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PE3IOME

BBEJEHUE. MeTabonnyecknin CMUHAPOM onpefenseTcs, Kak NaToformyeckoe CocToAHne, xapakTepusyioLieecs abaoMMUHaNbHbIM OXK-
peHvem, rmnepToHnen, AUCNNnMaeMmen, HapyLueHem ToNepaHTHOCTY K rtoko3e. [peanonoXnTesibHoO, Pe3NCTEHTHOCTb K UHCYNTNHY
NEXNUT B OCHOBe MeTabosimyeckoro cnHgpoma. CoBpeMeHHble NCCiejoBaHNsA, B TOM uncie ¢ MeHaeneBckoln paHgomMm3aumen, npo-
[EeMOHCTPMPOBaK, YTO MbllLeYHAA CUa U MblLLEYHAA Macca MOTYT UrpaTb BaXKHYIO POJib B MEXaHN3MaXx Pe3NCTEHTHOCTU K UHCY TNHY.
LIEJIb. YcTaHOBWTb CBA3b MeXAy OTHOCUTENbHOM MbILLEYHOW CUNON BEPXHUX KOHEYHOCTEN N UHAEKCOM TPUrMUepUAbl/raoKosa,
a TaKXKe OLeHUTb BAIVAHME Pa3fINYHbIX PEXMMOB YNPaXXHEHNI C OTATOLEHNAMM Ha afibTepPHaTMBHbIE NMOKa3aTenn NHCYIMHOPE3NCTEHT-
HOCTW Yy MY>UMH C METabONNYECKUM CUHAPOMOM.

MATEPUAJIbl U METObIl. Ha nepsom 3Tane nccnegosaHuma 6bino obcnefoBaHo 216 My»kumH B Bo3pacTe oT 25 fo 50 nert. bbinu oue-
HeHbl OTHOCKTENIbHAA MblLeYHasA CU1a BEPXHUX KOHEYHOCTEN B yNPaXKHEHUN «MKMM LWITaHTY NeXKa» U MHAEKC TPUMLEepPUAbl/raoKosa.
Ha BTopom aTane 6b1i10 NpoBeAeHO paHLOMM3UPOBaHHOE KOHTPONMPYEMOe UCCieloBaHNe, A1 KOTOPOro 6bino 0Tob6paHo 60 My>KUMH,
KOTOpble COOTBETCTBOBANN KPUTEPUAM METabonnueckoro crHapoma. My>KumHbl ¢ MeTabosIMyeckum CUHAPOMOM 6bINK pasaeneHbl Ha
TPW rpynnbl: HA3KOUHTEHCUBHAA CUNOBasA TPEHNPOBKa C OrpaHnyYeHnemM KpoBoToKa (n = 20), BbICOKOMHTEHCMBHAA CUI0BasA TPEHNPOB-
Ka (n = 20), HU3KOMHTEHCMBHAs CUOBAA TPEHNPOBKA 6e3 orpaHnyeHuns KpoBoToKa (n = 20). TpeHMPOBKM NPOBOAUINCH 2 pa3a B He-
[ento Ha NpoTaxeHun 12 Hegenb. [1o 1 nocne nccnefoBaHnA OLEHNBANUCh MHAEKC TPUMMMLEPUADBI/TOKO3a, COOTHOLLIEHWE TPUrmLe-
PVAOB K IMNOMNPOTEMHAM BbICOKOI MAIOTHOCTI, KOMOUHALMA MHAEKCA TPUMMULEPWADI/TIOKO3a C MHAEKCOM Macchl Tena.
PE3YJIbTATbl 1 OBCYXKAEHUE. bbino obHapyKeHO, UTO OTHOCUTENbHAA CUNa MbILL, BEPXHUX KOHEYHOCTel obpaTHO Nponopuumo-
HaflbHa MHAEKCY Tpuranuepuabl/rnoko3a (r=-0,52; p < 0,05) y o6cneaoBaHHbIX My»KUuH. Mocne 12 Heflenb TPEHNPOBOK C OTATOLLEHW-
AMU 6bI10 OBHAPYXKEHO CTAaTUCTUYECKN 3HAUYMMOE CHIUPKEHUE UHAEKCA TPUMMNLIEPUAbI/TN0KO3a, COOTHOLIEHNA TPUMNLEPUAOB K Nn-
NonpoTeNHaM BbICOKOWN NMIIOTHOCTY U KOMOUHALIMN MHAEKCa TPUMNLEPUABI/TOKO3a C MHAEKCOM Macchl Tenla AnA rpynn HU3KOUHTEH-
CMBHOW CUNOBOW TPEHNPOBKM C OFPaHNYEHEM KPOBOTOKA 1 BbICOKOMHTEHCMBHOW CUNOBOIN TPEHMPOBKHM (00€, p < 0,01). U3meHeHune
cocTaBa Tena, yBennyeHvie AoNN MbllleyHbIX BOSIOKOH | 1 lla 1 ymeHblueHre AoNN MbllleYHbIX BOMIOKOH lIX, yBennyeHne akTMBHOCTU
TPaHCMOPTMPOBLLMKOB TIOKO3bl, CHUXEHWE CUCTEMHOMO BOCMANEHNA ABNAIOTCA OCHOBHbIMU MOTEHUUANbHBIMN MEXaHU3MaMK MOJ0-
>KNTENIbHOIO BANAHMA TPEHNPOBOK C OTArOLLEHMAMMN, B TOM YMCIE B COYETAHUN C OFPaHMYEHEM KPOBOTOKA Ha PE3MCTEHTHOCTb K UH-
CYNIVHY Y MY>KYUH C MeTabonnyeckM CUHAPOMOM.

3AKJTIOYEHUE. CywecTtByeT 06paTHO NPOMOpLMOHaNbHaA CBA3b MeXAy MbILIEeYHOW CUSION 1 MHAEKCOM TPUrMLepuabl/rniokosa;
TPEHUPOBKY C OTArOLWEeHNAMY ABAAIOTCA 3PHEKTUBHBIM 1 6€30MacHbIM UHCTPYMEHTOM AN CHUXKEHUA anbTepHATUBHbIX NMOKa3aTenen
VNHCYNIMHOPE3NCTEHTHOCTN U MOTYT ObITb BKJIOUEHbI B KOMMIEKCHbIE NPOrpaMMbl KOPPEKLMM A1 MY>KUMH C METaBONTMYECKUM CUHAPO-
MOM.

K" qu EBbIE C"OBA: PE3NCTEHTHOCTb K MHCYJTNHY, MeTabonnuecknii CNHAPOM, CUJTOBbIE TPEHNPOBKK, CUNTOBbIE TOEHUPOBKA
C OrpaHn4YeHnemM KpoBOTOKa, MbilleYHaA Cna, ynpaxKHeHA C OTAroweHnAMn
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Effect of Blood Flow Restriction Training on Insulin Resistance in Men
with Metabolic Syndrome: a Randomized Controlled Trial

Vadim V. Sverchkov’,
Ural State University of Physical Culture, Chelyabinsk, Russia

Evgeny V. Bykov

ABSTRACT

INTRODUCTION. Metabolic syndrome is defined as a pathological condition characterized by abdominal obesity, hypertension,
dyslipidemia, and impaired glucose tolerance. Insulin resistance is hypothesized to underlie metabolic syndrome. Modern studies,
including Mendelian randomization, have demonstrated that muscle strength and muscle mass may play an important role in the
mechanisms of insulin resistance.

AIM. To establish the relationship between relative upper limb muscle strength and triglyceride/glucose index, and to evaluate the
effects of different resistance exercise regimens on alternative measures of insulin resistance in men with metabolic syndrome.
MATERIALS AND METHODS. At the first stage of the study, 216 men aged from 25 to 50 years were examined. The relative muscle
strength of the upper limbs in the bench press exercise and the triglyceride/glucose index were assessed. At the second stage,
a randomized controlled trial was conducted, for which 60 men who met the criteria for metabolic syndrome. Men with metabolic
syndrome were divided into three groups: low-intensity strength training with blood flow restriction (n = 20), high-intensity strength
training (n = 20), low-intensity strength training without blood flow restriction (n = 20). Training was carried out 2 times a week for
12 weeks. Before and after the study, the triglycerides/glucose index, the ratio of triglycerides to high-density lipoproteins, and the
combination of the triglycerides/glucose index with body mass index were assessed.

RESULTS AND DISCUSSION. It was found that the relative muscle strength of the upper limbs was inversely proportional to the
triglycerides/glucose index (r = -0.52; p < 0.05) in the examined men. After 12 weeks of resistance training, statistically significant
reductions in triglyceride/glucose index, triglyceride/high-density lipoprotein ratio, and triglyceride/glucose index/body mass index
combination were found for the low-intensity resistance training with blood flow restriction and high-intensity resistance training
groups (both, p < 0,01). Changes in body composition, an increase in the proportion of muscle fibers | and lla and a decrease in the
proportion of muscle fibers llx, an increase in the activity of glucose transporters, and a decrease in systemic inflammation are the main
potential mechanisms for the beneficial effects of resistance training, including in combination with blood flow restriction, on insulin
resistance in men with metabolic syndrome.

CONCLUSION. There is an inverse relationship between muscle strength and triglycerides/glucose index; resistance training is
an effective and safe tool for reducing alternative indicators of insulin resistance and can be included in comprehensive correction
programs for men with metabolic syndrome.

KEYWORDS: insulin resistance, metabolic syndrome, resistance training, blood flow restriction resistance training, muscle strength,
resistance exercise
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BBEOEHUE

MeTabonunuyeckuin cuHgpom (MC) B HacToALlee Bpems
npu3HaH rnobanbHom anuaemmen [1]. MC npeacTaBnaeT co-
60l1 COBOKYMHOCTb Pa3fiMuHbIX MeTabonnyeckrx HapyLle-
HUWIA, BKJIIOYas Ype3MepHOe HaKoMIEHME XKrpa B OPIOLWHOW
nonocTu, rMNepaMnUAEMnto, apTepuasbHyto rMnepTeH3nIo
W HapyLUEeHMe TONIePaHTHOCTU K IIoKO3e. YUMTbIBas, UTO UH-
CYNIMHOPE3NCTEHTHOCTb ABNAETCA OOHUM W3 MOTeHLManb-
HbIX MEXaHN3MOB 1 LieHTpaNbHbIX 3BeHbeB naToreHesa MC
[2], anbTepHaTMBHbIE NOKa3aTenn Pe3nCTEHTHOCTU K NHCY-
NVHY, TaKne Kak MHAeKC Tpurnnuepuabl/rnoko3a (MHaeKc
TyG), COOTHOLIEHME TPUTNNLIEPUAOB K XONIECTEPUHY NNMO-
NpPoTENHOB BblcoKon nnoTtHocTy (TI/JMBIM) n KombrHaumm
NHOEKCa TPUTNULEPUADLI/TMIOKO3a K UHAEKCY Macchl Tena
(TyG-MIMT,) moryT 6biTb Mone3Hbl NpY MPOrHO3MPOBAHWM
n koppekuun MC [3]. Pe3ynbTaTbl HECKONbKUX UCCiefoBa-
HUI NPOAEMOHCTPMPOBaNN, YTO NoKasatenn nHaekca TyG,

cooTHolweHue TI/JIMNBIM 1 kombuHauma TyG-UMT B 3Hauu-
TeNIbHOW CTeMNeHn CBA3aHbl C Pe3NCTEHTHOCTBIO K MHCYNNHY
1 caxapHbim anabetom 2-ro Tnna (CA2) [4-8]. Cuctematu-
yeckre 0630pbl U MeTaaHanNM3bl MOKa3anu, Yto uHaekc TyG,
cooTHouweHure TI/JINBIM n kombuHauma TyG-UMT 6binu He-
3aBMCUMO CBAA3aHbl C PUCKOM CepAeYHO-COCYAMNCTbIX 3a60-
NIeBaHWUM, UHCYNbTOB Y CMEPTHOCTbIO [9-12].

Mo paHHbIM AMeprKaHCKON AnabeTnyeckom accouma-
LM 1 AMePUKaHCKOro Konneaka CnopTUBHON MeAnLMHbI
dusnyeckue ynpaxHeHNa UrpatoT NepBOCTENEHHYIO POSb
B NMPOdUNAKTMKE N KOHTPOJSIE UHCYIMHOPE3NCTEHTHOCTH,
npenvaberta, rectayMoOHHOro caxapHoro pAuaberta, C[2
1 ero ocnoXHeHui [13]. TpagnumoHHON GOpPMON yrpaXkHe-
HWIA, peKOMeHAYyeMOol NaymeHTam ¢ MeTabonmueckumu 3a-
6oneBaHAMU, ABNAIOTCA a3pobHble ynpaxHeHus [14]. Og-
HaKo HefaBHME UCCNefOBaHUA MOATBEpAMNV Heobxoaw-
MOCTb MHTErpauum ynpakHeHUn C OTATOLEHUAMU Y NnL
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C MHCYNnHope3uncTeHTHocTbio, C12, oxnpernem n MC [15-
18]. MbiweyHas cuna [19] n mbllweyHaa macca [20] obpaTHO
NPONOPLUNOHANbHO CBA3aHbl ¢ Kputepuamm MC, a yyactume
B TPEHMPOBKAX C OTArOLWEHUAMYN C Pa3fIMYHbIMU PeXKMMa-
MU 3 PEKTVBHO CHMXAIOT YPOBEHb rtoKo3bl, T, o6xBaT Ta-
num (OT), cuctonnueckoe aptepuranbHoe gasnexune (CAL),
z-nokasatenb Taxectn MC (TMC), a Take nosbiwaeT JIMBIM
y nuy, ¢ MC [21]. bonee ToOro, nccnegosaHune ¢ MeHgenes-
CKOW paHaoMu3auuer NpoaeMOHCTPUPOBANO, YTO FreHeTU-
YyecKkun 0BYC/IOBIEHHOE CHUXKEHWE CUMbl XBaTa U anneHau-
KyNApHOI Maccbl MblLL, 6b110 06paTHO MPONOPLNOHANBHO
cBAzaHo ¢ C2, rmnepToHMeEN, HeanKkorobHOM XNPOBOW
60/1€3HbI0 MEeYeHr, nemmnyeckon bonesHblo cepaua, VH-
dapKTOM MrOKapaa 1 6onesHbio AnbLreiimepa yepes me-
XaHW3M Pe3UCTeHTHOCTM K MHCYNNHY [22]. K coxkaneHuio, Ha
JaHHbIA MOMEHT OTCYTCTBYET MHbOPMALIMA O CBA3M MeXIY
OTHOCUTESIbHOWN MbILLEYHOWN CUNON N nHAeKcoM TyG, a Tak-
e 0 BAUAHUM YNPaXHEHUN C OTAMOWEHMAMN Ha anbTep-
HaTMBHblE MOKa3aTeNn Pe3NCTEHTHOCTU K MHCYINHY Y Nl
cMC.

LEJIb

YCTaHOBUTb CBA3b MEX Y OTHOCUTEIbHOWM CUMO MbiLLIL
BEPXHUX KOHEUYHOCTel 1 NHAEKCOM TyG, a Take OLeHUTb
BIMAHME Pa3NINUYHbIX PEXMMOB YMPaXHEHUI C OTATOLWEeHN-
AMU Ha afbTepHaTMBHbIE MOKa3aTesIn UHCYIMHOPE3NCTEHT-
HOCTM Y My>KUnH ¢ MC.

MATEPUAJIbl U METOAbI

WNccnepoBaHue npoxoamno Ha 6a3e HayyHo-uccnepo-
BATENIbCKOrO MHCTUTYTa ONIMMMMNIACKOrO cnopTa Npuv Ypanb-
CKOM rocyfjapCTBEHHOM yHMUBepcuTeTe GU3NYECKON Kyrb-
Typbl, ceTn puTHeC-knyboB «TeppuTtopua cnopta» r. Yena-
OUHCK 1 MeAVNLMHCKOW KNNHUKK «MICTOUHMK» T. YensionHcK
C ceHTA6pA 2020 r. no anpenb 2022 r. UccnepgoBaHme npo-
xoAanno B ABa 3Tana. OCHOBHOW Liefiblo MepBoro 3Tana 6bi1o
onpepeneHne CBA3N MeXay OTHOCUTENIbHOWM CUMON MbILLL
BEPXHUX KOHeyHocTen 1 nHgekcom TyG. Ha nepsom sTane
nccnefoBaHna 6bin10 0TO6PaAHO 224 My>KUMHbI B BO3pac-
Te oT 25 fo 50 nert, KOTOpble BNepBble NPULWIN B GUTHEC-
LeHTp. B npouecce oT6opa ObINM NCKOUEHBI MY>KUUNHDI,
nMmeloLiMe apTepranbHyl0 runepTeHsnio (apTepuanbHoe
nasneHue Bbie 140/90) (n = 3), nuua ¢ 3aboneBaHUAMMN
OMOpPHO-ABUraTeNIbHOrO annapata (n = 2), a Takxe nmua,
OTKasaBLIMecsA OT NPOBEeAEHMA UCCNeAOBaHUA MO WHbIM
npudnHam (n = 3). Takum 06pa3om, B OKOHUYATENbHbIN aHa-
N3 BKJIlOYEHbI pe3ynbTaTbl 06c/iefoBaHnA 216 MyXKUMH.
Y obcnepyemblx My»KUMH Oblnla OLEHEHA MbILIEYHAA cuia
B yNpaxHeHun <Kum WwraHrm nexa» (puc. 1), a Takxe onpe-
deneH nHpekc TyG.

CoBpeMeHHble faHHble HEKOTOPbLIX 3NMAeMUonormye-
CKMX MCCefoBaHui AeMOHCTPUPYIOT obpaTHO nmponop-
LMOHAbHYIO CBA3b MEXAY MbILEYHOW CUIOW/MbILIEYHOMN
MaCCOW 1 PE3NCTEHTHOCTBIO K UHCYNIMHY/PUCKOM Pa3BUTKA
C2 [22], xoTa ppyrve uccnegoBaHUs He ObGHapyMBa-
0T Takom cBA3w [23]. B 3Ton cBA3M Lenblo BTOPOro sTana
6bII0 NPOBECTU PaHLOMU3UPOBAHHOE KOHTPONMpPYyeEMOe
nccnefoBaHue, oLeHMBaloLee BANAHME PasfInyHbIX NPo-
TOKONIOB TPEHNPOBOK C OTArOLEHUAMY, KOTOpble MpuMe-
HAOTCA ON1A NOBbIWEHWNA MbILLIEYHOW CUbl U MbILLEYHO
Maccbl, Ha nokasatenu TyG, TI/MBM n TyG-MT y my>unH
¢ MC. NoaTomy Ha BTOpOM 3Tane n3 216 mMy>kunH 6binm oTo-
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Puc. 1. YnpaxHeHue «Kum wraHrn nexa» (potorpadua
npepocTaB/ieHa aBTOPOM)

Fig. 1. Bench press exercise (the photo provided by the
author)

6paHbl 69, y KoTopbIx Obin AnarHocTnposaH MC cornacHo
KpuTtepuam MexayHapogHon anabeTtnueckon degepaunmn
(IDF), HaunoHanbHOro MHCTUTYTa cepaua, Nerknx n Kposu
(NHLBI), AMepuKaHCKOM KapAnonormyeckon accoumaumm
(AHA), BcemmpHoli kapauonoruyeckon degepaunn (WHF),
MexayHaponHoro obwectsa atepocknepo3sa (IAS) n Mex-
OYHapoAHOW accoumauum no msyyeHuto oxupeHna (IASO)
2009 r. [24], rae ona NOCTaHOBKM AMarHo3a Heobxoanmo
Hannyme MUHMMYM TPex U3 MATU HUXKenepeuymncieHHbIX
KpuTtepueB: 1) yBeNMYeHHaA OKPY>KHOCTb Talln: OKPYX-
HOCTb Ta/iMn > 94 CM Y My>XUMH; 2) NOBbILIEHHOE apTepu-
anbHoOe AaBfieHue: apTepranbHoe gasneHne = 130/85 mm
PT. CT. WU MeAMKAMEHTO3HOE fleYyeHre paHee ANarHoCTu-
POBaHHOW rMNePTOHNN; 3) CHUXKEHUE YPOBHA XONecTeprHa
JINBM: < 40 Mr/gn y My><4uH; 4) NOBbILLEHHbIA YpoBeHb TTI:
ypoBeHb Tl = 150 mMr/gn nnn megnkameHTO3HOe fieyeHne
NoOBbILWEHHOro YpoBHA TI; 5) NOBbIWEHHbIA YPOBEHb 1t0-
KO3bl HAaTOLAK: YPOBEHb MI0KO3bl HaToWwak = 100 mr/n nnn
MefVIKaMeHTO3HOE fleyeHne MOBbILWEHHOrO YPOBHSA [Ito-
KO3bl UNK paHee gnarHoctuposaHHoro CL12. Tpu yenoseka
(n = 3) nepen NnpoBefeHMeM BTOPOro 3Tana oTkasanucb oT
JanbHellwero npoBefeHns nccnefosarHma. ina paHapomu-
3aumm 66 y4yacTHKOB MCC/IeOBaHMA Ha BTOPOM 3Tarne nc-
nonb3oBasiacb 3NeKTPOHHaA Tabnuua reHepaunn ciyyan-
HbIX ymcen. Kaxkgomy yyacTHUKY UCCnefoBaHUA BHELWHUIA
HabniopaTtenb Bpy4yan 3aneyaTaHHbI KOHBEPT C NOPAAKO-
BbIM HOMepOM BHYTpu oT 1 go 66. lNocne s3toro npu no-
MOLLM KOMMNbIOTEPHOWN NPOrpamMmbl reHepaLmm ClyYaiHbIX
yrcen ncnbiTyemble 6bIN pacnpegeneHbl Ha TPU TPYNMb;
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HN3KOWHTEHCMBHbIE YNPaXXHEHWA C OTATOLEHNAMN B COYe-
TaHWUW C orpaHnyeHnem KposoToka (HNOK; n = 22); Bbicoko-
WNHTEHCUBHbIE YNPaXXHEHUA C OTAroLWeHMAMU 6e3 orpaHu-
YeHMA KPOBOTOKa (BW; n = 22); HU3KOMHTEHCMBHbIE yNpark-
HeHWA C oTAroweHnAMY 6e3 orpaHnyeHnsa KposoToka (HI;
n=22).Tak Kak B rpynne HAOK (n=2) ns rpynne BN (n=1)
B NpoLecce NpoBeAeHNsA BTOPOro 3Tana NCnbiTyemble Bbl-
nonHUnn meHee 70 % TPEHMPOBOYUHbIX HAarpy3oK (nocetu-
nn meHee 16 TPEHMPOBOYHbIX CECCUIA), OHU ObINU UCKNo-
YeHbl 13 OKOHYaTeNbHOro aHanmsa. [lBoe MyXumH Obln
ncknoueHbl u3 rpynnbl HUA (n = 2), a Takxke ofuH My4mnHa
UcKNoYeH n3 rpynnsl BU (n = 1), utobbl npegoTBpatTh No-
rpewwHocTb. Takum o6pa3om, B OKOHUYATENbHbIN aHann3 Ha
BTOPOM 3Tane BOWAW pe3ynbTaTbl UCCNefoBaHnA 60 Myx-
ynH. UccnepoBaHue 6biflo BbIMONHEHO B COOTBETCTBUU
C NpUHUMNaMn XenbCUHKCKOW AeKnapauunu, y Bcex yyacT-
HVKOB OblIO MONYYEHO NMUCbMEHHOE MHGOPMUPOBaHHOE
cornacme. Ha npoBefeHMe HaCTOALEro MCCNefoBaHMA
nonyyeHo ofobpeHue stuyeckoro kommteta OBMOY BO
«YpanbCKUn rocyAapCcTBEHHbI YHUBEPCUTET GU3MUECcKom
KYNbTypbl», BbINVUCKa 13 3acefaHns ot 24.09.2019 N2 1.

Kpumepuu exknrovyeHusa/HeeKkniovyeHus

KpuTepunm BKNoUeHWA Ha NepBOM 3Tarne: HeTPeHMPOBaH-
Hble My>KUMHbI B BO3pacTe oT 25 o 50 neT, y KoTopbix 1Mo
OTCYTCTBYIOT, 60 nmMetotca 1 kputepuin MC n bonee. Kpute-
pun BKNIOYEHWA Ha BTOPOM 3Tarne: HeTPeHMPOBAHHbIE MYX-
UKHBbI, Y KOTOPbIX MMeeTcA 3 n 6onee kputepues MC.

Kputepnn HeBknoueHnsa ana oboux 3TanoB: OCTpble
XPOHMYeCK/e NHPEKLMOHHbIE NN comaTnyeckne 3abone-
BaHWA, apTepuanbHaa runepteHsua (sbiwe 140/90), CO2,
Tpombopnebut rnyboKnx BeH KOHeyHocCTel, 3aboneBaHus
OMOpPHO-ABUraTeNbHOro annapata v gpyrue npoT1BonoKa-
3aHVA K BbINOMHEHWIO CUIIOBOI Harpy3Ku.

Kpumepuu mema6onuyeckoz2o cuHOpoma

Y BCEX YUaCTHUKOB 6Obina cobpaHa yTPeHHsAsA BEHO3Has
KpoBb nocne 8—12-4acoBoro ronofaHna ana onpeaeneHns
ypoBHsaA rntoko3bl, TT, JINBIM B nna3me. MNocne 5-MuHyTHOrO
oTAbIXa B nonoxeHun cnasa oueHnsanu CAI v anactonunye-
cKoe apTepuanbHoe aasneHve (OAL). OT usmepanm c no-
MOLLIbIO CAHTMMETPOBOW JIEHTbI HA YPOBHE BEPXHErO rpeb-
HA NOAB3AO0LWHON KOCTU.

TshKeCTb MeTaboNYeCcKoro CMHAPoOMa
Z-nokasaTenb TMC oueHunBanu no ¢opmyne:

TMC =-5,4473 + 0,0125 x OT - 0,0251 x JINBI +
+0,0047 x CAl + 0,8244 x In(TT) + 0,0106 X rnoKo3a,
roe OT — obxBat Tanuu B caHTmeTpax, JINBIM — nunonpo-
Tenapbl Bbicokor nnotHocTu B mr/gn, CALl — cuctonmnueckoe
apTepvianbHoe AaBneHne B MM pT. €T, In(TI) — HaTypanbHbIN
norapuém TPUMULEPVAOB HATOLLAK B Mr/an, r0KO3a HaTo-
wak B mr/gn [25]. bonee BbICOKUI NoKa3aTesib XxapakTepumsyeT

MeHee 61aronpUATHbIN MeTaboNNYECKUIA CTATYC.

AnbrepHaTVBHbIe NOKa3aTeNnu NHCYIMHOPE3NCTEHTHOCTY
NHpekc TyG paccumtbiBanu no Gopmyne:
TyG = In [Tpurnnuepngbl (Mr/gn) X
X [II0KO3a nna3mbl (mr/an)/2],
rae In — HaTypanbHbi norapudm. T (Mmonb/n) genunu Ha
JINBIM (Mmonb/n) ana oueHkn cootHowweHua TI/MMBM. TyG-
WMT paccumtbiBanu, Kak npounssegeHme TyG Ha VIMT.
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AHTpOnomeTpua n 6uonMmnegaHcomeTpua
P P
OnvHy Tena n maccy Tena onpegenany gnA pacyeta
UMT no ¢opmyne: -
___Bec(kr
NMT = pocT (m?) *
MbilWweYHO-CKeNeTHyI0 MacCy OUEeHMBanu C MOMOLLbIO

aHanmsatopa InBody 720.

OyeHKa Mblwie4HoU cusbl

MbllweyHas cuna y yyacTHUMKOB Obina onpepeneHa
B ynpakHeHun «Kum wraHrm nexa» (KLLUM). TectmposaHue
NPOXOAMNO NMOJ KOHTPONEeM KBanudrLMpoBaHHOIo TpeHepa
no ¢usnyeckon noarotToske. lNepen Hayanom TeCcTMpPOBaHUA
6blfia NpoBefeHa pa3MUHKa Ha 6EroBo JOPOXKKe B TeUeHMe
5 MVHYT B0 poCTUKeHNA NynbCcoBoi 30HbI 100-120 yaapos
B MUWHyTy. [lanee y4yacTHUKM WCCNefoBaHWA BbIMOMHUAN
1-2 pa3murHoYHbIX noaxofa B ynpaxHeHumn KLU ¢ nayson
oTAbixa 3 MUHYTbI MeXay nogxoaamu. [ina onpegeneHns no-
BTOpHOro makcumyma (1 NMM) B ynpaxHeHun KLU paHHOMy
KOHTMHIEHTY WCMbITyeMblX Npepanaranca BapuaHT, COCToA-
wmn 13 10 NOBTOPEeHWUn B NOAXOAE OO KOHLEHTPUYECKOro
BOJIEBOrO OTKa3a. Ecnv ncnbiTyembliii MOr BbINOMHUTL 6onee
10 noBTOpPEeHMIA, TO NOAXOA OCTaHaBNMBancA. [lanee no Lwka-
ne Repetitions-in-Reserve (RIR) [26] oueHunBanacb 6n1130CTb
K KOHLeHTprYeckomy oTKa3sy. Ecnv oHa cocTaBnana meHee
2 MOBTOpEeHWI B 3anace, TO GUKCMPOBANCA TeKyLMIA BecC
oTAroLleHus, eciv 6onee 2 NOBTOPEHUN, TO TECTMPOBaHME
npoposKanoch. [lanee nocne 5-MUHYTHOW Nay3bl OTAbIXa JO-
6aBNANCA BEC OTArOLWEHWA (lwar 5 Kr) 1 MOBTOPANCA NoAxos.
Takow cTyneHuYaTbIi BapuaHT MPOA0AXKaNca 4o Tex Nop, Noka
NCMbITYeMbIA MOF BbINOHUTL TONbKO 5-10 NOBTOPOB A0
KOHLIEHTPMYECKOro BONIEBOrO OTKasa. 3aTeMm Mo cregyoLlen
dopmyne paccunTbIBanca NOBTOPHbIN MaKCUMYM:

MM =w(l+55),
rae w — Bec OTAroLWeHua, r — MakCMmanbHOe KonmyecTBo
nostopeHun [27]. MNocne 3Toro paccymTbiBanacb OTHOCU-
TeslbHaA MblleYyHasa cuna (OTH. cuna) no ¢opmyne:
OTH.cna = (1”M]x1oo,

MCM
rae 1 MM — 1 nosTopHbI Makcumym; MCM — mbilweyHo-

cKeneTHadA macca. lNocne 3Toro, CornacHo NonyyYeHHbIM pe-
3ynbTaTaM, yYaCTHUKM Obln pacnpeaesnieHbl No KBapTUIAM
OTHOCUTENIbHOW MbILLEYHOW CUJTbl OT CaMoro Bbicokoro (Q1)
[0 camoro Huskoro (Q4).

I1po1’oxon N peXXMbl TPEHUPOBOK C OTAroweHnamm
YuacTtHukm ¢ MC 6binn ciydaiiHbiM 06pa3om pacnpege-
neHbl Ha Tpu rpynnbl. Mepeaa rpynna (HAOK) BbinonHana
NPOTOKOJT HU3KOMHTEHCMBHbIX YNPaXHEHN C OTATOLEeHN-
AMUN B COYETAHUN C OFPaHUYEHNEM KPOBOTOKA (MHTEHCMB-
HocTb — 30 % o1 1 1M; 4 nogxoda B KaXAoM yrnpakHe-
Huu; 30-15-15-15 noBTOpPOB B NoAxoAe C nay3omn oTabixa
30 cek — 1 MUHYTa MeXxAy MNOAXOAAMN U 2 MUHYTbl MeXxay
ynpaxkHeHuamn). Bropaa rpynna (BW) BbinonHAna Bbico-
KOWHTEHCVBHbIE YNPaXKHeHWA ¢ oTAaroweHnammn 6e3 orpa-
HUYEHUA KPOBOTOKA (MHTEHCMBHOCTL — 70 % ot 1 MM;
4 nopgxofa B KaXaoM yrnpaxHeHun; 10 NOBTOPOB B KaXkAOM
nogxofde C Nay3on OTAbIXa 2 MUHYTbl MeXAy NOAXOoAamMu
1 ynpaxHeHuamm). Tpetba rpynna (HW) BbinonHAna HM3Ko-
WHTEHCMBHbIE YNPaXXHEeHUA C oTAroweHnaMn 6e3 orpaHu-
YyeHUA KPoOBOTOKa (MHTeHcUBHOCTL — 30 % ot 1 INM; 4 nog-
xofa B KaxAoMm ynpaxHeHun; 30-15-15-15 nostopos
B nogxope ¢ nay3om otrgpixa 30 cek — 1 MrHyTa Mexxay nog-
XOAaMM 1 2 MUHYTbI MeXAY YnparkHeHUAMN). [oapo6HbIn
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NPOTOKON YMPaXHEHNN C OTAroWeHMAMN npeacTaBiieH
B Hawen ny6nukaumm [28]. UcnbiTyemble npoBenu B 06Lwel
CNOXKHOCTN 24 TPEHNPOBOYHbIX 3aHATUA MO 2 pa3a B Hefle-
IO Ha NPOTAXeHUN 12 Hepenb.

OrpaHnYeHne KpoBOTOKa

[inAa co3paHmA orpaHMyeHnA KPOBOTOKAa MWCMNONb30-
Baflacb 3nacTMYHaA MaHXeTa, obepHyTas BOKPYr MpPOK-
CUManbHOWM YacTh nnedya unn 6egpa. O6xBaT 31acTUYHON
NeHTbl Obifl yMeHbLUeH Ha 25 % OTHOCUTENIbHO obxBaTa
BEPXHUX 1 Ha 30 % OTHOCUTENBbHO 06XBaTa HUMHUX KOHEeY-
HocTen [29]. Vicmonb3oBanca npepbIBUCTbIA BapyaHT orpa-
HMYEHUA KPOBOTOKa (B TeueHWe nopxofda orpaHuumBanu
KPOBOTOK, BO BpeMms Mnay3bl OTAbIXa KPOBOTOK BOCCTaHaB-
NnBanNN, CHAMas 3NacTUYHyo neHTy) [30].

Cmamucmuyeckas o6pabomka pe3ynbmamos
MonyyeHHble pe3ynbTaTbl 06paboTaHbl C MOMOLLbIO
CTaTUCTUYECKOrO MakeTa aHanm3a AaHHbix Microsoft Excel.
MpoBepKy Ha HOPManbHOCTb pacnpeaeneHna NpPrU3Hakos
NPOBOAUNN C WCMNONb30BaHWeM KpuTepres Konmoropo-
Ba — CmupHoBa. [1nA OLeHKN KOPPENALMOHHOM CBA3N MeX-
Ay Npvi3HaKamy ncrnonb3oBanu Ko3pduLUneHT Koppenauum
MupcoHa r. InA BbIABNEHUA 3HAUUMbIX U3MEHEHUN MEXAY
KBapTUNAMU 1 UCCIEAYEMbIMI Tpynnamu 6bii NCNoNb30BaH
oaHObaKTOPHBbIN AMCNEePCMOHHBIN aHanu3. [ocne BbiaBne-
HMA 3HAYMMOTO BNVAHMA GAaKTOPOB MPUMEHANCA arnocTe-
PUOPHbIN aHanM3 NOMNapHbIX CPaBHEHWI C MOMOLLbIO KpU-
Tepua Toiokn. OnpepgeneHne CTaTUCTUYECKON 3HAUMMOCTHU
pa3nnuunin 3aBUCMMbIX BbIGOPOK A0 U Mocsie nccnefaoBaHma
NPOBOAUNM C NomoLbto t-KpuTepua CTblofeHTa. 3HaueHna
nepemMeHHbIX NpeacTasneHbl B Buae M £ SD, rgpe M — cpeg-
Hee apudpmetuyeckoe, SD — craHfapTHOe (cpefHee KBa-
OpaTUYHOE) OTKNIOHeHVe. Bblbupanca ypoBeHb CTaTUCTW-
yeckon 3Haummoctn 0,05 nnn 0,01. PesynbraThl cuntanuco
CTaTUCTUYECKU JOCTOBepHbIMU Npu p < 0,05.

PE3YJIbTATbl U OBCYXAEHUE

XapaKkTepucTrKa y4acTHUKOB 1-ro 3Tana nccnefoBaHus,
a TakXKe pacnpegeneHne no KBapTUNAM OTHOCUTENLHOMN
CWJTbl MbILLL, BEPXHVX KOHEUHOCTEN NpefCcTaBneHa B Tabniu-
ue 1. bblno o6Hapy»eHo, YTO OTHOCUTENbHAA CUMa MbILL
BEPXHUX KOHEYHOCTelN 06paTHO NPONopLMOHaNbHa MHAEK-
cy TyG (r=-0,52; p < 0,05) y o6cnefjoBaHHbIX My>KUH. bbinu
BblAB/IEHbl CTAaTUCTUYECKN 3HauMMble pasnmuma (p < 0,05)
no nokasatenam TyG mexagy Q1 n Q4, Q1 n Q3, Q2 n Q4.
Takxe Habnoganncb CTaTUCTUYECKU 3HAYMMble pPas3numa
(p < 0,001) no nokazatenam: MT, OT, CAL, TI, rntoko3bl
nna3mbl, JINBI, z-nokasatena TMC, MCM mexay Q1 n Q4.

MNMepen Hayanom BTOPOro 3Tana UcCCc/eoBaHMA He Ha-
6N10[aNnoCh CTAaTUCTMYECKU 3HAUMMOW Pa3HULbI MeXAY
rpynnamm no Bcem nokasatenam (p > 0,05). MNocne 12-He-
[eNbHOro Kypca ynpaXHeHUn ¢ OTAroWweHUAMN Ans rpynn
HWOK n BN 6b1n0 06Hapy»KeHO CTaTUCTMYECKM 3HAYMMOe
CcHmXeHne nHgekca TyG (HMOK, p = 0,001; BW, p = 0,000),
Tr/NNBM (HUOK, p = 0,004; BN, p = 0,015), KOMOUHaL MK
TyG-UMT (HNOK, p = 0,000; BW, p = 0,023) (tabn. 2). B rpyn-
ne HW Habnioganacb TeHAEHUUS K CHUXKEHUIO MHAEeKca
TyG (p = 0,996), TI/NMNBI (p = 0,182) n kKombUHauun TyG-
UMT (p = 0,121), HO 3TN U3MEHEHUA He JOCTUMMKN CTaTu-
CTUYECKUN 3HAUYMMbIX pa3nunumi (Tabn. 2). ANOCTEPUOPHDIN
aHanM3 MonapHbIX CPaBHEHWI MeXAay rpynnamu nocne

ARTICLES

NCCnefoBaHUA YCTaHOBMI CTaTUCTUYECKM 3HauuMble pas-
nnuna mexgy rpynnamm HAOK n HWX no nokasatenam TyG
(p=0,029), T[/NNBIM (p = 0,041), Ho He gnA noka3atena TyG/
UMT (p = 0,614). Mpu 3TOM He 6bI10 06HaPYKEHO CTAaTUCTW-
YecKmn 3HauMMbIX pasnuuuin mexgy rpynnamu HAOK n BU
nocnie nccnefoBaHuA No nokasatenam TyG (p = 0,982), TI/
JINBN (p = 0,983) u TyG/UMT (p = 0,994).

B Hawem nccnegoBaHuM Gbln MONyYeHbl Crepytowme
pe3ynbratbl. Hamn BnepBble Gbina obHapy)keHa obpaTHO
nponopumoHarnbHana CBA3b MexAy MnokasaTesieM OTHOCU-
TENIbHOW CWMbl MbILWL, BEPXHUX KOHEYHOCTEN U MHAEKCOM
TyG. TOUYHbIN MexaHM3M, C MOMOLLbIO KOTOPOTO MblLLeYHasA
cuna obpaTHO NPOMOPLMOHANbHO CBA3aHa C WHAEKCOM
TyG, HensBecTeH, XOTA Mbl NpeAnonaraem, YTo pe3nCTeHT-
HOCTb K MHCYJIHY 1 XPOHUYeCcKoe BoCnaneHne MoryT 6biTb
OCHOBHbIMU NOTEHLMANbHBIMM CBA3AMN MEXIY CHUXKEHMEM
MbILIEYHON Cuiibl U NoBblweHnemM nHaekca TyG. CunTaeTcs,
uTo NHAEKC TyG oTpaxaeT pe3nCTEHTHOCTb K MHCYNINHY, NO-
CKOJbKY OH paccunTbiBaeTCA Ha OCHOBE ABYX MeTabonnye-
CKUX MapaMeTpoB: TPUIMULEPULOB 1 MIIOKO3bl NNa3mMbl Ha-
Towak. M3BecTHo, uto nHaekc TyG 6bi cBAzaH ¢ TMC [31],
a TMC 6bina 06paTHO NPONOPLIOHANbHO CBA3aHa C OTHOCK-
TefIbHOW MblleyHou cunon [32]. Takxke N3BECTHO, YTO BHY-
TPUMbILLEYHOE (IKTOMMYECKOe) HaKoMJIeHME »Kupa NpuBo-
OUT K UHCYNMHOPEe3NCTeHTHOCTU [33], uTo B CBOIO ovepeab
CBA3aHO C yBeJIMYeHNeM NPOBOCNANIUTENbHbBIX LIMTOKNHOB,
NnoAaBneHnemM 3KCNPeccMn TPaHCMOPTUPOBLYMKOB THOKO-
3bl U PeLenTopoB K UHCYNUHY [34]. Pe3uCTeHTHOCTb K WH-
CYNIVIHY NPUBOANT K CHUMEHMIO aHTKaTabonmnyeckoro aen-
CTBMA VHCYNIMHA Y MOXKET NPUBECTU K capkoneHuu. K Tomy
e MoBbIlWeHHadA akTMBauua AagepHoro ¢aktopa Kanna B,
BbI3BaHHaA MPOBOCMAaNUTENbHLIMA KacKafaMu, Bbi3biBaeT
YOUKBUTMHUPOBaHME MbIlLEYHbIX 6eNKOB 1 AnccoumaLlmio
aKTUHOBbBIX N MMO3UHOBbIX GUIAMEHTOB, UTO TaKXKe MOXeT
NPUBOANTb K CHUXKEHWIO MblLLEYHOW Cunbl [35].

Mo pe3ynbTaTam Hallero nccnefoBaHna ObINo BbiABNe-
HO MONOXWUTeNIbHOE BNUAHNE TPEHUPOBOK C OTATOLEeHNA-
MW Ha afbTepHaTVBHbIE MOKa3aTenu NHCYNIMHOPE3UCTEHT-
HocTu y nny ¢ MC. Kak HU3KOUHTEHCBHAA CUI0Bas TPEHU-
pOBKa C OorpaHuyeHnem KpOBOTOKa, Tak 1 TpaAuLMOHHanA
BbICOKOMHTEHCVBHAA TPEHMPOBKa NPUBOAWAN K CHU-
XeHno nokasatenen mHgekca TyG, TI/MNBM n TyG-UMT
y My>unH ¢ MC.

Ha paHHbI MOMEHT B Hay4YHOW nuTepaType HeT OQHO-
3HAYHOrO MHEHUA O TOM, KaKoW TUM Harpy3ku Hanbonee
3bdeKTUBEH ANA CHUKEHNA PE3NCTEHTHOCTU K NHCYNHY.
HekoTopble cuctematnyeckre 0630pbl NPOLEMOHCTPUPO-
Bann 6onee 3¢pPeKTMBHOE BO3AENCTBME KOMOVMHMPOBaH-
Horo (aspobHble NNC CUIOBble TPEHUPOBKW) BAUAHUA
Ha CHMXeHne MHCynnHopesncTeHTHocTu [36, 37]. K coxa-
NEeHVIo, Ha NPaKTVKe NCNoJb30BaHe KOMOMHPOBaHHbIX
TPEHMPOBOK MOPOW HEBO3MOMXHO W3-3a 3HaUMTENbHbIX
BPEMEHHbIX 3aTpaT. Takum obpa3om, nouck s¢podekTrB-
HbIX TPEHVWPOBOUYHbIX MPOTOKONOB, ONTUMU3NPYIOLLMX
HefenbHbIN 0O0bem TPEHVMPOBOK, ABNAETCA aKTyalbHON
3alauen AnAa Koppekuum MeTabonmuyeckmx COCTOAHMNA.
Heckonbko crcTemMaTyecknx 0630poB U MeTa-aHaNv30B
NPoAEeMOHCTPUPOBANHN, UTO TPEHNPOBKM C OTATOLEHUAMU
3bPEeKTUBHBI ANA CHUXKEHNA PE3NCTEHTHOCTU K MHCYNIVHY
y Noxunbix nuy [38] u y nuy ¢ oxXnpeHnem/n36oIToUHbIM
BecoM [39]. CpaBHUMTENbHbIE aHaNM3bl @3POOHBIX U CUNO-
BbIX TPEHUPOBOK NPULLIA K HEOAHO3HAUYHbIM BblBOAAM.
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Ta6nuua 1. XapakTepucTiika y4acTHMKOB NMepBOro 3Tana MCCiefoBaHWs Mo KBapTUAM OTHOCUTENIbHOW CWflbl MbILLL
BEPXHUX KOHeYyHocTen (M + SD)
Table 1. Characteristics of participants of the first stage of the study by quartiles of relative upper limb muscle strength (M + SD)

o6wwuin
Mapametpbi / nokasartenb / Q1 Q2 Q3 Q4 value
Parameters General indicator (n=54) (n=54) (n=54) (n=54) P
(n=216)

OTH. cuna, Kr/kr /

+ + + + +
Relative strength kg/kg 161,85+ 18,01 179,52 +9,13 164,37 £ 10,21 15594 +8,11 147,58+ 11,87 0,000

BospacrT, net/

3512+9,97 3481575 3509%6,12 3401+6,19 3645+7,11 0,343
Age, years

Macca Ttena, Kr /

86,06 + 10,67 7482+6,06 81,09+534 8472+743 9236+854 0,000
Body mass, kg

Anvna tena, cm/

. 179,82 + 4,56 178,72 +5,79 179,97 £4,13 178,63 +4,34 180,18+5,32 0,529
Height, cm

MHpaeKc maccbl Tena, Kr/m? /

Body mass index, kg/m? 26,63 + 3,33 2344+1,84 2503+1,88 2661+2,78 2842+191 0,000

O6xBaTt Tanuu, cm /

.. 94,76 + 8,43 85,45+496 90,82 +6,41 96,36 £6,29 101,09+6,81 0,000
Waist circumference, cm

Cucronnueckoe

apTepuanbHoe AaBNeHue,

MM pT. cT. / 129,36 + 9,37 120,18 +5,09 12591+7,89 131,01+7,87 136,11 +5,21 0,000
Systolic blood pressure,

mmHg

Tpurnauuepugbl, mr/gn /

. . 11091 +£26,59  85,82+12,82 104,18 £21,63 115,21 + 25,85 126,09 + 25,06 0,000
Triglycerides, mg/dI|

Mioko3a nnasmbi, mr/gn /

98,01 £ 6,69 92,18+6,05 96,27 +4,86 9891+4,61 101,54+4,25 0,000
Plasma glucose, mg/dl

JiunonpoTteunabl BbICOKON
nnoTHocTu, mr/gn /

High density lipoproteins,
mg/dl

47,21 +£8,24 5491 +517 51,09+7,99 4527+6,08 42,27+5,18 0,000

MbiweyYyHO-CKeneTHas
macca, Kr / 38,32+ 3,83 33,54+2,72 37,71+193 4041+3,69 41,85+3,15 0,000
Musculoskeletal mass, kg

Z -noKa3satenb TMC, 6ann /

. -0,05+0,57 -0,53+0,31 -0,17+0,51 0,18+ 0,44 047 +£0,37 0,000
severity Z-score MS, score
NHaexkc Tpurnuuepupbl/
riokosa / 8,53 + 0,31 827+0,19 849+025 862+026 874+023 0,000
Triglycerides/glucose
index

MpumeyuaHue: p-value — cmamucmuyeckue paznuyus nokasamesnel mexdy Q1 u Q4 (anocmepuopHeili aHanus nposedeH
C nomowbto Kpumepus ToloKu).
Note: p-value — statistical differences between Q1 and Q4 (post hoc analysis was carried out using Tukey’s test).
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Ta6nuua 2. [luHaMuKa anbTepHATBHbIX MHAEKCOB MHCYSIMHOPE3NCTEHTHOCTY Y My>KuMH ¢ MC Ha BTOpOM 3Tare uccnego-

BaHuA (M £ SD)

Table 2. Dynamics of alternative insulin resistance indices in men with MS at the second stage of the study (M + SD)

Mokasatenb / Index

lpynna nccneposaHus / Study group

HUOK / LIBFR BU /HI HWU /LI
(n=20) (n=20) (n=20)
WHaeKc TpUrnuLepnabl/riokosa / o / Before 8,94 +0,11 8,93+0,11 8,93 +£0,09
Triglycerides/glucose index Mocne/After 872+013  871+0,12  885+0,12
p-value 0,001 0,000 0,996
Tpurnuuepugbi/nMnonTporenjam BbiICOKOI o / Before 1,49 + 0,21 1,46 £ 0,21 1,47 £0,22
nnaoTHocTn /
Triglycerides/high density Iipoproteins nocne / After 1,04 + 0,1 3 1,03 + 0,1 2 1,23 + 0,1 5
p-value 0,004 0,015 0,182
NHaekc Tpurnuuyepunabl/rnioKosa/uHAEKC Macchl Ho/Before 266,72 +23,91 264,21 +21,89 263,37 + 24,06
Tena/
Mocne / After 244,95+ 24,53 243,89 + 23,04 253,21 +23,58

Triglycerides index/glucose/body mass index

p-value

0,000 0,023 0,121

ﬂpumeanue: p-value — cmamucmudyeckue pasiu4us ME)Kay nokasamensamu 00 U hocse Kypca mpeHUpO8OK (aHanus pas-

au4uti nposedeH no t-kpumepuro CmotodeHma).

Note: p-value — statistical differences between the indicators before and after the training course (differences were analyzed

by Student’s t-test).

Tak, B ceTeBOM MeTaaHanu3e Huang L. et al. [40] 6b110 npo-
OEMOHCTPUPOBAHO, UYTO aspobHble TPEHUPOBKU 6Gonee
30GDEKTMBHO CHMXany Pe3NCTEHTHOCTb K MHCYNVHY Y L,
c npepanabeTomM No CpaBHEHMIO C CUSTOBLIMU TPEHMPOBKa-
mu. Mpwn 3TOM B crcTemaTMyeckom 0630pe 1 MeTaaHanmse
Bennasar-Veny M. et al. [41] TONbKO TPEHUPOBKM C OTArO-
LLEeHNAMM, HO He a3POOHble TPEHUPOBKM NPUBOAWIIN K CTa-
TUCTMYECKN 3HAYMMOMY CHUPKEHMIO YPOBHEN TNKO3bl
B M1a3Me HaToLaK U MKNPOBAHHOIO reMorfiobuHa y nuy,
¢ npegpanabetom. K coxaneHuio, Ha faHHbI MOMEHT B Ha-
YUHOI NuTepaType HefocTaTouHO MHGOpMauma O BAUA-
HUWN TPEHMPOBOK C OTATOLEHUAMU ONA CHUXKEHMUA pe3u-
CTEHTHOCTM K UHCYNUHY Yy My»K4mH ¢ MC, a Takxe OTCyT-
cTByeT nHdopmMaLma O NPUMEHEHNN HU3KOUHTEHCUBHbIX
TPEHVPOBOK C OTATOLWEHUAMMN B COYETAHUUN C OFPaHNYEHN-
eM KPOBOTOKa Y 3TOI KaTeropummn HaceneHua. Hawe nccne-
[lOBaHVe BrnepBble AeMOHCTPUPYET, UTO HU3KOUHTEHCUB-
Hble CUJIOBble TPEHUPOBKM B COUYETAHWM C OFPaHNYEeHNEM
KPOBOTOKa, @ TakXe BbICOKOWHTEHCMBHbIE TPEHVPOBKMU
C oTAroweHAMU 3PPEKTUBHO CHUKAKOT PE3NCTEHTHOCTb
K HCYNVHY Yy My>K4nH ¢ MC.

CyLiecTByeT HECKOJIbKO BO3MOXHbIX MeXaHU3MOB, No-
yemy TPEHUPOBKMN C OTATOLWEHNAMY CMOCOOCTBYIOT CHU-
MEHUI0 PE3NCTEHTHOCTU K MHCYNUHY. Bo-nepBbix, n3me-
HeHue cocTaBa Tena, a MMEeHHO, yBeNMUYeHNEe MblLLEYHON
MaccCbl U CHVXeHNe MOAKOXHOTO 1 BMUCLEPasIbHOrO 0XKU-
peHVA MOXeT CnocobCTBOBATb MOBbILLEHWIO YyBCTBUTENb-
HOCTM K WHCYNMHY W CHUXEHWIO pUCKa BO3HWKHOBEHUA
MC [42]. Mpwn 3ToM HepaBHUI cucTemMaTMyeckmin ob63op
N MeTaaHaNn3 YyCTaHOBWJI, YTO TPEHNPOBKM C OTATOLLEHN-
AMN SPPEKTUBHO CHMXKAIOT OOLLMI 1 BUCLIePanbHbIV XUp,
a TakXe yBeNMUYMBAIOT MbILLEYHYI Maccy Yy niofen C 13-
ObITOYHBIM BECOM U OXuUpeHreMm [43]. Brooks N. et al. [44]
06HapyXNNK, YTO CHUXKEHNE PE3UCTEHTHOCTU K UHCYSINHY
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nocsie TPEHNPOBOK C OTATOLEHUAMYN KOppenupyeT C Mio-
LaAblo MONepeyYHOro ceYeHMsA MblLLEeYHbIX BONIOKOH | Tna,
YTO CBA3AHO C COCYAUCTLIMU Y OKUCITUTENbHBIMU XapaKTe-
pUCTUKamMKn 3TOro Tuna BONOKOH [45]. B Hawem nccnepo-
BaHMU Mbl Habnogany TeHAEHUMIO K GoNblIeMy CHUXKe-
Huio nokasatenen TI/JINBM n kombrHaumn TyG-UMT, Ho
He nHgekca TyG B rpynne H/IOK no cpaBHeHMIo € rpynnon
B/, xoTA 3T M3MEHeHUA He JOCTUIMN CTaTUCTUYECKON
3HauumocT. OGbACHEHMEM STOMY MOXET OblTb HeJaBHO
NnpoBefeHHbI cucTemaThyecknii o630p U MeTaaHanus,
NPOAEMOHCTPMPOBABLNIA, YTO HU3KOMHTEHCUBHbIE CUIIO-
Bble TPEHVMPOBKMN C OrpaHMYeHNEM KPOBOTOKA MOFyT 13-
6upaTenbHO BO3AeCTBOBaTb MMEHHO Ha | TN BONOKOH,
B TO BPeMA Kak BbICOKOVIHTEHCUBHbIE CUTOBblE TPEHMNPOB-
Kn B 6oNbluen cTeneHn HanpaeeHbl Ha BoJIoKHa Il Tvna
[46]. Bo-BTOpbIX, KayeCTBEHHOE YyrnyylleHne CKeneTHbIX
MbILUL, MOCNEe TPEHNPOBOK C OTATOLEHUAMU CNOCOBCTBY-
0T CHUPKEHWIO MHCYNTMHOPE3UCTEHTHOCTN. HOBble fJaHHble
CBMAETENbCTBYIOT O TOM, UTO, Kak a3pobHble TPEHVPOBKHY,
Tak U TPEHNPOBKM C OTATOLLEHNAMMN OKa3blBaIOT BANAHUE
Ha afanTauuio MATOXOHAPWIA B CKENETHbIX MblLILAX, YTO
MONIOXKMTENbHO CBA3aHO C MOBbIWEHNEM YyBCTBUTESIb-
HOCTN K WHCYNUHY [47]. TakKe M3BECTHO, YTO CUOBble
TPEHVMPOBKM MOBBIWAIOT COAEPXKaHWe TPaHCNOPTUPOB-
wurkoB rnokosbl GLUT 4, peuentopoB K WHCYAUHY, rn-
KOreHCMHTa3bl B CKENEeTHbIX MbILILAX, YTO, Kak U3BECTHO,
NPUBOAUT K MOBbILIEHWIO YYBCTBUTENBHOCTA K UHCYJIVHY.
CyLwecTBYIOT 1 Apyrne BO3MOXHble MeXaHV3Mbl, C MOMO-
Wbl KOTOPbIX TPEHUPOBKM C OTATOLLEHNAMU BbI3bIBalOT
MOBbILEHHY UYyBCTBUTENIbHOCTb K MHCY/INHY, Takne Kak
N3MeHeHMA B LUUTOKMHAX, aAUMOKNHAX UK APYrux 6uo-
MapKepax UMMYHHOW CUCTEMbI, HO Ha CerofHAWHNIA AeHb
HefoCTaTOYHO UCC/IeOBaHNI, MOATBEPXKAAIOLMX 3TN TU-
notesbl.
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OzpaHu4eHus ucc1e008aHus

JKcneprMeHTasbHbIN AW3aliH He BK/ovan B ceba ave-
Ty C OrpaHMyYeHneM Kanopuii, KOTopasa MOrna NoBavATb Ha
OKOHYaTesIbHbI pe3ynbTaT. TakKe Mbl He Mei BO3MOX-
HOCTU OLIeHNTb YPOBEHb ABUTaTeNIbHOM aKTUBHOCTH, Kano-
PUNHOCTb PauKOoHa, yNoTpebieHe aIkorons, PEXXUM CHa,
UTO TOXKE MOIO0 NOBAMATb Ha Pe3ynbTaTbl UCCNEf0BaHNA.

B uccnepoBaHve 6binn BKIOYEHDBI TONIBKO MYMUUHDI,
MO3TOMY pe3ynbTaTbl MOTYT OblTb HE MPUMEHUMbI K XeH-
WUHaM.

CpepHuiA BO3pacT MCMbITYeMbIX B HalleM MccnenoBa-
HuM coctasnan 35,12 = 9,97, n Hawwn pe3ynbTaTbl MOTYT
OblTb He MPYMEHUMbI K 6ofee BO3PaCTHbIM rpynnam Ha-
ceneHuvs.

B nccnepoBaHuMy OTCYTCTBOBasia KOHTPOJIbHaA rpyn-
na, KOTopaa He NofBepranacb TPEHMPOBOYHOMY BO3feW-
CTBUIO, FPynna, KoTopas Obl BbiMOMHANA a3pobHble Tpe-
HUPOBKWN BbICOKOW/YMEPEHHON MHTEHCUBHOCTU, @ TaKKe
rpynna KOMOGUHMPOBAHHOIO BO3AeWCTBMA. [laHHbI An-
3alH C MHOXEeCTBOM rpynn no3sonun 6bl BbIABUTb Hau-
6onee 61aronNpPUATHbIA TUN/VUHTEHCUBHOCTD YMPAaXXHEHWN,
a TakXe OMTUMaNibHOe COOTHOLIEeHMe aspobHbIX U CUo-
BbIX TPEHUPOBOK ANA CHUXKEHMWA PE3UCTEHTHOCTU K UHCY-
NVHY y MyX4unH ¢ MC.

Take B HalleM UCCNeAoBaHNM peLlancs Bonpoc 6es-
0NacHOCTN TPEHWPOBOK C OTAroweHMAMU. HazHayeHHble
KOMMNEKCbl yNpaXXHeHWI C OTArOLWEHUAMM XOPOLLO nepe-
Hocumnncb MyxumHamu ¢ MC. O HexkenaTenbHbIX ABNEHUAX
3a BpeMsA NpoBefeHNa nccnefoBaHna He coobLanocs, 3a
NCKNIOYEeHNEeM pefKuX CllyyaeB OHEMEHUA KOHeYHOCTew,
He3HauMTeNbHbIX NOAKOXHbIX KPOBOMU3NMAHKAX, 3ana3abl-
BatoLLell MbllweyHown 6onu B rpynne HAOK v ronoBokpyxe-
HWA, HU3KOI NEePeHOCMMOCTM Harpy3Ku 1 Takxe 3anasfbl-
BatoLLel MbieyHon 6onu B rpynne BU. Haww pe3synbraThl
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COrnacyoTca C NpeablayLWwnmMmn otTyeTaMm, rae NpMMeHeHme
TPEHNPOBOK C OTArOLWEHNAMM, B TOM YMCE C OrpaHuye-
HMEM KPOBOTOKA, UMENM BbICOKMI Npodunb 6esonacHo-
CTU paxe B 6onee Bo3pacTHbIX rpynnax [48], a Takxke y nuy
C pasfIYHbIMU XPOHMYECKMU 3aboneBaHuamu [49, 50].
Bonee Toro, Ha oCHoBaHUN 0630pa AaHHbIX PaHAOMM3U-
POBaHHbIX KOHTPONMPYEMbIX UCCNELOBaHWI C yyacTMem
B3POCJIbIX C MLLIEMMUYECKON Gone3Hbio cepaua OblIo Npo-
[EeMOHCTPUPOBAHO, YTO TPEHUPOBKU C OTATOLEHUAMMN
nmetoT 6osee HN3KNIN YPOBEHb CEPAEYHO-COCYANCTbIX OC-
NOXXHEHWI MO CPABHEHUIO C a3POOBHBIMK TPEHMPOBKaMM
[51]. B aTom 0630pe B 23 nccnenoBaHuAX, COOOLAOLLMX
O HeXenaTeNibHbIX ABJIEHUsIX, OblfIo 3aperncTPUpPoBaHO
63 HecmepTenbHbIX CEepAEYHO-COCYAUCTBIX COOLITUA BO
BpeMA NpoBeAeHnA aspobHbIX TPEHUPOBOK U TECTMPOBA-
HUSA, B TO BPEMA KaK TOJIbKO OAHO CepAeYHO-cocyancToe
Co6bITVE NPOKX3OLLNO0 NPU TPEHMPOBKAX C OTArOLWEHNAMM
n TectupoBaHumax 1 MM [51].

Heobxogumbl ganbHelwme nccnefoBaHna ansa nsyue-
HUA JOATOCPOYHOIO BMAHUA 1 MOMCKa ONTUMAsIbHOrO Co-
OTHOLWEHMA «03a-2$PeKT» YNPaKHEHUA C OTATOLEHNSA-
MM, @ TaKXXe paLnoHanbHOro NPUMeEHEHNA a3POOHbIX 1 CU-
NOBbIX TPEHUPOBOK A1 CHUXKEHUA TAXKECTU MPOABNEHNA
MeTaboNMYeckoro CMHAPOMA KaK y MyXUMH, TaK U Y XeH-
LMH B pa3HbIX BO3PaCTHbIX Fpynnax.

3AKNIOYEHUE

Boina ycTtaHoBneHa o6paTHO MNPOMOPLMOHabHas
CBA3b MeXAY OTHOCUTENIbHOW MbILEYHOW CUON U UH-
nekcom TyG. Takxe 6blI0 YCTaHOBNEHO, YTO TPEHUPOBKY
C oTAroweHMAMN ABNATCA 3PHEKTUBHBIM 1 6e30MaCHbIM
WHCTPYMEHTOM A1 CHUXKEHWNA PE3NCTEHTHOCTU K UHCYNN-
HY 1 MOTYT ObITb BKJ/IIOUEHbI B KOMMEKCHbIe NPOrpamMmbl
KoppeKkumn ana myxumH ¢ MC.

AONONIHUTEJZIbHAA UHOOPMALUA

CBepukoB Bagum BnapnmnpoBud, Mnaglumnim HayyHbIA Co-
TPYAHWK, HayuyHo-nccnepoBaTenbCKUM MHCTUTYT ONMMIMNIA-
CKOro CropTa, acnmpaHT Kadeapbl CNOPTUBHON MeAULUHbI
n dusnyeckon peabunutaumm, ®rbOY BO «Ypanbckuin rocy-
[apCTBEHHDIN YHUBEPCUTET GU3NYECKOW KYNbTYpbli».

E-mail: vadim.sverchkov@yandex.ru, bykov@uralgufk.ru;
ORCID: https://orcid.org/0000-0003-3650-0624

BbikoB EBreHuii ButanbeBuy, JOKTOP MEANLNHCKUX HayK,
npodeccop, NPOpPeKTop MO HayYHO-UCCNe[oBaTeNIbCKON pa-
60Te, 3aBefyOWNI Kadeapor CNOPTUBHOWM MeaULUHbI U du-
3uyeckon peabunutaymein, ®rbOY BO «Ypanbckuin rocygap-
CTBEHHbI YHUBEPCUTET GU3NYECKON KYNbTYpbl.

ORCID: https://orcid.org/0000-0002-7506-8793

Bxnag aBTopoB. Bce aBTOpbI NOATBEPKAAIOT CBOE aBTOPCTBO
B COOTBETCTBUW C MeXXAyHapoaHbiMu Kputepuamm ICMIE (Bce
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UcTtouHnkn puHaHcmpoBaHmsa. [laHHOe ncciefoBaHme He
6b110 NoaAep»KaHO HUKAKMMUN BHELWHUMU UCTOYHMKaMu $u-
HaHCMPOBaHKA.

KoH$NuKT nHtepecoB. ABTOPbI AEKTapUpPYyOT OTCYTCTBUE
ABHbIX U NOTEHLMANbHbIX KOHGMKTOB MHTEPECOB, CBA3AHHbIX
C ny6nvKaumeni HacToALeln cTaTby.

3TnyecKoe yTBepKpaeHune. ABTOpbl 3aABAIOT, UTO BCe MPO-
Luenypbl, UCMONb30BaHHble B AAHHOWN CTaTbe, COOTBETCTBY-
0T 3TUYECKMM CTaHAapTaM YupexKaeHU, MPOBOAUBLUNX UC-
cnefoBaHMe, N COOTBETCTBYIOT XeNbCUHKCKON AeKapaunn
B pepakuyun 2013 r. lNpoBeaeHne nccnegoBaHna ogobpeHo
NoKanbHbIM 3TUYeckum Komutetom O®BIOY BO «Ypanbckuii
roCcyAapCTBEHHDBIN YHUBEPCUTET GU3NUECKON KyNbTypbi» (MPo-
Tokon N2 1 ot 24.09.2019).

NHdopmupoBaHHoe cornacue. [lonyyeHo NMcbMeHHOe
MHGOPMMPOBAHHOE corflache NauMeHToB U APYrux yyacT-
HUKOB MCCNefoBaHMA Ha UCNOMb30BaHUE AaHHbIX U GpoTo-
rpaduii.

BnaropgapHocTn. ABTOpPbI BbIpaXKatoT CBOIO MPU3HATENIbHOCTb
ceTn dpuTHec-kNy60B «Tepputopmsa cnoptar r. YenabuHck (Poc-
1) 1 nmyHo duTHec-gupekTopy Haymosy EBreHuio AmuTpu-
eBuyy n ynpasnsatowen LLlenkoHoroson EkatepuHe CepreeBHe
3a NpefocTaBneHve NIoWaaKn AnA NPOBEeAEHNA NCCnefoBa-
HUA, a TakKe NnepcoHanbHbiM TpeHepam: MocnHy Vinbe Hu-
Konaesuyy, AgameHko flpocnaBy Anekceesnuy, MapywmHom
AHactacun MwnxaiinosHe n AexafneBoi l'yne AbaynxaeBHe
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3a NOMoLb B MPOBEAEHUN TPEHNPOBOYHbIX 3aHATUN Y NC-
C/leflyeMoro KOHTUHIEHTa, @ TakXe MoMollb B NPOBeAeHUNn
TeCcTpoBaHUsA. Takxke Bblpa)kaem bnarogapHocTb obLiecTBy
C OrpaHUYeHHOWN OTBETCTBEHHOCTbIO «[lonuKnuHuka» r. Ye-
nA6bUHCK (PoccurA) 3a nomoLlb B opraHM3auny 3abopa Kposm

1 npegocTasnieHne nabopatopun Ans nposeaeHns 6MoXmmu-
YeCKoro aHanmsa.

JocTtyn K gaHHbIM. [laHHble, MOATBEPXKAAOLME BbIBOAbI STOMO
UCCNefoBaHNA, MOXHO MOJTyYnTb MO 06OCHOBAHHOMY 3ampocy
Y KOpPeCnoHAMPYIOLWero aBTopa.

ADDITIONAL INFORMATION

Vadim V. Sverchkov, Junior Researcher, Research Institute of
Olympic Sports, Postgraduate Student, Department of Sports
Medicine and Physical Rehabilitation, Ural State University of
Physical Culture.

E-mail: vadim.sverchkov@yandex.ru, bykov@uralgufk.ru;
ORCID: https://orcid.org/0000-0003-3650-0624

Evgeny V. Bykov, D.Sc. (Med), Professor, Vice-Rector for
Research, Head of the Department of Sports Medicine and
Physical Rehabilitation, Ural State University of Physical Culture.
ORCID: https://orcid.org/0000-0002-7506-8793

Author Contributions. All authors confirm their authorship
in accordance with the international ICMJE criteria (all authors
made a significant contribution to the concept, study design
and preparation of the article, read and approved the final
version before publication). The largest contribution is
distributed as follows: Sverchkov V.V. — development of the
concept of the article, obtaining and analyzing the actual data,
writing the text of the article, checking and approving the
text of the article; Bykov E.V. — development of the concept
of the article, editing the text of the article, verification and
approval of the text of the article, substantiation of scientific
significance.

Funding. This study was not supported by any external
funding sources.

Disclosure. The authors declare no apparent or potential
conflicts of interest related to the publication of this article.
Ethics Approval. The authors declare that all procedures used
in this article are in accordance with the ethical standards of
the institutions that conducted the study and are consistent
with the 2013 Declaration of Helsinki. The study was approved
by the Local Ethics Committee of the Ural State University
of Physical Culture, Protocol No. 1 dated 09.09.2019.
Consent for Publication. The written informed consent of
patients and other study participants for the use of data and
photographs was obtained.

Acknowledgments. The authors express their gratitude to
the Territory of Sports fitness club network in Chelyabinsk
(Russia) and personally to fitness director Evgeny D. Naumov
and manager Ekaterina S. Shchelkonogova for providing
a platform for conducting research, as well as to personal
trainers: llya Nikolaevich Mosin, Yaroslav A. Adamenko,
Anastasia M. Marushina and Gula A. Avkhadieva for assistance
in conducting training sessions with the studied contingent,
as well as assistance in conducting testing. We also express
our gratitude to the Polyclinic Limited Liability Company
in Chelyabinsk (Russia) for assistance in organizing blood
collection and providing a laboratory for biochemical analysis.
Data Access Statement. The data that support the findings
of this study are available on reasonable request from the
corresponding author.

Cnucok nutepaTtypsbl / References
1. Saklayen M.G.The Global Epidemic of the Metabolic Syndrome. Curr Hypertens Rep. 2018; 20(2): 12-26. https://doi.org/10.1007/s11906-018-0812-z
2. Yaribeygi H., Farrokhi F., Butler A, et al. Insulin resistance: Review of the underlying molecular mechanisms. J Cell Physiol. 2019; 234(6): 8152-8161.

https://doi.org/10.1002/jcp.27603

3. Nevdrez-Sida A., Guerrero-Romero F. The Triglycerides and Glucose Index: A Cost-Effectiveness Analysis Compared with the Homeostatic Model
Assessment for Insulin Resistance. Value Health Reg Issues. 2023; 37: 49-52. https://doi.org/10.1016/j.vhri.2023.05.001

4. Chamroonkiadtikun P, Ananchaisarp T., Wanichanon W. The triglyceride-glucose index, a predictor of type 2 diabetes development: A retrospective
cohort study. Prim Care Diabetes. 2020; 14(2): 161-167. https://doi.org/10.1016/j.pcd.2019.08.004

5. Ramdas Nayak V., Satheesh P, Shenoy M., et al. Triglyceride Glucose (TyG) Index: A surrogate biomarker of insulin resistance. J Pak Med Assoc. 2022;

72(5): 986-988. https://doi.org/10.47391/JPMA.22-63

6. LiH. Miao X, LiY.The Triglyceride Glucose (TyG) Index as a Sensible Marker for Identifying Insulin Resistance and Predicting Diabetic Kidney Disease.

Med Sci Monit. 2023; 29: 36-49. https://doi.org/10.12659/MSM.939482

7. LimT,LeeH. LeeY.Triglyceride to HDL-cholesterol ratio and the incidence risk of type 2 diabetes in community dwelling adults: A longitudinal 12-year
analysis of the Korean Genome and Epidemiology Study. Diabetes Res Clin Pract. 2020; 163: 108-124. https://doi.org/10.1016/j.diabres.2020.108150

8. Song B., Zhao X., Yao T, et al. Triglyceride Glucose-Body Mass Index and Risk of Incident Type 2 Diabetes Mellitus in Japanese People
with Normal Glycemic Level: A Population-Based Longitudinal Cohort Study. Front Endocrinol (Lausanne). 2022; 13: 907-927.

https://doi.org/10.3389/fend0.2022.907973

9. Liu X, Tan Z., Huang Y, et al. Relationship between the triglyceride-glucose index and risk of cardiovascular diseases and mortality in the general
population: a systematic review and meta-analysis. Cardiovasc Diabetol. 2022; 21(1): 124-143. https://doi.org/10.1186/s12933-022-01546-0

10. Liao C, Xu H., JinT, et al. Triglyceride-glucose index and the incidence of stroke: A meta-analysis of cohort studies. Front Neurol. 2023; 13: 103-123.

https://doi.org/10.3389/fneur.2022.1033385

11. Yi Q. Hu H., Zeng Q. Association of triglycerides to high density lipoprotein cholesterol ratio with hypertension in Chinese adults: a cross-sectional
study. Clin Exp Hypertens. 2023; 45(1): 219-237. https://doi.org/10.1080/10641963.2023.2195996

12. Nikbakht H., Najafi F., Shakiba E., et al. Triglyceride glucose-body mass index and hypertension risk in iranian adults: a population-based study. BMC
Endocr Disord. 2023; 23(1): 156-172. https://doi.org/10.1186/5s12902-023-01411-5

13. Colberg S., Sigal R., Yardley J., et al. Physical Activity/Exercise and Diabetes: A Position Statement of the American Diabetes Association. Diabetes

Care. 2016; 39(11): 2065-2079. https://doi.org/10.2337/dc16-1728

ARTICLES

10118V TVNIDIFO | 1V 13 AONHOYIAS ‘A WIAVA

19


mailto:Vadim.Sverchkov@yandex.ru
mailto:bykov@uralgufk.ru;
https://orcid.org/0000-0003-3650-0624
https://orcid.org/0000-0002-7506-8793
https://doi.org/10.1007/s11906-018-0812-z
https://doi.org/10.1002/jcp.27603
https://doi.org/10.1016/j.vhri.2023.05.001
https://doi.org/10.1016/j.pcd.2019.08.004
https://doi.org/10.47391/JPMA.22-63
https://doi.org/10.12659/MSM.939482
https://doi.org/10.1016/j.diabres.2020.108150
https://doi.org/10.3389/fendo.2022.907973
https://doi.org/10.1186/s12933-022-01546-0
https://doi.org/10.3389/fneur.2022.1033385
https://doi.org/10.1080/10641963.2023.2195996
https://doi.org/10.1186/s12902-023-01411-5
https://doi.org/10.2337/dc16-1728

CBEPYKOB B.B. 1 OP. | OPUTUHATIbHAA CTATbA

20

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.
35.

36.

37.

38.

39.

BECTHUK BOCCTAHOBWUTENIbHOM MEOQULIUHBI | 2024 | 23(5)

. SlentzC,, Bateman L., WillisL., et al. Effects of aerobic vs. resistance training on visceral and liver fat stores, liver enzymes, and insulin resistance by HOMA

in overweight adults from STRRIDE AT/RT. Am J Physiol Endocrinol Metab. 2011; 301(5): 1033-1039. https://doi.org/10.1152/ajpendo.00291.2011

. KobayashiY, LongJ,, Dan S, et al. Strength training is more effective than aerobic exercise for improving glycaemic control and body composition in people

with normal-weight type 2 diabetes: a randomised controlled trial. Diabetologia. 2023; 66(10): 1897-1907. https://doi.org/10.1007/s00125-023-05958-9

. Wewege M,, Desai |, Honey C,, et al. The Effect of Resistance Training in Healthy Adults on Body Fat Percentage, Fat Mass and Visceral Fat: A Systematic

Review and Meta-Analysis. Sports Med. 2022; 52(2): 287-300. https://doi.org/10.1007/s40279-021-01562-2

. CBepukoB B.B. bbikoB E.B. BnuAHne cvnoBbiX TPEHMPOBOK C OrpaHMYeHMeM KpOBOTOKa Ha COCTaB Tena y nmy ¢ MeTaboIMyecKm

CUHAPOMOM:  PaHAOMM3VPOBAHHOE  KOHTpONMpyeMoe uccnefoBaHme. BecTHMK BoccTaHOBUTENbHOWM  MeguumHbl.  2023;  22(3): 59-65.
https://doi.org/10.38025/2078-1962-2023-22-3-59-65 [Sverchkov V.V., Bykov EV. Effect of Blood Flow-Restricted Strength Training on Body
Composition: a Randomized Controlled Study of Patients with Metabolic Syndrome. Bulletin of Rehabilitation Medicine. 2023; 22(3): 59-65.
https://doi.org/10.38025/2078-1962-2023-22-3-59-65 (In Russ.).]

. Ihalainen J.K,, Inglis A., Mdkinen T, et al. Strength Training Improves Metabolic Health Markers in Older Individual Regardless of Training Frequency.

Front Physiol. 2019; 10: 32-49. https://doi.org/10.3389/fphys.2019.00032

. Lee J. Associations of Relative Handgrip Strength and Aerobic and Strength Exercises with Metabolic Syndrome Prevalence. Int J Environ Res Public

Health. 2022; 19(22): 146-159. https://doi.org/10.3390/ijerph 192214646

Moon H., Lee T., Chung T. Association between Lower-to-Upper Ratio of Appendicular Skeletal Muscle and Metabolic Syndrome. J Clin Med. 2022;
11(21): 6309-6321. https://doi.org/10.3390/jcm11216309

CeepukoB B.B., bbikoB E.B. MM03uTMBHOe BAMAHME HU3KOMHTEHCMBHbLIX CUJIOBbIX TPEHWPOBOK C OrpaHMYyeHMeM KPOBOTOKAa Ha MokasaTtenu
OOMEeHa BELECTB Yy MYXYMH C MeTabonuyecknm CUHAPOMOM. KypHan Mefuko-6uonoruyecknx uccnegosanuin. 2023; 11(3): 310-320.
https://doi.org/10.37482/2687-1491-2149 [Sverchkov V.V, Bykov EV. Low-Intensity Resistance Training with Blood Flow Restriction
Improves Metabolic Parameters in Men with Metabolic Syndrome. Journal of Medical and Biological Research. 2023; 11(3): 310-320.
https://doi.org/10.37482/2687-1491-Z149 (In Russ.).]

Ye C,, Kong L., Wang Y. et al. Causal associations of sarcopenia-related traits with cardiometabolic disease and Alzheimer’s disease and the mediating
role of insulin resistance: A Mendelian randomization study. Aging Cell. 2023; 22(9): 139-152. https://doi.org/10.1111/acel.13923

Farmer R, Mathur R, Schmidt A. et al. Associations Between Measures of Sarcopenic Obesity and Risk of Cardiovascular Disease
and Mortality: A Cohort Study and Mendelian Randomization Analysis Using the UK Biobank. J Am Heart Assoc. 2019; 8(13): 011638.
https://doi.org/10.1161/JAHA.118.011638

Alberti K., Eckel R.,, Grundy S., et al. Harmonizing the Metabolic Syndrome: A Joint Interim Statement of the International Diabetes Federation
Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation;
International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation. 2009; 120(16): 1640-1645.
https://doi.org/10.1161/CIRCULATIONAHA.109.192644

DeBoer M., Gurka M. Clinical utility of metabolic syndrome severity scores: considerations for practitioners. Diabetes Metab Syndr Obes. 2017; 10:
65-72. https://doi.org/10.2147/DMS0.5101624

Bastos V., Machado S., Teixeira D. Feasibility and Usefulness of Repetitions-In-Reserve Scales for Selecting Exercise Intensity: A Scoping Review.
Percept Mot Skills. 2024 Jun; 131(3): 940-970. https://doi.org/10.1177/00315125241241785

LeSuer D.A., McCormick J.H., Mayhew J., et al. The Accuracy of Prediction Equations for Estimating 1-RM Performance in the Bench Press, Squat, and
Deadlift. Journal of Strength and Conditioning Research. 1997; 11(4): 211-213. https://doi.org/10.1519/00124278-199711000-00001

CsepukoB B.B., bbikoB E.B. BinAHVe HN3KOUHTEHCMBHbIX CUIOBbIX TPEHUPOBOK C OFPaHNYeHNeM KPOBOTOKa Ha AMHAMUKY CUIOBbIX CMOCOBHOCTEN
y L, C MeTaboNMyecKUmM cMHApPoMoM. Mpo6nemMbl MOArOTOBKU HayUHbIX 1 HAyYHO-NEAArorMyeckuxX Kagpos: OMbIT v NepCrneKTVBbI: COOPHMK HayUYHbIX
TPYZAOB MONOAbIX YUEHbIX, MOCBALEHHbIN 50-netuto Ypanl YOK. 2022: 177-184. [Sverchkov V.V., Bykov E.V. The influence of low-intensity strength
training with blood flow restriction on the dynamics of strength abilities in persons with metabolic syndrome. Problems of training scientific and
scientific-pedagogical personnel: experience and prospects: a collection of scientific works of young scientists dedicated to the 50th anniversary of
UralGUFK. 2022; 177-184 (In Russ.).]

Aniceto R.R,, da Silva Leandro L. Practical Blood Flow Restriction Training: New Methodological Directions for Practice and Research. Sports Med
Open. 2022; 8(1): 87. https://doi.org/10.1186/s40798-022-00475-2

Freitas E., Miller R., Heishman A., et al. Acute Physiological Responses to Resistance Exercise with Continuous Versus Intermittent Blood Flow
Restriction: A Randomized Controlled Trial. Front Physiol. 2020; 11: 132-144. https://doi.org/10.3389/fphys.2020.00132

Couto A., Pohl H., Bauer M,, et al. Accuracy of the triglyceride-glucose index as a surrogate marker for identifying metabolic syndrome in non-
diabetic individuals. Nutrition. 2023; 109: 111-128. https://doi.org/10.1016/j.nut.2023.111978

CeepukoB B.B. bbikos E.B. MblweyHasa cuna n TAXecTb MeTabonmyeckoro cnHapoma. OnMMnMINCKUn cnopT 1 cnopT ana Bcex: Matepuanbl XXVI
MexayHapogHoro HayuHoro KoHrpecca, KaszaHb, 08-11 ceHTabpsa 2021 roga. Mop obwen pegakumen P.T. BypraHoBa. Ka3saHb: MoBomkckas
rocyfaapcTBeHHan akagemmua Gusnyeckon KynbTypbl, cnopTa 1 Typusma. 2021: 409-411. [Sverchkov V.V.,, Bykov E.V. Muscle strength and severity
of metabolic syndrome. Olympic sport and sport for all: Proceedings of the XXVI International Scientific Congress, Kazan, September 08-11,
2021. Under the general editorship of R.T. Burganova. Kazan: Volga Region State Academy of Physical Culture, Sports and Tourism. 2021; 409-411
(In Russ.).]

Al Saedi A., Debruin D., Hayes A., et al. Lipid metabolism in sarcopenia. Bone. 2022; 164: 116-129. https://doi.org/10.1016/j.bone.2022.116539
LiH.,MengY., HeS., etal. Macrophages, Chronic Inflammation, and Insulin Resistance. Cells. 2022; 11(19): 300-318. https://doi.org/10.3390/cells11193001

Miko A., P6to L., Métrai P, et al. Gender difference in the effects of interleukin-6 on grip strength — a systematic review and meta-analysis. BMC
Geriatr. 2018; 18(1): 107-124. https://doi.org/10.1186/512877-018-0798-z

Liang M., Pan Y., Zhong T., et al. Effects of aerobic, resistance, and combined exercise on metabolic syndrome parameters and cardiovascular risk
factors: a systematic review and network meta-analysis. Rev Cardiovasc Med. 2021; 22(4): 1523-1533. https://doi.org/10.31083/j.rcm2204156

SunY., LuB., SuW., etal. Comprehensive assessment of the effects of concurrent strength and endurance training on lipid profile, glycemic control,and
insulin resistance in type 2 diabetes: A meta-analysis. Medicine (Baltimore). 2024; 103(12): 37494. https://doi.org/10.1097/MD.0000000000037494

Jiahao L., Jiajin L., Yifan L. Effects of resistance training on insulin sensitivity in the elderly: A meta-analysis of randomized controlled trials. J Exerc Sci
Fit. 2021 Oct; 19(4): 241-251. https://doi.org/10.1016/j.jesf.2021.08.002

Boyer W.,, Toth L., Brenton M., et al. The role of resistance training in influencing insulin resistance among adults living with obesity/overweight
without diabetes: A systematic review and meta-analysis. Obes Res Clin Pract. 2023; 17(4): 279-287. https://doi.org/10.1016/j.0rcp.2023.06.002

CTATbU


https://doi.org/10.1152/ajpendo.00291.2011
https://doi.org/10.1007/s00125-023-05958-9
https://doi.org/10.1007/s40279-021-01562-2
https://doi.org/10.38025/2078-1962-2023-22-3-59-65
https://doi.org/10.38025/2078-1962-2023-22-3-59-65
https://doi.org/10.3389/fphys.2019.00032
https://doi.org/10.3390/ijerph192214646
https://doi.org/10.3390/jcm11216309
https://doi.org/10.37482/2687-1491-Z149
https://doi.org/10.37482/2687-1491-Z149
https://doi.org/10.1111/acel.13923
https://doi.org/10.1161/JAHA.118.011638
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.2147/DMSO.S101624
https://doi.org/10.1177/00315125241241785
https://doi.org/10.1519/00124278-199711000-00001
https://doi.org/10.1186/s40798-022-00475-2
https://doi.org/10.3389/fphys.2020.00132
https://doi.org/10.1016/j.nut.2023.111978
https://doi.org/10.1016/j.bone.2022.116539
https://doi.org/10.3390/cells11193001
https://doi.org/10.1186/s12877-018-0798-z
https://doi.org/10.31083/j.rcm2204156
https://doi.org/10.1097/MD.0000000000037494
https://doi.org/10.1016/j.jesf.2021.08.002
https://doi.org/10.1016/j.orcp.2023.06.002

BULLETIN OF REHABILITATION MEDICINE | 2024 | 23(5)

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Huang L., Fang Y., Tang L. Comparisons of different exercise interventions on glycemic control and insulin resistance in prediabetes: a network meta-
analysis. BMC Endocr Disord. 2021; 21(1): 181. https://doi.org/10.1186/512902-021-00846-y

Bennasar-Veny M., Malih N., Galmes-Panades A., et al. Effect of physical activity and different exercise modalities on glycemic control in people
with prediabetes: a systematic review and meta-analysis of randomized controlled trials. Front Endocrinol (Lausanne). 2023; 14: 1233312.
https://doi.org/10.3389/fendo.2023.1233312

Lee M., Kim E., Bae S., et al. Protective role of skeletal muscle mass against progression from metabolically healthy to unhealthy phenotype. Clin
Endocrinol (Oxf). 2019; 90(1):102-113. https://doi.org/10.1111/cen.13874

Lopez P, Taaffe D., Galvéo D., et al. Resistance training effectiveness on body composition and body weight outcomes in individuals with overweight
and obesity across the lifespan: A systematic review and meta-analysis. Obes Rev. 2022; 23(5): 134-149. https://doi.org/10.1111/0br.13428

Brooks N., Layne J., Gordon P, et al. Strength training improves muscle quality and insulin sensitivity in Hispanic older adults with type 2 diabetes.
Int J Med Sci. 2006; 4(1): 19-27. https://doi.org/10.7150/ijms.4.19

Fisher G, Windham S., Griffin P, et al. Associations of human skeletal muscle fiber type and insulin sensitivity, blood lipids, and vascular hemodynamics
in a cohort of premenopausal women. Eur J Appl Physiol. 2017; 117(7): 1413-1422. https://doi.org/10.1007/s00421-017-3634-9

Schoenfeld B., Ogborn D., Pifiero A, et al. Fiber-Type-Specific Hypertrophy with the Use of Low-Load Blood Flow Restriction Resistance Training:
A Systematic Review. J Funct Morphol Kinesiol. 2023; 8(2): 51-67. https://doi.org/10.3390/jfmk8020051

Zhao Y., Wu Y. Resistance Training Improves Hypertrophic and Mitochondrial Adaptation in Skeletal Muscle. Int J Sports Med. 2023; 44(9): 625-633.
https://doi.org/10.1055/a-2059-9175

De Queiros V., Dantas M., Neto G,, et al. Application and side effects of blood flow restriction technique: A cross-sectional questionnaire survey of
professionals. Medicine (Baltimore). 2021; 100(18): 25794. https://doi.org/10.1097/MD.0000000000025794

Ogawa H., NakajimaT., Shibasaki I, et al. Low-Intensity Resistance Training with Moderate Blood Flow Restriction Appears Safe and Increases Skeletal
Muscle Strength and Size in Cardiovascular Surgery Patients: A Pilot Study. J Clin Med. 2021; 10(3): 547. https://doi.org/10.3390/jcm 10030547

Paluch A., BoyerW., Franklin B., et al. On behalf the American Heart Association Council on Lifestyle and Cardiometabolic Health; Council on Arteriosclerosis,
Thrombosis and Vascular Biology; Council on Clinical Cardiology; Council on Cardiovascular and Stroke Nursing; Council on Epidemiology and Prevention;
and Council on Peripheral Vascular Disease. Resistance Exercise Training in Individuals with and Without Cardiovascular Disease: 2023 Update: A Scientific
Statement from the American Heart Association. Circulation. 2024; 149(3): 217-231. https://doi.org/10.1161/CIR.0000000000001189

Hollings M., Mavros Y. Freeston J., et al. The effect of progressive resistance training on aerobic fitness and strength in adults with
coronary heart disease: A systematic review and meta-analysis of randomised controlled trials. Eur J Prev Cardiol. 2017; 24(12): 1242-1259.
https://doi.org/10.1177/2047487317713329

ARTICLES

10118V TVNIDIFO | 1V 13 AONHOYIAS ‘A WIAVA

21


https://doi.org/10.1186/s12902-021-00846-y
https://doi.org/10.3389/fendo.2023.1233312
https://doi.org/10.1111/cen.13874
https://doi.org/10.1111/obr.13428
https://doi.org/10.7150/ijms.4.19
https://doi.org/10.1007/s00421-017-3634-9
https://doi.org/10.3390/jfmk8020051
https://doi.org/10.1055/a-2059-9175
https://doi.org/10.1097/MD.0000000000025794
https://doi.org/10.3390/jcm10030547
https://doi.org/10.1161/CIR.0000000000001189
https://doi.org/10.1177/2047487317713329

	_heading=h.35nkun2
	_heading=h.1ksv4uv
	_heading=h.44sinio
	_heading=h.2jxsxqh
	_heading=h.z337ya
	_heading=h.3j2qqm3
	_Ref168779286
	_heading=h.1y810tw
	_Ref168779302
	_heading=h.4i7ojhp
	_heading=h.2xcytpi
	_Ref168779311
	_Ref168918421
	_Ref168918792
	_Ref168919239
	_Ref168848348
	_heading=h.1ci93xb
	_Ref168919266
	_Ref168859466
	_heading=h.49x2ik5
	_Ref168859983
	_heading=h.2p2csry
	_Ref168859996
	_heading=h.147n2zr
	_Ref168860009
	bookmark=id.3o7alnk
	_heading=h.23ckvvd
	_Ref168860063
	_heading=h.ihv636
	_Ref168860074
	_heading=h.32hioqz
	_Ref168860106
	_heading=h.1hmsyys
	_Ref168860118
	_heading=h.41mghml
	_Ref168860143
	_heading=h.2grqrue
	_Ref168928223
	_Ref168860196
	_Ref168928234
	_Ref168928900
	_Ref168928910
	_Ref168930250
	_Ref168930983
	_Ref168931675
	_heading=h.vx1227
	_Ref168931685
	_heading=h.3fwokq0
	_Ref168860241
	_heading=h.1v1yuxt
	_Ref168860294
	_heading=h.4f1mdlm
	_Ref168860315
	_heading=h.2u6wntf
	_Ref168860364
	_Ref168845975
	_Ref168843903
	_Ref168845985
	_Ref178950230

