124

CONFERENCE PROCEEDINGS T.5 NS, 2024 Digital Diagnostics
DOI: https://doi.org/10.17816/DD627099 .

lpuMeHeHne HeipPOHHBIX ceTeil AN HEMHBA3UBHOIO Qo
onpepenieHUs YPOBHSA FNIUKUPOBAHHOIO reMorno6uHa

Ha npMMepe MHHOBALLMOHHOrO NOPTAaTUBHOIO

rMIOKOMETPa B KJIMHUYECKOW NpaKTUKe

E.E. Monmkep', K.A. Koweukun', AM. Tumoxun', E.B. Kniokuna', A.M. Bposko?, E.[l. benskosa®,
A.C. NNanasu*, A.C. EpmMonaesa®

! NMepBblit MOCKOBCKUIA rocynapcTBeHHbI MeNLMHCKNIA yHuBepcuTeT uMeHn U.M. CeueHoBa, MockBa, Poccus;

2 MOCKOBCKMI (DU3MKO-TEXHUYECKWI MHCTUTYT (HaLMOHaNbHBIN MCCNe0BaTeNbCKui yHuBepeuTeT), Mocksa, Poceus;
3 HayyHO-NpaKTVYECKII KITMHUYECKMIA LIEHTP AMarHOCTUKM 1 TeNeMeANLMHCKUX TexHonorviA, Mocksa, Poccus;

“ MocKoBCKUIA rocynapcTBeHHbIN yHUBepeuTeT uMeHn M.B. JloMoHocosa, Mocksa, Poceus;

5 NepBblit MOCKOBCKMIA rocy1apCTBEHHBIA MeMLMHCKIA YHuBepcuTeT umenu WM. CeueHosa, Mocksa, Poccus

AHHOTALINA

O6ocHoBaHMe. B nocnepHee fecATUneTMe MHTEPEC K HEUHBA3MBHOMY MOHMTOPUHIY YPOBHS FMKEMWM 3HAYUTENLHO BO3-
poc [1]. 310 0bycnOBNEHO CTPEMIEHUEM CHU3UTL AUCKOMGOPT NaUMEHTOB, @ TaKKe PUCK MHPEKLMIM, CBA3aHHBIX C Tpaau-
LMOHHBIMA MHBa3MBHBLIMM MeTofamm [2]. PaMaHOBCKas CMEKTPOCKONWSA, CYUTAIOLAACSA NEPCNEKTUBHON AN HEWUHBA3MBHbIX
“3MepeHun [3], B coyeTaHUM C MaLLMHHBIM 00y4eHMeM MOXET NpUBECTU K bosiee TOUHLIM U BbICTPLIM cnocobam AMarHoCTUKM
COCTOSHWI, CBA3aHHbIX C HAPYLLEHWAMM TIMKEMMM [4].

Lienb — co3paHue 1 Banupaums HOBOro NOPTaTUBHOO FTIOKOMETPA Ha 0CHOBE PaMaHOBCKOM CMEKTPOCKOMMM C UCMOSb30-
BaHMeM MeT0/J0B MaLUMHHOIO 06y4eHUA AA HEMHBA3MBHOIO ONPefieNieHNs YPOBHA MMKMPOBaHHOro reMornobuHa (HbA, ).
Matepuanel u Metoapl. Wccnegosanue nposogumnock Ha Belibopke 13 100 fobpoBofbLEB pa3nMyHOK BO3PACTHOW rpynmbi
W Mona, C pasNMyHbIM CTaTycOM 3[0POBbs, BKIIOYas /ofel ¢ caxapHbiM auabetoM 1-ro, 2-ro Tunos u 6e3 Hero. [Ins cbo-
pa AaHHbIX UCMONb30BasCcA paspaboTaHHbIii HaMM NOPTATMBHBIA NPUBOP, 0CHOBaHHBIN Ha perucTpaumn PaMaHOBCKUX crneK-
TPOB C Na3epHbIM Bo36yxaeHneM 638 HM. [laHHble aHanM3MpoBanuCh C UCMOSb30BaHWMEM HeMpOHHbIX ceTei Support Vector
Machine [5].

PesynbTatbl. Mocne 06paboTky CNEKTPOCKONMYECKUX M3MEPeHHI ¢ ucnonb3oBaHueM Support Vector Machine, cuctema no-
Kasana cpaBHUMble C TPaSULMOHHBIMA METOAAMM (TAKUMM, KaK BbICOKOI(DMEKTUBHASA KUOKOCTHasA XpoMaTorpadus) 4yBCTBu-
TenbHocTb (95,7%) 1 cneunduuHocTs (84,2%) B onpeaenerun yposHa HbA, [6]. BeisBneHo, 4To anroput™ JocTaToyHo ajan-
TUBHBIA W MOXET BbITb MCMONIB30BaH B LUMPOKOM AMana3oHe TUMOB KOXMW, BHE 3aBUCMMOCTM OT BO3pacTa U NoJia y4acTHUKOB.
PesynbTathl yKa3bIBalOT Ha BO3MOXHOCTb UCMO/b30BaHMsA pa3paboTaHHoro npubopa B KITMHUYECKOW NPaKTUKE.
3aknioueHune. PaspaboTaHHbI NOPTAaTUBHBLIN THOKOMETP Ha OCHOBE PaMaHOBCKOM CMEKTPOCKONUM B KOMBMHaUmMK C anro-
pUTMaMK MaLLMHHOMO 0BY4eHUst MOXET CTaTb 0OHAAEMMBAIOLLMM LIArOM K HEMHBA3WBHOMY W HEMPEpPLIBHOMY MOHUTOPUHTY
YPOBHS INIMKEMMM Y NaLMEHTOB C CaxapHbIM AuabeToMm.

KnioueBble cnoBa: rMKMPOBaHHbIA reMornobuH; UCKYCCTBEHHBIA MHTENNEKT; paMaHOBCKasA CMEKTPOCKonus; buomeau-
LIMHCKasn [MarHOCTUKa; aBTOMATUYECKOE pacrno3HaBaHue 06pasoB; anropuTMbl MaLLMHHOIO 06y4eHMs.
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ABSTRACT

BACKGROUND: In the last decade, there has been a significant increase in interest in non-invasive monitoring of blood glucose
levels [1]. This is driven by the desire to reduce patient discomfort, as well as the risk of infections associated with traditional
invasive methods [2]. Raman spectroscopy, considered as a promising approach for non-invasive measurements [3], combined
with machine learning, has the potential to lead to more accurate and faster diagnostic methods for conditions related to
glucose imbalances [4].

AIMS: Development and validation of a new portable glucometer based on Raman spectroscopy using machine learning
methods for non-invasive determination of glycated hemoglobin (HbA, ) levels.

MATERIALS AND METHODS: The study was conducted on a sample of 100 volunteers of different age groups and genders, with
varying health statuses, including individuals with type 1 and type 2 diabetes and those without diabetes. To collect data, we
used a portable device developed by us, based on the registration of Raman spectra with laser excitation at 638 nm. The data
were analyzed using Support Vector Machine neural networks.

RESULTS: After processing the spectroscopic measurements using Support Vector Machine, the system showed sensitivity
(95,7%) and specificity (84,2%) in determining HbA,_ levels comparable to traditional methods such as high-performance liquid
chromatography. It was found that the algorithm is sufficiently adaptive and can be used across a wide range of skin types, regardless
of the age and gender of the participants. The results suggest the possibility of using the developed device in clinical practice.
CONCLUSION: The developed portable glucometer based on Raman spectroscopy combined with machine learning algorithms
could be a promising step towards non-invasive and continuous monitoring of glycemic levels in patients with diabetes.

Keywords: glycated hemoglobin; artificial intelligence; Raman spectroscopy; biomedical diagnostics; automatic pattern
recognition; machine learning algorithms.
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