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REVIEW OF THE FOREIGN SCIENTIFIC CONSULTANT on the dissertation work of
Madina Suleimenova on the topic: «Machine learning in predicting the risk of developing
cardiovascular disease» submitted for the degree of Doctor of Philosophy (PhD) in the
educational program: 8D06114 — Artificial Intelligence in Medicine

The dissertation devoted to the development and validation of interpretable
machine learning models for predicting cardiovascular disease (CVD) risk in adults
aged 65 years and older addresses a highly relevant and practically important problem
‘1 modern medical informatics. Cardiovascular diseases remain among the leading
causes of mortality and disability, and in older populations, the risk increases further

duec to age-related changes, multimorbidity, and lifestyle factors. In this context,
improving early risk stratification and preventive decision-making is of particular

importance.
The relevance of the dissertation topic is determined by the need for prediction

tools specifically tailored to the 65+ population, for which the transportability of
traditional risk scores may be limited. The work is further strengthened by the
author’s focus on interpretable models suitable for clinical implementation, as well as
by the objective assessment of model quality and the clinical utility of decision
thresholds. The study follows modern requirements for clinical prediction models,
including a rigorous internal evaluation scheme, analysis of probabilistic performance
and calibration, justification of decision thresholds, and verification of transportability

on independent data.
( The dissertation is well structured and logically coherent: its chapters

consistently develop the research problem from the literature background and
methodology to experimental results, discussion, and practical implementation.
Chapter 1 provides a systematic review of national and international research on
cardiovascular risk prediction in older adults, covering both classical risk assessment
approaches and contemporary machine learning methods. The author clearly
motivates the importance of interpretability, probability calibration, and clinical utility

evaluation, which leads naturally to the study's aim and objectives.
Chapter 2 describes the materials and methods in detail. The author presents

the cohort characteristics, data preprocessing procedures, principles of feature
construction from clinical and laboratory indicators, and the selection and tuning of
machine learning algorithms. A notable strength is the correct validation strategy:
nested cross-validation is applied to separate hyperparameter optimization from
independent model evaluation, thereby reducing the risk of optimistic bias. In addition,
the dissertation evaluates probabilistic performance and calibration, which are
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“essential for using the model as a risk calculator in practice.

Chapter 3 reports the main results. The author trained and compared model
~ configurations on the development cohort and generated out-of-fold probabilities to
construct ROC/PR curves, calibration plots, and subsequent clinical assessments. A
- key advantage is that the study does not rely solely on discrimination metrics but also

‘i reports probabilistic metrics and calibration analysis, aligning with contemporary
~ standards for clinical prediction modeling. To support clinical applicability, the author
used Decision Curve Analysis (DCA) to evaluate clinical benefit across thresholds
 and established a three-level risk scale (low/intermediate/high), enabling practical

. interpretation of predictions.
A vparticularly strong methodological aspect of the dissertation
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is the

assessment of model transportability. The author conducted external validation on an
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independent cohort substantially larger than the development set, which allows a
} well-grounded evaluation of model performance beyond the training population.
., Furthermore, the dissertation addresses probability recalibration when transferring the
"~ model to an external population, improving the correctness of predicted probabilities

" “and increasing the practical value of the results.
The doctoral student's publication activity
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deserves special mention. More

than 10 scientific papers have been published on the topic of his dissertation research,
d Web of Science, as well as
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5 including articles 1n journals indexed in Scopus an
publications in peer-reviewed journals recommended by the Committee for Quality
1 Assurance in Science and Higher Education of the Republic of Kazakhstan. The
f author has received copyright certificates for results related to the software
; implementation and/or computational components of the developed risk assessment
~ system. The presence of publications and confirmed intellectual property results
demonstrates the high level of validation and practical significance of the work.
* Overall, the dissertation 1s completed at a high scientific and methodological |
éf»f'level, with well-supported conclusions and a clear practical orientation. The work
;dcmonstrates scientific novelty through the development of an interpretable risk
stratification model for an older population, supported by objective internal validation,
DCA-based threshold justification, and confirmation of transportability on an
independent external cohort.
" Based on the analysis of the obtained results, it can be concluded that the
work of Madina Suleimenova is a completed scientific research project
ded for defense for the degree of Doctor of Philosophy (PhD). |
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" Siming Chen, Associate Professor

~ School of Data Science, Fudan University
' Website: http:/simingchen.me Email: simingchen@fudan.edu.cn

Wik | é'
> »

i%?ﬁPhone:+86-18801114625

......
___
R T

. i - L mimMKHENEE 220 S/MPEE 20055 5 o
02005 Songhu Rd., Shanghai, P.R.China sl

N

B
v

:
>

_;__fBSS' No 220 Handan Rd./N

4‘~.
e ’!"
S
s;' -
<IN '
“' ‘
S5 ‘.

S Ll
A e

v r A
- Ay
. . .
—

y



¥ b PRI M A TSI T o
BRI R T e 7 2
AR L R

o d U
. N ¥k
Q—h oA

8D0611 3;:}2%“11“!18 CANAChIHNAFbI JKacaH bl MHTEIICKT) GijliM Bepy
parnapia s OI\P/lIbIHLua ‘b”nogod)“ﬂ oktopsl (PhD) napexecin any yiuiH
ycbibuIFan Manuua Cynelimenosanpiy «Kypex-kaH Tampipiiapsi

aypy/1lapbiHbIH J1aMy KayTiiH Gomkaynarp; MAaLIMHAJIBIK OKBITY» TaKbIpbIObIH/1aF b

nuccepraummbu( KYMBICBIHA

IHETEJAIK FbIJIBIMU KEHECHITHIH MIKIPI
65 Kac IKdHE OJaH yiKeH CpeCeKTepie IKypek-KaH TaMbipJiaphbl

aypy/1apbIHbIH O!(KA) Kayrnid 6oikay yiin TYCIHAIPUIETIH MAallIMHAJIBIK OKBITY
MOJIENIH/IEPIH. I3IPJICY HOHE BaNMIAUMsIayFa apHalFaH AUccepTalusi Kazipri
3aMaHFbI Mezmumfanbu( HH(bOpMaTHKananl OT€ ©3€KTl JXKoHE MNPaKTHKAJIBIK
. MaHbI3/]1bl MICEJICHI KapacTbipa/bl. JKypek-KaH TaMblpiapsl aypysiapbl ©J1iM MEH

| Myre/IeKTIKTIH Herisri cebentepinin Gipi Gosnbin kana Gepeni, an erze KacTarbl
z_g’qamnapna KacKa OaiJIaHBICTBI @3repicTepre, Kenm aypylIaHABIKKA JKoHE OMIp
cam‘bl (pakTopnapeiHa OainaHbICTBl Kayinm omaH opi  apraael. OcbiFaH
- DaliaHbICThl €PTe TIyeKell CTPaTU(DUKALMSACHIH XOHE aJ[bIH ajly LIemiMIepIH
- KaObL1/1ay/1b1 YKAKCapTy epPeKLIe MaHbI3/IbI.

. Jlucceprauysi TaKbIpIOBIHBIH ©3€KTiNiri 65+ jkacTarbl NOMYJsLUMsFa
ngaifIbl OeitiMiesireH Ooikay KypalJapblHbIH KaKeTTUIINIMEH aHBIKTas1a/ibl,
oNlap YUIiH JOCTYPJl Kayill ynaiapbiHbIH TachiMajijaHybl LIEKTEyIl OOIybl
MYMKiH. JKyMBIC aBTOPJbIH KIMHHKAIBIK EHri3yre jKapamibl TYCIHAIpUIETIH
‘Mojienbiepre Gaca Hasap ayJapybIMeH, COHJIali-aK MOJIeJlb CaNachlH XKIHe [IeLiM
Kabbu1ziay TaOalIbIPHIKTAPIHBIH KIMHMKATBIK NaiJNbUIBIFBIH - O0BEKTHBTI
GaranaymeH oJ1aH dpi KyLienTinei. 3eprrey KIMHUKAIBIK O0JDKay MOJeIbepiHe
KOMBIIATHIH 3aMaHayd TalanTapra, COHBIH IlIHAE KaraH 1mKi Oaranay
CXEMachIHa, bIKTHMAJIBIK KOPCETKILITEPiH Tajl/iayFa XoHe Kanopieyre, melim
KaOblijay —IUEKTEpiH Herisieyre JkoHe Toyencis Jepekrep  OokbiHiIa
TackIMaJl/1aHy bIH TEKCepyre CoHKec KeJeli.

. Jluccepraumsi Kakchl KyphUIBIMIAIFAH JKOHE JIOTHKANBIK TYPFbIJIAH
eciMli: OHBIH Tapaysaphbl 3epTTey MCeJeCiH diedneTTep MeH o/liICHAMaaH
‘e\ 9KCTIEPUMEHTTIK HOTHIKeNepre, TAIKbUIAyFa jKOHE NPaKTHKAIbIK ICKe
aceipyra Jieilin yHemi jambiTajbl. bipiHill Tapayaa erae xactarbl azamapiaa
,.. ;' °K-KaH TaMblpJiaphbl KayrniH OoynKay OOMBIHILA YITTBIK XXOHE XaJibIKapaJibIK
3epTTeysiepre XKyiiesi IOy JKacallFaH, OHJa KIACCHUKAIBIK Toyekenal Oaranay
TocuIiepi Je, 3aMaHayd MalllMHAJIBIK OKBITY diicTepl A€ KaMTbUIFAH. ABTOp
"?CiHﬂipinyﬂiH, BIKTUMAJIABIKTBl  KaJIMOpJEey[lH — JKOHE  KJIIHMHHMKAJIbIK
1l /1)1 b11bIKTHI GaFasay/iblH MaHbI3/(bUIbIFbIH aKbIH KOpceTe/l, OyJ1 seprreyain
(CaThl MEH MiHieTTepiHe TAOMFH TYP/IEC JKeJIe/ll. |

( Yuwrinwi Tapaysa 3epTTeyiH Herisri HoTWXenepl Oepuiren. Asrop
development-koropraga opTypai  Moaeib KOH(DUIYpaUMsUIapblH  OKbBITHIIL,
CanbicThipran, conaii-ak ROC xone PR KHCBIKTapbiH, KaltnOpiey rpadukrepin

Keifinri  KIMHMKaJIBIK  OaranaynapAbl  Kypy yuie  out-of-fold

bIKTHMa J1 /161 KTapBIH KAJILINTACThIPFaH. YKyMBICTBIH MaHBI3/1bl APTHIKIIBUIBIFB] —
R .
3ep USUTBIK METPHKAQJIAPMEH LLEKTEIMEH, bIKTHMAJI/IbIK




erpnxanﬂ)m@n;;u KasnOpiey TAJIAAYBIH  Jla  KaMTybiHaa. by Kaslprl
KJIH“”Kaﬂb”\ AMABIK Monebaey CTAHAApTTapbiHa TOMBIK COHKEC KeJTe/i.
1 Monenblllﬂ KJIHHHKAJIBIK KOJIZJAHbUTY bIH Hen311ey 11 H D ®
, AnalySIS (DCA) onicin e | Y asrop Decision Curve
OPTYpPIl  LUEKTepJeri KJIMHHUKAJIBIK
na}ﬂlaﬂb”('fb‘ OarazaraH XoHe NpaKTHKANIbIK TYCIHIpYre bIHFaMIbI Y1 J€HI eIl
TO)’CKCH [IKaJIACBIH — TOMEH, OpTallia koHe oraphl Kayin JeHreiiepiH —
¥cr>mraH
3 JluccepTallMsiHbIH ~ €peKIlIe  QJlicHaMalbIK  acrmekTici - MOJIebIiH
TaCBIMaJIlIaH)’b'H Oaranay. ABTOp a3ipiiey JKMBIHTBIFBIHAH ANTAPIIBIKTAH YIIKEH
ToyelCi3 KOroOpTaa ChIPTKbL BaMAALMS JKYPri3ji, Gyl OKBITY MOMY/IALHACHIHAH
TBIC MOJIEJIbAIH OHIM/IUITIH XKaKChl HerizjenreH Garanayra MyMKiHJIiK Oepel.
COHBIMCH KaTap, JAMCCEepPTaLMs MOJEJb/AlI ChIPTKbI MOMYJsALMAFa aybICThIPFaH
kefe  BIKTHMAJUILIKTEL KaWTa KanuOpreyai KapacTelpajibl, OOJDKaM/Ibl
) IKTAMAJI/IBIKTapAbIH  AYPBICTBIFBIH  JKaKCapTaibl — JKoHE HOTHIKEJIEp1H
pax'ruxanbm KYH/IbUIBIFBIH apPTThIPA/IbI.
~ JIoKTOpaHTThIH 0AChUILIM/BIK O€JICEHALIN epeKIe aran eTyre Typap/blK.
OHBIH IHCCEPTALMSIIBIK 3€pPTTey TaKbIpblObl OolibiHIna 10-HaH acTaM FbLIBIMH
MaKalla KapHsuIaH/Ibl, OHbIH imiHae Scopus xkoHe Web of Science nHIeKCTEIreH
:.Q,\ yHAJIIap/larkl MaKaianap, conjan-ak Kasakcran PecryOnnkachiHbIH FeuieiM
KoHE JKOFapbl Oisim Oepy canacblHJarbl calaHbl KaMTamachl3 €Ty KOMMTETI
ceraH peLleH3HsAIaHFaH  JKYpHAJAApAAFbl  JKapHAJIaHBIMAAP Oap. ABTOp
amapnamanblx ’KaCaKTAMaHbl EHTI3yre jKoHe/HeMece d31pJIeHIeH Tayexennepm
Oaranay KyHeciHiH ecenTey KOMIOHEHTTepIHe KaThICThl HOTHKEIEP YIUI1H
| OPJIBIK KYKBIK cemel)uKa"rrapbm anibl. bachUIbIMAAPBIH JKOHE pacTajfaH
wm(epml( MEHIIIK HOTHXKeJIepiHIH OO0Iybl JXYMBICTBIH JKOFapbl JeHremn1erl
BAU/IALASICHl MEH MPAKTHKAJIBIK MaHbI3/IbUIBIFbIH KepceTe/l.
ﬁ' Wannbl ajraHaa, AMCCEpTalMs JKOFapbl FhUIbIMH JKIHC S/1ICHAMAJIBIK
elmenue KAKCHI Heri3zesireH KOpBIThIH/bIAPMEH HKOHE alKbIH PaKTHKAJIBIK
0a FlapMey  asiKTasijibl. JKyMpIC erjie JKacTarbl XallbIK YILIH TYCIHAIPLUIETIH
yexen cha'm(puKauuﬂcmem MOJIEJIIH d31pJey apKbUIBI FBUIBIMH YKAHAJTBIKTBI
epcerem oHbl oGBeKTHBTI imki Banuaauus, DCA Herisinie WweliM WeKTepiH
HeTI3IeyMEeH  JKOHE ToyeJNCi3 CHIPTKbI KOropraja TaChIMAJIIAHF bILUTHIFbIH

ayMeH TOJILIKTBIPbLIFaH.
ANIBIHFAH HOTHOKEJIep/l Tajjay gerizinne MaauHa CyneMMEeHOBaHbIH

asIKTaJlFaH  FBUIBIMH - 3¢PTTCY xodacel  00JbII
PhD) nopexeciH ajy YIUIIH KOprayra
OoJ1a/1bl.
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JHCCepTALUSANIBIK  HKYMBICHI
aﬁbma,ubl sicone duiocous JOKTOPBI (
\ CLIHBUlybl MYMKIH JIeIrcH KOPBITBIHJIBI )xacayra

KypmerneH,
Cumunr Yen, KayblM)laCTblplelf‘aH npogeccop
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