http://jsms.ngmu.ru


http://jsms.ngmu.ru

AlliluevA.S. etal. / Journal ofSiberian Medical Sciences Vol. 6, No. 4 (2022)

CTPEMSALLMMCA K HY/0. TakuMmn rnepeMeHHbIMU B
ncceoBaHUM cTanun: TabakokypeHme, NEHCUOHHbI
BO3pacT, HaAnume nHeanmgHoctn, BUY-nHgpekynn,
NCUXmMYecknx 3aboneBaHW, MOMOCTU pacnaja Ha
Hayano Kypca JIe4eHUsl, OCTATOUHbIX W3MEHeHUN,
KO/INYECTBO KYpPCOB MNPOTUBOTYOEpKy/e3HoW Tepa-
nun (MTT), BO3HMKHOBEHWE aMINPUKaLMn K Npu-
HMUMaeMbIM Mnpernapartam, JsieKapcTBEHHas YyBCTBU-
TeNbHOCTb MUKOGaKTepumn Ty6epkynesa (MBT) K npe-
napaTtam B nocnegHeM Nocese [0 N3NEYEHUS, aTakxke
Tnn Ty6epKyne3Horo npouecca (BNepsBble BbISB/IEH,
peunanB, XpOHNYECKOe TeHeHWe), 06N CPOK Neye-
HUA NaumeHTa 1 Bpems (B Mecsilax), B Te4eHUe KOTO-
poro He NPoOMCXoAuUT MpeKpalleHns 6aKTepuoBblae-
neHna Ha (oHe XMmMmoTepanuu. [Ns nocTpoeHms
MOZeNV NPUMEHSJICS MOLIAaroBbli 0TO0OP BKAOUEHUS
NepeMeHHbIX B YypaBHEHMe nNpsMONA. 3aBUCUMOlA
nepemMeHHON ABNSANOCL BOSHUKHOBEHWE peLuanBea n
6e3peunamBHOE N3NeYEHNE.

BepoATHOCTb BO3HMKHOBEHUSA COObITUS paccyu-
TbiBaeTcs Mo opmyse

1

P=r1+e7

Mony4yeHHOe 3HayYeHWe BEPOATHOCTU CpaBHUBA-
J10Cb C MOPOrom oTceveHuUs, pasHbiM 0.5: ecnn npu
pacyeTe BEPOATHOCTb BO3HWKHOBEHUA COOLITUA
cocTaBnana 6onee 0.5, cumTanocb, 4YTO CO6bITUE -
«peunans TybepKynesa» - HacTynuT. ALeKBaTHOCTb
NOSlYYEHHOMN MOAeNn OueHMBaNM ¢ NOMOLLBbIO KpU-
Tepusa Xocmepa - SlemewloBa. PelleHne o0 BK/toYe-
HUM npegukTopa B MOZAEeNb MNPUHUMANOCL NpuU
NOMOLLM CTaTUCTUKKN Banbga. KauectBo npmnbnanxe-
HWA pPerpeccCUOHHOM MoOJenn OoueHUBanocb nNpu
nomown yHKUMM npasgonogobus. Onsa oueHKu
KayecTBa MOAE/IN UCMOSb30Ba/INCh: KayecTBO Nog-
roHKu mogenu (X3, mepa onpegeneHHoctn Halia-
XXenkepka, 3HayeHUsA KoauumeHTa KOHKopAa-
Unmn, 4YyBCTBUTESIbHOCTM (Se) 1 cneymnpmnyHocTr
(Sp), pe3ynbTatbl ROC-aHanu3a.

B kaudecTBe Knaccuumkaropa B MaliMHHOM 06Y-
YeHUWN NPUMEHSANCA MeTo4 AepeBa pewleHuUin. Mpu
NOCTPOEHMN MOAENU NPOrHO3UPOBAHUSA UCMOb30-
Ba/INCb WHCTPYMeHTbl 6ubnmnoTekn Scikit-learn
version 0.24.2 B nHTepaKTUBHO 06/1a4HON cpefe ¢
nporpammHbiM  Kogom Google Colaboratory c
ncrionb3oBaHneM K-6/104HOM  CcTpaTUULMPOBAH-
HO NpoBepKu. Peannsaumsa Nnpoxoamnaa Ha BbICOKO-
ypOBHEBOM AA3blke Python 3.8.6. OnA yyeta Hecba-
NIaHCMPOBaAHHOCTU pa3MepoB BbIGOPKU WCMOSb30-
Ba/ICs NOAX0J4 C pa3breHMeM UCXOA4HOM 0byyatoLei
BbIOGOPKN Ha 5 criyyaiiHbIX N0ABbLIGOPOK C COXpaHe-
HMeM Nponopumii knaccos (chyHKLMa StratifiedKFold
naketa Sklearn). Onuyna 3agaHns 6GasiaHCUPOBOY-

Journal homepage: http://jsms.ngmu.ru

The probability of occurrence of an event is calcu-
lated by the formula

1

P=r+e7m

The probability value obtained was compared
with a cut-off threshold equal to 0.5: if the probabil-
ity of an event occurrence was more than 0.5, it was
assumed that the event, atuberculosis relapse, would
occur. The adequacy of the model was evaluated
using the Hosmer-Lemeshow test. The decision to
include a predictor in the model was made using
Wald statistics. The quality of the regression model
approximation was evaluated using a likelihood
function. To assess the quality of the model, the fol-
lowing were used: the quality of model fit (x2, the
Nagelkerke’'s R2 the concordance coefficient values,
sensitivity (Se) and specificity (Sp), and the results of
ROC analysis.

The decision tree method was used as a classifier
in machine learning. When making the prediction
model, the tools of the Scikit-learn version 0.24.2
library were used in an interactive cloud environ-
ment with the Google Colaboratory code, using
K-fold stratified validation. The implementation took
place in the high-grade Python 3.8.6 language. To
account for the imbalance of sample size, an approach
was used with splitting the initial training set into 5
random subsets while preserving the proportions of
classes (the StratifiedKFold function of the Sklearn
software). The option to set balancing coefficients for
data from each class (class_weight="balanced”
parameter for the classifier) was used during train-
ing. The obtained estimates of accuracy, Sp, Se and
the area under the ROC curve (AUC) were averaged
over all 5 sets. The informative value of the variables
was also estimated as the mean for all 5 sets.

RESULTS AND DISCUSSION

Binary logistic regression

Using the stepwise inclusion in the regression
model, the equation of a straight line with six predic-
tors that have a greater contribution to the develop-
ment of MDR-TB recurrence was obtained:

Yy = 2.257 X, + 5.370 *x2+ 3.172 *x3+ 2.057 x4+
+ 2.882 *x5+ 1.528 *x6- 46.940.

Regression parameters:

« quality of the model fit: x2=181.134, p <0.001;

« Nagelkerke's R2= 0.848;

* Hosmer-Lemeshow criterion: x2= 0.575, p =
=1.000;

 reduction of the logarithmic likelihood coeffi-
cient to 45.576.
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HbIX KO3((ULUNEHTOB AN [AaHHbIX M3 KaXAoro
knacca (napametp class_weight=»balanced» pans
Knaccugukatopa) Mcnosib3oBasacb Npu 0byYeHUN.
MonyyeHHble OLLeHKM TOYHOCTK, Sp, Se 1 nnowiagm
noa ROC-kpuBOl ycpegHANucb rno BceM 5 BbIGOp-
Kam. VIHpopMaTMBHOCTb MPU3HAKOB TaKXe OLEeHU-
Baslacb Kak cpefiHee no BceM 5 BbIGOpKaM.

PE3YJIbTATbl 1 OBCY>XAEHWE

BuHapHas nornctmnyeckas perpeccus

C nomoLLbo MeTofa MoLaroBoro BKAOYEHUS B
perpeccrMoHHy0 Mmogesnb 6b110 NoNyYeHO ypaBHeHe
NPSAMOM C LWecTblo MpeguKTopaMmu, UMerLnumMu
60MbWINIA BKAag B (hopMuUpoBaHMe peumauea y
naumeHTos c MJ1Y-TB:

y = 2.257 *a,+ 5.370 *x2+ 3.172 *x3+ 2.057 x4+
+ 2.882 x5+ 1.528 *x6- 46.940.

MapameTpbl perpeccuu:

* KayecTBO MOArOHKU Mogenu: x2= 181.134, p <
<0.001;

* R2(Halpkenkepka) = 0.848;

e KpuTepuin Xocmepa - Jlemewosa: x2= 0.575,
p = 1.000;

* CHUKEHUE KoahprumeHTa norapudMmnyeckoro
npaegonono6usa go 45.576.

Mcxoasa ns paccumTaHHbIX 3Ha4YeHU Koahhurym-
eHToB perpeccumn (b) n 3KCMOHMPOBaHHbIX 3HAYEH WA
waHcoB (exp (b)), dhakTopbl prcKa MOXXHO pacnosio-
XXUTb B NOPSAAKe YMEHbLUIEHUS BAVUSAHUSA Ha BEPOAT-
HOCTb pa3BUTUA peuunauBa: Haanuue y naumeHTa
BNY, yncno npeabiaywinx Kypcos XmmuoTepanuu,
OecTPYKLMSA B NEr0YHOM TKaHM Ha Hayaso evyeHuns,
NEHCUOHHbIM BO3PacT, HapacTaHue crieKTpa fekap-
CTBEHHOI ycTolumBocTM MBT K NpOTMBOTYGEPKY-
nesHbiMm npenapatam (MTM) B nepuog nevyeHns
(amnnndurkaumns), o6 mnii cpok neveHms (tabn. 1).

HecmoTpsa Ha To, 4TO No KpuTeputo Banbga npe-
ONKTOP «AeCTPYKLUA B IErKMUX HA HAYas10 Nlev4eHUsA»
cnegyet WUCKAKYUTL N3 MoAenu, 6b1J10 NPUHATO
obpaTHoe pelleHne, 060CHOBaHMEM KOTOPOro ABMSA-
N10Cb 3HAUUTENbHOE CHMXKEHME NoKa3aTesnen, xapak-
TepU3YIOLWNX KaYeCcTBO MOAeNU: Mepbl onpeaeneH-
HocTu Hanpgxenkepka (KoaphuumeHT geTepMmmnHa-
ummn, R2 n koHkoppgaumm, W. TOroBble 3Ha4YeHUSA
R2 - 84.8 %, W - 97.7 %. Se nporHosvupoBaHus
coctaBuna 88.6 %, Sp - 98.7 %.

ROC-kpuBasi, MOCTPOeHHass Ha pacCYMTaHHbIX
3HavYeHUAX Se U Sp, NO3BONSAET HArMA4HO OLEHUTH
Ka4yecTBO Mofenun. 3HadeHUe Nnaowaamn nos KpuBoii
(AUC - area under curve), cTpemMsLLeecs K eAnHnLe
(«npaeancHbI TeCT»), rOBOPUT O BbICOKOM KayecTBe
mogenun (puc. 1).
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Based on the calculated values of regression coef-
ficients (b) and exposed odds values (exp (b)), the
risk factors can be arranged in order of decreasing
influence on the likelihood of the disease recurrence:
HI1V infection, the number of previous chemotherapy
courses, destruction of lung tissue at the beginning
of treatment, retirement age, an increase of MBT
drug resistance to AT-agents during treatment
(amplification), the total duration of treatment
(Table 1).

Despite the fact that according to the Wald test,
the predictor “destruction of lung tissue at the begin-
ning of treatment” should be excluded from the
model, the opposite decision was made caused by a
significant decrease in indicators characterizing the
guality of the model: the Nagelkerke’s R2and concor-
dance, W. The resulting values of R2- 84.8%, W -
97.7 %. The predictive model measures were: Se -
88.6%, Sp - 98.7%.

ROC curve, based on the calculated values of Se
and Sp, allows you to visually assess the quality of the
model. The value ofthe area under the curve tending
to unity (“ideal test”) indicates the high quality of the
model (Fig. 1).

AUC 0.992 allows us to conclude that the regres-
sion equation obtained can be used in clinical prac-
tice to assess the likelihood of recurrence in cured
MDR-TB patients.

The decision tree algorithm

In order to train the algorithm, the sample of
patients was divided in the ratio of 70% and 30%,
while maintaining the balance of classes for the
training and test set. The data from the test set
was not used for training. This was necessary to
validate the obtained models and exclude the case
of overfitting, when the model describes the data
from the training set well, but is poorly applicable
for the test set. Hyperparameters for the algo-
rithm were selected using a grid search on a set of
values.

To calculate the importance of the model, an
analysis based on the objective function of the infor-
mation gain at each splitting was used:

"Nt 1(op),
VP

IG(Dr,f ) =1(Dp)

Dpwu Dj - the dataset of the parent andj child
node, respectively;

f - feature used to split the space of features;

1(Dp) - measure of heterogeneity in node p;

N nNp- the number of samples in the parent and
j child node, respectively;

Journal homepage: http://jsms.ngmu.ru


http://jsms.ngmu.ru

AlliluevA.S. etal. / Journal ofSiberian Medical Sciences Vol. 6, No. 4 (2022)

Tabnuua 1. NapameTpbl PerpecCUoOHHO Mogenn

Table 1. Parameters of the regression model

Moka3aTenb
Indicator

KoHcTaHTa
Constant

MeHCMOHHBLIN Bo3pacT
Retirement age

Hannune BNY-
MHheKLMN

HI1V infection
Konunuyectso
npeablayLmx Kypcos
neyeHuns Ty6epkynesa
Number of previous
chemotherapy courses

Hannune amnnndgu-
Kauuun MBT

Increase of MBT drug
resistance
[ecTpyKums B nerkmx
Ha Hayano nevyeHns
Destruction of lung
tissue at the beginning
of treatment

O6wWnii CpoK NeyeHns
Total duration of
treatment

MpumMmeyvaHwune.

Note.

Koadhdhmyn-
eHT perpec-
cun b
Regression
coefficientb

Bo -46.940
« 2257

X5 5.370

x3 3172

Xy 2.057

X5 2.882

X6 1.528

CpepHekBapg-
patmueckas
owmnbkKa
Root-mean-
square error

11.687
0.906

1779

0.682

0.924

1.560

0.465

O /0R exp (b)
2.86 [1.14-7.20] 9.550
P =0.045

19.19 [5.29-69.56] 214.775
P <0.001

- 23.857
P <0.001

12.22 [5.69-26.24] 7.824
P <0.001

7.48 [1.76-31.80] 17.854

P <0.001

P <0.001

ROC-kpuBble / ROC-curves

4.607

95% [N /CI
(exp (b))

1.617-56.402

6.567-
7024.022

6.273-90.726

1279- 47.847

0.839-
380.047

7.853- 11.459

Kputepuii
Banbpa
W ald test

16.131
P <0.001
6.202
p =0.013
9.106
P =0.003

21.664
P <0.001

4.958
p =0.026

3412
p =0.065

10.801
p =0.001

exp (b) - 3KCMOHUpPOBaHHOE 3HayYeHMe WaHcoB; OLL - oTHOLWEeHMUE WaHcoB; AW - noBepuTeNbHbIN UHTepBan; MBT -

MUKobakTepua Tybepkynesa.
exp (b) - exposed odds value; OR - odds ratio; Cl - confidence interval; MBT - Mycobacterium tuberculosis.

Puc. 1. ROC-KpuBasi, NOCTPOEHHAs Ha NpefcKa3aHHbIX 3HAYeHUsIX BEPOATHOCTU Pa3BUTUS peuuanea

y 601bHbIX MJT1Y-TB Ha OCHOBE PeErpeccMoHHOro aHaansa

Fig. 1. ROC-curve based on predicted values of recurrence probability in MDR-TB patients using on regression analysis

Journal homepage: http://jsms.ngmu.ru
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3HaueHne AUC, paBHoe 0.992, no3BosiseT cae-
NaTb BbIBOA O TOM, 4YTO MNOJIyYEHHOEe YypaBHeHWe
perpeccnm MoxkeT 6biTb MCNOb30BAHO B NMpaKTUKe
019 OLEHKWN BEpPOATHOCTU pas3BUTUA peumnauea y
n3neyeHHbIX naymeHTos ¢ MJ1Y-Th.

ANropuTM «4epeBO peLueHni»

C uenblo obydyeHnsa anropmuTma «fiepeso pelue-
HWii» BbI6GOpPKa NaLMeHTOB Oblsia NojgesieHa B OTHO-
weHun 70 n 30 % c coxpaHeHMeM H6anaHca KaccoB
ana obydarowero n TectoBoro Habopa. [laHHble 13
TecTOBOM BbIGOPKM He UCMNO/b30BANIUCL B NpoLiecce
06yyeHnsa. 3T0 HeobxoaMMo 6bIN0 AN Banugaunun
NOAy4YeHHbIX Mofesneidi N WUCKAKYeHUs cry4yas
nepeobyvyeHusa, T.e. cuUTyauumu, Korga Mogenb
XOpOLWO onucbiBaeT faHHble U3 obyvaloLei
BbIGOPKU, HO MNJIOXO0 MPUMEHUMa ANA TeCTOBbIX
JaHHbIX. TnnepnapameTpbl Ana anroputma 6binuv
oTO6paHbl C MOMOLLbD CETOYHOro rMOUCKa Ha
Habope 3HaUYEHMWIA.

Ona pacyeta BaXXKHOCTU MOAENN MNPUMEHSAICA
aHa/M3 Ha OCHOBe LeNeBo (yHKUUM npupocTa
MHOopMaLLMKN NPU KaXKA0M pacLlenieHUn:

N
N-1(D,),
VP

1G(DP,f ) = 1(Dr)

rae Dpu Dj - Habop faHHbIX POAUTENLCKOTO Uj -ro
[OYEpHEro y3/1a COOTBETCTBEHHO;

f - mpusHak, ucnonb3ywwumiica Ansa pacwienne-
HVS1 MPU3HAKOBOT0 NPOCTPAHCTBA;

1(Dp) - mepa HEOAHOPOAHOCTW B y3/ep;

Nj n Np- uuncno 06pa3uoB B pogUTENLCKOM Uj -M
[OYEpHEM y3/1e COOTBETCTBEHHO;

M =2 - YNC/I0 PEFMOHOB, MOMIYYEHHbIX NPU pac-
LLern/IeHUN.

[ns pacueTta cTeneHn HEOAHOPOAHOCTU METOA0M
CEeTOYHOro rnovcka BbibpaHa Mepa HEO4HOPOAHO-
CTW - 3HTPOMUS, NCNONb3yeMast A5 OLEHKN BaXXHO-
CTV MPU3HAKOB:

IH p(i\p(i\),

raep(i |t) - gonsa obpasyoB, KOTOpas NPUHAANEXNUT
Knaccy i gnsysnat;

C = 2 - KONMNYECTBO KNaccoB («peunguB», «HeT
peunanBa»).

Ha puc. 2 npefcraesieHa MOfAesib anroputma
«[lepeBO peLUeHNi», KoTopasi M03BO/MIA YCTaHO-
BUTb 5 OCHOBHbIX (DAaKTOPOB pUCKa pPasBUTUSA peun-
avBa y 60nbHbIX MJTY-TB: Hanuuue y nayneHToB
NOBTOPHbIX KYPCOB XMMMOTEPanuun, ctax 3abosnesa-
HUSA, Hann4me B IEFOYHOW TKaHM NOM0CTY pacnaja
6onee 2.0 cm B AMameTpe, XMMuoTepanua MeHee
6 MNTI, cpok neyeHUs MeHee 23 Mec.
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m = 2 - the number of regions obtained by split-
ting.

To calculate the degree of heterogeneity by grid
search, a measure of heterogeneity is chosen -
entropy, used to assess the importance of features:

in =-L, PG WPG Y,

p(i |t) - the proportion of samples that belongs to
class i for node t;

¢ = 2 - the number of classes (“recurrence,” “no
recurrence”).

Fig. 2 shows a decision tree model, which
allowed us to establish 5 main risk factors for
recurrence MDR-TB patients: the presence of
repeated courses of chemotherapy, duration of the
disease, the presence of destruction sites in lung
tissue more than 2.0 cm, chemotherapy by less
than 6 antituberculosis drugs, duration of the
treatment less than 23 months.

According to the results of the first stage of the
analysis, the following values of the model quality
were obtained: Se - 74%, Sp - 97%.

At the second stage, stratified K-fold cross-valida-
tion was used to demonstrate the reliability of the
identified predictive models. In total, the dataset was
divided into 5 blocks used in the construction of the
classifier set. Fig. 3 shows a histogram of the distri-
bution of the significance of features averaged over
5 blocks of cross-validation for the decision tree algo-
rithm.

Thus, the analysis again revealed afactor indicat-
ing the presence in patients of repeated courses of
chemotherapy associated with a long duration of the
disease, and with multidrug resistance of MBT for
more than three years. The factor “presence of HIV
infection in patients” was added to the five above-
defined features. lllustration and numerical inter-
pretations of the AUC (Fig. 4, Table. 2) indicate the
high quality of predictive models; therefore, both
methods can be used in clinical practice to assess the
likelihood of the recurrence in cured MDR-TB
patients.

CONCLUSION

The effectiveness of multivariate models deve-
loped using binary logistic regression and decision
tree methods turned out to be equivalent in pre-
dicting the recurrence in most patients. A graphi-
cal representation of probabilities as a decision
tree allows you to visually identify a group of
patients who need preemptive measures to prevent
their recurrence of MDR-TB in the future. In the
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Pnc. 2. llepeBo pelieHnin Ana nporHo3nposanms peungmnsa MY-Th.
[ns Kax4oro y3na ykasaHbl 3Ha4eHUA 3HTPONUK 1 pacnpegeneHne obpasLos B y3ne
[nepBoe 4ncno B CNUCKe - KOAMYECTBO NMauMeHTOB C PeELUAMBOM, BTOPOe YnCno - 6e3 peunameal.
[Onsa TepMUHaNbHBIX y3/10B YKa3aH Hanbonee BepoAaTHbIN knacc (MTIM - npoTuBoTybepKyne3Hble Npenaparbl)

Fig. 2. The decision tree model for predicting MDR-TB recurrence.
For each node, the entropy values and the distribution of samples in the node are indicated
[first number in the list is the number of patients with recurrence, the second number is without recurrence].
For terminal nodes, the most probable class is indicated (ATDs - anti-tuberculosis drugs)
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B pe3ynbTate No utoram nepBoro atarna aHaansa
6b1/IN MOJSIyYeHbl Ccrefylouive 3HaYeHUS KayecTBa
mopenu: Se - 74 %, Sp - 97 %.

Ha BTOpom aTane Ans AeMOHCTpaunm HageXHo-
CTM BbISIB/IEHHbIX MPOrHOCTUYECKNX MOZesein bblna
ncnonb3oBaHa cTpaTuduumposaHHas K-67104Has
nepekpecTHas npoBepka. Bcero wuccnegyemsblii
Habop AaHHbIX 6bl/1 NogeneH Ha 5 6/10KOB, UCMOSb-
3YHOLLUXCA MPU NOCTPOeHUU Habopa knaccuguka-
Topa. Ha puc. 3 nokasaHa rucrorpamma pacripege-
NleHNs 3HAYMMOCTU MPU3HAKOB, YCPEAHEHHOW no
5 6/10Kkam MepekpecTHOM NPOBEPKU AN anropuTma
«[lepeBo peLleHnin».

Taknm o06pa3om, NPOBeAEHHbIN aHaM3 BHOBb
BbIABU/1 (PaKTOP, YKasblBaLWWUA Ha Hanu4due y

KonunuyecTBo npeabiAyLnx Kypcos
Number of previous courses

Cpok nevyeHuns (mec)

Duration of treatment (months)
Ctax Tybepkynesa

Duration of tuberculosis

BWY-cTatyc

HI1V status

MNY-Tb 6onee 3 net
MDR-TB more than 3 years

MpekpallieHne 6akTepnoBblfeneHna no nocesy (Mec)
Sputum culture conversion

KonunyecTBo npenapaTtoB B CXeMe SleHeHUsA
Number of drugs in a treatment regimen

Hanuune kanpeoMuuymnHa B Ha4yanbHO CXemMe nevyeHuUs
Presence of capreomycin in the initial treatment regimen

Tun Ty6epKyne3Horo npouecca
Type of tuberculosis

MNHAeKc maccel Tena
Body mass index

Konunyectso Kypcos no 1V pexunmy
Number of courses in IV regimen

Hanunune tasbl pacnaga

Presence of destruction of lung tissue
KonnuectBo NpuHATbIX f03 (%)
Number of doses taken (%)

3noynoTpebneHne ankoronem
Alcohol abuse

YnoTtpe6neHne HapKOTUYECKMX NpenapaToB
Drug abuse

Hanunune gnabeta
Presence of diabetes mellitus

Hanunune ncuxmyeckoro 3a6onesaHus
Presence of mental illness

OcTaToYHble U3MeHEHMNA
Residual changes

0.0

future, in order to test the quality of the model for
predicting the disease recurrence in patients with
MDR respiratory tuberculosis, it is necessary to
continue research with the involvement of other
artificial intelligence methods for comparison (in
parallel with the presented one).
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study, data collection, analysis and interpretation.
Olga V. Filinyuk - development of the concept and
design of the study, data analysis and interpretation,
justification of the manuscript and verification of
intellectual content, final approval for publication of
the manuscript. Ekaterina E. Shnayder - statistical

0.1 0.2 0.3 0.4 0.5

Puc. 3. YcpeHeHHasi 3HAYMMOCTb NPU3HAKOB a/iropuTMa Knaccugurkalmm naLmeHToB, NOCTPOEHHOT0 METOAOM AepeBa
peweHun (MNY-TB - Ty6epKyne3 ¢ MHOXXeCTBEHHOM NIeKapCTBEHHO YCTOMYMBOCTLIO BO36yanUTENS)

Fig. 3.

30f the features of the classification algorithm constructed

by the decision tree method (MDR-TB - multidrug-resistant tuberculosis)
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1.0
0.8
0.6

9

=21

0
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9 0.4
0.2
0.0

0.4

ROC fold 0 (AUC = 0.98)
ROC fold 1 (AUC = 1.00)
ROC fold 2 (AUC = 0.99)
ROC fold 3 (AUC = 0.95)
ROC fold 4 (AUC = 0.76)
Chance

Mean ROC (AUC =0.93 £ 0.09)

+1 std. dev.

0.6

False Positive Rate

Puc. 4. ROC-aHanms: K-6no4Hast ctpatnuLmpoBaHHas nepekpecTHasi NpoBepKa airoputMa «epeBo peLleHnii»
Fig. 4. ROC-analysis: K-fold stratified cross-validation of the decision tree algorithm

Tab6nuua 2. NMporHocTnyeckasa ahPeKTUBHOCTb MHOTOMEPHbIX MOAEEN

Table 2. Predictive effectiveness of multivariate models

Anroputm YyBCTBUTENBHOCTb, % CneundgunuHocTb, % AUC
Algorithm Sensitivity, % Specificity, %

[epeso peleHui 74 97 0.9+0.1
Decision tree

BuHapHasa nornctuyeckas perpeccus 88.6 08.7 0.992

Binary logistic regression

nauMeHTOB MOBTOPHbLIX KYypCOB XuMMUOTepanuwu,
COMPSXXEeHHbIX C AOCTATOYHO MPOAO/IKUTE/IbHbIM
cTaxxem 3abonesaHus, npudem ¢ MJ1Y B036yau-
Tensa 6onee Tpex net. K natm BbleonpeneneHHbIM
npusHakam o6asBusca hakTop «Haanume y naym-
eHToB BUY-nHpekunn». Mnnwcrtpaynsa n 4mcno-
Bble TPaKTOBKM nokasatensa AUC (puc. 4, Tabn. 2)
CBUAETENbCTBYHOT O BbICOKOM KayeCTBe MPOrHo3u-
pylowunx mogenen, cnegosaTefnbHO, o6a MeToAa
MOTYT 6bITb UCMONb30BaHbI B MPaKTUKe A1 OLEeHKN
BEPOATHOCTU Pas3BUTUA peungmnsBa y MN3NIEYEHHbIX
nauneHTos ¢ MJTY-Thb.

Journal homepage: http://jsms.ngmu.ru

data processing (univariate analysis, binary logistic
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implementation of the decision tree classifier in
Python language version 3.8.6.
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SAKJTIOUEHWE

OhPeKTMBHOCTL  MHOFOMEPHbIX  MOAenei,
MOCTPOEHHbIX C MPUMEHEHVEM METOA0B BMHapHOM
JIOTUCTUNYECKON perpeccun U aepesBa  peLLeHNi,
OKasaslaCb 9KBUBA&/IEHTHOM B MPOrHo3e pas3sBuUTuA
peumgmBa 3ab60neBaHUSA y 60/1bLLUMHCTBA 60/TbHbIX.
padmyeckoe npencTaBneHVe BEPOATHOCTEN B
BUAEe AepeBa peLLeHn NO3BOoJISET Har/IsaHoO ornpe-
LennTb rpynny 60/bHbIX, HY>JAtoLMXCA B Mpo-
hUNaKTUYHECKMX MeponpusTUAaX Mo npegoTspa-
LUEHMIO Y HMX B Byayulem peuygmea MJ1Y-TB. B
nepcrnekTnBe /151 NPOBEPKM KayecTBa MOAeM
NporHo3mnpoBaHusa peunamsa y 6onbHbIX TO/, ¢
MJTY HeobxoarMo MPOAO/DKUTb UCC/IeA0BaHUS C
npuBfiedeHeM 1A CpaBHEHUS OPYrux MeTonoB
MCKYCCTBEHHOIO WHTeseKTa (napasiiefslbHO ¢
npeacras/ieHHbIM).

Bknag aBTopoB: AnnnnyeB A.C. - pa3paboTka
KOHLUENUUA 1 An3aiHa nccreosaHus, cbop, aHanm3
M nHTepnpetTauma gaHHbIX. PunvHiok O.B. - paspa-
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60TKa KOHUENUUN 1 au3aiiHa VCCNefoBaHVs, aHa-
N3 1 NHTepnpeTauya JaHHbIX, 060CHOBaHWE PYKO-
MricK 1 NPoBepKa NHTESUIEKTYa/IbHOIo CoAepXXaHus,
OKOHYaTteflbHoe YTBePXKAeHVe Ana ny6nvkauyn
pykonvicn. LLIHagep E.E. - cTtatuctnyeckasi obpa-
60TKa AaHHbIX (OAHOAKTOPHbIN aHa/ I3, BMHapHas
norrctnyeckasi perpeccus). AkceHoB C.B., dunu-
HIOK [.E. - peasimzaums Knaccmgmkaropa «4epeBo
pELLIEHMI» Ha BbICOKOYPOBHEBOM f3bike Python
Bepcuun 3.8.6.
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