VILNIAUS UNIVERSITETAS
MEDICINOS FAKULTETAS
FACULTY OF MEDICINE, VILNIUS UNIVERSITY

M.K. Ciurlionio g. 21/27, LT-03101 Vilnius, Lithuania. Tel. +3705 239 8701; +3705 239 7800; Fax. +3705 239 8705

Review of the PhD Dissertation
Candidate: Shynar Sabitovna Muratbekova

Dissertation title: Prognostic assessment of the influence of clinical and genetic factors on the risk
and clinical course of spontaneous intracerebral haemorrhage in the main ethnic population of
Kazakhstan

Specialty: 8D10100 Medicine

This is a scientific review of the PhD dissertation submitted by Shynar Sabitovna Muratbekova,
devoted to the prognostic assessment of clinical and genetic factors associated with the
development and course of spontaneous intracerebral haemorrhage in the Kazakh population.

The topic of the dissertation is highly relevant from both scientific and public health perspectives.
Spontaneous intracerebral haemorrhage remains one of the most severe forms of stroke, associated
with high mortality and long-term disability. The importance of this work is further strengthened by
the fact that population-specific data on intracerebral haemorrhage, especially in Central Asian
populations, remain limited. In this context, the dissertation addresses an important gap by focusing
on the Kazakh population and by integrating clinical, epidemiological and genetic factors into one
analytical framework.

The dissertation has a clear structure and includes a literature review, materials and methods, results
and discussion, conclusions, and appendices. The literature review is broad and up to date. It
presents the epidemiology of intracerebral haemorrhage, the role of modifiable risk factors, the
biological relevance of the COL4A2 gene, and the limitations of existing prognostic models. The
review provides a sound rationale for the study and explains why population-specific research is
needed for Kazakhstan and the broader Central Asian region.

The study was conducted in two stages. The first stage included a retrospective epidemiological
analysis of 1,657 patients with verified intracerebral haemorrhage in the Karaganda region. The
second stage was a case-control clinico-genetic study including 327 ethnic Kazakh participants, of
whom 162 were patients with spontaneous intracerebral haemorrhage and 165 were controls. The
inclusion and exclusion criteria are clearly described. The exclusion of secondary intracerebral
haemorrhage, including traumatic, aneurysmal, tumour-related and anticoagulant-associated cases,
strengthens the internal validity of the study. The ethical aspects of the research are adequately
addressed.

The molecular-genetic component of the work focused on three single nucleotide polymorphisms of
the COL4A2 gene: rs9521732, 1rs9521733 and 1s9515199. Genotyping was performed using real-
time PCR, and the dissertation includes appropriate quality-control procedures, including
assessment of Hardy-Weinberg equilibrium in the control group. The statistical analysis is



comprehensive and includes univariate and multivariate logistic regression, analysis of inheritance
models, correction for multiple testing, haplotype analysis, linkage disequilibrium analysis, ROC
analysis, bootstrap validation, calibration assessment, Decision Curve Analysis, and evaluation of
the incremental value of the genetic marker.

The main scientific result of the dissertation is the identification of an association between the
r$9515199 polymorphism of the COL4A2 gene and the risk of spontaneous intracerebral
haemorrhage in the Kazakh population. Of particular interest is the reported protective association
of the C allele in this population, which is opposite to the direction described in European studies.
This finding is scientifically interesting and supports the candidate’s argument that genetic
associations should not be directly extrapolated from European populations to admixed Central
Asian populations without independent verification.

The dissertation also confirms the importance of established modifiable risk factors, particularly
arterial hypertension, diabetes mellitus and moderate/heavy alcohol consumption. The observation
that all patients with intracerebral haemorrhage had arterial hypertension underlines the central role
of blood pressure control in primary prevention. The reported associations with diabetes mellitus
and alcohol consumption are also clinically relevant and support the practical orientation of the
work.

Another important contribution of the dissertation is the development of a prognostic risk score
integrating clinical and genetic predictors. The model demonstrated strong discriminatory
performance, with high AUC values and favourable sensitivity and negative predictive value. The
author also performed internal validation using bootstrap methods and cross-validation, which
improves the credibility of the model compared with a purely exploratory analysis.

At the same time, several limitations should be acknowledged.

e First, although the sample size is acceptable for a PhD-level candidate-gene study, it
remains relatively small compared with international genetic association studies and does
not allow strong conclusions regarding weaker genetic effects or detailed subgroup analyses.

e Second, the prognostic model was internally validated but has not yet been externally
validated in an independent Kazakh cohort. Therefore, its clinical use should be considered
preliminary until confirmed in larger multicentre studies.

e Third, the study included only three SNPs in COL4A2 and did not include genome-wide
analysis or functional validation. Therefore, the biological mechanism underlying the
observed protective association of 1s9515199 remains hypothetical.

e Fourth, the case-control design is suitable for association testing but has limitations for
estimating absolute population risk.

e Finally, the subgroup analysis by haemorrhage localization is limited by the small number of
lobar and infratentorial cases.

These limitations do not diminish the overall value of the dissertation, but they should be clearly
reflected in the interpretation of the findings. The candidate should avoid overstating the immediate
clinical applicability of the risk score and should present it as a promising population-specific tool
requiring further external validation.

Overall, the dissertation represents an original and relevant scientific work. It combines clinical
neurology, epidemiology, molecular genetics and predictive modelling. The candidate demonstrates
the ability to formulate a scientifically meaningful research question, collect and analyse clinical



and genetic data, apply appropriate statistical methods, interpret results in the context of
international literature, and formulate conclusions with potential practical relevance.

The results of the dissertation have scientific novelty, particularly regarding the population-specific
association of COL4A2 rs9515199 with intracerebral haemorrhage risk in the Kazakh population.
The work also has practical relevance, as it highlights modifiable risk factors that can be addressed
in primary prevention and proposes a risk stratification approach for further validation.

The dissertation meets the requirements for a PhD thesis in Medicine. I recommend the dissertation
for public defence and support the awarding of the degree of Doctor of Philosophy (PhD) to Shynar
Sabitovna Muratbekova, provided that the limitations of the study and the need for external
validation are clearly acknowledged during the defence.
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Vilnius University, Faculty of Medicine
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OT3bIB HA JIMCCEPTALIUIO HA COUCKAHHUE YUEHOU CTENEHU PhD
Couckarens: Mypamaexoea [llvinap Cadumogna
HazpaHne aucceprauim:

"ﬂPO['HOCTII'—It‘CI\'aH OUCHKA BAHAHHA KIHHHKO-TEHETHYCCKHX {IJBKTODUB Hd PHCK pa3zBuUTHA H
NAPAKTEP TCHCHIH CITOHTAHHOTIO BHY TPHMOSTOBOTO KPOBOWAIHAHNA B OCHOBHO# 3THHYECKOI
NOOVIALHH Kazaxcrana.»

Crneunaabiocts: 8D 10100 -Meauunna

Hacrosuwmii HayuHbll OT3BIB MOCBAWEH AnCCEepTallil HA COHCKAHHE. cTerneH PhD,
npeactasienHoil Mypardekosoii [lsiap CaduToBHON. M NOCBALIEHHOI] ni")o'mom‘mlecmﬁ
OHeHKS KIHHHYECKIX W [CHETHYEeCKHX t|JaI\'TU]'JOB. CBABAHHBIX C pa3sBUTHEM W TCYHEHUEM
CIOHTAHHOIO BHYTPUMO3TOBOIO KPOBOUIIHAHNS B KA3AXCKOH NMOMyNALHH.

Tema aucceprauni UMEET BbICOKYIO aKTYaJIbHOCTh KaK ¢ HAyYHOH TOYKM 3PEHMS, Tak U C
TOYKH 3peHHs OOLECTBEHHOMO 3/1paBooXpaHeHns. CMOHTAHHOE BHYTPHMO3IOBOE KPOBOM3IUSHHE
ocra€rest OAHOM w3 Hanbosiee TKENBIX (OPM  HHCYILTA. ACCOLUMHPOBAHHON €  BBICOKOM
JETATLHOCTHIO M JUIMTENbHOIl  HETPYAOCNOCOOHOCTBLI).  3Ha4UMOCTb  JaHHOH  padoTshl
JOMONHUTENBHO  00YC/IOBAEHA TEM. YTO MONYIALHOHHbIE JAaHHBIE O BHYTPHMO3IOBOM
KPOBOH3NHAHMH. 0COOCHHO B nonynauuax LleHTpanbHoll A3uH, OCTalOTCA OrpaHuvyeHHbIMUA. B
3TOM KOHTEKCTE AMCCEpPTalllsl BOCNONHSACT BaKHBIH npobed, MIOCKONIBKY MOCBALIEHA Kazaxckoit
NOMYISIUHE U QOBEAMHAET KIUHUYECKUE, 3]’1L-I,ELEMI-IO;‘IOFLI‘-{ECKliéI 1 TEeHeTHUeCKHe (akTopel B
EANHOIT aHATMTUYECKON MOJIENHN.

Huccepranns uMeeT HETKYIO CTPYKTYPY H BKJIKYaeT 0030p JIMTEPATYPhl, MaTepualel 1
METO/Abl, Pe3yaLTarhl U UX 00CYXKAeHHE, BbIBOALI N npunoxeHus. O030p nuTeparyphl SBASETCs
OOWHMPHBIM M COBPEMEHHLIM. B HEM npeacTaBieHbl 3MUAEMHONOTUS  BHYTPHUMO3rOBOrO
KPOBOU3IUSHUA, POAb MOAM(HUMPYEMBIX (AKTOPOB pucka, OHOJOrHYecKas 3Ha4MMOCTh I'eHa
COL4A42, a Takike OrpaHHueHusl CyLIECTBYIOLINX MporHoctuuecknx wmoaeneil. O630p
obecneynBaeT OOOCHOBaHHYIO HayyHylO 0asy HCCAENOBAHHA M OOBACHAET HEOOXOIMMOCTH
MpoBeAeHHA TONYMALMOHHBIX HccneaoBanuii B Kasaxcrane u 0Oojee WHPOKOM perHoHe
LleHTpansHOi A3,

Mcenenosanmne nposoannock B apa arana. [lepselii aran Bkiawouyan petpocnexTHBHbII
snujiemMuonornueckuii aHanns 1 657 naumeHToB € BepH(HLUMPOBAHHBIM BHYTPUMO3TOBBIM
kpoousnusHuem B Kaparanaunckoil obdnactu. Bropoii 3rtan npeactasssii coO0H KIMHUKO-
FEHETHUYECKOE MCCIE0BAHNE TUIA «CIYHAN—KOHTPOIbLY, BKIKOUaBLIee 327 3THHYECKHX Ka3aX0B,
13 KOTOPBIX 162 SBASANCH NALHEHTAMI CO CIOHTAHHBLIM BHYTPHMO3MOBLIM KPOBOU3IUSAHHEM, a
165 - KOHTPOABLHON Ipynnoil. Kpurepuu BKIAKOYEHHS H HCKIHOUEH A OlHCaHbl YETKO. MCKItouenne
BTOPHYHBIX BHYTPUMO3IOBLIX KPOBOM3AMAHWIL, BKIKOUas TpaBMaTHUYeCKie. aHEBPU3MaTHYECKHE,




ONVXOJEBLIC chay4au 1 CIVHdin,  CcBASAdHHBbIE C NPUEMOM  aHTHKOArYIAHTOB, » MOBbILLIACT
BHVTPCHHIOW BaJlHIHOCTbL HCCICA0BAHHA. DTHUYECKHME AaClEeKThl MCCIEI0BaHMIs paccMOTPEHLI
Halle/xKaluMm Oﬁp&SOM.

MosekynspHo-reHeTnyeckas coctasasiomass padoTel Oblla COCpEnOTOUEHA Ha TPEX
DAHOHYKICOTHAHBIX nonumopdismax rea COL4A42: rs9521732, rs9521733 159515199,
[ewoTunupoBanne nposoaunock smetogom [P B peansHom Bpemenu. B mgucceprauwmm,
MPESICTABICHBI COOTBETCTBYIOLLME MPOLEAYPbI KOHTPOMS KA4ECTBA, BKIKOUAs OLEHKY PaBHOBECHS
Xapan—BaiinGepra B KOHTponbHOI rpynne. CTaTUCTHYECKNTT aHAIN3 SBASETCS KOMIMIECKCHBIM U
BETHOUACT OAHO(AKTOPHYH 11 MHOrO(AKTOPHYIO JOTHCTHHECKYH) PErPEeCCUI0. aHalu3 Mojenei
HACIEI0BAHMS. KOPPEKLHK) HA MHOKECTBEHHbIE CPABHEHMS. TanAOTHUIHBI aHaiu3, aHanus3
HepaBHoBecHs 1o cuenieHno. ROC-aHanns. OyreTpan-sannaaluio, OLEHKY KaTuOpPOBKH, aHanu3
KpHBBIX NpuHATHA peteHuii (Decision Curve Analysis). a Takike OLEHKY J0NOAHHTENLHOI
I]pUl’HUCTII'—ICCKUﬁ UCHHOCTH FCHCTHHECROIO MApKRepa. o

~ OCHOBHBIM Hay4YHBIM PE3YILTATOM JAHCCEPTALII ABAACTCS ' BbIABICHHE CBA3M MEHKIY
noanvopdismom 19315199 rena COL4A2 n pUCKOM  CHIOHTAHHOTO BHYTPHMO3TOBOTO
KPOBOH3IHAHHSA B Kazaxckoll nonyasuuu. OcoOwlil nHTEpec NpeAcTaBseT BhIsIBIEHHAs 3aLHTHAS
accoumauns annens C B 1aHHON NONMyISLMM, KOTOpas UMEET HanpapleHue. NPOTHBONON0KHOE
OMHCAHHOMY B HCCIE10BAHUSX eBPOTIEHCKHX Nonyasunii. ITOT pe3yasTar NpeacTaBIseT Hay Hbli
HHTEPEC M MOATBEPIKAACT APryMEHT COMCKATENs O TOM. YTO TFEHETHYECKHE accolualum,
BbIABICHHBIC B CBPOMEIICKUX MONyAAUMAX. HE CHCAYCT HanpaMyrR IKCTpanonnpoBatb Ha
cMeLlaHsbie nonyasuun LieHtpansHoii Asun 0e3 HesaBuCcHMO Bepu(uKaLm. o

Hucceprauus TakKe MOATBEPKIAET 3HAYMMOCTb YCTAHOBJEHHBIX MOAM(UUHPYEMbIX
(hakTopoB pHCKa, Mpekae BCEro aprepuanbHOil  runepreHsuu, caxapHoro auabera H
VMEPEHHOrO/BLICOKOTO noTpednaeHus ankoroas. HadmoaeHue © Hanuuyuu  apTepuanbHOM
THMEPTEH3NN Y  BCEX MALUEHTOB € BHYTPUMO3TOBBLIM  KPOBOM3IHAHHEM NOA4EpPKHUBAET
UCHTPAILHYIO POJb  KOHTPOJsS. apTepuabHOrO  JaBleHHS B NEPBUUHOH NPOQUAAKTHKE.
BoigBlIeHHBIE CBA3M € caxapHeiM Juadetom | }-’I‘IOT])E()HGHH%M anKOrof TAKKE HMEROT
KTHHHYECKOE 3HAYeHHe 1 MOATBEPIKAAKOT MPAKTHYECKYHO HAMIPABIEHHOCTh PadoTHL.

Ewe oanum BakHbIM BKIAAOM JAHCCEpTalMi sBAsSeTCs pa3padoTka NpOrHOCTHYECKOI
[LIKadbl PUCKA, OOBEAMHSIOIIEH KIMHUYECKME M TFEHETHYECKHE MpeauKkTopbl. Moaenb
MPOIEMOHCTPHPOBANA BBICOKYIO IHCKPUMUHALMOHHYIO CHOCOOHOCTb, XapaKTepU3YHOLLyIOCs
BbicOKHMM 3HageHnaMn AUC, a Takske OnaronpusTHBIMH 110Ka3aTeNsMy YYBCTBUTEIEHOCTH U
OTPHUATENLHON MPOrHOCTUYECKOH LEHHOCTH. ABTOP TakiKe MPOBET BHYTPEHHIOW BalMIALMIO C
HCMOMB30BAHHEM METOAOB OyTCTpAM-aHann3a M nepekpécTHON Baaujaunu., HTO MOBBILIAET
J0CTOBEPHOCThL MOJE/H 10 CPABHEHHIO ¢ HCKIKUHTENLHO MOHCKOBLIM aHATH30M,

Bmecre ¢ Tem CIEOAyeT OTMETUTL pAal OrpaH HYEeHNIT.

Bo-nepBbIx, HECMOTPS HA TO YTO pa3Mep BLIOOPKH SBISETCS MPHEMEMbIM /il KaH1uaaT-
FEHHOro uccnenoBaHus ypoBHs auccepranyn PhD. on ocTaércs OTHOCHTENLHO HEDONBIIMM MO
CPABHEHHIK ¢ MEKAYHAPOAHBIMH HCCIEAOBAHHAMM FEHETHUECKHX ACCOLMALMI 1 HE MO3BOJSET
nenarb YOeAUTENbHbIE BbIBOAbI OTHOCHTENBHO Qosiee CnadblX TreHeTHYECKUX 3(D(EKTOB WM
MPOBOANTH AETalbHbIH aHAIN3 OTAEAbHBIX NOAPY L.




Bo-BTOPBIX. MPOrHOCTIHECKAR MOISTL NPOLLTA BHYTPEHHIOK BATHAALNIO, OHAKO elé He
Gbl1a MOABEPrHYTAa BHELIHEl BaTIIAIH HA HE3aBHCUMON kazaxckoii koropre. [Mosromy eé
KIHHHYECKOE MPHMEHEHHE CeNeT PAaccMaTpuBaTe Kak MpeiBapuTe/ibHOE 10 MOATBEPKACHNS
pE3VILTaToOB B O0JIee KPYMHBIX MHOTOUCHTPOBLIX HCC/ICA0BAHHAX.

B-tpethux, uccienoBaHie Biauamo Ttoneko Tpu SNP rema COL4A42 H" He
pelycMaTpuBaio TMOJHOTEHOMHOrO aHanusa Wian (yHKUHOHANRHOM Balnaauuu. [Toaromy
31OTOrMYECK NIl MEXaHU3M. JIeKaLLiii B OCHOBE BbISIBICHHOIT 3anTHOI accounauun rs9515199,
OCTAETCA THMOTETHYECKUM.

B-ueTBEPTHIX, AM3AH MCCICA0BAHUA «CIyHal—KOHTPONLY MOAXOANT A H3Y4EHHS
acconualtii, OHAKO HMEET OrpaHiyeH s npy oueHke abCoNIOTHOrO NOMY/ISILIHOHHOTO pUcKa.

HaxoHeu. aHanus noarpynn no JAoKajau3aluHi KpoBOMU3IWAHUSA OFpaHHYCH H'EﬁOJ'lbU.l[-IIIM
HOJIMYECTBOM CYy4aen ¢ J0JCBbIM H IIH(}]]J‘CITE"HTD}’)II‘dﬂbelI\-I pacnonoKEeHHEM KPOBOH3JTHSAHHA.

VkazaHHble OrpaHuyeHusl He CHHUIKAKT O0LIeH HEHHOCTH JUCCepTalui; OJHAK0 NOKHbI
ObITh YETKO OTPaKeHbl NPU HHTEPNPETALNH TOJYYEHHbBIX PE3yJbTaToB. CONCKATENO clienyer
130erath NpeyBeAHYEHUS HENOCPEACTBEHHOI KIMHIYECKOH MPUMEHHMOCTH LIKa/lbl pUCKa H
MpeacTaBuTh €€ Kak NepCrneKTHBHbIIH MONYASLHOHHO-CNEUH(UUHBIH HHCTPYMEHT, T]JGG}’I@ILL!Mﬁ
JajbHellwel BHEIHEN Balnaannm.

B uenom aucceprains mpeactaBiseT co0oil OpHTMHANBHYIO M aKTyalbHYH) HayudHYlo
padoty. Ona 00bEAMHACT KIMHHUECKYID HEBPONOTHIO. SMHASMHUONOTHIO.  MONEKYAAPHYIO
FeHETHKY W MporHoctiuueckoe mozennposanne. CoHCKaTelb ASMOHCTPHPYET CnoCOGHOCTb
HOpPMYANPOBATL HAYHYHO 3HAUMMYH) HCCIENOBATE/ILCKYIO 3ajaduy. coOMpaTh W aHaIH31pOBaTh
KIMHUYECKHE U TEHETHYECKHE JAHHbIE, MPUMEHATE COOTBETCTBYOLIHME CTATHCTHYECKIE METObI,
HHTEPNPETHPOBATh PE3YNAbTaThl B KOHTEKCTE MEHKAYHAPOAHOH HAy4HOH JAnTEpaTyphl M
(hopMyaHpOBaTh BbIBO/IbI, HMEIOLINE MOTEHIMATBEHOE NPAKTHYECKOE 3HAUYEHHE.

Pesynbrarel auccepramun  00Maal0T  HayuHoH  HOBH3HOI, 0coOEHHO B vacTH
nonyasunoHHo-cneunuunoii accounaunn COL4A2 1s9515199 ¢ puckom BHYTPHMO3rOBOTO
KPOBOM3/IMAHMA B Ka3axCKOI rion}-'nﬂuml. Pabota Takike HMMEET MNPAKTHYECKOE 3HaueHHE,
MOCKOIBKY MOAYEPKHBACT POJb. MOAN(ULMPYEMbIX (DAKTOPOB pHCKA, HA KOTOPbIE MOXKHO
BO3IEHCTBOBATH B PAMKax MEPBUYHOI MPOPHIAKTHKI. 1 MPEANAraeT MOAXOA K CTparHpuKalnm
pHcKa. Tpedyromuii JansHeieil pannaaimi.

ﬂ,lflCCﬁ]JTﬂ].ll‘lSl COOTBETCTBYET Tpeﬁosammm. npeabABIdeMbIM K JUCCEPTALLMAM Ha
couckanue crenert PhD no cnenpansHocTH «MeauunHan.

PekOMEHIYI0 JMCCEepTalni0 K MYONHHHOI 3alnTe 1 NOLASPIKUBAIO NPUCYHKIACHHE
Mypar6ekosoii LLbinap Cadutosre yugroit crenenn Doctor of Philosophy (PhD) npu ycnosui.
YTO OrpaHHUEHHs NCCIIeA0BaHus i HeOOXOANMOCTb BHELHEIT Bannjauni OyayT YETKO OTPaKEHb
B XOJI€ 3alLUThI.

[Tpod.. a-p Baiisa Xenapuxcon. MD., PhD, MBA
Bunpuiocckuii yuusepenter, MeanHeknii (hakynbrer
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«25» centadpsa 2026 ronma. S, Kum AnekcaHap ApTéMbeBHY, HOTAPUYC HOTAPHANBLHOIO
okpyra KaparangnHckod obnactw, auuensus Nell003101 esigana «01» aexaGpa 20]1 ropa
KomureroM perucTpallHoHHOH CaykKObl M OKa3aHUs MpaBoBoi nomolud Mutuctepersa FOcTuumu
Pecriybnuku  Kasaxctan, CBMAETEIBCTBYIO TMOAJMMHHOCTH MMOANMCH MEPEeBOAYHMKA Y HAHIH
Mapraputel BrnanumupoBHbl. JIMYHOCTE TMepeBOAYMKA YCTAHOBIEHA. 1eecrnocoGHOCTE |
MOJHOMOYHS POBEPEHBI.
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