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Lienb uccnepoBaHuA: OLEHUTb KNtOUEBbIE AUMUAHBIE M BOCNANUTE/IbHbIe BUOMApPKEPDI, CBA3AHHbIE C TAXKECTbIO aTePOCK/IEP03a, Y NALMEHTOB C paH-
HUM CTabunbHbIM TeYeHUeM 3aboneBaHuA.

Matepuan metogbl: B McCNef0BaHUe BKIOYEHbI 86 yenosek (65 NaLMEHTOB € paHHUM CTabUabHbIM aTepPOCKAEpO30M U 21 yCI0BHO 340PO0BbIN Ye-
NOBEK). Y Bcex mauueHToB 6biin namepeHsl yposHu J1n(a), AnoB, ANGPTL3 u Lp-PLA2, a Takxke «HOBble» MHAeKcbl Bocnanenus (SIRI, SII, NLR, PLR,
MLR). Bce y4acTHWKM Bbian pasaeneHbl Ha TpU FPYNbl B 3aBUCUMOCTM OT KONMYECTBA NOPAKEHHBIX apTepUabHbIX (KOPOHApHbIEe, bpaxuoLedanbHble,
noAB3aoLLHbIe v 0bLMe bepeHHble apTepum Cnpasa 1 cieBa) cermeHToB: 0 cermeHToB (340poBbie), 1-3 cermeHTa (ymepeHHoe nopaxeHwe) n 4 u bo-
Nlee CerMeHTOB (TAKENoe nopaxeHue). 18 aHann3a UCNoab30BaUCh OAHOGAKTOPHbIN AYCNepcMoHHbIN aHann3 (ANOVA), KoppensaumoHHbIi aHanus
CnnMpmeHa 1 NorucTUYecKan perpeccus.

PesynbTatbl: NoBbllWeHHble ypoBHWM JIn(a), Lp-PLA2 1 AnoB 6biaM accoummpoBaHbl ¢ 60/bLuei TAXKECTbIO aTePOCK/1ep03a, Torga Kak yposeHb XC-/1MNBIM
NoKasan 3awWuTHbIN 3ddekT. UHaekcbl Bocnanenus (SIRI, NLR) npogemMoHCTpMpoBanu NONOKUTENbHYIO KOPPenaumio ¢ bonee TAXKENbIM TeYeHUeM
aTepockneposa.

3aKnloueHne: IMNuAHbIe N BOCNaNNTe/IbHble MAapKEPbI OKa3bIBAKOTCA TECHO CBA3AHHbIMM C TAXKECTbIO aTePOCKIEPOTUHECKOTO NOPaXKeHUA, YTO Noj-
4EpKMBaeT WX NOTeHUMan B paHHEN AMarHOCTUKe M cTpaTudUKaumMm pucka. Ana noaTBepKAEHNUA 3TUX AaHHbIX HEOBXOAMMbI AanbHENWWe nccneao-
BaHWA C BKIKOYEHWEM DOMBLUMX KOTOPT.

KntoueBble cnoBa: 6uomMapképel amepockaeposa, 8ocnaaumensHele MapKeépsl, amepockaepos, aunonpomeud (a).
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THE SIGNIFICANCE OF CERTAIN PRO-ATHEROGENIC AND PRO-INFLAMMATORY
MARKERS FOR EARLY DIAGNOSIS AND RISK STRATIFICATION OF
ATHEROSCLEROSIS IN YOUNG AND MIDDLE-AGED INDIVIDUALS
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Objective: To assess key proatherogenic and inflammatory biomarkers related to the severity of atherosclerosis in patients with early stable disease.
Methods: The study involved 86 participants, including 65 patients with early stable atherosclerosis and 21 healthy volunteers. All participants had
their lipid-related marker levels of Lp(a), ApoB, ANGPTL3, and Lp-PLA2 measured, along with several novel inflammation markers: SIRI, SII, NLR, PLR,
and MLR. The participants in the study were divided into three groups based on the number of arterial segments affected by plaque. The arteries
examined included coronary, brachiocephalic, iliac, and common femoral arteries on both the right and left sides. The groups were categorized as
follows: those with no affected segments (none of plaque burden), those with 1 to 3 affected segments (moderate plaque burden), and those with four
or more affected segments (severe plaque burden). The data were analyzed using one-way analysis of variance (ANOVA), Spearman rank correlation,
and logistic regression.

Results: Higher levels of Lp(a), Lp-PLA2, and ApoB were linked to increased severity of atherosclerosis, whereas HDL-C levels exhibited a protective
effect. Inflammatory markers (SIRI, NLR) showed a positive correlation with the severity of atherosclerosis.

Conclusion: Lipid-related and inflammatory markers are closely linked to the severity of atherosclerotic lesions, emphasizing their potential for early
diagnosis and risk assessment. Larger cohort studies are necessary to validate these findings.
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BBEAEHMUE

ATEpOCKNepo3 OCTAéTcs OAHOM M3 BeaylMX MPUUYMH Ccep-
[le4Ho-cocyamncTol 3ab0n1eBaeMoCTM U CMEPTHOCTM, Pa3BMBaACL B
pesynbTaTe CAOXHbIX B3aUMOZENCTBUI AvnuaHoro obmeHa, Boc-
ManuTeNbHbIX MPOLLECCOB M KAMHUYECKUX GaKTOPOB pucka. Cepaey-
HO-cocyAMUCTble 3a60/1€BaHNSA, BbI3BaHHbIE aTEPOCKIEPO30M, NPOAOS-
KaloT 3aHMMaTb NMAUPYIOLLEe MECTO CPean NMPUYMH CMEPTHOCTU B
Mupe. BaXkHOCTb paHHEN AMarHOCTUKM U 3GGEKTUBHOMO yNpaBieHus
(baKTopamu pucka A1 NPeAoTBPALLEHUA NPOrPeccupoBaHms 3abone-
BaHWA C/IOKHO NEPEOLIEHNTD.

CoBpeMeHHbIe WUCCeA0BaHUA MOKA3bIBAKOT, YTO PAHHAA UAEH-
TUOUKALWMA NALMEHTOB C BbICOKMM PUCKOM TAXKENOTO aTepOCKIEpo-
TUYECKOTO NOPaXKeHUs, 0COBEHHO Ha AOKNMHMYECKON CTaauu, sB-
NAETCA KoYeBbiM GAKTOPOM B YNY4LIEHUM UCXOA0B 3aboneBaHus,
6narofapa CBOEBPEMEHHOMY TEPAMNEBTUYECKOMY U XUPYPrUYECcKoMy
BMeLLaTenbCcTBy. OfHAKO KtoyeBble BUOMAPKEPBI, KOTOpble MO
6bl 0becneunTb BbICOKYHO CNELUGUYHOCTb U YYBCTBUTENBHOCTL NPU
OLLEHKE PUCKa aTepockaepo3a, [0 CUX NMOop OCTATCA NPesMETOM Ha-
YYHbIX AUCKYCCUIA.

Ocoboe BHMMaHWe B NMOCNEAHWUE oAbl YAENAETCA HOBbIM BUo-
MapKépam, Takum Kak nunonpoteng (a) (/in(a)), anoamnonpotenH
B (AnoB), coptunuH (SORT-1), aHrMonoatMHonofobHbIi 6Genok-3
(ANGPTL3), detyunH-2 (fetuin-2), a TakKe MHAEKCAM BOCManeHus, Ko-
TOPbIe OTPANKAIOT CUCTEMHDbIV BOCNA/IUTE/IbHBIN OTBET HAa OCHOBAHUM
obLero aHanmnsa Kposw [1-4]. 3TM BUOMaPKEPbI UrPaALOT 3HAYUTENb-
HYl0 PO/ib B MaTOTEHe3e W MPOrPeccMpoBaHUK aTepockaeposa. Ha-
npumep, NoBbILLEHHbIe YPOBHM JIN(a) accoLMMPYIOTCS C YBEIUYEHUEM
pU1CKa nemmndeckoi bonesHu cepaua (MBC), a AnoB oTpaskaeT aTepo-
reHHbIN NOTEHLMAN IMNONPOTEMHOB HU3KOW NAOTHOCTY.

MapannenbHo ¢ 3TMM, MHAEKCbI CUCTEMHOTO BOCManeHus, Ta-
kme Kak SIRI (Systemic Inflammation Response Index), SIl (Systemic
Immune Inflammation Index) 1 cooTHoLeHUA TPOMBOLUTOB, HEUTPO-
dunnoB 1 AMMPoLUNTOB, NPUBEKAOT BCE bosblUee BHUMaHMe, baaro-
[lapA UX JOCTYMHOCTU U MOTEHLMany 4S8 OTPAKEHWs BOCNAJUTENb-
Horo cTaTyca. MoBbILEHHbIE 3HAYEHUA STUX UHAEKCOB KOPPENnpyoT
C NpOrpeccrpoBaHMemM aTepoCKNepo3a M PasBUTUEM OCNONKHEHWH,
TaKMX Kak MHAPKT M1MOKapaa.

HecmoTps Ha MHOTOUMC/IEHHbIE UCCAIeA0BAHUA, HaNpaBaeHHble
Ha U3y4YeHWe B3aMMOCBA3M BUOMapPKEPOB IMNUAHOTO U BOCNAAUTE b
HOro NpoduAA C aTePOCKIEPO30M, OCTAETCA HeLOCTAaTOYHO AaHHbIX
0 3HAYEHWM 3TUX MOKa3aTesnein y NaLMeHTOB MOMOAOMO U CPeAHero
BO3pacTa. JTa BO3PacTHas rpynna MMmeeT 0CODyl 3HAYMMOCTb, TaK
KaK CBOEBPEMEHHOE BbIAIBNIEHWE aTEPOCKNEPOTUYECKUX U3MEHEHUI
MOXET crnocobcTBoBaTh 3GHEKTMBHOMY BMELLATENbCTBY Ha PaHHUX
cTazusx 3aboneBaHus.

HacToslee nccnenoBaHve HanpasieHO Ha OLIEHKY B3aWMOCBS-
31 MeXAY KHYEeBbIMW JMMNUAHBIMU M BOCNAIUTENBHBIMU MApPKEPa-
MW C TAXKECTbIO aTEPOCK/IEPO3a Y MALMEHTOB MOIOAOIO U CPEAHEro
Bo3pacta. [onyyeHHble AaHHbIE MOTYT CMOCO6CTBOBATL Y/yYLIEHMUIO
CTpaTUOUKaLMM PUCKaA M BbIOBOPY LieNeBbIX CTpaTernii NPpoduNakTMKm
W IeYEHUA CEPAEYHO-COCYANCTbIX 3a00/1EBAHWIA.

LLENb NCCNEAOBAHMUA

Onpe,u,eneHme KNKOYEBbIX IMNUAHbBIX U BOCNA/IUTENbHbIX MapKé-
OB, aCCOUMMPOBAHHDIX C TAXKECTbIO TEYEHUA aTEPOCK/IEPO3a.

MATEPUAN U METOADbI

B npocneKTMBHOE KOrOPTHOE MCCeA0BaHMe BOLAM 86 YeNoBeK.
M3 HKx 65 naumeHToB (91% My»KuMH, cpeaHuin BospacT 47,614,2 roaa)
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INTRODUCTION

Atherosclerosis is one of the leading causes of cardiovas-
cular morbidity and mortality. It develops due to complex inter-
actions between lipid metabolism, inflammatory processes, and
clinical risk factors. Cardiovascular diseases resulting from athero-
sclerosis continue to be a significant cause of death worldwide.
The importance of early diagnosis and effective management of
risk factors to prevent disease progression cannot be overstated.

Current research highlights that the early identification of
patients at high risk for severe atherosclerotic lesions, particularly
at the preclinical stage, is crucial for improving disease outcomes
through timely therapeutic and surgical interventions. However,
key biomarkers that could provide high specificity and sensitivity
in assessing the risk of atherosclerosis remain a topic of scientific
debate.

In recent years, researchers have focused on novel biomark-
ers such as lipoprotein (a) [Lp(a)], apolipoprotein B (ApoB), sorti-
lin (SORT-1), angiopoietin-like protein-3 (ANGPTL3), and fetuin-2,
as well as inflammation markers that reflect the level of systemic
inflammation derived from complete blood counts [1-4]. These
biomarkers play significant roles in the pathogenesis and progres-
sion of atherosclerosis. Thus, elevated levels of Lp(a) are associat-
ed with an increased risk of coronary artery disease (CAD). At the
same time, ApoB is a reliable marker for assessing the atherogen-
ic potential of low-density lipoproteins (LDL).

Additionally, systemic inflammation indices like the Systemic
Inflammation Response Index (SIRI), Systematic Immune Inflam-
mation Index (SII), and platelet, neutrophil, and lymphocyte ra-
tios have gained attention for their availability and potential to
indicate inflammatory status. Elevated values of these indices
correlate with the progression of atherosclerosis and the devel-
opment of complications such as myocardial infarction.

Despite numerous studies examining the relationship be-
tween lipid and inflammatory profile biomarkers and atheroscle-
rosis, there remains insufficient data on the significance of these
indicators in young and middle-aged patients. This age group is
significant, as timely detection of atherosclerotic changes can
lead to effective intervention at the early stages of the disease.

This study aims to assess the relationship between key lip-
id-related and inflammatory markers and the severity of athero-
sclerosis in young and middle-aged patients. The findings may
contribute to improved risk stratification and the development of
targeted strategies for the prevention and treatment of cardio-
vascular diseases.

PURPOSE OF THE STUDY

Identification of key lipid-related and inflammatory markers
linked to the severity of atherosclerosis.

METHODS

In this prospective cohort study, 86 participants were in-
cluded. Among them, 65 patients (91% men, mean age 47.6+4.2
years) had early-onset atherosclerosis, manifesting as stable
CAD, atherosclerosis of the brachiocephalic arteries (BCA), or
atherosclerosis of the lower extremity arteries, with indications
for surgical revascularization. These patients received surgical
treatment at the Scientific Research Institute — Ochapovsky Re-
gional Clinical Hospital No. 1, Krasnodar, Russian Federation. The
remaining 21 participants were healthy volunteers (71% men) un-
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— MLa ¢ paHHUM AebHOTOM aTepOoCKIepo3a B BUAE CTabUIbHOTO Teue-
HuA UBC, n/unn atepockneposa GpaxmouedanbHbix aptepuit (BLA),
n/n aTepockneposa apTepuii HUKHUX KOHEYHOCTEW NPK HaAMYUK
MOKa3aHWI K XMPYPruyeckoin peBacKkynApusaLmm COOTBETCTBYIOLLMX
apTepuanbHbIX 6acceiHOB, NOMYYaBLUMX XMPYPTUYECKOe evyeHne B
ycnosuax HUM — Kpaesasa KanHuyeckaa 6obHMUa Ne 1 um. npod.
C.B. Ouanosckoro (r. KpacHogap). OctanbHble — 21 uccneayembiii — yc-
NIOBHO 3Z,0poBble Ntoam (My»KumH 71%) B BO3pacTe 4o 55 et (cpeaHuii
Bo3pacT 42,313,8 roga), y KOTOpbIX HUKOT4A paHee He BbISBASAUCH
aTepoCKNepoTUYECcKMe BAALKM HU B OLHOM U3 YNOMAHYTLIX apTepu-
anbHbIX bacceHOB. Bcem nmaumeHTam BbINOJHANACH IXOKapAMOrpa-
dua (3xoKr) n obleknmHnyeckoe obcneaoBaHue, a Takke onpese-
NAnacb KOHLEHTpaumMa BMoMapKEpoB paHHero ateporeHesa — Jin(a),
ANGPTL-3, AnoB, Lp-PLA2.
NabopaTtopHoe uccnenoBaHe OGUOMApPKEPOB aTepoCKIepos3a
NpoBOAMNOCE METOAOM WMMMYHOPEPMEHTHOrO aHanusa C npume-
HEHMEM COOTBETCTBYIOLMX peareHToB KomnaHuit «ASSAYPRO LLC»
(Saint Charles, MI, USA) u «RayBio®» (RayBiotech, Inc., Norcross, GA,
USA), npegHasHaYeHHbIX TOMbKO O/18 UCCNeA0BaTeNbCKUX Lienen u
C OTCYTCTBMEM MPMBbIYHbIX ANA PYTUHHOM KAMHUYECKON NpaKTu-
KM pedepeHcHbIX 3HaYeHMit B Habopax KomnaHuu «RayBiotech», B
CBA3M C YeM MHTepnpeTauua abcontoTHbIX 3HaYeHU Bruomapképos
HEBO3MOXHA BHE PaMOK [@aHHOTO NPOTOKO/A uccnefoBaHua: Jin(a)
(EL3001-1, ASSAYPRO LLC, Saint Charles, MI, USA), ANGPTL3 (ELH-
ANGPTL3, RayBiotech, Inc., Norcross, GA, USA), Lp-PLA2 (ELH-LPPLA2,
RayBiotech, Inc., Norcross, GA, USA), AnoB (EA7001-1, ASSAYPRO LLC,
Saint Charles, MI, USA).
Takum 06pa3om, KpUTEPUAMM BK/IKOUYEHUA B MPOTOKO/ ABUINUC:
Bo3pacT ot 18 go 55 neTt, coxpaHHas Gpakumsa Bbibpoca (Mo AaHHbIM
IxoKT) 1 GyHKLWA NOYeK (MO AaHHbIM BUOXMMUYECKOTO aHaIn3a Kpo-
BW), OTCYTCTBME OHKOIOTMYECKMX, FEMATONOTUYECKMX, CUCTEMHbIX MU
MHbIX KapZMONorMyeckmnx 3abonesaHuii (kapauommuonaTtum, Nopoku
K/MaNaHoOB C Ha/MUMEM MOKa3aHWI ANs UX KOPPeKLuu), CnocoBHbIX
NOBAWATL Ha Pe3ynbTaTbl UCCIEA0BaHNA, NoANMCcaHHOe MHOPMUPO-
BaHHOe cornacue. Bce maumeHTbl MMenu CTOVMKUIA CUHYCOBbIA PUTM
(6e3 ynomuHaHua npo dpnbpunnauumio npeacepanin B aHamHese).
CornacHo gaHHbIM KopoHapoaHruorpadum u Y3U cocynos, Bce
naupeHTbl 6blnM pa3geneHbl Ha rpynnbl. YYUTbiBaAKUCh Kaxabli u3 10
CErMeHTOB KOPOHapHOro pycna (No 3 cermeHTa — NPOKCMMasbHbIN,
CPeAHW U AUCTAsbHBIA A/1A NepefHen HUCXOAAWeN, orvbatowei
1 MPaBOI KOPOHAPHOW apTeEpWi, @ TaKKe OTAENbHO — MOoparKeHue
CTBOJ1a IeBOV KOPOHApPHOW apTepun). Mpu pacyéTe KonnyecTBa Nopa-
YKEHHbIX CErMEHTOB YUMTbIBA/IMCb He TO/IbKO KOPOHApPHble apTepuy,
HO TaKxe mopaxeHue BLIA (npaBas M neBas BHYTPEHHME COHHble
apTepun) U apTEPUIN HUKHMX KOHEYHOCTEN (NOAB3AOLHbIE U 0bLwye
6eapeHHble apTepum cnpasa 1 cnesa). [1a KaXaoro nauyeHTa boina
paccyMTaHa COBOKYMHas CTENEHb MOPaXKEHWUA COCY0B NYTEM CyMMMU-
POBaHMA KOSIMYECTBA MOPAXKEHHbBIX CErMEHTOB B KaXKA0M apTepuab-
Hom bacceliHe.
Kak 6b1710 CKa3aHO paHee, I1aBHOM UCCNe0BATENbCKOM LiENbIO
Obl/I0 BbIABNEHWE OCHOBHbIX JIMMUAHBIX U BOCMAJUTENbHBIX Map-
KEPOB, aCCOLIMMPOBAHHBIX C TAXECTbIO TeYeHWA aTepockneposa. B
BbIOOPKY BKNIOYANUCL NALMEHTbI C paHHUM AebToM CTabuabHOro
TeYeHWA aTepocKkNepo3a, a TaKkKe 340poBble Ntoau. MauueHTsl bbian
pasgeneHbl Ha TpM rpynmbl:
*  370poBble: OTCYTCTBME NPU3HAKOB aTepocKeposa (0 nopa-
KEHHbIX cermeHToB) — 21 uenosek (24%).

e 1-3 cermeHTa: ymepeHHOe aTepOCKIEPOTUYECKOE NOpPaXKe-
Hue — 34 naumeHTa (40%).

* 41 bonee cermeHTOB: TAXKENOE aTepOCKIEPOTUYECKOE NO-
paxeHue — 31 naumeHT (36%)

der 55 years of age (mean age 42.3+3.8 years), who had never
been diagnosed with atherosclerotic plaques in any of the arterial
areas mentioned. All participants underwent transthoracic echo-
cardiography (TTE) and a thorough clinical examination, during
which levels of early atherogenesis biomarkers were measured,
including Lp(a), ANGPTL-3, ApoB, and Lp-PLA2.

The analysis of atherosclerosis biomarkers was conducted
using enzyme-linked immunosorbent assay kits from ASSAYPRO
LLC (Saint Charles, MI, USA) and RayBio® (RayBiotech, Inc., Nor-
cross, GA, USA). It is essential to note that these reagents were
intended exclusively for research purposes and do not include
reference values typically used in routine clinical practice. There-
fore, the interpretation of the absolute values of these biomark-
ers is limited to the context of this study protocol. The biomarkers
used include Lp(a) (EL 3001-1, ASSAYPRO LLC, Saint Charles, Ml,
USA), ANGPTL3 (ELH-ANGPTL3, RayBiotech, Inc., Norcross, GA,
USA), Lp-PLA2 (ELH-LPPLA2, RayBiotech, Inc., Norcross, GA, USA),
and ApoB (EA7001-1, ASSAYPRO LLC, Saint Charles, MI, USA).

Inclusion criteria for this study were: age between 18 and
55 years, preserved ejection fraction (confirmed by TTE), normal
renal function (indicated by biochemical profile), and the absence
of oncological, hematological, systemic, or other cardiac comor-
bidities (such as cardiomyopathy or valve defects requiring repair
or replacement) that could affect study results. Additionally, all
patients had stable sinus rhythm (with no history of atrial fibrilla-
tion) and provided written informed consent.

Data from coronary angiography and ultrasound examina-
tion allowed for the classification of patients into groups. Each of
the 10 segments of the coronary system was assessed, including
three segments each (proximal, middle, and distal) for the ante-
rior descending, circumflex, and right coronary arteries, as well
as a separate consideration of damage to the main left coronary
artery. When calculating the number of affected segments, the
involvement of the brachiocephalic system, including right and
left internal carotid arteries and the lower extremity arteries (iliac
and common femoral arteries on both sides) was also considered.
For each patient, the total extent of vascular damage was deter-
mined by summing the number of affected segments across all
arterial regions.

The primary goal of the research was to identify the main
lipid-related and inflammatory markers associated with the se-
verity of atherosclerosis. The study included patients with ear-
ly-onset stable atherosclerosis alongside healthy volunteers. All
participants were divided into three groups:

Healthy: No signs of atherosclerosis (0 affected segments) —
21 individuals (24%).

Moderate atherosclerotic lesion (1-3 affected segments) —
34 patients (40%).

Severe atherosclerotic lesions (4 or more affected seg-
ments) — 31 patients (36%).

For each participant, data on lipid and inflammatory mark-
ers, clinical parameters, and information regarding the use of
statins and antiplatelet drugs were collected.

The parameters studied

e Lipid-related markers: lipoprotein (a) (Lp(a)); angio-
poietin-like 3 (ANGPTL3); lipoprotein-associated phos-
pholipase A2 (Lp-PLA2); apolipoprotein B (ApoB); total
cholesterol (TC); low-density lipoprotein cholesterol
(LDL-C); high-density lipoprotein cholesterol (HDL-C);
triglycerides (TG).
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[na Kaxaoro naupeHTa 6bin cobpaHbl AaHHbIE O MUMUAHBIX W
BOCMANNUTENbHbIX MapKEPaX, KAMHUYECKME NapamMeTpbl, a TaKKe AaH-
Hble O NPUEME CTaTUHOB M aHTUArpPeraHToB.

WUccnepoBaHHble nokasatenu

e JlunupaHbie mapképsbl: /In(a), ANGPTL3, Lp-PLA2, AnoB, 06-
Wit xonectepuH (OX), XonecTepuH AUNONPOTEMHOB HU3-
Koi nnoTHoctn (XC-/INHM), xonectepuH AMNonpoTeMHOB
BblCOKOW nnoTHocTv (XC-/INBM), Tpuranuepuabl (TT).

e BocrmanutenbHble MHAEKCHI: CUCTEMHBIN BOCMANWUTENbHDIN
nHaekc (SIRI), nHaekc cuctemHoro socnanexus (Sll), coot-
HoLeHue TpomboumToB K aumdouutam (PLR), cooTHowwe-
Hue HeWTpodunos K numdoumtam (NLR), cooTHoweHue
MOHOUMTOB K imdoumtam (MLR).

e KnuHUYeckue faHHble: BO3PaCT, N0/, MPOLOIKUTENBHOCTD
KypeHus, avabeT u apTepuanbHas runepteHsus (Ar), npu-
€M CTAaTUHOB M aHTUArpPeraHToB.

e OTATOWEHHBIM CYATANCA CEMEMHBIN aHaMHEe3 NpW Haiu-
UMM YNIOMMHAHMSA O PAHHEM KNMHWUYECKU 3HAUMMOM aTepo-
cKnepose 060l U3 NoKanusaumit (KOpoHapHbIN, bpaxu-
ouedanbHbIli 6acceliHbl, apTePUM HUKHUX KOHEYHOCTEN)
cpeay vLL NepBoi IMHWK POACTBA B BO3pAcTe Ao 55 fieT.

CraTucTMuYecKne MeTogbl

[ns aHanu3a AaHHbIX MCMONb30BANUCH Kak MapameTpuyeckue,
TaK W HenapameTpuyeckne MeToApl B 3aBUCMMOCTM OT pacnpenene-
HUA NepemeHHbIX. [TpoBepKa HOPMaNbHOCTU pacnpeseneHus Kaxaom
nepemMeHHOM NPOBOAMAACH C MCMONb30BaHWeM TecTa Lanupo-Yunka.
[na nepemeHHbIX C HEHOPMa/IbHbIM pacnpefeneHMem UCnosb3oBa-
JINCb MeAMaHbl C MHTEPKBAPTUABHBIM Anana3oHom (Me [Q1; Q3]).

[lns BbIABNEHWA PA3/IMUMIA MeXKAY rpynnamm NpUMeHSAIUCH Cie-
AytoLime meToabl:

1. OpHodaKTOpPHbLIN AnUCNepcUoHHbIN aHanus (ANOVA) uc-
Noab30BaNCA ANA MEPEeMEHHbIX C HOPMaslbHbIM pacnpe-
feneHviem. Mpy HaNUUMM CTATUCTUUECKM 3HAUUMbIX pas-
MUKt BbINONHANCA post-hoc aHanu3 ¢ ucnonb3osaHvem
KpuTtepuma TbloKu.

2. Kpwutepwuit Kpyckana-Yonnvca npuMeHANCA AnA nepemeH-
HbIX C HEHOPMa/IbHbIM pacnpesaeneHuem. B ciyyae cTatu-
CTUYECKM 3HaUMMbIX pa3nnumin nposoauaca post-hoc aHa-
/13 C UCNO/b30BaHMEM KpuTepus [aHHa.

Ona cpaBHeHua poneit (%) mexay rpynnamu MCnonb30Bascs
KpuTepuit xu-keaapart (x2). B cayyae, eciv B 04HOM M3 rpynn oxuaa-
Nlocb MeHee 5 HabatoAeHWIM, NPUMEHANCA TOYHbINA KpuTepuit Guiie-
pa. Kputnyecknin ypoBeHb CTAaTUCTUUECKOM 3HAUMMOCTU OblN NPUHAT
pasHbim 0,05. Bce aHanu3bl NPOBOAWANCH C UCMO/Ib30BaHMEM MPO-
rpammHoro obecneyenuns IBM SPSS Statistics for Windows (Bepcus
26.0) (IBM Corp, Armonk, NY, USA) u R (Bepcus 4.2.06 R Core Team,
2021). Takas KOMBUHALMA METOAOB NO3BOAWAA YYECTb 0COBEHHOCTH
pacnpezeneHus faHHbIX U 06ecneynTb KOPPEKTHOCTb CTAaTUCTUYECKO-
ro aHanu3a.

Bce yyacTHWKM nccnenoBaHua nognucan MHGopMrMpoBaHHoe
cornacve Ha ydyactue B npoTokone. Pabota 6bina BbINONHEHa B CO-
OTBETCTBMM C MPUHLMNAMU XeNbCUHCKOM Aeknapaumn 1975 roaa,
of06peHa NoKanbHbIM 3TUYecKMM Komutetom HUU — Kpaesas Knu-
Huyeckan 6onbHMua Ne 1 um. npod. C.B. Oyanosckoro (r. KpacHo-
[lap) B paMKax Hay4HO-UCCNe0BaTeNbCKOro paboTbl MO NPOTOKONY
«Bburonornyeckre MapKképbl, acCoLMMPOBaHHbIE ¢ BbicTponporpeccu-
PYIOLLMM TEYEHMEM aTePOCKIEPO3a Y UL, MOIOA0r0 BO3pacTa U UX
ponb B Bbibope TapreTHoi Tepanum» (npotokon Ne 150 oT 27 oKTa-
6psa 2022 r.).
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e Inflammatory markers: systemic inflammatory index
(SIRI); systemic inflammation index (Sll); platelet-lym-
phocyte ratio (PLR); neutrophil-lymphocyte ratio (NLR);
monocyte-lymphocyte ratio (MLR).

e Demographic and clinical data: age, gender, duration of
smoking, presence of diabetes, arterial hypertension
(AH), use of statins, use of antiplatelet agents.

e Family history: Family history is considered burden-
some if there is a mention of early, clinically significant
atherosclerosis at any location (including coronary ar-
teries, brachiocephalic system, or arteries of the lower
extremities) among first-degree relatives under the age
of 55.

Statistical methods

Both parametric and nonparametric methods were em-
ployed to analyze the data, depending on the distribution of the
variables. The normality of each variable's distribution was as-
sessed using the Shapiro-Wilk test. For variables that did not fol-
low a normal distribution, medians with interquartile ranges (Me
[Q1; Q3]) were used.

The following methods were utilized to identify differences

between groups:

1. One-way analysis of variance (ANOVA) was applied to
variables with a normal distribution. When significant
differences were found, post-hoc analysis was conduct-
ed using Tukey's test.

2. The Kruskal-Wallis test was used for variables with
non-normal distribution. In instances of statistically sig-
nificant differences, post-hoc analysis was performed
using Dunn's test.

The chi-square (x?) test was utilized to compare proportions
(%) between groups. If any group had fewer than five expected
observations, the Fisher exact test was used instead. A critical
level of statistical significance was set at 0.05. All analyses were
conducted using IBM SPSS Statistics for Windows, version 26.0
(IBM Corp, Armonk, NY, USA), and the R programming language
(version 4.2.0, R Core Team, 2021). This combination of methods
allowed for careful evaluation of the data distribution characteris-
tics, ensuring the accuracy of the statistical analysis.

All study participants provided written informed consent.
The research adhered to the principles of the 1975 Helsinki Dec-
laration. It was approved by the local ethics committee of the
Scientific Research Institute — Ochapovsky Regional Clinical Hos-
pital No. 1, Krasnodar, Russian Federation. This work is part of the
research project titled "Biological markers associated with the
rapidly progressive course of atherosclerosis in young people and
their role in the choice of targeted therapy" (protocol No. 150
dated October 27, 2022).

RESULTS

Type 2 diabetes mellitus (T2DM) was not present in the
healthy group, but it was detected in 30% of cases in the group
with 1-3 segments of lesions and in 36% of the group with four
or more segments (p=0.006). This finding indicates statistically
significant differences between the groups. The prevalence of
burdened family history was almost equal in both the healthy
group and the group with 1-3 segments (approximately 28-
30%). However, it was higher among patients with four or more
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PE3YNbTATbI

CaxapHblii auabet (CLL) He BCTpeyancs B rpynne 340p0BbIX, HO
obHapyusanca B 30% cnyyaes B rpynne ¢ 1-3 cermeHtammn u 36%
B rpynne ¢ 4+ cermeHtamu nopaxenusa (p=0,006), 4To yKa3sblBaeT Ha
CTaTUCTUYECKM 3HAUYMMble PasinyMa Mexay rpynnamu. Al yactoTa
nosblwaeTca ot 36% y 340poBbix A0 82% B rpynnax ¢ nopaxeHnamm
(p<0,001). OTArOWEHHBIN CeMeiHbIi aHaMHE3 MPAKTUYECKU OAMHa-
KOBO YNOMMHAACA B rpynnax 340poBbix U 1-3 cermeHToB (~28-30%),
HO Bbllle — y NaumMeHToB ¢ 4+ cermeHTamu (45%, p=0,552, pasnunuus
He3HauMmbl) (Tabn. 1).

MpWém CTaTMHOB M acnupuHa: 0ba MokasaTens CyLLeCTBEHHO
BbllLe B rpynnax ¢ nopaxkeHnamu cocyaos. Hanpumep, npném cratu-
HOB BO3pacTaeT oT 12% y 380poBbIX 40 58% un 82% B Apyrnx rpynnax
(p<0,001). AcnnpwH TaK:Ke UCNONb3yeTCs peske y 340poBbIx (12%) no
CpaBHeHMIo ¢ apyrvmu rpynnamu (p<0,001) (taba. 1).

CpesHui CTax KypeHus B rpynmne 340p0BbIX NALMEHTOB COCTaB-
naet 7,4 roaa, y naumeHToB € 1-3 NoparkEHHbIMM CerMEeHTamM CoCyL0B
yBennymeaetca Ao 14,8 nert, a B rpynne 4+ nopaxEéHHbIMU CermeHTa-
MU CpPeaHUi CTax Obln 3HAUMTENbHO Bbilwe — 24,4 roaa; pasnnuus
MeXK Ay rpynnamm oKasasncb CTaTUCTUYECKM 3Haunmbl (p=0,024). 3To
CBUAETENbCTBYET O TOM, YTO YBE/IMYEHME CTaKa KYPeHUA CBA3AHO C
60/1bLLEN CTENEHBIO COCYAMUCTOTO NopakeHus (puc.).

AHanu3 onucaTenbHOM CTaTUCTUKM BbIABUA 3HAUYUTENbHbIE pa3-
NINYMA MEXKAY rpynnamm NaumueHToB No pAAY KUeBbIX MapKEPOB.

AnoB: ypoBeHb ANoB 6bin BbILLE B rPYMNMe C TAKENbIM TeYEHUEM
1,02 [0,94; 1,15] r/n npotus 0,85 [0,78; 0,96] r/n B rpynne 340p0OBbLIX
nny, (p=0,014) (no Kputepuio Kpyckana-Yonnuca), YTo COOTBETCTBYET
M3BECTHbIM JaHHbIM O ponn ANoB Kak MapKEpa BbICOKOro pucKa ate-
pockneposa.

XC-NBM: pa3nnumna Mexay rpynnamu 6biav CTaTUCTUYECKM 3Ha-
unmbl (p=0,002 no kputeputo ANOVA): 3g0posble nua — 1,12 [1,00;
1.45] mmonb/n; ymepeHHoe nopaxerue — 1,04 [0,92; 1,21] mmonb/n;
TAKENoe nopaseHue — 0,96 [0,80; 1,18] mmonb/n. CTaTUCTUUECKM
6onee Bbicokoe 3HayeHne XC-/INBM noaTBepKAAET 3aLLMTHYIO PO/b
[JaHHOro MapKépa B aTeporeHese.

Mpwn aHanmse no yposHto XC-JIMHI cTaTUCTUYECKN 3HAYUMBIX
pasnnumMin nonyyeHo He 6bino (no Kputepuio Kpyckana-Yonnuca):
rpynna 340pOBbIX ML, VS Tpynna YyMepeHHO BbIPAXKEHHOro aTepo-
CKIepPO03a Vs rpynbl C TAXKENbIM TEYEHMEM aTepocKkneposa: 3,26 [2,31;
3,93] vs 3,10 [2,40; 3,90] vs 2,69 [2,01; 3,67] MMONb/n COOTBETCTBEH-
Ho (p=0,172). Cxoxuid pesynbtaT v no yposHio TI: 1,81 [1,30; 2,39] vs
1,78 [1,35; 2,61] vs 1,72 [1,23; 2,73] mmonb/n (p=0,981).

Tabnauya 1 Hekomopeie aHamHecmu4eckue 0aHHble 06¢cnedosaHHolx, % (n)

segments, with a rate of 45% (p=0.552), indicating no significant
difference.

Regarding the use of statins and aspirin, both were signifi-
cantly more common in the vascular involvement groups. For in-
stance, statin use rose from 12% in healthy subjects to 58% and
82% in the other groups (p<0.001). Similarly, aspirin was used less
frequently among healthy subjects (12%) compared to the other
groups (p<0.001).

The average duration of smoking history in the healthy
group was 7.4 years. In patients with 1 to 3 affected vascular seg-
ments, the average increased to 14.8 years. For those with four or
more affected segments, the average duration of smoking history
was significantly higher at 24.4 years. The differences among the
groups were statistically significant (p=0.024). This finding sug-
gests that a more extended smoking history is associated with a
greater extent of vascular damage (see Fig. 1).

Descriptive statistical analysis revealed significant differenc-
es among patient groups for several key markers:

ApoB: The ApoB level was significantly higher in the group
with a severe course of the disease, measuring 1.02 [0.94; 1.15]
g/L, compared to 0.85 [0.78; 0.96] g/L in the healthy control
group (p=0.014, according to the Kruskal-Wallis test). This finding
aligns with existing literature data regarding the role of ApoB as a
marker indicating a high risk for atherosclerosis.

HDL-C: Significant differences were observed between
groups (p=0.002 using the ANOVA test). The HDL-C levels were as
follows: healthy individuals — 1.12 [1.00; 1.45] mmol/L; moderate
burden — 1.04 [0.92; 1.21] mmol/L; severe burden — 0.96 [0.80;
1.18] mmol/L. The higher HDL-C value in healthy individuals sup-
ports its protective role in atherogenesis.

LDL-C: No statistically significant differences were noted
in LDL-C levels based on the Kruskal-Wallis test. The values were
healthy group — 3.26 [2.31; 3.93] mmol/L; moderate atheroscle-
rosis group — 3.10 [2.40; 3.90] mmol/L; severe atherosclerosis
group — 2.69 [2.01; 3.67] mmol/L (p=0.172). Similarly, there was
no significant difference in TG levels: 1.81 [1.30; 2.39] vs 1.78
[1.35; 2.61] vs 1.72 [1.23; 2.73] mmol/L (p=0.981).

The following results were obtained for specific proathero-
genic markers:

Lp(a): The value for the severe atherosclerosis group was
significantly higher at 49.30 [32.75; 184.70] mg/dL compared to
33.15 [29.70; 43.40] mg/dL in healthy volunteers (p=0.006, ac-
cording to the Kruskal-Wallis test).

Table 1 Selected clinical data of the examined persons, % (n)

Hannume C4 11 Tna

T2DM

Hannune AT

Hypertension =)
OTAroWEHHbIN cemeliHbli aHamHe3 29 (6)
Burdened family history

Mpuém crtaTnHoB

Statins use e
Mpném acnupuHa 14 (3)

Aspirin use

29 (10) 36 (11) =0.010
82 (28) 81 (25) <0.001
29 (10) 45 (14) >0.05
59 (20) 81 (25) <0.001
59 (20) 64 (20) <0.001

NpumeyaHwe: p — CTaTUCTUYECKas 3HAUYMMOCTb PA3INUMIA MEXAY BCEMM rpynnamu (Mo KpUTEPUIO XU-KBaAPaT AR NPOU3BONbHbIX TabMLL)
Note: p — statistical significance of differences between all groups (according to the chi-square test for contingency tables)
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Puc. CpasHeHue cmaxa KypeHus no 2pynnam
Fig. Distribution of smoking duration by groups

YTto Kacaetca 61Momapképos atepockneposa — Jin(a), ANGPTL-3
1 Lp-PLA2 — 6b1n1 NONYYEHBI CAeaytoLMe Pesy/bTaTbl:

Nn(a): 3HayeHue nokasartena 49,30 [32,75; 184,70] mr/an 6bino
3HAUYNTENbHO BbIlWE B rPynne C TAXKENbIM TeYEHMEM aTepPOCKIepO3a,
uem y 3goposbix 33,15 [29,70; 43,40] mr/an, p=0,006 (no Kputepuo
Kpyckana-Yonnuca).

Lp-PLA2: pasnnuma mexagy rpynnamu 3g0posbix amy, 183,50
[165,20; 210,30] Hr/MA ¥ NALMEHTOB C TANKENBIM aTePOCKNEPO30M
208,00 [190,00; 236,70] Hr/mn cTaTUCTUYECKM 3HaUMMBI (p=0,004; no
Kputepuio Kpyckana-Yonnuca).

OtHocutenbHo ANGPTL-3, HamM He 6bl10 BbISABNEHO CTATUCTU-
YECKM 3HAUYMMBbIX PA3NNYMI MEKAY BCEMM UCCAEAYEMbIMU PyNnamm
(p=0,22).

Mo BocnanuTenbHbIM MHAEKCAM NOMYYEHbI CEAYIOLLME Pe3y/b-
TaTbl:

SIRI v NLR: 3TV nokasatenn 3HaunTeIbHO YBENIMUUBANNUCDH C TA-
JKECTb0 aTEPOCKIEPOTUHECKOTO MOPAKEHNS, MOATBEPKAAA TMNOTE3y
0 BAYKHOCTM BOCMaNeHus B naToreHese 3abonesaHus. SIRI: 3HayeHus:
3noposble — 0,60 [0,40; 0,93]; ymepeHHoe nopaxkerune — 1,90 [1,20;
2,60]; TAxénoe nopaxexue — 1,40 [1,00; 1,98] (p<0,001 no Kputeputo
Kpyckana-Yonnuca). NLR: 3HaueHus: 3goposble — 1,30 [1,08; 1,62];
ymepeHHoe nopaxenue — 2,30 [1,80; 3,00]; Takénoe nopaxkeHue —
2,05 [1,62; 2,60] (p<0,001 no kputeputo Kpyckana-Yonnuca).

MposocnanutenbHbli nHAeKcb! Sll, PLR 1 MLR He nokasanu cso-
el 3HAUYMMOCTM NPU CPABHEHWMM UCCAeLyEMbIX FPYMN B pamKax AaH-
HOro NPOTOKOANA.

OBCYXAEHUE

Mouck yHMBepcanbHbIX NPEAMKTOPOB, CNOCOGHbLIX AOCTOBEp-
HO MPOrHO3MPOBAaTb Pa3BWUTME PAHHEro aTepocKaepo3a 3a40Nro A0
NOABNEHUA KNMHWUYECKMX CMMMNTOMOB, ABNAETCA BAXKHOW, HO C/OX-
HOW 3ajayell coBpemeHHOM Kapauonorun. OCHOBHAA COMHOCTb
3aK/II0YAETCA B MHOTOMPAHHOCTM MPWUYMH aTeporeHesa Y Kaxaoro
UHAMBMAYYMA. MOMUMO XOPOLLO M3yYEeHHbIX U KOPPUrMPYEMBIX CO-
BPEMeHHbIMU (GapMaKONOTMYECKMMM areHTaMM1 MapKEPOB, TaKUX Kak
XC-INHN, BCé 60oAblUKE NEPCNEKTUBbLI OTKPbLIBAOTCA A5 BO3MOXKHO-
CTM BO34eNCTBMA Ha Buomapképbl ateporeHesa — ANGPTL3, /in(a),
copTmauH, Lp-PLA2, deTyinH-2 n gpyrue. Kpome TOro, NMoBbILLEHHbIN
MHTepec BbI3blBaeT M3yyeHWe MNPOBOCMANUTENbHbBIX MNPELUKTOPOB,
0COBEHHO TaK Ha3bIBaEMbIX «HOBbIX BMOMAPKEPOB CUCTEMHOIO BOC-
nanenusa» — Sll, SIRI, NLR [5].

B Hawem uccnesoBaHum JIn(a) nokasan CBOK 3HAYMMYHO CBA3b C
TAMKENbIM aTEPOCKNEPOTUUECKUM NMOPAKeHWEM (nopaskeHue 4 v bonee
CErMEHTOB) ¥ OTPULLATENbHYHO KOPPEALMIO C IPYMOoV 3[0POBbIX y4acT-
HUKOB. 3TV laHHble COMACYOTCA C Pe3ybTaTamMu paHee NPoBeEHHDBIX
nccneaoBaHNi, NOATBEPKAAOLLMX PO/b MOBbILLEHHOO YpoBHA /1n(a) B
pa3BUTUM M NPOTPECCHPOBAHNM aTePOCKIEP03a, 0COBEHHO B KOHTEKCTE
XpoHuyeckoi UBC. Hanpumep, 6b110 NOKa3aHo, YTO Y NAaLMEHTOB C Mo-
BbILUEHHbIM ypoBHeM JIn(a) puck passutus UBC yBenmumnsaetcs B 2-3
pasa [6, 7]. Huskue ypoBHM JIn(a), HA06OPOT, aCCOLUMPYIOTCA C MEHb-
LIMM PUCKOM aTepOCKNepoTUYECKMX 3ab01eBaHwiM, YTO NOAYEPKNBaAET
NOTEHLMANbHYIO 3aLLUMTHYH PO/b 3TOrO NoKasaTens [8].

XC-INBMN wrpatoT KAKYeByld posib B 0OpaTHOM TpaHCcrnopTe
XONecTepuHa M 061afaloT aHTMATepOreHHbIMM cBoictBamu [9]. B
Hawem unccnegoBaHum yposeHb XC-JIMBM 6bln 3HaYNTENbHO Bbille
B rpynne 340pOBbIX Y4aCTHMKOB U CHUMKANCA MO Mepe yBenn4eHus
TAXECTU aTepPOCKAEepPOTUYECKOro nopaxeHua (p=0,002). 3To cooT-
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CTaXk KypeHus no rpynrnamM rnauueHToB
Smoking history by patient groups
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Lp-PLA2: There were statistically significant differences be-
tween healthy volunteers (183.50 [165.20; 210.30] ng/mL) and
patients with severe atherosclerosis (208.00 [190.00; 236.70]
ng/mL) (p=0.004, according to the Kruskal-Wallis test).

ANGPTL-3: No statistically significant differences were found
among the study groups (p=0.22).

The inflammatory markers SIRI and NLR increased signifi-
cantly with the severity of atherosclerotic lesions, supporting the
hypothesis of inflammation's role in the disease's pathogenesis:

SIRI: Values recorded were as follows: healthy — 0.60 [0.40;
0.93]; moderate lesions — 1.90 [1.20; 2.60]; severe lesions — 1.40
[1.00; 1.98] (p<0.001, according to the Kruskal-Wallis test).

NLR: Values for NLR were healthy — 1.30 [1.08; 1.62]; mo-
derate lesions — 2.30 [1.80; 3.00]; severe lesions — 2.05 [1.62;
2.60] (p<0.001, according to the Kruskal-Wallis test).

The proinflammatory markers SlI, PLR, and MLR did not
show significant differences when comparing the study groups in
this protocol.

DISCUSSION

The search for universal predictors that can reliably forecast
the development of early atherosclerosis, well before any clinical
symptoms appear, is a significant and complex challenge in mod-
ern cardiology. The primary difficulty arises from the multifaceted
case-based nature of the causes of atherogenesis. In addition to
well-known markers that can be addressed with contemporary
pharmacological treatments, such as LDL-C, there is growing po-
tential to target other biomarkers related to atherogenesis, in-
cluding ANGPTL3, Lp(a), sortilin, Lp-PLA2, and fetuin-2, among
others. Furthermore, there is an increased interest in investigat-
ing proinflammatory predictors, particularly the so-called "new
biomarkers of systemic inflammation", such as SlI, SIRI, and NLR
[5].

In this study, a significant association was found between
Lp(a) levels and severe atherosclerotic lesions, specifically those
affecting four or more arterial segments. Conversely, there was a
negative correlation with the group of healthy participants. These
findings are in line with previous research that supports the role
of elevated Lp(a) levels in the development and progression of
atherosclerosis, particularly in the context of chronic CAD. For in-
stance, studies have shown that individuals with high Lp(a) lev-
els face a 2- to 3-fold increased risk of developing coronary heart
disease [6, 7]. Low Lp (a) levels, on the contrary, are associated
with a lower risk of atherosclerotic diseases, which emphasizes
the potential protective role of this indicator [8].
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BETCTBYET AaHHbIM IMTEpPaTypbl, rae HWU3KMI ypoBeHb XC-/IMBIM cBsa-
3bIBAETCA C MOBbILEHHbIM PUCKOM Pa3BUTMA CepaevyHO-COCYANCTbIX
3abonesaHuit [10].

TI TakXe NoKasasn 3HaYMMYIO MONOXKUTENbHYIO KOPPENALMIO C
TAXKENBIM NOpPaXKeHem cocyos. oBbiweHHble ypoBHM TI accoumm-
pytoTca ¢ yBennyeHHbIM puckom MBC 1 aTepockneposa [11]. Bbicokuit
ypoBeHb Tl 4acTo CONPOBOXKAAETCA APYTMMM HAPYLWEHUAMU AUNUA-
HOro 06MeHa, TakMMM KaK MOBbILLEHHbIV YPOBEHb ANOB U CHUKeHWe
XC-NTNBIM, 4yTo AONOMHUTENbHO YCUAMBAET PUCK CepAeYHO-COoCcyam-
CTbIX 3abonesaHuii [12].

Hecmotpa Ha xopowo nssectHyto ponb XC-JIMHI B npoueccax
aTeporeHesa, B Hallem NPOTOKOAE UCCAef0BaHNA He yAANoCh NoKa-
3aTb K/IKOYEBYIO PO/b AaHHOro Guomapképa. Mbl 06bACHAEM 3TO Tem
(baKTOM, YTO Ha MOMEHT UCCe0BaHUA MHOTMe obcnesyemble (oco-
6€eHHO B rpynnax ¢ HaMYMem NoATBEPKAEHHOTO aTePOCKIEePO3a) yiKe
NMPUHUMANK CTATUHBI, YTO UCKA3UA0 UCTUHHYIO KapTUHY.

TaKke CBOKO HebNaronpuATHYIO POb B NPOLLECCax PaHHEro Ta-
Enoro ateporeHesa npogemoHcTpuposan Lp-PLA2. OyeBnaHo, 4to
5TO OAMH W3 HEAOOLEHEHHbIX B LUMPOKOM KAMHWUYECKOW MpaKTuKe
MapKEPOB HapylleHui aunuaHoro obmena [13, 14]. Ha cerogHsw-
HWI AeHb PyTUHHOE onpeaenenue Lp-PLA2 HeaoCTynHO He TO/IbKO B
pamMKax rocnutanusauim naumeHTa B CTaLMoHapax, HO Aaxe v B no-
JaBnstoLem 60/bLUMHCTBE YacTHbIX labopaTopuid. JlIokanbHO B pam-
KaxX OMMCbIBAEMOrO HaMMu MCCNefoBaHWMA HabaAanocb HECKONbKO
CNyyaes paHHero AebioTa KAMHUYECKM 3HAYMMOro aTepocKieposa y
JIVILL MOJI0A0r0 BO3pacTa (0 44 NeT), y KOTopbIX He 0BHapyKM1Banoch
[PYrMX U3BECTHbIX TPAAULMOHHbIX GAKTOPOB PUCKA, KPOME MHOrO-
KpaTHOro nosbiweHua Lp-PLA2. lanbHeiiume nccnenosaHua ¢ bonee
LUMPOKMM onpeaeneHnem Lp-PLA2 AOMKHbI YTOYHUTL MECTO AaHHOro
B1omapKépa aTepockneposa B paHHEN AMArHOCTUKE U BO3MOXKHOM
TapreTHOM BO3AENCTBUN.

NHTepecHo otmetutb, yto ANGPTL3 He npoaemoHcTpupoBan
3HAUYMMOM CBA3M C TANKECTbIO aTepPOCKIepo3a B Hallem UcciefoBa-
HUW. HecmoTps Ha M3BECTHYIO PO/Ib 3TOrO Besika B perynaumum iunua-
Horo obmeHa M ero BAWAHWE Ha ypoBeHb TI, OTCYTCTBME 3HAUMMbIX
pe3yNbLTaToB MOXKET ObITb 06YCNOBNIEHO OCOBEHHOCTAMM BbIBOPKM C
paHHUM Havanom 3abosneBaHusA. BO3MOXKHO, Ha paHHKX CTaauAX aTe-
pocKknepo3sa Apyrve MapKepbl, Takue Kak Jin(a) v Lp-PLA2, umetot 60-
Nee BblpaXKeHHoe BAMsAHMe. Kpome Toro, OTHOCUTENIbHO HebobLUIOoW
pasmep BbIGOPKM MOT OFPaHWUWUTL CTATUCTUYECKYIO MOLLHOCTb ANA
BbIABNEHMA Cnabbix Koppenaumin. Ana bonee rnyboKoro NoHUMaHus
ponv ANGPTL3 B paHHeM aTepocknepose HeobXxoauMbl fanbHeNwne
uccnefoBaHns ¢ BObLIMM YUCIOM YYACTHUKOB U UCMONb30BaHUEM
reHeTM4yecKoro aHanusa [15].

Hawe nccnepoBaHmne TakKe BbIABUAO 3HAUMTEbHbIE KOppens-
UMn mexkay BocnanutenbHbimmu mapképamu (NLR u SIRI, Ho He SIl) n
TAXECTbIO aTEPOCKNEPOTUYECKOTO MopaXKeHWA. ITO noAvEpKMBaeT
BaYHOCTb BOCMaseHMA B MaToreHese aTepockaeposa. XpoHuyeckoe
BOCMasieHNe UrpaeT KNKOYEBYIO PO/b B MHULIMALIMK U MPOrPeccupoBa-
HUW aTepPOCKNEPOTUYECKUX NopaxeHuii [16]. B yactHocTu, uccneno-
BaHMe CANTOS npoaemMoHCTPMPOBaNo, YTO Tepanus UHrMbUTopamm
MHTEP/IENKUHA-1B CHUMKAET PUCK CEPAEYHO-COCYANCTbIX CODBITUI He-
3aBMCMMO OT JIMMUAHOrO NPoduUAsA, NOAYEPKMBAA CAMOCTOATENbHYHO
ponb BocnaneHus [17].

B uenom, nHaekcol cuctemHoro socnaneHus Sl u SIRI Bcé vae
pPaccMaTpMBalOTCA UCCNEA0BATENAMM KaK 3HAUMMbIN NPeSUKTOpP He-
61aronpuATHOrO TeYeHUs aTepockneposa [18], uTo yKasbIBaeT Ha mx
pONb B OLiEHKe aKTUBHOCTW aTePOCK/IEPOTUYECKOro npoLecca 1 npo-
rHo3a 3aboneBaHus.

CTak KypeHua MOoKasan CW/IbHYIO MONOXUTENbHYIO Koppe-
NAUMIO C TAXKENBIM  AaTEPOCKNEPOTUYECKUM MOPAXKEHUEM, YTO

HDL-C is crucial for reverse cholesterol transport and has
properties that help prevent atherosclerosis. This study found
that HDL-C levels were significantly higher in the healthy group,
while these levels decreased as the severity of atherosclerotic
lesions increased (p=0.002). This finding aligns with existing liter-
ature that links low HDL-C levels to a heightened risk of cardiovas-
cular disease [10].

TGs were found to have a significant positive correlation
with severe vascular disease. Elevated TG levels are linked to a
higher risk of coronary heart disease and atherosclerosis [11].
High TG levels are often associated with other lipid metabolism
disorders, such as elevated ApoB and decreased HDL cholesterol,
which further elevates the risk of cardiovascular disease [12].

Despite the well-established role of LDL-C in atherogene-
sis, our study did not reveal its key significance as a biomarker.
A plausible explanation for this discrepancy is the involvement of
multiple participants diagnosed with atherosclerosis who were
already undergoing statin treatment during the study. This likely
distorted the genuine relationship we aimed to investigate.

Additionally, LDL-C has a detrimental role in the processes of
early severe atherogenesis. This marker of lipid metabolism disor-
ders is often underestimated in clinical practice [13, 14]. Current-
ly, routine determination of Lp-PLA2 is not available in hospitals
during patient hospitalization, nor in most private laboratories.
In our study, we observed several cases of early-onset clinically
significant atherosclerosis in young individuals (under 44 years
old) with the absence of other known traditional risk factors, ex-
cept for a markedly elevated level of Lp-PLA2. Further research
focusing on a broader definition of Lp-PLA2 is necessary to clarify
the role of this biomarker in the early diagnosis of atherosclerosis
and potential targeted interventions.

Interestingly, ANGPTL3 did not show a significant associa-
tion with the severity of atherosclerosis in this study. Despite its
known role in regulating lipid metabolism and its effect on TG
levels, the lack of significant findings may be attributed to the
characteristics of our sample, which involved early-onset cases
of the disease. It is possible that in the early stages of athero-
sclerosis, other markers, such as Lp(a) and Lp-PLA2, may have a
more pronounced effect. Additionally, the relatively small sample
size could have limited our statistical power to detect weak cor-
relations. Therefore, further studies with a larger participant pool
and genetic analysis are needed to understand better the role of
ANGPTL3 in early atherosclerosis [15].

This study revealed significant correlations between inflam-
matory markers — specifically, the NLR and SIRI, but not the SII
and the severity of atherosclerotic lesions. This finding under-
scores the importance of inflammation in the development of
atherosclerosis. Chronic inflammation is crucial in both the initi-
ation and progression of these lesions [16]. Notably, the CANTOS
study demonstrated that therapy with an interleukin-1p inhibitor
reduces the risk of cardiovascular events, irrespective of lipid pro-
files, emphasizing the independent role of inflammation in car-
diovascular health [17].

Systemic inflammation indices, such as Sl and SIRI, are in-
creasingly recognized by researchers as significant predictors of
the adverse progression of atherosclerosis [18]. This fact high-
lights their importance in assessing the activity of the atheroscle-
rotic process and predicting the disease's prognosis.

Additionally, a history of smoking has shown a strong po-
sitive correlation with severe atherosclerotic lesions, reinforcing
the established understanding of smoking as one of the primary
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NoATBepKAaeT XOPOLO U3BECTHYIO PO/b KYPEHWUA KaK OLHOro u3
TNaBHbIX MoanduLumMpyemblx GaKTOPOB puUCKa aTepockneposa [19].
NccneposaHne INTERHEART, oxsatusluee 52 CTpaHbl, TaKXe Noa-
TBEPAWNO 3HAUMMYIO CBA3b MEXAY KYPeHUEeM M PUCKOM MHdapKTa
MuoKapaa [20].

Kpome Toro, ctax Al n Hannume C[l nokasanu NONOXKWUTENb-
HYIO KOPPenAaumIo C TAXKECTbIO aTepPOCKNIEPOTUHECKOTO NOpaXKeHuA.
3TU JaHHbIe COMNACYTCA C MHOMOYMCAEHHBIMU UCCAEL0BAHUAMM,
AeMOHCTpUpytoLwmmu, yto Al 1 CLl ABASKOTCA MOLLHbIMKU daKTopamm
pUCKa pa3BUTMA U NPOrpeccMpoBaHusa aTepockneposa [21, 22]. Kox-
TPO/b apTepUaNbHOrO AaBAEHUA U YPOBHA [NHOKO3bl B KPOBU ABAAETCA
KNtOYEBbIM KOMMOHEHTOM MPO(UNAKTUKM CepAeUHO-COCYANCTBIX OC-
NIOXKHeHuM [23].

OrpaHunuyeHuna nccnepoBaHnA. OCHOBHbIM OrpaHUYeHnem Ha-
LIero UCCefoBaHUA ABAAETCA OTHOCUTENbHO HebOoNbLIOM pasmep
BbIGOPKM, YTO MOMKET OrPaHUYMBATL CTATUCTUYECKYHD 3HAYUMOCTb
HEKOTOPbIX 0BHAPYKEHHbIX KOPPENaLMii U 06061LaeMOCTb pesybTa-
T0B. Kpome TOro, nccnegosaHve NPOBOANAOCH HA MPEUMYLLECTBEHHO
My>KCKOW nonynauum (91% MyxK4nH cpesam NaumMeHToB C aTepockie-
pO30M), UTO MOKET BAUATb Ha NMPUMEHUMOCTb BbIBOLOB K KEHCKOW
nonynaumu. OTCYTCTBME AaHHbIX O reHeTUYecKMx dakTopax, obpase
NUTaHUA MaLMEHTOB U NOAPOBHOW MHPOPMALMM O COMYTCTBYHOLLEN
Tepanuu TakKe MOXKET OrpaHUYMBaTb MHTEPNPETALLMIO Pe3yNbTaToB.

3AKNIOYEHUE

NvnuaHble v BocnanuTeNnbHble MapKEPbl MOKa3bIBAKOT TECHYIO
CBA3b C TAMKECTbIO aTePOCKIEPOTUYECKOTO NOPAXKEHUA, AOKa3bIBaA UX
NOTEHLIMaN B PaHHeW AMarHoCTVKe 1 CTpaTUPUKALMM PUCKA.

K coraneHuto, U3 paccmaTtpvBaemblx B Halleli paboTe npeauk-
TOPOB aTepPOCK/Iep03a PyTUHHAA KAMHWUYECKasa NPaKTUKa orpaHuyeHa
NILLb OTPAXKEHWMEM CTAaHAAPTHBIX MOKa3aTesnel iMnuaHoro npoduns —
OX, XC-INHMA, XC-NMBMN u TT. /In(a), Kak 1 AnoB onpegenatotca Anib
B HebO/IbLIOM MPOLEHTE TOCYAaPCTBEHHbIX CTALLMOHAPOB, a onpese-
nenne ANGPTL-3 u Lp-PLA2 BO3MOMHO AWLLb B paMKaX HAY4YHbIX UC-
cnefioBaHuin. U paxke OTHOCWTENBHO AOCTYMHBIN AN OnpeseneHus
Nn(a) noka He BXOAWT B LIMPOKO MPUMEHAEMble CTPATUPUKATOPbI
pUCKa NEPBUYHBIX U MOBTOPHbIX CEPAEYHO-COCYAUCTLIX KaTacTpod. To
K€ caMoe KacaeTc U NpoBoCnannTeNbHbIX BUOMapKEPOB: HeCMOTpA
Ha MPOCTOTY UX NOACYETA HAa OCHOBAHUM PYTUHHOTO 06LLEro aHanusa
KPOBM, OHW He HaLL/M NOKa LUMPOKOTo MPUMEHEHMA HU B PaMKaXx AuC-
NaHCepHbIX OCMOTPOB, HY B PaMKax CTaLlMOHAPHOrO 3Tana ieveHus.

[lna noaTBEpXAEHMA MOAYYeHHbIX pPe3ynbTaToB M bonee ry-
GOKOro MOHMMAHUA PONK U3yvyaemblx BMOMApPKEPOB B NaToreHese
paHHero aTepockaepo3a HeobxoAMMbI AanbHelLLne UCCNef0BaHMA C
BK/ItOYEHMEM BO/IbLLEro YMCNa YHaCTHUKOB, Pa3HOO6Pa3HbIX NO nosy
1 BO3pacTy. Takxe LienecoobpasHo NPOBECTU NPOAOAbHbIE UCCneso-
BaHUA A/19 OLEHKM AMHAMUKU U3MEHEHWI BUOMApPKEPOB U KUX BaUA-
HWA Ha OTAaNEeHHbIe KMHUYECKUe UCXoAbl. BKtoueHne reHeTuyecko-
ro aHaNM13a 1 U3yyeHue B3aMMOZENCTBUA PasIMYHbIX GaKTOPOB pUCKa
MOXXEeT NOMOYb B pa3paboTke 6onee ToUHbIX MoAenei NPorHo3npoBa-
HWA U NePCOHANN3MPOBAHHbIX CTPATErUii NPOPUNAKTUKM U IeYEeHNS.

modifiable risk factors for atherosclerosis [19]. The INTERHEART
study, which encompassed 52 countries, confirmed a significant
link between smoking and the risk of myocardial infarction [20].

Furthermore, the duration of hypertension and the pres-
ence of T2DM were found to be positively correlated with the se-
verity of atherosclerotic lesions. These findings align with numer-
ous studies that show hypertension and diabetes are significant
risk factors for the development and progression of atheroscle-
rosis [21, 22]. Therefore, managing blood pressure and blood glu-
cose levels is crucial for preventing cardiovascular complications
[23].

Limitations of the study. The main limitation of our study is
the relatively small sample size, which may affect the statistical
significance of some observed correlations and limit the general-
izability of the results. Additionally, the study primarily involved a
male population, with 91% of patients with atherosclerosis being
men, which may impact the applicability of the findings to wom-
en. Furthermore, the lack of data on genetic factors, patients' di-
etary patterns, and comprehensive information on concomitant
therapies may also hinder the interpretation of the results.

CONCLUSION

Lipid-related and inflammatory markers are closely associat-
ed with the severity of atherosclerotic lesions, highlighting their
potential for early diagnosis and risk stratification. Unfortunately,
in routine clinical practice, only standard lipid profile indicators —
TC, LDL-C, HDL-C, and TG — are commonly utilized as predictors of
atherosclerosis. Lp(a) and ApoB are measured in only a small per-
centage of governmental hospitals, while the determination of
ANGPTL-3 and Lp-PLA2 is typically restricted to scientific research
settings. Even though Lp(a) is relatively more accessible for test-
ing, it has not yet been incorporated into widely used risk strat-
ifiers for primary and recurrent cardiovascular events. The same
limitation applies to proinflammatory biomarkers; despite being
easy to calculate from routine blood tests, they remain underuti-
lized in both screening examinations and inpatient care.

Further studies with a larger and more diverse population,
considering various ages and genders, are necessary to confirm
these findings and gain a better understanding of the role of
these biomarkers in the early pathogenesis of atherosclerosis.
Longitudinal studies are also recommended to assess changes in
biomarker levels over time and their impact on long-term clinical
outcomes. Additionally, including genetic analysis and examining
the interactions of various risk factors could contribute to the de-
velopment of more accurate prediction models and personalized
prevention and treatment strategies.
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