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Annomayus. lenb: CpaBHUTH BIUSIHNAE PA3IMYHBIX TPEHUPOBOUHBIX MIPOrPaMM Ha HKCIIPECCHIO KITIO-
YEeBBIX TEHOB METa0OIM3Ma JKUPOBOW TKAaHM Yy MBIIIEH ¢ auaberoMm 2-ro Tuma. MaTepuajbl U METOIbI.
[poBenen cucremMaTH4ecKuil MOMCK B MEXIAyHAPOAHBIX 0a3ax JaHHBIX, BKitouas Web of Science. Baiiecos-
CKHUil ceTeBOll MeTaaHalIM3 BBHINOJHEH C UCHoib3oBaHHeM Stata 16.0. OmneHuBanuCh YpOBHHU 3KCIIPECCHUHU
UCP-1, PGC-1a, PRDM-16, CIDEA u uaaexkc HOMA-IR. Pe3yabTaTtsl. B ananu3 BximoueHo 24 uccneno-
BaHMs C yyacTeM 526 Mbiiieil. Gusnueckre Harpy3KH cliocoOCTBOBAIM aKTHBALMKM TEPMOTCHHBIX U MeTa-
Oosnmueckux reHoB. JluTeNbHbIe peryssipHble adpoOHbIe TPEHUPOBKH MPHBOIMIN K Hanbosee BhIPaXKEH-
HoMy yBenudeHuto UCP-1 u PGC-1a, uto oTpakaeT yCcUlIeHHEe MUTOXOHIpHaNbHON akTuBHOCTH. [1naBanue
JIEMOHCTPUPOBAIO MakCHUMaNIbHBIA 3¢ dexT Ha noBeimenne PRDM-16 u camxenne HOMA-IR, a Bbicoko-
WHTCHCHBHBIE MHTEPBAJIbHBIC TPEHUPOBKHU B OOJIBIICH CTETIEHN BIMSUIM HA Maccy Tena. 3akJaodyenue. [Tory-
YEeHHbIE IaHHBIE MOATBEPXKIAIOT, YTO JUIMTEIbHbBIC a3pOOHBIE TPEHUPOBKH, IUIABAHUE W BHICOKOMHTEHCHB-
HBI€ MHTEPBAJIbHBIC HATPY3KHU SBISIOTCA 3((GEKTUBHBIMH CTPATErUAMH MOIYJISIINN MeTab0IM3Ma )KUPOBOM
TKaHH U MOKa3aTeleld NHCYTHHOPE3UCTEHTHOCTH y MBbIIIeH ¢ auabeTom 2-ro Tuma. Pe3ynbTaTel MOTYT CIty-
AKHUTh OCHOBOH TSI JAIbHEHIINX AKCIIEPUMEHTAIBHBIX HCCIIECI0BAHNUM, HAITPABICHHBIX HA YTOUHEHHE MeXa-
HHU3MOB aJallTalluy KUPOBOH TKaHH K (pHU3NUECKON HArpys3Ke.

Knroueswte cnosa: hpusnveckue ynpaxHeHus, 11adbeT 2-ro TUIA, TUIMUIHBIH MeTab0JIn3M, CETEBOM Me-
TaaHaJIN3, UHCYJIMHOPE3UCTEHTHOCTD

Jlna yumupoeanusa: baliecoBCkuil ceTeBoW MeTaaHann3 d(M(EKTOB pasIUYHBIX TPEHUPOBOUHBIX
MporpaMM Ha MeTaboJIM3M JKUPOBOM TKaHM y Mbliel ¢ quaderom 2-ro tuna / FOidaue 10wk, E.1O. [Ipskosa,
Iroit Csip60, Yxan Tynsiab / Yenosek. Cnopt. Meaumuna. 2026. T. 26, Ne 3. C. 24-31. DOI: 10.14529/
hsm260303
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Abstract. Aim. The aim of this study was to compare the effects of various exercise regimens on
the expression of key genes involved in adipose tissue metabolism in mice with type 2 diabetes. Materials
and methods. A systematic search was conducted across international databases, including Web of Science.
A Bayesian network meta-analysis was performed using Stata 16.0. The evaluated outcomes included ex-
pression levels of UCP-1, PGC-1a, PRDM-16, CIDEA, and the HOMA-IR index. Results. Twenty-four
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studies involving 526 mice were included. Physical exercise consistently enhanced the expression of ther-
mogenic and metabolic genes. Long-term regular aerobic training produced the most pronounced increases
in UCP-1 and PGC-1a, indicating enhanced mitochondrial activity. Swimming demonstrated the greatest
effect on elevating PRDM-16 expression and reducing HOMA-IR, while high-intensity interval training had
a greater impact on body weight. Conclusion. These findings confirm that long-term aerobic training,
swimming, and high-intensity interval training serve as effective strategies for modulating adipose tissue
metabolism and insulin resistance in mouse models of type 2 diabetes. The results contribute to a more pro-
found understanding of exercise-induced adaptations in adipose tissue and provide a foundation for future

preclinical research.

Keywords: physical exercise, type 2 diabetes, lipid metabolism, network meta-analysis, insulin resis-

tance
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BBenenmne. J[Inaber sBisercs Bce Oolee
CephEe3HO TII00amBHON TPOOIEMOI 3TOPOBBL.
OcHoBHas natodusuonorus caxapHoro auadera
2-ro TUMa BKJIIOYAET CHIDKEHUE CEKpeluu MHCY-
JUHA, TIOBBIMIEHHE WHCYJIWHOPE3UCTEHTHOCTH,
YBEIIMUCHHUE CEKPEIIUU TIIFOKO3HI B MICUCHU U Me-
XaHU3MBI, CBSI3aHHBIE C KUPOBBIMHU KJeTKaMu [1].
JKupoBass TkaHb mMoOApa3fenseTcs Ha Oenyr u
Oypylo B 3aBUCHMOCTH OT (pyHKIMH ¥ MOPQOIIO-
run. U30BITOYHOE HAKOIUICHUE SHEPTUH, CBS3aH-
HOE C OKUPEHHEM, B OCHOBHOM ITPOUCXOJHT B
0eImoit JKUPOBOH TKAaHH, TOTIA KaK Oypast >KHpoBast
TKaHb TPEICTABISIET COO0M TEPMOTCHHYIO TKAaHb,
OTBETCTBEHHYIO 3a C)KHTaHHE OJHEPTUU IIyTEM
TEIUTONPOAYKIMH. JTa TKaHb COAEPKUT MHOXKE-
CTBO HEOOJIBIINX JIMMUAHBIX Karelb [2]. PGC-1a
SIBJIICTCS BYKHBIM IMOCPETHUKOM B Tporiecce 0y-
poro kupooOpa3oBaHUs, PETYIUPYs pa3IHIHbIC
MEXaHHU3Mbl MUTOXOHAPHAIBHOTO MeTa0oIu3Ma.
Hedunur PGC-1o 3HaYUTENBPHO CHUKAET UHIYK-
LUI0 TePMOreHHbIX reHoB [3], Takux kak UCP-1
n FGF21 [4], xoTopble BIUSAIOT Ha PETYIISAIUIO
sHepreTuyeckoro meradonusma [5]. bemox UCP1
SIBJISIETCS LICHTPAJIBHBIM 3JIEMEHTOM TEpPMOTEHEe3a
B Oypoi >XKHUPOBOW TKAaHU W CHCTEMHOTO JHEpre-
THYECKOTO TOMEOCTa3a, €ro CUMUTAIOT MOITHBIM
PETYJIATOPOM OOIIEro SHEPrEeTHYSCKOTO MeTabo-
JU3Ma y TPBI3YHOB U JroAei [6]. Bypslit xup co-
CTOWUT W3 TOPUCTHIX JUMHUIHBIX Kamnelb HeOOIb-
IIOW TUIOIIAAH, a MPOTCHUTOPHBIE KIETKU Oypoit
JKUPOBOW TKaHW B IMPOIIECCE PA3BUTUS WHUIIHH-
pytoT 3kcnpeccuto reHa PRDM16, uro npuBoaut
K UX TIPEBPAIIECHUIO B 3peIbic OyphIe aJIUIMOIUTHI
[7]. HemaBHO OBUTO TPEIOKEHO HUCIOIH30BATH
METOJIbI, HaNpaBJICHHbIE HA HWHAYKIHIO Oyporo
¢deHoTHIIA B OEJIOH KUPOBOH TKAHHW ¥ TMOBBIIIE-
HUE aKTUBHOCTU OYypOH KHPOBOW TKAaHU B Kaue-
CTBE Teparmuu MeTaboNIHYecKuX 3a00JIeBaHUH,
Takux Kak amaber 2-ro tuma [8].

Omsnueckre yHNpaXHEHHUs HMEIOT BaXKHOE
3HA4YEeHHE /IS KOMIUIEKCHOTO YIpAaBIECHHUS ITaTo-
reHe3oM auabera 2-ro THma. PasnuynHble BHIBI
YIpaKHEHUH, BKIIOYas a’poOHBIE TPEHHPOBKH,
CHIIOBBIE TPEHHPOBKH, KOMOMHUPOBAHHBIE TPEHU-
POBKM U BBICOKOMHTECHCHUBHBIC HHTEPBAJIbHbIC
tpenupoBku (HIIT) [9], moryT ymy4mmurs 310po-
Bb€ M KOHTPOJIb YPOBHS caxapa B KPOBH Y Talld-
€HTOB ¢ MabeToM 2-ro THMa, HOCTIPAHIHATIBHYIO
THIIEPIANKEMHIO. PexuM (U3nMuecKux ympaxHe-
HUHN SBISIETCS BaXXHBIM (DaKTOPOM, BIUSIOIIHM
Ha 3(QPEKTUBHOCTH JIEUCHUS, OJHAKO BOIPOC O
TOM, KaKHe YIpakKHEHHUsS! OKa3bIBAIOT HaWTydIlee
BIIMSIHHE HAa JIMIUIHBIA OOMEH y OONBHBIX ca-
XapHBIM THabeTOM, OcTaeTcs CIOpHBIM. CeTeBOM
MeTa-aHalnu3 ObUI MpOBENEH JUId OLEHKH BIIUS-
HUSI Pa3UYHBIX OPOrpaMM (PU3NYECKUX YIIpax-
HEHWI Ha JTUIUIHBIA 0OMEH Yy KUBOTHBIX C JIHa-
0eToM 2-TO THTIa, YTO MOXKET TOCITY>KUThH OCHOBOM
JUIsl TanbHEHIINX MCCIeJOBaHM, HallPaBICHHBIX
Ha pa3paboTKy BO3MOXHBIX CTpareruii (usmue-
CKOIl aKTHBHOCTH B paMKax OyIyIIUX WHTEPBEH-
I[IUOHHBIX UCCIICIOBAaHUH.

Matepuansl u mMetoabl. Kpurepuu BKIIIO-
YEHWIS:

e Tun nccieqoBaHusA: paHAOMU3NPOBAHHBIE
KOHTPOJIMPYEMBIE UCTIBITAHUS.

e OOBEKT UCCIIEeIOBAHNUS: MBIIIIH.

e Bun ¢dm3udeckoil Harpy3kd: pasiciicHHUC
Ha TPYMNIBl OBUIO OCYLIECTBICHO MO THUMaMm (u-
3WUECKUX YIPAXHEHHUN: PerylsipHbIE a’3poOHBIS
yrpaxaeHus (AE), cuioseie ynpaxkaenus (RE),
BBICOKOWHTEHCUBHBIE HHTEPBAIbHbBIE TPEHUPOBKU
(HIIT), mnaBanue (SE), ymepeHHBIE BHIHOCITUBBIC
ynpaxuenus (END), nuHTepBasibHBIC TPEHHUPOBKU
cpenneit uatencuBHocTH (MIT), cBoOOAHBIH Oer
¢ aspobHeIMu ynpaxknenusmu (VOL AE).

e [lokazaTenu: Macca Tena, YpOBEHb D3KC-
MIPECCHU KITFOYEBBIX TEHOB, CBS3AaHHBIX C JIUIHI-
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HeIM MeTabomm3mom (UCP-1, PRDM-16, PGC-1a,
CIDEA), wuHIekc UMHCYJIMHOPE3UCTEHTHOCTH
(HOMA-IR).

Crpaterusi moucKa: MCCJIEAOBATEIH BBIION-
HSUTM TIOUCK B COOTBETCTBHM C TUIAaHOM. ba3bl
JAHHBIX U1 ToucKka Bkimoyanu PubMed, Scopus,
EBSCO, Web of Science, CNKI, oxBaTbiBas 1e-
puox ot coznanus 6a3 no ampenst 2025 roga. [o-
MCKOBbIE TEPMHUHBI BKIIIOUaiu «type 2 diabetesy,
«Type 2 Diabet», «Exercises», «Tissue Brown
Adipose», «brown-like faty.

CraTtucTuueckue METOABL: AaHHbBIC, H3BIE-
YEeHHbIE M3 HCCIICA0BAHUH, MpPEABAPUTENIBLHO 00-
pabaTHIBAIMCEH C ITOMOIIBIO MPOTPAMMHOTO 0bec-
neyenust Excel 2016 u mpeoOpa3oBBIBAIMCH B
¢opMy cpemHell pasHMLBI U CTAaHIAPTHOTO OT-
KJIOHEHHS MEXIy IIOKa3zaTeqsIMH 10 U II0Cie
BMeIaTenscTa. OmnpeeneHne HauIydIiero Bujaa
TPEHUPOBOK OCYIIECTBISIIOCH ITyTEM MOCTPOCHUS
rpaduKa IIOMWAAN HOJ KPUBOH paHKUPOBAHUS.
Hammume »ddexra mamoro pasmepa BBEIOOPKH
WM MyONUKalMOHHON TPEAB3STOCTH OICHUBA-
JIOCh € TMOMOIIBIO CKOPPEKTUPOBAHHON BOPOHKO-
00pa3Hol AMarpamMMBbl.

Pe3yabTathl. BrurodeHo Bcero 24 craThw,
BCC Ha aHTJIMHCKOM $f3bIKe, BKIIOYas 526 sKc-
NEPUMCHTAIBHBIX JKUBOTHBIX. B HUTOrOBYyIO
TpYMITy BXOAWJIM HCCIE[OBaHUsI ¢ OEroBod J0-

pOXKo#, aspobOusle yrpaxHeHus (AE), cumoBbie
ynpaxuenus (RE), BBICOKOMHTEHCHBHBIC WHTEp-
BaipHble TpeHupoBku (HIIT), mmaBanme (SE),
yMepeHHbIe a’poOHbie TpeHupoBku (END), Tpe-
HUpPOBKHU cpeaneil uHtencuBHoctu (MIT) u cBo-
ooxnerit 6er (VOL AE). KiroueBbie xapakrepu-
CTHKHU BKIIFOUEHHBIX HCCIIEIOBAaHUI TpeaCcTaBIIe-
HBI Ha puc. 1.

CeteBoii rpad (puc. 2) mokasbIBaeT, 4TO KO-
JIUYECTBO 00pa3loB I adpOOHBIX YIpaKHEHHUN
(AE) m BBICOKOMHTECHCUBHBIX HHTEPBAILHBIX
tperupoBok (HIIT) Obuto HaubGomemum. B nByx
WCCIIEIOBAHUSAX TIPOBOJIMIIOCH MIPSMOE CpaBHEHUE
a’poOHBIX ympaxHeHU# (AE), CHIOBBIX yIIpak-
HeHuil (RE) 1 BBICOKOMHTEHCUBHBIX MHTEPBAJIb-
HBIX TpenupoBok (HIIT).

B oTHOmIeHNN yBemMUeHUsT YPOBHS dKCIIpeC-
cun CIDEA cBoGomubiii Oer Obu1 3¢(eKkTHUBHEE,
4YeM OTCYTCTBHE Harpy3KH, pa3HUIla Oblia CTaTH-
ctudecku 3Haunmoit (P < 0,05).

JlnurenbHBIE perynspHBIE OETrOBBIE TPEHH-
poBku (AE) mMenu caMple BBICOKHE 3HAUYCHUS
SUCRA giag UCP-1 u PGC-1a — cooTBeTCTBEH-
HO 75,5 1 92,7 %, a I yBETUICHHS SKCIIPECCHH
PRDM-16 u cHWXEeHHUS MHACKCA MHCYIUHOPE3H-
creatHoctd (HOMA-IR) nnaBanue (SE) umeno
caMbie BeicokHe 3HaueHuss SUCRA — 84 %. ITox-
pOOHBIE JaHHBIC MIPENICTABIICHEI HA pUC. 3.
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Fig. 1. Literature search and selection stages
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Puc. 2. CeTeBas guarpammMa B3avMOCBsi3el Mexay TUNamMmu TPEHMPOBOK U UccneayeMbiMU nokasaTensiMm
Fig. 2. Network diagram of the relationships between exercise types and evaluated indicators
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BoapmmHCTBO TOYEK HaxXooATCA BHYTPHU JOKa3aHoO, 4YTO CI)I/I3I/I‘ICCK3H AKTUBHOCTb MOXKCET
TpaHHIl BOPOHKOOOPA3HOTO rpaduKa, CHMMETPHSI OKa3bIBaTh TOJOKUTEIHHOE BJIMSHHE HAa HMHCY-
JHAarpaMMbl COXPAHSIETCs, CYIIECTBEHHOTO PUCKa JUHOPE3UCTEHTHOCTh U KUpOBO obmen [10].
Hyﬁ]'[HKaHPIOHHOFO CMCHICHHUS HC BBIIBJIICHO. B JaHHOM HCCJIICIOBaHUU ITYTEM CETEBOI'O METa-
HO,I[pO6HBIe JAHHBIC MTPEACTABJICHBI HA PUC. 4. aHaJIn3a CPaBHUBAJIHWCH pPa3JIUYHBIC MPOTrpaMMblL
AHOMAJIUHU KHUPOBOTO OOMEHA SIBJISIOTCS OC- (bU3NYECKUX YMPOKHEHUN IJsl YIY4IICHUS CO-
HOBHBIM (DaKTOPOM, CIIOCOOCTBYIOIIMM Pa3BHTHIO CTOSTHHS MbIlIeH ¢ nuabeTom 2-ro Tuma. Pe3yib-
,Z[I/Ia6eTa 2-ro tnma. B OKCIICPUMCHTAX Ha JIIOOAX TaTbl IIOKa3ajikd, YTO IJIUTCIBHBIC PETYyJISIPHBIC
¥ MOJEJISIX TPHI3YHOB ¢ THabeToM 2-T0 THIa OBLITO ocroBeiec TpeHUPOBKU (AE) 3HAUMTENTHHO TOBBI-
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Fig. 4. Funnel plot for publication bias assessment

28

Human. Sport. Medicine
2026, vol. 26, no. 3, pp. 24-31



KOl aHb KOHb, []bsikoea E.1O.,
Uroli CsaHb60, YxaH TyHsiHb

Batiecoeckuli cemesoll MemaaHasnu3 3ghghekmos

pPa3/TU4HbIX MPEeHUpPOBOYHbIX NMpo2paMM Ha memabonusm...

maroT yposeHb dkcnpeccun UCP-1 u PGC-1a, u
9TH Pe3yJbTaThl MPEBOCXOAAT APYTHE BUIBI YII-
paxHenuii. [InaBanue (SE) okazanocs Hamnbonee
3((PEKTUBHBEIM B TIOBBINICHHH YPOBHS JKCITPEC-
cuu PRDM-16 u cHIKeHUU WHACKCA MHCYIHUHO-
pesucrentHoctn (HOMA-IR), a BbICOKOMHTEH-
cuBHbIe HHTepBanbHBIE TpeHupoBku (HIIT) oxka-
3anuch Hanbosee IPPEKTUBHBIMU TSI CHIDKEHUS
Macchl Teja.

Ousuveckre YNpakKHEHUS BBI3BIBAIOT Ona-
TONPUSATHBIE afalTallik B TKAHSIX, CTUMYJIUPYS
cexpennio (HakTopoB M3 OEJol JKUPOBOH TKaHHU,
Oypoil XKMpPOBOM TKaHM W JAPYTMX TKaHEH, YTO
MPOTHUBOJEHCTBYET OXHUPEHUI0O M MeTadomde-
ckuM HapymieHusMm [11, 12]. OgHako HEKOTOpBIE
HCCJEIOBAaHUS TOKAa3bIBAIOT, YTO BBICOKOXKHUPO-
Basl AMETA MOBBINIAET TEPMOICHHYI0 aKTHBHOCTH
MEXKIIOIIATOYHOW ¥ aOpTaILHOU Oypoil JKUPOBOI
TKaHW y MBIIIEH, TorAa Kak (ru3ndeckas Harpys-
Ka, HallpOTHB, MOJABIAET €€ U CHUKAET YPOBHU
skcnpeccuu PGC-1a u UCP-1 [13].

ITonp3a Pu3HUecKuX YIpaKHCHWH I AHa-
0ETHKOB, BKIIIOYAsl yIYUILICHUE COCTOSHHS MBILII]
U KUPOBOM TKaHHU, MMPOKO HpusHaHa [14, 15].
B sTOM uccaenoBaHuu cpaBHUBAIUCH 3PQEKTHI
Pa3IUYHBIX BHUAOB YHOPAXXHECHUH HA KUPOBYIO
TKaHb JJIS1 ONPENENCHUs ONTUMAJIBHOM Mporpam-
MBIl (PU3NYECKUX YyHpakHEeHHH. Pe3ynpTarhl mo-
Ka3alli, 4TO JJIUTEIbHBIE peryisipHble OeroBEIe
TPEHUPOBKH Hambojee 3D(HEKTUBHBI IS YIIyd-
menust ypoHss UCP-1 y wmbimedt ¢ aumabetom
2-ro THMNa, 4YTO COOTBETCTBYET pe3yjbTaTaM HC-
cnepoBanus Yifan Guo u ap. Pesynbrarsl uucro-
ro MeTaaHalu3a IOKa3alH, YTO HUHTEPBaJbHBIC
TPEHUPOBKH BBICOKOH HHTEHCHUBHOCTH IIPEBOC-
XOIST HWHTEpBAIbHbIE TPEHHUPOBKH YMEPEHHOI
MHTEHCUBHOCTH. Takxke JUIMTEIbHBIE PEryJIsIpHbIC
OeroBble TPEHUPOBKH MPEBOCXOMAAT IPYTHE BHUJIbI
yIpaxxHeHui B yBenanueHun skcrpeccun PGC-1a.
OTO MOATBEPKAAET, YTO JUIA MHIyKIIUH IKCIpec-
cun UCP-1 mox BnusiHuEM YyIpaKHEHHH HE00X0-
maM PGC-1a, ocoOeHHO TIpH IJIATEIBHBIX Tpe-
HUpOBKax [17], ¥ 9TO y MBIIIEH ¢ TUTIEPIKCITPEC-
cueit PGC-la yposenp MPHK UCP-1 Takxke
3HAUMTEIRHO TOBEIMICH [16]. Takxke wmmerorcs
JlaHHbIE, OKa3bIBaromue, uro, Xxotrs HIIT u MICT
YIyYIIaloT MHOMVIOIMICHUE TIIOKO3bl CKEJIECTHBIMU
MBIIIIIAMA U TIOJIKOXKHOUW Oeoi >KMpOBOHM TKa-
HBIO, OHM HE OKa3bIBAIOT CTHMYJHPYIOLIETO 3-
(dekta Ha OypyIO XUPOBYIO TKaHb, a B HEKOTO-
PBIX CIOydYasx Aake CHIDKAIOT e€ crocoOHOCTh
K YTHJIM3AIAHN TIFOKO03EI [17].

[InaBanne kKak OCHOBHOM BHJI HArpy30YHBIX

YIpaKHEHUH MMeeT NPEeUMYIIECTBO B yCTpaHe-
HUHM OTPaHWYCHUH, CBS3aHHBIX C OXKUPEHUEM H
COIYTCTBYIOIIMMHU npoOneMamu. [lnaBanue Tak-
JKe JI0Ka3aJo CBOK CIIOCOOHOCTH YBEJIMYUBATh
YYBCTBHUTEIBHOCTh K MHCYJIWHY y JKUBOTHBIX C
nuabeToM [18] 1 cHUXaTh WHIEKC MHCYIUHOpE-
3ucTeHTHOCTH [19]. Hamu pe3ynpTaThl mokaza-
mu, yto mnaBanue (SE) mamGonee 3pdexTuBHO
CHIDKAET HMHAEKC HHCYJINHOPE3UCTEHTHOCTH
(HOMA-IR) 1m0 CpaBHEHHIO C pETYJISpPHBIMH
a’pOOHBIMH YHPAKHEHUSAMHU W APYTUMH BHIAMH
TpeHUupoBOK. Bripaborka PRDM16 moxer cro-
coOCTBOBAaTh YBEIMYCHHUIO DHEProsarpar, ynayd-
IICHUIO TOJEPAHTHOCTH K IJIIOKO3€ U YYBCTBH-
TenbHOCTH K uHCynuHy [20]. CormacHo mpose-
JNIEHHOMY aHalln3y, TuiaBanue Oonee >hdexTuBHO
yBenuuuBaeT skcnpeccuto PRDM-16, B To Bpems
KaK Cpelu OPYTruX YNpPaKHEHHH BBICOKOMHTEH-
CHBHbIE WHTEPBAJIbHBIC TPCHUPOBKU 3HAUYUTEIIb-
HO 3(]dekTuBHEE, YeM yMEpeHHbIe a’dpOOHBIC
TPEHUPOBKH, YTO COIJIACYETCSl C pPe3yJIbTaTaMu
JPYTUX UCCIIEAOBaHUHN, IIOKA3bIBAIOLINX, YTO BBI-
COKOMHTEHCHUBHBIC WHTEPBAJIbHBIE TPEHUPOBKH
Oornee >hdeKTHBHBI AN KOHTPOIS TIIMKEMUH,
CHIDKEHHUsSI Beca, METabOJIMYECKOTO H CEepACYHO-
COCYIHUCTOrO COCTOSIHUS Y HAalMEHTOB C auade-
TOM 2-TO TUIA IO CPaBHEHHUIO C YMEPEHHBIMH
ynpaxHeHusaMu [21, 22]. BrICOKOMHTEHCUBHBIE
MHTEpBaJbHbIC TPECHUPOBKU OKAa3bIBAIOT OoJjee
CWJIBHOE CTUMYJIHpYIOIlee BO3ICHCTBUE Ha DKC-
npeccuto UCP-1 B Oypoii >KUpOBOH TKaHH Y KH-
BOTHBIX C OXXHPEHHEM II0 CPaBHEHHIO C yMe-
PEHHBIMH YIPaXHEHUSIMHU, TaKKe YBEIHYUBAs
MYJBTHLEIUTIONSPHBIA U MHUTOXOHAPHAIBHBINA
00BeM KHPOBOU TKaHU, B TO BpeMs Kak yMme-
peHHBIE YTpakHEHHs HE MOKa3ald Takoro 3¢-
tdhexra [23].

3akmiouenue. CornacHO  MPOBEICHHOMY
aHaNIN3Y, JUTUTENbHBIE PETyJsIpHbIC OETOBBIEC Tpe-
HUPOBKH, IJIaBaHWE W BHICOKOMHTCHCUBHBIC WH-
TepBaJIbHbIE TPEHUPOBKH MOTYT OBITH 3(h(heKTHB-
HBIMH CTPaTE€THsAMH JUIS YJIyYIIEHUs >KUPOBOTO
oOMeHa y Mbliei ¢ auaderom 2-ro Tuma. Hamum
JaHHBIE MTOKA3bIBAIOT, YTO (U3MUECKUE YIparKHE-
HUS BIUSIFOT HE TOJIBKO Ha OOIee COCTOSIHUE Me-
TaboaM3Ma, HO M Ha KIIOUEBBIE MOJIEKYJISIPHBIC
MEXaHU3MBI, CBSI3aHHBIC C TEPMOI'€HE30M U MHCY-
JMHOYYBCTBUTEIBHOCTBI0. Kpome Toro, mpu co-
CTaBICHUM NPOrPaMMBbl YNPAKHEHUH HOMHMO
Pa3IMYHBIX BHUAOB (DPU3HMUECKON aKTMBHOCTH He-
00XOJMMO YYHTHIBaTh Takue (PaKTOpBl, KaK HH-
TEHCUBHOCTh YIPaKHEHHH, KOJIMYECTBO MOAXOA0B
Y TIOBTOPEHUI.

Yenosek. Cnopt. MeguuuHa
2026. T. 26, Ne 3. C. 24-31

29



®dusnonoruns
Physiology

Crucok aurepartypsl / References

1. Bostrom P., Wu J., Jedrychowski M.P. et al. A PGC1-a-dependent Myokine that Drives Brown-
fat-like Development of White Fat and Thermogenesis. Nature, 2012, vol. 481, no. 7382, pp. 463—468.
DOI: 10.1038/nature10777

2. Cannon B., Nedergaard J. Brown Adipose Tissue: Function and Physiological Significance. Phy-
siological Reviews, 2004, vol. 84, no. 1, pp. 277-359. DOI: 10.1152/physrev.00015.2003

3. Chen K.Y., Brychta R.J., Abdul Sater Z. et al. Opportunities and Challenges in the Therapeutic
Activation of Human Energy Expenditure and Thermogenesis to Manage Obesity. Journal of Biological
Chemistry, 2020, vol. 295, no. 7, pp. 1926-1942. DOI: 10.1074/jbc.REV119.007363

4. Chow L.S., Gerszten R.E., Taylor J.M. et al. Exerkines in Health, Resilience and Disease. Nature
Reviews Endocrinology, 2022, vol. 18, no. 5, pp. 273-289. DOI: 10.1038/s41574-022-00641-2

5. De Matteis R., Lucertini F., Guescini M. et al. Exercise as a New Physiological Stimulus for
Brown Adipose Tissue Activity. Nutrition, Metabolism and Cardiovascular Diseases, 2013, vol. 23,
no. 6, pp. 582-590. DOI: 10.1016/j.numecd.2012.01.013

6. Fisher F.M., Kleiner S., Douris N. et al. FGF21 Regulates PGC-1a and Browning of White Adi-
pose Tissues in Adaptive Thermogenesis. Genes & Development, 2012, vol. 26, no. 3, pp. 271-281. DOI:
10.1101/gad.177857.111

7. Ghiasi R., Naderi R., Sheervalilou R., Alipour M.R. Swimming Training by Affecting the Pan-
creatic Sirtuinl (SIRT1) and Oxidative Stress, Improves Insulin Sensitivity in Diabetic Male Rats.
Hormone and Molecular Biology and Clinical Investigation, 2019, vol. 40, no. 3. DOI: 10.1515/hmbci-
2019-0011

8. Ikeda K., Yamada T. UCP1 Dependent and Independent Thermogenesis in Brown and Beige
Adipocytes. Frontiersin Endocrinology, 2020, vol. 11, art. 498. DOI: 10.3389/fendo.2020.00498

9. Kanaley J.A., Colberg S.R., Corcoran M.H. et al. Exercise/Physical Activity in Individuals with
Type 2 Diabetes: A Consensus Statement from the American College of Sports Medicine. Medicine &
Sciencein Sports & Exercise, 2022, vol. 54, no. 2, pp. 353-368. DOI: 10.1249/mss.0000000000002800

10. Liubaoerjijin Y., Terada T., Fletcher K., Boulé N.G. Effect of Aerobic Exercise Intensity on
Glycemic Control in Type 2 Diabetes: a Meta-analysis of Head-to-head Randomized Trials. Acta Diabe-
tologica, 2016, vol. 53, no. 5, pp. 769-781. DOI: 10.1007/s00592-016-0870-0

11. Mirtajaddini-Goki M., Abbaspour M., Kordestani Z., Yeganeh-Hajahmadi M. Effects of Two
Types of Exercises on MCT1 and GLUT4 Expression in Visceral White Adipose Tissue in Type I Diabetic
Rats. Indian Journal of Experimental Biology, 2024, vol. 62, no. 5. DOI: 10.56042/ijeb.v62i105.1477

12. Motiani P., Virtanen K.A., Motiani K.K. et al. Decreased Insulin-stimulated Brown Adipose
Tissue Glucose Uptake After Short-term Exercise Training in Healthy Middle-aged Men. Diabetes,
Obesity and Metabolism, 2017, vol. 19, no. 10, pp. 1379-1388. DOI: 10.1111/dom.12947

13. Pold R., Jensen L.S., Jessen N. et al. Long-term AICAR Administration and Exercise Prevents
Diabetes in ZDF Rats. Diabetes, 2005, vol. 54, no. 4, pp. 928-934. DOI: 10.2337/diabetes.54.4.928

14. Rahman M.M., Kwon H.S., Kim M.J. et al. Melatonin Supplementation Plus Exercise Behavior
Ameliorate Insulin Resistance, Hypertension and Fatigue in a Rat Model of Type 2 Diabetes Mellitus.
Biomedicine & Pharmacotherapy, 2017, vol. 92, pp. 606-614. DOI: 10.1016/j.biopha.2017.05.035

15. Rajakumari S., Wu J., Ishibashi J. et al. EBF2 Determines and Maintains Brown Adipocyte
Identity. Cell Metabolism, 2013, vol. 17, no. 4, pp. 562-574. DOI: 10.1016/j.cmet.2013.01.015

16. Ringholm S., Grunnet Knudsen J., Leick L. et al. PGC-1a is Required for Exercise- and Exer-
cise Training-induced UCP1 Up-regulation in Mouse White Adipose Tissue. PLOS ONE, 2013, vol. §,
no. 5, e64123. DOI: 10.1371/journal.pone.0064123

17. Samsudeen H., Shree Pavithra De Varaj, Kandasamy K. Unraveling the Therapeutic Potential
of Muscle Strengthening Exercises for Reversing Diabetes Mellitus. Current Diabetes Reviews, 2024.
DOI: 10.2174/0115733998275876240125064716

18. Schlein C., Talukdar S., Heine M. et al. FGF21 Lowers Plasma Triglycerides by Accelerating
Lipoprotein Catabolism in White and Brown Adipose Tissues. Cell Metabolism, 2016, vol. 23, no. 3,
pp. 441-453. DOI: 10.1016/j.cmet.2016.01.006

30 Human. Sport. Medicine
2026, vol. 26, no. 3, pp. 24-31



KOl aHb KOHb, []bsikoea E.1O., Batiecoeckuli cemesoll MemaaHasnu3 3ghghekmos
Yroli CsaiHb60, YxaH TyHsIHb Pa3nIuUYHbIX MPEHUPOBOYHbIX MPOo2pPaMM Ha Memabosiu3Mm...

19. Seale P., Conroe H.M., Estall J. et al. Prdm16 Determines the Thermogenic Program of Subcuta-
neous White Adipose Tissue in Mice. Journal of Clinical Investigation, 2011, vol. 121, no. 1, pp. 96-105.
DOI: 10.1172/jci44271

20. Teixeira de Lemos E., Pinto R., Oliveira J. et al. Differential Effects of Acute (Extenuating) and
Chronic (Training) Exercise on Inflammation and Oxidative Stress Status in an Animal Model of Type 2
Diabetes Mellitus. Mediators of Inflammation, 2011, vol. 2011, art. 253061. DOI: 10.1155/2011/253061

21. Tjenna A.E., Lee S.J., Rognmo O. et al. Aerobic Interval Training Versus Continuous Moderate
Exercise as a Treatment for the Metabolic Syndrome: a Pilot Study. Circulation, 2008, vol. 118, no. 4,
pp. 346-354. DOI: 10.1161/circulationaha.108.772822

22. Uldry M., Yang W., St-Pierre J. et al. Complementary Action of the PGC-1 Coactivators in Mi-
tochondrial Biogenesis and Brown Fat Differentiation. Cell Metabolism, 2006, vol. 3, no. 5, pp. 333-341.
DOI: 10.1016/j.cmet.2006.04.002

23. Wang N., Liu Y., Ma Y., Wen D. High-intensity Interval Versus Moderate-intensity Continuous
Training: Superior Metabolic Benefits in Diet-induced Obesity Mice. Life Sciences, 2017, vol. 191,
pp- 122-131. DOI: 10.1016/.1f5.2017.08.023

HUugpopmayusa 06 aemopax

KOiigaup FOub, acnupant ¢akynpreTa (GU3NUECKON KyJIbTyphl, HaluoHambHBIN HccaenoBaTelb-
ckuit ToMckuil TocyJapcTBEHHBIH YHUBEpCUTET, ToMck, Poccus.

JAbsikoBa Enena IOpbeBHa, TOKTOp MEAMIIMHCKUX HAYK, JOLEHT, npodeccop kadeapsl ciopTus-
HO-03J0POBUTENIBHOTO TYypU3Ma, CIOPTUBHOHN (u3nonornu u MegunuHbl (QaxkyiabTeTa (U3NIECKON
KyJIbTyphl, HanumonanbHbelil uccienoBatenbckuii TOMCKUNA TOCYyHapCTBEHHBIM yHUBEpCUTET, TOMCK,
Poccus.

Hyoii Caub00, actupaHT QaxyabTeTa QU3NUECKON KyIbTyphl, HannoHanbHBIH HCcenoBaTelNb-
ckuil Tomckuii rocyjapcTBeHHbIN yHUBEpCUTET, ToMck, Poccus.

Yskan TyHsiHb, acnupanT QakyiabTeTa (GU3HISCKOW KyIbTYyphl, HallmoHANBHEIN HCCIeI0BaTeIhb-
ckuil Tomckuii rocyjapcTBeHHbIN yHUBEPCHUTET, ToMck, Poccns.

Information about the authors

Yun Yuyfen, Postgraduate Student, Faculty of Physical Education, National Research Tomsk State
University, Tomsk, Russia.

Elena Yu. Dyakova, Doctor of Medical Sciences, Associate Professor, Professor, Department of
Sports and Health Tourism, Sports Physiology and Medicine, Faculty of Physical Education, National
Research Tomsk State University, Tomsk, Russia.

Qu Xianbo, Postgraduate Student, Faculty of Physical Education, National Research Tomsk State
University, Tomsk, Russia.

Zhang Tongyan, Postgraduate Student, Faculty of Physical Education, National Research Tomsk
State University, Tomsk, Russia.

Bknao aemopoe: Bce aBTOPHI C/ieNaly SKBUBAJICHTHBIN BKJIA]] B MOATOTOBKY MyOJIMKAIINH.
ABTOPBI 32SBIISIIOT 00 OTCYTCTBHU KOH(DIMKTA HHTEPECOB.

Contribution of the authors: the authors contributed equally to this article.

The authors declare no conflict of interest.

Cmampus nocmynuna ¢ peoaxyuio 22.01.2026
The article was submitted 22.01.2026

Yenosek. Cnopt. MeguuuHa 31
2026. T. 26, Ne 3. C. 24-31



