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Aim. To estimate influence of thrombosis associated genetic factors on cardiovascular complications (CVC) occurrence in patients with stable ischemic heart disease (IHD) on the base of 5-year prospective survey.
Material and methods. A total of 503 patients with the mean age of 59.4 years were enrolled into the study. The follow-up period was 5.4 years. Composite endpoint included the following cases of fa-
tal and nonfatal CVC: death, acute coronary syndrome, ischemic stroke /transient ischemic attack, peripheral arterial thrombosis and revascularization of affected vascular system. We determined prevalence
and prognostic value of mutations and polymorphisms in genes that encode blood clotting factors (factor V Leiden G1691A, prothrombin G20210A, R-fibrinogen 455G> A), platelet GPllla receptor (C1565T)
and enzymes involved in homocysteine metabolism (methylentetrahydrofolate reductase (C667 T MTHFR) and A1298C, methionine synthase (MTR) A2756G, methionine synthase-reductase (MTRR)
A66G and transcobalamin (TCN) C776G).

Results. Overall incidence rate of vascular events made up 31.0%. MTHFR and TCN polymorphisms proved to be significant in regard to cardiovascular risk among all studied genetic indices. Carriage of at
least C667 T one MTHFR polymorphic allele increased risk of CVC 1.64 times (95% confidence interval (CI) 1.2-2.3, p=0.003). Homozygous carriage of MTHFR 1298 AA and TCN 776 CC “wild” geno-
types increased risk of CVC 1.63 times (95% CI 1.2-2.3, p=0.006) and 1.37 times (95% CI 1.001-1.89, p=0.04), respectively. Such genetic variants as MTHFR C667 T/CT and 1298 AA impacted prog-
nosis only given concomitant decrease in plasma folate level, which was observed in 56.1% of the patients.

Conclusion. It can be recommended to test the presence of MTHFR C667 T, MTHFR 1298 AA and TCN 776 CC, and to simultaneously assess folate level in IHD patients in order to clarify risk of unfavor-
able cardiovascular events.

Key words: stable ischemic heart disease, prothrombotic polymorphisms, homocysteine metabolism, folate

Rational Pharmacother. Card. 2011;7(4):409-425

BnmsiHue reHeTMYeCKNX (haKTOPOB, ACCOLIMMPOBaHHBIX C TPOMGO3aMK, Ha LONITOCPOYHbIN NPOrHO3 GONbHBIX XPOHUYECKOI ULeMUYecKoin GonesHbio cepaua
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Llenb. Ha 0CHOBaHWW pe3ynkTaToB NATUNETHErO NPOCMEKTUBHOMO HAbMIOAEHWS ONPEAENHTL POTTb FEHETHHECKMX (haKTOPOB, aCCOLMMPOBAHHbIX C TPOMOO3aMK, B Pa3BUTUM CEPAEYHO-COCYANCTBIX OCTIOX-
HeHui (CCO) y BonbHbIX Co CTabunbHOM Uwemmdeckon bonestsio cepaua (M6C).

Martepuan u MeToapl. B viccnesjoBaHyie Obinv BkNioyeHsl 503 60bHbIX, CPeAH BO3PACT KOTOPbIX COCTaBKA 59,4 neT. MpofomkuTensHOCTb Habniogerns — 5,4 rona. KoMOUHMPOBaHHas KOHeYHas To4-
Ka BK/lo4ana cyyan datanbHbix 1 HedatanbHbix CCO: cMepTyt, 0CTPOro KOPOHAPHOIO CUHAPOMA, ULLIEMUYECKOrO MHCYAbTa /TPaH3MTOPHOM VLLIEMYECKOM aTaky, nepudeprieckoro aptepranbHoro TpoM-
603a 11 peBackynAPM3aLYIM NOPaXEHHOTO COCYaUCToro bacceiHa. OnpegeneHbl PacnpOCTPaHEHHOCTb Y BAVAHIE Ha MPOrHO3 MyTaLMiA U MOMOPEK3MOB reHOB, KOLMPYIOLLMX (DaKTOpbl CBEPTbIBAHMA KPO-
8y (dakTop V NernpeH G1691A, nporpombut G202 10A, B-cmbpuHoren 455 G>A), peuentop Tpombouutos GPIlla (C1565T) 1 hepmeHTbl, y4acTBytoLLve B 0OMeHe roMoumcTenHa (MeTuneHTeTparia-
podonatpenykrasy (MTHFR) C667 T A1298C, MeToHuHcUHTa3y (MTR) A2756G, METUOHUHCKHTa3Y -peaykTasy (MTRR) A66G v TpaHckobanamut (TCN) C776G).

Pe3ynbTatbl. CyMMapHas 4actoTa COCYANCTbIX COObITUI cocTaBuna 31,0%. 113 Bcex M3y4eHHbIX reHeTYecKX noKasaTenei 3Ha4MMbIMU B OTHOLLEHWM PICKa Pa3BIUTUS COCYAMCTbIX COObITMA OKazannch
nonumopdr3mbl MTHFR 1 TCN. HocuTenbcteo xotst Bbl 0aHOM nonumopdHoi annen MTHFR 677 T nosbiwarno puck passutia CCO 8 1,64 pasa (95% poseputenbHbin nhtepsan (A1) 1,2-2,3, p=0,003).
TOMO3MIOTHOE HOCUTENBCTBO «AMKUX» reHoTMnoB MTHFR 1298 AA 1 TCN 776 CC nosbiwaro puck passutvs CCO, cooteetctaeqHo, B 1,63 pasa (95% M 1,2-2,3, p=0,006) n s 1,37 pasa (95% AN
1,001-1,89, p=0,04). BavisHve Ha NpoOrHo3 reHeTudeckux BapraHtos MTHFR C667 T/CT 1 1298 AA NposBRsnocs npy YCIoBUm COMYTCTBYIOLLETO CHUXEHWs YPOBHS (ONMEBOIA KUCTOTbI Ma3mbl Kpo-
BY, HabnioaasLuerocs y 56,1% ob6cnefoBaHHbIX GOMbHbIX.

3akntoueHme. BoiseieHve HocuTenbCTBa reHoTvnos MTHFR C667 T 1298 AA, n TCN 776 CC, a Take COMyTCTBYIOLLEE ONpPeaeneHme YpoBHS (onneBor KUCIOTb! MOTYT BbiTb peKoMeHA0BaHb! 607Tb-
HbIM VIBC C Liefbio YTOUHEHWS prcKa pasBUTUS HEONAronpUATHBIX CePAEYHO-COCYANCTBIX CODBITUI.

KntoueBble cnoBa: cTabunibHas ieMmryeckast bonesHb cepaua, NpoTpoMboTIYecKyie NoNMMOpPdK3Mbl, 0OMEH FOMOLMCTENHA, POomnveBas KNCIOTa.
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leHeTn4eckne npeankTopel nporHo3a npu VbC

Cardiovascular diseases attributed to atherothrom-
bosis such as ischemic heart disease (IHD) and cere-
brovascular disease (CVD) are the main reason of mor-
tality and incapacitation in developed countries. They
cause about half of all cases of death and about 23%
of cases of incapacitation in Europe [1].

Standard scales (SCORE, PROCAM, PRIME and oth-
ers) mainly evaluate clinical findings, and do not al-
low to adequately estimate cardiovascular complica-
tions (CVCQ) risk, and to reveal those who need active
preventive measures [1]. Detection of gene poly-
morphisms probably associated with atherothrombosis
will certainly be useful in cardiovascular risk estima-
tion. Prognostic value of gene polymorphisms, which
encode different classes of proteins involved in ath-
erosclerosis pathogenesis (apolipoproteins, kinesins,
integrins, inflammatory factors and others) is active-
ly studied now [2,3]. Considering close correlation be-
tween atherogenesis and thrombogenesis processes
itis important to study polymorphisms of haemosta-
tic system genes.

Correlation of some of them (primarily of Factor V
Leiden mutation and prothrombin gene polymor-
phism) with venous thrombosis and embolism, and with
systemic thromboembolic complications of atrium
fibrillation has been proved by now [4-7]. Population
surveys revealed no significant association of
atherothrombotic events with hemostatic system
hereditary impairment in initially healthy people [8-11].
It is not completely clear if prothrombotic mutations and
polymorphisms can be regarded as additional risk fac-
tors in patients with clinical findings of atherothrom-
bosis.

The aim of the study was to evaluate influence of
genetic risk factors associated with thrombosis on car-
dio-vascular complications occurrence in patients
with stable IHD based on five-year prospective study
results.

Material and methods

Patients over 35 with stable IHD were enrolled into
the study. Either anamnesis data (previous episode of
acute coronary syndrome (ACS) more than one month
ago or myocardium revascularization) or stress testing
and coronary angiography verified diagnosis of IHD.
Examination of patients included angina pectoris
functional class estimation (in accordance with clas-
sification adopted by Canadian Cardiovascular Socie-
ty) and heart failure functional class evaluation (in ac-
cordance with New York Heart Association classifica-
tion). All patients received 12-lead ECG monitoring and
echocardiography examination with left ventricle
ejection fraction detection.

Patients were also examined for CVD and periph-

3aboneBaHns cepLevHO-COCYANCTON CUCTEMbI, ODYCIOB-
NeHHble aTepOTPOMO030M, MPEXKIE BCEro MLLeMUYeckas OonesHb
cepaua (MBC) n uepebpoBackynspHas bonesHb (LIBE), aenstotcs
BedyLLen NPUYMHOM CMEePTHOCTU U MHBaNMAM3aLUmm HaceneHus
pa3BUTLIX CTpaH. Tak, B EBpone Ha 1X JOMo NPUXOOUTCH OKO-
J10 MOMOBWIHbI BCEX CJTy4aeB cMepTn 1 23 % ClydaeB yTpaTbl TPy -
nocnocobHoctn [1].

CraHpapTHbile Wwikans! (SCORE, PROCAM, PRIME n ap.), y4u-
ThIBaOLLME, KaK NPaBWIIO, TONBbKO KIMHUYECK/e NoKasatenu, He
MO3BOSAIOT MOMHOCTLIO OXapPaKTePX30BaTL CTeMNeHb PUCKa Cep-
J1€4HO-COCYaMCTbIX ocnoxHeHu (CCO) 1 BbIABUTL BCEX NNLL,
HY>KAAIOLLMXCA B akTUBHOM npodunakTuke [1]. Onpenenexme
reHeTU4eCKMX NOMMMOPU3MOB, KOTOPbIE MOV Obl ObITb CBS-
3aHbl C BO3HNKHOBEHMEM aTePOTPOMO03a, DE3YCIIOBHO, OKaXeTCS
nonesHbIM A5 OLEeHKM MHAMBUAYANBHOMO prcka 3Toro 3abo-
NeBaHMs. B HacTosLLee BpeMs akTVIBHO M3y4aeTcs NporHoCTy-
4yeckas 3Ha4YMMOCTb MONMMOPMU3IMOB MEHOB, KOAMPYIOLLMX
pa3nunyHble Knaccbl OenkoB, y4acTBYIOWMX B NaToreHese are-
pocknepo3a (anonmMnonpoTenHbl, KMHE3WHbI, MHTErpUHbI, (hak-
Topbl BOCManeHna U T.a.) [2,3]. Y4uTbiBas TeCHYIO B3aMMOCBS3b
NPOLLECCOB aTeporeHesa 1 TPoMOo0Opa3oBaHWs, 0COO0e BHU-
MaHMe NpuBIeKaeT NonMMopdmU3M reHoB CUCTEMbI FreMOCTasa.

Ha cerofHAWHWIM AeHb [lOKa3aHa CBS3b HEKOTOPbIX 13 HUX
(B nepsyto o4epedb — MyTaLUun akTopa V JlenaeH 1 nonu-
MOpdM13Ma reHa NPOTPOMOKMHA) C BO3SHUKHOBEHVEM BEHO3HbIX
TPOMOO30B 11 3MOO0NIA, @ TakKe CUCTEMHbIX TPOMO03MOOoNM-
4eCKMX OCNTOXHEHWNI MepLaTenbHOM aputMum [4-7]. Yo Kka-
CaeTCs aTepoOTPOMOOTUHECKIX CODBITUM, TO MOMYNALMOHHbIE 1C-
CnefoBaHUs He 0OHaPYXUIM 3HAYMMOM acCoLMaLMN BPOXK-
OEHHbIX HapYLLIEHNI CUCTEMbI FeMOCTa3a C UX Pa3BUTUEM Y NC-
XOAHO 300p0BbIX 1L, [8-11]. MoryT nu npotpomMboTnyeckme
MyTaLLMM 1 NONMMOPMU3MbI PacCMaTPMBATLCA B Ka4ecTBe [0-
NOMHUTENbHBIX (DaKTOPOB pricka (PP) y BoNbHBIX C yKe UMeto-
LWMMUNCS KIIMHNYECKUMUW NPOSBIEHVSIMU aTepoTpoM0O03a, A0
KOHLLa HeACHO.

Llenb paboTbl — Ha OCHOBAHWM PE3YSIETAaTOB MATUNETHETO MPO-
CMeKTMBHOIO HabnoAeHNs onpeaenuTb ponb reHeTudeckix O,
aCCcoUMMPOBAHHbIX C TPOMO03aMK, B Pa3BUTUM CEPAEHYHO-CO-
CYAMUCTbIX OCNIOXKHEHUI Y BONbHbIX CO cTabunbHon NBC.

MaTepuan n metoabl

[ns yqacts B MCCneoBaHUM OTOMPANMCh NaLMeHTbl B BO3-
pacte crapuie 35 net co crabusbHbIM TedeHnem NBC. [inarHos
NBC BepudULMPOBanca AaHHbIMM aHaMHe3a B BuAe nepeHe-
CEHHOTO 3MKM30[1a OCTPOro KOPOHapHoro crHapoMa (OKC) bo-
nee 1 MeC Hasaz Unm peBackynapusaLmm Mmokapaa, Unm C no-
MOLLbIO Harpy304HbIX CTPECC-TECTOB W KOPOHapoaHr1orpacbum.
ObcnenoBaHme DOMbHbIX BKITIOHANO OLEHKY hyHKLMOHANbHOMO
Knacca creHokapaymm (cornacHo KnaccudmkaLmm KaHaackoro Kap-
LMOMNOrM4eckoro oOLLEecTBa) 1 ABIEHNIA HeAOCTaTOHHOCT KPO-
BoOOpaLLieHNs (cornacHo knaccidukaLmm Huo-Mopkckor kap-
LMONOrMyeckon accoumanmm). Bcem 60nbHbIM perncrprpoBa-
nace K[ B 12 otBefeHMsX 1 NPOBOAUIACh IXOKapanorpapuns
C OLIeHKOM hpaKLmM BbIOPOCa NIEBOO XKeJy04Ka.
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eral artery occlusive disease (PAOD). The CVD diagnostic
criteria were as follows: previous ischemic stroke (IS)
or transitory ischemic attack (TIA) more than two
months ago, revascularization in carotid system,
carotid stenosis >50% (including asymptomatic) at du-
plex scanning. The criteria of PAOD were as follows:
decrease in ankle-brachial index <0.9 (asymptomatic
or with intermittent claudication symptoms) or previ-
ous revascularization of peripheral arteries.

Atherosclerotic lesion extent was estimated along
with “classic” cardiovascular risk factor, such as arte-
rial hypertension, smoking, diabetes mellitus, obesi-
ty, dyslipidemia, and renal insufficiency.

Exclusion criteria were recent episodes either of ACS
(less than 1 month ago) or of IS/TIA (less than 2
months ago), and signs of severe angina pectoris (func-
tional class IV) or of heart failure (NYHA 1V).

Patients with severe comorbidities which could au-
tonomously impact prognosis, such as active oncologic
process, lung diseases (type II-1ll respiratory failure),
renal failure (creatinine clearance <30 ml/min), and
hepatic failure (more than three times increase in ac-
tivity of transaminases and/or in total bilirubin level)
were also excluded from the study.

All patients were genotyped for allelic variants of
genes encoding the following hemostatic system ele-
ments: coagulation factor V (Leiden mutation,
G1691A), prothrombin (G20210A), fibrinogen
B-chain (455 G>A) and platelet glycoprotein llla re-
ceptor for fibrinogen (1565 T>C Leu33Pro).

We also studied polymorphisms in genes encoding
key enzymes of homocysteine conversion cycle. Preva-
lence of the following allelic variants of genes was es-
timated: methylentetrahydrofolate reductase (MTH-
FR) C667 T, MTHFR A1298C, methionine synthase
(MTR) A2756G, methionine synthase-reductase
(MTRR) A66G, and transcobalamin (TCN) C776G. We
also estimated folate and vitamin B, levels in plasma,
which are main cofactors of reactions catalyzed by these
enzymes (Fig. 1) [12,13].

"DNA-Technology” Research and Production Com-
pany (Russia) provided a base for genetic research, and
commercial sets of reagents. Genotype was detected
by the “real time" polymerase-chain reaction (PCR)
method with subsequent estimation of amplification
products melting curve and allele-specific fluorescent-
labeled oligo-nucleotide samples. Not less than 500
genome-equivalents per a reaction were studied.
Each sample was tested in two replications. PCR was
carried out in detecting amplifier DTprime (DNA-
Technology, Russia) in accordance with the following
protocol: 94°C - 10 sec, 64°C - 10sec, 72°C - 10 sec
during 45 cycles. Melting curves were obtained after
PCR by heating the reaction mixture within interval

Tak>Xe NpoBOAMIIOCh 0OC/IeA0BaHME Ha NpPeLMeT BbisiBe-
Hua LIBB 1 aTepocknepoTnyeckoro nopaxeHus apTepuini HxX-
HUX KoHevHocTel (AMAHK). Kputepusmm amnarHosa LIBB cny-
KU aHaMHe3 nlleMuydeckoro nHcynsta (M) nnm tpaHsn-
TopHOM nemndeckon ataku (TVIA) Bonee 2 mMec Hasag, pe-
BaCKynspun3aLmsa B baccerHe COHHbIX apTepUM, a TakxKe Hanm-
Yne KapoTnaHoro creHo3a >50% (B T.4. 6eCCMMITOMHOTO), Bbl-
ABIAEMOrO NPV AYNNeKCHOM CKaHWpOBaHWUW. Kputepmsamm
ATAHK ObInn cHUXeHMe NoabIXXeYHO-MNNe4yeBoro MHaoekKca
<0,9 (6eccMNTOMHOE MN C KITMHKKOW NepeMeXatoLLEencs Xpo-
MOTbI) MO0 NpeALecTByOLIAN peBaCKyNfpu3aLmsa nepude-
pPUYeCKNX apTepuin.

Hapagy ¢ onpeneneHvieM pacnpoOCTPaHEHHOCTM aTepo-
CKNepoTMHEeCKOro NpoLecca NpeaycMaTprBaach OLEHKa «Knac-
CNYHeCKNX» Cepae4HO-COCyaMCTbIX (PaKTOPOB pUCKa: apTepu-
anbHOW rMNepPTOHUN, KYPEHUS, CaxapHOro ArabeTa, OX1peHus,
HapyLeHWN NTUNUAHOTO OOMEHa, MOYEYHON HEAOCTAaTOHHOCT.

Kputepmsamm HeBKIIIOYEHMS B NCCedOBaHME ABASNNCH He-
nasHue anm3oabl OKC (MeHee 1 mec Hazag) nnu W /TUA (me-
Hee 2 Mec Ha3ap), Hannde KIMHVIKM Tsxxenow creHokapamm (1V
(DYHKUMOHaNbHbIN KNacc) NMbo HefoCTaToOHHOCTU KPOBOOO-
paterns (NYHA V).

Kpome Toro, He BkJIlOHaNuCh DOMbHbIE C TAXENOM ConyT-
CTBYIOLLIEM NATONOrMei, CoCODHOM OKa3aTb CaMOCTOATENbHOE
B/IVISIHME HA MPOMHO3, B TOM HICIIE C aKTUBHBIM OHKOIOMM4eCKM
NPOLLECCOM, BbIPaXKeHHbIMU HapyLLeHUAMM QYHKLMM OpraHOB
IbixaHus (ObIxaTenbHas HeQOCTaTOYHOCTb 2-3 CTEMNEeHM), NoYek
(knupeHc kpeatvHMHa <30 MII/MWH) UK nedenu (Gonee
4yeM TPEeXKPATHOE MOBbILLEHWE aKTUBHOCTW TPaHCaMMHa3 1/ 1nm
YPOBH$ 00LLEero bunmpydmnHa).

Bce OonbHble ObiN reHOTUIVPOBAaHbI MO aefbHbIM Ba-
PWaHTaM reHoB, KOAMPYIOLWMX CnefytoLlime KOMNOHEHTbI CA-
cTeMbl remocTasa: V hakTop cBepTbiBaHWs (MyTauus JledaeH,
G1691A), npotpombuH (G20210A), B-uenb hrnbprHOreHa
(455 G>A) 1 rukonpoTeurH llla TpoMBoLMTaPHOTO PeLLenTo-
pa dhurbpuHoreHa (1565 T>C Leu33Pro).

Takxe M3y4anucb NOAMMOPU3MbI FTEHOB, KOOMPYIOLLMX
KIoyeBble epMeHTbl Lnkna obMeHa romouunctenHa. W3-
y4anacb pacnpocTpaHeHHOCTb ansiefbHbIX Bap1aHTOB reHOB Me-
TuneHTeTparngpodonatpenykrassl MTHFR C667 T, MTHFR
A1298C, MeToHNHCMHTa3bl (MTR) A2756G, METUOHNHCUH-
Ta3bl-peaykTasbl (MTRR) A66G 1 TpaHckobanamuHa (TCN)
C776G. Kpome Toro, onpefenanocs Coaep>xaHue B nnasme ¢o-
nuesow kucnotbl (OK) 1 BUTaMmHa By ,, ABNSIOLWMXCA OCHOB-
HbIMW KOaKTOpamMu peakumu, Katanmsrpyembix OaHHbIMM
epmeHTamm (puc. 1) [12, 13].

[eHeTnYeckoe 1ccnefoBaHyie Obino BbinonHeHo Ha baze HIMD
«IHK-TexHonorus» C Mcnonb3oBaHMemM KOMMepYeckmnx Habo-
poB peareHToB ([JHK-TexHonorus, Poccus). TeHoTun onpefe-
NSV METOA0M MofMepasHo LenHon peakuum (MLLP) «B pe-
anbHOM BPEMEHW» CO CHATMEM KPUBbIX NaBAEHNS NPOLYKTOB
aMnndrkaumm 1 annenb-cneunduyHbiX (ayopecLeHTHO-
MeYeHbIX ONMIOHYKNeoTUOHbIX NMpobd nocne MUP. B ccneqoBaHme
Opanu He MeHee 500 reHOM-3KBMBANIEHTOB Ha peakLmio. Kax-
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S-AM=S-adenosylmethionine; S-AH=S-adenosylhomocysteine;
DHF=dihydrofolat; THF=tetrahydrofolat; 5-MeTHF=5-methyltetrahydrofolat;
5,10-MTHF=5,10-methylen tetrahydrofolat

S-AM=S-apeHo31nMeTVOHMH, S-AT=S-aneHo3unromoumctent, ATO=puruapodonar,
Tr®=retparugpodonar, 5-MeTr®=>5-metunterparvapodonar,
5,10-MTI®=5,10-MeTnneHTeTparnapocdonar

Figure 1. Homocysteine metabolism
Puc. 1. MeTabonnsm romoumcrenHa

of 40-94°C. PCR results were analyzed automatical-
ly with DTprime software, version 7.5 (DNA-Technol-
ogy, Russia).

Abbot AxSYM System and commercial set of
reagents AxSYM Folate were used to detect folate con-
centration by the ion trap method. Reference values of
folate concentration were 7.2-20 ng/ml.

Abbot AxSYM System and commercial set of
reagents AXSYM B, were used to estimate vitamin
B, level by the enzyme immunoassay method. Ref-
erence values of cobalamin concentration were 200-
1000 pg/ml.

At the beginning of the study drug therapy was eval-
uated, and, if necessary, it was corrected in line with
contemporary evidence-based guidelines. All patients
were recommended to take antiplatelet agents (acetyl-
salicylic acid, clopidogrel or their combination), -block-
ers, ACE-inhibitors, and statins if no contraindications
were revealed.

The mean follow-up period made up about 5
years (3-7.5 years). The following fatal and nonfatal
CVC were registered during the follow-up period: car-
diovascular death, ACS, IS, TIA, peripheral arterial throm-
bosis, and affected vascular system revascularization
(coronary bypass, percutaneous coronary intervention,
carotid endarterectomy, and lower limbs revascular-
ization).

Statistical analysis was performed in Statistical
Analysis System (SAS). The Cox proportional hazards
model using SAS PROC PHREG procedure was applied
to model survival rate and to estimate significant prog-
nostic indices (clinical, biochemical, genetic). We used
a macroprocedure to test significance of many con-

[bll 0bpasel, TecTMpoBanu B AByx nosTopHocCTax. MUP npo-
BOOMNN B AeTekTUpytoLlem amnnndukatope OTnpanm (JHK-
TexHornorus, Poccus) no cnepyolernt nporpamme: 94°C— 10
cek, 64°C— 10 cek, 72°C— 10 cek B Te4eHme 45 LMKIOB CO
CHATVEM KPpUBbIX MnasfieHns nocsie MNLIP nytem Harpesa pe-
aKLMOHHOM cMecu B UHTepBane ot 40 no 94° C. AHanus pe-
3ynbraTos MNLP npoBoanav B aBTOMaTUHECKOM pexXmnme C UC-
Nonb3oBaH1eM NporpaMMHoro obecrneyeHus Bepcn 7.5 K npu-
6opy OTnpanm (OHK-TexHonorus, Poccus).

KoHueHTpaumio K onpenensnm MeTogoM 3axBaTa MOHOB
C UCMOMb30BaHMEM KOMMepYeckoro Habopa peaktneos AXSYM
Folate Ha npnbope «AXSYM System», Abbott. PedbepeHcHble
3HaYeHnst KoHUeHTpaumm OK 7,2-20 Hr/m1.

YpoBeHb BUTaMUHa By, onpepensny MeToaoM MMMYHO-
PepMeHTHOrO aHanM3a C UCMOMb30BaHMEM KOMMEPYECKOTO Ha-
Oopa peakTiBoB AXSYM B, Ha nprbope «AxSYM System», Ab-
bott. PecbepeHcHble 3Ha4YeHUs KOHUEHTpaumu kobanammHa
200-1000 nr/mn.

[Npw BKITIOYEHUM B UCCIELOBaHKE NPOBOAMIIACk OLEHKa Me-
[VKaMEHTO3HOW Tepanumm 1 B cJly4ae HeobXOAMMOCTU — ee Kop-
peKLMs B COOTBETCTBMM C peKOMEeHOALMAMM, OCHOBAHHBIMU Ha
COBPEMEHHBIX MPUHLMMAaxX AOKa3aTelbHOW MeAyvLMHbI. Bcem
OObHbBIM MPY OTCYTCTBUM MPOTUBOMOKAa3aHNIA Obll peKOMEH-
[lOBaH MpreM aHTMarperaHtoB (acnupuHa, Knonugorpena
NN X KOMOWHaUMK), Geta-0nokaTopos, nHrMbuTopos AMNd
M CTaTUHOB.

MpOoAONXNTENbHOCTb HabMoAeHNA cocTaBMna ot 3 Ao 7,5
net (B cpegHeM 5 neT), Ha NPOTAXKEHWN KOTOPbIX PErncTpu-
poBanu crnefytolme gatanbHble 1 HedaTanbHble CCO: cep-
OevHo-cocyauctyio cmeptb, OKC, W, TUA, nepudepnde-
CKUA apTepuanbHbI TPOMOO03, Cilydan peBacKynspusaumm
MOPaXXeHHOro CoCyaMcToro bacceiHa (KopoHapHoe LWyHTUPO-
BaHWe, 4YPECKOXXHOE KOPOHAPHOEe BMeLLIATeNbCTBO, KaPOTUAHYIO
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tinuous, categorical and categorized indices, con-
sidering influence of indices with proven signifi-
cance (such as age) that were forcibly included into
the model.

Significance of analyzed variables was evaluated by
Wald chi-square test. The obtained values are presented
in tables and figures as n (%) and M£m.

Results

Atotal of 503 patients (387 men and 116 women)
with the mean age of 59.4 were enrolled into the study
(Table 1).

High prevalence of atherothrombosis risk factors,
including arterial hypertension (89.4%), smoking
(36.4%), diabetes mellitus (18.5%), obesity
(33.2%), and renal function impairment (53.6%)
was observed. Three quarters of the patients suffered
from angina pectoris of functional class II-1ll. More
than a half of the patients had experienced episodes
of ACS with or without ST-segment elevation, and
nearly 20% had severe multivessel impairment of
coronary system. Almost a quarter of the patients
(24.4%) revealed clinically significant atherosclerotic
lesion of more than one vascular basin. 18.5% of the
patients revealed IHD in combination with CVD;
24.4% of the patients had both IHD and PAOD; 7.9%
of the patients demonstrated widespread damage of
all the three main vascular systems.

Genotyping results are summarized in Table 2. Pre-
dictably, Leiden mutation and prothrombin gene poly-
morphism were most rarely found in the examined co-
hort (in 3.6% and 2.4% of the patients respectively).
Majority of the patients were heterozygous for these
polymorphisms; homozygous presence of Leiden mu-
tation was found only in one patient.

More than a half of the patients revealed 455 G>A
polymorphism in the fibrinogen -chain gene, which
is located in 5’-end noncoding region of the gene and
does not cause any structural changes of protein, but
leads to increase in its plasma level. One third of the
patients shown C1565T polymorphism in gene of
platelet fibrinogen receptor Illa subunit which is re-
sponsible for the final stage of platelet aggregation.

Polymorphisms in genes that encode proteins in-
volved in homocysteine metabolism were observed sig-
nificantly more often. These were: MTHFR C677T —
50.8%; MTHFR A1298C-54.7%, MTR A2756G -
53.1%, MTRR A66G - 60.1% and TCN C776G~-
61.9%.

Follow-up period was 3.5 to 7.5 years (mean du-
ration - 5.4+0.1 years). Cardiovascular complications
registered in IHD patients are summarized in Table 3.

Cumulative frequency of endpoint calculated as a
sum of all cases of atherothrombosis exacerbation (fa-

3HOAPTEPIKTOMMUIO, PEBACKYNAPU3ALMIO aPTEPUIN HUKHIX KO-
HeyHoCTel).

CTaTUCTUHECKM @aHaNM3 AaHHbIX NPOBOAMNCA B cucTeMe SAS
(Statistical Analysis System). [1nsa MOOenNMpPOBaHNS BbiXXBae-
MOCTW 1 onpefenenns NporHoCTM4eCKM 3HaYMMbIX MOKasaTe-
nen (KNMMHNYeCKNX, BUOXUMUYECKUX, FeHETUYECKIMX ) UCMOSTb-
30Banach PerpeccMoHHas MoLenb MPOnopLIMIOHaNbHOMO pUC-
ka (Kokca), peanvsoBaHHas B npouenype SAS PROC PHREG.
Bbina ncnonb3oBaHa MakponpoLeaypa, No3BoNnsAoLan TecTu-
POBAaTb Ha 3Ha4IMOCTb MHOXECTBO HEMPEepPbIBHbIX, KaTeropm-
anbHbIX UK KaTeropmM3oBaHHbIX MNOKa3aTenewn Npm y4yeTe BANS-
HWS 3aBEOMO 3Ha4YMMbIX NokasaTtenen (Takmx Kak BO3pacT),
BKJIOHaEMbIX B MOAENb HACUNBbCTBEHHO. 3HAYNMOCTb TeCTU-
pyeMbIX MepeMeHHbIX Onpeaeninach C NOMOLLBI0 aCUMMATOTU -
4eCcKoro KpuTepUs xm-kKBagpat Banbaa. B Tabnuuax v prcyH-
Kax MomyyeHHble 3Ha4YeHnst NpeacTaBneHs! B Buae N (%) n MEm.

PesynbTaThl

B nccnegoBaHue Obinn BkoYeHbl 503 OonbHbIX (387
MY>XKYMH 1 116 KEHLLMH), CPeAHWN BO3PACT KOTOPbIX COCTaBMS
59,4 net (1abn. 1).

bbina BbisiBNEHa BbICOKas pacnpocTpaHeHHocTb OP aTte-
pPOTPOMDO03a, BKoYas apTeprasbHyto rneptoHnio (84,9%),
KypeHune (36,4%), caxapHbiin aunabet (18,5%), oxupeHue
(33,2%) 1 HapyLweHe dyHKLMM nodek (53,6% ). Tpu YeTBepTH
nauveHToB UMenn creHokapamio Il=Ill @yHKLUMOHaNnsHOro
knacca. bonee NonoBMHbI 6OMNbHBIX paHee NepeHecn 3Nmn3omn,
OKC c nogbemom nnm tes nogbemMa cermenTa ST, v noyt 20%
MMEeNU TAXeNoe MHOrOCOCYANCTOE MOPaXKeHME KOPOHAPHOIO
pycna. Moyt yeTBepTh NaumeHTos (24,4%) xapakTepu3osa-
JINCb KIIMHWYECKU 3HAYMMBbIM aTepOCKNIepOTUHEeCK M NMopa-
eHnem bonee Yem B 1 cocyamctoM bacceriHe. CovetaHne NBC
¢ LUBB Obino BeisiBneHo y 18,5% nauneHtos, MBC c AMAHK —
y 24,4%; 7,9% O0rnbHbIX IMEeNM pacnpocTpaHeHHOe NopaxkeHve
BCEX TPEeX OCHOBHbIX COCYAMNCTbIX DAaCCeNHOB.

Pe3ynbTaThl FeHOTUNMPOBAaHWSA NpeacTaBneHbl B Tabn. 2. Kak
1 OXKMAANoCh, B 006C/1e,0BaHHOM KOropTe pexke BCero BCTpeya-
NUCb MyTauVa JleraeH 1 NonMMopdm3M reHa NpoTpoMbimHa (co-
OTBETCTBEHHO, Y 3,6% U1 2,4% nauueHToB). bonbluas YacTb
DonbHbIX OblNa retepo3mMrotaMu No ykasaHHbIM MOAMMOP-
dr3MaMm, roMO3UIrOTHOE HOCUTENBLCTBO MyTaLK JlenaeH Obino
BbISIB/IEHO TOMIbKO Y OAHOMO NaLeHTa.

MoYTM Y NONOBUHbBI OOMbHbIX ObIN BbISBIEH NMONMMOP(MN3M
455 G>A B reHe B-uenu prbprHoreHa, KOTOpbI NOKann3o-
BaH B 5'-KOHLLEBOW HEKOAMPYIOLLEN YacTW reHa M He BbI3blBa-
eT CTPYKTYPHbIX M3MeHeHWI Denka, HO MPUBOAMT K MOBbILLEHNIO
ero ypoBHS B Ma3me KpoBW. Y TPeTW NaLmMeHToB obHapyKeH
nonumop®u3m reHa cyobeamHuuel llla C1565T TpomboLum-
TapHoro peuentopa K GprUOpUHoreHy, OTBETCTBEHHOTO 3a (u-
HaJbHbIM 3Tan arperaumm TPOMOOLIUTOB.

3HauMTENbHO YalLle BCTPEYanicb NoNMMOopPdM3Mbl reHoB Oen-
KOB, y4acTBYIOLLIMX B 0OMeHe romouuctemHa: MTHFR C667 T
— 50,8%; MTHFR A1298C — 54,7%; MTR A2756G —
53,1%; MTRR A66G — 60,1% nTCN C776G —61,9%.
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Table 1. Clinical characteristics of patients with stable IHD included into the study (n=503)

Tabn. 1. KnuHnyeckas xapaktepuctuka 6onbHbIx ctabunbHom NBC, BKNtoYeHHbIX B UccnegoBaHue (n=503)

Parameter /Mapamerp Value*/3HayeHne*
Men/MyX4yHbl 387(76.9)
Age, years/Bo3pacr, rofip 59.4+0.4
"Classic” risk factors /«Knaccuyeckue» dakTopbl prcka

* Arterial hypertension /ApTepranbHas r1nepToHms 427 (84.9)

+ Smoking in anamnesis /currently /KypeHue B aHaMHe3e /B HacTosLLee Bpems 183(36.4)/118(23.5)
* Diabetes mellitus /CaxapHbli1 Aviaber 93(18.5)

+ Total cholesterol, mmol /I /06w xonectepuH, Mmonb/ 1 5.240.06

+ Triglycerides, mmol /| /Tpurnuuepuasl, MMonb/ A 1.9+0.04

* Hypercholesterolemia** /TnepxonecrepnHemns** 405 (80.5)

« BMI, kg/m2/VIMT, kr /m2 28.540.19

+ Overweight (BMI 25.0-29.9 kg/m2) /Obesity (BMI >30.0 kg/m2)/
W36biTo4Has Macca Tena (UMT 25,0-29,9 kr/m2) /Oxwpetye (MMT >30,0 kr/m2)

226 (44.9)/167 (33.2)

Mild to moderate renal insufficiency (creatinine clearance 30-89 ml/min)/

HavanbHoe 1160 yMepeHHoe HapyLueHe MYHKLM MoYeK (KMpeHe kpeatiHiHa 30-89 Mi/MUH) 269 (53.6)
Anamnesis of erosive gastritis /AHaMHe3 3p0o3VBHOrO racTpuTa 73 (14.5)
Angina pectoris of functional class II-IIl /CreHokapaus HanpsxeHs [1=11l dyHKLMOHaNbHbIM Knacc 378(75.1)

Previous ACS with ST elevation /without ST elevation/OKC B aHaMHe3e ¢ nobemom ST/6e3 nogbema ST

291(57.9)/116 (23.1)

Previous PCI/CB/ 4YKB/KLLl B aHamHe3e

333(66.2)/64 (12.7)

Left bundle branch block complete /incomplete /bnokana JIHMT nonHas /HenonHas

27(537)/11(2.2)

Chronic heart failure NYHA II-11l /XpoHieckas cepaeyHas HegoctatoqHoctb NYHA [1-Il] 35 (6.96)
LV EF <40% /DB X <40% 32(6.36)
Coronarography results: /Pe3ynsraTbl KopoHaporpacum:

+ Monovascular lesion/OnHococyamcroe nopaxeHue 142 (28.2)
* Bivascular lesion/[1Byxcocyamcroe nopaxeHue 127(25.2)
+ Lesion of three vessels or of the LCA trunk /MopaxeHvie Tpex cocynos nvbo crona JIKA 95(18.9)
+ Absence of coronarography/KopoHaporpadus He BbInonHsacs 139 (27.6)
Concomitant cerebrovascular disease/ConyTcTayioluas LiepebpoBackynsipHas onesHs 93(18.5)
« Ischemic stroke >2 months ago/VLemmyeckiin MHCynkT >2 Mec Ha3ag 32 (6.4)

* TIA >2 months ago/TWIA >2 Mec Ha3az 16 (3.2)

+ Carotid artery stenosis »50% /CreHo3 coHHow apTepun »50% 62(12.3)
+ Endarterectomy/angioplasty >2 months ago/3Haaprep3kToMus /aHronnactvika >2 Mec Hasag 12(2.4)
Concomitant peripheral arteries atherosclerosis /ConyTcTBytoLLiA aTePOCKNEPO3 apTePMI HIUKHIIX KOHEYHOCTEN 123 (24.4)
+ Ankle-brachial index SBP £0.9/JlogbixeyHo-nneyesoi nHaekc CAZL 0,9 107 (21.3)
« Intermittent claudication /MepemeXxaloLuascs xpomora 47(9.3)

* Peripheral arteries intervention (bypassing/angioplasty) >2 months ago/
BMelLaTenbCTBO Ha nepudepuyeckix aptepusx (LYHTMPOBAaHWe /aHrMoNNacTka) >2 Mec Hasag 6(1.2)
* Data are shown as n (%) or M£SD.
** One of the following criteria: total cholesterol >5.0 mmol/I, cholesterol of low density lipoproteins 3.0 mmol/I or lipid-lowering therapy. BMI - body mass index; ACS - acute
coronary syndrome; PCl — percutaneous coronary intervention; CB — coronary bypass; LV EF — left ventricle ejection fraction; LCA - left coronary artery; TIA - transient ischemic at-
tack; SBP — systolic blood pressure.

* [laHHble npeacTaBneHbl B Buae n (%) vam M£SD.

** OfIWH 113 KpUTEpHEB: YPOBEHb 0DLLEro XonectepuHa 25,0 MMOTb /11, XOnecTepHa NMMONpPOTENHOB HW3KOV MAOTHOCTY 3,0 MMONb /11 B0 MpUeM rnon nuaemMU4eckux npena-
patoB. IMT - ntaekc Maccs Tena; OKC — ocTpbiit KOpOHapHbIM cuapoM; YKB — ypeckoxHoe kopoHapHoe BMelLaTenbcteo; KLU — kopoHapHoe LwyHTposaHye; JIHMT — nesas
HoxKa ny4Kka lica; OB JIX — cpakums BbIbpoca nesoro xenynouka; JIKA — nesas kopoHapHas apTepus; TUA — TpaH3uTopHas MleMryeckas ataka; CALL — cuctonuyeckoe apre-
puanbHoe Aasrexue

tal and nonfatal) made up 21.1%. Frequency of Mepvon HabMoAeHWs 3a NauMeHTaMm cocTaBmn ot 3,5 1o
composite endpoint (a sum of atherothrombosis ex- 7.5 net (B cpeaHem 5,4%0,1 roga). CepaeyHo-CcocyancTble
acerbation cases and of affected vascular system OCNOXHEHWS, 3aperncTprpoBaHHble y bonbHbIX NBC, npea-
revascularization cases) was 31%. CTaBneHbl B Tadn. 3.

The Cox proportional hazards regression model was KyMynsTrBHas 4actoTa KOHEHHOW TOYKI, OnpeaeneHHon Kak
used to model survival rate and to estimate prognos- CyMMa BCex cfly4aeB 060cTpeHns atepoTpomb0o3a (haTanbHbix
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Table 2. Prevalence of the studied genetic polymorphisms in patients with stable IHD (n=503)
Tabn. 2. YactoTa BbISBNEHWUS N3YYEHHbIX reHeTUYeCcKUX NoanmMopchmamoB y 6onbHbIX cTabunsHor NBC (n=503)

Polymorphism/Monumopdusm

Possible effects /Bo3moxHble 3peKTbl

Rate /YacroTa BcTpeyaemocty

Total /Bcero hetero/homozygotes/
reTepo,/romMo3uroTbl

Blood clotting factors /®akTopbl cBepTbIBaHNUS KPOBM
Leiden Factor VV/ Factor V resistance to activated protein C/Pe3ucreHTHoCTb
®akrop V NeraeH (G 1691A) akTopa V K akTuBMpoBaHHoMy npoteny C [14-15] 18(3.6) 17 (3.4)/1(0.2)
Prothrombin gene/ Increase in prothrombin expression, rise of prothrombin serum
leH MpoTpomOuHa (G20210A) level /MoBbILLEHVIE 3KCPeCcUM MPOTPOMOVIHA, YBENMYeHME

CofiepXXaHus NpOTPOMOIIHa B KpoBM [16] 12(2.4) 12(2.4)/-
Gene of fibrinogen B-chain/ Increase in fibrinogen expression, rise of fibrinogen serum level/
fen B-Lenu dnbpuHoreHa (455 G>A)  ToBbllleHKe 3kcnpeccum hrbpUHOreHa, yBenuyeHm1e

cofiepxanus hmbpuHoreHa B kposw [17, 18] 218 (43.4) 184 (36.6)/34 (6.8)
Fibrinogen platelet receptor/TpomGoLmTapHbIii peLientop hrGprHoreHa
GPllla (C1565T) Increase in sensibility to aggregation inductors /Ysenuyerue

YyBCTBUTENbHOCTY K MHAYKTOpaM arperatyn [19, 20] 158 (31.4) 132(26.2)/26 (5.2)

Enzymes involved in homocysteine metabolism /®epmeHTbl, yyacTByiolume B 06MeHe romovpctenta [21-30]

MTHFR (C667 T)

Decrease in enzyme activity due to increase in thermolability,

[homocysteine] T/ CHUXeHMe hepMEHTATUBHOM aKTUBHOCTYA

33 cyeT Gonbluer TepmonabunbHocT, T [romouucTenHal 255 (50.8) 213(42.4)/42 (8.4)
MTHFR (A1298C) Decrease in enzyme activity (?), homocysteine level - (2)/

CHIXeHVe hepMeHTATUBHO akTBHOCTH (?),

YPOBEHb romoLucTenHa - (?) 275 (54.7) 213(42.4)/62 (12.3)
MTR (A2756G) Decrease in enzyme activity (?)/

CHIXEHVE (hePMEHTATUBHOM aKTUBHOCTY (?) 267 (53.1) 182(36.2)/85(16.9)
MTRR (A66G) Decrease in affinity to MTR, homocysteine level - (?)/

CHeHve aduHHOCTY K MTR, ypoBeHb romolictenHa — (?) 302 (60.1) 188 (37.4)/114(22.7)
TCN (C776G) Decrease in TCN affinity to vitamin B+, lowering of By,

bioavailability /CHixeHme adyHHOCTM TCN K BUTaMUHY

By,, yMeHblUeHvie brogocTynHocTy By, 309 (61.9) 212 (42.6)/97 (19.3)

Data are shown as n (%) / laHHble NpefcTaBneHbl B Biige n (%)

tic indices. Independent clinical predictors of CVC
were defined. These were: angina pectoris of functional
class Il-1ll and previous myocardial infarction, three main
coronary arteries or the left coronary artery trunk le-
sion, and concomitant atherothrombosis in cerebral and
peripheral vascular systems. Moreover, such factors as
high body mass (body mass index (BMI) >31.6
kg/m2), renal function impairment (creatinine clear-
ance <67 ml/min), and erosive gastritis in anamne-
sis revealed independent influence on prognosis.

We used two models to evaluate influence of
genotype on prognosis: dominant (at least one vari-
ant allele in comparison with normal homozygote) and
recessive (a variant homozygote in comparison with
at least one normal allele).

Leiden mutation, which is traditionally associated
with venous thrombosis, had no significantimpact on
incidence of unfavorable cardiovascular outcomes. Prob-
ably, its low prevalence (especially in homozygous vari-
ant) in studied population of patients with stable IHD

1 HedhaTanbHbIX), coctaBuna 21,1%. Yactota KOMOUHMPOBAHHON
TOYKM, 0ObeaVHMBLLEN CNyHan 060CTpeHMs aTepoTpoMbo3a n
PEBACKyNAPM3aLLIN MOPaXKeHHOro cocyamcToro baccenHa, co-
craBuna 31%.

[na mMooennpoBaHWs BbIXXKMBAEMOCTU U OnpefeneHns
nokasaTtenem, 3Ha4MMbIX B OTHOLLEHWW pa3BUTUS 06OCTpeHNs
atepoTpomMbo3a 1 NoTPeObHOCTN B NpoLenypax peBackyns-
pyM3aumMmM, MCNoNb3OBaNach PerpeccMoHHas Moaeflb Npo-
nopLmMoHanbHoro pucka Kokca. bbiniv onpefeneHbl He3aBu-
CUMBble KIIHMYeckue npeaukropsl passuta CCO. mu oka-
3ancb Hanunyme cteHokapaum ll=Ill pyHKLMOHaNsHOro Knac-
Ca 1 NOCTUHMAPKTHOIO KapAMOCKepo3a, NopaxeHK e Tpex oc-
HOBHbIX KOPOHAPHbIX apTepuin NMOO CTBOMA NIEBOW KOPOHAPHOM
apTepum, COMyTCTBYOLIME MPOSIBNEHUSA aTepoTpomMbo3a B
LepebpansHOM 1 nepuhepryeckoM COCyanCTbIX baccen-
Hax. Kpome TOro, He3aBUCUMbIM BAMAHMEM Ha MPOrHO3
obnapnany Takune hakTopbl, Kak Bbicokasi Macca Tena (MHaekc
mMaccbl Tena (MMT) >31,6 kr/m?2), HapyLueHne dyHKLMU No-
dek (KNMpeHc KpeaTnHuHa <67 MIT/MWH) U aHaMHe3 3po-
3MBHOrO racTpuTa.
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Table 3. Cardiovascular complications in patients
with stable IHD according to the prospective fol-
low-up data (n=503)

Tabn. 3. Cepae4HO-COCYANCTbIE OCTOXHEHUS
y 6onbHbIX cTabunbHom NBC, No AaHHbIM
npocnekTMBHOro HabntogeHms (n=503)

Cardiovascular complications/

CepAey4HO-COoCyaNCTbIE OCNOXHEHMS n
Cardiovascular death /CepneyHo-cocyamcras cMepTs 25
* Sudden death/BHe3anHas cmepTb 19

+ Fatal myocardial infarction /®atanbHbii vH(apkT MMokapaa 6

Nonfatal atherothrombotic complications/
HedatanbHble aTepoTpOMBOTIYECKIE OCTOXHEHUS 81

+ Myocardial infarction /VHdapkT Mrokapaa 18
+ Unstable angina pectoris /HectabunbHas creHokapaus 37
+ Ischemic stroke /Vwemmseckiin MHCyner 10

« Transient ischemic attack /TpaH3uTopHas ulemnyeckas ataka 14
* Peripheral arteries thrombosis/
Tpomb03 nepudepuyeckyix apTepui 2

Cardiovascular death /ACS /IS /TIA /peripheral thrombosis/
CeppaeyHo-cocyancras cmeptb/OKC/UN/TUA/

nepudepryeckmi Tpomoo3 106 (21.1%)

Revascularization of the main vascular systems/

PeBacKynsp13aLims OCHOBHbIX COCYAMCTbIX GaccenHoB 60
+ Percutaneous coronary intervention/

YpeckoXxHoe KOPOHapHOe BMeLLIaTeNbCTBO 29
+ Coronary bypass/KopoHapHoe LyHTVpoBaHue 19
+ Carotid endarterectomia/KapotvaHas 3HAapTepakTomMus 10

* Lower limbs arteries bypass /LLlyHTpoBaHue
aPTEPUI HXKHWX KOHEYHOCTEN 2

Cardiovascular death /ACS /IS /TIA /peripheral thrombosis

/necessity of the main vascular systems revascularization/
CepaeyHo-cocyauncras cvepts/OKC/UN/TUA/

nepudepryeckui Tpomb03/noTpebHOCTb B peBac-

KyNApY3aLMm OCHOBHBIX COCYAMCTbIX BaccerHoB 156 (31.0%)*

* Analysis was conducted until first event (secondary events were not taken into ac-
count), that is why incidence of the composite endpoint was less than that calcu-
lated by simple summing up all CVC

* AHanu3 npoBOAMNCS 4O HACTYMNEHIs NePBOro CoBbITUs (MOBTOPHbIE He Y4MTHIBA-
MCb), MO3TOMY YacToTa KOMOUHIMPOBAHHOW KOHEYHOI TO4KM Gbina MeHbLLe, Yem
Mpu NPOCToM CyMMupoBaHum Bcex CCO

is the reason for that. Prothrombin gene mutation was
also rather rare, however even its heterozygous pres-
ence increased CVC risk more than twice (odds ratio
(OR) =2.1, 95% confidence interval (Cl) 0.9-4.8).

Of all studied genetic indices polymorphism MTH-
FR C677T turned out to be the most important one for
CVC development (Table 4). Carriage of at least one
variant allele MTHFR C667 T increased cardiovascular
risk by 60%, and carriage of two such alleles - by 80%
(see "dominant” and “recessive” models respectively).
Carriage of "wild” genotype turned out to be prog-
nostically unfavorable for two other genes, products
of which participate in the homocysteine remethyla-
tion cycle (MTHFR A1298Cn TCN C776G). On the con-

BnusHMe reHoTMNa Ha NPOrHO3 OLIEHMBANOCh B BUAE ABYX
mogenem: AOMUHAHTHON (Hanu4ue XoTs Obl OAHOMO Bapy-
aHTHOrO anens no CPaBHEHMIO C HOPMaJsTbHOW FOMO3UIo-
TOW) U peLeccnBHoOM (BapuaHTHas roMo31roTa no cpaBHe-
HUIO C HanM4MeM XoTs Obl OHOO HOPMAJbHOIO annens).

Hocuntenbcteo MyTaumm JleraeH, Kotopyio TpaanumMoHHO
MPVHSATO acCOLMMPOBAThL C TPOMOO3aMU, He OKa3bIBao Cy-
LLLeCTBEHHOTO BIIVSIHWS Ha YacToTy HeGnaronpusTHbIX cep-
[E4YHO-COCYANCTbIX UCXOLOB. DTO CBA3aHO, BepOATHee BCe-
ro, C ee Manov pacnpocTpaHeHHOCTbo (0COBEHHO B rOMO-
3UrOTHOM BapUaHTe) B M3y4aeMou NonynauUmMm BombHbIX CO
crabunbHom MBC. MyTaums B reHe npoTpOMOMHa Takxke
BCTPEYanach JOCTAaTO4HO PenKo, OOHAKO AAXKe reTepo3nroTHOe
ee HOCUTENBbCTBO ObINO COMPSXKEHO C bornee YeM ABYKPATHbIM
yBenunyeHnem pucka pa3sutuns CCO (oTHOCUTENBHBIV pUCK
(OP) = 2,1, 95% noepuTenbHbi MHTepBan (OW) 0,9-4,8).

13 BCeX M3y4YeHHbIX FeHeTUYeCKMX NoKa3aTenen Hanbo-
Jlee BaXKHbIM B OTHOLWeHUK pa3sutms CCO okasancd nonm-
Mopdu3m MTHFR C667 T (1abn. 4). Puck pa3suTis cocy-
LUCTbIX COObITVIN [OCTOBEPHO NoBbILWancs Ha 60% B cny-
Yyae HoCUTENbCTBA XOTA Obl 0gHOM, U Ha 80% B Clly4ae Ho-
CUTENbCTBA ABYX BapuaHTHbIX annenen MTHFR C667 T
(cM., COOTBETCTBEHHO, «IOMUHAHTHYIO» U < PELIECCUBHYIO»
mMogaenn). [ins AByX APYrX reHoB, MPOAYKThbl KOTOPbIX yya-
CTBYIOT B LIMKIIE PEMETUNNPOBAHMS roMmoumncTenHa (MTH-
FRA1298CuKTCN C776G), NporHocTnyieckmn Hebnaronpm-
ATHBIM OKa3a0Cb HOCUTENBCTBO «AMKOro» reHoTuna. fete-
PO- 1 FOMO3MIOTHOE HOCUTENBCTBO MOMMOPCHbIX annenen,
HanpOTVB, aCCOLMMPOBANOCH CO CHVKEHMEM PUCKA Pa3BUTIS
CCO B cpegHeM Ha 30%.

Kak ykasaHo Bbile, OK 11 kobanamuH SBASIOTCA OCHOB-
HbIMI KOhaKTOpaMu MeTaboNM3Ma roMoLCTENHA. YHTbI-
Basi BO3MOXHOe BNUsiHWe Aedpurumta OK 1 kobanamumHa Ha
3hekTbl reHoTMNa, BbINO U3yYeHO CoflepXKaHme STUX BU-
TaMUHOB B KPOBU Y BCex OonbHbIX (puc. 2).

CpenHuin yposeHb OK B 06cnegoBaHHOM rpynne 0osb-
HbIx coctaBun 7,59+0,15 Hr/Mn, 4TO NpeBbILLaNo NPYHA-
Thil yPOBEHb BEPXHEN rpaHuLbl HOpMbI (7,2 Hr/Mi). OfHako
Npw Oonee feTanbHOM aHanM3e 0kasanoch, YTO CBbILLe Mo-
NOBVHbI NaLMEHTOB MMenn AehULMT 3TOro BUTaMUHa (puc.

2). B otnuime ot OK cutyaums ¢ BUTaMUHOM B, Obina Gonee
©naronpustHon. Ero cpeHui yposeHb coctaBun 393,1+188,9
nr/mn (Oranas3oH HopManbHbIX 3Ha4eHMn oT 200 go 1000
nr/mn). Jedunumnt By, Obin oTMedeH Tonbko y 36 (7,2%) na-
umeHToB. CnefyeT NOAYEPKHYTh, HTO CHIKeHMe ypoBHen OK 1
kobanammHa Bo BCeX Cly4asix ObINo NaTeHTHbIM, T.e. H1 Y OHOrO
113 GOMbHbBIX He ObINO KIMHUYECKX MPU3HAKOB MMOBUTaMMHO3a,
a Tak>ke CUMMNTOMOB 3a00MeBaHWM, KOTOPbIe MOTEHLIANBHO MOT -
TN K HEMY MPUBECTA.

3 BCeX M3y4eHHbIX KNMHMYECKMX (HaKTOpOB Haunbornee
3Ha4YXMbIM B OTHOLLIEHWM Pa3BUTUA feduLimTa honata okasancs
non 6onbHbIx. ConepxaHne MK ObINO CHUXEHO NpenmyLiLe-
CTBEHHO Y MYXX4YMH, TOrda Kak Yy >XeHLUMH OHO Oblfo Hop-
MalbHbIM: 6,9%+0,2 Hr/mn npotms 8,3%x0,3 Hr/mn
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Table 4. Cardiovascular complications* development depending on carriage of polymorphic alleles of the studied genes
Tabn. 4. Pa3BuTrE CEPAEYHO-COCYANCTBIX OCIIOXHEHUI™ B 3aBUCMMOCTM OT HOCUTENBLCTBA NONMMOPMhHLIX annenemn

N3y4eHHbIX reHOB

Cardiovascular complications* rate (%),

0dds ratio (Cl 95%); p/

Polymorphism/ Yacrota cepAeyHO-cocyaucTbIX 0CNOXHeHNN* (%) OTHOCUTenbHbIN puck (95% AW); p
Nonumopdusm "Wild" genotype/ Heterozygote/  Homozygote/ "Dominant" model/ "Recessive" model/
«Oukui» U leTepo3uroTbl foMo3uroTbl «[loMUHaHTHas» Moaenb  «PeLieccBHas» Moaenb

Leiden Factor VV/ 30.5 29.4 100 1.0(0.4-2.2); 0.9 8.5(1.2-62.1);0.03
®akrop V NeraeH (G 1691A) (one patient)/

(omuH 6onbHoM)
Prothrombin gene/
leH npotpoM6uHa (G202 10A) 30.4 50.0 2.1(0.9-4.8);0.07
Gene of fibrinogen p-chain/
feH B-Lenv dmbpuHorea (455 G>A) — 31.1 29.9 324 1.0(0.7-1.4); 0.9 0.95(0.5-1.8);0.9
GPllla (C1565T) 32.1 27.3 26.9 0.8(0.6-1.2);0.2 0.7(0.3-1.5); 0.3
MTHFR (C667T) 24.3 35.2 55.6 1.6 (1.2-2.3);0.003 1.8(1.1-2.9); 0.02
MTHFR (A1298C) 35.2 27.7 24.2 0.7 (0.5-0.9); 0.02 0.8(0.4-1.3);0.3
MTR (A2756G) 34.7 29.7 21.2 0.9(0.7-1.2); 0.5 0.8(0.5-1.3); 0.6
MTRR (A66G) 25.5 30.3 40.4 1.1(0.8-1.6); 0.6 1.3(0.9-1.9);0.2
TCN (C776G) 36.5 29.3 22.7 0.7 (0.5-1.0); 0.05 0.7(0.4-1.3); 0.1

* Cardiovascular death, ACS, IS/TIA, necessity of the main vascular systems revascularization. Results of the one-factor analysis are presented. Calculations are performed with ad-

justment for sex and age. Cl - confidential interval.

The "dominant” model assumed comparison of homozygous carriers of a "wild" genotype with carriers of at least one polymorphic allele. The “recessive” model assumed compari-
son of homozygous carriers of polymorphic alleles with carriers of at least one allele of a "wild" genotype.

* OcnoxHeHws: cocyauctas cveptb, OKC, VIN/TUA, notpebHOCTb B peBackynsipu3aLivi NopaxeHHslx COCYANCTbIX bacceinHoB. MpefcTaBeHs! pesynbraTbl 0AHOMAKTOPHONO aHa-
n13a. PacyeTbl BEINOAHEHI C y4ETOM NONPaBKY Ha NoA ¥ BO3pacT. [I/ — LoBEpUTENbHbIV MHTEPBA.
«[loMVHaHTHas» MoZenb Npezanonarana CpaBHeHye roMO3WTOTHbIX HOCUTENEN «AMKOTO» reHoTVNa C HOCUTENSMM XOTA Obl 0AHON NONMMOPMHON anneny. «PeLieccyBHas» MoaeNs
npeanonarana cpaBHeH e roMO3UrOTHbIX HOCUTENE NOANMOPGHBIX annenelt C HOCUTENAMM XOTA Dbl OAHOY aNNENM «AKKOro» reHoTMNa.

trary, hetero- and homozygous carriage of polymor-
phic alleles associated with reduction in cardiovascu-
lar risk by 30% on average.

As it was mentioned above folate and cobalamin
are the main cofactors of homocysteine metabolism.
Considering possible influence of folate and cobal-
amin deficiency on genotype effects, we examined
plasma concentration of these vitamins in all patients
(Fig. 2).

The mean folate level in the studied group made up
7.59£0.15 ng/ml, which exceeded the accepted
upper limit of the normal range (7.2 ng/ml). However,
more detailed analysis revealed deficiency of this vitamin
in more than a half of the patients (Fig. 2). Situation
with vitamin B12 was more favorable. Its mean con-
centration was 393.1+188.9 pg/ml (the normal
range is 200-1000 pg/ml). Only 36 (7.2%) patients
had B,,-defficiency. We should highlight that decrease
in folate and cobalamin levels was latent in all cases -
none of the patients demonstrated clinical findings of
vitamin deficiency or any symptoms of diseases that
can lead to hypovitaminosis.

Gender was the most significant clinical factor
that influenced folate deficiency development. Low fo-
late level was found predominantly in men, while in
women it was within the normal range: 6.9+0.2 ng/ml

(p=0,0001). Ewe ogH1M hakTOpOM, aCCOLMNPOBABLLMMCA C
nenuntom donata, SBRsNCS CoLmanbHbIn CTaTyC GOMbHbIX.
Tak, y nuu, C BbiCLUMM 0bpa3oBaHneM ypoBeHb QK coctaBun
7,9%0,2 Hr/mMn B cpaBHeHU ¢ 7,3%+0,3 Hr /My nnL, MMeB-
WX ML CpefiHee Ny cpefHee cneumanbHoe obpa3oBaHme
(p=0,05). [loctoBepHO Honee HN3KMM Obin YpoBeHb thonaTa
y MHBanuaoB/0e3paboTHbIX B CPaBHEHUM C NMLAMK TPYAO-
cnocobHoro Bo3pacrta, MMeBLWMMMK MOCTOsIHHYIO paboTy:
7,1%0,4 Hr/mn npote 8,1=£0,2 Hr/mn (p=0,01). Kpome Toro,
obHapyxxeHa TeHaeHUMs K Oonee Hu3komy ypoBHio OK vy
DOSbHbIX CO CHUXEHHbBIM KIIMPEHCOM KpeaTUHMHA B CpaBHe-
HUW C TeMU, y Koro yHKLMs nodvek Obina HOopManbHOW:
7,2%0,5 Hr/mn npotvs 7,9%0,4 Hr/mn (p=0,07).

B Hawem mccneqoBaHUM y4UTBIBANCA Takxke PakT pery-
napHoro (He MeHee 1 roga) npviemMa 60MbHbIMU NONMBUTA-
MUHHbIX MPENapaToB, COAepPXaLLMx Pr3nonormyeckme gosbl
OK 1 kobanamumHa, KOTopbI OblN HaYaT yxke Nocne BKIloHeHMs
B MccnegoBaHue. Takmx GonbHbIX Obino 97 4Yenosek. MMpu
JanbHenlemM aHanmse aednmMToM BUTaMUHOB CHUTANCS UC-
XOOHO HU3KUM MX YPOBEHb MPW OTCYTCTBUM PeryispHOn 3a-
MeCTUTENbHOW MeAnKaMeHTO3HOM Tepanun. Takium obpasom,
B COOTBETCTBUM C HALLUMMM KpUTEPUAMU, AePULMTHBIMYM No PK
okazanuck 217 GonbHbix (43,1%), a no kobanamuHy — Bce-
ro 28 6onbHbIx (5,6%).

BonbHble ¢ geduumtom OK nmenn Xyawmnm NporHo3 no
CPaBHEHWIO C TEMU, KTO MIMEN MCXOOHO HOPMasbHbIl ee ypo-
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Figure 2. Folic acid and cobalamin levels in the examined patients
Puc. 2. YpoBHU chonmeBom KUCNOThbl 1 KobanaMmHa y obcnefoBaHHbIX O0ObHbIX

vs 8.3%+0.3 ng/ml (p=0.0001). Patient’s social status
was also associated with folate deficiency. Patients with
higher education had folate level 7.9£0.2 ng/ml
compared with 7.3%0.3 ng/ml in patients with sec-
ondary or specialized secondary education (p=0.05).
Disabled and unemployed patients had significantly low-
er folate level compared with patients of working age
who were permanently employed: 7.1+0.4 ng/ml vs
8.1+0.2 ng/ml (p=0.01). Moreover, a tendency to-
wards low folate level was revealed in patients with de-
creased creatinine clearance in comparison with patients
with normal renal function: 7.24+0.5 ng/mlvs 7.9+0.4
ng/ml (p=0.07).

We also took into account regular (not less than 1
year) intake of multivitamins containing physiological
doses of folic acid and cobalamin which was started
after the beginning of the study. There were 97 such
patients in our study. Further analysis envisaged that
initially low levels of these vitamins with no regular drug
replacement therapy were regarded as vitamin defi-
ciency. So, according to these criteria 217 patients
(43.1%) had folate-deficiency and only 28 (5.6%) pa-
tients— cobalamin-deficiency.

Prognosis of patients with folate deficiency was
worse compared with those who initially had normal
folate level or received regular vitamin treatment. In-
cidence of atherothrombosis exacerbation (death,
ACS, IS/TIA) made up 17.5% vs 25.8% in the com-
pared groups (p=0.02), and summarized rate of all CVC

BEHb WV PErYNAPHO Nofly4an Tepanuio BUTaMuHaMu. Hacro-
Ta obocTpeHun atepoTpoMbo3a (cmepts, OKC, N /TUA) B
CpaBHVBaeMbIx rpynnax coctasuna 17,5% npotns 25,8%
(p=0,02), a cymmapHas Yactota Bcex CCO — 26,2% npoTus
37,3% (p=0,008). Mpn aHan1se NonynaLnmn B LENOM Mpo-
FHOCTMYeCKas 3HaYMMOCTb Aeduumta OK npakTnyeckn nosn-
HOCTbIO HMBeNMpoBanacs B Mofdenu Kokca (OP=1,1; 95%
ON=1,8-1,5; p=0,5), 410 BMOMHE OOBACHNMO, YHUTbIBAS CUITb-
HYIO CBA3b YKa3aHHOro nokasaTens C NonoM 1 KIMHUYeCKMMM
hakTopamu pucka (cMm. Bbie). CneayeT 3aMeTUTb, YTO OIS MyXK-
YuH gepumumt OK coxpaHsan NorpaHnUYHYyo 3HAYMMOCTb Aaxe
B Mofenu MHorogaktopHoro pucka: OP=1,4; 95% [ON=0,95-
2,0; p=0,08.

Hedununt kobanammHa, BCTpeYaBLUNNCH LOCTaTOYHO pef -
KO, He Dbl LOCTOBEPHO CBSA3aH C Pa3BUTUEM COCYAMCTbIX CO-
ObiTn. Yactota CCO B rpynnax 0onbHbIX C HOPMasbHbIM U CO
CHV>XKEHHBIM YPOBHEM 3TOrO BUTaMMHAa COCTaBMIIa, COOTBET-
CTBEHHO, 31,4% 1 25% (p=0,4%).

OKa3anocb, Y4TO MPOrHOCTNYECKas 3HaYMMOCTb NONNMOP-
dusmoB MTHFR B 3Ha4mMTeEnbHOM CTeneHM onpefensanach
ypOBHeM honaTta, ABMSIOLLErocs OCHOBHbIM KO(aKTOPOM AaH-
Horo chepmeHTa. Kak moka3aHo Ha puc. 3, HOCUTENBbCTBO OAHOM
WK ABYX BapuaHTHbIx annener MTHFR C667 T accoummpo-
Banochb ¢ bonbLer yactoton CCO. OfHaKo Npy HOPMasbHOM
comepkaHum OK yBenmyeHvie prcka pa3srTsS HEONAronpPUATHbIX
MNCXOA0B He JOCTUIano KpuTepures CTaTUCTUYeCKomn 0OCTOBep-
HOCTW, MO3TOMY NS AafbHEWLLIEero CTaTucTn4eckoro aHanv3a
BCe GonbHble 6e3 neduumTa onata Obinv 06beANHEHbI B OOHY
peepeHCcHyo rpynny. B ycnoBrax conyTcTByIOLLEro geduLn-
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Figure 3. Cardiovascular complications (death, ACS, IS/TIA, necessity revascularization of the impaired vascular system) rate de-
pending on the estimated genetic factors and folate level in patients with stable IHD

Puc. 3. YacTtoTa cepfie4HO-cocyancTbix ocnoxxHeHnn (cmepTb, OKC, MU/TUA, noTpebHOCTL B peBackynsapu3aLmMm nopaxeHHoro

cocypucroro baccernHa) B 3aBUCUMOCTU OT U3yHaeMbIX FeHETUYECKMX (PaKTOPOB U YPOBHS donaTta y 6onbHbIX cTabusib-

Hon NBC

was 26.2% vs 37.3% (p=0.008). Prognostic value of
folate deficiency was almost completely leveled in the
Cox model (OR=1.1; 95% CI=1.8-1.5; p=0.5)
when making analysis of the whole population. This
can be explained by strong correlation of this index with
gender and clinical risk factors. We should note that fo-
late deficiency in men preserved marginal signifi-
cance even in the multifactor risk model: OR=1.4; 95%
C1=0.95-2.0; p=0.08.

Cobalamin deficiency, which was found rather
seldom, did not demonstrate significant correlation with
cardiovascular events. CVC in patients with normal and
reduced level of this vitamin developed in 31.4% and
25% of cases respectively (p=0.4%).

It turned out that prognostic value of MTHFR
polymorphisms was to a great degree determined by
folate level which was the main cofactor of this enzyme.
As Figure 3 shows carriage of one or two MTHFR 667
T variant alleles was associated with higher rate of CVC.
However normal folate concentration did not signifi-
cantly increase cardiovascular risk. That is why all pa-
tients without folate deficiency were united into the sep-
arate reference group for further statistical analysis. Prog-
nostic significance of MTHFR C667 T polymorphism
was considerably higher with concomitant folate de-
ficiency: odds ratio with allowance for gender and age
made up 1.6 (95% Cl 1.1-2.2; p=0.02) for patients
with at least one variant allele compared with the ref-

Ta ®K nporHocTnyeckas 3Ha4MmMoCTb nonumopdrsma MTHFR
C667 T cyllecTBeHHO BO3pacTana: nNpw cpaBHeHUK C pede-
PEeHCHOW rpynmnon oTHocuTenbHbIM puck CCO ans HocuTenemn
XOTsl Obl O[HOW BapWaHTHOW annenu, onpeaeneHHbIA ¢ no-
NpPaBKOM Ha Non 1 Bo3pacT, coctaskn 1,6 (95% AN 1,1-2,2;
p=0,02).

HocuTtenbctBoO annenen «gukoro» reHotuna MTHFR 1298
AA He 0Ka3blBano Kakoro Obl TO HW ObINIO HEraTUBHOIO BN -
HUS Ha Ucxodbl Y 60MbHbIX C HopMasbHbIM ypoBHeM DK. B ycno-
BMAX CONyTCTByloLlero geduumta donata OTHOCUTENbHbIN
prck CCO y romosurot gukoro Tmna MTHFR 1298 AA focto-
BepHO nosbiwanca 1o 1,6 (95% AW 1,1-2,3; p=0,02).

Ona nonnmopdrama TCN C776G LOCTOBEPHbIX accouma-
umit Mexay yposHeM DK 1 NporHo3oM HosbHbIX 0OHapyxe-
HO He ObIno.

3HAYMMOCTb TECTUPYEMbIX FEHETUHECKMX NMOKa3aTenen co-
XPaHsanacb M Npyv MHOroMakTOPHOM aHanmse, B KOTOPbIN
ObINM BKIIOYEHbI KITMHUYECKME MPU3HAKK, UCXOLHO Npope-
MOHCTPUPOBABLUME CBOE BIIVSIHME Ha NPOrHo3 (Tabn. 5).

OOcyxpaeHne

BpoxaeHHble HapyLweHUs CUCTeMbI FreMOCTa3a, acCoLmm-
POBaHHble C TPOMO03aMW, CTanvi MPeOMETOM aKTUBHOIO M3yHeHMst
C cepeauHbl npolunoro ctonetus. Tak, B 1965 rogy Obin onvcaH
BPOXAEHHbIV AebnumT aHTUTpoMOWHa Il [31], a fiBa aecatn-
NEeTUSA CNyCTS OXapakTepKr30BaHbl BPOXAeHHble AedeKTbl ApY-
MX KOMMOHEHTOB MPOTUBOCBEPTLIBAOLLIEN CUCTEMbI — MPOTENHOB
C[32]nS[33-35]. Cnemyet, 04HAKO, OTMETWTB, YTO 3TV COCTOSHMA
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Table 5. Clinical and genetic predictors of cardiovascular complications in patients with stable IHD
Tabn. 5. KnuHnyeckme n reHeTu4eckume npeamKTopbl CepaeUHO-COCYAUCTbIX OCNOXHEHUN Y BonbHbIX cTabunbHo UBC

Index/Mokazatenb OR/OP C195% /01 95% P
Sum of clinical risk factors* /Cymma KnuHM4eckux hakTopos pricka*

* 3 risk factors,/3 chaktopa pucka 1.9 1.3-29 <0.001
« 4 risk factors/4 cakTopa pucka 3.1 1.9-49 <0.001
* 5 risk factors /5 thakTopoB prcka 3.2 1.5-6.6 0.001
* 6 risk factors /6 thakTopoB prcka 53 1.9-15.2 0.001
Prothrombin gene /fex npotpoMbuHa (G202 10A)

+ one polymorphic allele /oaHa nonumopcHas annens 1.54 0.7-35 0.3
MTHFR (C677T) + folate deficiency/necdmumr donata

+ at least one polymorphic allele /xots 66 0gHa nonumopHas annens 1.64 1.2-23 0.003
MTHFR (A1298C) + folate deficiency/nedmumr donata

* wild genotype (homozygote) /ankiin reHotin (romo3urota) 1.63 1.2-23 0.006
TCN (C776G)

+ wild genotype (homozygote) /amkii reHotyn (roMo3urota) 1.37 1.001-1.89 0.04

* Risk factors: angina pectoris of FC II-I1l and previous myocardial infarction, impairment of three main coronary arteries or of the left coronary artery trunk, concomitant manifesta-
tion of atherothrombosis in cerebral and peripheral vascular systems, high body mass (BMI >31.6 kg/m2), renal function impairment (creatinine clearance <67 ml/min), and ero-

sive gastritis in anamnesis. OR - odds ratio; Cl - confidential interval

* DaKTopb! pUCKa: Hanime creHokapamm |11l dyHKLMOHaNbHOTO KNacca v NOCTMHMAPKTHOTO KapAMOCKepO3a, NopaxeHMe TPeX 0CHOBHbIX KOPOHAPHBIX apTepuil Mo cTBona
1eBOV KOPOHAPHOV apTEPUK, COMYTCTBYIOLLVE MPOSIBIIEHNS aTepoTPOMb03a B LiepebpanbHOM 1 NeprdeprieckoM COCYAMCTbIX bacceiHax, Bbicokas Macca Tena (MMT>31,6
Kr/M2), HapyLueHvie GYHKLMN noyek (KMpeHc KpeaTHnHa <67 MiT/MUH), aHaMHe3 3po31BHOTO racTpuTa. OP — OTHOCUTENbHBIN pUCK; [V — ROBEPUTENbHbIA MHTEPBAN

erence group.

Carriage of "wild” genotype alleles MTHFR 1298
AA had no negative influence on outcomes in patients
with normal folate level. Concomitant folate defi-
ciency significantly increased relative risk of CVCin ho-
mozygotes of “wild” type MTHFR 1298 AAto 1.6 (95%
Cl1.1-2.3;p=0.02).

TCN C776G polymorphism did not demonstrate sig-
nificant correlation between folate level and progno-
sis of patients.

Tested genetic indices were also significant in mul-
tifactor analysis which included clinical signs that ini-
tially had demonstrated prognostic value (Table 5).

Discussion

Hereditary disorders of hemostatic system associ-
ated with thrombosis have been actively studied since
the middle of the last century. Congenital antithrom-
bin Il deficiency was described in 1965 [31], and con-
genital defects of other anticoagulative system com-
ponents — proteins C [32] and S [33-35] were char-
acterized twenty years later. However these deficien-
cies are rather rare (for example, incidence of an-
tithrombin 11l deficiency does not exceed 0.2%), so,
they can not be a reason for majority of thrombotic cas-
es with genetic etiology.

Enhancement of molecular-genetic testing al-
lowed to identificate thrombosis associated locus mu-
tations in genes encoding key proteins of hemostatic
system. In 1994 it was proved that the only mutation
in the 10th exon of clotting Factor V gene is the main
reason of Factor Va resistance to activated protein C

BCTpeYaloTcs peako (pacnpoCTpaHeHHOCTb AedulivTa aHTuU-
TpombuHa lll, Hanpumep, He npesbitaeTt 0,2% ) 1 NO3TOMY He
MOTYT ObITb OTBETCTBEHHbIMW 33 DONBLIMHCTBO Cly4aeB TPOM-
00308, VMeLLMX HACNIeACTBEHHYIO MPUPOAY.

CoBepLLeHCTBOBaHMe METOLOB MOJEKYNAPHO-TeHETUHECKO-
ro VICCNefoBaHMs NO3BONNIO MAEHTUMULMPOBATL aCCOLMMPO-
BaHHble C TPOMOO3aMW JIOKYCHble MOBPEXAEHUS reHOB, KO-
PYIOLLMIX psif, KIoYeBbIX OefikoB cucTeMbl reMoctasa. CpaBHM-
TenbHO HefaBHO, B 1994 1., BGbINO YCTaHOBNEHO, YTO EAMHCTBEHHAS!
MyTauma B 10-M 3K30He reHa haktopa V CBepTbIBaHWA KPOBW £iB-
JINETCA OCHOBHOW NMPUHYMHOM YCTOMYMBOCTM hakTopa Va K akTu-
BupoBaHHoMy npotenHy C (APC) [14,15]. B pesynbrate 3ToM My-
TauuK, Ha3BaHHOW MyTauuven JlemaeH, NpomMcxoauT 3amMeHa
G—A B nonoxeHrn 1691 BbILLEYNOMSHYTOrO reHa, YTo B CBOIO
oyepenib NPUBOAMT K 3amelleHuo Arg-506—GIn B nonunen-
TMaHoOM uenu paktopa V. MNpu 3ToM nonvnenTuz, yTpaqrBaeT OOuH
13 canToB pacliiennenus APC, 4To NpMBOAUT K POPMUPOBAHMIO
eHotmna APC-pe3ncTeHTHOCTM, COMPOBOXOAEMOrO MOBbI-
LUEHHOW CBEepPTbIBAEMOCTbIO KPOBM. [IByMSs rogamu nosxe
(1996 1.) BblNa onMcaHa eLLe 0aHa MyTaLUMs, aCCOLMMPOBaHHas!
CO CKIOHHOCTBIO K TpomOoobpasoBaHuio [16]. 310 myTauums
G202 10A B reHe NpoTpoMOMHa, KOTopas NTOKanM3oBaHa B 3'-KOH-
LLeBOM HeKOAMPYIOLLEN 4acTu reHa. MyTaums He BbI3blBaeT 13-
MEeHeHMs CTPYKTYPbl MOMeKyfbl NPOTPOMOKMHA, HO MPUBOAMT K NO-
BbILLEHMIO €ro YPOBHSA B Ma3me KPOBMU.

XOpOLLO M3BECTHO, YTO HOCUTENBCTBO MyTaLMK J1eraeH 1 no-
nMopdr3mMa reHa NpoTpoMbOUHa COMPOBOXAAETCS yBeNnYe-
HMEM p1CKa BEHO3HbIX TPOMOO30B 1 SMOONNI He MeHee YeM
B 3-5 pa3[4-7,36]. B otnm4dme oT obLien nonynaumm Yactota
BCTPEYAEMOCTM YKa3aHHbIX MyTaLMiA B KOropTax OombHbIX C Be-
HO3HbIMK TpoMbO3aMK U IMOOANAMUN MOXET AOCTUraThb
20-60% [37-39], 4To AenaeT 06OCHOBAHHbIM NPOBeAeHe y
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(APC) [14,15]. This mutation (called Leiden mutation)
results in G—A exchange in site 1691 of the above
mentioned gene, which in turn leads to Arg-506—Gln
replacement in Factor V polypeptide chain. At that
polypeptide loses one of the sites of APC cleavage, which
results in APC-resistant phenotype formation with in-
creased blood clotting. Two years later (1996) another
mutation associated with disposition to thrombosis was
described [16]. It was G202 10A mutation in the pro-
thrombin gene, which is located in 3'-end noncoding
region of gene. The mutation causes no changes in mo-
lecular structure of prothrombin, but increases its
plasma level.

It is well known that carriage of Leiden mutation
and prothrombin gene polymorphism increases risk
of venous thrombosis and embolism not less than 3-
5 times [4-7, 36]. Prevalence of these mutations in pa-
tients with venous thrombosis and embolism can reach
20-60% [37-39], which justifies genetic testing of
such patients in order to detect thrombophilia. On the
contrary, risk of atherothrombotic events associated
with Leiden mutation and mutation in the prothrom-
bin gene is considered relatively low. According to data
of meta-analyses of “case-control” population stud-
ies it makes up about 20% [8-11]. According to con-
temporary guidelines, it is not recommended to use
genetic analysis (including detection of prothrombotic
mutations) in initially healthy people to estimate
atherothrombosis risk [40].

Total amount of prothrombotic mutations in the ex-
amined group of patients did not exceed 6%, which
was in line with data of other research works, that stud-
ied population of the European region [41,42]. How-
ever, we revealed rather high CVC risk associated
with at least one of these mutations —mutation in pro-
thrombin gene. Unlike population studies our study in-
cluded IHD patients with high frequency of risk factors
and previous acute thrombotic episodes. We can sup-
pose that prothrombotic mutations in regard to CVC
development are more significant in patients with high
risk caused by activation of blood clotting in vessels af-
fected by atherosclerosis than in population on aver-
age. We should also note that in some regions (such
as Middle East, Cyprus, south of Sweden and some oth-
ers) hereditary thrombophilias occur 2-3 times more
often than in Russia [41,42]. Consequently, genotype
studies are more important for residents of those re-
gions with different manifestations of atherothrombosis.

Detection of genome changes associated with
atherothrombosis development traditionally includes
analysis of polymorphisms in genes that control ho-
mocysteine metabolism. The following enzymes play
the key role in this process: MTHFR, MTR, MTRR, and
TCN1112,13,21-30].

TakVX MaLMeHTOB FreHETNYECKOrO NCCIeLOBAaHMS, HanpaBeH-
HOrO Ha MoOWMCK TPOMOBOMUANIA. PUcK pa3BuTUs atepoTpomMbo-
TUYECKMX CODBITUM, aCCOLMMPOBAHHbIN C MyTaLmaMu JlenaeH
1 B reHe NpoTpoMOKMHa, HaNPOTUB, CHUTAETCS OTHOCUTENBHO He-
BbICOKUM. TaK, MO AaHHbIM MeTa-aHanm3oB nonynaLuoHHbIX NC-
CNefoBaHUM TUNa CN1y4an-KOHTPOMb, OH COCTaBASIET OKOMO
20% [8-11]. B cooTBeTCTBUM C CYLLLECTBYIOLLMMW peKOMeHa-
UMSAMW, M3y4eHWe reHoThna (B T.4. U NPOTPOMOOTUHECKMX
MyTaLMIA) Ons OLUEHKIN pUcKa aTepoTpomb0o3a y MCXOLHO 34,0-
POBbIX WL, He pekoMerayetcs [40].

B 13y4aemown koropte HGoJbHbIX CyMMapHas 4actoTa HOCU -
TeNbCTBa NPOTPOMOBOTUHECKIX MyTaLMIA He NpeBbiLana 6% (4To
B LLE/TOM COOTBETCTBOBASIO AAHHBIM, MOMyYeHHbIM APYTMU UC-
cnefoBaTens My NPy aHanmse HaceneHms eBponenckoro pe-
roHa) [41, 42]. TeM He MeHee, HaM yOanocb NMPOAEMOH-
CTPMPOBaTb JOCTATOYHO BbICOKMI puck pa3suTmsa CCO, acco-
UMMPOBAHHbIN, MO KparHe Mepe, C OfIHOM 13 HX — B reHe Npo-
TpombuHa. HanoMHMM, 4TO B OTIMHKE OT MOMNYALUMOHHBIX 1C-
CefoBaHu B Hally paboTy BktoHanuck bonbHble ¢ MBC, xa-
paKTepm3oBaBLUMeCs BbICOKOM YacTtoTon OP 1 nepeHeceHHbI-
MW OCTPbIMK TPOMOOTUYECKMM 3nm3odaMu. MoxHO npes-
NONOXMWTb, HTO B YCITOBUSAX BbICOKOIO pUCKa, ODYCNOBEHHOIO
aKTVBaLMen CBepTbIBaHNS KPOBW B aTePOCKIePOTUYECKN 3~
MeHEHHbIX COCYAax, 3HAYMMOCTb NMPOTPOMOOTUHECKIMX MYTaLLNN
B OTHOLEeHWM pa3BnTMa CCO OKa3bIBAETCA BbiLLe, YeM B CPef-
HeM B nonynaumm. Obcyxaas npobnemy BpoXKAEHHbIX TPOM-
DoV YMECTHO TaKKe HAaMOMHWTb, YTO B HEKOTOPbIX PeroHax
(HanpuMmep, Ha BnnxHeM Boctoke, Ha Kunpe, Ha tore LLBeunmn
1N Ap.) UX HOCUTENLCTBO BCTPEYaeTCs B 2-3 pasa vallle, Yem B
PO [41, 42]. COOTBETCTBEHHO, U3Yy4EHME reHoTMMNa O Npo-
KMBAIOLWMX TaM JIUL, C Pa3fIMYHbIMY MPOSABAEHUAMU aTepoT-
pombo3a npefcTaBnseTcs Oonee akTyanbHbIM.

MonCK reHeTM4eckmMx accoumaLmm C pa3BUTMEM aTepoT-
pom603a TPaAMLIMOHHO BKITIOHAET aHaM3 NonnmMopgr3mMoB re-
HOB, KOHTPONMpYIOLLMX 0OMeH roMoumcTerHa. Kak yxe yno-
MUHaNochk (puc. 1), B MeTabonvame roMoLMCTEMHA KIIoHEBYIO
posib urpatoT cnegyoe pepmentol: MTHFR, MTR, MTRR, a
Takxke TCN 11 [12, 13, 21-30].

o AaHHbIM NMTepaTypbl, Hanbonee 3Ha4MbIM B OTHOLLIE-
HUK nporHosa CCO cymTaetca nonvmopdursm reHa MTHFR
C667T. Mpu aHanm3e pas3nuyHbIX Nonynaumm 0onbHbIx ObINo
NPOAEMOHCTPUPOBAHO YBENNYEHME PUCKA PAa3BUTUS TakMX
CODBITUI, KaK COCyANCTast CMepPTb, MHMAPKT MMOKAPAA, NHCYIIET
1 NoTpebHOCTb B PEBACKYNApM3aLMM MUOKapAa, accoumm-
pytoLLLeecst C HOCUTENbCTBOM MONMMOPGHOro reHotuna MTH-
FR C667T [42-49]. Kak 1 B Hallen paboTe, Haubonee Hebna-
ronNpUATHbIM ABNAIOCE TOMO3UIOTHOE HOCUTENBCTBO ABYX MO-
nMopdHbIX annenen (reHotmn MTHFR 667 TT). Y10 KacaeT-
€S APYrUX N3y4eHHbIX MOMMOPMU3IMOB, TO NOMY4YeHHbIE HAMM
pe3ynbTaTthl, CBUOETENbCTBYIOLLME O B3aVIMOCBA3N ULLEMUNYe-
CKMX COBBITUI C HOCUTENBCTBOM «AMKOrO» reHOTWMa Mo NIOKY -
cy MTHFR 1298 AA, B LenoM coBnaatoT C AaHHbIMUY InTe-
patypb! [50]. LocToBepHbIX AaHHbIX O BAIMAHWM Ha NMPOrHO3 414
reHoTuna TCN B JOCTYNHOW nuTepaType HanaeHo He Obio.
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According to published data polymorphism of
C667Tin MTHFR gene is most significant in regard to
CVC prognosis. Analysis of different populations of pa-
tients showed that carriage of MTHFR C667 T poly-
morphic genotype associates with increased risk of such
events as: vascular death, myocardial infarction,
stroke, and necessity for myocardial revascularization
[42-49]. Homozygous carriage of two polymorphic al-
leles was proved to be most unfavorable (MTHFR 667
TT genotype). Our studies of other polymorphisms re-
vealed correlation between ischemic events and car-
riage of the “wild” genotype in locus MTHFR 1298 AA,
which is in line with other published data [50]. We did
not find any reliable data about TCN genotype prog-
nostic influence in available references.

Prognostic associations of the discussed polymor-
phisms are traditionally considered in context of “ho-
mocysteine hypothesis” of atherosclerosis. Indeed, car-
riage of a number of polymorphisms, in the first
place — MTHFR C667T, is associated with moderate hy-
perhomocysteinemia [51,52]. These data were first ob-
tained about 20 years ago, and since then have been
repeatedly confirmed in studies in various populations
and groups of patients, including our examination of
patients with stable IHD [53].

Recently attitude to homocysteine as to a cardio-
vascular risk factor has changed significantly. In-
creased level of homocysteine is considered now pri-
marily as a marker of atherothrombotic process sever-
ity but not as a risk factor [54-58]. Due to the “crash”
of the homocysteine hypothesis many researchers now
deny a prognostic role of polymorphisms in genes re-
sponsible for its metabolism. However, it would be
wrong to consider effects of the discussed genes only
in regard to homocysteine level. Proteins encoded by
these genes are involved in the so-called metabolism
of one-carbon fragments, including methylation. S-
adenosylmethionine, which transforms into S-ade-
nozylhomocysteine, is a donor of the methyl group-
see Fig. 1. It is important to note that methylation plays
the key role in DNA replication. Thereafter, genetical-
ly-dependent abnormalities in DNA synthesis can re-
sult in various unfavorable effects which include dis-
regulation of proliferative processes and cell apopto-
sis. In particular, many research works show that car-
riage of polymorphisms in the MTRR, MTHFR and TCN
genes associates with increased risk of different on-
cologic diseases and of congenital defects of devel-
opment in children [59,60]. Perhaps, it is DNA hy-
pomethylation but not hyperhomocysteinemia that de-
termines unfavorable cardiovascular effects in pa-
tients with the studied polymorphisms.

We demonstrated that genetic polymorphisms of
remethylation cycle can influence outcomes mainly if

MporHocTMyeckme accoumaumm ans obcy>xaaemMblx nosu-
MOPMK3MOB TPAAULIMOHHO MPUHATO PACCMATPUBATL B KOHTEKCTE
«TOMOLMCTEMHOBOW FMMNOTE3bl» aTepockiieposa. [1encrsum-
TENbHO, HOCUTESLCTBO PAAA NMONMMOPMU3MOB, 1 B NEPBYIO O4e-
peab MTHFR C667T, accoummnpyeTtca C yMeEpPEHHOW rmnepro-
mMoumctenHemment [51, 52]. 3TK oaHHble BnepBble Obinu Mo-
ny4eHbl okono 20 neT Ha3ag 1 € Tex Mop HeEOAHOKPATHO BOC-
MPOU3BOANIUCH B PA3NINYHbBIX MONYAALMAX M NOATPYMNNaX Nna-
LMEHTOB, B TOM YMCIIE U HAMW NPU aHanm3e KOropTbl O0MbHbIX
crabunbHon MBC [53].

B nocnenHwve roapl OTHOLLEHVE K FOMOLMCTENHY Kak K cep-
aeyHo-cocyamncromy OP cyLlecTBeHHO M3MeHNAOCh. [1oBbI-
LWEHHbIV YPOBEHb MOMOLIMCTEMHA CTann pacCMaTprBaTth B
nepsyto odepefb He kKak OP, a kak Mapkep THXeCTn aTepoT-
pomboTmyeckoro npouecca [54-58]. «Kpax» roMoumcrenHo-
BOW rMnoTe3bl hakTU4ecKm NprBen K OTPULLAHMIO MHOTVMU UC-
CNefoBaTens MM MPOrHOCTUYECKOW PO NONMMOpPMhU3IMOB
reHOB, OTBETCTBEHHbIX 3a ero MeTabonmam. OfgHako Obino Obl
B KOpHe HemnpaBuIbHbIM CBOAMTb 3hdhekTbl 00Cy>KAaeMbiX re-
HOB UCKJTIOYUTENBHO K YPOBHIO roMoLMcTenHa. benku, kogm-
pyemMble JaHHbIMW reHaMu, MPUHUMALOT y4acTne B TaK Ha3bl-
BaeMOM MeTabonm3me OgHOYrMepoaHbIX (hparMeHToB, B 4acT-
HOCT METUAMPOBAHNI. [JOHOPOM METUBHOW FPyMrbl MPK 3TOM
CNYXUT S-afieHO3MNMETVNOHWH, NpeBpallaloLLnics B S-age-
Ho3mnromouncTerH (puc. 1). BaxkxHo 0TMETUTb, YTO METUIM-
pOBaHMe UrPAET KIIOHYEBYIO POJb B MpoLeccax pernmkaumm
[HK. CooTBeTCTBEHHO, reHeTnYeck-o00yCIOBNEHHbIE Hapy-
WweHms cnHTesa AHK MoryT nprBoAmTb K pasHOOOpPa3HbIM He-
OnaronpuaTHLIM NOCNEACTBUAM, B TOM YUCTE K AUCPerynaumm
nponudepaTMBHbIX MPOLLECCOB U anonTo3y KMeToK. B 4acTHo-
cTn, B OONbLIOM KONMMYecTBe paboT NokaszaHo, YTO HOCUTEb-
ctBO nonumopdusmos reHos MTRR, MTHFR n TCN acco-
LMMPYETCA C YBENMYEHWEM PUCKA PA3SIUYHBIX OHKONOMMYECKMX
3aboneBaHUI, a Takke BPOXAEHHbIX AehekTOB Pa3BUTUS Y Ae-
Ten [59,60]. BO3MOXHO, MMEHHO rnomMeTunuposaHme JHK
(a He rMNepromouMCTENHEMNA) NEXMT B OCHOBE Hebnaro-
NPUATHBIX CepAEeYHO-COCYANCTbIX 3PPEKTOB Y HOCUTENEN U3-
YHYEHHbIX HaMW NONMMOPEPU3MOB.

Mbl nokasasu, 410 BIMAHME Ha UCXOAb! ANA FeHETNYeCKMX
NoNMMOPMU3MOB LKA PEMETUNMPOBAHNA PEANM3yeTca npe-
MMYLLECTBEHHO B YCJIOBUAX AeduLmTa OCHOBHOIO KodakTopa,
kotopbiM siBnseTcs OK. MofobHble AaHHble B OTHOLLUEHWUM
Havbonee 3Ha4MMoro nonmMopdrama MTHFR C667T Obinu no-
Jly4eHbl U ApyrumMn nccnegosatenamu. Tak, B KpynHOM MeTa-
aHanmze Klerk ¢ coaBT. [49] Oblno NokasaHo, YTO HOCUTENBCTBO
NONMMOPMHbIX annenen 4aHHOIo reHa He BAMAIO Ha MPOrHo3
DonbHbIX C HOpManbHbIM ypoBHeM DK, B TO Bpemst Kak Npu HA3-
KOM (hofIaTHOM CTaTyce PUCK OCHOBHbIX KOPOHAPHbIX CODLITUN
Obln NOBbILLEH: Ha 32% Y reTepo3nUroTHbIX HocuTenen 1 Ha 44%
y FOMO3UIOTHBIX HOoCUTenen annenn 667 T. CnefgyeT OTMETUT,
YTO, KaK M1 B HaLlleM VCC1efoBaHUN, TeHAEHLMA K MOBbILLEH IO
CCO ObIna oTMeYeHa faxe y HoCcUTener NoTeHUManbHo ona-
FONPUATHOIO «AMKOro» reHoT1MNa, MMEBLLUMX COMYTCTBYIOLLNN
nedunumt OK.
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deficiency of basic cofactor (folate) is observed. Oth-
er researchers obtained similar data concerning the most
significant polymorphism - MTHFR C667T. For instance,
the large-scale meta-analysis conducted by Klerk and
coauthors [49] demonstrated no influence of poly-
morphic alleles carriage on prognosis in patients with
normal folate level, while low folate status increased
coronary risk by 32% in 667 T heterozygotes and by
44% in 667 T homozygotes. At that, even patients with
the potentially favorable “wild” genotype, but with con-
comitant folate deficiency, revealed tendency to more
frequent CVC, which is in line with our study.

It is well known that folate deficiency associates with
CVCrisk increase [61-63]. Our study confirmed this fact
one more time. At that we should highlight that more
than a half of the patients had low folate level with no
obvious reasons for that, which defines peculiarity of
the studied population in Russia. It is in line with data
provided by Institute of Nutrition RAMS. According to
these data prevalence of folate deficiency in adult pop-
ulation of the Russian Federation makes up 40-80%
[64]. This can be explained by peculiarities of nutrition,
which lacks proper products of animal origin and green
vegetables, and also by high rate of alcohol abuse. That
is why our study showed significantly lower folate con-
centration in men and patients with low social status.

Many developed countries (for example the USA
and Canada) have introduced state programs, which
require food products to be enriched with folic acid. This
resulted not only in folate deficiency decrease but also
in lowering of cardiovascular complications frequen-
¢y, mainly — of ischemic strokes [65,66]. Considering
this fact we could expect that addition of folic acid and
some other B group vitamins to the food could be an
efficient measure of atherothrombotic events pre-
vention in patients with cardiovascular diseases. Un-
fortunately, none of the large-scale randomized stud-
ies revealed reliable effect of food additives containing
these vitamins [67,68]. Negative results can be part-
ly explained by high doses of the vitamins (which sig-
nificantly exceeded daily requirement) and also by the
fact that majority of studies included patients with no
initial folate deficiency.

In 2010 the BMJ journal published results of a re-
search, which was supposed to close a discussion about
necessity of routine preventive care with vitamins in pa-
tients with atherothrombotic anamnesis. The study was
carried out only in France, where routine addition of
folic acid to food products is not practiced, and that was
an advantage of the study. Like in our study, the mean
folate level was rather low — 6.7-7.0 ng/ml. Despite
initial folate deficiency treatment of patients with
this vitamin in doses close to daily requirement did not
prevent unfavorable cardiovascular outcomes. So,

XopoLwo 13BecTHo, YTo Aecmumt OK accoummpyetcs C yse-
nndeHreM purcka paseutg CCO [61-63]. DToT dhakT Obin elle pa3
NOATBEP>XAEH B HaLLeM 1cceoBaHWN. [py 3ToM HeobxoaMMOo
OTMETUTb OCODEHHOCTW N3YHEHHOW POCCUICKOM NOMNYNsALMM, B
KoTopow Honee NonoBMHbI OOMBbHBIX UMENN HN3KYIO KOHLIEHT-
pauuto donata 0e3 ABHbIX K TOMY KIIMHUYECKMUX MPEANOChIIOK.
Takow pe3ynsraT XOPOLLO COracyeTcs C AaHHBbIMU VIHCTUTYTa M-
TaHWa PAMH, cornacHo KoTopbIM pacnpoCTpaHeHHoCTb Aedu-
unta OK cpeam B3pocsnioro HaceneHus PO coctaenseT 40-80%
[64]. YKa3aHHbIN haKT MOXET OblITb CBS3aH Kak C 0COOEHHOCTA-
MW PaLMOHa, XapaKTepuU3yoLLErocs HEAOCTaTOYHbIM KONMYECTBOM
MONHOLEHHbIX MPOLYKTOB XXBOTHOIO MPONCXOXAEHNSA 1 3ene-
HbIX OBOLLIEW, TaK 1 C BbICOKOW YaCTOTOW 3110ynoTpebneHs an-
Koronem. He yamBUTENBHO NO3TOMY, HTO [IOCTOBEPHO Ooree HM3-
Kie nokasatenu OK oTMeqanmcb Hamm y My>KHKH, a Takoke y Oonb-
HbIX, UMEBLLVX HN3KWI COLLManbHbIV CTaTyC.

YMECTHO HaMOMHMWTb, H4TO BO MHOTUX Pa3BUTbIX CTpaHax (Ha-
nprmep, B CLUA 1 KaHage) 4encrByioT rocyaapCTBeHHbIe Mpo-
rpamMmbl oborateHus npoaykToB nuTaHns OK, BBeAeHWe KO-
TOPbIX COMPOBOXAANIOCh HE TOMBbKO YMEeHbLUEHVEM YacTOTbl
BCTPEYaeMOoCTV AeduLTa 3TOro BUTaMMHa, HO 1 CyLLLeCTBEH-
HbIM CHUXKEHWeM Y1Ca CepaeyYHO-COCYANCTbIX OCOXKHEHNN,
B MepBYI0 o4epenb MileMUYeckmnx MHCYNLToB [65,66]. Mcxoas
3 3TUX MPENOChINIOK MOXHO Oblno Obl HAaAeATbCS Ha 3 dek-
TMBHOCTb MPOUNAKTMKI aTepoTPOMOOTUHECKIMX COOBITUM C MO-
MOLLblo obaBneHus B iy OK 1 Apyrx BUTaMUHOB rpyn-
nbl By nauneHToB, MCXOAHO CTPafatoLLIMX COCYAMNCTOM NaTo-
noruent. K coxxaneHunto, LOCTOBEPHOro 3pekTa OT Ha3Ha4YeHNs
NULLEBbIX 00ABOK, COAEPXKALLIMX 3TN BUTAMUHbI, He Oblno 06-
Hapy>XeHO HW B OOHOM KPYMHOM PaHOOMM/3MPOBAaHHOM UC-
cneposaHumn [67,68]. B kavecTBe BO3MOXHbIX MPUYNH OTPU-
LaTeNbHbIX Pe3ynsTaToB Ha3bIBAIMCh BbICOKME [03bl BUTAMM-
HOB (3Ha4YMTENBHO NPeBbILAIOLLME CYTOYHYIO MOTPeOHOCTL), a
Tak>ke NpoBeAeHne DONbLIMHCTBA NCCNef0BaHNIM Ha MOMynsi-
umsax BoNbHbIX, He UMEBLUMX MCXOAHOrO AeduumTa donata.

B 2010 r. B >xypHane BMJ [69] Obinn onybnvkoBaHb! pe-
3yNbTaThl UCCNE0BaHMSA, KOTOPOE, MO BCEW BUAMMOCTU, OOMX-
HO ObINO MOCTaBUTb TOYKY B PELLIEHMI BOMPOCa O HEOOXOAMMOCT
PYTUHHOW BUTaMUHOMNPOMUNAKTUKN Y BOMbHBIX C aHAMHE30M
atepotpomb0o3a. OgHUM 13 OCTONHCTB ObINo NPOBELEHNE UC-
MNbITaHNSA TONbKO BO DpaHLmK, Fe HET NPaKTUKKM 00S3aTeNbHOro
nobasneHns OK B nuLly. Kak 1 B HaLLem 1UcCcneqoBaHnm, cpef-
HUI ypoBeHb horaTta y 6obHbIX Obl AOCTATOYHO HN3KUM: 6,7 —
7,0 Hr/mMn. HecmoTps Ha Hanvdme ncxopgHoro aeduunta OK,
Ha3Ha4eHe 3TOro BUTaMK1Ha B 03ax, DAM3KMX K CyTOYHOM MO-
TpebHOCTK, He NPefoTBPaLLANO Pa3BUTNE HEDNAroNPUATHBIX
CepLe"HO-COCYANCTbIX UCXOAO0B. Tak M 0DPa3oM, OCHOBHBIE Mo-
JIOXKEHWNST HOPMATMBHbIX LOKYMEHTOB MO BOMPOCaM Nnpodu-
NaKTUKKM aTepoTpoMO03a BpsL, NV NpeTepnsT Kakmue-nmbo ns-
MeHeHWs. PyTUHHOE Ha3HaYeHe BUTaMUHOB BCEM NaLMeHTaMm
He NMoKa3aHo; HeoOXOAMMO PEKOMEHL0BATL NaLMeHTaM aume-
Ty, 6oratyto OK 1 opyrummn BUTaMUHaMK rpynnsl B.

B cooTBeTCTBMM C HALLMMKW AaHHbBIMU MOXHO Npeanonaratb,
41O AednLnT PonaTta He ABMAETCS CaMOCTOATENbHbIM (PakTo-
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main guidelines for atherothrombosis prevention are
unlikely to be changed. Routine therapy with vitamins
in all patients is not justified. Patients should be rec-
ommended a diet rich in folic acid and other B group
vitamins.

According to our data folate deficiency can not be
regarded as an independent risk factor. Folate level
strongly depends on some clinical characteristics
(male gender, social ill-being, renal function impair-
ment) which have an independent impact on prognosis.
We think that was the reason why routine folate pre-
scription had no expected positive effects in random-
ized studies. At the same time folate deficiency can sig-
nificantly enhance negative genetic effects caused by
impaired activity of remethylation cycle enzymes (in
particular, MTHFR).

None of the previous studies took into account pos-
sible genetic impairment of remethylation cycle, while
our study demonstrated its significance. Besides,
some peculiarities of population of atherothrombot-
ic patients in Russia do not allow to extrapolate inter-
national guidelines to it to the full extent. Absence of
program for food products enrichment with folic acid,
low social status of many patients with insufficient
amount of proper products of animal origin in their diet,
and alcohol abuse make it doubtful if routine diet meas-
ures can have sufficient efficiency.

Conclusion

Thus, in our study we defined independent CVC pre-
dictors in patients with stable IHD. In addition to clin-
ical risk factors such genetic indices as carriage of some
genotypes of homocysteine remethylation cycle pro-
teins - TCN 776 CC, MTHFR 667 TT/CT and 1298 AA,
had independent influence on prognosis. Influence of
the last two genetic polymorphisms manifested pro-
vided folate deficiency was concomitant.

We hope that results of our work will promote fur-
ther research in order to study efficacy of vitamin treat-
ment in atherothrombotic patients with due consid-
eration of such factors as baseline level of main cofactors
(vitamins Bg, B1, and folate) and polymorphisms in
genes that control homocysteine metabolism.
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