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BBegeHMe: BapuKo3Has 601e3Hb BEH HUKHMX KoHeuHocTel (BEBHK) npeacTasnseT coboii xpoHW4Yeckoe nporpeccupytollee 3abonesaHne BeHO3HOM
CUCTEMbI, KOTOPOE MOXKET MPUBOAMUTB K Pa3BUTUIO XPOHWUYECKOW BEHO3HOM HELOCTaTOUHOCTU U TPODUYECKMX HAPYLLEHW, CYLLIECTBEHHO YXY/LIAOLLMUX
KauyecTBO KM3HW MaUMeHTOB. HecMOTpsA Ha aKTUBHOE M3yYeHUe OTAEe/bHbIX BUOXMMUYECKUX U FeHeTUYeCKUX GaKTopoB, 40 HACTOALLEr0 BPemMeHU
OTCYTCTBYIOT MHTErpasbHble NPOrHOCTUYECKME MOZE/N, NO3BONAIOLLME NEPCOHANN3UPOBAHHO OLLEHNBATL PUCK GOPMMPOBAHUA TAXKENDLIX GOPM 3a-
60s1eBaHuA.

Llenb uccnefoBaHUA: oLleHKa BUOXMMUYECKUX U FeHeTUYeCcKUX GaKTOPOB, aCCOLMMPOBaHHbIX C TAXENbIMU popmamu BEBHK (C4-C6 no knaccudmka-
umu CEAP) ans pa3paboTku Noaxoaa K NepcoHann3MpoBaHHOM cTpaTUdUKaLMm pucka.

Matepuan u metoapl: B 06cepBaLyOHHOE CPaBHUTENIbHOE UCCef0BaHNe BKAOYEH 371 naumeHT ¢ BEBHK, 13 koTopbix 187 MMenn KnnHWYeckue Knac-
cbl C2-C3 1 184 — C4-C6. Bcem naumeHTam BbIMONHEHO YAbTPA3BYKOBOE AYN/IEKCHOE CKAHMPOBAHME BEH HUMXKHUX KOHEYHOCTEN. B nepudepunyeckoit
BEHO3HOM KPOBW onpeaenanunch yposHu E-cenektnHa, MCP-1, MMP-2, VEGF 1 MMP-9 meToZom MUMMYHOGEPMEHTHOTO aHaiu3a. [eHOTUNMpPOBaHKe
13 0 HOHYKNEOTUAHbIX NoNMMopdH3MOoB NpoBoauaock metofom MNLP B peasibHOM BpemMeHHU.

Pe3ynbTathl: NaLMEHTbI C TAKENBIMU GOpMamy 3a601eBaHMA BbINM CTAaTUCTUYECKM 3HAUMMO CTapLUe U MMenn bosiee BbICOKME YPOBHM BCEX UcCedye-
MbIX BMOXMMUYECKMX MapKEpoB (p<0,001). HesaBucMMbIMK NpeanKTOpamu pa3suTus Knaccos C4-C6 okasanucs yposHn MMP-9 (OR=1,248), MMP-2
(OR=1,015), VEGF (OR=1,016), BO3pacT nauueHTa, a Takxke noanmopdmsmbl VEGFA rs2010963, MMP2 rs243865 n COL1A1 rs1800012. KombuHMpo-
BaHHAA MPOrHOCTMYECKas MOLE/Nb NPOLEMOHCTPUPOBAA BbICOKYIO AUCKPUMMHMPYtOLLyto cnocobHocTb (AUC=0,91) npu uyBcTBUTENBHOCTU 81% U
cneunduyHoctn 88%.

3akntoueHue: paspaboTaHHaA MoLe/b MO3BONAET OCYLLECTBAATb NEPCOHANMN3UPOBAHHYIO OLLEHKY PUCKA NPOrpeccupoBaHmA BapUKO3HOW 6onesHu u
MOET UCMONb30BaTLCA [/1 PAHHETO BbIAB/IEHWUA NALMEHTOB C BbICOKUM PUCKOM Pa3BUTUA TAXKENbIX Gopm 3abonesaHus.

KnioueBble cnoBa: 8apuKo3Has 60ne3Hb, XPOHUYECKAA BEHO3HAA HEOOCMAMOYHOCMb, bUOXUMUYECKUe MAPKEPLI, 2eHemMu4ecKue MoauMopgpuamel,
MPO2HO3UPOBAHUE PUCKQ.

Ana uutupoBanua: Kamaes AA, KanuHuH PE, CyukoB WA, MweHHMKoB AC. MepcoHanvM3MpoBaHHas OLeHKa pucka TAXKENbIX GOpm BapuKO3HOW 6onesHu
BEH HWXHMX KOHEYHOCTEI Ha OCHOBE BUMOXMMMWYECKMX U FeHETUYECKMX NoKasaTenei. BecmHuk AsuyeHHsl. 2026;28(3):704-19. https://doi.org/10.25005/2074-
0581-2026-28-3-704-719
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Background: Varicose veins of the lower extremities (VVLE) is a chronic, progressive disorder of the venous system. It can lead to chronic venous
insufficiency and trophic disorders, which significantly impair a patient's quality of life. Despite extensive research on individual biochemical and genetic
factors, integrated prognostic models for personalized risk assessment of severe forms of the disease remain lacking.

Objective: To evaluate biochemical and genetic factors associated with severe forms of VVLE (classes C4-C6 according to the CEAP classification) to
develop a personalized risk stratification approach.

Methods: This observational comparative study included 371 patients with VVLE. Of these, 187 patients had clinical classes C2-C3, and 184 had classes
C4-Cé6. All patients underwent duplex ultrasound scanning of the lower extremity veins. Peripheral venous blood levels of E-selectin, MCP-1, MMP-2, VEGF,
and MMP-9 were determined using an enzyme-linked immunosorbent assay (ELISA). Genotyping of 13 single-nucleotide polymorphisms was performed
using real-time PCR.

Results: Patients with severe disease were significantly older and had higher levels of all studied biochemical markers (p<0.001). Independent predictors
for the development of classes C4-C6 were patient age, the levels of MMP-9 (OR=1.248), MMP-2 (OR=1.015), and VEGF (OR=1.016), as well as the genetic
polymorphisms VEGFA rs2010963, MMP2 rs243865, and COL1A1 rs1800012. The combined predictive model demonstrated high discriminatory ability
(AUC=0.91) with a sensitivity of 81% and a specificity of 88%.

Conclusion: The developed model enables personalized risk assessment of varicose vein progression. It can identify patients at high risk of developing
severe forms of the disease early.

Keywords: Varicose veins, chronic venous insufficiency, biochemical markers, genetic polymorphisms, risk prediction.

704



Kamaes AA c coasm. Ilepconaansupopannas oljeHKa pycKa BapMKO3HOM 00Ae3HI

BECTHMK ABMILIEHHEBI
Tom 28 * No 3 * 2026

For citation: Kamaev AA, Kalinin RE, Suchkov IA, Pshennikov AS. Personalizirovannaya otsenka riska tyazhyolykh form varikoznoy bolezni ven nizhnikh
konechnostey na osnove biokhimicheskikh i geneticheskikh pokazateley [Personalized assessment of the risk of severe varicose veins of the lower limbs based on
biochemical and genetic indicators]. Vestnik Avitsenny [Avicenna Bulletin]. 2026;28(3):704-19. https://doi.org/10.25005/2074-0581-2026-28-3-704-719

BBEOEHUE

BapvKko3Has 601e3Hb BEH HUKHMX KoHeuHocTel (BBBHK) aBns-
€TCA XPOHUYECKUM 3aboneBaHMeM BEHO3HOW CUCTEMbI, MPY KOTOPOM
NpevMyLLECTBEHHO MOPAXKAKTCA NMOAKOMKHbIE BEHbI C NOC/EAYOLLIMM
HapyLlleHnem BEeHO3HOro OTTOKa. [1o mepe nporpeccMpoBaHua 3abo-
NeBaHns GOPMUPYETCA XPOHUYECKAs BEHO3Has HeLOCTaTOYHOCTb,
KNMHWYEeCKUe NPOABNAEHUA KOTOPOW BK/IKOYALOT OTEKW, rMNepnurmeH-
TaUMIO, BEHO3HYIO 3K3emy, NIUMNOAEPMATOCKNepo3 U Tpoduyeckue
A3Bbl, CYLLECTBEHHO yXyALllalowme ¢GyHKLMOHANbHOE COCTOAHME U
KayecTBO KM3HM naumeHToB [1, 2]. Pa3BUTME AAHHbLIX OCNOMKHEHWUN
onpeaensaeT KAMHUYECKYIO U COLMAnbHYH 3HaYMMOCTb 3aboneBaHumA
1 0bycnaBiMBaeT HeobxoayMOCTb CBOEBPEMEHHOMN AMAarHOCTUKK U
NPOrHO3MPOBAHUA ero TeUeHMA.

BbICOKan pacnpocTpaHEHHOCTb XPOHUYECKUX 3ab01€BaHMIA BEH
CBMAETENbCTBYET O 3HAYMMOMN PON HACNEACTBEHHbIX $aKTOpoB B
bopmmpoBaHMM BapUKO3HOM 60on1e3HM. COrnacHo AaHHbIM anNMaemu-
0/10TMYECKMX U CeMeWHbIX UCCNel0BaHWM, PUCK pa3BuUTUA 3abonesa-
HUWA Y NOTOMKOB CYLLECTBEHHO BO3PACTAET NPU HAZIMUYUKU BaPUKO3HOM
6onesHwn y poguteneii [3, 4]. 3T1 HabNOAEHWA YKa3bIBALOT HA BaXKHYHO
pO/Ib FreHEeTUYECKOM NPespacnoNOKEHHOCTU B 3TUOMOTUM XPOHUYe-
CKOW BEHO3HOM NaToNOMMMN.

CoBpemeHHble NpescTaBAeHUa 0 naToreHese BapuKO3HOU 6o-
Ne3HN PaccMaTpUBAIOT €& Kak My/lbTUdAKTOPHBIN npolecc, B KOTo-
pPOM HacneacTBeHHO 0bYCN0BNEHHbIE reHeTUYECKMe BapuaHTbl dop-
MUPYIOT NPeApacnoNoXeHHOCTb K pa3BuTUiO 3aboneBaHMA U moryT
WMHULMUPOBATb M3MEHEHMA MOJEKYIAPHBIX MEXaHWU3MOB, peryiupy-
IOLLMX BOCMANEHWE, IHAOTENNANbHYI0 GYHKLMIO U CTPYKTYpHOE pe-
MOZAENMPOBaHNE BEHO3HOM CTeHKW. B nnTepaType onucaH WUpoKui
CMeKTpP reHOB, BOB/IEYEHHDBIX B PEryaALMIO CTPYKTYPbl BHEKIETOYHOTO
MATPUKCa, TOHYCA BEH M NPOLLECCOB COCYAUCTOTO PEMOAENNPOBAHUS.
K HMM OTHOCATCA reHbl, Koaupytowume Konnarensl | v Il Tunos, onpeae-
NAOLME MEXaHUYECKYIO NMPOYHOCTb CTEHKM BEHbI, @ TAKXKE MaTPUKC-
Hble MeTaNNoNPOTENHA3bI U UX TKaHEBbIE MHTMOMTOPDI, y4acTByOLLME
B Alerpasialimm 1 BOCCTaHOBEHUM BOJIOKHUCTOrO KOMIMOHEHTa coeau-
HUTE/IbHOM TKaHMU [5, 6]. CyLLEeCTBEHHYIO PO/ib UrPaeT U cUCTEMA NPO-
KonnareHa, 06ecneynBaroLLas CUHTE3 KONAareHOBbIX BOJIOKOH.

OTgenbHoe 3HayeHve NPUAAETCA reHaMm, CBA3AHHLIM C aHru-
oreHe3om W BocnaneHnem. PaKTopbl COCYAMCTOrO POCTa, BK/HOYAn
VEGF 1 ero peuenTopbl, peryivMpytoT npoLLecchl HeoaHrnoreHesa u
3HAOTENMANbHOW aKTUBALMM, A HapyLUEHUe WX SKCMPECCUU MONKET
€nocobCcTBOBATb NATONOTMYECKOMY PEMOAENMPOBAHUIO MUKPOLMPKY-
NIATOPHOTO PYC/1a, Pa3BUTUIO JIOKANbHOM rMNepeMum 1 NoALEPKAHMIO
BOCMA/IUTENbHbIX U3MEHEHU BEHO3HOW CTeHKWU. [posocnanutens-
Hble LMTOKMHBI, Takne Kak TNF-a u IL-1, BoBneuyeHbl B nogaepKaHve
XPOHWMYECKOro BOCMaNeHUA B BEHO3HOMN CTEHKE, YCUANBAA CTPYKTYp-
Hble 1 QYHKLUMOHabHble HapyweHua [7, 8]. Kpome Toro, onucaHbl
reHbl, y4acTBYIOLLME B PEryNALMMU KNETOYHOTO cTpecca, MeTabonnsma
1 PemMoZeIMPOBaHUA COCYAUCTON CTEHKU, KOTOPbIE MOTYT MOANULU-
pOBaTb MHAMBMWAYabHbINM PUCK PA3BUTHA BaPUKO3HOW 6onesHu.

HecmoTpsa Ha 3HAUMMOCTb reHeTUYECKUX GaKTOPOB, UX KAUHWU-
yeckasa peannsalMa BO MHOTOM OnpeAenaeTcs BO3AeCTBMEM BHELL-
HUX YCNI0BUI 1 0OPA30OM KU3HU MALMEHTA. ITO NOATBEPKAAET KOH-

INTRODUCTION

Varicose veins of the lower extremities (VVLE) is a chronic
progressive disease of the venous system that predominant-
ly affects the subcutaneous veins, resulting in impaired venous
outflow. As the disease advances, chronic venous insufficiency
develops. Clinical manifestations of this stage include edema,
hyperpigmentation, venous eczema, lipodermatosclerosis, and
trophic ulcers, which significantly impair patients' functional sta-
tus and quality of life [1, 2]. These complications determine the
clinical and social significance of the disease, necessitating timely
diagnosis and accurate prognosis of its course.

The high prevalence of chronic venous disease suggests a
significant role for hereditary factors in varicose vein develop-
ment. Genetic epidemiology and family studies indicate that the
risk of developing the condition increases significantly when par-
ents have varicose veins [3, 4]. These observations highlight the
critical role of genetic predisposition in the etiology of chronic
venous pathology.

Current understanding of varicose vein pathogenesis views
it as multifactorial. In this framework, hereditary genetic variants
predispose individuals to the disease and can trigger changes in
the molecular mechanisms regulating inflammation, endothelial
function, and venous wall remodeling. The literature describes a
wide range of genes that regulate extracellular matrix structure,
venous tone, and vascular remodeling. These include genes en-
coding types | and lll collagens, which determine the mechanical
strength of the vein wall, as well as matrix metalloproteinases
(MMPs) and their tissue inhibitors (TIMPs), which degrade and
restore the fibrous component of connective tissue [5, 6]. The
procollagen system, which ensures collagen fiber synthesis, also
plays a significant role.

Genes associated with angiogenesis and inflammation are
particularly important. Vascular growth factors, including vascu-
lar endothelial growth factor (VEGF) and its receptors, regulate
neoangiogenesis and endothelial activation. Impaired expression
of these factors can contribute to pathological remodeling of the
microcirculatory bed, local hyperemia, and persistent inflam-
matory changes in the venous wall. Proinflammatory cytokines,
such as tumor necrosis factor-alpha (TNF-a) and interleukin-1 (IL-
1), help maintain chronic inflammation within the venous wall,
thereby exacerbating structural and functional disorders [7, 8].
In addition, genes that regulate cellular stress, metabolism, and
vascular wall remodeling have been described and can modify an
individual's risk of developing varicose veins.

Despite the importance of genetic factors, external condi-
tions and the patient's lifestyle largely shape their clinical man-
ifestation. This observation supports a multilevel pathogenesis
of chronic venous disease, in which genetic predisposition is ex-
pressed through distinct biochemical and hemodynamic mech-
anisms. A key link in this pathogenesis involves hemodynamic
disturbances, including altered blood flow patterns and reduced
shear stress on the endothelial surface. Under conditions of ve-
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Llenuuio MHOrOYPOBHEBOTO MaToreHesa XPOoHUYecKMx 3aboneBaHuii
BEH, B KOTOPOM reHeTU4ecKas NpeapacnoNoXKeHHOCTb peannsyeTca
yepes BMOXMMUYECKME U reMOAMHAMUYECKME MeXaHU3Mbl. BaxHel-
UMM 3BEHOM MaToreHe3a XPOHUYECKUX 3ab0neBaHUI BeH ABNAOTCA
reMoAMHaMMYeCKUe HapyLLeHUs, CONPOBOXKAAOLLMECH U3MEHEHUEM
XapaKTepa KPOBOTOKA M CHUXKEHWEM HaNPAXKeHUA CABUIa Ha IHAOTe-
JIVanbHOM NOBEPXHOCTU. B yc/0BUAX BEHO3HOTO CTasa GpopmupyHoT-
CA 30HbI C KPUTMYECKM HU3KUM UM OTCYTCTBYIOLLMM HaMpKeHUeMm
CABWra, YTO NPUBOAUT K SHAOTENUANbHOW AWUCOYHKLMM, aKTMBALMM
MPOBOCMNAZIMTENbHbIX CUTHAMbHbIX MyTel W HAPYLIEHWIO CUHTE3a Ba-
30aKTUBHbIX MeauaTopoB [9, 10]. 3TM npoueccbl CONPOBOXKAAOTCA
M3MEHEeHNEeM 3KCMpPeccuy MONEKYN aaresnu M 3anyCKoM KackaZos
BOCMA/IUTE/NbHbIX U MPOTEONUTUYECKUX PEAKLIUIA.

MaTonornyeckne M3MeHEHWA CTEHKMU BEHbl OTPaXKaloTcA B Au-
HaMUKe OMOXMMMYECKUX MAPKEPOB, XapaKTepU3YHOLWMX SHA0TENU-
aNbHYl0 AMCOYHKLMIO, BOCMaNeHWe, OKCUMAATUBHBIN CTpecc U Aae-
rpaflaLmio BHEKNIETOUHOrO MaTpuKca. K HUM OTHOCATCA CeneKTUHbI,
MO/IEKY/IbI MEXKNETOUHOW aAre3unm, XeMOKMHbI, COCYAUCTbIe GaKTopbI
POCTa, @ TaK¥Ke MATPUKCHbIE METANIONPOTENHA3bI U UX UHTMOUTOPBI
[1, 9]. Ha MoneKynAapHOM ypOBHE remMOAMHaMMYeCKMe HapyLleHuWs
NPMBOAAT K aKTUBALMM TPAHCKPUMLUMOHHBIX $paKTOpoB, AucbanaHcy
Ba30KOHCTPUKTOPHbIX ¥ Ba30ANNATUPYIOLLMX MEXaHU3MOB, MHAYKLIMK
anonTo3a 3HAOTE/MANbHBIX KNETOK U CTUMyNAUMU nponudepaumm
rNaAKOMbILLEYHbIX KNETOK BEHO3HOM CTEHKM.

KAnMHUYecKan 3HaUMMOCTb BapuKo3HoW BonesHn obycnosneHa
€8 CKNOHHOCTbIO K NpOrpeccMpoBaHuio. Mo AaHHbIM KpPynHbIX Mo-
NYyAALMOHHBIX UCCNeloBaHUiA, 6onee Yem y 30% naLMeHTOB ¢ Bapw-
KO3HbIM pacLUIMpeHem BeH HabNo4aeTcA pasBUTUE TAXENbIX Gopm
3ab0neBaHmMA, COOTBETCTBYHOLWMX Knaccam C4-C6 no KnaccudmKaumm
CEAP, conpoBoXKaatoLmxca TPOOUYECKUMM HapyLeHuammu [11]. 3
[laHHble NOAYEPKMBAOT HEOOXOAMMOCTb PaHHEro BbIABAEHUA NaLy-
EHTOB C BbICOKMM PUCKOM HEBNAaronpuATHOMO TeYeHNA 3aboneBaHuA.

PaHee onyb6/iMKOBaHHble WCCNEA0BAaHWA B OCHOBHOM 6blau
MOCBALLEHbI OLEHKE OTAE/bHbIX BUOXMMUYECKUX MApPKEPOB MM OT-
[eNbHbIX TEHETUYECKUX NONUMOPGU3MOB U UX CBA3M C TAXKECTbIO Ba-
pUKO3HOW BonesHu. Tak, B pAge paboT aHaM3MpoBanach accoumaLms
noAMMop®dM3MOB reHOB MATPUKCHbIX METAsINIONPOTENHA3 U UX UHIU-
61TOpOB C pa3suTMEM 3ab0eBaHNA, OAHAKO MOJY4YEHHbIE Pe3y/bTa-
Tbl HOCM/IN OTPAHMYEHHbIN WKW NPOTMBOPEUMBLIM XapakTep [12]. B
APYrMX MCCNepoBaHUAX MOKasaHa 3HauMMan po/ib MApKEPOB SHAO-
TenvanbHoM AMCHYHKUMM U PEMOAENMPOBAHMA BHEKIETOYHOMO Ma-
TPUKCA Y NALMEHTOB C XPOHWUYECKOW BEHO3HOW HEe[OCTaTOYHOCTBIO U
TpodUYeCcKNMM HapyLieHnsmm [13, 14]. BmecTe ¢ Tem, 40 HACTOALLETO
BPEMEHM OTCYTCTBYIOT UCC/IEl0BaHUSA, B KOTOPbIX Hbla Obl NpoBeseHa
KOMM/IEKCHAA OLEHKa BMOXMMMYECKMX MApKEPOB BeHocneumduye-
CKOTO BOCMa/NeHWA B COYETAHMM C aHANIM30M TeHETUYECKUX NONNMOP-
¢$13MOB, y4acTBYHOLLMX B GOPMMUPOBAHMM BapMKO3HOM TpaHcpopma-
LIMK BEH, B paMKax eAVHOM NPOrHOCTUYECKOWM MofeNu.

B 370l cBA3M, pa3paboTka UHTErpasbHbIX METOA0B NPOrHO3UpPO-
BaHWA, 06bEAVHAIOLLMX KNIMHUYECKUE, BUOXUMUYECKME U MOJIEKYIAP-
HO-reHeTUYecKMe NapameTpbl, NpeacTaBaseT cobol akTyanbHoe Ha-
npaBfeHne CoBPEMeHHON $nebonorum 1 cooTBETCTBYET MPUHLMMNAM
NPeLyU3vOHHON MeANLMHDI.

LLENb UCCNEAOBAHMUA

OueHKa BUMOXMMUYECKUX M FrEHETUYECKMX GaKTOPOB, accoumu-
POBaHHbIX € TAXENbIMU dopmamu BEBHK (C4-C6 no knaccudukaumm
CEAP), ans pa3paboTku Noaxosa K NepcoHann3vMpoBaHHOM cTpatudu-
KaLum pucka.
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nous stasis, zones with critically low or completely absent shear
stress are formed. These events lead to endothelial dysfunction,
activation of proinflammatory signaling pathways, and impaired
synthesis of vasoactive mediators [9, 10]. These processes are ac-
companied by changes in adhesion-molecule expression and the
initiation of inflammatory and proteolytic cascades.

Pathological changes in the vein wall are reflected in the
dynamics of biochemical markers characterizing endothelial dys-
function, inflammation, oxidative stress, and extracellular matrix
degradation. These markers include selectins, intercellular adhe-
sion molecules, chemokines, vascular growth factors, and matrix
metalloproteinases and their inhibitors [1, 9]. At the molecular
level, hemodynamic disturbances activate transcription factors,
disrupt the balance between vasoconstrictor and vasodilator
mechanisms, induce endothelial cell apoptosis, and stimulate ve-
nous smooth muscle cell proliferation.

The clinical significance of varicose veins stems primarily
from their tendency to progress. Large-scale population studies
show that more than 30% of patients with varicose veins devel-
op severe forms of the disease, corresponding to classes C4-C6
according to the CEAP classification and accompanied by trophic
disorders [11]. These data emphasize the critical need to identify
patients at high risk of an unfavorable disease course early.

Previously published studies have mainly focused on eval-
uating individual biochemical markers or isolated genetic poly-
morphisms and their associations with varicose vein severity. For
example, several studies have analyzed the association between
matrix metalloproteinase and inhibitor gene polymorphisms and
disease development; however, the results were limited or con-
tradictory [12]. Other studies have demonstrated the significant
role of markers of endothelial dysfunction and extracellular ma-
trix remodeling in patients with chronic venous insufficiency and
trophic disorders [13, 14]. However, to date, no studies have pro-
vided a comprehensive, simultaneous assessment of biochem-
ical markers of vein-specific inflammation and genetic polymor-
phisms involved in varicose vein transformation within a unified
prognostic model.

In this regard, developing integrated forecasting methods
that combine clinical, biochemical, and molecular genetic param-
eters is highly relevant to modern phlebology. It aligns directly
with the principles of precision medicine.

PURPOSE OF THE STUDY

To evaluate the biochemical and genetic factors associated
with severe forms of VVLE (classes C4-C6 according to the CEAP
classification) to develop an integrated approach to personalized
risk stratification.

METHODS

This observational comparative study included 371 patients
with VVLE. The median age was 44 [37; 51] years. Men consti-
tuted 31.8% (n=118) of the total sample, and women accounted
for 68.2% (n=253). The median body mass index (BMI) was 22.0
[20.1; 24.0] kg/m?. Based on the CEAP classification, we divided
patients into two groups: C2-C3 (187 patients) and C4-C6 (184 pa-
tients).

We comprehensively assessed all study participants for
baseline clinical and demographic characteristics (Table 1). We
also analyzed peripheral venous blood to evaluate biochemical
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MATEPUAN U METOAbI

B 06cepBaLyOHHOE CpaBHUTENbHOE MUCCe0BaHME Obln BKIKOYEH
371 naupeHT ¢ BEBHK. MeaunaHa Bo3pacta 06cnef0BaHHbIX COCTaBWa
44[37; 51] rona. MyskumnHbl cocTasuam 31,8% (n=118) ot 06Lueit BbI6OP-
KM, XeHLWMHbI — 68,2% (n=253). MeaunaHa uHaekca maccbl Tena (MMT)
coctasuna 22,0 [20,1; 24,0] Kr/m2 B 3aBUCMMOCTM OT KAMHWUYECKOTO
Knacca 3aboneBaHus, cornacHo Knaccudukaumm CEAP, naupeHTbl 6biin
pacnpegeneHsl Ha Age rpynnbi: rpynny C2-C3, skatoumsLuyto 187 nauu-
eHToB, 1 rpynny C4-C6, BkntounsLuyto 184 naumeHTa.

Y BCeX Y4aCTHWMKOB WCCNEeLOBaHWA OLEHUBAZIUCL WUCXOAHblE
KNMHWKO-Aemorpaduyeckme Xxapaktepuctuku (1abn. 1), yposHu 6mo-
XUMUYECKUX MApKEPOB BeHOCMeLMdUYECcKoro BoCnaaeHua v sHAO-
Te/MaNbHON ANCOYHKLMK, @ TaKKe reHeTUyeckne nommopdusmel,
aCCOLMMPOBAHHbIE C MATOreHe30M XPOHUYECKMX 3ab0/1eBaHMIA BEH.

Mpyu cpaBHEHUM UCXOLHDBIX XapaKTepucTuk rpynn (tabn. 1) BbI-
ABNEHbl CTATUCTMYECKM 3HAUMMble pasnuuma no Bospacty u UMT:
naupeHTbl rpynnbl C4-C6 6bin cTapwe naumeHToB rpynnbl C2-C3
(p<0,001), meamaHa MUMT Take 6bina Bbiwwe B rpynne C4-C6, yem B
rpynne C2-C3 (p<0,001). Mo nonoBomy cOCTaBy CTaTUCTUYECKM 3HAUU-
MbIX MEXIPYNMOBbIX Pasnnunit He BbiasaeHo (p>0,05).

CpaBHeHMe KaTeropuanbHbIX KNAMHUYECKMUX XapaKTePUCTUK Mo-
Ka3ano, YTo rpynnbl HblAM CONOCTaBUMbI MO HAZIMUMIO apTepUasbHOM
runepteH3umn, XCH, 3abonesanuii KT 1 HacnefcTBEHHOM npeapac-
MO/IOKEHHOCTU K BapuKo3HOM 6onesuun (p>0,05 ansa Bcex nokasare-
neit). Bmecte ¢ Tem, MBC CTaTUCTUYECKM 3HAYMMO YalLLe BCTpeYanachb y
naupmenTos rpynnbl C4-C6 (p=0,036), Kak 1 XpoHMYeCKMe 3ab60/1eBaHuA
cycTaBos (p=0,002).

Bcem nauueHTam NpoBOAMAOCH YNbTPA3BYKOBOE AYM/eKCHOoe
CKaHWUPOBaHMWE BEH HUXKHUX KOHEUHOCTeW AnA BepudUuKaLmm auarHo-

Tabauya 1 Conocmasumocme nokazamerneti no epynnam

markers of vein-specific inflammation and endothelial dysfunc-
tion. Finally, we performed molecular genetic analysis to evaluate
specific genetic polymorphisms associated with chronic venous
disease pathogenesis.

When comparing baseline characteristics across study
groups (Table 1), we found statistically significant differences in
age and BMI. Patients in the C4-C6 group were older than those
in the C2-C3 group (p<0.001), and the median BMI was also
significantly higher in the C4-C6 group than in the C2-C3 group
(p<0.001). We found no statistically significant intergroup differ-
ences in gender composition (p>0.05).

A comparison of categorical clinical characteristics showed
comparable prevalence of arterial hypertension, CHF, chronic gas-
trointestinal diseases, and family history of varicose veins (p>0.05
for all parameters). However, CAD was statistically significantly
more common in patients in the C4-C6 group (p=0.036), as were
chronic joint diseases (p=0.002).

All patients underwent duplex ultrasound scanning of the
lower extremity veins to verify the diagnosis, clarify the clinical
stage of the disease, and assess the nature of venous reflux. We
performed this assessment using the GE LOGIQ V2 portable ultra-
sound system (GE Healthcare, China).

For the laboratory phase, we collected peripheral venous
blood samples from all patients. The concentrations of biochem-
ical markers characterizing endothelial dysfunction and vein-spe-
cific inflammation — including E-selectin, monocyte chemoattrac-
tant protein-1 (MCP-1), matrix metalloproteinase-2 (MMP-2),
vascular endothelial growth factor (VEGF), and matrix metallo-
proteinase-9 (MMP-9) — were determined by enzyme-linked im-

Table 1 Baseline clinical and demographic characteristics
of patients across study groups

lpynna C4-C6

Group C4-C6 p
(n=184)
Me [Q1; Q3]
Bospacr, ner 41 [35; 48] 46 [39; 54] <0.001**
Age, years
UMT, Kkr/m? . . *%
BMI, ke/m? 21.3[19.5; 23.4] 22.7 [21.1; 24.6] <0.001
% (n)
Mon (eHcKnin)
Gender (female) 67.4 (126) 69.0 (127) >0.05
ApTepuanbHasa runepTeHsus
Arterial hypertension G0 2L AU
VBC _ .
CAD 3.7(7) 9.2 (17) =0.036
XCH
CHE 8.0 (15) 9.2 (17) >0.05
XpoHuueckye Bonesm cycrasos 12.8 (24) 26.1(48) =0.002
Chronic joint diseases
XpoHuyeckune 6onesHn KKT
Chronic Gl diseases 2 2] L2 AU
HacnepcTBeHHas NpeapacnonoXeHHOCTb 76.5 (143) 75.0 (138) 50.05

Hereditary predisposition

MpumeyaHus: p — CTaTUCTUYECKaA 3HAYMMOCTb Pa3NMYMIA NOKasaTesei Mexay rpynnamu (Mo KpUTepumio Xu-kBaapar; * —no TouHomy Kputepuio dulepa; ** —no kputeputo
MaHHa-Yuthu); UBC — nwemunyeckasn 6onesHb cepaua; XCH — xpoHuyeckas cepaeyHan HegocTaTouHoCTb; KT — sKeayfouHO-KMLWEYHbIV TPaKT

Notes: p represents the statistical significance of differences between groups (determined by Chi-square test; * — by Fisher's exact test; ** — by Mann-Whitney U test); BMI
—body mass index; CAD — coronary artery disease; CHF — chronic heart failure; GI — gastrointestinal
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33, YTOUYHEHUA cTaaMK 3aboneBaHUA U OLLEHKU XapaKTepa BEHO3HOro
pedntokca ¢ ncnonb3oBaHMEM MOPTAaTUBHOM YNLTPA3BYKOBOW cuCTe-
Mbl GE LOGIQ V2 (GE Healthcare, China).

[Ona nabopaTopHoro sTana WCCNefoBaHWA Yy BCEX NaLMEHTOB
ocyulectnanca 3abop nepudepnyeckort BeHo3HoM Kposu. Onpese-
NleHne KOHLIEHTPaLMiA BUOXMMUYECKMX MAaPKEPOB, XapaKTepU3YHOLLIMX
3HAOTEeNMaNbHYO ANCOYHKLMIO M BEHOCTEeLMPUYEeCKOoe BOCTNANEHNE,
BKAtovan E-cenektnH, MCP-1, MMP-2, VEGF n MMP-9, BbinonHsnocb
METOA0M UMMYHObEPMEHTHOrO aHann3a ¢ NPUMEHEHUEM KOMMeEp-
YECKUX AnarHoctnuecknx Habopos (Abfrontier Human ELISA Kit, South
Korea) B cTpOrom cooTBeTCTBUM C UHCTPYKLMAMM NPOU3BOAUTENS.

[eHeTMYecKoe MccneaoBaHWe BKIKOYANO aHanW3 OAHOHYKAe-
OTUAHBIX noaMmopdramos (SNP), cBA3aHHbIX C NPOLLECCAMMU aHrMO-
reHesa, BOCMaNeHWA, PEMOAENVMPOBAHNUA BHEKNETOYHOTO MATPUKCA
W 3HAOTENMANbHOW AUCYHKUMM. [EHOTUNMPOBAHME MPOBOAMIOCH
METOAOM MONMMEPA3HON LeNHOW peakuuu B peaNbHOM BpemeHM
(gPCR). Bblmn uccneposaHbl noanmopdmambsl VEGFA (rs2010963),
SELE (rs5361, rs3917406), SELP (rs6136), TIMP-1 (rs4898), MMP9
(rs11697325), SOD1 (rs1799784), MMP1 (rs1799750), MMP2
(rs243865), COL1A1 (rs1800012), NOS3 (rs2070744), CRP (rs1130864)
n EDN1 (rs5370).

dTuyeckoe 3assneHue. MccnesoBaHne 0f406PEHO SIOKaAbHbIM
3TUYECKMM KOMWUTETOM PA3aHCKOro rocyfapCTBEHHOrO MeAMLMHCKO-
ro yHMBepcuteTa UM. akagemuka W.M. Masnosa (npotokon Ne 7 ot
10.02.2020) v 3aperncTprpoBaHo B PerncTpe MeTozoB e4eH s Xpo-
HUYecKmx 3abonesaHuii BeH (RRT_CVD 2.023).

CraTucTueckan 06paboTka nosyYeHHbIX aHHbIX NPOBOAMAACH
C MCMNoNb30BaHWeM nporpammHoro nakerta IBM SPSS Statistics, sep-
cus 26.0 (IBM Corp., Armonk, NY, USA). XapaKTep pacnpegeneHus
KONMYEeCTBEHHbIX NPU3HAKOB OLEHMBANCA C WUCMONAb30BaHUEM KpW-
Tepua Konmoroposa-CmupHoBa. pn HopmanbHOM pacnpegeneHunu
B 0Denx CpaBHMBAEMbIX rpynnax AaHHble NPEeACTaBAANMCb B BUAE
cpegHero apuPMeTMUYEecKoro U CTaHAAPTHOrO OTKAOHeHus (M1SD),
MEXIpynnoBble PasMyvA OLEHWBANNCL C UCMONb30BaHWEM t-Kpu-
Tepus CTblo€HTa AN1A He3aBUCUMbIX BbIGOPOK. Mpu OTCYTCTBUM HOp-
MaJIbHOTO pacnpeseneHns XoTa Obl B OAHON U3 CPaBHWUBAEMBIX TPy
KONMYECTBEHHbIE AaHHble NPEACTaBAAAMCD B BUAE MefMaHbl U MeX-
KBapTuibHOro MHTepBasa Me [Q1; Q3], a mexrpynnosble pasnuumns
oueHuBanucb U-kputepnem MaHHa-YUTHU. KaTeropuanbHble nepe-
MEHHble CPaBHMBA/NNCb C MCMOMb30BaHMEM KpuTepus x> MMpcoHa
WK TOYHOTO KpuTepua duiiepa npu mMasnbiX OXKMAIEMbIX YACTOTaX.
CTaTUCTUYECKM 3HAYUMMbBIMK CYMTAnUCb pasanuma npu p<0,05. AnAa
BbIABNEHMA GAKTOPOB, HE3ABUCMMO acCOLMMPOBAHHbIX C Pa3BUTUEM
TAXKENLIX GOPM BapuKo3Hoi GonesHu (C4-C6), NpUMEHANCA MHOTO-
(baKTOPHBIM NOTUCTUYECKMIN PErPECCUOHHDBIN aHan3 ¢ BUHAPHbIM UC-
xozom. MporHocTnyeckasn apeKTUBHOCTb OTAENbHbIX NOKa3aTenei 1
MTOrOBOM MOAENN OLEHMBanacb ¢ ucnonb3osaHnem ROC-aHanusa c
pacuétom nnowaan nog ROC-kpusoit (AUC). lononHuTeNbHO NpoBo-
ZMNnach oLeHKa KaNnbpPOoBKM MOLEN C aHAIM30M COOTBETCTBUA NPO-
THO3MPYeMbIX U GaKTUUECKMX BEPOATHOCTEN Pa3BUTUA TAMKENbIX GOpPM
3aboneBaHuA.

PE3YNbTATbI

AHanu3 BMOXMMMYECKMX MOKa3aTenel BbIABWUA CTaTUCTUYECKM
3HaUYMMble Pa3INYMA B 3aBUCMMOCTM OT KIMHWYECKOro Knacca Bapu-
Ko3HoW 60ne3Hn no CEAP. Y naumeHToB € KAMHUYECKMMM Knaccamu
C4-C6, XapaKTepusyOLWMMUCA Haanunem TPOPUUYECKUX U3MEHEHWUI
KOXMW, YPOBHM BCeX MccaefyeMblX BUOXMMUMUYECKMX MapKEpoB bblan
CTAaTUCTMYECKM 3HAYMMO BblILLE, Yem Y naumeHToB ¢ Knaccamm C2-C3
(tabn. 2).
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munosorbent assay (ELISA) using commercial diagnostic kits (Ab-
frontier Human ELISA Kit, South Korea) in strict accordance with
the manufacturer's instructions.

The molecular genetic phase involved analyzing single-nu-
cleotide polymorphisms (SNPs) associated with angiogenesis,
inflammation, extracellular matrix remodeling, and endothelial
dysfunction. We performed genotyping via real-time polymerase
chain reaction (gPCR). The following specific polymorphisms were
examined: VEGFA (rs2010963), SELE (rs5361, rs3917406), SELP
(rs6136), TIMP1 (rs4898), MMP9 (rs11697325), SOD1 (rs1799784),
MMP1 (rs1799750), MMP2 (rs243865), COL1A1 (rs1800012), NOS3
(rs2070744), CRP (rs1130864), and EDN1 (rs5370).

Ethics statement. The Local Ethics Committee of Ryazan
State Medical University named after Academician |.P. Paviov
approved the study protocol (Protocol No. 7, dated February 10,
2020), and it was registered in the Registry of Treatment Methods
for Chronic Venous Diseases (RRT_CVD 2.023).

Statistical analysis. We processed the data using IBM
SPSS Statistics (version 26.0; IBM Corp., Armonk, NY, USA). We
assessed the distribution of quantitative variables using the
Kolmogorov-Smirnov test. For normally distributed data in both
groups, we presented results as the arithmetic mean and stan-
dard deviation (M+SD), and assessed intergroup differences us-
ing Student's t-test for independent samples. When at least one
group did not follow a normal distribution, we expressed quanti-
tative data as the median and interquartile range (Me [Q1; Q3]),
and evaluated intergroup differences using the Mann-Whitney
U-test. Categorical variables were compared using Pearson's chi-
square (x?) test, or Fisher's exact test when expected cell frequen-
cies were small. We considered differences statistically significant
at p<0.05. To identify factors independently associated with the
development of severe forms of varicose veins (classes C4-C6),
we performed multivariate binary logistic regression analysis. We
evaluated the prognostic efficacy of individual parameters and
the final combined model using Receiver Operating Characteristic
(ROC) analysis and the area under the ROC curve (AUC). We also
assessed model calibration by comparing predicted and actual
probabilities of developing severe disease.

RESULTS

Analysis of biochemical parameters revealed statistically
significant differences by CEAP clinical class of varicose veins. Pa-
tients in classes C4-C6 showed significantly higher levels of the
studied biomarkers than those in classes C2-C3, indicating a cor-
relation with trophic skin changes (Table 2).

Thus, more severe clinical manifestations of varicose veins
(CEAP classes C4-C6) were associated with significantly higher
levels of markers of endothelial activation, inflammation, angio-
genesis, and extracellular matrix remodeling.

Along with these differences in biochemical parameters, we
identified distinct genotype distribution patterns by clinical class
of varicose veins according to the CEAP classification (Table 3).

Table 3 shows statistically significant differences in gen-
otype distributions between groups C2-C3 and C4-C6 for
VEGFA rs2010963, SELP rs6136, MMP2 rs243865, and COL1A1
rs1800012, highlighting distinct genetic profiles in advanced var-
icose vein cases.

A multivariate binary logistic regression analysis was con-
ducted to identify independent risk factors, with detailed findings
presented in Table 4.
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Tabauya 2 buoxumu4eckue nNokazamesnu 8 3a8UcUMocmu
0m KnuHu4eckozo knacca BEBHK

lpynna C2-C3

Table 2 Biochemical parameters depending on the clinical class of VVLE

lpynna C4-C6

Group C2-C3 Group C4-C6 p
(n=187) (n=184)
M=SD

E-CEHEKTMH, Hr/Mn N —— 59.40410.39 0001
E-selectin, ng/mL
MCP-1, nr/mn

+ +
MCP-1. pg/mL 214.61457.38 242.91+62.28 <0.001
MMP-2, Hr/mn

+ o
MMP-2, ng/mL 345.69+66.87 448.89+81.52 <0.001

Me [Q1; Q3]

VEGF, nr/mn . . *
VEGF, pg/mL 98.50 [75.40; 124.85] 153.45 [116.13; 196.13] <0.001
MMP-9, Hr/mn . . *
MMP-9, ng/mL 10.40 [7.25; 15.20] 19.00 [14.78; 22.53] <0.001

NprmeyaHue: p — CTaTUCTUYECKaA 3HAUUMOCTb Pa3NYMil MeXAy rpynnamu (no kputeputo CTblogeHTa; * — no Kputepuio MaHHa-YuTHuM)
Note: p — statistical significance of differences between groups (Student's t-test; * — Mann-Whitney U-test)

Takum 06pasom, Hannune Bonee TAKENDbIX KAMHUYECKUX NPO-
AB/IEHUI BapMKO3HOW 60/1e3HM, COOTBETCTBYOWMX Kaaccam C4-Co
no CEAP, accoumnpoBanoch ¢ 6o1ee BbICOKMMM YPOBHAMM MapKEPOB
3HA0TeNUaNbHOW aKTUBALMM, BOCMAIEHUS, aHTMOreHe3a U pemMoaenu-
pPOBaHWA BHEKNETOYHOTO MaTPUKCa.

Hapsagy ¢ pasnmumamm 6MOXMMUYECKUX NOKa3aTenel, BbifBe-
Hbl 0COBEHHOCTU pacrnpeaeneHns reHOTUMOB B 3aBUCUMOCTM OT KAW-
HWMYECKOro Knacca BapunKosHoii bonesHu no CEAP (tabn. 3).

Kak BMAHO M3 Tabn. 3, CTATUCTUYECKM 3HAYUMbIE PA3INYUA
mexkay rpynnamu C2-C3 n C4-C6 ycTaHOBNEHbI 415 NOAMMOPOU3IMOB
VEGFA rs2010963, SELPrs6136, MMP2 rs243865 1 COL1A1rs1800012.

C uenblo onpeseneHus He3aBUCUMbIX (GAKTOPOB PUCKA pa3BU-
THA TAXKENDBIX GOPM BapyKO3HOM 6onesHu bbin NpoBeaEH MHorodak-
TOPHbIN NOTUCTUYECKUI PEerpeccuoHHbI aHanus. Pesynbtatbl noru-
CTUYECKOIA perpeccum oTobpaskeHsl B Tabn. 4.

Ha 0CHOBaHMM NONYYEHHbIX AaHHBIX AN 6ONbLLEH HarALHOCTU
6bin noctpoeH Forest plot rpadvk Ana NPeAnKTOPOB TANKECTU Bapw-
KO3HOW 6one3Hm (puc. 1).

Hanbonee 3HaUMMbIM BUOXUMUYECKMM NPEAUKTOPOM TAXKECTU
3aboneBaHus oKkaszanca yposeHb MMP-9, yBesMyeHMe KOTOporo acco-
LIMMPOBANOCh C CYLLECTBEHHbIM POCTOM BEPOATHOCTU GOPMMPOBaAHUA
KnaccoB C4-C6 (OR=1,248; 95% AW 1,164-1,338; p<0,001). Takke He-
3aBMCUMbIMK GaKTOpamm pucKa ABUAKCL ypoBHM MIMP-2 (OR=1,015;
95% AW 1,010-1,020; p<0,001) n VEGF (OR=1,016; 95% AN 1,008-
1,023; p<0,001). Bo3pacT naumeHTa COXpaHAA HE3aBUCMMYIO acco-
Lpaumio ¢ TaxecTbto 3abonesanmna (OR=1,051; 95% AWM 1,011-1,092;
p=0,012).

Cpeam reHeTUYecKmnx GaKTOPOB CTAaTUCTUUECKM 3HAUMMYHO CBA3b
C Pa3BUTUEM TAKENBIX POPM BapPUKO3HOM 6ONIE3HM NPOAEMOHCTPUPO-
Basm nonnumopdusmsl VEGFA rs2010963 (OR=1,930; p=0,006), MMP2
rs243865 (OR=2,143; p=0,003) u COL1A1 rs1800012 (OR=1,907;
p=0,008). Hannumne LaHHbIX rEHETUYECKMX BApUAHTOB YBENWMYMBANO
pUCK GOPMUPOBAHUA TAXKENOTO TeyeHUs 3aboneBaHWA NMoYTU B ABa
pasa. Ana nonumopdmamos SELE rs3917406 v SELP rs6136 He3aBuCK-
MOW CTaTUCTUYECKM 3HAUMMOM acCOLMALIMN C TAXKECTbIO BAPUKO3HOM
60n1e3HM BbIABNEHO He Bblno.

Ha ocHOBaHMM pe3ynbTaToB /IOTUCTUYECKOM perpeccun Bbina
NOCTPOEHa NPOrHOCTUYECKaA MOAENb PA3BUTUA TAKENLIX GOpM Bapu-
Ko3Hoii 6on1e3Hu. Maowaab nog ROC-KprBoI Ana KOMOUHMPOBAHHOM
MOZENM, BK/HOYAIOLLEH KNMHUKO-Aemorpaduyeckue, bBuoxummyeckme

Based on the data, we created a forest plot for clarity. Plot
of predictors of varicose vein severity (Fig. 1).

The most significant biochemical predictor of disease se-
verity was MMP-9 level; higher levels were strongly associated
with a higher probability of presenting with CEAP classes C4-C6
(OR=1.248; 95% Cl: 1.164-1.338; p<0.001). Additionally, MMP-2
(OR=1.015; 95% ClI: 1.010-1.020; p<0.001) and VEGF (OR=1.016;
95% Cl: 1.008-1.023; p<0.001) were independent risk factors. Pa-
tient age also maintained a significant independent association
with advanced disease severity (OR=1.051; 95% Cl: 1.011-1.092;
p=0.012).

Among the molecular genetic factors, statistically significant
associations with the development of severe forms of varicose
veins were demonstrated by the VEGFA rs2010963 (OR=1.930;
95% Cl: 1.206-3.090; p=0.006), MMP2 rs243865 (OR=2.143; 95%
Cl: 1.301-3.531; p=0.003), and COL1A1 rs1800012 (OR=1.907;
95% Cl: 1.185-3.071; p=0.008) polymorphisms. These variant al-
leles increased the risk of a severe clinical course by approximate-
ly twofold. We found no independent, statistically significant as-
sociation between SELE rs3917406 and SELP rs6136 and disease
progression (p>0.05).

Based on these multivariate logistic regression results, we
constructed an integrated prognostic model for the development
of severe varicose veins. The area under the receiver operating
characteristic curve (AUC-ROC) for this combined model — which
incorporates clinical, demographic, biochemical, and genetic
parameters — was 0.91, demonstrating excellent discriminatory
power (Figs. 2, 3). At the mathematically optimal cut-off thresh-
old, the predictive model yielded a sensitivity of 81% and a spec-
ificity of 88%.

Calibration analysis showed strong agreement between pre-
dicted and actual probabilities of developing severe forms of the
disease, confirming the integrated model's statistical reliability
(Fig. 4).

DiscusSION

This study comprehensively assessed the clinical, demo-
graphic, biochemical, and molecular genetic factors associated
with the development of severe forms of varicose veins. Our re-
sults confirm the multifactorial nature of the disease and show
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Tabauya 3 Conocmasumocmb 2eHOMUNOE No 2pyNNam

VEGFA rs2010963
SELE rs3917406

Table 3 Genotype distribution between mild and severe VVLE groups

GG: 75 GG: 56
GC: 97 GC: 88 =0.001
CC: 15 CC: 40
TT: 87 TT: 89
TG: 88 TG: 79 >0.05
GG: 12 GG: 16

TIMP-1 rs4898

CC:91 CC:78
CT: 65 CT: 67 >0.05
TT: 31 TT: 39

S0D1 rs1799784

GG: 124 GG: 135
GT: 61 GT: 48 >0.05
TT: 2 TT:1

MMP2 rs243865

CC: 94 CC: 60
CT: 83 CT: 89 <0.001
TT: 10 TT: 35

NOS3 rs2070744
EDN1 rs5370

TT: 62 TT: 57
TC: 101 TC: 95 >0.05
CC: 24 CC: 32
GG: 67 GG:73
GT: 75 GT: 72 >0.05
TT: 45 TT: 39

MpumeyaHwe: p — CTaTUCTUYECKAs 3HAUYMMOCTb PA3/IYMIA MOKa3aTeNnei Mekay rpynnamu (Mo KpUTepUio XU-KBagpar 415 NPoM3BO/IbHbIX TabanLy)
Note: p represents the statistical significance of differences between the groups, calculated using the Chi-square test

U reHeTn4yeckue napametpsl, coctasuna 0,91, uto cBuaeTeNbCTBYET O
BbICOKOMN AUCKPUMUHUPYIOLLEN cnocobHOCTU Mogenu (puc. 2, 3). Mpu
OMNTMMaNbHOM MOPOrOBOM 3HAYEHWUWU BEPOATHOCTb Mogenu obecre-
4nBana YyBCTBUTENbHOCTb 81% M cneunduyHocTb 88%.

AHanu3 KannbpoBKM NPOLEMOHCTPMPOBA/ COOTBETCTBME MPO-
THO3MPYeMbIX U GaKTUUECKMX BEPOATHOCTEN Pa3BUTUA TAKENbIX GOPM
3abonesanusa (puc. 4).

OBCYXOEHUE

B HacTosLLem vccnefoBaHUM NpoBeseHa KOMMIEKCHas OLEeHKa
KMHUKO-AeMorpadryecknx, BUOXMMUYECKUX U MONEKYNAPHO-TeHe-
TUYeCcKMX $aKTOPOB, aCCOLMMPOBAHHBIX C PA3BUTUEM TAXKENbLIX GOpM
BEBHK. MosyyeHHble pe3ynbTaTbl NOATBEPHKAAIOT MybTUGAKTOPHYIO
npupoay 3abonesaHns U 4eMOHCTPUPYIOT, YTO NPOrpeccMpoBaHme Ba-
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that progression of varicose veins to advanced CEAP stages (C4-
C6) is accompanied by pronounced activation of inflammatory,
proteolytic, and angiogenic processes, further modulated by the
patient's individual genetic characteristics.

Analysis of clinical and demographic parameters showed
that age is an independent risk factor for developing severe
varicose veins. This finding is consistent with large popula-
tion-based studies indicating the cumulative nature of structural
and functional changes in the venous wall over time. Despite
the identified intergroup differences in BMI, this parameter did
not demonstrate an independent association with disease se-
verity in the multivariate model. This lack of significance may
indicate that BMI exerts a secondary or permissive influence
compared to the primary molecular mechanisms driving venous
wall remodeling.
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Tabnuya 4 Pesynsmamsl no2ucmuyeckoll peapeccuu: hakmopbl pucka

o .

95% AM
95% Cl

Table 4 Multivariate logistic regression analysis of risk factors for
severe varicose veins (Classes C4-C6)

WHTepnpetauma
Interpretation

KnuHuko-gemorpaduueckme napamerpbl
Clinical and demographic parameters

Bospact . _ Kakabii rog, yBeNMunBaeT puck Ha 5.1%
Patient age (per year) MUSEL | [FHOAL IL0eP) | ST Each additional year increases risk by 5.1%
NMT (kr/m?) ) He BavAeT Ha puck
BMI (kg/m?) 1.026 [0.91; 1.156] >0.05 Not independently associated with risk
Mon (1-m, 2-) YKeHcKui1 non He accoLMmMpPoBaH C PUCKOM
. .331; 1. >0.

Gender (female vs. male) 0.675  [0331;1.393] 0.05 Female gender not independently associated with risk
HacneacteeHHocTb (0-HeT, 1-aa) ) He3sHaunmoe BanAHue
Hereditary predisposition 1282 [0.594;2.763]  >0.05 Not independently associated with risk

Buoxumuuyeckue nokasarenu

Biochemical markers
E-cenekTuH (Hr/mn) ) HeT cBA3M C puckom
E-selectin (ng/mL) 0.998  [0.975;1.022] >0.05 Not independently associated with risk
MCP-1 (nr/mn) He3sHaunmoe BanaHue
1 .995; 1. >0.
MCP-1 (pg/mL) CAU ek eirie 0.05 Not independently associated with risk
MMP-2 (Hr/mn) ) YBennumsaet pucK Ha 1,5% Ha eanHuLy
MMP-2 (ng/mL) 1015 [1.010;1.020]  <0.001 Increases risk by 1.5% per unit increase
VEGF (nr/mn) . YBennumBaeT pucK Ha 1,6% Ha eguHuLy
VEGF (pg/mL) L I Increases risk by 1.6% per unit increase
MMP-9 (Hr/mn) ) YBennumBaeT pUcK Ha 24.8% Ha eguHULY
MMP-9 (ng/mL) 1248 [1.164;1338]  <0.001 Increases risk by 24.8% per unit increase
leHeTMYeckme nonMmopdpusambl
Genetic polymorphisms

) _ leTeposurota/mytauma - puck x1.93
VEGFA (rs2010963) 1.930  [1.206;3.090]  =0.006 Presence of minor/ mutant allele increases risk by 1.93-fold

) HeT cBA3M C pUcKoM
SELE (rs3917406) 1.011 [0.570; 1.793] >0.05 Not independently associatedhwithirisk

) TeHAEHUMA K CHUMKEHMIO PUCKa
SELP (rs6136) 0.720  [0.469; 1.105] >0.05 Non-significant trend toward reduced risk

. _ leTepo3urota/myTaums - puck x2.14
A R S5 el [N eElt e e A S Presence of minor/ mutant allele increases risk by 2.14-fold
COL1A1 (rs1800012) 1907 [1.185;3.071] =0.008 | creposurora/myrauma - puck x1.91

pvKo3HOM 6onesHn fo ctagmuii C4-C6 conpoBOXKAAETCA BbIpaXKEHHOM
aKTVBaLMel BOCMANUTE/NbHbIX, MPOTEONUTUYECKUX U aHMMOTEHHbIX
MPOLIECCOB, a TaKKe OMNpeaeAeTca MHAMBUAYANbHbIMU FeHETUYECKU-
MM 0COBEHHOCTAMM NALMEHTOB.

AHanu3 KAMHUKO-Aemorpaduyecknx NapaMeTpoB Nokasas, Yto
BO3PACT ABNAETCA HE3aBUCMMbIM GaKTOPOM pUCKa HopMUpOoBaHUA
TAXKENbIX POPM BapUKO3HOW 60Ne3HU. ITO COrnacyeTcs C AaHHbIMU
NONYNALMOHHBIX UCCIEA0BAHWUM, YKA3bIBaOLMX Ha HAKOMWUTE/bHbIN
XapaKTep CTPYKTYPHbIX U QYHKLMOHANbHbIX M3MEHEHUI BEeHO3HOM
CTEHKM C TeYeHnemM BpemeHW. HecmMoTps Ha BbifBIEHHbIE MEXTPYN-
nosble pasnunumna no UMT, nocnesHuin He NPOAEMOHCTPUPOBAN Hesa-
BMCMMOM accoLMaLLMm C TAXKECTbI0 3a601eBaHMA B MHOTODAKTOPHOM
MOZENM, YTO MOXKET CBUAETENbCTBOBATL O BTOPMYHOM XapaKTepe ero
BUAHMA MO CPABHEHMIO C MONEKYNAPHBIMU MEXaHU3MaMK pemoge-
NIMPOBAHUA BEHO3HOW CTEHKM.

Ocoboe BHUMAHWE B HACTOALLEM UCCAEA0BAHUM 3ac/yXKMBaeT
Bblpa)KEHHOE MOBbILIEHWE YPOBHEN BUOXMMUYECKUX MapKEpPOB Be-
HocneunpUUecKoro BoCnaneHus v SHAOTENMANbHON AUCOYHKLMK Y
NaLMEHTOB C TAXKENbIMM GOpPMamMmn BapnKo3HoW 6onesHu. Hambonee
3HAUYMMBbIM NPEAVKTOPOM NPOrPECcCMPOBaHMA 3ab01eBaHMA OKasanca

Presence of minor/ mutant allele increases risk by 1.91-fold

Notably, this study found a marked increase in peripheral
blood levels of biochemical markers characterizing vein-specific
inflammation and endothelial dysfunction in patients with severe
varicose veins. MMP-9 was the strongest predictor of disease pro-
gression, with the highest odds ratio in the multivariate model.
MMP-9 is well documented to degrade extracellular matrix com-
ponents, including collagen and elastin, directly compromising
venous wall tensile strength and promoting pathological dilation
[15, 16]. Our data confirm the direct pathogenetic significance of
heightened proteolytic activity in structural venous remodeling
and subsequent trophic disorders.

Along with MMP-9, elevated MMP-2 and VEGF levels
demonstrated strong independent associations with varicose vein
disease severity. Higher MMP-2 concentrations reflect accelerat-
ed extracellular matrix remodeling, while VEGF is a key mediator
of angiogenesis and endothelial activation. The simultaneous,
independent elevation of these markers in patients with severe
disease highlights a closely linked network of inflammatory, an-
giogenic, and proteolytic pathways in chronic venous disorder
pathogenesis.
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Mon (1-m, 2-x) / Sex (1 = male, 2 = female) —

E

ypoBeHb MMP-9, KoTopbiii NPOAEMOHCTPUPOBAA HaubosblUyO Be-
JINYMHY OTHOLLIEHWA LIAHCOB B MHOrOGaKTOPHOM mogenu. M3BecTHo,
410 MMP-9 mrpaeT K/to4eByto posb B AerpazaLm KOMMNOHEHTOB BHe-

Forest plot ons NpeAMKTOPOB THXKECTU BapnKO3HON 6oe3Hn
Forest plot for predictors of varicose vein disease severity
(C4-C6 vs C2-C3)

Puc. 1 Forest plot 0na
npedukmopos maxecmu
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WMT (kr/m2) / Body mass index (kg/m?2) 4
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MCP-1 (nr/mn) / MCP-1 (pg/mL)

MMP-2 (Hr/mn) / MMP-2 (ng/mL)

VEGF (nr/mn) / VEGF (pg/mL)

MMP-9 (Hr/mn) / MMP-9 (ng/mL)

FeH VEGFA | VEGFA gene

FeH SELE [ SELE gene

FeH SELP | SELP gene

Fen MMP2 [ MMP2 gene

8apuro3Holi bonesHu

Fig. 1 Forest plot for
predictors of varicose vein
severity

lFeH COL1A1 / COLIA1 gene
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ROC curves for individual biomarkers / ROC-kpuBble An5 0ANHOYHbLIX BUOMapKepoB
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E-selectin / E-cenekTuH (AUC = 0.61)
MCP-1 (AUC = 0.63)

MMP2 (AUC = 0.84)

VEGF (AUC = 0.79)

MMP9 (AUC = 0.83)
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As a primary pathogenetic link, VEGF regulates angiogen-
esis, endothelial cell proliferation, migration, and vascular per-
meability. Under conditions of chronic venous hypertension,

increased production of VEGF promotes endothelial ac-
tivation and microvascular remodeling. These changes
directly contribute to local edema, a sustained inflam-
matory response, and impaired tissue microcirculation.
Thus, elevated VEGF levels in C4-C6 patients appear to
be mechanistically linked to the more pronounced mi-
crocirculatory failure and downstream trophic changes
characteristic of these advanced clinical classes. Further-
more, the simultaneous independent associations of
MMP-2, MMP-9, and VEGF with a severe disease pheno-
type suggest a pathogenetic intersection where proteo-
lytic remodeling of the extracellular matrix, endothelial
dysfunction, and pathological angiogenesis act synergis-
tically to drive disease progression.

In contrast, although baseline E-selectin and MCP-
1 levels were significantly higher in C4-C6 patients than
in C2-C3 patients, these parameters did not remain

Puc. 2 ROC-Kpusble 0118 KAIUHUKO-0emMo2paghuyeckux u
buoxumuyeckux nokasamenel

Fig. 2 ROC curves for individual clinical, demographic, and
biochemical parameters discriminating severe varicose veins
(CEAP classes C4-C6 vs. C2-C3)
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Puc. 3 ROC-kpusas KombuHUpo8aHHoU moodesnu

Fig. 3 ROC curve of the integrated predictive model for severe varicose
veins

KNETOYHOTO MATPUKCA, BK/KOYAA KOMNATEH U 3N1aCTUH, YTO NPUBOAUT
K CHUMKEHMIO MPOYHOCTM BEHO3HOM CTEHKM U CnocobcTByeT ee anna-
Tauuu [15, 16]. MonyyeHHble AaHHbIE NOATBEPKAAIOT NaToreHeTUYe-
CKYIO 3HAYMMOCTb NMPOTEONUTUYECKOM aKTUBHOCTM B PAa3BUTUM TPOPU-
YECKUX HAapYLUEHWI U CTPYKTYPHOW NepecTporKu BEH.

Hapagy ¢ MMP-9, He3aBnCMMYHO acCOLMALLMIO C TAXKECTbO Ba-
PVKO3HOWM 60/Me3HM NpPoLeMOHCTpUpoBann yposHn MMP-2 u VEGF.
MoBblweHne KoHLeHTpaumn MMP-2 oTpakaeT akTMBaLMIO NPOLLECCOoB
pemMoaenvpoBaHnA BHEKNETOUHOrO MaTPUKCa, Toraa Kak VEGF asna-
€TCA KNYEeBbIM MEeMAaTOPOM aHTMOreHe3a U SHA0TENNA/IbHOW aKTU-
Bauuu. COBOKYNHOE yBeNNYEHME AaHHbIX MAapKEPOB Y NaLMEHTOB C
TAXENbIMM GOpPMamMu 3aD0N1EeBAHMA YKa3bIBAET HA TECHYIO B3aMMOC-
BA3b BOCMA/IUTE/IbHbIX, aHTMOreHHbIX U NPOTEONIUTUYECKMX MEXaHW3-
MOB B NaToreHese XpOHMYECKUX 3a601eBaHUI BEH.

VEGF npeactaBnsfeT Apyroe naToreHeTUYecKoe 3BeHO U ABNAET-
€A OAHUM U3 KtOYEBbIX PErynaTOPOB aHrMoreHesa v GpyHKLMOHAIbHO-
ro COCTOAHUA 3HA0TeNMA. Ero noBbileHHan npoaykuma cnocobeTeyeT
3HA0TENNANbHOV aKTUBALMM, YBEJIMYEHUMIO COCYAMCTON NPOHULLAeMO-
CTV W PEMOAENIMPOBAHMIO MUKPOLMPKYAATOPHOO pycna. B ycnosu-
X XPOHUYECKON BEHO3HOW rMNepTeH3nn AaHHble U3MEHEHUA MOTyT
NOAAePKUBATb JIOKANbHbIN OTEK, BOCMANIMTENIbHYIO PEaKLMIO U Hapy-
LIEHWUS TKAHEBOW MMKPOLMPKyAALMU. Takum obpasom, nosbiieHne
VEGF y naumeHToB C4-C6 MoKeT bbITb CBA3aHO C Ho/ee BbiparKeHHbI-
MW MUKPOLMPKYNATOPHBIMU U TPODUYECKMMU USMEHEHUAMM, XapaK-
TEPHbIMU /1A 3TUX KNMHUYECKMX Knaccos. OfHoBpeMeHHasa He3aBu-
cumas accoupaumna MMP-2, MMP-9 n VEGF ¢ Taxénbim GeHoTMnom
3aboneBaHNA CBUAETENBCTBYET O COMPAKEHHOCTU NPOTEONUTUYECKO-
r0 PEMOZENIMPOBAHUA BHEKIETOYHOTO MATPUKCA, 3HAOTE/NNAbHOM
ANCOYHKLMM M NATONOMMYECKOTO aHTMoreHesa.

HecmoTpsa Ha CTaTUCTUYECKM 3HAYMMOE MOBbILLEHUE YPOBHEN
E-cenektHa n MCP-1y naumeHntos C4-C6 no cpasHeHuto ¢ C2-C3, pak-
Hbl€ NMOKa3aTe/IM He COXPAHANM HE3aBUCUMOM acCOLMALIAN C TAKENbI-
Mn dopmamu 3aboneBaHNA B MHOTOGAKTOPHOM Mogenu. E-cenekTuH
AB/IAETCA MONIEKYNOMN aZire3unm, SKCNPeccrpyemoit akTUBMPOBAHHbBIMM
3HAOTeNUANbHbIMKU KNEeTKaMu, U obecneynBaeT PONIMHT U ajre3unto
NeKOLMTOB Ha MOBEPXHOCTU SHAOTENNSA, CO3LaBas YCNOBUA A1 UX
nocneaytoLei MUrpaLmmn B COCYAMUCTYIO CTEHKY U OKpYXKatoLme TKa-
HW. MCP-1 (CCL2) BbInonHAeT GYHKLMIO XeMOATTPAKTaHTa A/ MOHO-
LIMTOB, CNOCOBCTBYET MX PEKPYTUPOBaHUIO B 061acTb BOCManeHua u
nocneaytouei anpdepeHumposke B makpodaru. B ycioBusax BeHos-
HOro CTa3a, BEHO3HOM FMNEepPTeH3UM U M3MEHEHHOrO HamnpAXeHuA
CLBMra aKTMBaLMA 3TUX MEXaHW3MOB CMOCOOCTBYET MoAAepHKaHUIo
JIOKaNbHOTO BOCMA/MTENbHOTO OTBETA U CTPYKTYPHOrO pemoaenunpo-
BaHWA BEHO3HOW CTEHKU. Bonee BbICOKME KOHLEHTpaLmK E-cenektnHa
1 MCP-1 npu C4-C6, Takum 06pa3om, MOryT OTpaKaTb DObLLYIO Bbl-
PaKEHHOCTb 3HAOTENNA/IbHOW aKTUBALMM M BOCTIAIMTEILHOTO KOMMO-
HeHTa 3aboneBaHUA NPU HaNMUUK TPOPUYECKUX U3MEHEeHUIA. BmecTe
C Tem, yTpaTa MX CTaTUCTUYECKOW 3HAYMMOCTU MNoC/ie OAHOBPEMEH-
Horo yyéta MMP-2, MMP-9 n VEGF no3sonset npegnonoxutb, Y4To
E-cenektnH n MCP-1 npeMmyLLecTBEHHO XapaKTepU3ytoT akKTUBHOCTb
BOCNanuTenbHoro GoHa, Torga Kak 6onee HenocpeacTBeHHas CBA3b
C TANKENBIM KAMHUYECKMM GEHOTUNOM onpeaenseTcs npoLeccamm
NPOTEONNTUYECKOTO PEMOLENIMPOBAHUA BHEKNETOYHOTO MATPUKCa

Puc. 4 KanubpogoyHas Kpusas npoeHocmuy4eckol mooesnu
Fig. 4 Calibration curve of the predictive model

ROC curve of the combined model / ROC-kpuBas KOM6MHUPOBaHHON MoLenn

(C2-C3 vs C4-C6)
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significant in the multivariate regression model. E-selectin is an
adhesion molecule expressed by activated endothelial cells that
mediates leukocyte rolling and attachment, creating necessary
conditions for subsequent cellular migration into the vascular
wall. MCP-1 (CCL2) functions as a crucial chemoattractant for
monocytes, promoting their recruitment to sites of inflamma-
tion and subsequent differentiation into macrophages. Under ve-
nous stasis, venous hypertension, and altered shear stress, these
mechanisms maintain a local inflammatory response and drive
structural remodeling of the venous wall. Higher concentrations
of E-selectin and MCP-1 in C4-C6 patients may thus reflect a more
intense inflammatory background and heightened endothelial ac-
tivation. However, their loss of statistical significance after simul-
taneous adjustment for MMP-2, MMP-9, and VEGF suggests that
E-selectin and MCP-1 primarily characterize the baseline inflam-
matory background. In contrast, proteolytic matrix degradation
and active angiogenesis drive a more direct, causal association
with a severe clinical phenotype. Consequently, while increased
E-selectin and MCP-1 reliably indicate active underlying patho-
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1 aHrmoreHesa. CneposatenbHoO, nosbliweHne E-cenektnHa n MCP-1
MOXET PacCMaTPMBATLCA KaK MOKasaTeNb akTMBHOCTU NaTodusnono-
rMYECKMX NMPOLLECCOB NPU TAXKENbIX HOpMax BapUKO3HOM bonesHu, oa-
HaKO pe3ynbTaTbl HAaCTOALLErO UCCAef0BaHNA He NO3BONAIOT CYATATb
MX CAMOCTOATENbHbIMM He3aBUCMMbIMU npeaukTopamu C4-C6.

BaXHbIM acneKTom HacTOALLEro UccnefoBaHUA ABNAETCA aHa-
N3 MONEKYNAPHO-TeHeTUYecKux dakTopos. HesaBucuman accouma-
uma nonumopodusmos VEGFA rs2010963, MMP2 rs243865 n COL1A1
rs1800012 ¢ TAXKENbIMM GOPMaMM BapUKO3HON BONE3HN CBUAETENb-
CTBYET O HANMYMMN FEHETUYECKM OBYCNIOBNEHHBIX Pa3nymiA, cnocob-
HbIX MOAMOULMPOBATL MOJEKYAPHbIE MEXaHW3Mbl aHr1oreHesa u
CTPYKTYPHOTO PEMOAENMPOBaHNA BEHO3HOMN CTEHKU. Ocobblii UHTE-
pec npeacTaBAseT To, YTO ABa BbIABJEHHbIX FTEHETUYecKMUX dakTopa
— VEGFA rs2010963 1 MMP2 rs243865 — dyHKLMOHANbHO CBA3aHbI C
B61OXMMMYECKMMU MoKasaTensmu VEGF u1 MMP-2, KoTopble B HacTo-
AlleM UCCAeA0BaHMU TaKKe MPOAEMOHCTPMPOBANN HE3aBUCUMYHO
accoumaumio ¢ knaccamm C4-C6. 3To NO3BONAET pacCMaTpUBaTh Nony-
YEHHbIE FTEHETUYECKME 1 BUOXMMMYECKME Pe3yNbTaTbl HE Kak U30/Iu-
pOBaHHble accoumaLm, a Kak B3anMOZLONOHAIOLLME YPOBHU eAUHO-
ro NaToreHeTU4eCcKoro npouecca.

leH VEGFA KogumpyeT COCYAWCTbIN 3HAOTENMANbHbIN aKTop
pocTa, perynvpytowwuin npoamdepaumio 1 MArpaLmvio aHA0TeNnanb-
HbIX KNETOK, COCYAMCTYIO NPOHMULLAEMOCTb M NPOLLECChl aHrMoreHesa.
Monumopdunam VEGFA rs2010963 cnocobeH BAMATL Ha perynaumio
akcnpeccun VEGF, BCneacTeme Yero reHeTMyecku obycnoBaeHHble
pasauuMa ero NpoAyKUMM MOTEHLMANbHO MOryT Moauduumpo-
BaTb BbIPAXKEHHOCTb 3HAOTENNANbHON aKTUBALMKU U aHTUOTEHHOIO
oTBeTa. BbiABAEHHAA B HACTOALLEM MCCNeA0BaHUM He3aBuCMMasRA
accounauma VEGFA rs2010963 ¢ C4-C6 ogHOBpeMEHHO € MoBblLLe-
HMEeM KoHueHTpauun VEGF y nauueHTOB 3TOM rpynnbl NO3BOAAET
NpesnoNoXNUTb HaNNYME FEHETUKO-BMOXUMMUYECKOW B3aMMOCBA3M,
Mpu KOTOPO 0COBEHHOCTU PeryasLmMn aHTMOTeHHOrO OTBETA MOTYT
yyacTBOBaTb B GOpmMMpPOBaHUM Bonee TAKENOTO KAMHUYECKoro de-
HoTMNa 3abonesaHus.

Monumopdusm MMP2 rs243865 npeacTaBnseT 0cobblit UHTepeC
C NO3ULMM PEMOLENNPOBAHNA BHEKIETOYHOTO MaTpUKca. M3meHeHne
perynauum akcnpeccun MMP-2 noTeHUManbHO CNocobHO BAMATL Ha
aKTMBHOCTb KOAMPYEMOIN MM MATPUKCHON MeTannonpoTenHasbl-2 u,
COOTBETCTBEHHO, Ha MHTEHCMBHOCTb MPOTEOIUTUYECKOTO Pemoaent-
pOBaHWA COeAMHUTENbHOW TKaHW. B Hallem nccnefoBaHUM reHeTuye-
cKaA accoumauma MMP2 rs243865 ¢ C4-C6 coyeTanacb ¢ He3aBUCH-
MOV accoLMaLmMen NoBbILWEHHOW KoHUeHTpauumn MMP-2 ¢ TAaXénbiMm
KNMHMYecknum deHotunom. COBOKYMHOCTb 3TUX PE3YNbTaToB MO3BO-
NAeT NPesnoNOXUTb CBA3b reHETUYECKOW NPespacnoNOXeHHOCTU C
eé QYHKUMOHaNbHOM peanusaupelt Ha 6esKoBOM YPOBHE, NPOABAS-
foLLeiica U3MeHeHeM NPOLLECCOB PEMOAENNPOBAHNA BHEKIETOUHOO
MaTPUKCA BEHO3HOW CTEHKM.

OpyrMm He3aBUCMMbIM TeHeTUYeckuM (aKTopom OKa3sanca
nonnmopdmam COLIAI rs1800012. Ten COLIAI KogmpyeT al-uenb
KonnareHa | TMna — 04HOrO U3 OCHOBHbIX BOJIOKHUCTbIX KOMMOHEHTOB
BHEK/IETOYHOTO MATPUKCA, ONPeAenstomnX MexaHUYeckne CBOMCTBa
COeIMHUTENbHOW TKaHW. I3MeHeHnA perynaumm cuHTe3a u CTpYKTyp-
HOW OpraH13aLLMm KonareHa MoryT BAIMATb Ha MPOYHOCTb U 3n1acTuye-
CKMe CBOMCTBA BEHO3HOMN CTEHKM, CO3AaBas MOPGONOrMYECKYO OCHO-
BY AN17 €€ naTonormyeckoro pemogenvposaHua. Accoupauna COLIAL
rs1800012 c knaccamu C4-C6 MOXKeT NO3TOMY OTpaXKaTb reHeTUYeCKH
0bycnoBneHHble 0COBEHHOCTU CTPYKTYPHOW OpraHU3aLmmn CoefnHU-
TeNbHOM TKaHW, NOBbILLAOLLME BEPOATHOCTb POPMMPOBAHNA TAMKENO-
ro KAIMHUYECKoro GeHoTvNa BapMKO3HOM 6onesHN.

Cnepyet OTMETUTb, YTO B pAfe paHee onyb/IMKOBaHHbIX Uccne-
[lOBaHMIA reHeTUYECKMe accoLMaLvmn Npu BaprKoHo 6one3Hn Hocu-

714

physiology in severe varicose veins, this study shows they are not
independent predictors of classes C4-C6.

An important aspect of this study is integrating molecular
genetic factors into the prognostic framework. The indepen-
dent associations of the VEGFA rs2010963, MMP2 rs243865,
and COL1A1 rs1800012 polymorphisms with severe forms of var-
icose veins suggest genetically determined differences that can
modify baseline rates of angiogenesis and structural venous wall
remodeling. Notably, two of the identified genetic risk factors —
VEGFA rs2010963 and MMP2 rs243865 — are functionally linked
to the biochemical markers VEGF and MMP-2, which also showed
independent associations with classes C4-C6 in this study. This
convergence allows us to view the genetic and biochemical re-
sults not as isolated associations, but as complementary, multi-
level expressions of a single, unified pathogenetic process.

The VEGFA gene encodes vascular endothelial growth fac-
tor, a crucial regulator of vascular permeability and endothelial
dynamics. The VEGFA rs2010963 polymorphism can alter the
transcriptional regulation of VEGF expression, resulting in geneti-
cally determined differences in protein production that potential-
ly amplify endothelial activation and the subsequent angiogenic
response. The independent association of VEGFA rs2010963 with
C4-C6, combined with the elevated circulating VEGF concentra-
tions observed in this group, strongly suggests a genetic-bio-
chemical axis in which inherited variations in angiogenic regula-
tion accelerate the development of a severe clinical phenotype.

Similarly, the MMP2 rs243865 polymorphism is of particular
interest regarding extracellular matrix remodeling. Altered regu-
lation of MMP-2 expression can enhance the activity of the en-
coded matrix metalloproteinase-2, thereby accelerating proteo-
lytic degradation of connective tissue. In our cohort, the genetic
association of MMP2 rs243865 with advanced disease stages
was directly mirrored by the independent association of elevated
MMP-2 protein concentrations with the same severe phenotype.
Taken together, these results demonstrate a clear link between
an inherited genetic predisposition and its functional expression
at the protein level, culminating in defective extracellular matrix
homeostasis within the venous wall.

Finally, we identified the COL1A1 rs1800012 polymorphism
as an independent genetic risk factor. The COL1A1 gene encodes
the al chain of type | collagen, one of the primary structural fi-
brous elements of the extracellular matrix that dictates the me-
chanical and tensile properties of vascular tissue. Genetic varia-
tions affecting collagen synthesis or its structural assembly can
critically weaken the structural integrity and elasticity of the ve-
nous wall, providing a clear morphological foundation for patho-
logical dilation and failure under hemodynamic stress. Therefore,
the strong association of COL1A1 rs1800012 with CEAP classes
C4-Cé6 likely reflects genetically determined structural vulnerabil-
ities in connective tissue organization, significantly increasing an
individual's susceptibility to a severe, progressive clinical course
of varicose veins.

Several previously published studies reported contradictory
genetic associations in varicose veins. These inconsistencies may
reflect differences in study populations, the selection of individu-
al polymorphisms, and the evaluation of genetic factors in isola-
tion from their functional relationship to the patient's biochem-
ical status [7, 17, 18]. In the present study, we analyzed genetic
and biochemical parameters together, enabling us to identify sev-
eral interrelated pathogenetic levels. VEGFA, MMP2, and COL1A1
polymorphisms can determine individual characteristics of angio-



Kamaes AA c coasm. Ilepconaansupopannas oljeHKa pycKa BapMKO3HOM 00Ae3HI

BECTHMK ABMILIEHHEBI
Tom 28 * No 3 * 2026

21 NPOTUBOPEUMBbIV XapaKTep, YTO MOKET BbITb CBA3AHO C Pasnnums-
MW UCCNeayemblx NONyAALMI, BbIBOPOM OTAENbHbIX NOAMMOPGU3IMOB
N OLLEHKOW reHeTUYeCcKMX GpakTopoB BHE MX GYHKLMOHANbHOM CBA3M C
BMOXMMMYECKMM CTATyCcOM naumeHTa [7, 17, 18]. B HacToAwel paboTe
reHeTUYeckne 1 BUOXMMUYECKME NOoKa3aTeNn aHaIM3MPOBaNUCh CO-
BMECTHO, YTO MO3BO/IU/IO BbIABUTb HECKONbKO B3aMMOCBA3aHHbIX Ma-
TOreHEeTUYeCcKMx ypoBHeit. C 0fHOM CTOPOHBI, NofMmopdusmsl VEGFA,
MMP2 v COLIA1 moryT onpesensaTb MHAMBUAYAbHbIE OCOBEHHOCTM
aHruoreHesa W CTPYKTYPHOTO PEMOAE/MPOBAHUA COEAMHUTENBHOM
TKaHW; ¢ Apyroi — nosblwernne VEGF, MMP-2 u MMP-9 otpaskaeTt
OYHKLMOHANbHYIO aKTMBHOCTb COOTBETCTBYIOLLMX aHTUOTEHHBIX U
NpoTeoAnTUYECKMX NpoLieccos. Mpun stom E-cenektnH n MCP-1 xapak-
TEPU3YIOT SHAOTENNAIbHYIO aKTUBALLMIO M BOCMAAUTENbHbIA KOMMO-
HeHT 3aboneBaHus. CoBpEMEHHbIE JaHHbIe TaKKe CBUAETEbCTBYIOT
0 KOMM/IEKCHOM Y4aCTUM TeHeTUYecKnx $akTopoB, BOCMANEHWUA, 3H-
[0TeNnanbHoN ANCOYHKLMM, aHTMOreHe3a U peMoLeNpPoBaHNA BHe-
KNETOYHOTO MaTpMKCa B MaTOreHe3e XPOHUYecKkMx 3aboneBaHuii BEH
[19-21]. B coBOKyNHOCTHM, NONYYEHHbIE PE3yNbTaTbl GOPMMUPYIOT Na-
TOreHeTUYECKY0 NOCAeL0BaATENbHOCTb, BK/IHOUAIOLLYIO FEeHETUYECKYHO
npeApacnoNoXeHHOCTb, SHAOTENNA/IbHYIO aKTUBALMIO M BOCMaNeHKe,
NaTONIOrMYECKUI aHTMOTEHEe3, NPOTE0IUTUYECKOE PEMOAENNPOBaHNE
BHEK/IETOYHOrO MaTPUKCa M GOPMMPOBAHME CTPYKTYPHbIX U Tpoduye-
CKMX U3MEHEHWI, XapaKTepHbIx g5 C4-C6.

[ony4yeHHble faHHbIE UMEIOT 3HaYeHWE U A1A NePCOHANU3NPO-
BaHHOW OLLeHKM puUCKa. Bo3pacT oTpakaeT HakonneHHoe Bo3aeicTBue
KAMHUYECKUX M FeMOAMHAaMMUYecKnx GakTopos; ypoBHU MMP-2, MMP-
9 1 VEGF xapaKTepum3ytoT TEKYLLYH aKTUBHOCTb NPOLLECCOB peMOoAeNnu-
poBaHMA U aHrnoreHesa; noammopdusmsl VEGFA rs2010963, MMP2
rs243865 1 COL1A1 rs1800012 oTpasKatoT OTHOCUTENbHO CTabUIbHbIN
reHeTUyeckn obycnoBNeHHbI KOMMOHEHT MHAMBUAYaAbHON npes-
pacnonoeHHocTn. COBMeCTHaA OLEHKa STUX NapameTpoB No3BosAeT
YUYWTbIBATb Pa3NWYHbIE YPOBHM MaToreHe3a 3a601eBaHUA M NOTEHLM-
anbHo obnagaet 6onbluelt MHGOPMATUBHOCTLIO, YEM UCMONb30BaHME
OTZENbHOTO FeHETUYECKOTO UM BUOXMMMYECKOTO NOoKasaTens.

C NpaKTUYEecKOM TOUKU 3PEHMA MHTEPrpPeTaLma MosyYeHHbIX
pesynbTaToB A0/IXKHA OCYLLECTBAATLCA NOCNeA0BaATENbHO U C YHETOM
KNMHUYECKOro KOHTEeKCTa. Ha nepBom 3Tane oueHMBaeTcA KAMHWYe-
CKUiA Knacc 3abonesaHns no CEAP 1 Bo3pacT nauueHTa. Ha BTopom
3Tane aHa/nM3UpYHOTCA OBMOXMMMUYECKME MOKas3aTesu, OTpaKalolime
TEKYLLYIO aKTMBHOCTb nMaTonormyeckmx npoueccos: MMP-2 n MMP-9,
KaK MapKEpbl peMoaenMpoBaHNA BHEKNETOYHOrO MaTpumKca, u VEGF,
KaK MOKasaTeNb aHTMOTeHHOM WM 3HAOTENWANbHOM aKTMBHOCTU. Ha
TPeTbeM 3Tane YYMTbIBAETCA reHeTUYecku OoBYCNIOBNEHHbIM KOMMO-
HEHT WHAMBWMAYANbHOW NPeApacrnoNOXKEHHOCTH, NPeACTaBAEHHbIN
nonumopodusmamm VEGFA rs2010963, MMP2 rs243865 n COL1A1
rs1800012.

Haunbonbluee 3HauyeHWe UMeeT KOMMAEKCHAsA WHTepnpeTauus
YKa3aHHbIX (aKTOPOB, MOCKO/MbKY reHeTUYecKMe BapuaHTbl XapaKTe-
pU3YOT OTHOCUTENbHO CTabUNbHYI NPespacnoNOXKEHHOCTb, Toraa
KaK BMOXMMMUYECKME MOKA3aTesIM MOTYT U3MEHATLCA MOA, BAUAHUEM
aKTUBHOCTU 3ab0neBaHMA, COMYTCTBYIOLLEW NaTonorMm, obpasa Kus-
HW 1 NPOBOAVMMON NeKapcTBEHHOW Tepanuu. Mo3Tomy M3MeHeHue
KOHLEHTPaLMN BUOXMMUYECKUX MapKEPOB Ha GOHe neyeHUs He
[OMKHO MHTEPNPETUPOBATLCA M30IMPOBAHHO, KakK MU3MEHEHMe reHe-
TUYecKku 0bYCI0BNEHHOTO pUCKa. BbiaBneHWe coveTaHus Hebnaronpu-
ATHbIX FreHETUYECKNX BapMaHTOB C MOBbILWEHHbIMK YpoBHAMKU MMP-2,
MMP-9 1 VEGF MOXeT CyunTb OCHOBaHUEM A1 OTHeCEHMA NaLeH-
Ta K rpynne NoBbILEHHOTO PUCKA TAXKENOTO KAMHUYECKOro GeHoTMna
1 6onee TLWATENLHOTO AMHAMUYECKOTO HabatoaeHus. Mpu sTom npu-
MeHeHue [aHHOro Noaxofa A/A NPOrHO3MpPOBaHUA NocneayloLero
nepexoga C2-C3 B C4-C6 TpebyeT NpoCneKTMBHOW BaAuaaLmMN.

genesis and connective tissue remodeling; conversely, increased
circulating VEGF, MMP-2, and MMP-9 proteins reflect the current
functional activity of the corresponding angiogenic and proteolyt-
ic processes. At the same time, E-selectin and MCP-1 characterize
endothelial activation and the broader inflammatory component
of the disease. Current literature also supports the complex, inte-
grated involvement of genetic factors, inflammation, endothelial
dysfunction, angiogenesis, and extracellular matrix remodeling in
the pathogenesis of chronic venous diseases [19-21]. Taken to-
gether, these results form a distinct pathogenetic cascade span-
ning genetic predisposition, endothelial activation, local inflam-
mation, pathological angiogenesis, and proteolytic remodeling of
the extracellular matrix, ultimately culminating in the structural
and trophic changes characteristic of classes C4-C6.

The obtained data also have important implications for per-
sonalized risk assessment. Patient age reflects the cumulative
impact of clinical and hemodynamic stressors over time; MMP-2,
MMP-9, and VEGF levels characterize the current biological activ-
ity of remodeling and angiogenesis; and the VEGFA rs2010963,
MMP2 rs243865, and COL1A1 rs1800012 polymorphisms reflect
a stable, genetically determined component of individual pre-
disposition. A combined assessment of these parameters allows
for the simultaneous consideration of multiple levels of disease
pathogenesis. It is potentially far more informative than using a
single genetic or biochemical indicator in isolation.

From a practical standpoint, clinicians should translate these
results systematically and within the appropriate clinical context.
In the first stage, clinicians assess the disease class according to
the CEAP classification and the patient's age. In the second stage,
clinicians analyze biochemical parameters reflecting current
pathological activity: MMP-2 and MMP-9 serve as markers of ac-
tive extracellular matrix degradation, while VEGF indicates angio-
genic and endothelial activation. In the third stage, the hardwired
genetic component of individual predisposition is considered,
represented by the VEGFA rs2010963, MMP2 rs243865, and
COL1A1 rs1800012 polymorphisms.

A comprehensive interpretation of these overlapping fac-
tors is crucial, since genetic variants reflect a permanent, stable
predisposition, whereas biochemical parameters fluctuate with
disease activity, comorbidities, lifestyle, and pharmacological
therapy. Therefore, changes in biochemical marker concentra-
tions during treatment should not be interpreted in isolation as
variations in baseline genetic risk. Identifying a combination of
unfavorable genetic variants alongside elevated levels of MMP-2,
MMP-9, and VEGF may provide a reliable basis for classifying a
patient as at increased risk for a severe clinical phenotype, there-
by justifying more rigorous clinical follow-up. However, deploy-
ing this approach to predict subsequent longitudinal progression
from early (C2-C3) to advanced (C4-C6) stages requires future
prospective validation.

A combined assessment of clinical, demographic, biochem-
ical, and genetic parameters demonstrated high discriminatory
power in this cohort: the area under the receiver operating char-
acteristic curve (AUC-ROC) was 0.91, yielding a sensitivity of 81%
and a specificity of 88%. These metrics show a strong ability to
differentiate patients with clinical classes C2-C3 from those with
C4-C6 based on the specific combination of factors studied. The
potential clinical utility of this approach lies in identifying patients
with an unfavorable molecular genetic profile early in varicose
veins, who may benefit most from closer dynamic monitoring
and aggressive, individualized preventive strategies. Neverthe-
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KombuHMpoBaHHas OLEHKA KAWHWMKO-Aemorpaduyeckmx, buo-
XUMUYECKNX U FEHETUYECKMUX NapamMeTpOB NPOAEMOHCTPUPOBANA Bbl-
COKYIO AMCKPMMUHUPYIOLLYO cnocobHOCTb: niowaab nog ROC-Kpu-
Bol coctasuna 0,91 npwu yyscTBuTeNbHOCTM 81% M cneunduyHoCTU
88%. 3TN NoKaszaTenu CBUAETENbCTBYIOT O BO3MOXHOCTU A0OCTAaTOYHO
TOYHOTO pasrpaHUyeHnA NALMEHTOB C KAMHUYECKMMM Knaccamm C2-
C3 1 C4-C6 Ha OCHOBaHMM COBOKYMHOCTM UCCNEA0BaHHbIX HaKTOPOB.
[MoTeHUManbHOE KNMHMYECKOe 3HaUYeHWe AaHHOro NOAX0AA 3aK/tova-
€TCA B BblAENEeHUM Cpesiu NaLMEHTOB C HayaibHbIMU pOpMammM Bapu-
KO3HOIN 60Ne3HM NnL, ¢ HEBNAroNPUATHBIM MONEKYAAPHO-TEHETUYE-
CKMM Npoduraem, KOTOPbIM MOKET ObITb NOKa3aHo bonee TuaTesbHoe
[OMHaMuyeckoe HabnoLeHWe v MHAMBUAYaAM3aumus nevyebHo-npodu-
NAaKTUYECKOMN TaKTUKK. BmecTe ¢ Tem, BO3SMOXKHOCTb MCMO/Ib30BaHMA
No/MyYeHHbIX MOKa3aTenell MMEHHO ANA NPOrHO3MpOBaHWA nocne-
Aytolero nepexoga 3abonesanuna us C2-C3 8 C4-C6 Tpebyet noa-
TBEPXKAEHWA B NPOCNEKTUBHbIX MCCIef0BaHUAX.

OrpaHuyeHna uccneposaHua. MNpu MHTepnpeTauumn noayveH-
HbIX PE3y/bTaToB HEOOXOAMMO YYMTbIBaTb PAA OrpaHuyeHuid. Wc-
CNnefiloBaHMe HOCWAO 0DCEpPBALMOHHBIN CPaBHUTE/bHBIN XapaKTep
W BK/IIOYANO MALMEHTOB C yKe CHOPMUPOBAHHBIMU KAMHWUYECKUMU
Knaccamu C2-C3 n C4-C6, noaToMy BbiAIBNEHHbIE B3aMMOCBA3MN Cie-
[yeT paccmaTpuBaThb Kak accoLMalivmn, He No3BoAAIOLWMe Henocpea-
CTBEHHO OLEHUTb NPUYUHHO-CNEACTBEHHbIE OTHOLIEHMA U AMHAMUKY
nporpeccupoBaHua 3aboneBaHus.

Mccnepyemble rpynnbl pasnnyanmcb NO HEKOTOPLIM MCXOAHBIM
XapaKTepucTMKam, BKtovan Bo3pact v IMT, 4To MO0 OKa3blBaTb MO-
anduumpyrollee BAUAHWE HA NONYYEHHble pesynbTatbl. Ans ymeHb-
WEHWA BAMAHMA NOTEHLMAbHbIX CMELIMBAIOLLMX GaKTOPOB Npume-
HANCA MHOrOGAKTOPHbIV PErPECCUOHHbIV aHaN3, O4HAKO NOHOCTbIO
UCK/IIOYNTb BAIMAHWE HEYYTEHHBIX (AaKTOPOB MpU obcepBaLMOHHOM
[13aiiHe HeBO3MOXHO. BrMoxMMMUecKkme nokasaTenn onpeaensnuch
OAHOKPATHO WM MOI/IM 33BUCETb OT COMYTCTBYHOLLMX 3ab0NeBaHUIA U
ApYr1x NpUobpeTéHHbLIX GaKTOpOB.

MoneKynapHO-TEHETUYECKOE WCCaef0BaHNe bblI0 OrpaHUYeHO
aHanm3om 13 npeaBapuTeNbHO OTOBPAHHbBIX OAHOHYKNEOTUAHBIX NO-
NMMOPOU3MOB M He OXBaTbIBA/IO BCETO CMEKTPA HACeACTBEHHDBIX (aK-
TOPOB BapWKO3HOW 6onesHu. MccnefoBaHWe BbINOSHEHO B pamKax
OAHOW MONYNALMM, @ BHELUHAA BaANAALMA NONYYEHHbIX PE3YyNbTATOB
Ha He3aBUCUMOW BbIDOPKE He NPOBOAUAACK. B CBA3M C 3TUM, BO3MOXK-
HOCTb MPUMEHEHUA BbIABNEHHbIX aCCOLMaLIMIA AR UHANBUAYANbHOMO
NPOrHo3nMpoBaHua TpebyeT NOATBEPKAEHUA B Aa/IbHENLINX NPOCMEK-
TUBHbIX UCCNELOBAHUAX C AUHAMUYECKOW OLEHKOW BUOXMMMUYECKUX
NoKasaTeseli U BHELUHEN BaAnaaLmei NoayyeHHbIX Pe3ynbTaTos.

3AKNIOMEHUE

Pe3ynbTaTbl NpoBeAEHHOMO UCCEA0BaHUA MOKa3anu Haauuue
B3aMMOCBA3M TAKENbIX KAUHUYeckux popm BEBHK (C4-C6 no CEAP)
C PAAOM KNMHUKO-AeMorpaduyeckmx, bBUOXMMUYECKUX U MONEKyNAp-
HO-reHeTMYeckux GakTopoB. HesaBucMmas accoumaums ¢ Knaccamu
C4-C6 yctaHoBNeHa A1 Bo3pacTa, yposHen MMP-2, MMP-9 n VEGF,
a Takxe nonmmopodusamos VEGFA rs2010963, MMP2 rs243865
COL1A1rs1800012. CoBOKYMHOCTb BbIABIEHHbIX aCCOLMALLMI OTPAXKa-
€T y4acTve NpoLeccoB NPOTE0IMTUYECKOTO PEMOAENVNPOBAHMA BHe-
KNEeTOYHOTO MaTPMKCA, aHTMOTeHe3a M reHeTUYeckn obycoBAEHHbIX
0COBEHHOCTEN CTPYKTYPHO-PYHKLMOHANBHOMO COCTOSHWMS BEHO3HOW
CTEHKM B pOPMMPOBAHUMN TANKENOTO KAMHMYecKoro deHotuna 3abo-
NleBaHuA.

C KNMHWYeCKOW TOUYKM 3peHUA NPeAJIoKEHHbIN NOAXOL MOXKEeT
MCMO/b30BaTHLCA A/1A NEPCOHANM3UPOBAHHOW OLEHKM PUCKA Y Nauu-
€HTOB C Ha4a/IbHbIMM CTAAMAMM BapUKO3HOM 6oNe3HM. ITO OTKpbIBAET
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less, longitudinal prospective studies must confirm the feasibility
of using these indicators to predict progression from early to ad-
vanced disease.

Study limitations. Several limitations must be considered
when interpreting these results. First, the study design was ob-
servational and comparative, cross-sectionally evaluating patients
with established clinical classes C2-C3 and C4-C6. Therefore, the
identified relationships should be considered statistical associa-
tions, not direct evidence of cause and effect or real-time disease
progression dynamics.

Second, the study groups differed in several baseline char-
acteristics, including age and BMI, which may have modified the
results. Although multivariate logistic regression controlled for
these potential confounders, it cannot fully exclude the influence
of unmeasured or unaccounted variables inherent to an observa-
tional design. Furthermore, biochemical parameters were mea-
sured at a single time point and could have been transiently influ-
enced by underlying comorbidities or other acquired, non-venous
factors.

Finally, the molecular genetic phase of the study was limited
to analyzing 13 preselected single-nucleotide polymorphisms. It
did not cover the full, genome-wide spectrum of hereditary fac-
tors associated with varicose veins. Additionally, the study was
conducted in a single homogeneous population and did not ex-
ternally validate the predictive model in an independent sample.
Consequently, the clinical applicability of these identified associ-
ations for individual patient prognosis requires confirmation in
future prospective studies featuring dynamic, serial assessments
of biochemical parameters and external validation across diverse
cohorts.

CONCLUSION

This study demonstrates a significant association between
severe clinical forms of VVLE (CEAP classes C4-C6) and a distinct
constellation of clinical, demographic, biochemical, and molec-
ular genetic factors. We established robust independent asso-
ciations between advanced disease stages and patient age, cir-
culating MMP-2, MMP-9, and VEGF levels, as well as the VEGFA
rs2010963, MMP2 rs243865, and COL1A1 rs1800012 polymor-
phisms. Together, these markers highlight a multilevel pathoge-
netic cascade involving accelerated proteolytic remodeling of the
extracellular matrix, pathological angiogenesis, and hardwired
genetic vulnerabilities in the structural and functional integrity of
the venous wall that drive a severe clinical phenotype.

From a clinical perspective, this integrated multi-marker
approach can be utilized for personalized risk stratification in pa-
tients presenting with early-stage varicose veins. By identifying
individuals with an unfavorable molecular and genetic profile be-
fore advanced symptoms manifest, this model enables more in-
formed decisions about patient monitoring, optimizing the timing
of surgical intervention, and implementing aggressive, individual-
ized preventive measures to prevent the development of debili-
tating trophic disorders.
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BO3MOMHOCTU AN 60s1ee 060CHOBAHHOTO BbIOOPa TaKTUKM Habntoae-
HUA 1 NIeYeHUs, ONTUMMU3ALLMM CPOKOB XMPYPTMYECKOTO BMeLLaTe b-

CTBa ¥ NPoBeAEHUA NPOGUIAKTUYECKMX MEPOMNPUATUIA, HanpaBieH-
HbIX Ha NPeSoTBPaLLEeHNe Pa3BUTUA TPODUYECKMX HAPYLLEHWA.
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